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Preface

Rabbit Production is widely recognized as a source of up-to-date information for highly 
 experienced rabbit raisers as well as beginners. Changes of publishers and our scientific knowl-
edge of rabbit production methods have necessitated a revision to offer the most current infor-
mation to our readers.

We have tried to write in a style that will be useful to people interested in rabbits, regardless 
of educational background. We hope that after reading this book you will have gained knowledge 
that will be useful to you in your rabbit raising endeavors. Because our new publisher (CAB 
International) is located in the UK, we have had to change all of our units to metric (grams, liters, 
meters, etc.) We have included a conversion table as Appendix 1.

Use of rabbits as a food and income resource in developing countries continues to increase, 
with expanding interest in Eastern Europe and in Africa, Asia, and Latin America. The ability of 
rabbits to reproduce and yield high quality meat on low quality diets based on forages and agri-
cultural by-products, as well as their modest housing requirements, makes them well suited for 
subsistence agriculture.

In the United States and Canada, rabbits continue to be valued as a hobby and as a source 
of secondary income. With the current market structure, few people make their primary living 
from rabbits, but the enjoyment of rearing rabbits and the income and satisfaction from providing 
food or fiber make rabbits an inviting species. Rabbit raising is popular with youth programs and 
as a small-scale family enterprise because of the small size and the small investment. In addition, 
rabbits can be reared in many cities and towns where other livestock cannot be kept.

This book is founded on the collective many years of experience of the authors. J.I. McNitt 
spent a number of years in Africa as a rabbit specialist and was the leader of a rabbit research 
program at Southern University and A&M College. The primary goal of the research center was 
to assist small, limited resource farmers with production problems. As a result, most of his 
research was aimed at production – housing, feeding, management, etc. He retired in 1998 but 
remains active in writing and editing rabbit publications. N.M. Patton conducted rabbit disease 
research for 25 years. He has also been a consultant to a large commercial rabbitry for the past 
10 years, during which time he has experienced most of the problems that rabbit raisers can 
encounter. In 1993, he was elected President of the World Rabbit Science Association. He retired 
from Oregon State University in 1996. S.D. Lukefahr has also operated his own rabbitry and 
has worked for many years in over 20 developing countries (especially in Africa and Latin 
America), where he promoted rural or village-level rabbit farming. He has been involved in rabbit 
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breeding research since 1978, has an extensive publication record, and has made many signifi-
cant contributions to our knowledge of rabbit breeding and genetics. In 1997, he was awarded 
the coveted International Animal Agriculture Bouffault Award for his contributions. He served as 
President of the World Rabbit Science Association from 2004 to 2008 and as General Secretary 
for Developing Countries from 2008 to 2016. P.R. Cheeke has conducted rabbit nutrition 
research since 1969 and has published extensively in this area. In 1985 he was awarded the 
prestigious Mignini International Award for excellence in rabbit research. G.S. Templeton, 
author of the early editions of the book, was Director of the U.S. Rabbit Experiment Station 
for 23 years. Thus, this book rests on a solid foundation of practical and scientific knowledge of 
rabbit production.

We thank our friends who have provided much assistance and insight in preparing this 
 edition. Leslie Samson, Samson Angoras, has provided extensive assistance with the Angora 
chapter including rewriting the text and providing new photos for the color breed section. Susan 
M. Smith, of the Department of Nutritional Sciences, University of Wisconsin-Madison and the 
House Rabbit Society, provided assistance in revising and updating the chapter on pet rabbits. 
Richard Gehr, a rabbit judge and Director for the ARBA, provided assistance and insight for the 
chapter on Rabbit Shows.

Dr. David Harris, who worked with the former Rabbit Research Station at Oregon State 
University, has used his photographic skills and provided many excellent figures for this and 
 previous editions.
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Appendix

Conversion factors from the metric system to US measures. In most cases, we have used the 
approximate values because the values in the text are also approximate.

Metric To US measure
Area

Hectares (ha) Multiply by 2.47 Acres
Square meters (m2) Multiply by 10.9 Square feet (ft2)
Square meters (m2) Multiply by 1.20 Square yards (yd2)

Length
Meters (m) Multiply by 3.28 Feet (ft)
Kilometers (km) Multiply by 0.622 Miles (mi)
Centimeters (cm) Multiply by 0.394 Inches (in)
Meters (m) Multiply by 1.09 Yards (yd)

Volume
Milliliters (ml) Multiply by 0.0338 Fluid ounces (fl oz)
Liters (l) Multiply by 0.264 Gallons (gal)
Liters (l) Multiply by 1.06 Quarts (qt)

Mass
Grams (g) Multiply by 0.0352 Ounces (oz)
Kilograms (kg) Multiply by 2.2 Pounds (lb)
Ton (metric)* Multiply by 0.91 Ton

Temperature
Celsius 9/5C +32 Fahrenheit

Force
Kilopascals (kPa) Multiply by 0.145 Pounds per square inch (lb/in2)

*Note that, unless specified to the contrary, the use of ton in this text refers to the metric ton 
(1,000 kg or 2200 lb)
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Introduction

predators. Fossil records trace the order 
Lagomorpha back about 45 million years to 
the late Eocene period. The leporids (rabbits 
and hares) appear to have originated in the 
Iberian Peninsula (Spain and Portugal) and 
southern France.

The modern lagomorphs consist of two 
families (Leporidae and Ochotonidae) with 11 
genera (Table 1.1). They range from the highly 
successful hares and rabbits of the Lepus, 
Oryctolagus, and Sylvilagus genera to several 
endangered genera and species. The Bunolagus 
genus, with one species, the riverine rabbit, is 
restricted to Karoo floodplain vegetation. Other 
rare and endangered lagomorphs include the 
Sumatran hare (Nesolagus netscheri) in 
Indonesia, the Amami rabbit (Pentalagus fur-
nessi) in Japan, and the volcano rabbit 
(Romerolagus diazi) in Mexico. Further infor-
mation on rabbit taxonomy can be obtained 
from the internet at http://en.wikipedia.org/
wiki/Leporidae.

All breeds of domestic rabbits are descend-
ants of the European wild rabbit, Oryctolagus 
cuniculus. Rabbits were originally classified as 
rodents but are now placed in a separate order, 
Lagomorpha, primarily because they have two 
more incisor teeth than rodents (six instead of 
four). The lagomorphs are divided into two major 
families: (1) pikas and (2) rabbits and hares.

Pikas, or rock rabbits, are common inhab-
itants of mountainous areas in North America 

Rabbit production is developing into a 
 significant agricultural enterprise in the United 
States (Fig. 1.1). It is also relatively important in 
several European countries, such as France, 
Spain, and Italy, where rabbit is regarded as a 
gourmet meat, and is expanding is several other 
countries around the world. In China, the 
Angora rabbit is raised for its wool which is 
exported to other countries for production of 
high quality luxury garments. Rabbit pelts are 
used in making fur coats and toys. In addition to 
being raised commercially for meat, wool, and 
fur, rabbits are also produced in large numbers 
for laboratory use. They are particularly useful 
in certain types of medical research. Many peo-
ple in the United States raise rabbits for show 
or exhibition purposes and enjoy the challenge 
of breeding animals that possess traits that best 
exemplify the standards of a particular breed. 
Others keep rabbits simply as pets. Whatever 
one’s motivation for keeping rabbits, informa-
tion on nutrition, diseases, breeding, and man-
agement is useful for attaining an end product 
of healthy, well-nourished, productive animals.

History, Taxonomy, and 
Domestication of the Rabbit

The origin and evolution of rabbits is difficult to 
trace, because rabbit bones are small and frag-
ile and often are destroyed or rearranged by 

http://en.wikipedia.org/wiki/Leporidae
http://en.wikipedia.org/wiki/Leporidae


2 Chapter 1

and Asia (Fig. 1.2). In contrast to other lago-
morphs, they are highly vocal, having a loud 
call or whistle. Pikas inhabit rocky areas of talus 
or piles of broken rock. They collect grass and 
other vegetation, which they cut and then allow 
to cure into hay in the sun. The hay is stored in 
piles in the rock crevices, to be used for winter 
feed. Pikas differ from rabbits in a number of 
fairly obvious characteristics, besides their whist-
ling and calling. Both sexes lack the typical 
external sex organs of other animals and instead 
have a cloaca into which the fecal, urinary, and 
reproductive tract discharges are made.

They have much less developed hind legs 
than rabbits and hares and resemble rodents in 
their appearance. Pikas are commonly seen or 
heard in high mountain areas, where they are 
often observed perched on rocks. A shrill whis-
tle is used as an alarm signal. Unlike rabbits 
and hares, which are nocturnal, pikas, are 
most active by day.

Hares differ from rabbits in that they are 
born fully haired, with their eyes open, and can 
run within a few minutes of birth (Fig. 1.3). 
They are born in the open without a well-
defined nest. They have long legs and take 

Table 1.1. The modern lagomorphs.

No. of Modern 
Species

Present Natural 
Geographical Distribution Examples

Family Leporidae 
Genera:
Sylvilagus 17 North America, South 

America
Brush rabbit, swamp rabbit, 

cottontail
Oryctolagus 1 Europe, North Africa European wild rabbit, all 

domestic species
Caprolagus 1 India Hispid rabbit (endangered)
Bunolagus 1 South Africa Riverine rabbit
Poelagus 1 Central Africa Bunyoro rabbit
Pronolagus 2 Southern Africa Red rock hare (actually a rabbit)
Pentalagus 1 Amami Islands (Japan) Amami rabbit (endangered)
Romerolagus 1 Mexico Volcano rabbit (endangered)
Nesolagus 1 Sumatra (Indonesia) Sumatran rabbit, Annamite rabbit
Brachylagus 1 North America Pygmy rabbit
Lepus 32 Eurasia, Africa, North 

America
Jack rabbit, snowshoe hare, 

European hare
Family Ochotonidae 

Genus:
Ochotona 14 Western North America, 

Asia
Pika

Fig. 1.1. A productive doe and her litter. Because of their high reproductive capacity and high growth 
rate, rabbits are among the most productive of domestic livestock. (Courtesy of P.R. Cheeke)
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long leaps or bounds when running. Hares 
have long ears and are wary and alert. They 
can detect enemies at considerable distances 
and depend on their speed and endurance for 

escape. Hares are in the genus Lepus (e.g., 
Lepus europaeus-European hare; Lepus cali-
fornicus-black-tailed jack rabbit). Some of the 
more common hares in North America are the 
jack rabbits of the western United States and 
Canada and of northern Mexico. Jack rabbits 
can become serious agricultural pests, causing 
great damage to crops and rangeland. In the 
past, rabbit drives were used to control them, 
whereas pesticide baits are now employed. 
The Arctic hare is found in northern Canada 
and in Alaska, Greenland, and Asia. The snow-
shoe hare is found in most of Canada and the 
northern continental United States. Both the 
Arctic and snowshoe hares have different coat 
colors in summer and winter, being brown in 
summer and white in winter. The populations 
of snowshoe hares in northern areas fluctuate 
on about a 10- year cycle. Populations of their 
predators, such as the snowy owl and Canada 
lynx, fluctuate in a similar manner. The 
European hare is an important species for 
hunting in Europe. During the breeding sea-
son, European hares engage in courtship ritu-
als involving dashing about wildly and leaping 
into the air, thus accounting for the expression 
“mad as a March hare.” High blood levels of 
the male hormone testosterone occur during 
the period of “March madness.”

The two main genera of rabbits are the 
true rabbits (Oryctolagus) and the cottontail 
rabbits (Sylvilagus). Oryctolagus encompasses 
the wild European rabbit and its domesticated 
descendants, which include all the breeds of 
domestic rabbits. Sylvilagus includes a number 
of North American cottontails, such as the 
Eastern, Desert, Brush, Marsh, and Swamp 
cottontail rabbits.

Cottontails and domestic rabbits cannot 
be crossed. Laboratory investigations have 
shown that sperm and eggs of the two genera 
will fertilize, but the developing embryos die in 
a few hours, after about four cell divisions. The 
same is true for crosses of hares and rabbits. 
The lack of viability of the hybrid embryos is 
because of differences in chromosome num-
bers among the genera. There are 22 chromo-
some pairs in Oryctolagus, 21 in Sylvilagus, 
and 24 in Lepus.

The story of the domestication of rabbits 
is shrouded in mystery. It is believed that the 
original site of domestication was the Iberian 

Fig. 1.2. A pika or rock rabbit. Pikas, along with 
rabbits and hares, are members of the order 
Lagomorpha. (Courtesy of Justin Johnsen, 
licensed under the Creative Commons 
Attribution-Share Alike 3.0 unported license)

Fig. 1.3. A jack rabbit. Jack rabbits are actually hares, 
close relatives of rabbits. (Courtesy of B.J. Verts)
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Peninsula (Spain and Portugal and the south of 
France). The first recorded rabbit husbandry 
was in early Roman times, when rabbits were 
kept in leporaria, or walled rabbit gardens. 
Rabbits reproduced in these enclosures and 
were captured and killed for food. In the Middle 
Ages, sailing vessels distributed rabbits on 
islands in various sea lanes, to be used as a 
source of food by sailors. Wherever these 
releases were made, the rabbits increased 
greatly in number at the expense of the indig-
enous animals. As exploration of the world 
increased, the European wild rabbit was further 
distributed by sailors. In 1859, a few rabbits 
were released in Victoria, Australia and, in 30 
years, gave rise to several million rabbits. Other 
releases of a few rabbits in Australia also gave 
rise to millions of rabbits in the areas of release. 
The wild rabbit became a serious pest in 
Australia and New Zealand because of the 
favorable environment, abundant feed, and 
absence of predators. The European wild rab-
bit, although released in North America, was 
never able to gain a foothold and does not exist 
on the continent in significant numbers. A feral 
population of Oryctolagus has developed on 
the San Juan Islands off the coast of the state 
of Washington.

In the Middle Ages, rabbits were kept in 
rock enclosures in England and Western 
Europe. True domestication probably began in 
the sixteenth century in monasteries. By 1700, 
seven distinct colors and patterns had been 
selected: non-agouti solid color, brown, albino, 
dilute (blue), yellow, silver, and Dutch spotting. 
By 1850, two new colors and the Angora-type 
hair had been developed. Between 1850 and 
the present, the remaining colors and fur types 
have been developed and selected.

Potential of the Rabbit for Meat and 
Fur Production

The domestic rabbit has the potential to 
become one of the world’s major livestock spe-
cies. In the future, as the human population 
exerts increasing pressure on the world’s food 
resources, it is likely that rabbits will assume an 
increasingly important role as a source of food. 
However, this does not imply that rabbits will 
have to be raised mostly on large commercial 

farms; rather, it is likely that many more peo-
ple than at present will raise them in small 
numbers in their backyards. Rabbits also pos-
sess various attributes that are advantageous in 
comparison to other livestock. Rabbits can be 
successfully raised on diets that are low in grain 
and high in roughage. Recent research has 
demonstrated that normal growth and repro-
ductive performance can be achieved on diets 
containing no grain at all. As competition 
between humans and livestock for grains inten-
sifies, rabbits will have a competitive advantage 
over swine and poultry, since these animals 
cannot be raised on high roughage diets or 
diets that don’t contain grain. Rabbits convert 
forage into meat more efficiently than rumi-
nant animals, such as cattle and sheep. From a 
given amount of alfalfa, rabbits can produce 
about five times as much meat as beef cattle. 
All these attributes are especially relevant today 
with rising feed and fuel costs.

The ability of rabbits to efficiently convert 
forage into meat will be of special significance 
in developing countries, where population 
pressures and food shortages are greatest. In 
many cases, there is abundant local vegetation 
that cannot be consumed directly by people 
but that can be fed to rabbits. A few does can 
be kept by villagers on a backyard scale to pro-
duce enough meat to satisfy the needs of a 
family by using weeds, tropical forages, vegeta-
ble tops, and table scraps as feed for the rabbits 
(Fig. 1.4). Keeping cattle under such circum-
stances is not feasible because of their larger 

Fig. 1.4. A village rabbitry constructed of bamboo, 
palm thatch, and other locally available material. 
Rabbit production has considerable potential in 
developing countries. (Courtesy of S.D. Lukefahr)
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feed and space requirements, the long time 
taken to reach slaughter weight, and the prob-
lem of using a large amount of meat at once 
when refrigeration is lacking. Rabbits act as 
“biological refrigerators” in that the meat from 
one animal can be consumed without the need 
for storage. Rabbits will breed year-round, so a 
continuous supply of meat can be produced 
with just a few breeding animals. The above 
scenario is hitting closer to home as more peo-
ple in the U.S. are growing gardens and raising 
small livestock in an effort to stretch the food 
dollar with the economic downturn of the glo-
bal recession of 2009.

An exciting characteristic of rabbits is their 
high reproductive potential. This, of course, is 
well known, being the subject of numerous 
jokes regarding fertility. Because of their rapid 
growth rate, short gestation period, and ability 
to rebreed immediately after kindling (giving 
birth), rabbits have a reproductive potential 
that is staggering. Several animals released in 
Australia resulted in a few years in tens of mil-
lions of rabbits. In commercial production, this 
high reproductive potential is of great impor-
tance. Recent research has demonstrated the 
feasibility of post-partum breeding, so it is pos-
sible for a doe to have a litter, be rebred imme-
diately, wean the litter at 28 days, and have 
another litter 3 days later. This is the normal 
breeding pattern of wild rabbits during the 
breeding season. No other type of livestock 
has this amazing reproductive potential. Such 
intensive breeding requires a high level of man-
agement skill and is not recommended until 
further research is completed.

There is considerable potential for genetic 
improvement of rabbits raised commercially. 
Because the generation time is short, and 
because the heritability of growth and carcass 
traits is moderate to high, rapid improvement 
of these traits through selection can be made. 
In the United States there has been compara-
tively little genetic selection of rabbits for such 
important commercial characteristics as carcass 
traits, so there is scope for considerable progress 
in these areas. Compared to other types of live-
stock production, there has been little commer-
cial development of high performing hybrids, 
use of well-designed crossbreeding schemes, or 
other techniques that are routine in the other 
types of livestock enterprises.

Rabbits lend themselves to both small- and 
large-scale production (Fig. 1.5). France is one 
of the world’s largest producers and consumers 
of rabbits. In the 1950s, the size of the aver-
age French herd was six does. Thus, the French 
industry was based upon a large number of 
small producers. In recent years, however, the 
average herd size has increased somewhat, but 
96 percent of the producers in France have 1 
to 20 does. Only 1 percent of the producers 
have over 200 does, but they produce over 30 
percent of the rabbit meat. In the United States 
most rabbitries have 50 or fewer does. Many 
people keep a few does in the backyard to 
raise meat for the family and to sell the surplus. 
In times of economic stress, such as the depres-
sion of the 1930s, World War II, and the 
energy crisis of the 1970s, interest in self-
sufficiency increases, and backyard rabbit 
 production increases. This trend has also been 
observed in present times with the global reces-
sion. Because they are noiseless, rabbits can be 
raised in a suburban situation without infring-
ing on the peace of neighbors. Only a small 
space is needed for raising rabbits, and they 
adapt themselves to a variety of conditions, 
being raised successfully in many cities, in small 
towns, and on farms in every state of the U.S. 
They appeal to all classes of people with a 
diversity of backgrounds. Many of these people 
have had a lifelong yen for raising animals but 
have been so situated that they could not real-
ize their dreams. Now they are deriving a great 

Fig. 1.5. A large rabbitry in Hungary producing 
about 300,000 fryers annually. Rabbits are suited 
to both large- and small-scale production. 
(Courtesy of J.I. McNitt)
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deal of pleasure and relaxation from working 
with rabbits. The amount of capital needed for 
the equipment and for the animals is reason-
able. Caring for rabbits does not involve stren-
uous physical exertion, so the work can be 
carried on with much satisfaction by persons 
with special needs. Rabbit production is espe-
cially useful for occupational therapy. The size 
of the animal makes it exceptionally valuable in 
youth programs.

Rabbit meat is a wholesome, tasty product 
(Fig. 1.6). Compared to most other meats, it is 
high in protein and low in fat, cholesterol, and 
sodium. The meat is white, fine-grained, deli-
cately flavored, nutritious, and appetizing. It is 
also low in caloric content. The size of the car-
cass, the fine quality of the meat, and the wide 
range in methods for preparation make rabbit 
an excellent and economical meat for use in 
any season of the year. In many areas it is avail-
able in the markets either in the cut-up and 
packaged (fresh or frozen) form or in the whole 
carcass. While there appears to be a prefer-
ence shown by consumers for the cut-up and 
packaged product, chefs and those in charge 
of the meat purchasing for institutions such as 
hospitals, clubs, and hotels prefer it in the 
whole carcass form so they may cut it to suit 

their own requirements and methods of prepa-
ration. Some processors develop cuts such 
as fillets or nuggets for specialty restaurant 
markets.

Although the main commercial use of rab-
bits is meat, the skins are also important. The 
furs are used in various apparel items, such as 
fur coats. However, the price paid for the skins 
by the larger fur buyers is not sufficient to jus-
tify many of the assertions that have been 
made that one could engage in breeding rab-
bits for their pelts alone and make a satisfac-
tory profit. The returns from both meat and 
pelts must be combined to derive the maximum 
profit from the labor and capital invested. The 
market values vary from time to time, depend-
ing on season, fashion dictates, etc.

Rabbit skins are used in many ways, the 
best quality being employed in making fur gar-
ments and fur trimmings, the poorer quality 
being used by the felting industry and for man-
ufacturing toys, specialty articles, etc. The nor-
mal furs are used chiefly for making imitations 
of high priced furs, and the fur industry has 
become so proficient in this line that by pluck-
ing, shearing, dyeing, etc., it is able to imitate 
many of the wild and more expensive furs. 
These imitations are sold under a variety of 
trade names and each imitation must be prop-
erly labeled. The better quality garments that 
are made from the heavily furred rabbit skins 
are warm and luxurious, and they wear well 
(Fig. 1.7). Those skins that are not suitable for 
manufacturing the better quality products are 
used for lining men’s and boys’ clothing, mak-
ing toys, trimming children’s garments and 
coats, and manufacturing felt hats. At the time 
the fur is cut from the skins for use by the felt-
ing industry, the skins are shredded and glue 
that is especially strong is extracted. This glue 
is used principally by furniture makers. Large 
processing plants use all parts of the rabbit, even 
the feet for “lucky rabbit’s foot” souvenirs.

The Rex rabbit differs from other breeds 
in having a coat with no conspicuous guard 
hairs, giving a very attractive fur. In the United 
States, there has been extensive interest in Rex 
Rabbit production but it has yet to develop into 
an integral component of the American rabbit 
industry.

In Europe, there is extensive use of Angora 
rabbit wool in the manufacture of  luxury 

Fig. 1.6. Rabbit is a high-quality, nutritious, and 
attractive meat. (Courtesy of J.I. McNitt)
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 garments. The main source of Angora wool 
production is China, which produces over 
90 percent of the world’s supply. In the United 
States, Angora production is primarily a hobby, 
since the high labor costs preclude a viable 
commercial Angora industry.

Production of Pharmaceuticals

Associated with the production of rabbits for 
meat and fur is the preparation of pharma-
ceutical products. The brains, blood, and vari-
ous internal organs are used in producing 
“biologicals” for medical use and research. 
For example, rabbit brains are a source of 
thromboplastin, which is used to control the 
dosage of anticoagulant given to prevent 
thrombosis (heart attack), phlebitis, and other 
abnormal clotting conditions of the human 
body. The blood is used to prepare comple-
ment, used in biomedical programs. Various 
enzymes for research are derived from rabbit 
tissues.

Youth Programs

The raising of domestic rabbits lends itself 
nicely to 4-H Club, Boy and Girl Scout, and 
FFA projects (Fig. 1.8). The fact that in many 
cases rabbits can be raised where larger farm 
animals or even poultry cannot be handled 
makes them especially useful animals for these 
groups. In this connection, rabbit breeders can 
be of material aid to these younger people by 
providing desirable breeding stock at nominal 
prices and by counseling with leaders and 
members of the youth groups with respect to 
methods for raising or caring for their animals. 
In many areas where the youthful rabbit rais-
ers may need capital for developing their 
projects, local bankers cooperate with them 
and arrange to make loans for that purpose. 
A boy or girl signs a note and is expected to 
repay the principal plus interest out of the 
profits from the endeavor. This cooperation 
by business executives is helpful and gives the 
young rabbit raiser an insight into business 
procedure. Many youth projects have resulted 
in prizes and trophies being awarded at fairs 
and other exhibitions. Youth programs are an 
excellent way of teaching the concept of 
responsibility to young people.

To teach young persons the fundamentals 
of animal husbandry, youth groups may begin 
with young rabbits at weaning age. When the 
young members of a family group want to 
raise rabbits, it may be best to purchase an 
adult doe so that their interest may be kept 
keen by the chronological events, such as the 
doe making a nest and kindling and then the 
young people taking care of the litter, selling 
the products, etc. Many of these small begin-
nings on the part of young people have devel-
oped into sizeable undertakings.

Hobbies and Pets

Because the domestic rabbit is cage-raised, it 
lends itself more readily than other farm animals 
to handling by people with special needs and 
opens up a new field of activity for them. They 
derive a great deal of satisfaction from producing 
meat rabbits, spinning Angora wool and making 
garments, or just raising rabbits as pets.

Fig. 1.7. A lady wearing a rabbit fur hat and 
carrying a rabbit fur purse. (Courtesy of S.D. and 
B. Lukefahr)
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People may want to raise rabbits because 
they enjoy working with animals and thus can 
advantageously combine a hobby with prospects 
of a supplemental income. There are many ram-
ifications to this type of activity (Fig. 1.9). Some 
people may develop an interest in attempting 
to improve a strain of rabbits by studying its 
characteristics in an effort to produce animals 
as nearly perfect as possible and derive a great 
deal of pleasure from showing them.

Complete rabbit rations can be purchased 
in small quantities at most feed stores, and 
these pellets are clean, easy to store, and con-
venient to feed. Caution should be taken in 
purchasing very young rabbits, such as Easter 
bunnies, etc., for small children. In too many 
cases the rabbits are improperly handled or 
cared for and may be abused and die. A rabbit 
purchased for a child’s pet should be at least 
six to eight weeks of age, because it has passed 
its more delicate stage of development and is 
less likely to be injured while the child is being 
instructed by the parent as to the proper 
method for holding and playing with it.

Laboratory Use

Rabbits have traditionally been used as labora-
tory animals. Because they are small and do 

not require a large amount of space in the lab-
oratories and because the feeding and care are 
relatively inexpensive, this species is well adap-
ted to certain types of research (Fig. 1.10). 
These include performing nutritional studies, 
testing new medical products, producing 
 antibodies, developing information concerning 
inheritance of malformations, and studying 
 diseases. The rabbit is being used more and 
more in connection with preliminary research 
tests with the larger types of farm animals, 
and its blood is used quite extensively in 
 making antisera. Rabbits used in research are 
treated humanely. In some cases, as with the 

Fig. 1.8. Youth members showing their rabbits. (Courtesy of the Webb Family)

Fig. 1.9. Rabbits make fine pets! (Courtesy of 
Susan Smith)
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 controversial Draize test for assessing effects 
of cosmetics on the eye, alternatives to animal 
testing have been developed and are in use.

Factors Limiting Rabbit Production

Despite the promising potential of the rabbit as 
a meat- and fur-producing animal, a number 
of factors presently limit the profitability of rab-
bit enterprises. These are related to problems 
of nutrition, disease, genetics, and the high 
labor requirement for intensive rabbit produc-
tion. Much less research has been conducted 
on the commercial production of rabbits than 
on the commercial production of other live-
stock species. Therefore, many more unsolved 
problems exist, and less information is  available 

on optimal feeding, breeding, disease preven-
tion, and management systems. In the area of 
nutrition, for instance, it is only since 1970 
that data on specific nutrient requirements for 
energy, protein, amino acids, vitamins, and 
minerals have been obtained. In most cases, 
the existing data have been collected in experi-
ments using small numbers of animals, with 
diets that are not representative of commercial 
feeds. Thus, much refining of this information 
is needed through continued research.

Diseases such as enteritis, snuffles, and 
viral hemorrhagic disease (VHD) are very 
important factors that prevent rabbit produc-
tion from reaching its potential. Enteritis is a 
complex of several diseases that cause diarrhea, 
dehydration, and death of young rabbits. Until 
the early 1980s, very little progress had been 
made in understanding the causes of enteritis. 
Significant advances in the identification of 
types of bacteria and dietary factors involved in 
development of enteritis have been made since 
that time, but much remains to be done.

In the breeding and genetics areas, there 
has not been a sustained effort to develop 
superior breeding animals for commercial pur-
poses. The commercial rabbit industry in the 
United States has been based on rabbit raisers 
who have not been in the business for very 
long. One large processor has characterized 
rabbit raisers as “one-third coming into the 
industry, one-third in, and one-third leaving.” 
The lack of many long-term commercial pro-
ducers means that there have not been many 
sustained breeding and selection programs car-
ried out for a sufficient period to make real 
progress. Some selection in the past has been 
for traits with a low heritability, such as con-
ception rate and litter size, whereas moderately 
to highly heritable traits, such as milk produc-
tion and growth rate, have not received much 
attention. Development of superior breeding 
stock, with the potential for high performance 
in all productive traits, would do much to 
ensure the growth of the rabbit industry. 
Another factor that limits the profit potential of 
large-scale rabbit production is the high labor 
intensity of rabbit rising. Under present man-
agement situations, there is a great deal of 
hand labor involved in feeding, mating, cage 
cleaning, and virtually all other facets of rabbit 
production. This is in contrast to the extensive 

Fig. 1.10. Rabbits are widely used in biomedical 
research. In this picture, a rabbit used in nutrition 
research is weighed. (Courtesy of P.R. Cheeke)
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automation and low labor requirements for 
poultry production. Once a rabbitry reaches 
a size above 600 does and hired labor is 
required, the labor costs become a major fac-
tor. Additionally, rabbits require “tender loving 
care,” and with large rabbitries employing 
hired labor, this is not always easy to provide. 
For successful development of large commer-
cial rabbit enterprises to occur in North America 
and other areas with high labor costs, manage-
ment systems employing greater automation 
must be developed.

In contrast, for backyard production in 
both developed and developing countries, the 
labor requirements are more or less irrelevant. 
A few does and their offspring for family meat 
production are easy to manage, with the care 
often provided by the children. Diseases, such 
as enteritis, snuffles, and sore hocks seem to 
be much less prevalent under these conditions, 
probably because of a more varied diet and less 
stressful conditions than animals experience in 
a large rabbitry. Because of low labor costs and 
often abundant forage resources, some devel-
oping countries may prove to be ideal sites for 
large-scale rabbitries.

The future is bright for rabbit production. 
Increasing interest in research on rabbit pro-
duction at universities and experiment stations 
throughout the world will undoubtedly provide 
answers to many of the problems currently 
plaguing rabbit producers. The nutritional qual-
ities of rabbit meat have resulted in new mar-
keting potentials for rabbit as a “health food” 
in our increasingly health- and diet-conscious 
society.

Sources of Helpful Information

For many years, the United States Department 
of Agriculture (USDA) maintained the U.S. 
Rabbit Experiment Station at Fontana, 
California (Fig. 1.11). This station was the 
source of much useful information on rabbit 
production. The station was closed when it 
appeared that rabbit production was not going 
to become a major agricultural enterprise in 
the United States. Rabbit research was at very 
low ebb in the 1960s and early 1970s. Since 
that time, interest in the rabbit as a meat ani-
mal has been rekindled, due in part to the 

Fig. 1.11. The former US Rabbit Experiment Station at Fontana, California, where Mr. George Templeton 
served as Director for many years. (Courtesy of P.R. Cheeke)
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increasing awareness of the competition 
between livestock and humans for grain. A major 
program of rabbit research was established at 
Oregon State University’s Rabbit Research 
Center. The Research Center published The 
Journal of Applied Rabbit Research, which 
contained reports of the latest research on 
commercial rabbit production. This unit has 
now been closed, but the rabbit research pro-
gram at Texas A&M University-Kingsville is 
still functioning. Most of the land-grant univer-
sities, through their extension departments, 
sponsor 4-H rabbit club activities in their 
respective states, and several have sponsored 
rabbit schools. These schools are similar to the 
forums or courses that for many years have 
been conducted for other types of farm ani-
mals. They have been extremely valuable to 
the rabbit industry, with members of the uni-
versity faculty and other well-informed repre-
sentatives of the rabbit industry participating. 
One of the most valuable features of these rab-
bit school programs is the time allotted to ques-
tions and answers.

Some of the state agricultural universities 
issue bulletins on rabbit production and assign 
a member of the extension department to the 
specific duty of assisting the industry in the 
state. Advice may also be obtained by contact-
ing agricultural agents and farm advisors. The 
Internet is a good source of rabbit information 
and a method to make contact with experi-
enced breeders.

The American Rabbit Breeders Association, 
Inc. (ARBA), P.O. Box 5667, Bloomington, IL 
61702, addresses many aspects of the rabbit 
industry, but an overwhelming majority of the 
members are fanciers, so the primary focus of 
the organization is on the fancy. The ARBA 
assists rabbit fanciers in many ways by main-
taining a registration and recording system, 
providing memberships to persons interested 
in breeding and marketing rabbits and allied 
products, promoting and conducting public 
and private exhibitions, providing judging sys-
tems, licensing official judges and registrars, 
making and revising official standards and 
maintaining a web site at www.ARBA.net. A 
magazine, Domestic Rabbits, is also published 
every other month. The association also organ-
izes and assists local, county, and state associa-
tions and specialty clubs, maintains information 

bureaus, and furnishes at cost bulletins, guide 
books, and other printed matter. It helps in 
marketing and in securing legislation and publi-
city. An annual convention and show are held.

Contact with members of local rabbit clubs 
is an excellent means for beginners to obtain 
information relative to rabbit production, such 
as facts on cooperative buying and marketing 
of products, lists of reliable breeders, ordi-
nances with relation to the industry, etc.

There is increasing interest in rabbits as 
pets. As described in Chapter 18, the housing, 
nutritional, and social needs of companion rab-
bits differ in several key aspects from those of 
production or show animals. An excellent 
resource for pet rabbit information is the House 
Rabbit Society, 148 Broadway, Richmond, 
CA, 94804-1912. The HRS maintains a web 
site (www.rabbit.org) and publishes the quar-
terly House Rabbit Newsletter.

Some feed manufacturers have spent a 
great deal of time and money in research work 
to develop efficient rations for rabbits. They 
also issue bulletins and sometimes furnish the 
breeder with hutch cards and other record 
cards. Many of them have field representatives 
who make visits to rabbitries and assist the 
breeders with their rabbit problems. Some 
large feed companies have their own research 
and testing facilities.

A wealth of information about rabbits can 
be found on the Internet. Using a search engine 
to locate the sites for the World Rabbit Science 
Association (WRSA), the ARBA, or the HRS 
will provide much useful information as well as 
links to other sites.

A Rabbit by Any Other Name

According to the Oxford dictionary, the word 
rabbit is derived from rabotte, a word from an 
old dialect in northern France, or from the 
Walloon word robett, whereas Webster’s dic-
tionary attributes the word to the old Middle 
English rabet. It is interesting to see the word 
for rabbit in a variety of languages:

Afrikaans – konyn
Danish – kanin
Dutch – konij
Finnish – kaniini

www.ARBA.net
www.rabbit.org
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French – lapin
German – kaninchen
Hungarian – nyul
Indonesian – kelinci
Italian – conigli
Norwegian – kanin
Polish – królik
Portuguese – coelho
Spanish – conejo
Swahili – sungura
Swedish – kanin

Rabbits are well represented in folklore. 
The Easter Bunny has its origins in ancient 
pagan rituals. In early Easter or spring celebra-
tions, rabbits and hares were symbols of fertil-
ity and new life. Qualities of the rabbit usually 
depicted in tales and folklore generally relate to 
gentleness, mischievousness, and being the 
dupe or victim of deception, such as Brer 
Rabbit. Other famous rabbits include Walt 
Disney’s Thumper in Bambi, Bugs Bunny, and 
Peter Rabbit in the Beatrix Potter tales.
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Rabbit Production Worldwide

countries such as France kept a small herd of 
rabbits to produce meat for their own family’s 
consumption. Rabbit meat was an important 
part of the diet. As intensification of agriculture 
occurred and the size of farms increased, many 
of the former peasant farmers who moved to 
cities retained their enthusiasm for rabbit meat 
and purchased it at markets (Fig. 2.1). Rabbit 
farms were established to meet this demand. 
Thus, in several European countries, such as 
Italy and France, rabbit meat is a common and 
significant item of the diet, and a strong market 
exists for rabbit.

Since about 1950, the rabbit industry in 
Europe has changed dramatically. In 1950, 
most rabbits were produced on a backyard 
scale, with about six does per rabbitry. There 
were a very large number of very small produc-
ers. In common with other agricultural endeav-
ors, continuous intensification of production 
has occurred (Fig. 2.2). While the number of 
rabbit raisers has decreased, the size of the 
average rabbitry has continued to increase to a 
level that the Europeans refer to as “industrial-
scale broiler rabbit production.”

Modern European rabbit production is the 
most advanced in the world with the possible 
exception of China. This is especially true in the 
area of genetics. There are numerous private 
genetics companies that sell high-producing 
hybrid breeding stock to rabbit raisers. Generally 
the hybrids involve the New Zealand White and 

Rabbits are raised to some extent in virtually 
every country. It is in temperate areas that rab-
bit raising has been most significant in terms of 
commercial development, probably reflecting 
the Mediterranean origin of the animal. 
Presently, the rabbit is becoming increasingly 
important in tropical areas, particularly in 
higher regions (up-lands), where the climate is 
more moderate. According to figures compiled 
by the Food and Agriculture Organization 
(FAO) of the United Nations (UN), China is by 
far the largest producer followed by Italy, and 
the South Korea (Table 2.1). It has only been in 
recent years that rabbit production has become 
popular in Asia. The figures were provided by 
the countries themselves. Accurate data on the 
numbers of rabbits produced are difficult to 
obtain, because in most countries such records 
are not kept and because many rabbits are 
slaughtered for home consumption and thus 
would not be officially recorded. In general, 
rabbit production and consumption are similar. 
Following is a brief description of rabbit pro-
duction in some major areas of the world.

Europe

Western European countries, such as Italy, 
France, and Spain, have traditionally been 
major producers and consumers of rabbit meat. 
In past years, many of the peasant farmers of 
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Californian breeds. The size of the European 
rabbit industry is sufficient to attract the serious 
and competitive attention of feed manufactur-
ers, veterinary supply companies, equipment 

suppliers, and so on. Typically, rabbits are raised 
in hanging wire cages in environmentally con-
trolled buildings and fed pelleted diets.

The prospects for the rabbit industry on 
the Continent appear bright. The people are 
sophisticated in their cuisine, and rabbit meat 
enjoys a high demand. Although production 
in France in the early 1980s dropped, rabbit 
production in Italy is expanding. The island 
nation of Malta in the Mediterranean Sea has 
one of the highest per capita rates of consump-
tion of rabbit meat. Continued sophistication 
of rabbit production in Europe, with the use of 
hybrid breeding stock, environmentally con-
trolled buildings, and innovative management, 
is foreseen.

At one time rabbit meat was widely con-
sumed throughout Great Britain. Much of it 
was wild rabbit, harvested by hunters who 
earned their livelihood by shooting, trapping, 
or snaring rabbits. To some extent, this helped 
control the rabbit populations and kept crop 
losses at manageable levels. Wild rabbits were 
also raised in large fenced warrens managed 
by gamekeepers. This practice was discontin-
ued because of the extensive ecological dam-
age that occurred. In the 1950s, the viral 
disease myxomatosis was accidentally intro-
duced into Britain, resulting in a spectacular 
kill of many of the wild rabbits. The repercus-
sions of this on the domestic rabbit industry 
are still being felt. The sight of blind, deathly 
sick rabbits dying of “myxo” throughout the 
English countryside was repugnant to many 

Table 2.1. Estimates of rabbit meat production in 
2010 by leading rabbit-producing countries.

Country

Estimated production 
(thousands of metric 

tons of carcass)

China 669
Italy 255
South Korea 133
Egypt 70
Spain 66
France 52
Czech Republic 38
Germany 38
Russian Federation 14
Ukraine 14
Argentina 7
Hungary 5
Mexico 4
Kenya 3
North Korea 3
Poland 3
Brazil 2
Malta 2
Belarus 1
All other countries 294
Total world production 1693

FAOSTAT, 2010. FAO Statistics Division. Available at: 
http://faostat.fao.org/site/569/DesktopDefault.
aspx?PageID=569.

Fig. 2.1. Rabbits in a supermarket in France. Rabbits are often sold this way in Europe but cut-up, 
packaged carcasses are also popular. European consumers, like their North American counterparts, are 
less willing to cut up rabbits and poultry than they were in the past. (Courtesy of J.I. McNitt)

http://faostat.fao.org/site/569/DesktopDefault.aspx?PageID=569
http://faostat.fao.org/site/569/DesktopDefault.aspx?PageID=569
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World War II, when people were most inter-
ested in producing their own food.

During the 1920s and 1930s, southern 
California was the major site of commercial 
rabbit production. Several large processors 
operated in the Los Angeles area. After World 
War II, intensive industrialization of southern 
California occurred, and rabbit production 
declined sharply. One of the major rabbit proc-
essors operating in California was a company 
called Pel-Freez. In 1951, Pel-Freez moved to 
Rogers, Arkansas, and has grown to become 
the largest rabbit processing plant in the United 
States. The surrounding area, including neigh-
boring states such as Missouri, has become the 
major rabbit raising area in North America. 
Other regions of significant production include 
the Pacific Coast states of California, Oregon, 
and Washington and parts of the Midwest. 
Rabbit production occurs in nearly all areas of 
the United States and tends to be a small-scale, 
part-time activity. One of the major problems 
in most areas is the lack of reliable markets. 
With the worsening global economy, there is a 
renewed interest in small-scale rabbit produc-
tion combined with gardening so that families 
can stretch the food dollar.

Rabbit meat is sold mainly in large cities 
that have high concentrations of immigrants 
from European countries such as France, Italy, 
and Portugal, where eating rabbit is traditional. 
In the early 1980s a significant “health food” 
market for rabbit meat began to develop, 
because of the low fat, low sodium, and low 
cholesterol content of the meat and a trend 
away from red meats in the American diet. The 
abundance of food of all types in the United 
States suggests that rabbit meat, to become a 
more significant component of the diet, will 
have to displace some existing meat sources. 
This can be done by making rabbit available at 
a lower price than other meats, which is 
unlikely in the near future, or by developing 
specialty markets based on some unique prop-
erty of rabbit meat, such as being antibiotic-
free. The identification of rabbit as a “healthful” 
meat is a step in this direction.

In the United States, most commercial 
rabbitries are part-time endeavors, with breed-
ing herds of 20 to 100 does. There are 
 relatively few rabbitries with 300 to 600 does, 
and very few with 1000 or more. Economic 
realities of rabbit production on the American 

Fig. 2.2. An outdoor rabbitry near Barcelona, 
Spain, providing good ventilation and protection 
against rain. Note the dropping boards at the rear 
of the cages (bottom). The manure can be removed 
readily by hand or with a tractor. (Courtesy of P.R. 
Cheeke)

people. The mention of rabbit brings to their 
minds the pathetic appearance of the diseased 
rabbits. Many British people who once enjoyed 
rabbit meat will no longer eat it. For this reason, 
and some stigma that rabbit is a “poor person’s 
meat,” the British rabbit industry is quite small. 
Vocal and sometimes violent animal rights 
extremists are a further impediment to rabbit 
production in England.

North and South America

Rabbit production continues to be a very minor 
component of agriculture in North America. 
Interest in rabbit raising has been highest 
 during periods of economic hardship, such as 
in the depression of the 1930s and during 
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scene indicate that it likely will remain largely a 
part-time type of enterprise. For commercial 
meat production, the New Zealand White is by 
far the major breed, although some Californians 
are used. The use of rational crossbreeding 
programs or hybrids is also becoming more 
popular.

In the 1970s and 1980s, considerable 
interest in the Rex breed as a fur animal devel-
oped in the United States. In some cases, the 
promotion of Rex fur production was fraudu-
lent or unethical, with promises of unrealisti-
cally high prices for the pelts and with very 
high prices charged by the promoters for the 
breeding stock. Many people with no knowl-
edge of rabbit raising and little likelihood of 
success lost their investments. A fur industry 
based on the very attractive Rex fur may 
develop in the future.

The situation in Canada for rabbit produc-
tion is very similar to that in the United States. 
The major areas of rabbit consumption are 
Toronto, Montreal, and Vancouver, where 
there are large European ethnic populations. 
In Mexico, considerable interest in rabbit pro-
duction has developed as a means of increas-
ing the protein intake of low income people. 
Major breeds used are New Zealand Whites, 
Californians, Chinchillas, and a local breed 
called the Criollo.

In the Caribbean region, there is some 
small-scale rabbit rising for local meat produc-
tion, particularly on French-speaking islands 
such as Guadeloupe and Martinique, and the 
Dominican Republic. In Haiti, there was a large 
commercial rabbitry near Port-au-Prince, and 
rabbit rising is promoted in the hinterlands by a 
variety of organizations, including various mis-
sionary groups. In January, 2010, a devastat-
ing earthquake shook the heart of Haiti. This 
came on the heels of decades of economic and 
political degradation and four violent hurri-
canes in 2008. Since these disasters and the 
exodus of many urban residents to rural areas, 
the Haitian people have taken a keen interest 
in adding rabbit meat production to help fight 
against poverty and hunger. There has thus 
been a strong thrust toward increasing produc-
tion and, within two years, over 1500 rabbit 
producers in four regions developed more 
than 1000 production units. These rabbits have 
directly benefited nearly 7000 participants. 
The rabbit is a potential means of improving 

the nutritional status of low income people in 
many of the Caribbean islands by utilizing 
locally grown forages and by-products.

In South America, major areas of rabbit 
production include Uruguay, Argentina, and 
Brazil, where some large rabbitries have been 
built. Demand for rabbit meat comes from 
European immigrants, particularly Italians, in 
the large cities, such as São Paulo and 
Montevideo, but meat has also been exported 
to other countries. Potential for growth of rab-
bit production in South America seems good, 
with the abundant forage resources and rapidly 
increasing human populations. There has been 
some Angora production, particularly in 
Argentina, Bolivia, and Chile.

Asia

China is one of the world’s major rabbit-
producing countries. Rabbit meat from China 
has been exported to Europe and North 
America quite extensively. Since the 1980s, 
major emphasis has been on Angora wool pro-
duction. China is the source of approximately 
80 percent of the Angora wool used in the tex-
tile industry, producing about 4000 metric tons 
annually. Since the average wool yield for 
Chinese Angora rabbits is about 200 grams per 
annum, it appears that about 20 million 
Angoras are raised in China. Meat is a by-prod-
uct of the wool production, although about half 
the rabbit herds in China produce strictly meat 
rabbits. In rural villages, rabbits in China are not 
usually fed a pelleted concentrate diet. Instead, 
they are fed forages, including vegetable tops 
and water weeds that are often wilted to reduce 
the moisture content (Fig. 2.3). Various by- 
products, such as wheat bran, rice bran, or 
corn bran, are fed as a moist mash supplement. 
Because of the huge human population and the 
need to upgrade the diet with high quality pro-
tein, and because of rising cereal grain and fuel 
costs, it is likely that rabbit production will be of 
increasing importance in China as a means of 
converting roughages to human food.

Rabbit production is gaining in importance 
in other Asian countries, such as Indonesia, 
South Korea, and Vietnam. Because of low 
labor costs, Hong Kong, Taiwan, and South 
Korea are important markets for rabbit skins 
and furs for garment manufacture.
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A major effort to promote rabbit raising in 
Indonesia has its basis in the need to increase 
food production in that densely populated 
country. Village rabbit raising is a potential 
means of providing protein to low income peo-
ple who consume a nutritionally inadequate 
rice-based diet. Abundant supplies of rice bran 
are available that, along with local forages, can 
provide the feed needed for rabbits.

In India, meat rabbit production is also 
becoming more popular. The raising of Angora 
rabbits for wool is increasing in several northern 
states in the foothills of the Himalaya Mountains. 
This is being encouraged as a cottage industry 
to increase income levels of villagers.

Australia and New Zealand

In Australia and New Zealand, the word “ rabbit” 
is synonymous with “pest.” Commercial rabbit 
rising has been severely limited by regulations for-
bidding growing of rabbits, because of widespread 
fear of the results should the animals escape. The 
reasoning behind this is that wild rabbits have 
been a major scourge in Australia and New 
Zealand, causing tremendous damage to crops 
and pastures and often severe soil erosion of the 
denuded areas (Fig. 2.4). Often overlooked is the 
fact that the animal responsible is the European 
wild rabbit, not the domestic rabbit.

In 1980, the government of New Zealand, 
after extensive study, approved legislation per-
mitting the raising of domestic rabbits. Following 
this, there was a flurry of activity involving 
importation of Rex rabbits and an attempt to 

establish a Rex fur industry. This program 
seems to have faltered. In Australia there are 
periodic attempts to establish large commercial 
rabbitries, but so far without success. The pros-
pect for increased domestic rabbit production 
in these countries seems limited.

Africa

Inadequate food production is a critical prob-
lem throughout Africa. Rabbit raising could 
make a significant contribution to human wel-
fare. Since rabbit farming is not a traditional 
practice throughout Africa, carefully designed 
training programs are essential. In Ghana, a 
national program to promote rabbit meat has 
been quite successful. Billboards, signs on 
buses and trucks (Fig. 2.5), and radio and tele-
vision announcements encourage people to 
raise rabbits and eat rabbit meat. It is claimed 
that about 5 million rabbits are eaten annually 
in Ghana. The success of this program has 
led to similar development schemes in several 
African countries. Other successful rabbit 
 programs have been established in Benin, 
Egypt, Cameroon, Nigeria, and Kenya. The 
emphasis has been on self-sufficient meat pro-
duction by families living on small farms. As in 
other tropical areas, rabbit production in Africa 
seems to have considerable potential.

Fig. 2.3. In some areas, rabbits are fed various 
types of greens including the berseem that this 
man has harvested for feeding to his rabbits. 
(Courtesy of S.D. Lukefahr) Fig. 2.4. Wild rabbits are major pests in Australia 

and New Zealand. The ecological damage that high 
populations of wild rabbits can cause and their high 
reproductive potential can be appreciated from this 
image. (Courtesy of the National Archives of 
Australia)
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Future World Rabbit Production

There is little doubt that rabbits could become 
important meat animals in many countries, par-
ticularly in developing nations with high human 
population density and a shortage of high qual-
ity grains and plant protein sources. The pur-
pose of raising livestock is to convert low quality 
fibrous vegetation to a higher quality human 
food (meat). Rabbits offer a number of advan-
tages over other livestock in this conversion 
process. Whether the potential of rabbit pro-
duction is realized depends on several factors, 
including research to bring actual productivity 
closer to the potential limits and increased con-
sumer acceptance of rabbit meat. It is virtually a 
worldwide phenomenon that rabbits are viewed 
as cute creatures, and many people who readily 
accept the slaughter of chickens, cattle, and 
other livestock find the idea of slaughtering and 
eating rabbits difficult to accept.

Consideration of recent trends in rabbit 
production suggests that Europe will continue to 
be the stronghold of rabbit raising, with a viable 
industry based on strong consumer demand for 
rabbit meat, although the increasing popularity of 
rabbit production in Asia could likely surpass 
present trends in Europe. Growth of the North 
American industry, where rabbits are mostly 
found in small numbers in back yards or on small 
farms will likely be modest. Rabbit meat in the 
United States is in competition with abundant 
other food resources, particularly the highly 
sophisticated and automated poultry industry. 

Rabbit raising is labor intensive and well adapted 
to small-scale backyard self-sufficiency situations, 
suggesting that it could increase in importance in 
low income areas where abundant inexpensive 
labor is available. Much of the developing world 
in Africa, Latin America, and Southeast Asia is 
in that category, and increases in rabbit produc-
tion in these areas appear likely.

Rabbit Research Worldwide

The development of any livestock industry 
depends heavily on research to uncover infor-
mation on nutrition and feeding, the cause and 
prevention of diseases, optimal breeding and 
genetics programs, and the solution of a myr-
iad of problems that confront the producer. 
Compared to the situation with other livestock 
species, research on rabbits has been very lim-
ited. It is useful to review the history of rabbit 
research and the contemporary situation, with 
the inevitable risk of omission.

Research relevant to commercial rabbit 
 production has been conducted mainly in several 
European countries and in the United States. 
The U.S. Rabbit Experiment Station was estab-
lished in Fontana, California, in the late 1920s. 
Fontana is in southern California, near Los 
Angeles. In the 1920s, the Los Angeles area 
was a major site of commercial rabbit production 
in the United States. The second director of the 
U.S. Rabbit Experiment Station was George S. 
Templeton (Fig. 2.6). He started at Fontana 

Fig. 2.5. In Ghana there is a vigorous campaign to promote rabbit keeping. This is a sign on the side of a 
bus encouraging the raising of rabbits. (Courtesy of P.R. Cheeke)
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in 1933 and retired in 1960. Mr. Templeton 
directed research on rabbit feeding, nutrition, and 
management. The Fontana station generated 
much useful information concerning the scien-
tific production of rabbits. Mr. Templeton’s expe-
rience and research findings led him to publish in 
1955 the book Domestic Rabbit Production 
which, through four editions, came to be the 
leading source of information in the United States 
on rabbit production. In 1982, Mr. Templeton’s 
book was revised by Dr. Peter R. Cheeke and 
Dr. Nephi M. Patton as Rabbit Production. 
Further revisions have been  carried out by the 
current authors in 1987, 1996, 2000, and 2012. 
About 1964, the U.S. Rabbit Experiment Station 
was closed, following  several years of relative 
inactivity after Mr. Templeton’s retirement.

Very little rabbit research was conducted 
in the United States from that time until the 
late 1970s, when the Oregon State University 
Rabbit Research Center was established 
(Fig. 2.7). The OSU Rabbit Research Center 
developed programs in nutrition and feeding, 

rabbit diseases, reproductive physiology, 
genetics, management, and meat quality. The 
OSU program focused primarily on commer-
cial meat rabbit production, although much of 
the research had relevance to other types of 
rabbit production as well. Other rabbit research 
programs have been established in the United 
States at Brigham Young University in Utah, 
Alabama A&M University, Texas A&M 
University-Kingsville (Fig. 2.8), and Southern 
University and A&M College in Louisiana. 
Several private companies have research and 
testing centers. Generally, information devel-
oped by private companies is proprietary and 
not made available to the public.

In Europe, France, Italy, and Spain are at 
the forefront of rabbit research. The Institut 
National de la Recherche Agronomique (INRA), 
the French equivalent of the USDA, has a 
Laboratory of Rabbit Research at Toulouse. 
Major programs in nutrition and genetics have 
been conducted. That work has had a major 
impact on the intensification of the rabbit 
industry in Europe.

Rabbit research is also conducted in 
Belgium, Italy, Germany, and Hungary. Spanish 
scientists have been active in the areas of rabbit 
genetics and nutrition. The rabbit research pro-
gram at the Universidad Politechnica de 
Valencia has an active team of rabbit scientists. 
Research in Germany has concentrated on 
Angora wool production. In England, the pio-
neering research at Cambridge University on 
genetics and re  productive  physiology has been 
followed by  studies on artificial insemination 
and embryonic development.

Since the 1980s there has been much 
interest in the rabbit as a meat source in protein-
poor developing countries. Rabbit research pro-
grams in a number of African, Asian and Latin 
American nations, including Egypt, Mexico, 
Nigeria, and Indonesia, have been initiated.

It is evident from this brief review that 
there is worldwide interest in the potentials of 
the rabbit and that a considerable research 
base has been established.

An organization called the World Rabbit 
Science Association was formed in the 
1970s to promote communication among 
rabbit scientists. This organization sponsors 
the World Rabbit Congresses, which are 
held every four years. As shown in Table 2.2, 
there have been ten Congresses where 

Fig. 2.6. Mr. George Templeton, Director of the 
U.S. Rabbit Experiment Station in Fontana, 
California from 1933 to the early 1960s. (Courtesy 
of P.R. Cheeke)
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 rabbit scientists from around the world met to 
share their research findings.

The American Branch of the World Rabbit 
Science Association also meets every four years 
between the meetings of the parent organiza-
tion. Meetings have been held in Mexico, Cuba, 
Brazil, and Argentina. These meetings  primarily 
attract scientists from North, Central, and South 
America and the Caribbean.

Fig. 2.7. The Oregon State University Rabbit Research Center. (Courtesy of P.R. Cheeke)

Fig. 2.8. The Texas A&M University–Kingsville 
Rabbit Research and Teaching Program carries 
out experiments on all aspects of rabbit 
production, with special emphasis on genetic 
improvement. (Photo Courtesy of S.D. Lukefahr)

Table 2.2. World rabbit congresses.

Year Location

1st 1976 Dijon, France
2nd 1980 Barcelona, Spain
3rd 1984 Rome, Italy
4th 1988 Budapest, Hungary
5th 1992 Corvallis, Oregon
6th 1996 Toulouse, France
7th 2000 Valencia, Spain
8th 2004 Puebla, Mexico
9th 2008 Verona, Italy
10th 2012 Sharm El-Sheikh, Egypt
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Rabbit Breeds

Californian. It tends to finish out at a lighter 
weight than the New Zealand White but has a 
higher carcass yield and meat-to-bone ratio. 
Commercial producers often cross Californian 
bucks with New Zealand White does to pro-
duce a high quality market animal that com-
bines the best qualities of both breeds. Thus, 
for commercial meat production, the New 
Zealand White and the Californian are tradi-
tionally the rabbits of choice. Other breeds 
may have potential in certain markets, although 
careful breed evaluations must be made before 
they can be widely recommended.

Breeds such as the Champagne D’Argent, 
Chinchilla, Dutch, Flemish Giant, Palomino, and 
Satin have been used to a minor extent, either to 
produce crossbred meat rabbits or as purebreds. 
Generally, premium market prices are paid for 
meat rabbits with white fur, so it is inadvisable to 
produce colored rabbits commercially.

Other types of commercial production 
include Rex pelts and Angora wool. These are 
discussed in Chapters 22 and 23, respectively.

For backyard rising of rabbits as pets and 
for home meat production, the choice of a 
breed is not critical, as maximum production 
and profit are not being sought. Personal 
 preferences as to color and type are greater 
factors. If children are involved, they will 
 probably be more interested in a variety of 
colors. For strictly pet raising or backyard meat 
 production, there is nothing wrong with 

Selecting a Breed

The prospective rabbit raiser should decide on 
the purpose for which the rabbits will be raised. 
He or she should then select a breed that will 
be best suited to this and to his or her personal 
preferences. No one breed is best for all pur-
poses, but with widely different characteristics 
among breeds, little difficulty should be encoun-
tered in making a selection.

With respect to body conformation, there 
is considerable variation, from the “racy type” 
of the Belgian Hare to the compact body shape 
of the medium weight meat breeds to the large 
body frame of the giant breeds. Mature weights 
range from less than 1.1 kg for the Netherland 
Dwarf to 6.4 kg for the Flemish Giant.

The different breeds range in length of 
coat from the short-furred Rex to the Angora, 
which has an annual growth of 20 to 25 cm 
of wool. There are also many different coat 
colors, and the rabbits may be solid black, 
blue, chocolate, fawn, gray, white, etc., or with 
spots, or of mixed colors.

For commercial meat production, the New 
Zealand White is the principal breed and vari-
ety. It has a number of desirable traits, includ-
ing a satisfactory growth rate, acceptable 
carcass quality, good prolificacy, and good 
mothering ability. In general, it possesses many 
characteristics desirable for a meat-producing 
animal. The other major meat breed is the 
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 indiscriminate crossing. Children may want 
rabbits of various colors and crosses; this may 
stimulate their curiosity and result in a lifelong 
interest in rabbits.

For show purposes, the selection of a 
breed will be based on personal preferences, 
availability of good breeding stock, etc. The 
dwarf breeds require much less feed and space 
than the medium or giant breeds, which might 
be a consideration in breed selection.

A significant market sometimes exists for 
laboratory animals, which are used in biomedi-
cal research. Generally, the New Zealand 
White is used in research, although large num-
bers of Dutch are also used. The Florida White 
was developed as a laboratory animal and 
might be more extensively used if scientists 
were made aware of its existence. Its feed 
requirements are considerably less than those 
of the New Zealand White, which is a signifi-
cant factor when large numbers of research 
animals are to be kept for long periods.

Purchasing Breeding Stock

After it has been decided which breed of rabbit 
one wishes to raise, lists of breeders who have 
that particular stock for sale can be obtained 
from the officers of the local, state, and spe-
cialty rabbit clubs and from the home office of 
the American Rabbit Breeders Association. 
(Most countries have similar organizations.) 
County extension agents are another source of 
names of rabbit raisers. Advertisements in rab-
bit journals and other periodicals that carry 
classified ads are good sources of listings. One 
should, however, avoid the flashy type of adver-
tisement proclaiming that a fortune can be 
made from raising rabbits, for this is not true, 
although an experienced, conscientious, indus-
trious person with proper equipment and a 
well-selected herd should be able to realize a 
reasonable return.

When an entire herd is being sold, it is well 
to inquire carefully into the reasons, as such 
sales may or may not be excellent opportuni-
ties for buying good, healthy breeding stock. It 
is always best to deal with reputable breeders, 
and the inexperienced will do well to depend 
on the advice of one or several established 
breeders in selecting animals. The source 

 rabbitry should be clean and well managed, 
with no observable snuffles (respiratory tract 
infections) or other disease problems. It is 
never economical to purchase inferior breed-
ing stock, for one good producing doe may 
make more profit than several inferior ones.

The novice is advised to begin rabbit  raising 
on a small scale, preferably with 1 or 2 bucks 
and 2 to 10 does, then to expand as experience 
and the market outlet would indicate. He or she 
may start with a few junior animals when they 
are weaned or with mature stock. The former 
method offers an opportunity to become 
acquainted with the animals and to gain experi-
ence in the business before handling too many 
rabbits; the latter method may be quicker, but 
naturally the stock will cost more.

However, when rabbits are to be pur-
chased for raising by a younger member of the 
family, the additional cost of an adult doe may 
be justified because youth demands action. 
Having to supply a nest box and nesting mate-
rial, preparing for the kindling of the doe, and 
caring for the litter, followed by marketing the 
meat, skins, or animals, might help maintain 
the young person’s interest in the undertaking 
at a time when it might be lagging. Then, on 
receiving some income from the sale of the 
products, he or she is ready to go on and plan 
for another litter. On the other hand, if the 
stock is purchased at eight weeks of age, or at 
time of weaning, it seems like a long wait for 
the young rabbit raiser before the animals are 
ready to go into production, and he or she may 
lose interest.

When mature does are moved to a new 
rabbitry, there are often problems with their first 
litters, including poor nest making, litters born 
on the wire (i.e., the doe doesn’t use the nest 
box), abandoning of litters, cannibalism, fetal 
abnormalities, and resorptions. Pregnant does 
should not be purchased, because the move to a 
new rabbitry may cause a great deal of stress 
possibly leading to reproductive failure.

In purchasing stock, use great care to 
avoid diseases. Newly purchased animals 
should be quarantined before allowing them to 
mix with other animals. From a genetics point 
of view, it is desirable to obtain stock from a 
number of different sources to get genetic 
diversity, but from a disease point of view, it 
can be a problem if the rabbits are not checked 
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carefully and quarantined for at least two 
weeks. Another way to accomplish this is to 
obtain bucks from different sources and quar-
antine them before using them in the herd.

When buying stock, ask to see the records. 
If you are buying commercial stock, find out 
what selection procedures have been used. 
Get information on litter sizes and 21- and 
56-day litter weights. Generally, the best stock 
for meat production comes from successful 
commercial rabbit raisers. Many people start 
with a trio of two does and a buck, which 
should not be littermates. They should be care-
fully examined for soundness, good foot pads, 
normal teeth, good fur quality, and absence of 
ear mites and other pests and diseases. It is 
very important to start your rabbitry with the 
highest quality stock you can obtain. If you 
have had no rabbit experience, start with no 
more than 10 to 20 does. Find out whether 
you really want to raise rabbits. If you find that 
you do enjoy it, then increase by buying more 
breeding stock. Two hundred breeding does is 
a minimum economic unit. Rabbitries smaller 
than this do not make effective use of large 
quantity purchase discounts for feed, supplies, 
cages, and other equipment. The cost of sell-
ing fryers may also be greater for small pro-
ducers, as they usually have to transport their 
fryers to pick-up points, while the truck usually 
comes directly to a large rabbitry. It is advisa-
ble to buy no more than 100 does, and then 
increase by saving your own replacements. 
A full-time rabbit operation for one person is 
about 300 does. If breeding stock is being pur-
chased from a small herd, it is advisable to get 
the bucks from a different source than the 
does for maximum genetic diversity.

If you are doing any custom breeding, 
keep one or more bucks in isolation for that 
purpose. Never use your buck on someone 
else’s does and then return the buck to your 
herd. Custom breeding is an easy way to intro-
duce rabbit syphilis and other diseases into 
your herd.

Breeds of Rabbit

Information on breeds of rabbits and the 
Standard of Perfection can be obtained from 
the American Rabbit Breeders Association. 

A list of rabbit breeds and their ideal weights 
from the Standard of Perfection 2011–2015 
is given in Table 3.1. Pictures and brief descrip-
tions of some of the more common breeds of 
rabbits are presented in the color plate section.

The major commercial meat types are the 
New Zealand White and the Californian. The 
origin of the New Zealand White is unclear, but 
it definitely was not New Zealand and was most 
likely the United States. The Red variety 
appeared first, and the White was developed 
from a number of crosses of the Red with other 
breeds. The New Zealand White has attained a 
position of dominance in commercial rabbit 
production around the world and is the pre-
mier meat rabbit. This is primarily because of 
its superior reproductive and growth perform-
ance and the demand for white-furred rabbits. 
The Californian was developed in California 
in the 1920s, arising from a Himalayan and 
Standard Chinchilla cross, which was then 
crossed with the New Zealand White. The 
Californian is somewhat smaller than the New 
Zealand White and finishes out at a lower body 
weight but tends to have a higher meat-to-bone 
ratio. In Europe, there is extensive use of 
hybrids produced by crossing Californian bucks 
with New Zealand White does.

The Flemish Giant has potential as a sire 
breed in commercial meat production. Purebred 
Flemish Giants do not have adequate reproduc-
tive performance for commercial production, 
and their large size results in high maintenance 
feed requirements and potential sore hock prob-
lems. However, when white Flemish Giant bucks 
are crossed with New Zealand Whites or 
Californians or with hybrid Californian-New 
Zealand White does, growth and feed efficiency 
performance of the fryers is improved. As rabbit 
production becomes more sophisticated, the 
high growth rate potential of the giant breeds 
may be exploited through terminal sire line 
development (such as the Altex described in 
Chapter 14) and/or through crossbreeding. The 
meat-to-bone ratio of the crossbred animals is 
similar to that of purebred New Zealand Whites.

For showing, there are a large number of 
breeds available. The selection of a breed to 
raise is largely a matter of personal preference 
and availability of breeding stock. Some fanci-
ers might wish to raise one of the most popular 
breeds, to compete against a large number of 
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Table 3.1. Breeds of rabbit recognized by ARBA, with ideal weights.

BREED VARIETIES/GROUPS (Judging Classifications)

IDEAL WEIGHTS (kg)

SENIOR DOES
SENIOR 
BUCKS

American (Blue, White) 5.0 4.5
American Fuzzy Lop (Broken, Solid) 1.7 1.6
American Sable 4.1 3.6
Angora, English (Colored, White) 3.0 2.7
Angora, French (Colored, White) 3.9 3.9
Angora, Giant Ruby-eyed White over 4.5 over 4.3
Angora, Satin (Colored, White) 3.6 3.6
Belgian Hare 3.6 3.6
Beveren (Black, Blue, White) 5.0 4.5
Blanc de Hotot 4.5 4.1
Britannia Petite (Black, Black Otter, Chestnut Agouti, 

Ruby-eyed White, Sable Marten)
under 1.1 under 1.1

Californian 4.3 4.1
Champagne D’Argent 4.8 4.5
Checkered Giant (Black, Blue) over 5.5 over 5.0
Chinchilla, American 4.5–5.5 4.1–5.0
Chinchilla, Giant 6.6 6.1
Chinchilla, Standard 3.0 2.7
Cinnamon 4.5 4.3
Crème D’Argent 4.5 4.1
Dutch (Black, Blue, Chocolate, Gray, Steel, 

Tortoise)
2.0 2.0

Dwarf Hotot 1.1 1.1
English Spot (Black, Blue, Chocolate, Gold, Gray, 

Lilac, Tortoise)
3.2 2.7

Flemish Giant (Black, Blue, Fawn, Light Gray, Sandy, 
Steel Gray, White)

over 6.4 over 5.9

Florida White 2.3 2.3
Harlequin (Japanese, Magpie) 3.6 3.4
Havana (Black, Blue, Broken, Chocolate) 2.4–2.5 2.4–2.5
Himalayan (Black, Blue, Chocolate, Lilac) 1.6 1.6
Jersey Wooly (Agouti, AOV1, Broken, Self, Shaded, 

Tan Pattern)
1.4 1.4

Lilac 3.0–3.4 2.7–3.2
Lop, English (Broken, Solid) over 4.8 over 4.3
Lop, French (Broken, Solid) over 5.2 over 5.0
Lop, Holland (Broken, Solid) under 1.8 under 1.8
Lop, Mini (Broken, Solid) 2.7 2.7
Mini Rex (Black, Blue, Blue-eyed White, Broken, 

Castor, Chinchilla, Chocolate, Himalayan, 
Lilac, Lynx, Opal, Otter, Red, Sable 
Point, Seal, Tortoise, White)

1.9 1.8

Mini Satin (Chinchilla, Opal, Red, Siamese, White) 1.8 1.8
Netherland Dwarf (Agouti, AOV1, Self, Shaded, Tan Pattern) under 1.1 under 1.1
New Zealand (Black, Broken, Red, White) 5.0 4.5
Palomino 4.5 4.1
Polish (Black, Blue, Broken, Chocolate, Blue-eyed 

White, Ruby-eyed White)
1.1 1.1

Continued
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competitors at shows. Other people may wish 
to specialize in an uncommon or rare breed.

Almost any breed can serve adequately 
as a pet. There are advantages to small rab-
bits, such as the Netherland Dwarf, Polish, 
and Florida White, as pets because their feed 
and housing requirements are less than those 
of larger breeds, and they are more easily 
handled. The appearance of Mini and 
Holland Lops make them particularly suita-
ble as pets although they tend to be quite 
highly strung.

There are many breeds of rabbits in other 
countries that are not raised in the United 
States. There are also many varieties of breeds 
that differ slightly from country to country. For 
example, the Champagne d’Argent of France 
has English Argent and German Argent varie-
ties that differ in color and adult weight from 
the Champagne D’Argent of the U.S. The 
English, French, and German Angoras differ 
somewhat in their wool characteristics. The 
German Angora has been selected over many 
years for commercial production and thus has 
superior wool quality. In many developing 
countries, there are rabbits referred to as the 
local breed. These are usually quite small, are 
colored rather than white, and have short ears, 
small litters, and a slow growth rate. Such 
breeds generally thrive under backyard or sub-
sistence conditions involving less favorable 
environments.

Some of the more prominent European 
breeds are listed in Table 3.2.

The giant breeds are commonly used in 
Europe as terminal sire breeds, because of the 
rapid growth rate of their offspring. The Bouscat 
Giant is a synthetic albino breed. It is well known 
for its prolificacy and rapid growth rate.

The Champagne d’Argent has been 
raised for a long time in the Champagne 
region of France. It is being evaluated by 
French scientists as a commercial breed 
because of its good fur quality and its produc-
tive attributes, including high prolificacy, 
rapid growth rate, muscularity, and good 
meat quality. Another breed, the Fauve de 
Bourgogne (Burgundy Fawn), is widely dis-
tributed in France, Spain, Italy, Belgium, and 
Switzerland. It originated in the Burgundy 
region of France. It may have some value as 
a sire breed in cross-breeding programs.

Table 3.1. Continued.

BREED VARIETIES/GROUPS (Judging Classifications)

IDEAL WEIGHTS (kg)

SENIOR DOES
SENIOR 
BUCKS

Rex (Amber, Black, Blue, Broken, Californian, 
Castor, Chinchilla, Chocolate, Lilac, Lynx, 
Opal, Otter, Red, Sable, Seal, White)

4.1 3.6

Rhinelander 3.9 3.6
Satin (Black, Blue, Broken, Californian, Chinchilla, 

Chocolate, Copper, Otter, Red, Siamese, 
White)

4.5 4.3

Silver (Black, Brown, Fawn) 2.7 2.7
Silver Fox 4.8 4.3
Silver Marten (Black, Blue, Chocolate, Sable) 3.9 3.6
Tan (Black, Blue, Chocolate, Lilac) 1.8–2.7 1.8–2.5
Thrianta 1.8–2.7 1.8–2.7
1Any other variety

Table 3.2. Prominent European rabbit breeds.

Giant Breeds (adult weight over 5 kg)
Geant Blanc du Bouscat (Bouscat Giant)
Citons le Belier Français (Belier)
Geant Papillon Français (Papillon Giant)

Medium Size Breeds (adult weight 3.5–5.0 kg)
Champagne d’Argent
Fauve de Bourgogne (Burgundy Fawn)

Small Breeds (adult weight 2.5–3.5 kg)
Petit Russe (Small Russian)
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The Petit Russe (Small Russian) is basically 
the Himalayan breed. It originated in northern 
China and then spread through Russia and 
Poland. The Petit Russe has been studied in 
France for its potential in crossbreeding systems 

as one of the breeds contributing to a maternal 
line. Small breeds such as the Petit Russe tend 
to show early maturity and excellent maternal 
traits that can be utilized in crossbreeding 
programs.

Further Reading

Whitman B.D. 2004. Domestic Rabbit & Their Histories: Breeds of the World, Leathers Publishing, 4500 
College Blvd., Leawood, KS.



Altex
Owned by Texas A&M University, Kingsville
Photo courtesy of S.D. Lukefahr

Belgian Hare
Owned by Eric Peterson
Photo courtesy of D.J. Harris

Blanc De Hotot
Owned by Julie Wichert
Photo courtesy of D.J. Harris

Blue Vienna
Photo courtesy of D.J. Harris
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Britannia Petite
Photo courtesy of D.J. Harris

Californian
Owned by Susie Smith
Photo courtesy of D.J. Harris

Champagne D’Argent
Owned by Linda Slinkard
Photo courtesy of D.J. Harris

Checkered Giant
Owned by Jill Stahley
Photo courtesy of D.J. Harris
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Cinnamon
Owned by Candy Hankins
Photo courtesy of D.J. Harris

Copper Satin
Photo courtesy of D.J. Harris

Creme D’Argent
Photo courtesy of D.J. Harris

Dutch (Chocolate)
Owned by Andrew Crabtree
Photo courtesy of D.J. Harris
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English Angora
Owned by Jan Vanden Hout
Photo courtesy of Leslie Samson

English Lop
Owned by Almira and Charles Dickens
Photo courtesy of D.J. Harris

English Spot
Owned by Freddie McCown
Photo courtesy of D.J. Harris

French Angora
Owned by Jan Vanden Hout
Photo courtesy of Leslie Samson
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French Lop
Owned by Sharon Campbell
Photo courtesy of D.J. Harris

Fuzzy Lop
Owned by Jan Vanden Hout
Photo courtesy of Leslie Samson

German Angora
Owned by Jan Vanden Hout
Photo courtesy of Leslie Samson
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Giant Angora
Owned by Lorraine Mitchell
Photo courtesy of Lorraine Mitchell

Giant Chinchilla
Owned by Dick and Grace Barbee
Photo courtesy of D.J. Harris

Golden Palomino
Photo courtesy of D.J. Harris
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Harlequin
Owned by Susan Etenburn
Photo courtesy of D.J. Harris

Havana
Owned by Cathy Cook
Photo courtesy of D.J. Harris

Himalayan (Blue)
Owned by Brian Smith
Photo courtesy of D.J. Harris 
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Holland Lop
Owned by Hans Albrecht
Photo courtesy of D.J. Harris

Jersey Wooly
Owned by Jan Vanden Hout
Photo courtesy of Leslie Samson

Mini Lop
Photo by D.J. Harris
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Netherland Dwarf
Owned by Linda Johansen
Photo courtesy of D.J. Harris

New Zealand White
Owned by Gene Knieling
Photo courtesy of D.J. Harris

Polish White
Photo courtesy of D.J. Harris
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Rex (Red)
Photo courtesy of D.J. Harris

Rhinelander
Owned by Betty Kelly
Photo courtesy of D.J. Harris

Sable
Photo courtesy of D.J. Harris



Satin Angora
Owned by Jan Vanden Hout
Photo courtesy of Leslie Samson

Silver (Brown)
Photo courtesy of D.J. Harris

Silver Fox
Owned by Kari Staggs
Photo courtesy of D.J. Harris
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Silver Marten
Owned by Sharon Etenburn
Photo courtesy of D.J. Harris

Standard Chinchilla
Photo courtesy of D.J. Harris

Tan
Owned by Charles Etenburn
Photo courtesy of D.J. Harris

Breeds of Rabbits
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The Rabbitry and Its Equipment

ventilation for controlling respiratory diseases, 
or room to expand if things go well. However, it 
does provide a starting place, and, if limitations 
are recognized, it is a good way to begin. It gives 
the opportunity to “get one’s feet wet” in the art 
of raising rabbits with a minimal investment. If 
the rabbitry is thought of as being temporary, a 
great deal can be learned about one’s abilities 
and desires to raise rabbits. Then, later, if the 
experience proves stimulating or profitable, 
plans for a new rabbitry or expansion of the old 
rabbitry can be approached with firsthand ex -
perience instead of “idealistic” concepts. Rabbit 
raisers say that one shouldn’t “go” into the rab-
bit business. You should “grow” into it.

After one to three years of raising rabbits, 
visiting other rabbitries, talking to many people 
about their mistakes and yours, and reading 
extensively on rabbit raising, you will be pre-
pared to design and build your own rabbitry. 
Consideration must be given to the climate of 
your area, the prevailing winds, soil drainage, 
building space available, the size of the rabbitry 
you desire, and the money available to invest. 
Design the rabbitry on paper. Then show your 
plan to knowledgeable rabbit raisers and get 
their opinions. If possible, discuss the design 
with an agricultural engineer from the 
Cooperative Extension Service. Don’t be 
locked in to one concept. Modify your design if 
someone who is successful in raising rabbits 
suggests a logical change.

The type of building and equipment needed 
will depend on the location of the rabbitry, the 
climate, the size of the enterprise, and the 
amount of money to be invested. Every rabbi-
try presents its individual problems, but what-
ever the size of the proposed undertaking, the 
construction and equipment should be planned 
to save labor in caring for the herd. Neatness in 
design and convenient arrangement of the 
equipment for the rabbitry will make for a 
pleasant environment in which to work and will 
also create a favorable impression on prospec-
tive buyers of breeding stock or rabbitry 
products.

Before deciding on a location for engag-
ing in rabbit raising and investing too much 
capital, you should thoroughly consider your 
own local conditions and such items as availa-
ble markets and labor. In a town or city, check 
to make sure that no local ordinance forbids 
such an enterprise.

Planning the Rabbitry

The construction of the rabbitry can require a 
major outlay of capital or a minor one, depend-
ing on the decisions made in the beginning. 
Many times, a rabbitry is started in whatever 
building or structure is available. While this usu-
ally is the most economical decision, it often 
does not consider labor in caring for the  rabbits, 
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There are some basic concepts to keep in 
mind. A long, narrow building with a single tier 
of cages is much easier to ventilate than a wide 
building or a building with multiple tiers of 
cages. On the other hand, a long building 
requires more walking and does not house as 
many rabbits as a wide building or a building 
with multiple tiers of cages. Another concept 
concerns the production of ammonia gas from 
the excrement of rabbits as it reacts with water. 
Either this production must be minimized or 
excellent ventilation must be provided for its 
removal, or a combination of both. In cold cli-
mates, rabbitries are often designed for human 
comfort and not for the rabbits. The buildings 
are closed up and sometimes heated. Both of 
these procedures can be deadly for rabbits 
unless adequate ventilation is provided to carry 
away the toxic gases. Rabbits are much more 
susceptible to heat than cold. The economics 
of heating or cooling a rabbitry must be taken 
into consideration. Any increase in utility costs 
over lights and fans may decrease your profit. 
Another consideration in design is the ability to 
expand as needed. A modular design is ideal, 
because adding new modules is usually a very 
economical way to expand. Not only does it 
allow capital to be infused into the rabbitry at a 
later date, but it also gives one the ability to 
modify the construction design on the next 
module to take advantage of experience.

There are other factors to consider before 
actually beginning construction of your rabbi-
try. Do local ordinances permit this type of 
enterprise? Will extra-territorial jurisdictions 
result in future ordinances against a rabbitry? 
What kinds of permits are necessary for con-
struction? What types of building materials are 
most economical? What finances do you have? 
Is a loan needed?

The Rabbit Building

Modern commercial rabbitries are generally of 
pole frame construction, with metal sides and 
roof. They are of two basic types: those with 
natural ventilation and those with a controlled 
environment. A building with natural ventila-
tion in temperate climates may have an open 
side toward a direction that does not have pre-
vailing winds. In some areas, such as Arkansas, 

rabbitries commonly are open-sided, with a 
roll-up curtain of plastic, burlap, or canvas that 
can be dropped down in the winter and rolled 
up in the summer for better ventilation 
(Fig. 4.1). With natural ventilation, only one 
tier of cages should be used, and a long, nar-
row building is desirable. A central alleyway 
with a row of cages on each side works well.

Ventilation of rabbitries removes moisture, 
gases, microorganisms, and heat. Generally, ven-
tilation is required in the summer to remove heat 
and in the winter to remove moisture. An ideal 
environment is about 10° to 15°C with about 50 
percent relative humidity. When ventilation is 
adequate to lower heat or moisture to desired 
 levels, the microorganisms and gases (mainly 
ammonia) are usually removed adequately also.

There are several characteristics of air 
important in designing ventilation systems. 
The higher the air temperature, the greater its 
capacity to carry moisture as water vapor. 
Agricultural engineers use charts relating air 
temperature to water content to determine the 
air volume necessary in the winter to carry 
water vapor from the rabbits’ breathing, from 
their urine, and from spilled water (e.g., from 
leaky drinking valves) out of the building. 
Another property of air is that hot air rises and 
cold air sinks. This characteristic is used in 
locating the air inlets and determining their 
optimal size.

Natural ventilation systems use wind and 
animal heat to move air. Advantages of natural 
ventilation include low cost and freedom from 
effects of power failures. Disadvantages are the 

Fig. 4.1. A Louisiana rabbitry with side flaps that 
can be closed during inclement weather. (Courtesy 
of J.I. McNitt)
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lack of control over air movement, inability to 
lower the inside temperature of the rabbitry 
below outside (ambient) temperature, and over-
ventilation (drafts).

Mechanical ventilation systems are 
employed in environmentally controlled build-
ings, using fans to provide the required air flow 
rate. Advantages include the potential of con-
trolling the air flow rate to required levels for 
removal of moisture and heat and the ability to 
use the system to provide heat in cold weather. 
Disadvantages are the high initial and operat-
ing costs and the need for back-up systems in 
case of power failure.

Mechanical ventilation systems are of two 
types: positive pressure and negative pressure. 
In a positive pressure system, fans blow air into 
the building, creating a build-up of pressure 
inside. The major disadvantage of this type is 
that the pressure drives warm, moist air into 
cracks in the building and into the insulation in 
the walls and attic. In the winter this may result 
in excess condensation. Negative pressure sys-
tems are those in which the fans blow air out of 
the building, resulting in the inside air pressure 
being lower than the outside or atmospheric 
pressure. Negative pressure systems are more 
commonly used than the positive pressure type.

Movement of air in mechanically venti-
lated buildings is controlled by the placement 
and size of the air inlets. An inlet controls the 
direction, path, and distribution of fresh air 
into the rabbitry. In the summer, a lot of turbu-
lence and air volume are needed for cooling 
purposes. In the winter, less air movement is 
required for removal of heat. Many rabbitries 
have insufficient ventilation in the winter, 
resulting in severe build-up of ammonia. Often 
this is followed by a high incidence of snuffles 
and pneumonia in the spring. Ammonia causes 
severe damage to the cells in the nasal pas-
sages, allowing Pasteurella bacteria to colo-
nize. High humidity increases the problem, 
because ammonia dissolves in the water mole-
cules in the air. Thus, high humidity means 
high ammonia. Some ventilation systems use 
ducts to carry fresh air from outside the rabbi-
try directly to each cage.

Outlets in mechanical systems should be 
located on the walls so that air does not have to 
move more than 12m to get to a fan. Outlets 
should not be located so they blow into the pre-
vailing wind. In a naturally ventilated building, the 
air outlets should be at the ridge (highest point of 
the building) to draw moist, warm air out of the 
rabbitry even if there is no wind (Fig. 4.2).

WINTER

8 8

SUMMER

Fig. 4.2. Placement of winter and summer air inlets and outlets for a mechanically ventilated rabbit 
building (top) and for naturally ventilated buildings (bottom). (Courtesy of James A. Moore)
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The economics of commercial meat rabbit 
production generally does not warrant the con-
struction of environmentally controlled build-
ings. The returns generated from sale of meat 
rabbits may be insufficient to pay the interest 
on borrowed capital for building construction, 
to say nothing of utility bills for air condition-
ing. Therefore, it is recommended that natu-
rally ventilated buildings be used.

Evaporative cooling systems may be used 
in hot, dry climates. This type of cooling uses 
cold water running through mats or coils. Air is 
drawn through these and cooled. A properly 
installed sprinkling system on the roof of an 
enclosed building will help reduce the high 
temperatures and, when thermostatically con-
trolled, will be a safeguard when sudden 
weather changes occur. The thermostat should 
be set so the sprinkler will be turned on when 
the temperature in the rabbitry reaches about 
30°C. Ideally the volume of water will be just 
that which will evaporate so there is little, if 
any, dripping from the eaves. It is the heat 
used to evaporate the water that produces the 
cooling, not the cool water flowing over the 
roof. This system is less effective with roofs 
that are properly insulated.

In many areas, insulation of the rabbitry is 
desirable to control environmental tempera-
ture. This is important in both hot and cold 
areas. In hot climates, an insulated building is 
necessary to complement the action of cooling 
systems and to minimize radiation of heat from 
the roof into the rabbitry. Both the walls and 
the ceiling of an environmentally controlled 
building should be insulated. With an open 
building, insulation of the ceiling will aid in con-
trol of high temperatures by reducing radiation 
from the roof into the rabbitry.

Evaporative systems do not work in areas 
with high humidity. An alternative that might 
be used in such areas is bringing in cooled air 
through tubes or pipes buried in the ground. 
The outside air is drawn through these tubes 
and cooled to the surrounding soil temperature 
(about 50°F, depending on the depth). The 
cooling will result in condensation of the mois-
ture in the air, so it is necessary to slope the 
pipes to a sump and install a sump pump to 
remove the moisture.

A solid concrete floor may not be the best 
type to use in a rabbitry. Concrete floors lead 

to excessive humidity and ammonia levels, as 
liquid wastes cannot be readily removed. If 
solid concrete floors are used, provision must 
be made for rapid removal of solid and liquid 
wastes. A better system is to use pits beneath 
the cages, with concrete alleyways. Concrete 
alleyways 1 m in width between rows of hang-
ing cages are desirable. Beneath the cages, a 
porous pit of layers of gravel and sand, with a 
drainage tile to remove liquids, is a good sys-
tem. Manure is allowed to accumulate and may 
be removed semi-annually, quarterly, or as 
required. As long as the sand and gravel layers 
remain porous, the urine doesn’t accumulate, 
and the humidity of the building will not 
increase. The pits may be cleaned manually or 
with scraper devices. Gypsum (magnesium sul-
fate) spread on the sand immediately after 
cleaning will help keep the soil porous. This 
works even better if the gypsum is sprinkled 
with water after it is applied.

Various devices to automatically remove 
manure have been developed. They include 
scrapers on a cable, tractor-driven scrapers, 
and flushing water systems. Most of them share 
a common characteristic: they generally don’t 
work very well! Many automatic scraping sys-
tems can be seen stacked up outside rabbitries, 
because they weren’t satisfactory. Rabbitries 
with these systems usually are characterized by 
high humidity, a strong odor of ammonia, and 
many sneezing rabbits with snuffles.

It is desirable that a commercial rabbitry be 
equipped with lights to provide extra hours of 
light during the late fall and the winter. This has 
been shown to increase reproductive perform-
ance during this period when a decline in repro-
ductive efficiency is often seen, presumably a 
result of the shortening days signaling the repro-
ductive system that winter is approaching. The 
extra lighting should be used to prevent the hours 
of light from declining. Sixteen hours of light and 
eight hours of darkness are commonly used in 
commercial rabbitries. There is recent evidence 
that extra light needs to be provided in the morn-
ing as well as the evening. There is no evidence 
that fluorescent lighting provides better results 
than incandescent, although the former is less 
expensive to operate. The lights should be con-
trolled by a timer like those used in poultry houses. 
Electrical outlets for other equipment, such as 
fans, should not be wired through the timer.
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A good policy in a commercial rabbitry is 
to restrict visitors. Other rabbit raisers may 
bring diseases with them when they visit your 
rabbitry. Strangers cause stress to rabbits. 
A compromise policy is to install a viewing 
window at one end of the building. Visitors can 
look inside, but disease organisms and noise 
are kept out.

A commercial rabbitry should have an 
office area for recordkeeping, etc. It should be 
equipped with office supplies, including a cal-
culator. A large rabbitry will find a personal 
computer a good investment to enhance 
recordkeeping and economic analysis and to 
produce daily chore sheets. Other components 
of the rabbitry include bulk feed tanks and a 
feed storage room. If the volume of feed used 
is very substantial, bulk tanks are advisable. 
Bagged feed is more expensive than bulk, and 
with increasing costs of labor and materials, 
the relative difference between the two is likely 
to continue to rise. A screen may be installed 
between the bulk bin and the feed cart to 
remove fines from the feed, if necessary. There 
is little difference in the amounts of fines 
between bulk and bagged feed of the same for-
mula. Bulk feed may also be delivered in 800 kg 

nylon bulk feed sacks. They are filled from the 
top at the feed mill and delivered on pallets. 
They are removed from the truck with a fork 
lift or pallet jack. The rabbit raiser empties a 
sack by dipping from the top with a bucket or 
by opening a funnel on the bottom. With this 
system, no expensive bulk tanks are required 
and, because of reduced condensation, caked 
feed is seldom seen.

Under certain circumstances, radically dif-
ferent approaches to the housing of rabbits 
may have merit. For example, it is possible to 
construct a rabbitry underground in certain 
locations. The advantages are that control of 
temperature in a range desirable for rabbit pro-
duction may be more feasible than with above-
ground rabbitries in some climates.

In hot, arid areas raising rabbits in combi-
nation indoor/outdoor units has proven effec-
tive (Fig. 4.3). The indoor units are constructed 
of concrete and are connected by a large tube 
or directly to an outside cage area constructed 
of wire with slatted floors. In hot areas, the rab-
bits stay inside during the day and come out 
into the cages at night to eat. The rabbits are 
trained to defecate and urinate in the outdoor 
cages making the units easy to keep clean. 

Fig. 4.3. A combination indoor/outdoor rabbit unit with the indoor part constructed of concrete; the 
outdoor unit is constructed of wire with slatted floors. (Courtesy of consortium “Green Rabbit Leprino 
of Viterbo,” Italy)
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Plants can be grown in the areas over the tubes 
which helps keep the units cool. They also 
have application in tropical countries, where 
they can be constructed of clay or other local 
building materials.

Other innovations include using a flushing 
manure removal system, with solid:liquid sepa-
ration and fermentation of the solids in a meth-
ane generator. Some rabbit raisers have 
combined their waste disposal systems with 
aquaculture (fish ponds) or greenhouse irriga-
tion. Rabbits have been kept in greenhouses, 
with their body heat contributing to the heating 
of the greenhouses. For the ingenious person 
there are many possibilities for using unique 
housing systems, particularly if only a few rab-
bits are to be raised.

Hutches and Cages

A hutch is a small unit of solid construction 
used for housing a few animals on a backyard 
scale. A hutch generally is of wood and chicken-
wire construction and may have a wire-
mesh floor or a solid floor bedded with straw 

(Fig. 4.4). Inexpensive hutches are satisfactory 
for the backyard rabbit raiser with a few does. 
They can be constructed easily, using inexpen-
sive material that may be on hand. Hutches are 
also used in developing countries and are con-
structed of local building materials, such as 
twigs or bamboo (Fig. 4.5). Rabbits are very 
adaptable and can be raised in many types of 
hutches, provided that there is adequate venti-
lation and provision for manure removal and 
that the rabbits can be kept dry.

Modern commercial rabbitries do not use 
hutches. They use wire cages, which are usu-
ally suspended from supports on the ceiling. 
These cages provide good ventilation and 
waste disposal and place the rabbits at a con-
venient height for the rabbit raiser to work with 
them. A variety of different types of wire cages 
are used successfully. The Quonset-style cage 
is one of the best, because it requires less wire 
than a rectangular cage, all corners of the cage 
can be reached easily, and the door doesn’t fall 
down when one is reaching inside the cage. 
Quonset-style cages suspended back-to-back 
provide a ready-made hay feeder (Fig. 4.6) that 
is useful when hay is fed for enteritis control or 

Fig. 4.4. A small-scale, backyard rabbit production enterprise. (Courtesy of D.J. Harris)
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to prevent fur chewing. This area can also be 
used for feeding greens to the rabbits. Usually, 
either 14- or 16-gauge wire is used (Fig. 4.7); 
12-gauge wire is ideal but is generally too 
expensive for routine use (Fig. 4.8).

Another style of cage, which has been 
referred to as the European-style cage, has two 
compartments. The young can be kept in one 
compartment and the doe in the other. Before 
weaning, the young have access to both com-
partments; at weaning, the door separating the 
compartments is closed. It is believed that this 
system produces less stress to the litter than 
when the doe is totally removed. This has not 
been experimentally proven, however.

The dimensions of the cage will vary, 
depending upon the rabbit breed, the manage-
ment system used, and the personal prefer-
ences of the rabbit raiser. A good rule of thumb 

is to allow 0.067 m2 per 0.45 kg (3/4 square 
foot per pound) of mature body weight. For 
medium breeds and commercial production, a 
cage 76 cm deep × 76 cm wide is satisfactory. 
A cage 76 cm deep × 91 cm wide should be 
used for giant breeds of rabbits. The height 
should be about 46 cm. For the sides and top, 
2.5 × 5.0 cm mesh is used, and for the floor, 
the mesh should be 1.25 × 2.5 cm. A type of 
wire called “baby-saver” is available; it decreases 
in mesh size from top to bottom so that kits 
don’t fall out the sides of the cage or crawl 
through to another doe’s cage. The door 
should be of adequate size to allow easy access 
to all parts of the cage and permit introduction 
of a nest box.

Wire for cage construction can be pur-
chased from rabbit supply houses or wire man-
ufacturing companies. Ask other rabbit raisers 
or check current issues of rabbit magazines to 
find suppliers. It is best to buy locally to mini-
mize shipping charges. Commercial raisers 
should build their own cages, using hog rings 
or J clips to hold them together. Hog rings are 
preferred because they do not hold water and 
cause rusting and they are more effective when 
joining three or more wires. If only a few cages 
are needed for a backyard rabbitry, they can be 
purchased from another producer, or kits of 
pre-cut cages can be purchased, requiring only 
to be clipped together. If large numbers of 
cages are to be built, a power-driven J-clip tool 
and a power wire shear can be purchased or 
rented.

Bucks should be kept in 76 × 76cm 
cages. For junior does prior to breeding, a 
30 × 76 cm cage is adequate, or two or 
three junior does can be housed together in 
a larger cage. If the latter is done, they 
should be separated three weeks before 
intended breeding to prevent pseudopreg-
nancy. Hanging wire cages should be sus-
pended at a height convenient to the rabbit 
raiser so that he or she can readily reach 
into all parts of the cages. In general, cages 
should be single tiered. If forced-air ventila-
tion is used, then a double-tiered arrange-
ment (Fig. 4.9) may be considered. However, 
snuffles and other respiratory ailments are 
often a problem with double- and triple-
tiered cages. Adequate ventilation to prevent 
build-up of humidity and ammonia is 

Fig. 4.5. A rabbitry in Malawi (East Africa) 
constructed of inexpensive local materials. Rabbits 
are quite suitable for small-scale production in 
developing countries. (Courtesy of J.I. McNitt)

Fig. 4.6. A Quonset-style hanging wire cage. This 
style of cage can be readily used for feeding hay. 
(Courtesy of D.J. Harris)
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extremely critical. Also, with double or triple 
tiers, it is difficult to readily observe animals 
or nest boxes on the top and bottom tiers. 
With double or triple tiers, various types of 
waste disposal systems have been used, 
including automatic scrapers (Fig. 4.10) and 

deflection boards to direct feces and urine 
into a collection area.

Large cages are sometimes used to save 
on labor and cage construction costs. These 
units house numerous fryer rabbits in each 
from weaning to marketing. Feed is provided 

45 cm

45 cm

76 cm

76 cm

76 cm

122 cm

229 cm

8 cm

Fig. 4.7. Components of a Quonset cage. (Courtesy of Helene Hedian)

SHEET METAL
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Thickness, Thickness

No. 18 Ga. 3 Mesh No. 16 Ga. 2 Mesh

WIRE WOVEN WIRE CLOTH
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2.656

1.897

1.519

1.214

0.912

0.759

0.607

9
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3.766

3.429

2.680

2.032

1.588

1.206

Fig. 4.8. The sizes and identification of sheet metal, wire, and woven wire cloth. (Courtesy of the OSU 
Rabbit Research Center)
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in large feed hoppers. This system reduces 
some of the high labor requirements that 
exist when litters are kept individually in 
cages. A fairly high stocking density is 
needed to keep the animals from running 
and playing, which increases energy expend-

iture and feed requirements. A density of 
16–18 rabbits per m2 with a finished weight 
of 40–45 kg/m2 may be satisfactory. Fighting 
is not usually a problem. Junior does, from 
weaning to four months, can also be kept in 
group cages.

Fig. 4.9. A two-tier arrangement of cages. (Courtesy of Bass Equipment Company)

Fig. 4.10. A two-tier caging arrangement with an automatic manure scraper powered by a small electric 
motor. (Courtesy of OSU Rabbit Research Center)
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Feeding Equipment

Feeders

Various types of feed hoppers are commer-
cially available. The most popular is the J 
feeder (Fig. 4.11). Hoppers should have suffi-
cient capacity to hold at least a one-day feed 
supply and should be designed so feed is not 
scratched out (scrabbled) and wasted. If scrab-
bling is a problem, a scrabble guard can be 
made by inserting a piece of 2.5 × 5.0 cm cage 
wire into the feeder above the feed. Wires 
placed 5.0 to 7.5 cm apart over the opening 
may be needed to prevent young rabbits from 
getting into the hopper. Some feeders have 
mesh or slotted bottoms that allow fines to fall 
through. This assures the rabbits of good qual-
ity pellets. The presence of fines may reduce 
feed intake and growth performance. Crocks 
may be used in small rabbitries, but they require 
a lot of labor for cleaning, because they are 
often soiled with feces and urine. Wastage is 
often a problem.

Feeders should be regularly checked for 
problems. Rough edges can cause hair loss on 
the faces of rabbits or cuts that become infected 
and develop into abscesses. Rabbits may chew 
small holes in the mesh bottoms of feeders. 
These holes generally occur where the mesh 
screen joins the metal and are difficult to see. 
Feed is observed under the cage, and it is 
assumed that the rabbits are scratching it out, 
but the real problem may be a hole in the 
feeder. As a result, slotted hoppers may be pre-
ferred in large rabbitries. Stainless steel feeders 
should be considered, as they look better and 

last considerably longer than galvanized feed-
ers. Feeders should also be checked for wet-
ness (the rabbits may soil the feed, water may 
drip into the feeders, or the pellets may absorb 
moisture from the air) and for stale, moldy, or 
caked feed. Feeders should be cleaned and 
sanitized on a regular basis. Feed crocks on the 
inside of the cage should be sanitized more fre-
quently than feed hoppers on the outside of 
the cage.

Hay mangers

Hay feeding may be considered desirable by 
some rabbit raisers. There is evidence that it 
may help reduce the incidence of some types 
of enteritis. Use of home-grown hay may help 
to reduce feed costs. Various types of V-shaped 
hay feeders that attach to the outside of the 
cage may be built. If Quonset-style cages are 
used, the hay can be fed directly on the tops of 
the cages (Fig. 4.6).

Watering Equipment

All rabbit raisers with more than about six 
does should consider installing an automatic 
watering system. A properly designed and 
installed automatic watering system will pro-
vide a dependable supply of water and pre-
vent water siphoning from cage to cage. Most 
rabbits readily learn to use the automatic 
valves (Fig. 4.12). An automatic watering sys-
tem is adequate for use throughout the year in 
rabbitries that are protected so the exposed 

Fig. 4.11. An example of a J feeder, with a mesh bottom to allow fines to sift out of the feed (right) and a 
feeder with a solid bottom (left). (Courtesy of D.J. Harris)
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water pipes will not freeze, but where there is 
more exposure, it may be necessary to drain 
the pipes during short cold spells. In some 
colder areas, such a system can be used all 
year if it is allowed to drip to prevent the sup-
ply pipes from freezing or if heating cables 
are installed inside the pipes to prevent freez-
ing. Even in regions where it would be neces-
sary to discontinue using the system during 
the winter months, the amount of labor saved 
for the remainder of the year might justify 
installation.

You may locate necessary materials for 
installation by referring to advertisements in 
rabbit magazines, or you may purchase them 
from rabbit and poultry supply houses. A sys-
tem generally will consist of a pressure tank 
equipped with a float valve; 1.25 cm supply 
pipe; one watering valve for each cage; and 
gate valves or faucets for eliminating air bub-
bles, draining the pipes, and cutting off the 
water supply. The pressure tank may be the 
standard tank used for this purpose or a half-
barrel. A tank with a capacity of 4 l or less is 
desirable for warm areas because the small 
volume of water will be consumed readily and 
the tank will fill at short intervals and assist in 
keeping the water in the supply pipes cool; 
the half-barrel will supply several hundred 
cages and is especially useful in case the 
water supply contains sediment. By installing 
the supply pipe outlet several inches from the 

bottom of the barrel, there will be enough 
water volume so this sediment will gravitate 
to the bottom of the barrel and not clog the 
watering valves. A trap for catching sediment 
may be installed between the tank and the 
supply pipe that furnishes water to the 
cages.

The pressure tank should be about 30 to 
60 cm above the highest cage or 30 cm above 
the highest point of the supply pipe, in case it 
is necessary to raise the supply pipe to clear 
feeding alleys, etc. If the pipe has to be raised, 
it is a good plan to install a vent pipe at the 
highest point, with the open end of the pipe at 
least a foot above the surface of the water in 
the tank, to prevent air bubbles from accumu-
lating in the supply pipe. A convenient method 
for determining the proper height of the tank 
is to fasten a rubber hose to the outlet from the 
tank and to the supply pipe, then to raise and 
lower the tank until the proper tension is 
obtained on the water valves. About 14 kPa 
(2 lb/square inch) at the valves is suitable. If 
there is too much pressure, the rabbit cannot 
trip a valve with its tongue; if there is too little 
pressure, the valves will not close properly and 
may drip. Several days are usually required for 
the valves to become seated and stop dripping. 
If they begin to drip after they have been in use 
for some time, it may be due to minerals con-
tained in the water collecting on the metal 
and preventing them from seating properly. 
You can correct this by soaking the valves in a 
5 percent solution of muriatic acid. Generally, 
you can fix a dripping valve by removing and 
cleaning it. If not, it should be replaced, because 
water dripping in the rabbitry contributes to 
excess humidity.

The supply pipe should be on the outside 
of the cage so that any dripping will not wet 
the rabbits and so that the water line cannot be 
chewed on. The valves should be 15 to 23 cm 
from the cage floor for the medium weight and 
heavy breeds and 13 to 18cm for the small 
breeds. One valve for each cage is adequate. 
After an automatic watering system is installed, 
it should be thoroughly flushed several times to 
remove any particulate matter that may cause 
the valves to leak. It is advisable to flush and 
sanitize the water lines monthly, quarterly, or 
as needed. After sanitizing, the lines should be 
flushed with clean water.

Fig. 4.12. A rabbit drinking from an automatic 
waterer. (Courtesy of J.I. McNitt)
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Nest Boxes

Nest boxes can be constructed from a variety 
of materials, including wood, metal, wire with 
disposable cardboard inserts, plastic, and clay 
pots. They may be open on top or have partial 
covers to provide protection in cold weather.

Wooden boxes without lids are used quite 
extensively as nest boxes throughout the year 
in those areas where winter temperatures are 
above freezing. They may be simple plywood 
boxes with a plywood floor that has holes 
drilled in it. An alternative is to use 3 mm hard-
ware cloth for the floor (Fig. 4.13). A more pro-
tected box can be constructed. Cut one end of 
the box down to about 15cm. Nail a board 
across the top of the box at the back. Cut off 
the two projecting corners of the sides, slant-
ing from the edge of the top board to the edge 
of the 15 cm board. The doe is able to get away 
from her litter and is often seen on top of the 
nest box. Some growers protect the edges of 
the boards with tin to prevent chewing. 
Satisfactory results have been obtained with 
nest boxes as small as 38 × 23 × 18 cm. 
Advantages of a smaller nest box are that the 
doe makes a more compact nest, the materials 
cost less, the box takes up less space in the 
cage, and the doe is less likely to use it as a 
resting area or as a latrine.

Injury of a young litter by the doe jumping 
into the box may be prevented by a slight 
change in the nest box. A 15 × 15 cm door 
should be made in one end, approximately 
15 cm from the floor. Before the young are old 
enough to get out of the box, the end with the 
opening is turned away from the cage wall so 
the doe can get into the box without jumping 
over the side. When the young are about large 
enough to get out of the box, in order to keep 
them in it a few more days, the box is turned 
so its opening is against the wall. By this time 
the doe is not likely to injure the young when 
she jumps over the side into the box.

A drop nest box (Fig. 4.14 and 4.15) has a 
number of advantages. The nest box is below 
the floor of the cage. This allows does to mimic 
the nesting behavior of wild rabbits in holes or 
depressions. A major advantage is that if the 
young rabbits do crawl out of the nest box or 
are carried out attached to a teat, they fall back 
into it as they are crawling around the cage. 

This reduces deaths from exposure of kits, 
because rabbits, unlike many other species, will 
not return their young to the nest. The use of 
drop nest boxes may also reduce the problem 
of does kindling on the wire. The disadvantage 
of a drop nest box is that a doe will sometimes 
use it as a latrine.

The wire component of the drop nest box 
is made of 2.5 × 5.0 cm wire sides with a 1.25 
× 2.54 cm wire floor. It is essentially a wire bas-
ket that is J-clipped to the bottom of the cage 
after a section of the floor (41 × 25 cm) is 
removed. This wire basket (41 × 25 × 20 cm) 
is permanently attached to the cage. A ply-
wood insert (39 × 24 × 20 cm) with a screen 
bottom is built. The plywood insert is added to 
the cage whenever a nest box is desired. The 
insert is filled with nesting material prior to 
adding it to the cage. The doe will then add her 
fur to make the nest (Fig. 4.15). The plywood 
insert is removed 18 to 21 days after the kits 
are born and is emptied, washed, disinfected, 
and stored for the next use. To prevent the doe 
from using the nest box as a latrine, the wire 
basket can be built only 10cm deep. Then the 

Fig. 4.13. A wooden nest box with a wire screen 
bottom. (Courtesy of J.I. McNitt)
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insert (which is 20 cm tall) will be elevated 
10cm above the cage floor and will help pre-
vent the doe from fouling the nest. More chew-
ing of the edges may be seen with the elevated 
nest and the advantage of the kits falling back 
into the nest is lost.

Another style of nest box is located out-
side the cage. It is attached to the front of the 
cage (Fig. 4.16). The litter is very accessible for 
inspection by the rabbit raiser, who can remove 
dead kits, etc., without opening the cage or dis-
turbing the doe. The nest box can be equipped 
with a door so that the doe can be locked out 
of it. This prevents her from jumping into the 
box frequently and trampling the kits. Suitable 
inside dimensions of the nest box for most 
breeds are 41 × 25 × 41cm. The front-loading 
nest box should have a lid (Fig. 4.16) to pre-
vent the doe from jumping out.

A system that has been successfully 
employed in research studies to measure milk 

production is to lock the doe out of the nest 
box for all but one five-minute period per day. 
Since kits generally nurse only once each day, 
this is an adequate exposure to the doe. When 
the door is opened, the doe usually jumps in, 
nurses the litter, and then leaves. The use of 
this technique may reduce losses of kits due to 
trampling. It should be emphasized that if the 
does are stressed by visitors, unusual noises, 
etc., they may not jump into the nest boxes in 
the allotted time. This system requires a high 
level of management skill.

Various types of bedding can be used in 
nest boxes, including straw, wood chips, news-
paper, sawdust, and shredded sugarcane prod-
ucts. The doe will supplement the bedding 
with pulled hair to make a nest (Fig. 4.17). 
Does may eat straw or hay used in the nest 
box; this is not necessarily a problem, as the 
ingested fiber may be helpful in preventing 
enteric diseases. Another innovation is the use 
of disposable nest box liners constructed of 
cardboard. These are removed and burned 
after use by one litter, which may have value in 
sanitation and disease control. Regardless 
of the type of nest box used, it should have 
adequate drainage.

Winter nest boxes

You can insulate the nest box for winter use by 
lining it on the inside with one or two layers of 
corrugated cardboard or several thicknesses of 
paper and then completely filling it with straw 
so the doe will have to burrow into it to make 

Fig. 4.14. A “drop” or “subterranean” nest box. 
(Courtesy of D.J. Harris)

Fig. 4.15. A doe making a nest in a drop nestbox. 
(Courtesy of OSU Rabbit Research Center)

Fig. 4.16. A modern commercial rabbitry 
with front-loading nest boxes. (Courtesy of D.J. 
Harris)
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a nest. You can also make a nest box for use in 
low temperatures by placing the standard-size 
nest box inside a larger box so there will be a 
space of 7–8 cm on all sides except for the 
entrance and the top. Fill the 7–8cm space with 
closely packed straw or other suitable insulating 
material. A wooden lid covered on the under-
side with two thicknesses of cardboard or sev-
eral thicknesses of paper will supply the 
necessary top insulation. Make three holes 2 cm 
in diameter in the end of the lid opposite the 
opening into the nest box to prevent moisture 
condensation within the box and to provide 
ventilation.

Put corrugated cardboard or newspapers 
on the bottom of the inner box to keep the 
newborn litter from coming in contact with the 
cold boards, and then pack the nest box with 
clean straw so the doe will have to burrow into 
it to make a hollow for her nest. If the doe 
allows the litter to nurse and there is adequate 
dry fur for the litter to fluff to make a nest, the 
young can survive temperatures as low as −26 
to −29°C in this type of nest box.

An electric heating pad covered with a 
moisture-resistant material has also been used 
with success. It is placed under the nest box 
and run at a very low setting. Care must be 
taken not to overheat the litter.

Identification Equipment

An adjustable tattoo box enables one person 
to mark a rabbit for identification. The box 
should be 51cm long × 20cm high × 20cm 
wide with a movable 2.5 × 15 × 46 cm 

 floorboard that may be raised or lowered to 
accommodate the size of the rabbit. A small 
board that slides into slots spaced 2.5 cm 
apart is placed in back of the rabbit to keep it 
confined in the front end of the box. A top 
with an opening to allow the rabbit’s ear to 
protrude is fastened to the box at the back 
end with a 7.7 × 6 cm T hinge and at the 
front end with a door hook (Fig. 4.18). This 
type of restrainer can also be used to hold a 
rabbit for collection of a blood sample 
(Fig. 4.19). Be sure that the rabbit is held 
securely in the box so that it doesn’t struggle. 
A rabbit that struggles and fights will often dis-
locate the vertebrae in its back and be left with 
posterior paralysis. Alternatives to the tattoo 
box include a towel or a cat bag made of can-
vas. The rabbit is wrapped securely in the 
towel or canvas bag and does not struggle 
when it is tattooed or treated.

Fig. 4.17. A well-filled drop nest box. (Courtesy of 
OSU Rabbit Research Centre)

Fig. 4.18. An adjustable tattoo box.

Fig. 4.19. Restraining a rabbit for collection of a 
blood sample from the ear. (Courtesy of OSU 
Rabbit Research Center)
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Feed and Utility Carts

A cart equipped for hauling feed, rabbits, 
nest boxes, and other equipment is a great 
convenience and a time and labor saver. 
A cart with three 30 to 45 cm bicycle-type 
wheels will provide maneuverability over 
obstacles on the floor as well as mobility for 
getting around cages and through the aisles. 
The cart can be purchased or built at home. 
Feeding from such a cart greatly reduces the 
labor of feeding as compared to carrying 
buckets of feed up and down the aisles. It is 
also possible to carry more than one type of 
feed at a time so rabbits can more easily be 

fed to their requirements. A special bed on 
the cart for holding rabbits can be used for 
taking does to the buck’s cage for breeding 
and for transporting rabbits out of the 
rabbitry.

Other Equipment

Other equipment needed in the rabbitry may 
include nail clippers for nail trimming, wire 
brushes for cage cleaning, and a propane torch 
or a vacuum cleaner for removing hair from 
cages. A very useful item is a fish landing net to 
catch rabbits that may escape.
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5

Rabbit Management

Handling Rabbits

Rabbits should never be lifted only by their ears 
or legs, for they may be permanently injured. 
You may lift and carry a small rabbit or fryer 
comfortably without damaging the pelt or 
bruising the carcass by grasping the loin gently 
but firmly, with the heel of the hand toward the 
tail of the animal. With a medium or heavy 
weight rabbit, grasp a fold of skin over the 
shoulder with one hand and place the other 
hand under the rump to support the weight of 
the animal (Fig. 5.1).

For carrying, grasp a fold of skin over the 
shoulder and lift, holding the rabbit against 
your body with its head under one arm, the 
forearm being extended along the side of the 
animal and the hand under its rump for sup-
port. This prevents struggling, and the rabbit 
may be carried comfortably (Fig. 5.2). The aim 
is not to totally confine the rabbit: rather the 
rabbit should be held so it feels safe. Gentle 
handling of rabbits should result in fewer 
scratching or biting attempts.

Number of Bucks

Traditionally, 1 buck for every 10 does has 
been used. This underutilizes the buck and 
increases costs of operation. Research has 
demonstrated that the sperm count does not 

Rabbits vary considerably in temperament and 
respond readily to kind treatment. If they are 
handled properly they will be gentle and easy 
to manage, and these characteristics should be 
considered in selecting breeding stock. A doe 
that is fairly aggressive for a few days following 
kindling should not be condemned if she is 
gentle at other times. Aggressiveness indicates 
that she is alert and ready to protect her new-
born litter. Some of the does that are the best 
mothers show this trait. However, if she con-
tinues to be aggressive, culling the animal 
should be considered.

When entering the rabbitry, practise caution 
so as not to startle the animals. A familiar voice 
speaking to them will give warning and prevent 
them from becoming frightened. A background 
noise, such as the sound from a radio or a fan, is 
very helpful in keeping rabbits calm.

It should be emphasized that good man-
agement is the key to successful rabbit raising. 
The quality of the stock, the quality of the feed, 
and the sophistication of the cages, equipment, 
and building will do nothing to overcome the 
detrimental effects of poor management. Rabbit 
production involves a high degree of manage-
ment skill compared to other livestock end ea-
vors. Cleanliness, ventilation, and close 
observation of the animals are very important. 
Close observation is extremely crucial, since 
early detection may allow correction of  problems 
before they become serious or uncorrectable.
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decrease below the level for optimum fertiliza-
tion even when the buck is used daily for 
extended periods of time or used three or four 
times a day for a few days. The buck’s only 
purpose in a rabbitry is breeding. If he is not 
used often, he may become fat and lazy. If 
1 buck is kept for 10 does and your rebreeding 
interval is 35 days, the buck is only used 
10 times in 66 days (35 + 31 days gestation). 
This means it works about once a week. One 
buck could service 66 does if it were used daily. 
With a shorter breeding interval, more bucks 
are needed. Many commercial rabbit raisers 
are now keeping 1 buck for 25 to 30 does.

The bucks should not be overfed. They 
should be on restricted feed, but when they are 
working hard and during cold weather, they 
should be fed more. The greatest cause of 
decreased libido (sexual desire) in bucks is being 
overweight.

Age to Breed

Individual rabbits vary somewhat in the rapidity 
with which they develop, so both development 
and age must be taken into consideration in 
determining the proper time to start them in 
production. Sexually, the smaller breeds 
mature much earlier than the heavier breeds. 
The small Polish usually are ready to start 
 production at 4 months of age, the medium 
weight New Zealand, Californian, etc., at 4½ 
to 5½ months, and the heavy Flemish at 6 to 
7 months.

For best results, junior bucks and does 
should be fed in such a manner that they will 
make normal growth, develop strong, healthy 
bodies, and be firm in flesh when they are to 
be mated for the first time, without being 
excessively fat. Bucks should be put into serv-
ice about a month later than does, as they are 
slower to mature sexually.

A method of determining sexual maturity 
in does is to examine the vulva. Does that are 
ready to breed, regardless of age, are those 
that have a moist, swollen, reddish-pink vulva. 
Does that show this condition will readily 
accept the buck when placed in his cage. When 
does are not ready to mate, the vulva is small 
and whitish in color with very little moisture 
observed.

Breeding Schedule

For production of show rabbits, it may be 
advisable not to attempt to produce more than 
two or three litters a year, with the time of mat-
ings arranged so that the offspring will be of 
the proper age and development for the desired 
show classification.

For commercial meat rabbit production, 
the objective should be to produce and raise as 
many marketable fryers per doe per year as 

Fig. 5.1. The proper method for lifting medium- or 
heavy-weight rabbits. (Courtesy of J.I. McNitt)

Fig. 5.2. The proper method for carrying medium- or 
heavy-weight rabbits. (Courtesy of J.I. McNitt)



44 Chapter 5

possible. It takes about 35 offspring per doe 
per year to meet expenses, or the equivalent of 
about five litters per year. Fryers may be kept 
with the doe until marketing at eight weeks, 
but the trend now is for earlier weaning and 
earlier breed-back, to attempt to increase pro-
ductivity. Many producers now breed back at 
14 or 21 days. In intensive production systems, 
does may even be bred within 24 hours of kin-
dling. It is remarkable that does will rebreed 
immediately after giving birth; in fact, their 
receptivity is very good at that time. Under 
post-partum breeding systems, litters must be 
weaned at 28 days, so the does can be given 
nest boxes in preparation for kindling three 
days later. No other type of livestock has such 
a potential for high reproductibility as the rab-
bit. However, this system may increase the 
percentage of does that are culled annually. 
Intensive breeding increases nutritional require-
ments, so a high quality feed is needed. 
Intensive breeding is not recommended for 
new rabbit raisers. Probably a 35- or 42-day 
breed-back should be first selected, and if satis-
factory results are obtained, it can be shortened 
to a period that suits the producer and his or 
her management skills. With early breed-back, 
more cages are needed than when does and 
litters are kept together until marketing of the 
fryers. This increase in caging costs may be 
more than compensated for by increased pro-
duction. Research studies on the “best” wean-
ing age have given mixed results. Work at 
Oregon State University suggested that highest 
profits were obtained when all cages were filled 
with producing does rebred 42 days after kin-
dling. Kits were left with the does until market 
age; therefore, no cages were used for finish-
ing fryers. Other studies have shown that great-
est profits were obtained when does were 
rebred 14 days after kindling.

Various breed-back schedules, such as 7, 
14, 21, 28, 35, and 42 days, are used. 
Generally, does are on a seven-day schedule 
basis, simply for ease of recordkeeping. A sys-
tem that may produce greater profits and lon-
gevity of the does is to breed “depending on 
condition,” taking into account the number of 
offspring in a litter and the condition of the 
doe. If a doe has a small litter (less than four 
for medium breeds), she might be bred back in 
seven days if she is in good condition. 

However, if she has a big litter, is milking 
heavily, and is beginning to lose flesh, she should 
not be bred back until the young are weaned. It 
is generally agreed that breeding back at 21 or 
28 days results in reduced conception.

One of the best methods to judge the body 
condition of a doe is to use the sense of touch. 
It is difficult to tell the body condition of a doe 
by visual examination because of the fur. Put 
your hands on the doe’s back and feel the 
back-bone and the hipbones. If these bones are 
prominent, the doe is in poor condition. If she 
is bred in this condition, she might conceive, 
but the next litter may be born weak or small in 
number or weight, or she may abort or resorb 
the litter. The best thing to do if the doe is in 
poor condition is to delay breeding until her 
condition improves. In commercial herds it 
may be best to cull the doe.

The opposite problem can occur with jun-
ior does, which can very easily become over-
weight, especially if they are on full feed. If 
they become fat (again, you can tell by feeling 
the body with your hands), they will not breed. 
They should be put on restricted feed until they 
reach normal condition. This can take several 
weeks to several months. It may be more eco-
nomical to cull fat junior does and replace them 
with does in proper condition.

The Mating Process

The doe gives evidence of being receptive by 
behaving restlessly; by rubbing the chin (chin-
ning) on the cage, water crock, feed troughs, 
etc.; and by making an effort to join other rab-
bits in nearby cages. The appearance of the 
vulva, whether it is pale or reddish in color, is 
generally indicative of the receptivity of the 
doe. A doe with a dry, pale vulva is less likely 
to be receptive than one with a pinkish-red, 
moist vulva.

The doe may object to another rabbit 
being placed in her cage and quite often will 
attack and even injure the intruder, so she 
should always be taken to the buck’s cage for 
mating. If the doe is ready for service and the 
buck is active, mating should occur almost 
immediately (Fig. 5.3). When it is completed 
the buck usually falls over on his side (Fig. 5.4). 
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The buck’s ejaculation occasionally misses the 
vagina. If there is evidence of this, the doe 
should be bred again before being returned to 
her cage. Studies have shown that allowing the 
buck to breed the doe two or three times when 
first placed in the buck’s cage will increase the 
conception rate and perhaps the litter size. 
This may be due to the additional stimulation 
causing a stronger ovulatory response.

Sometimes a doe will squat in the corner 
of the cage and will not accept service; in this 
case, restraining her for mating may expedite 
and ensure service. This procedure makes 
many matings possible that would not occur 
otherwise. Restraining her, however, does not 
necessarily mean she will conceive. The con-
ception rate from forced mating is much lower 
than from unrestrained mating.

Figure 5.5 shows the proper method for 
restraining the doe. Either the right or left hand 
is used to hold a fold of skin over the doe’s 
shoulders; the other hand is placed under her 
body and between her hind legs. The thumb is 

placed on one side of the vulva, the index finger 
on the other, and the skin is pushed gently back-
ward while avoiding any pinching of the vagina. 
This procedure throws her tail up and over her 
back. The weight of the doe’s body is supported 
by the hand, and the rear quarters are elevated, 
but only to the normal height for mating. Bucks 
accustomed to being handled will not object to 
this assistance by the attendant, and many does 
will respond and accept service naturally when 
the buck mounts. Forced mating of rabbits 
should only be used as a last resort.

The buck and the doe should not be left 
together unattended for more than a few min-
utes, as the buck may be injured. If mating 
doesn’t occur within a few minutes, it is advis-
able to put the doe in with another buck. 
Sometimes she will refuse service with one 
buck but will readily accept it with another. If 
she still won’t breed, she is probably non-
receptive for that day and should be resched-
uled for the next day or the day after.

Gestation Period

The gestation period, or the time from mating 
of the doe to kindling of the litter, averages 
31 days. About 98 percent of normal litters 
will be kindled between 30 and 33 days after 
breeding but a small percentage may kindle as 
early as 29 days or as late as 35 days. Gestation 
lengths are generally longer with smaller litters 
(Fig. 5.6). In cases of prolonged gestation, the 
litter may contain only a few individuals with 
one or more abnormally large kits. Often the 
young may be born dead.

Fig. 5.3. An example of natural mating. (Courtesy 
of D.J. Harris)

Fig. 5.4. When mating is completed, the buck 
usually falls over on his side. (Courtesy of J.I. McNitt)

Fig. 5.5. Restraining a doe for mating. (Courtesy 
of D.J. Harris)
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Factors Prevents Conception

There are many factors that influence concep-
tion rate. Sterility, extreme age, poor physical 
condition, pseudopregnancy, poor genetic 
quality, sore hocks, injuries, retained fetuses, 
and disease are among the most important fac-
tors. Pay special attention to the physical con-
dition of the doe. If she is too thin, you are 
probably underfeeding, or if she’s too fat, 
you’re overfeeding. Both conditions have neg-
ative effects on reproduction. Intensive breed-
ing (on a 14-day or less remating schedule) can 
cause a doe to lose weight and condition, thus 
reducing her ability to conceive.

Sterility

In its natural environment the wild rabbit breeds 
during the spring and early summer and is bar-
ren during the fall and winter. During this barren 
period the doe’s ovaries become somewhat 
shriveled and inactive and fail to produce nor-
mal egg cells; bucks may fail to produce sperm, 
or the sperm may lack motility or be abnormally 
developed. In creating the domestic rabbit, 
humans have shortened the barren period 

somewhat. Its duration and intensity vary con-
siderably. Some does and bucks are fertile 
throughout the year and for successive years. 
Others are not fertile for extended periods. 
When does are out of production for an extended 
time, it is more difficult to get them to conceive; 
but if the herd has received proper care, a large 
percentage of both does and bucks should be 
over the barren period in a short time. In 
extreme cases, however, the period may last 
four to five months. Usually, such a prolonged 
period occurs in an area where excessive tem-
peratures have prevailed, especially when 
unseasonably or excessively high temperatures 
occur and continue for some time or when the 
high temperatures are associated with drought 
conditions. Indications are that sperm produc-
tion of the bucks is more likely to be impaired by 
these high temperatures than ovulation in the 
does, but both sexes can be affected.

Another cause for prolonged sterile peri-
ods may be that the ration has not been prop-
erly balanced or that the proper amount of 
feed wasn’t used to keep the rabbits in desired 
breeding condition. While an animal is molt-
ing, the development of a new coat may tax its 
vitality, and conception may be delayed. 
Occasionally an animal is permanently infertile 
and should be culled.
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Because there is so much variation among 
does and bucks in regard to the regularity of 
breeding, the rabbit breeder may well give con-
siderable attention to overcoming this factor 
through proper selection of breeding stock. 
Breeding stock should be selected from parents 
that produce regularly. Attempts to increase 
production during the sterile period by the use 
of vitamins and other feed supplements have 
not been effective.

During the late autumn and early winter, 
when the percentage of does that conceive is 
below that of the spring and summer, the birth 
weight of the young may be below normal, lit-
ters may contain fewer individuals, and the 
does may neglect their young or the young 
may be unable to nurse. A decrease in concep-
tion in the winter may be caused by inadequate 
feeding. In the cold of winter in unheated rab-
bitries, the rabbits use more of their daily ration 
to produce heat to keep warm. Therefore, less 
energy is available for reproductive processes. 
To offset this increased body heat demand, the 
daily feed allotment to does should be increased 
by about 25 to 50 percent in the winter.

One of the most important factors that 
influences seasonal fertility is the lighting pro-
gram. In the wild, the rabbit is a seasonal 
breeder; this pattern is possibly regulated both 
by temperature and by light. During the fall, as 
day length decreases, a light-sensitive gland, 
the pineal gland, detects the decrease in light 
and decreases the secretion of certain repro-
ductive hormones by the pituitary gland at the 
base of the rabbit’s brain. By maintaining a 
longer day length in the rabbitry through the 
use of artificial lights, you may be able to prevent 
the winter decline in reproduction. A lighting 
period of 16 hours per day seems adequate in 
most regions; the length of the lighting period 
should be as long as the longest day in your 
region. This is the principle used in the poultry 
industry to keep birds laying in the winter. 
Hand switching of the lights is too unreliable 
and irregular to give good results. An electric 
timer should be used to regulate the day length. 
Note that in the winter, extra hours of light will 
be required in the morning as well as in the 
evening. A great deal more research is needed 
to elucidate the role of environmental factors 
such as temperature and light in controlling 
rabbit production.

Young does and bucks may be sexually 
immature, while other does and bucks may be 
too old, having passed their period of useful-
ness. The proper age for rabbits to be put into 
production was discussed earlier, and the ani-
mals may be retained in the breeding herd as 
long as they maintain good physical condition 
and produce satisfactory litters. This may be 
until they are 2 ½ to 3 years old. There is wide 
variation, and some individuals may reproduce 
satisfactorily for four years or more. However, 
in some commercial herds, up to 100 percent 
of the does may be replaced each year.

A high culling rate may be desirable to con-
tinually upgrade the herd. If proper selection 
procedures are used, each doe that is culled can 
be replaced by a doe of higher genetic quality.

Physical condition

Rabbits that are abnormally fat or thin may have 
impaired fertility or they may become sterile. 
The ration should be adjusted and breeding 
delayed until they are in the proper physical con-
dition. For those that are too fat, the pelleted 
diet should be restricted and a limited quantity of 
a good quality hay fed. For those that are too 
thin, the complete pellets or a grain and hay 
ration should be fed in increased amounts.

Pseudopregnancy

Pseudopregnancy can result from a sterile mat-
ing, or from stimulation caused by one doe rid-
ing another, or by a doe riding the young in 
her own litter. This condition lasts for about 
17 days. During this time the doe may not 
 conceive. If does have been kept in groups, 
they should be separated and put into individ-
ual cages at least 18 days before being mated. 
Pseudopregnancy is discussed further in 
Chapter 11.

Sore hocks or injuries

Sore hocks or injuries may affect the vitality of 
does and bucks. Rabbits should be examined 
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carefully before being mated, and if any signs 
of these conditions are found, the affected ani-
mals should be isolated and held in quarantine 
until completely recovered or be culled from 
the herd. Because susceptibility to sore hocks 
is genetic and damage to the feet is perma-
nent, affected animals in commercial herds 
should be culled. Bucks with sore hocks may 
refuse to breed, because the weight is shifted to 
the hind feet during mounting, which makes 
mating a painful experience.

Retained fetus

In some cases, a doe may fail to deliver the 
entire litter, and the fluids of the retained 
fetuses will be resorbed and mummified fetuses 
produced that remain in the uterus, usually 
causing permanent infertility. These cases can 
be diagnosed accurately by palpation. Because 
the doe will seldom conceive again, she should 
be culled from the herd. As is discussed in 
Chapter 11, development of mummified 
fetuses is one of the dangers of using test- 
mating as a means of pregnancy diagnosis.

Determining Pregnancy

Test-mating does by returning them to the 
buck’s cage to determine pregnancy is not a 
dependable practice. Some does will accept 
service again after they have conceived, and 
others will not accept service even though they 
have not conceived. Noting the development 
of the abdominal region and the gain in flesh 
by the doe as the period of gestation advances 
is not always accurate and will delay definite 
diagnosis until late in the period.

Palpating the abdomen with the thumb 
and index finger to feel the development of the 
young in the uterus is an accurate and quick 
method for determining pregnancy. To make 
this test, restrain the doe by holding a fold of 
skin over the shoulders in either the right or left 
hand, with your free hand placed under the 
body slightly in front of the pelvis (Fig. 5.7). To 
make the test accurate, you must relax the doe 
so the abdominal muscles will not be tense. 
Generally, you can hold the doe in the air or 

place the doe on top of the cage for palpation. 
If it is necessary to use a table or cart, cover the 
top with a feed sack or carpeting to prevent 
the doe from slipping.

You must be acquainted with the relative 
size and location of the uterus and the embryos 
as pregnancy advances. Figure 5.8 shows the 
position of the uterus (the digestive tract has 
been removed) and illustrates the size of the 
uterus of a non-pregnant doe (left) and of a doe 
at the end of 10 days of pregnancy (right). It 
should be noted that the uterus has expanded 
to accommodate developing embryos; as the 
period of gestation advances, the embryos 
grow larger and the uterus is pushed forward 
as shown in Fig. 5.9.

There is little danger in palpating, provided 
it is done at the proper stage of fetal develop-
ment and the proper technique is followed, but 
you must use caution and not put too much 
pressure on the tissues, in order to prevent 
injury to the developing embryos. The test will 
be more accurate and there will be less danger 
of injury if the examination is made about two 
weeks following mating. Between the tenth and 
twelfth days of pregnancy, the embryos are 
each about the size of an olive and are distrib-
uted in the uterus as indicated in Fig. 5.9 (left). 
With the thumb placed on one side of the uterus 
and the index finger placed on the other side, 
apply sufficient pressure to note the marble-
shaped bodies, or embryos, by allowing the 
thumb and finger to slide over them gently. If 
the technique has been perfected and no devel-
oping embryos are found, the doe should be 
returned to the buck’s cage for another service. 
Many does will not rebreed 10 to 12 days after 

Fig. 5.7. Palpating a doe for pregnancy. (Courtesy 
of J.I. McNitt)
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the original breeding because of pseudopreg-
nancy. The vulvas of these does should be 
checked daily and the does bred when the color 
of their vulvas turns red or pink (usually about 
18 days after the original service). Non-pregnant 
does should be kept on a ration that is suitable 
in quantity and quality for dry does until they 
are known to have conceived or are culled.

After a few days, the inexperienced per-
son should re-palpate the does that were diag-
nosed as non-pregnant. If a mistake was made 
at the first handling and a doe is now found to 
be pregnant, she should be placed immediately 
on a management regime that is suitable for 
pregnant does.

Day 12 of gestation is probably the best 
stage to learn to palpate. After the fourteenth 
day it is more difficult to distinguish between 
the developing young and the digestive organs 
when palpating (Fig. 5.9, right). After the tech-
nique has been developed, however, it is pos-
sible to determine pregnancy by the tenth day. 
If you palpate earlier than 10 days following 
mating, the embryos are very small and you 
must make sure that pellet-shaped fecal mater-
ial in the large intestine is not confused with 
the small embryos in the uterus. You can avoid 
confusion by remembering that, with the ani-
mal in the proper position for palpating 
(Fig. 5.7), the uterus lies at the bottom of the 

Non-pregnant
uterus

Uterus with
10-day embryos

Fig. 5.8. Specimens showing the relative location and size of the uterus of a non-pregnant doe (left) and 
of a doe that is 10 days’ pregnant (right). (Courtesy of USDA)

Uterus with
14-day embryos

Uterus with
25-day embryos

Fig. 5.9. Specimens showing the relative location and size of the uterus and developing embryos at the 
end of 14 days (left) and 25 days (right) of pregnancy. (Courtesy of USDA)
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abdominal cavity, with the large intestine above 
it and nearer the backbone of the animal.

As you gain proficiency in the practice and 
become better acquainted with the anatomy of 
the organs in the abdominal cavity, it is possible 
to identify retained or mummified fetuses and 
the presence of abscesses or cysts in the repro-
ductive tract. When any of these conditions are 
detected, the doe should be culled.

It is a good idea to re-palpate does at the 
time the nest box is added to the cage (usually 
28 to 29 days after breeding). The reason for 
the second palpation is that occasionally does 
will conceive normally but later will resorb the 
embryos. If the fetuses die before 19 days of 
gestation they are resorbed, whereas if they die 
after 19 days of gestation they are aborted.

Palpation for pregnancy is a must for 
commercial rabbit raisers. The profit of an 
operation depends on the production of live 
litters on schedule. Palpation at 12 days of ges-
tation saves 19 to 20 days of feed and labor, 
because if the doe is found to be non-pregnant, 
she can be rebred immediately.

Kindling

The nest box should be placed in the cage 28 
or 29 days after the doe has been bred. It 
should contain bedding of hay, straw, shavings, 
or similar material. The doe will make a nest of 
these (Fig 5.10), after which she will pull fur 
(Fig 5.11) from the hip area, the dewlap, and 

around the mammary glands to complete the 
nest (Fig. 4.15). Care should be taken when 
inserting the nest box to ensure that it is not 
placed in the doe’s latrine area or where the 
waterer may drip into it.

A doe will usually consume less feed than 
normal for two or three days before birth, and a 
small amount of green feed each day may tempt 
her appetite and have a beneficial effect on the 
digestive system. She should be made as com-
fortable as possible and should be undisturbed at 
the time of kindling. A majority of the litters will 
be kindled during the night. Both the anterior or 
breech presentation are normal, and as a rule 
there are no complications at delivery if the 
fetuses are normal in size. Occasionally there 
may be only a few kits in the litter, and in these 
cases one or more may be abnormally large and 
kindling may be delayed a day or two.

As each kit is delivered, the doe licks it and 
may nurse it immediately. When the entire lit-
ter is kindled, she pulls more fur from her body 
and covers the litter.

A normal litter that is clean and has full 
stomachs and a comfortable nest has made a 
good start in life. If a doe has not kindled by day 
32 to 34 of pregnancy, one method that may 
be used by experienced breeders is to inject the 
hormone oxytocin to induce labor. Kindling usu-
ally occurs within five minutes after the intra-
muscular injection of 2 units of oxytocin (1 unit 
for dwarf breeds). If the doe has not built a nest, 
some fur can be taken from other nest boxes to 
make one. Does induced by oxytocin rarely kin-
dle in the nest box, so the kits should be picked 
up as soon as they are born and placed in the 
box. The doe will  usually accept the litter.

Fig. 5.10. A doe making a material nest. (Courtesy 
of USDA)

Fig. 5.11. A doe pulling fur and making a nest for 
the forthcoming litter. (Courtesy of J.I. McNitt)
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Care of Young Litters

Following kindling, the litter should be inspected 
and any dead or deformed young removed. If 
this inspection is done quietly after the doe has 
left the nest box, the doe will not be disturbed 
and there is no danger of her injuring the 
young. Examine the kits to make sure they 
have nursed, as will be shown by full stomachs. 
A full stomach appears as a white band (the 
so-called milk line) seen beneath the surface of 
the abdominal skin (Fig. 5.12). If a doe does 
not feed her litter or has not produced enough 
milk, the litter should be fostered to other lac-
tating does. Does that repeat this abnormal 
behavior with the next litter should be culled.

Occasionally the kits will become sepa-
rated and will form two groups within the nest 
box. With small kits, there is danger that only 
one group will be fed. When this happens and 
one group of kits does not appear to be cared 
for, rearrange the bedding into one nest, with 

the depth of the nest and the fur covering regu-
lated to keep the young comfortable. A large 
litter sometimes becomes split, but the doe 
cares equally well for both groups. If this is the 
case, no intervention is required. Make sure 
that there is bedding under the young and that 
there is good drainage from the nest box. If 
there are too many in the litter, transfer some 
to other litters (fostering), or if there are too 
few, bring in young from other litters. Fostering 
should be done a day or two following kindling 
and between litters that do not vary more than 
one to three days in age. Some does will accept 
kits of varying ages. The goal should be to 
form nursing groups of similarly sized kits with 
no more kits than available nipples.

Sometimes a doe fails to pull enough fur 
to cover her litter during cold weather. When 
you discover this, add fur from another litter or 
pluck fur from the doe’s body to cover the 
young before they are chilled. The fur is easily 
plucked at kindling time. If the temperatures 
are high and the doe pulls an excessive amount 
of fur, adjust the covering to the quantity 
needed to keep the newborn litter comfortable 
and save the surplus fur for an emergency 
when more may be needed for other litters. 
Inspect the litter periodically to make sure that 
the nest remains warm and dry and those dead 
kits are promptly removed.

Nest Box Management

To be satisfactory, a nest box should provide 
seclusion for the doe during kindling and pro-
tection and comfort for the litter afterwards. 
There are many types, and no one nest box is 
suitable for use in all rabbitries and in all sea-
sons. Different kinds are discussed in Chapter 4, 
“The Rabbitry and Its Equipment.”

The bedding material should be pliable, 
absorbent, and of the type the doe can mix with 
the fur she pulls from her body, with the choice 
depending upon availability and upon type of 
nest desired. Straw, hay, wood shavings, leaves, 
cottonseed hulls, etc., can be used. If the does 
are being fed a ration consisting only of pellets, 
they may eat any palatable material used for 
bedding. Soft wood shavings or unpalatable 
bagasse may be used. During the warm season, 
less bedding is needed. When low temperatures 

Fig. 5.12. One-day-old kits. The one on the left is 
a “starve out” which has not nursed, whereas the 
one on the right has a full stomach. Kits that have 
nursed have a visible “milk line” in their stomachs. 
(Courtesy of H. Ch. Loliger)
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prevail, the nest box should be filled more com-
pletely with bedding material.

Shredded paper is a poor absorbent, 
excelsior is harsh and does not mix readily with 
the fur, and both of these materials may cause 
suffering or death of the kits by becoming 
wrapped around their legs or necks. Shredded 
redwood bark and peat moss stain the coats, 
and the dust from them irritates the respiratory 
tracts of the young rabbits.

It has often been said that “the litter is 
made in the nest box,” and during the time the 
young rabbits spend there, their weight should 
increase seven to eight fold. A very important 
aspect of this is the milking ability of the doe, 
which can be assessed by the 21-day weight of 
the litter.

Kits will begin to develop hair within about 
4 days after birth, and the eyes will open at 
about 10 days. The nest box may be removed 
when the litter is 15 to 21 days old, but the time 
for taking it out should be determined by the 
weather conditions. If it is necessary to keep it 
in the cage longer, it should be thoroughly 
inspected periodically and any soiled bedding 
replaced with clean. The longer the nest box is 
left in, the more likely that eye infections and 
other disease problems will develop, so the nest 
box should be removed as early as possible.

Does usually nurse their litters once per 
day. One management practice used quite 
extensively in Europe is to remove the nest box 
and put the litter in with the doe for only about 
five minutes per day. She usually jumps in and 
feeds the kits. Removal of the nest box reduces 
mortality caused by the doe jumping in several 
times a day and trampling some of the litter. 
With the use of a front-loading nest box 
(Fig. 4.16), the opening can be closed to keep 
the doe out except for a once-per-day nursing.

After the nest boxes are removed, they 
should be thoroughly washed and disinfected. 
They should be stored where wild rodents can-
not get to them, as the smell of rodent urine 
may cause does to refuse to use the nest boxes.

Fostering Young

Frequently, does give birth to a larger number 
of young than they can nurse. It is good herd 

management to foster a doe’s excess kits to 
another doe with a smaller litter. In raising 
Angoras or rabbits for the meat market, there 
is a distinct advantage in reducing the size of a 
large litter to the number that the doe can 
develop uniformly. In the case of show rabbits 
it is especially important to reduce the litter 
even to four or five so that the young can have 
an opportunity to develop to the maximum of 
their inherited possibilities.

In order to distribute the transferred young 
for fostering, it is advisable when planning the 
breeding program to mate several does each 
breeding day so that several will kindle at about 
the same time. Each newborn litter should be 
inspected as soon as possible after the doe has 
quieted down following kindling, and a nota-
tion made of the number to be removed from 
or added to each litter. When all the does due 
at that time have kindled, the surplus young 
should be removed and permanently marked 
with a tattoo, ear punch, etc., so that the trans-
ferred young in each litter can be identified at 
weaning. If all the kits are to be marketed as 
fryers, identification may not be necessary.

When transferring the young it is not nec-
essary to use any method for destroying the 
scent of the human hand or the scent of the 
dam of the young being transferred. Does do 
not make any distinction of young, even if they 
are of different colors or sizes (Fig. 5.13). 
Fostering is more successful if the largest kits 
are moved to the new doe and the smallest left 
with their mother.

When selecting litters for fostering, it is 
advisable to watch carefully for any evidence of 
infection among the litters or does, as the 
transfer procedure could be a means for 
spreading disease. Under no circumstances 
should kits be fostered from a doe with mastitis 
to another doe, because the young can carry 
the bacteria and may infect the mammary 
glands of the foster mother.

Causes of Losses in Young Litters

Disease accounts for only a small percentage 
of the mortality that occurs the first week 
 following kindling. Most losses during this 
time are due to improper equipment or 
incorrect feeding and management methods. 
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Some cases may be due to the doe failing to 
produce milk. You can diagnose this by feeling 
the doe’s mammary tissue to determine 
whether it is producing milk (Fig. 11.6). If it is 
not nursing the litter, the milk glands will be 
undeveloped and the young will be shriveled 
and wrinkled. If she is nursing the kits, the 
udder will be well developed, and when the 
teats are stripped, there will be evidence of 
milk. The well-nourished young will be plump, 
and the milk line may be detected through the 
abdominal wall, depending on how recently 
they have nursed. If the doe has not produced 
any milk, it may be because the ration she 
received during the gestation period was inad-
equate in quantity or quality.

For a variety of reasons, does having a 
first litter often do not use the nest box and 
have their litter on the floor of the cage. Does 
should not be culled at this point, but if a doe 
has her second litter “on the wire”, culling 

should be considered. The use of drop nest 
boxes helps to reduce the problem.

At kindling you will obtain better results by 
making it possible for the doe to be secluded 
and undisturbed. Many losses of new litters are 
caused by the presence of strangers in the rab-
bitry when the doe is due to kindle or by the 
presence of strange cats or dogs or the natural 
enemies of the rabbit, such as opossums, rats, 
and snakes. These predators sometimes cause 
trouble in the city as well as in the country. 
Even if they cannot gain access to the cage, 
they may be so close that the doe can detect 
their presence, and instead of going into the 
nest box to kindle, she may kindle on the cage 
floor. If she has already kindled when she dis-
covers the presence of predators, she may 
jump into the nest box in an attempt to protect 
her litter, and because she is frightened, she 
may stamp with her hind feet and crush her 
young. The predators seek more food when 
nursing their own young and, consequently, 
cause more trouble in the rabbitry in the spring. 
Evidently they can locate the cage where a doe 
is kindling or where a litter has just been deliv-
ered by the scent of blood. The losses are more 
likely to occur at night, and the presence of the 
intruders may not be detected by the caretaker. 
The rabbits, however, generally give warning 
by stamping their back feet, and if this warning 
is heard, an immediate inspection of the rab-
bitry should be made.

Feeding the Doe after Kindling

Does reduce their feed intake prior to kin-
dling. This may in part be due to a reduced 
gut capacity caused by the presence of the 
fetuses in the body cavity. Following kindling, 
as lactation begins, their feed intake increases 
markedly. It is desirable to gradually increase 
the amount of feed offered to a doe for the 
first week or so following kindling until full 
feed intake is reached. Sometimes a young 
first or second litter doe will suddenly die 
when the litter is one to four days of age 
(young doe syndrome). This may be due to a 
stomach hairball, which can reduce feed 
intake to zero. Sometimes apparently healthy 
litters will suddenly die at five or six days of 
age. This may be due to milk  enterotoxemia, 

Fig. 5.13. A Palomino doe nursing kits of a 
different breed. Does readily accept fostered kits 
even if they are of different sizes and breeds. 
(Courtesy of J.I. McNitt)
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caused by overfeeding the doe following 
 kindling. Be sure not to overreact and under-
feed the doe, as this may reduce milk produc-
tion excessively.

If an intensive breed-back system (7 to 21 
days) is used, consideration should be given to 
keeping a doe on full feed once she goes into 
production. With the advent of high fiber-
medium energy diets, dropping the doe back 
to a restricted diet during the last part of gesta-
tion after weaning the first litter may be unnec-
essary. In fact, the energy demands of almost 
continuous gestation and lactation may neces-
sitate continuous full feeding.

Weaning

Litters may be weaned as early as 28 days of 
age. Milk production is declining by then, and 
the young are consuming solid feed well. Feed 
is used more efficiently if it is eaten directly by 
the fryers rather than eaten by the doe and 
converted to milk. There is a stress at weaning, 
which may cause the fryers to go off feed and 
lose weight for a few days.

Be sure that the weaned rabbits know how 
to drink. If, after the first day of weaning, they 
have not eaten much, it may be a water prob-
lem. Put in a water crock; if they rush to it to 
drink, then you know they haven’t learned to 
drink from the automatic waterers. Put a tooth-
pick in the valve or loosen the valve to make it 
drip slightly. This should quickly teach them to 
drink. Another method is to put in one or two 
older fryers to teach the newly weaned litter 
how to use the water valve. Weaning at an 
older age reduces this problem.

Determination of Sex

The sex of the young rabbits may be deter-
mined accurately a day or two following kin-
dling. Sexing at that time is necessary when 
one sex may be needed to supply a market for 
either does or bucks for breeding purposes, 
when rabbits are being produced for laboratory 
work, or when Angora bucks are to be kept as 
“woollers,” in order that any surplus to be dis-
posed of will be the undesired sex.

The external organs of both sexes of the 
newborn rabbits have very similar appear-
ances, and a special technique is required for 
identification of sex at an early age. To pre-
vent the continual wiggling of the little rabbit, 
restrain it firmly but gently. Place it on its back 
in the palm of your hand, with its head 
extended toward the heel of the hand. Use the 
index finger to press the tail back and down. 
Press down on the sexual organs gently but 
with enough pressure to expose the reddish 
mucous membrane that, in the case of the 
buck, can be made to protrude sufficiently to 
form a circle; in the case of the doe, it will 
protrude and form a slit that will have a slight 
depression at the end next to the anus. In 
addition, the distance between the penis and 
the anus is greater than the distance between 
the vulva and the anus.

Until the technique of sexing rabbits has 
been perfected (Fig. 5.14), it may be a good 
plan to sex the young at weaning and then 
practice with several at about three weeks of 
age. In the older rabbits, the vulva will have a 
definite slit appearance. The penis will develop 
a more tubular appearance. This will make it 
easier to determine the sex of the three-week-
old rabbit. Constant irritation of the tender 
parts may be detrimental, so sexing should not 
be practiced on the same rabbit at short 
intervals.

Tattooing and Ear Tags

An efficient, permanent system for identifica-
tion is a necessity. Tattooing figures or letters, 
or a combination of the two, in the rabbit’s ear 
does not disfigure it, is permanent, and is eas-
ily accomplished. When young are being fos-
tered, a hand tattoo needle is satisfactory for 
making one or more dots in each kit’s ear so 
the transferred young can be identified. It is 
also used by many breeders for the regular tat-
tooing work in the rabbitry; others prefer the 
plier or tongs with removable figures and let-
ters. After the inside of the ear is thoroughly 
cleaned with alcohol, either instrument may 
be used to perforate the inner surface of the 
ear. Tattoo ink or India ink should be rubbed 
into the perforations immediately (Fig. 5.15). 
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A tattoo box that has movable parts so it can 
be adjusted to different sized rabbits (Fig. 4.18) 
holds the animal steady so one person can do 
the tattooing.

Rabbits can also be identified by the use of 
ear tags. These are produced as wing bands for 
chickens and are available from poultry supply 
houses. They are easily inserted using a simple 
tool (Fig. 5.16). Ear tags are sometimes lost, so 
identification is not as permanent as with tat-
toos. One method to make eartags less vulnera-
ble to loss is to fold the ear and insert the tag 
halfway across the fold. When the ear is straight-
ened out, the tag will be in the middle of the ear 
and have less chance of snagging on something 
and tearing out. For temporary identification, 
marking the ears with a felt-tipped pen is useful.

Care of the Herd in Hot Weather

Rabbits must be protected from rain and sun. 
Good circulation of air throughout the rabbitry 
is a must, but strong drafts and winds should be 
avoided. It is essential that the animals have a 
supply of water available at all times. 
Temperature, humidity, and air currents all 
have a direct bearing, and each rabbitry is an 
individual problem. Adequate shade should be 
provided.

Rabbits suffer more from heat than cold; 
it is necessary to give the herd special  attention 
during periods of high temperatures. They are 
more uncomfortable in high temperatures the 

The registration number for purebred stock is 
usually tattooed in the right ear and the rab-
bit’s individual mark or number in the left ear. 

Fig. 5.15. A permanent identification mark 
tattooed in a rabbit’s ear (Courtesy of J.I. McNitt)

Fig. 5.14. External genitalia of the male (upper) 
and female (lower) rabbit. (Courtesy of D.J. Harris)
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first few hot days in the season. Does that are 
well advanced in pregnancy and newborn lit-
ters are the most susceptible to injury. The 
does give evidence of suffering by excessive 
moisture around the mouth and nose and 
occasionally bleeding from the nostrils, rapid 
respiration, and restlessness; newborn litters 
by extreme restlessness. Rabbits that show 
symptoms of suffering should be removed to a 
quiet, well-ventilated place. Considerable relief 
can be given by placing a wet cloth in an ani-
mal’s cage for it to lie on. In the case of the 
doe that has advanced to the stage where 
bleeding is occurring and quick action is neces-
sary, placing cracked ice between the folds of 
a wet cloth and placing it in the cage so she 

can lie on it is quite effective and may save a 
doe about to kindle. Immersing the entire ani-
mal in cold water for three seconds is another 
emergency measure to save a heat-stressed 
rabbit. Many rabbit breeders freeze two-liter 
soda bottles filled with water and place them in 
the cages when it gets very hot.

Sprinkling the roof and floor of the rabbitry 
may give relief, except in areas of high humidity. 
If a roof sprinkler is thermostatically controlled, it 
will take care of quick weather changes and is 
especially useful if the caretaker is not available 
for regulating the sprinkler. If it is extremely hot, 
sprinkling the rabbits is another possibility, espe-
cially the does that will kindle in the next day or 
two. Be careful not to wet any feed in the feed-
ers. Heavily pregnant does do not seem to be 
able to dissipate the heat as well as other rabbits, 
and giving them a cool dip or sprinkling may be 
the only way to save their lives.

Fur Chewing

When there are several rabbits in a cage and the 
habit of fur chewing develops, the eyelashes and 
whiskers are chewed first, then the fur on the 
head and on the body. Rabbits that are alone in 
a cage chew the fur on their sides or back of their 
rumps and are capable of reaching fur on the 
sides of their body where it would seem impos-
sible. If rabbits can reach the coat of another rab-
bit in an adjoining cage, they may chew its fur. 
Sometimes does chew the fur on their own 
young. In cases in which rabbits are chewing 
their own fur or the fur of other rabbits, the coats 
have an uneven appearance (Fig. 5.17).

Fur chewing is most likely due to a faulty 
ration or to the rabbits not receiving the proper 
amount of feed and is usually associated with a 
ration that does not contain enough fiber. 
Keeping good quality hay or straw available at 
all times and feeding small quantities of green 
feed daily will assist materially in preventing 
the fur chewing habit from developing. If the 
feeding of hay does not solve the problem, 
 increasing the protein content of the ration 
might help. The addition of 2½ kg of magne-
sium oxide per ton of feed sometimes aids in 
control of fur chewing.

Occasionally rabbits will pull fur from their 
cage mates because of boredom. This vice is 

Fig. 5.16. An ear tag for easy identification. 
(Courtesy of OSU Rabbit Research Center)
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spread of diseases such as pasteurellosis, but 
this hasn’t been proven. In an urban or subur-
ban area, the rabbit raiser can be the target of 
legal action if the rabbitry is the neighborhood 
source of flies. Flies can be controlled by the use 
of screens to keep them out of the rabbitry and 

Fig. 5.18. An example of a deposit of calcium 
carbonate in a rabbit cage. Rabbits excrete large 
amounts of calcium in their urine. (Courtesy of 
OSU Rabbit Research Center)

Fig. 5.19. Accumulation of hair on cage bottoms. (Courtesy of D.J. Harris)

by the use of baits and spraying programs to 
eliminate them if they do gain entrance. Such 
management procedures as repair of leaky 
water valves are important to keep the manure 
habitat as dry as possible. (This also helps mini-
mize ammonia production.) Insecticides can be 
of the organophosphate type, such as malathion, 
or of the natural type, such as pyrethrum prod-
ucts (obtained from the pyrethrum flower). 
Spray contact with the rabbits should be mini-
mized-especially with organophosphates. A good 
rule of thumb is to use only spray products that 
are safe for use around lactating dairy cattle. 
Another method of fly control is the use of 
 natural fly predators, such as beetles and wasps, 
that can be purchased from commercial 
sources. The naturally occurring black soldier 
fly, Hermetia illucens, is also beneficial for fly 
control in the rabbitry. The females, about the 
size of wasps, live on nectar from flowers and 
only enter the rabbitry to lay eggs. They fly close 
to the ground, lay their eggs in the manure 
pack, and leave. The larvae are about 2 cm long 
and are a dirty gray color. They out-compete the 
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filth fly larvae (primarily houseflies and stable 
flies) for food and will reduce the numbers that 
hatch. They also will reduce the volume and 
water content of the manure pack. They are 
very active and will result in the manure pack 
moving into the aisles each night. Shoveling the 
material back under the cages each day is a 
small price to pay for good fly control.

Growing earthworms in the manure pack 
will also help keep filth fly populations under 
control by stirring and drying the manure. 
However, moisture requirements for worms 
are much higher than are generally advisable 
for rabbits, so growing worms under the rab-
bits may result in increased incidence of pas-
teurellosis and other respiratory diseases.

A white fungus is often observed on the 
manure beneath the cages (Fig. 5.20). It is 
probably harmless, although it is possible that 
spores released by mature fungi could contrib-
ute to respiratory disease of the rabbits. It can 
be controlled if desired by application of a fun-
gicide to the manure.

Shedding or Molting

The rabbit’s coat is prime when the hairs have 
a good sheen, are tight, and have attained their 
maximum length. The skin is white and the 
hair flows back into place evenly when the coat 
is rubbed from the rump to the shoulders.

Unprimeness is indicated by a dull, uneven 
coat and loose hair. The hair does not flow 
back evenly when the coat is rubbed from the 
rump to the shoulders. Patches of new fibers 

can be seen, and these new fibers will appear 
in a growth pattern that varies from animal to 
animal. The skin of these new hair growth 
areas is dark and easily detected on rabbits with 
colored coats.

The pattern of shedding in rabbits has not 
been definitely established. There is a juvenile 
molt that begins when a rabbit is about two 
months old and lasts until it is four to six months 
of age. Heavy feeding of the young tends to 
cause the molt at an earlier age. In addition, 
there is the annual molt with mature rabbits. 
This molt varies in time of appearance in 
 different  geographical areas. Rabbits may be 
thrown into molt by disease, going “off feed,” 
the sudden occurrence of unseasonably high 
temperatures, or other stresses. Evidence of 
molting in the herd is the accumulation of loose 
hair on the wire sides and in the corners of the 
cages and the droppings being bound together 
by embedded fibers.

Shedding first occurs on the sides of the 
rump and the thighs, followed by the back, 
then increasingly in areas down over the sides. 
There is a pronounced degree of similarity in 
the size and location of the ingrowing new 
coat areas on both the right and left sides of 
the rabbit.

A high quality diet and high feed intake 
 promote molting. The growth rate of hair is 
more rapid with a high nutrient intake, so the 
rate of turnover of hair is greater. Restricted 
feeding of adult show animals reduces the 
amount of hair shedding and keeps the fur in 
prime condition for a longer period. Some 
rabbit raisers claim that molting adversely 
affects reproductive performance, but this 
belief is not well substantiated. In fact, little 
attention is paid to molting in commercial 
meat rabbit operations.

Environmental Effects on Rabbit 
Performance

Temperature

Rabbits are very susceptible to heat stress 
because they have few functional sweat glands 
and have difficulty in eliminating body heat 
when the environmental temperature is high. 

Fig. 5.20. A white fungus is often observed 
growing on rabbit manure beneath the cages. 
(Courtesy of P.R. Cheeke)
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Heat stressed animals stretch out to maximize 
body surface area for heat elimination. Animals 
respond differently to a sudden acute exposure 
to high temperature than to chronic exposure 
when reared under high environmental tem-
peratures. In the tropics, rabbits can be suc-
cessfully raised under conditions in which the 
temperature is consistently 32° to 35°C, 
whereas rabbits adapted to the cool conditions 
of the Pacific Northwest of the United States 
may die of heat stress when the temperature 
on rare occasions exceeds 32°C. Animals rou-
tinely kept under high temperatures develop 
metabolic mechanisms to adapt to heat stress. 
In areas of high temperature, such as the trop-
ics, rabbits consume large quantities of water 
and consume less feed than in temperate cli-
mates. Their productivity is reduced because of 
the lower feed intake. Provision of adequate 
water is critical under these conditions. Rabbits 
that begin to pant or develop extreme wetness 
around the nose and mouth are in severe heat 
stress, and immediate corrective action should 
be taken.

An ideal environmental temperature is 
10° to 15°C. This is known as the “comfort 
zone.” At higher or lower temperatures than 
this, the animal has to expend energy to main-
tain its body temperature. Rabbits are much 
more tolerant of low temperatures than high 
temperatures. A major consideration under 
low temperatures is that feed consumption is 
increased so the animal can maintain its body 
temperature. Thus, the lower the environmen-
tal temperature, the poorer the feed conver-
sion, because a greater quantity of feed energy 
is being used to maintain body temperature. 
When limited feeding is practiced, provision 
must be made to provide extra feed in cold 
weather. It is significant that, because of the 
increased feed intake, water consumption also 
increases as the temperature drops. Restricted 
availability of water under cold conditions (e.g., 
from frozen water lines) will reduce perform-
ance more than restriction at the comfort zone, 
because rabbits will not eat if they don’t have 
sufficient water.

An interesting response to cold tempera-
ture occurs in some breeds such as the 
Californian, Siamese Satin, and Sable. If the 
newborn kits are exposed to cold temperature, 
or if fur on an adult is shaved and then the 

 rabbit is exposed to cold, the fur will temporar-
ily grow in black in areas where it is normally 
white (Fig. 5.21). This occurs because the cold 
stimulates the melanin pigment in the hair fol-
licles, which causes the hair to be black.

Fluctuations in temperature may trigger 
outbreaks of enteritis. Enteritis outbreaks are 
sometimes noted following the start of a cold 
snap. One possibility to account for this is that a 
sudden drop in temperature triggers an increase 
in feed intake. This could cause carbohydrate 
overload, leading to proliferation of pathogens 
in the gut, with the production of lethal toxins. 
Restricting feed at the beginning of a cold spell 
may reduce the incidence of enteritis.

Light

Optimal lighting conditions for rabbit produc-
tion have not been established. It is believed 
that the winter decline in fertility that is often 
observed in some regions of the world may be 
due, at least in part, to decreasing day length. 
Use of lights to maintain a total day length equal 
to the longest day at the particular latitude is 
recommended. In most places in the United 
States, that is in the range of 14 to 16 hours. 

Fig. 5.21. The Californian rabbit on the right had 
a patch of hair shaved off its rump and was then 
kept in a cold environment for a few days. The hair 
grew back in as pigmented fur. (Courtesy of OSU 
Rabbit Research Center)
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As discussed in Chapter 4, commercial rabbi-
tries should have lights on a timer and use sup-
plementary lighting both in the morning and 
the evening to help maintain normal breeding 
during the fall and winter. It is possible that the 
spectrum of the light source may also have an 
influence on animal performance.

Hypnosis

You can readily “hypnotize” a rabbit (put it to 
sleep) by laying it on its back and gently strok-
ing the chest, abdomen, and sides of the head. 
When asleep a rabbit is in a trance-like state 
(Fig. 5.22). Hypnosis may have some value as 
a means of restraining animals for minor 
 surgery; probably it is mainly used to get the 
attention of 4-H Club members touring the 
rabbitry!

Breeding Herd Replacements

An extremely important part of herd manage-
ment is providing adequate replacements for 
the breeding herd. In commercial rabbitries it is 
common to replace 100 to 125 percent of the 
breeding does each year. This does not mean 
that every doe in the herd is replaced yearly, 
but it does mean that if you have a 100-doe 
breeding herd, you will add to this herd 100 to 
125 junior does per year. Some cages will have 
had two or three does during the year, whereas 
other cages will have the same doe for two 
years. In fact, if you are not replacing a sizeable 

portion of the breeding herd annually, you are 
probably not improving the quality and health 
of the herd as rapidly as you should. Snuffles, 
sore hocks, malocclusion, mastitis, poor repro-
ductive performance, and many other reasons 
will result in breeding animals being removed 
from the herd. As a general rule, save one 
replacement doe per month for every 12 does 
in production, and one replacement buck for 
every five bucks in service. The continual 
replacement of old bucks with young bucks is 
extremely important. Since each buck is bred to 
many does, his influence on the genetic quality 
of the herd is much greater than that of an indi-
vidual doe. Young bucks tend to have greater 
libido and will work harder than old bucks. The 
criteria used in selection of young stock are cov-
ered in Chapter 15. Proper selection of breed-
ing stock has a great impact on the success of a 
rabbitry and on the potential for profit.

Herd Records

Herd records pay big dividends when selecting 
breeding stock and culling. A useful and uncom-
plicated system of records for the commercial 
breeder and also the breeder of purebred ani-
mals involves the use of cage cards for the 
does, a card for keeping each buck’s breeding 
record, and an extended pedigree record or 
other permanent record. An elaborate system 
of bookkeeping is not necessary but a simple 
record of income and expense enables the rab-
bit raiser to determine profit or loss.

Cage cards (such as the one in Fig. 5.23) 
for making notation of the date of breeding, 
buck and doe numbers, date of kindling, 
number of young born and retained, litter 
number, date and number weaned, and weaned 
weight of the litter are readily available from 
feed companies and other commercial sources. 
Some rabbit raisers may wish to include a 
record of the weight of the litter at three weeks 
of age to indicate the doe’s milk production. 
The records that show whether the doe con-
ceives regularly throughout the year, whether 
she is prolific, and whether she has the ability 
to properly nurse and care for the litter are 
especially useful in determining which does are 
profitable.

Fig. 5.22. A rabbit that has been hypnotized. 
(Courtesy of D.J. Harris)
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Some breeders object to cage cards 
because during periods of high humidity the 
cards become limp and fall out of the holders, 
and the records become illegible. Often the 
cards become torn, dirty, or lost, making it 
necessary to keep duplicate records. Cellophane 
covers will protect them, or information can be 
transferred to permanent records more fre-
quently. Fifteen centimeter pieces of 10-gauge 
wire bent into “U’s” and snapped into the 
channels of the card holders will also help hold 
the cards in place. These are particularly useful 
in open rabbitries where birds are a continual 
problem. Birds have a tendency to peck at the 
cage cards until they pull them out of the card 
holders.

The buck record card (Fig. 5.24) is 
extremely important. It furnishes information 
as to whether a buck has settled his does 
throughout the year and information on the 
relative growth performance of his offspring.

Permanent records that contain both 
 pedigree and production information should 

be maintained for each breeding animal. 
Information should be transferred to the per-
manent records when the cage cards are full or 
at regular shorter intervals. Some rabbit raisers 
may wish to store herd records on computer 
media. Commercial computer programs are 
available for this purpose.

An extended pedigree includes at least 
three generations for each buck and doe in 
the breeding herd and can be supplemented 
with notes and comments about perform-
ance, show winnings, and desirable and 
undesirable characteristics for each of the 
ancestors in the pedigree entered on the 
pedigree blank. This information is valuable 
when planning matings for herd improve-
ment. In fact, having an extended pedigree 
available is the only way to obtain a complete 
picture of all the factors involved, for it is 
impossible to remember all essential details. 
Extended pedigrees are also necessary for 
use in making out applications for registra-
tion of rabbits.

Doe Breeding Record

Cage Location

SireEar #

Born

Breed

Dam

Doe Performance

Fertility

Buck
Service

Date
Conception

Score*
Date

Kindled
Litter

Size Born
Litter Size
Born Alive

Litter Size
Weaned

Total 21-Day
Litter Weight

Average 56-Day
Litter Weight

*Conception score: 0 = infertile mating; 1 = fertile mating.

Litter Growth

Fig. 5.23. A typical doe cage record card. (Courtesy of OSU Rabbit Research Center)
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A chore sheet is necessary for good 
 rabbitry management. This is a card, sheet, or 
computer printout that lists the various chores 
for the day. It contains such items as does to be 
bred, nest boxes to insert, does to palpate, lit-
ters to weigh, litters to wean, litters from which 
to select replacements, rabbits to treat for dis-
ease, does or bucks to cull, and does to check 
for new litters. The chore sheet is vital, for it 
prevents mistakes, such as failing to put in a 
nest box. It is very discouraging to come into 
the rabbitry and find a dead litter on the wire 
because of failure to put in a nest box.

There are many different methods for 
arranging chore sheets. Some rabbit raisers 
will have a daily chore sheet that is kept up 
daily from the permanent records. Others will 
set up a weekly chore sheet with each day’s 
chores listed. A weekly diary is useful to keep 
track of necessary chores. Alternatively, a cir-
cular calendar can be constructed for this func-
tion. One of the advantages of a computer 
with a good program is that it can print out 
daily chore sheets on which you merely fill in 
the blanks and then enter the new information 
at the end of the day or week as you desire.

Buck Breeding Record

Cage Location

SireEar #

Born

Breed

Dam

Buck Performance

Fertility Mortality

Doe
Cage

Location
Conception

Score*
Date of
Service

Number
Born

Number
Born Alive

Litter Size
at 56 Days

Number of Kits
That Died from
1 to 56 Days

Average Litter
Weight at

56 Days of Age

*Conception score: 0 = infertile mating; 1 = fertile mating.

Litter Growth

Fig. 5.24. A typical buck cage record card. (Courtesy of OSU Rabbit Research Center)
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Economics and Financial Management

Successful commercial rabbit production, 
like any other agricultural enterprise, 
requires careful financial planning and book-
keeping. In the United States, commercial 
meat rabbit raising has rarely been a profit-
able activity as assessed by normal business 
standards, which include a salary for the 
operator and consideration of all expenses. 
In fact, most rabbit raisers do not consider 
their labor when calculating expenses, and 
many still do not show a profit. Often the 
rabbitry building is one previously used for 
other purposes, and its value may not be 
included. Even with free labor and buildings, 
it is difficult to make money with rabbits. It 
should be clearly understood by anyone 
planning to go into commercial rabbit pro-
duction on a large scale that the record of 
this business is very poor. The economics of 
rabbit production in North America make 
this a high risk venture. Too often, a pro-
spective rabbit raiser calculates how much 
money could be made with one doe per 
year, multiplies that by 10,000 does, and 
thinks he or she has found an easy way to 
become a millionaire! It is not the intent of 
this discussion to discourage rabbit raising 
but rather to ensure that prospective rabbit 
raisers enter the business fully aware of 
the financial limitations and to emphasize 
the procedures that might aid in attaining 
 financial success.

Financing

There are various ways of financing a rabbit 
enterprise. The usual sources of capital include 
the owner’s money, money borrowed from a 
lending agency, and outside equity-money that 
others invest in exchange for a share of the 
ownership.

Most rabbit raisers begin in a small way 
using their own funds. Many people do not 
expand beyond this stage. They may regard 
the rabbitry as a hobby and may be prepared to 
lose money because they enjoy rabbit raising, it 
is a means of relaxation, etc. They may be per-
fectly satisfied to contribute their own (or their 
families’) labor at no cost and may use an old 
building for which they expect no compensa-
tion. Their main concern may be to attempt to 
make enough money from the sale of rabbits 
to pay for purchased feed.

These attitudes are not suitable for some-
one planning to raise rabbits as a business. 
Unless one is independently wealthy, it will 
probably be necessary to borrow money or 
obtain equity capital from an outside investor 
to establish the enterprise. This will require 
preparation of a loan application, plans for the 
business, and projections of income and 
expenses. The lender, usually a bank, requires 
sufficient information in the loan application to 
ensure that the loan will be a good risk i.e. that 
it will be repaid. A lender usually considers the 
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following five factors when evaluating a loan 
application:

1. Purpose of the loan.
The applicant must be able to provide a detailed 
explanation of why the loan is needed and how 
it will be used.
2. Reputation and managerial ability.
The loan applicant must demonstrate that he 
or she is a good risk by providing evidence of 
good character, honesty, reliability, and good 
skills in managing both rabbits and money. The 
prospective borrower should be well prepared 
when visiting a banker, rather than merely 
showing up without adequate facts and 
figures.
3. Financial statement.
The lender needs to know the applicant’s 
financial status. This requires a statement of 
current assets (livestock, feed, machinery, 
cash on hand, etc.), fixed assets (land, build-
ings, etc.), and liabilities. If the loan is needed 
for expansion of an existing rabbitry, a bal-
ance sheet and cash flow statement for the 
past several years may be needed. If the 
 current rabbitry has not been a financial 
 success, it is unlikely to be profitable on a 
larger scale.
4. Repayment capacity.
The lender needs to know whether the rabbitry 
will generate sufficient returns to meet other 
expenses (feed, supplies, etc.) as well as inter-
est and principal payments on the loan.
5. Collateral.
The applicant needs to provide collateral to 
cover the loan in case the business fails or does 
not do as well as projected. This may include 
most of the farm assets. Thus, the decision to 
expand and seek borrowed capital should not 
be made without considerable forethought and 
planning.

Expenses

Buildings

It is best to start in a small way and expand 
the business as you gain experience. 
Beginning with a large building constructed 
with borrowed money is usually disastrous. 
By the time you have finally solved most of 

the production problems and got the herd 
producing well, you may be so far behind in 
payments on the loan that recovery is impos-
sible. Also, you should raise rabbits for a suf-
ficient length of time to be absolutely certain 
that you like doing so before expanding to 
the point that you have committed your life 
savings to the business. The best type of rab-
bit building is a modular type of structure that 
can be expanded as needed. It should be as 
simple as possible, using standard cuts of 
building materials rather than special cuts. 
Doing the work yourself will save about 50 
percent on the construction cost. Typically, 
the cost of the building is $45 to $75 per 
cage (“per hole” in rabbit raiser parlance).

Equipment

Construction of your own cages will save about 
50 percent of the cost (assuming that your 
own labor is free) over buying pre-assembled 
cages. Wire in rolls can be purchased directly 
from the manufacturer. The current cost of a 
cage, built by the rabbit raiser, is $12.00 to 
$15.00. Feeders are normally purchased 
rather than built by the rabbit raiser and cost 
$3.50 to $4.50 each. Components of water 
systems are purchased and assembled by the 
operator, at a total cost of $2.00 to $3.75 per 
hole. The cost of the cage and its equipment 
will thus be an additional $17.50 to $23.25 
above the cost of the building, for a total 
investment of at least $62.50 per hole. 
Purchase of used caging and equipment may 
reduce costs.

Breeding stock

Unless you are expanding an existing herd, 
breeding stock must be purchased. Good 
commercial rabbits should cost about $1.25 
per week of age up to $30. As noted else-
where, it is probably best to buy 8- to 
12-week-old animals and raise them to breed-
ing age in your rabbitry. Most breeders do 
not maintain large numbers of replacement 
animals, so you may have to buy from several 
sources.
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Feed

Feed is the largest single operating cost, mak-
ing up 75 percent or more of the total operat-
ing expenses. Feed cost is, however, an area 
where large savings can be made by shrewd 
buying. The bottom line on feed costs is the 
cost per kilogram of fryer produced, not the 
cost per ton of feed. This figure (cost/gain) 
should be determined on a frequent basis. 
Buying feed in bulk will save several dollars per 
ton. A large order of several tons per month 
(actually a small order when compared to other 
livestock enterprises) should give the grower 
some bargaining power for a volume discount.

Labor

Very few rabbitries can afford to hire much out-
side labor. Even at the minimum wage, hired 
labor is not economically feasible in most rab-
bitries, as the example given later will dramati-
cally illustrate.

Miscellaneous expenses

There are many miscellaneous items that will 
be needed, which can add up to a significant 
part of the total operating expenses and depre-
ciable costs. Utility costs for operation of lights, 
fans, and heating or cooling devices; drugs and 
veterinary expenses; transportation costs for 
getting rabbits to market; insurance; record 
cards; small hand tools, cage-building tools, 
feed buckets, carts, wheelbarrows, and shov-
els; a telephone; magazine subscriptions; 
books; a computer and software – all are exam-
ples of the types of costs that need to be 
included in budget planning. These costs can 
“nickel and dime” an operation into bank-
ruptcy if they are not built into the projected 
cost picture.

Income

The major source of income in commercial 
rabbit production is the sale of animals, 

 including fryers, stewers, laboratory animals, 
breeding stock, and perhaps pet stock. Other 
sources of income might include the sale of 
manure, earthworms, and pelts. Usually the 
sale of fryers is the major income generating 
activity. The price received for fryers is gener-
ally higher in winter than in summer and varies 
from $2.20–3.20 per kilogram.

It is possible to realize a profit in rabbit 
production, but skilled management is required. 
Very few beginning rabbit raisers make a profit 
in the first year or so, which may explain why 
few growers remain in the business for as long 
as three years. Rabbit raising is often called 
“the 18-month industry.” That is about how 
long it takes for the average new raiser to get 
discouraged and quit.

With good management it is possible to 
earn about $20 to $30 per doe per year. It is 
better to calculate this on a per cage basis 
because, with culling and mortalities, more than 
one doe may occupy the cage during the year.

Cash Flow

The example in Table 6.1 illustrates the cash 
flow of a typical small commercial rabbitry of 
100 breeding does. At least 160 cages will be 
needed for does, bucks, fryers, and replace-
ments. A 100-doe rabbitry will use 1 metric 
ton of feed per month at an assumed cost of 
$430 per ton. The utility bill is estimated at 
$20 per month. Insurance is $10 per month. 
The building will cost about $8000 (if built by 
the owner), and cages and equipment will cost 
about $3040 (160 holes cost about $19 each, 
including feeders and water lines and installa-
tion). One hundred junior does and four bucks 
will cost about $25 each ($2600 total). Fryers 
will be sold at $2.53/kg when they reach 1.8 
to 2.3kg. Stewers will weigh about 4.5 kg and 
bring $1.32/kg. The average well-managed 
100-doe commercial rabbitry produces 35 fry-
ers per doe per year and culls about 100 
stewers.

Fixed costs, such as those of the building, 
equipment, and purchased breeding stock, 
can be depreciated (amortized) over time. In 
this example, the building will be depreciated 
over 15 years, the cages over 5 years, and 
the breeding stock over 2 years. Variable or 
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 operating costs, such as feed, utilities, insur-
ance, and miscellaneous expenses, are deduct-
ible in the year in which they occur.

It is assumed that 100 replacement does 
will be needed each year. On the average, at 
least 100 percent of the does in a breeding 
herd are replaced each year. Some may last as 
long as two or three years, and others may die 
or be culled as early as their first litter. In many 
cases, the replacement rate is even more than 
100 percent. Calculating the cost of replace-
ments is complicated. If replacements are 
saved, there will be fewer fryers for sale, and 
expenses will increase, while the junior stock 
must be caged and fed. In this example, about 
four replacements per month should be kept. 
Some of the junior does will die prior to reach-
ing maturity, so at least one additional rabbit 
per month should be saved. This will average 
out to about the same amount as you would 
pay to buy a junior replacement doe ($25). The 
costs of raising or purchasing replacements are 
not included in this example.

The expense and income projections for 
this typical 100-doe rabbitry are shown in Table 
6.1. The operation shows a net profit of $4022 
per year, or $40.22 per doe. This is with free 
labor. It takes about 3 hours per day to operate 
a 100-doe rabbitry, or 1095 hours per year. 
This provides a return of $3.67 per hour, far 
below the minimum wage in the United States. 

This does not include the labor costs of con-
structing the rabbitry building, making and 
installing cages, and setting up the rabbitry.

This example should make it obvious that 
the profit potential of commercial rabbit pro-
duction is marginal. It is not the authors’ intent 
to be gloomy and pessimistic but rather to be 
realistic. Many prospective rabbit raisers think 
they have discovered that rabbit raising is a 
way of getting rich quickly. It just is not so. 
After all, if it were a way of getting rich quickly, 
lots of other people would be in the business 
too. With good management, a marginal profit 
can be generated. For someone who loves to 
raise rabbits and who likes to be his or her own 
boss, the business can be quite satisfying.

In the above simplified example, several 
areas for potential savings can be seen. Feed 
made up 92 percent of the total operating 
costs. Thus, major reductions in costs can be 
accomplished by finding ways of reducing the 
outlay for feed. Buying bulk feed, working 
closely with a feed company nutritionist to get 
a feed that produces the cheapest gains, avoid-
ing feed wastage, and keeping the feed:gain 
ratio as low as possible are ways of reducing 
expenses. Home production of rations is gen-
erally not cost-effective because of the wide 
variety of components needed, the necessity of 
buying some of these and the rabbits’ selectiv-
ity with unpelleted feed.

Table 6.1. Sample yearly cash flow for a 100-doe rabbitry.

Expenses Total Cost Annual Cost

Depreciable Building (15 year depreciation) $9,600 $ 640
Cages and equipment (5 year 

depreciation)
3,040 608

Initial herd (2 year depreciation) 2,600 1,300
Total $15,240 $ 2,548

Non-depreciable
Feed $10,320
Utilities 240
Insurance 120
Miscellaneous 150

Total $10,830
Total Annual 

Expenses
$13,378

Income Fryers 3,500@$4.80 $16,800
Stewers 100@$6.00 600

Total income $17,400
Net profit $ 4,022
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The major fixed costs are those of the 
building and breeding stock. Where the climate 
permits, building costs can be reduced by using 
a simple A-frame construction with open sides. 
The numbers of replacement does needed can 
be reduced by using good management, healthy 
stock, and careful disease control.

The other way of increasing profits, 
besides reducing costs, is to increase income. 
This can be accomplished by getting a greater 
return per fryer or by selling more fryers. About 
the only way to increase the price received for 
fryers over the going rate is to butcher them 
yourself and sell the meat locally. This may 
increase profit if you consider your labor to be 
free. Not everyone wants to slaughter his or 
her own animals; and health codes and restric-
tions are often stringent, so this is often not a 
viable possibility.

Increasing the size of the herd to increase 
income is not feasible beyond certain limits, 
due to the time requirement of about 10 hours 
per doe per year. For a 400-doe rabbitry this 
is equivalent to 4000 hours per year, repre-
senting almost 11 hours per day, 365 days 
per year. As size increases, there is little, if 
any, reduction in the labor required per doe 
so the herd size should not be increased above 
the number that can be adequately cared for 
in the time available. The major way of increas-
ing income is to increase the number of fryers 
marketed per doe cage per year. In the United 
States, most growers are marketing in the 
range of 30 to 35 fryers per doe per year. In 
Europe, some producers average over 50 fry-
ers per doe. Increasing the number of fryers 
marketed per doe can be accomplished by 
good management to ensure that does get 
bred back on a regular basis, by genetic selec-
tion and use of superior breeding stock, by 

reduction of the breed-back interval, by  disease 
control, and by proper feeding and nutrition. If 
both doe and buck replacements are selected 
only from the top 20 percent of the herd, 
quick progress in increasing productivity 
should be made. Each animal that dies or is 
culled should be replaced with an animal that 
is superior to it.

Typically 25 to 40 percent of all rabbits 
born, die before reaching market age. Mortality 
can be reduced by simple management prac-
tices, such as balancing litters by fostering, 
culling diseased does, wire brushing cage bot-
toms daily (to reduce coccidiosis and diarrhea), 
reducing weaning stress (moving the doe 
rather than the litter and observing closely 
to make sure that the kits have learned to 
drink), palpating to determine pregnancy, and 
adjusting feed intake of does to keep them in 
good flesh.

The sale of breeding stock is more profit-
able than the sale of fryers. Of course, most 
commercial producers must sell mainly fryers, 
because a viable industry does not exist if pro-
ducers are just selling breeding stock to each 
other. For the grower with superior stock, 
however, the sale of breeding animals can be 
lucrative. Additional, but minor, income can be 
generated by selling by-products, such as rabbit 
manure.

In summary, rabbit raising can be an 
enjoyable activity and can provide a small 
profit. It should not be viewed as a way to quick 
riches. The cash flow calculations illustrated 
here are actually on the optimistic side; output 
is usually lower and costs are usually higher 
than in the example shown. Thus, anyone con-
templating building a large-scale commercial 
rabbitry of several thousand does should look 
at these figures very carefully!
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7

Principles of Rabbit Nutrition

The rabbit is classified as an herbivorous 
non-ruminant. It has a simple, non- 
compartmentalized stomach, like the human 
and the pig, and an enlarged cecum and colon 
(hindgut), like the horse and the guinea pig. 
The hindgut is an area of bacterial growth, 
somewhat analogous to the rumen of cattle 
and sheep, which has an influence on digestive 
processes, nutrient requirements, and the types 
of feedstuffs rabbits can utilize.

Nutrient Categories

The nutrients that rabbits require in their feed 
can be grouped into the following categories:

protein •
carbohydrates •
fats •
minerals; and •
vitamins. •

Each of the known nutrients can be placed in 
one of these categories. While more than 50 nutri-
ents have been identified, it is fortunate that in feed 
formulation only a few require critical attention.

Protein

Protein is a fundamental component of animal 
tissue. It is a major component of muscle  tissue, 

cell membranes, certain hormones, and all 
enzymes. Proteins are made up of basic units 
called amino acids. While over 300 different 
amino acids are known in the plant world, only 
about 20 are important in animal tissues. Each 
animal, and each tissue of an animal, has pro-
teins of a characteristic structure. This structure 
is determined by the amino acids that the pro-
tein contains and by the order in which they 
are joined together. Typically, an individual 
protein molecule will be made up of hundreds 
or thousands of amino acids joined together in 
a particular sequence, which is determined by 
the animal’s DNA and RNA structures. Some 
proteins are particularly rich in certain amino 
acids; for example, hair is very high in cystine, 
a sulfur-containing amino acid.

Certain animals require particular amino 
acids in their diets. Monogastric animals, such as 
pigs and chickens, and non-ruminant herbivores, 
such as rabbits, require these amino acids in their 
feed. Ruminants, such as cattle and sheep, do 
not need amino acids in their diet because the 
bacteria in the rumen manufacture them and the 
animals eventually “eat” or digest the bacteria. 
The amino acids that are needed in the diet are 
called essential amino acids. They cannot be 
manufactured by an animal. The names of the 
essential amino acids are shown below.

arginine •
histidine •
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isoleucine •
leucine •
tryptophan •
lysine •
methionine •
phenylalanine •
threonine; and •
valine. •

Of these, lysine and methionine are the 
ones most likely to be deficient in rabbit feeds. 
This is because grains tend to be low in these 
amino acids. In the formulation of rabbit 
rations, it is not sufficient to consider just the 
amount of protein in the feed. The content of 
the essential amino acids also needs to be 
adequate.

Cereal grains are poor sources of protein 
and are used in human and animal nutrition 
primarily as sources of energy. Protein supple-
ments are required because of the low protein 
content and quality of the grains. The major 
protein supplement used in rabbit feeds is soy-
bean meal, although cottonseed meal, canola 
meal, linseed meal, and sunflower meal are 
also used. Alfalfa meal and other forages are 
also good sources of protein.

Carbohydrates

Carbohydrates are made of carbon, hydrogen, 
and oxygen. They are synthesized by plants 
from carbon dioxide and water, using solar 
energy. This process is called photosynthesis. 
The solar energy trapped by plants is used by 
animals when the carbohydrates are metabo-
lized, producing carbon dioxide and water as 
waste products.

The simplest carbohydrate is glucose. 
Most other carbohydrates are made up solely 
or partially of glucose. The most important car-
bohydrates in rabbit feed are starch and cellu-
lose. Both are made up entirely of glucose. 
They differ chemically in how the glucoses are 
joined together. Starch is found in cereal grains 
and tubers (potatoes, cassava, etc.). Starch is 
readily digested by animals and is the major 
dietary energy source for most non-ruminants 
(pigs, chickens, humans). Cellulose is the struc-
tural component of plants, being a major com-
ponent of plant fiber. No animals produce the 

enzyme cellulase, which digests cellulose. 
Therefore, the only animals that can use cellu-
lose as an energy source are those that have 
bacteria in their gut that accomplish the diges-
tion. Cattle and sheep have a rich bacterial 
population in the stomach (rumen) that digests 
cellulose. These animals can eat hay, straw, 
and other roughages and use them as an 
energy source because the bacteria digest 
them. Rabbits, having a bacterial population in 
the hindgut (cecum and colon), are able to 
digest cellulose to a minor extent.

The primary function of carbohydrates in 
rabbit diets is to provide energy, which is 
expressed in calories, and indigestible fiber, 
which helps maintain the integrity of the diges-
tive tract. High levels of grain may cause carbo-
hydrate overload of the hindgut, leading to 
enteritis. On the other hand, the indigestible 
carbohydrate (fiber) may have beneficial effects 
in preventing enteritis. These aspects will be 
discussed in the section on carbohydrate 
digestion.

Fats

Like carbohydrates, fats function primarily as 
sources of energy. They contain, on an equal 
weight basis, about 2.25 times as much energy 
as carbohydrates. Thus, they are used in the 
formulation of high energy diets.

Fat is often added to rabbit rations at lev-
els of 2 to 5 percent of the diet. Added fat 
increases the palatability of feeds, reduces 
fines, and acts as a lubricant in the pelleting 
process. It also facilitates absorption of fat-
soluble vitamins in the gut. A level of 2 to 5 
percent dietary fat seems to help in promoting 
a shiny, lustrous hair coat, which is useful in 
show rabbits. A supplement of corn oil once or 
twice a week will do the same thing.

Technically, fats are called triglycerides. 
They are a combination of glycerol and three 
fatty acids. Fatty acids that have attached all 
the hydrogen possible are called saturated fatty 
acids. Those that are capable of holding more 
hydrogen are called unsaturated fatty acids. 
Unsaturated fatty acids can be converted to the 
saturated form by the addition of hydrogen 
(hydrogenation). This happens in the rumen of 
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cattle and sheep, so beef and lamb fat tend to 
be high in saturated fatty acids. Hydrogenation 
does not occur in the rabbit gut, so rabbit meat 
fat is not of the saturated type.

Cholesterol is a complex substance that is 
often considered with fats. It has been impli-
cated in human health, as it is a constituent of 
the deposits that form in atherosclerosis (fat 
deposition in the arteries). Rabbits develop 
atherosclerosis very readily, so they have been 
widely used as laboratory animals in the study 
of this disease. Because alfalfa contains sub-
stances (saponins) that reduce tissue cholesterol 
and because most rabbit diets contain alfalfa, 
rabbit meat tends to be low in cholesterol.

Minerals

Mineral elements are components of the ash 
content of feeds. The mineral needs of rabbits 
are easily satisfied by use of a calcium–phosphorus 
supplement and of trace mineralized salt to pro-
vide the trace elements. Trace elements are 
those that are needed in traces, or very small 
quantities. Copper, manganese, and iodine are 
examples. Alfalfa is an excellent source of cal-
cium, phosphorus and trace elements.

Minerals function in several ways. They 
may be part of the structure of the body. 
Calcium and phosphorus have structural roles 
as the major components of bone. Minerals 
may regulate the properties of biological fluids, 
such as blood and cell protoplasm. Sodium and 
potassium function in this way. Many trace ele-
ments are “cofactors” for enzyme systems; 
that is, the presence of the minerals is neces-
sary for the enzymes to have activity. Copper, 
selenium, and zinc are examples of this group. 
Iodine is a part of the thyroid hormone. Sulfur 
functions as a component of amino acids 
(methionine and cystine) and of some vitamins 
(thiamine and biotin). Iron is a component of a 
protein that carries oxygen in the blood (hemo-
globin). Cobalt is a part of vitamin B12. 
Phosphorus is a component of a molecule 
(ATP) that transfers energy in cellular metabo-
lism. Thus, minerals have many diverse roles in 
animal nutrition.

Trace mineral deficiencies should not be a 
problem in rabbit production. The use of trace 

mineralized salt at a level of 0.5 percent of the 
diet will ensure that requirements are met. In 
addition, alfalfa meal is generally a good source 
of mineral elements.

The functions and the deficiency and/or 
toxicity symptoms of minerals in rabbits will be 
briefly described.

Calcium and phosphorus

These elements are important in the structure 
of bone and teeth. Rabbits are quite unusual in 
their metabolism of calcium. They absorb it 
very efficiently and excrete the excess in the 
urine. This accounts for the chalky white depos-
its seen in many rabbitries (Fig. 5.18). Legumes, 
such as alfalfa, are rich sources of calcium. 
Grains are very low in calcium but quite high in 
phosphorus. A combination of grain and alfalfa 
is thus complementary and generally meets cal-
cium and phosphorus requirements.

Vitamin D functions in most animals in 
regulating calcium absorption and bone miner-
alization. The significance of vitamin D in regu-
lating calcium absorption in rabbits is unclear. 
Rabbits seem to be highly efficient in calcium 
uptake and continue to absorb it in large quanti-
ties after the metabolic requirement is satisfied. 
In other species, the amount of calcium absorbed 
is controlled by a metabolite of vitamin D, and 
calcium is absorbed only as needed.

Deficiencies of calcium, phosphorus, or 
vitamin D produce rickets in young animals and 
osteomalacia in adults. Young rabbits with rick-
ets exhibit enlarged joints, crooked legs, arched 
backs, and beaded ribs. Adults may experience 
demineralization of the bones until their skele-
tons become paper thin and fragile and broken 
backs occur readily. Vitamin D toxicity results in 
calcification of internal organs such as the liver, 
kidneys, heart and blood vessels.

Rabbit diets generally have more than suf-
ficient calcium, because alfalfa, a major ingre-
dient in most commercial rabbit feeds, is rich in 
calcium. Because rabbits absorb calcium effi-
ciently, they often have an excess that is 
excreted in the urine. It is common for walk-
ways in rabbit barns to have white urine stains, 
attributable to the calcium carbonate being 
excreted in the urine. This is often  accompanied 
by a red pigmentation of the urine (see “Red 
Urine” in Chapter 10). Urinary tract blockages 
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caused by excessive dietary calcium are often a 
problem with pet rabbits (see Chapter 18).

Magnesium

Magnesium functions as a component of bone, 
as a cofactor in enzyme systems, and in trans-
mission of nerve impulses. A magnesium defi-
ciency causes convulsions, hyperirritability, and 
death. In certain areas, magnesium deficiency 
in cattle (grass tetany) is common. However, 
magnesium deficiency is probably unlikely to 
occur in rabbits, since legumes (alfalfa, clover) 
are excellent sources of the element. High diet-
ary levels of calcium increase the magnesium 
requirement, so it is conceivable that high 
alfalfa diets could benefit from magnesium sup-
plementation. There have been reports that 
rabbits chewing fur may respond to supple-
mentation with 2.5 kg of magnesium oxide 
added per ton of feed.

Excess magnesium added as magnesium 
sulfate (Epsom salts) can cause severe diarrhea.

Potassium, sodium, and chlorine

These elements function in maintaining proper 
ionic relationships (acid–base balance) in the 
blood and other body fluids. Because potassium 
occurs abundantly in legumes, such as alfalfa, 
and because grains are good sources also, a 
deficiency is unlikely in rabbits. Provision of salt 
at a level of 0.5 percent of the diet satisfies the 
sodium and chlorine needs. European research-
ers have suggested that these elements in diets 
should be provided so that the sum of potas-
sium and sodium, minus chlorine, is about 25 
milliequivalents per 100 grams of feed. When 
enteritis occurs in rabbits, these elements are 
drawn into the gut, causing a disturbance of 
fluid balance in the body. The result is dehydra-
tion, which may be lethal. Potassium, sodium, 
and chloride are electrolytes (charged molecules 
in solution); administration of electrolyte solu-
tions in the drinking water or by injection to 
animals with enteritis is sometimes beneficial.

Sulfur

Sulfur is a component of the sulfur amino acids 
and the vitamins thiamine and biotin. Thus, it 
is required only as a component of these 

 nutrients. Inorganic sulfate is used in formation 
of connective tissue. In poultry, responses to 
feeding inorganic sulfate (e.g., sodium sulfate) 
have been noted. It is not known if such 
responses occur in rabbits.

Iron

Iron is a component of several organic mole-
cules that function in energy metabolism. 
Hemoglobin, a blood pigment in the red blood 
cells, contains iron. Hemoglobin functions in 
oxygen transport in the blood. A deficiency of 
iron results in decreased hemoglobin forma-
tion and in anemia. Iron deficiency in rabbits is 
unlikely, because most commercial rabbit diets 
contain adequate iron.

Copper

This element is closely involved with iron 
metabolism. A copper deficiency impairs iron 
utilization, causing anemia. Copper is also a 
cofactor for several enzymes. A peculiarity of 
copper deficiency is that a graying of black fur 
occurs. This is due to the role of copper in the 
synthesis of melanin, a pigment in hair and fur. 
Copper sulfate is sometimes used as a feed 
additive for rabbits, at dietary levels of 125 to 
250 parts per million (ppm). It may, under 
some conditions, improve growth and feed 
efficiency and reduce enteritis.

Cobalt

No specific metabolic requirement for cobalt is 
known. Its only nutritional role is as a part of 
the structure of vitamin B12. This vitamin is 
synthesized in the hindgut of the rabbit by bac-
teria. When rabbits eat their cecal contents 
(cecotropes), they satisfy their vitamin B12 
requirement. In fact, a large excess of the vita-
min is obtained in this way. Cecotropes are 
also known as soft feces or night feces.

Manganese

Manganese deficiency in rabbits causes a 
 malformation of the skeletal system (Fig. 7.1), 
including crooked legs, brittle bones, and 
decreased weight, density, length, and ash con-
tent of the bones. This is due to the metabolic 
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role of manganese in the formation of the 
organic matrix of bone. A deficiency in rabbits 
fed practical diets is unlikely.

Zinc

Does fed zinc-deficient diets have been shown 
to have impaired fertility. Loss of hair and der-
matitis are also observed (Figs 7.2 and 7.3). 
Zinc functions as a cofactor of numerous 
enzymes and is involved in DNA metabolism. 
Zinc is bound by phytic acid in soybean meal 
and grains, thus reducing its availability to some 
animals, such as swine and poultry. It is likely 
that in rabbits the zinc–phytate complex is 
destroyed by bacterial activity in the gut. Zinc 
deficiencies in commercial rabbit production 
have not been reported.

Iodine

Iodine is a constituent of the thyroid hormone 
thyroxin. In an iodine deficiency, the thyroid 
gland in the neck enlarges in an attempt to syn-
thesize more thyroxin. This enlargement is 
called a goiter. Iodine deficient reproducing ani-
mals produce weak or dead offspring that have 

readily observed goiters. Rabbit rations should 
always be supplemented with iodized salt.

Selenium

For many years, selenium was known only for 
its toxic properties. Feeds grown in areas that 
have soils with a high selenium content (the 
Great Plains states of the U.S.) may sometimes 
contain sufficient selenium to be toxic to live-
stock. Toxicity symptoms include loss of hair 
and blindness. In 1958, Oregon State 
University researchers discovered that white 
muscle disease (stiff lamb disease, nutritional 
muscular dystrophy) in sheep could be pre-
vented by supplementary selenium. Subsequent 
work has demonstrated that selenium functions 
as a part of an enzyme, glutathione peroxidase, 

Fig. 7.1. Manganese deficiency, showing crooked 
front legs due to impaired bone formation. 
(Courtesy of S.E. Smith)

Fig. 7.2. Zinc deficiency, showing loss of hair and 
crusting of the skin (dermatitis) on the ears. 
(Courtesy of C.E. Joseph and the Journal of 
Nutrition, American Institute of Nutrition)

Fig. 7.3. A zinc-deficient rabbit (left) contrasted with 
a zinc-adequate control. Stunted growth, altered 
posture, and abnormal fur are characteristics of zinc 
deficiency. (Courtesy of C.E. Joseph and the 
Journal of Nutrition, American Institute of Nutrition)
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that is involved in the removal or detoxification 
of peroxides, such as hydrogen peroxide, 
which are formed in tissues during normal met-
abolic processes. Vitamin E functions by pre-
venting peroxide formation; thus, vitamin E 
and selenium are very closely related in nutri-
tion. The rabbit is interesting in that it appar-
ently depends completely on vitamin E for 
protection against peroxide damage. No sele-
nium deficiency symptom has ever been dem-
onstrated in rabbits, so it appears that selenium 
is not a required nutrient for rabbits, or the 
requirement is very low.

Vitamins

The discovery and identification of vitamins 
occurred almost entirely in the twentieth 
century. Although there were hints of the 
existence of factors that could prevent disor-
ders such as beriberi and scurvy in humans, it 
was not until the period following 1900 that 
chemical techniques became sufficiently 
sophisticated to allow the identification of 
these substances. The term “vitamin” came 
from the fact that one of the first vitamins to 
be studied was a chemical type called an 
“amine.” The compound was called “a vital 
amine”; this was later shortened to “vita-
mine,” and then to “vitamin.” A substance 
found in butter was called “fat-soluble A,” and 
the substance found to protect against beri-
beri was called “water-soluble B.” Later these 
were called “vitamin A” and “vitamin B.” It 
was soon discovered that “vitamin B” was 
actually made up of several vitamins, so it 
was called “the vitamin B complex.” These 
designations continue to this day; the fat-
soluble vitamins are vitamins A, D, E, and K, 
while there are numerous members of the 
water-soluble vitamin B complex group, and 
vitamin C. The last vitamin to be discovered 
was vitamin B12, in 1948. Thus, the Golden 
Age of the discovery of vitamins was 1900 
to 1948.

In spite of the fact that vitamins are new-
comers to our knowledge of nutrition, they 
have become legends in their own time. People 
ascribe tremendous results to gulping large 
quantities of vitamins. A great commercial 
industry has developed, with an unlikely  alliance 

between the large drug companies and the 
“health food” movement. The drug  companies 
manufacture vitamins, and the “health food” 
industry promotes and sells them at “megavita-
min” dose levels. Most reputable nutritionists 
are somewhat appalled at this development, 
because the extensive scientific studies of the 
effects of vitamins do not support this massive 
overdosing.

This background is highly relevant to a 
 discussion of rabbit nutrition. Because, in pop-
ular opinion, the thing to do at the first sign of 
illness is to take some vitamins, you should be 
aware that the dietary vitamin needs of rab-
bits are in most cases quite low. Large 
amounts of money have been spent unneces-
sarily to feed rabbits vitamins for which they 
have no need. The vitamins are simply 
excreted in the urine or may even be toxic to 
the rabbits (e.g., vitamin A).

Definition of a vitamin

Vitamins are defined as having the following 
properties.

1. They are organic compounds. The term 
“organic” is used in the original chemical ter-
minology rather than in the current popular 
jargon. An organic compound is one com-
posed primarily of carbon and hydrogen. This 
is in contrast to inorganic substances, such as 
the minerals.
2. They are components of natural food but are 
distinct from the other organic compounds - the 
carbohydrates, fats, and protein.
3. They are essential for normal growth and 
maintenance of tissue and have a specific, 
essential role in metabolism.
4. When they are absent from the diet or not 
properly absorbed, specific deficiency symp-
toms result.
5. They cannot be synthesized by animals, so 
they must be obtained from the diet.
6. They are required in very small quantities.

There are some exceptions to the fifth 
generalization listed. Vitamin D can be synthe-
sized if there is exposure to sunlight. Most 
 species, including rabbits, can manufacture 
their own vitamin C. Niacin, a B vitamin, can 
be made in tissues from the amino acid 
tryptophan.
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Units of vitamin measurement

Vitamins are required in very small quantities. 
Even a megadose of a vitamin in a diet is, by 
weight, a very small amount. To facilitate the 
expression of vitamin requirements, the term 
“International Unit,” or “IU,” is often used, par-
ticularly for vitamins A, D, and E. There are sev-
eral different chemical compounds that are active 
for each of these vitamins, so it is convenient to 
consider them as a group and express their activ-
ity in IU. Definitions for the International Units 
of vitamins A, D, and E are as follows:

Vitamin International Unit

Vitamin A 1 IU =  0.3 μg retinol or 
0.344 μg retinol acetate

Vitamin D 1 IU = 0.025 μg vitamin D3
Vitamin E 1 IU =  1 mg dl-α-tocopherol 

acetate

The activities of other vitamins are expressed 
on a weight basis, usually as milligrams (mg) or, 
in the case of vitamin B12, as micrograms (μg).

Fat-soluble vitamins

There are four members of this group: vitamins 
A, D, E, and K. It should be noted that vita-
min K exists in water-soluble form also, so it 
has some properties of the water-soluble vita-
min group as well. The fat-soluble vitamins are 
not excreted readily, so they are stored in the 
body for extensive periods of time. Thus, they 
do not need to be fed continuously, and it takes 
a prolonged feeding period on a deficient diet 
for deficiencies to develop. With the exception 
of vitamin K, fat-soluble vitamins are not syn-
thesized by bacteria in the gut.

VITAMIN A. Vitamin A is not found as such in 
plants; rather it occurs in plants as β-carotene, 
a substance that animals can convert to vitamin 
A. This vitamin is required for the growth and 
maintenance of all body tissues, particularly the 
epithelial tissues, such as the skin, the digestive 
tract, and the reproductive tract. It is an essen-
tial component of compounds that function in 
vision. Symptoms of vitamin A deficiency in 
rabbits are retarded growth, nervous system 
effects such as incoordination and paralysis, 
blindness, and hydrocephalus (enlarged head) 

of fetuses born to vitamin A-deficient does. An 
interesting deficiency symptom in rabbits is 
that the ears or the tips of the ears droop. 
Vitamin A is required for cartilage formation, 
so in a deficiency, the ear cartilage is defective 
and cannot support the weight of the ear. 
Rabbit rations low in alfalfa meal should be 
supplemented with vitamin A (alfalfa is the 
richest plant source of vitamin A activity). 
Vitamin A activity of feeds can be reduced by 
feed processing (e.g., pelleting) and feed 
storage.

Vitamin A is stored in the liver. The liver 
vitamin A level is a good indicator of an ani-
mal’s vitamin A status. Except in cases of 
severe deficiency or toxicity, the blood vitamin 
A levels do not correlate well with vitamin A 
status. Thus, when a deficiency or toxicity of 
vitamin A is suspected, liver rather than blood 
is the tissue that should be analyzed for vitamin 
A content.

The vitamin A requirement of does in pro-
duction is approximately 10,000 IU of vitamin 
A per kilogram of feed. The toxic level of the 
vitamin in livestock is generally considered 
about 500 times the minimum requirement, 
with non-toxic levels up to about 1 million to 
1.5 million IU per kilogram of diet. However, 
studies at the Oregon State University Rabbit 
Research Center showed that a level of 100,000 
IU per kilogram of diet, which is only 10 times 
the vitamin A requirement, can cause reproduc-
tive problems in does, including abortion; fetal 
resorption; small, weak litters with a high mor-
tality in the first week; and kits with hydroceph-
alus (Figs 7.4 and 15.2). These signs are also 
characteristic of vitamin A deficiency. Because 
of the metabolic mode of action of vitamin 
A, many of the toxicity symptoms are the 
same as deficiency symptoms. It is possible 
that some outbreaks of abortion, weak litters, 
and hydrocephalus in rabbit herds could be 
caused by vitamin A toxicity. Diets containing 
a high level of alfalfa meal have several times 
the amount of vitamin A required, and the 
addition of a vitamin mixture rich in vitamin 
A could push the level to a toxic situation. 
Hydrocephalus may also be of genetic origin, 
so cases of the disorder can occur when vita-
min A status is normal.

The vitamin A activity of several forms of 
alfalfa meal, compared with some other 
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sources of vitamin A, is shown in Table 7.1. 
From these values, it is evident that a ration 
with 50 percent dehydrated alfalfa might con-
tain 165,000 IU of vitamin A per kilogram, 
which could be a toxic level. The conversion 
of carotene to vitamin A in animals is regu-
lated so that toxic amounts of vitamin A are 
not produced. However, additional 
 supplementation with synthetic vitamin A to a 
carotene-rich diet could readily produce vita-
min A toxicity.

The actual vitamin A activity of alfalfa 
meal is influenced by drying and processing 
conditions; therefore, it can fluctuate widely 
and differ considerably from the value shown 
in Table 7.1.

Vitamin A activity of alfalfa and other 
green plants is associated with various carote-
noid pigments, of which β-carotene is the 
most important. The conversion of β-carotene 
(the form of vitamin A in plants) to vitamin A 
occurs in animals with considerable variation 
between species in the efficiency of conver-
sion and the site. In cattle, for example, signifi-
cant amounts of carotene are absorbed and 
are stored in the liver and body fat. Some 

Fig. 7.4. A kit with hydrocephalus (left) bred from 
a doe receiving a toxic level of vitamin A in the 
diet, contrasted with a normal kit. (Courtesy of 
OSU Rabbit Research Center)

Table 7.1. Vitamin A Activity of Feeds.

Feedstuff
IU of Vitamin A 
Activity per Kg

Alfalfa leaf meal, dehydrated 150,000–530,000
Alfalfa meal, dehydrated 150,000–330,000
Alfalfa meal, sun-cured 50,000–150,000
Dried grass meal 150,000
Carrots 120,000
Yellow corn 8,000
Other grains 0

breeds, such as the Guernsey and the Jersey, 
are inefficient at  converting carotene to vita-
min A, resulting in their milk fat and body fat 
having the yellow color of carotene. In rabbits, 
carotene is efficiently converted to vitamin 
A in the intestine so that very little carotene is 
absorbed.

Xanthophylls are another type of caroten-
oid pigment in plants. They do not have vita-
min A activity but can cause pigmentation of 
the fat of some animals. The yellow shanks of 
broiler chickens and the yellow color of egg 
yolk are a result of xanthophyll deposition. 
Feeds high in xanthophylls include green plants 
(e.g., alfalfa) and marigold petals (used as pig-
menting agents in poultry diets). Rabbits nor-
mally do not have pigmented fat. Some rabbits 
have a genetic lack of an enzyme that hydro-
lyzes xanthophylls and therefore may develop 
yellow body fat.

VITAMIN D. The principal function of vitamin 
D is to regulate calcium absorption. In most 
species, the amount of calcium absorbed in 
the intestine is controlled by a “calcium bind-
ing protein” that transports calcium through 
the intestinal wall to the blood. The activity of 
this calcium binding protein, and thus the 
amount of calcium absorbed, is regulated by 
vitamin D. This does not seem to be the case 
in rabbits, as they absorb calcium efficiently 
regardless of their need for it. Thus, the role 
of vitamin D in the metabolism of the rabbit is 
obscure.

Vitamin D can be synthesized by the skin 
of animals exposed to sunlight. Sunlight also 
converts pro-vitamin D in plants to vitamin D 
during hay curing, so sun-cured hays (e.g., 
alfalfa meal) are good sources of vitamin D 
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activity. For animals kept under confinement 
conditions, the vitamin should be added to 
the diet. Vitamin D toxicity is probably of 
more significance than deficiencies in rabbit 
production. Several cases of vitamin D toxic-
ity have occurred when excessive levels of 
the vitamin were inadvertently added to rab-
bit feeds. Toxicity symptoms are loss of 
appetite, impaired movement, and calcifica-
tion of soft tissues, such as kidneys and 
arteries.

VITAMIN E. This vitamin is also called α-toco-
pherol. Vitamin E is very closely linked to the 
mineral element selenium in its metabolism 
and function. Both nutrients function by pre-
venting  tissue destruction by toxic peroxides 
formed during metabolism. Vitamin E acts as 
an antioxidant to prevent peroxides from 
being formed. Selenium is a part of the 
enzyme glutathione peroxidase, which con-
verts toxic peroxides into harmless substances 
such as water. In a deficiency of either vita-
min E or selenium, tissue breakdown due to 
peroxide damage occurs. This results in 
destruction of muscle tissue (nutritional mus-
cular dystrophy), infertility, resorption of 
fetuses, and a variety of other effects that 
vary according to the species of animal 
involved. Rabbits seem to depend entirely on 
vitamin E for protection against peroxides. 
As mentioned earlier, attempts to demon-
strate a selenium deficiency in rabbits have 
not been successful. Alfalfa and grains are 
quite good sources of vitamin E, but it is rec-
ommended that rabbit diets be routinely sup-
plemented with vitamin E, as there are losses 
in feed processing.

VITAMIN K. Vitamin K has a very specific met-
abolic function; it is essential for blood clot-
ting. In a vitamin K deficiency, a blood 
protein, prothrombin, is not activated to 
allow it to participate in the clotting process. 
While vitamin K deficiency is not often 
encountered in animals, there are some clas-
sic examples of induced deficiencies. Sweet 
clover poisoning of cattle is caused by feeding 
molding sweet clover hay; it causes profuse 
bleeding and hemorrhage. Sweet clover con-
tains coumarin, which is  converted by molds 
to a potent antagonist of vitamin K called 

dicumarol. Dicumarol is very similar in struc-
ture to vitamin K but cannot  substitute for it 
in prothrombin synthesis. The result is an 
induced vitamin K deficiency. Another exam-
ple is the rat poison warfarin. This induces a 
vitamin K deficiency, causing death by inter-
nal bleeding. The sulfa drugs, such as sul-
faquinoxaline, are vitamin K antagonists that 
increase the vitamin K requirements. Finally, 
some of the mold toxins (mycotoxins) in 
moldy hay and grain can act as vitamin K 
antagonists. Symptoms of vitamin K defi-
ciency are abortion and placental hemor-
rhage in does and prolonged bleeding 
following a minor injury. A vitamin K defi-
ciency in rabbits is unlikely, because the vita-
min is synthesized in the gut by bacteria and 
obtained by the rabbit when it eats its ceco-
tropes (cecotrophy).

Water-soluble vitamins

The members of the vitamin B complex are all 
synthesized by bacteria in the cecum and the 
colon of the rabbit. When the rabbit eats its 
night feces (cecotropes), these bacterially syn-
thesized vitamins are consumed and absorbed. 
Numerous studies have shown that rabbits do 
not respond to supplementation with B vita-
mins, because the bacteria supply more than 
adequate quantities via cecotrophy. In addition, 
the grains and forages used in rabbit diets are 
good sources of these vitamins. Therefore, 
only a very brief description of each of these 
vitamins will be given, as there is little likeli-
hood of deficiencies being encountered in rab-
bit production.

THIAMINE (VITAMIN B1). Thiamine is a cofactor 
for certain enzymes involved in carbohydrate 
and fat metabolism. A deficiency causes loss of 
appetite, accumulation of pyruvic acid in the 
blood, and muscle paralysis.

RIBOFLAVIN (VITAMIN B2). Riboflavin is a compo-
nent of several compounds that function in the 
complete oxidation of glucose within cells. 
These compounds are involved in the chemical 
transfer of the energy of glucose to specific 
biochemical reactions in metabolism. Riboflavin 
deficiency causes reduced growth and a low-
ered feed efficiency.
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NIACIN. The classic condition of niacin  deficiency 
is pellagra, a disease that until the 1940s was 
responsible for thousands of human deaths 
each year in the southern part of the United 
States. Niacin can be synthesized from the 
amino acid tryptophan. Since corn is very low 
in both these nutrients, niacin deficiency has 
been a problem in humans and in animals for 
which corn is a major dietary ingredient. Again, 
niacin is synthesized by gut bacteria, so a defi-
ciency in rabbits is unlikely. Niacin functions 
metabolically in a manner similar to riboflavin. 
It is a component of cofactors that are involved 
in oxidation of carbohydrates within cells.

PYRIDOXINE (VITAMIN B6). This vitamin functions 
in protein metabolism. It is a cofactor for 
 several reactions involved in amino acid meta-
bolism. A classic deficiency symptom is convul-
sions. A deficiency in rabbits is extremely 
improbable, because of this vitamin’s abun-
dance in forage and grains and the intestinal 
synthesis by bacteria.

PANTOTHENIC ACID. This vitamin also is essential 
for energy metabolism. It has a role in the oxi-
dative breakdown of sugars and fatty acids to 
carbon dioxide and water. No deficiency of 
pantothenic acid in rabbits has ever been 
produced.

BIOTIN. Biotin deficiency causes loss of nor-
mal hair pigmentation. This has occurred in 
mink because of the feeding of raw eggs, 
which contain a biotin antagonist called avi-
din. Biotin has a metabolic function in fatty 
acid metabolism. Again, because of the intes-
tinal synthesis of B vitamins in rabbits, no 
dietary supplementation is normally needed, 
although biotin deficiency has been experi-
mentally induced in rabbits by feeding raw 
egg whites. Deficiency signs included derma-
titis and loss of hair.

CHOLINE. This compound can be synthesized 
by animals, so it is questionable that it should 
even be called a vitamin. Experimentally, 
choline deficiency has been produced in rab-
bits, causing poor growth, anemia, muscular 
dystrophy, and death. The abundant distribu-
tion of choline in feeds and body and intestinal 

synthesis provide adequately for the choline 
needs of rabbits.

FOLIC ACID. Folic acid (folacin) functions in the 
interconversion of amino acids and in nucleic 
acid synthesis. Nucleic acids are components of 
DNA and RNA. Its function is closely related to 
that of vitamin B12. Folic acid deficiency causes 
anemia. Deficiencies in rabbits are unknown.

VITAMIN B12. Like folic acid, vitamin B12 func-
tions in the synthesis of nucleic acids. Anemia 
is the primary deficiency symptom. Vitamin B12 
contains cobalt and is synthesized by the gut 
bacteria as long as cobalt is present. Even when 
very low levels of cobalt have been experimen-
tally fed to rabbits, it has been impossible to 
produce a vitamin B12 deficiency. The bacteria 
in the hindgut of horses and rabbits are 
extremely efficient at using cobalt for vita-
min B12 synthesis. Horses thrive on pastures so 
low in cobalt that cattle and sheep dependent 
on such pastures will die of vitamin B12 defi-
ciency. Thus, a cobalt deficiency is actually a 
metabolic deficiency of vitamin B12.

VITAMIN C. Only a few species require dietary 
vitamin C; these include humans, monkeys, 
guinea pigs, and certain fish. Rabbits synthe-
size vitamin C from glucose in their tissues, so 
they have no dietary requirement for this 
nutrient.

Water

Although normally provided separately from 
the feed, water is often referred to as a nutri-
ent. Rabbits should have free access to fresh, 
pure water. With herds larger than a few does, 
an automatic watering system should be 
installed. It saves labor and eliminates contami-
nation of the water. If crocks are used, they 
should be regularly cleaned to maintain sanitary 
conditions. The amount of water consumed 
varies with age of rabbits, type of ration, sea-
son, and stage of production. In both cold and 
hot weather, water consumption is increased. 
During warm weather, a doe and her litter will 
drink about four liters in 24 hours. In cold 
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weather, rabbits eat more feed and, as a conse-
quence, increase their water intake also.

The use of heating cables in water lines in 
cold weather areas is advisable to prevent 
freezing and maintain a continuous supply of 
water to the animals.

Digestive Processes 
in the Rabbit

Rabbits are monogastric herbivores. They have 
a simple stomach and an enlarged hindgut 
(cecum and colon) (Fig. 7.5). It has commonly 
been assumed that the enlarged hindgut is an 
area functionally similar to the rumen of cattle. 
This is not correct, but there are some similari-
ties. In ruminants, there is no requirement for 
dietary essential amino acids, because bacteria 
make them in the rumen. In rabbits, the bacte-
rial protein synthesized in the hindgut makes 
very little contribution to their protein needs, 
so they are dependent on dietary essential 
amino acids. Cattle can digest fibrous feeds, 
because the rumen bacteria produce cellulase, 
which breaks down cellulose. Rabbits do not 
digest fiber efficiently. In fact, fiber digestibility 
in the rabbit is lower than in most other spe-
cies, even the simple monogastrics, such as 
rats and swine. The reasons for this will be dis-
cussed in the fiber portion of the section on 
carbohydrate digestion. Ruminants and rabbits 
do share one characteristic related to their gut 
bacteria: the bacteria in both the rumen and 
the hindgut synthesize adequate quantities of 
the B vitamins. Both rabbits and ruminant ani-
mals have dietary requirements for only vita-
mins A, D, and E; the others are synthesized in 
adequate amounts by bacteria in the gut.

Digestion and digestibility

Digestion is the preparation of feed nutrients 
for absorption. Absorption is the transport of 
the products of digestion from the digestive 
tract into the blood. During digestion, large 
molecules, such as proteins and starch, are 
split apart by digestive enzymes into the basic 
units of which they are made (amino acids and 

glucose, for proteins and starch respectively). 
In rabbits, most of the digestion occurs in the 
small intestine and is accomplished by digestive 
enzymes that are secreted into the digestive 
tract (Fig. 7.5). Most of these enzymes are pro-
duced in the pancreas and secreted through 
the pancreatic duct into the small intestine. 
There is also some fermentation (digestion by 
bacteria) in the cecum and the colon. This is 
much less important to digestion in the rabbit 
than once believed.

Determination of digestibility is a tech-
nique used to measure how much of a particu-
lar feed an animal can digest. To make the 
determination, it is necessary to measure both 
the feed intake and the feces excreted. The dif-
ference between these is the amount of nutri-
ent absorbed. This is shown diagrammatically 
in Fig. 7.6.

Animals are kept in metabolism cages, 
which are designed so that the feces and urine 
can be separated and collected (Fig. 7.7). 
Determination of the digestibility of feeds is 
very important, because it provides an estimate 
of their nutritional value. If a certain feed ingre-
dient contains 80 percent protein, but only 
30 percent of it is digestible, then that feedstuff 
has the equivalent of only 24 percent protein, 
because 70 percent of the protein it contains is 
simply excreted in the feces. While the digesti-
bility of many feeds has been determined for 
cattle, sheep, and swine, there has been com-
paratively little research on this subject with 
rabbits.

Stomach Esophagus

Pancreas

Small
intestine

Large
intestine
(colon)
Rectum

Appendix

Cecum

Fig. 7.5. A schematic of the major sections of the 
gastrointestinal tract of the rabbit. (Courtesy of 
OSU Rabbit Research Center)
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Protein digestion

Protein is digested primarily in the small intes-
tine by several enzymes secreted from the 
 pancreas. Trypsin and chymotrypsin are two 
of the principal protein-digesting enzymes. 

The digestion process consists of breaking the 
bonds that join amino acids together in the 
protein. Thus, the dietary protein is broken 
into the individual amino acids of which it is 
composed. These are then absorbed into the 

Procedure:

Data collected:

Calculations:

    The rabbit is kept in a metabolism cage. Feed is consumed, and the feces excreted
are weighed. Samples of the feed and feces are analyzed for their protein content.

40 g protein
excreted

120 g protein
digested 160 g protein

eaten

Feed contains 16% protein
Feces contains 10% protein
Feed consumed = 1000 grams (g)
Feces excreted = 400 g

Protein consumed = 1000 g feed � 16% protein
= 1000 g � 0.16 =  160 g

= 400 g feces � 10% protein
= 400 g � 0.10 = 40 g

= protein consumed – protein excreted
= 160 g – 40 g = 120 g

protein digested
protein consumed

= � 100

� 100 = 75%=

Protein excreted

Protein digested

Protein digestibility

120 g
160 g

� 100 = 75%% digestibility =
120
160

Fig. 7.6. An example of the calculation of protein digestibility. (Courtesy of OSU Rabbit Research 
Center)
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blood. Protein not digested in this manner 
passes through the small intestine to the hind-
gut, where it is subjected to the action of bacte-
rial enzymes. Bacteria in the hindgut synthesize 
amino acids, which they incorporate into their 
own proteins. This bacterial protein could be 
available to the rabbit when it eats its cecal 
contents (cecotrophy). However, research on 
nitrogen and protein metabolism in rabbits has 
demonstrated that the bacterial protein, con-
sumed via cecotrophy, makes a very small con-
tribution to the animal’s protein and amino 
acid needs. The rabbit is dependent on good 
quality dietary protein to meet its essential 
amino acid needs.

In cattle and other ruminants, the bacteria 
in the rumen synthesize protein from sources 
of nitrogen such as urea. This type of feed 
source is called non-protein nitrogen (NPN). In 
addition, the rumen bacteria convert low qual-
ity proteins, deficient in essential amino acids, 
to higher quality bacterial protein. This is eco-
nomically advantageous, because low quality 
proteins and NPN sources are cheaper than 
high quality proteins. Because rabbits have a 
similar bacterial population in the hindgut, it 
has been hypothesized that rabbits might effi-
ciently use low quality proteins and NPN 

sources such as urea. Numerous studies have 
demonstrated that they cannot. Urea is of 
almost no value to rabbits as a nitrogen source 
for protein synthesis.

In comparison to other monogastric ani-
mals, rabbits digest the protein in forages very 
efficiently. Pigs fed alfalfa meal will digest less 
than 50 percent of the protein in the alfalfa. 
Rabbits, on the other hand, will digest 75 to 80 
percent of the alfalfa protein, in spite of the 
fact that they don’t digest the fiber fraction any 
more efficiently than swine do. This is probably 
due to cecotrophy. As a result of more than 
one passage through the digestive tract, more 
efficient extraction and digestion of the forage 
protein occurs. This is one of the main reasons 
why large quantities of alfalfa and other for-
ages are fed to rabbits and serve as a major 
source of protein. In the future, as grain 
becomes less available for animal feeding and 
we rely more on forages for livestock feed, the 
ability of the rabbit to use forage protein effi-
ciently will become very important.

Carbohydrate digestion

Dietary carbohydrates are of two types: the 
readily digestible sources, such as starch and 

Fig. 7.7. Metabolism cages, which allow separate collection of feces and urine. These are used for such 
purposes as the measurement of nutrient digestibility. (Courtesy of D.J. Harris)
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sucrose, and the relatively indigestible types, 
such as cellulose and hemicellulose. Starch is 
the major carbohydrate in grain, whereas cel-
lulose and hemicellulose are major components 
of the fiber fraction of forages.

Starch is digested in the small intestine 
of the rabbit by an enzyme called amylase, 
which is secreted by the pancreas. Amylase 
splits starch into the glucose molecules of 
which it is composed. Glucose is then 
absorbed into the blood and used by the rab-
bit as an energy source. Because feed passes 
through the small intestine of the rabbit so 
rapidly, significant amounts of undigested 
starch may reach the hindgut. Here it is fer-
mented by bacteria. High levels of grain fed 
to rabbits may cause carbohydrate overload 
of the hindgut. The abundant starch allows 
bacterial populations to “explode.” If certain 
toxin-producing organisms are present, the 
result can be enterotoxemia and death. Thus, 
type and amount of dietary carbohydrate can 
influence the development of a major disease 
problem in rabbits.

The fiber fraction of feeds is poorly 
digested by rabbits. This is illustrated in 
Table 7.2. If rabbits digest fiber so poorly, how 
do they make efficient use of fibrous feeds? 
This apparent contradiction can be explained 
by recognizing that fiber makes up only 20 to 
25 percent of forages. Thus, forage like alfalfa 
meal is 75 to 80 percent non-fiber. The rabbit 
efficiently digests the non-fiber fraction, such 
as the protein and soluble carbohydrates, and 
excretes the fiber fraction. European studies 
have suggested that there is a separation of 
large and small particles in the cecum. The small 
particles are retained for further digestion, 

whereas the large particles (i.e., fiber) are rap-
idly excreted. The ability of the rabbit to  utilize 
high dietary levels of alfalfa and other forages is 
due to a high intake of these low energy feeds, 
with rapid excretion of the fiber and efficient 
digestion of the non-fiber components.

While fiber is not useful as an energy source 
for rabbits, it is a very important  component 
of rabbit feeds. Numerous studies have shown 
that low fiber diets promote increased enteritis. 
Fiber may have a specific protective effect 
by having a scabrous action on the intestinal lin-
ing and maintaining it in a healthy condition. 
Increasing the fiber levels reduces the soluble 
carbohydrate level, which may aid in reducing 
carbohydrate overload of the hindgut. Provision 
of dietary fiber will also help prevent fur 
chewing.

Fat digestion

Fats are digested in the small intestine by the 
pancreatic enzyme lipase. Bile is also required 
to emulsify fat (break it into small droplets) in 
the aqueous medium of the gut contents. 
Popular opinion seems to be that high dietary 
fat might be indigestible; this is not correct. 
Fat is readily digestible, and fat levels as high 
as 25 percent of the diet have been fed to 
rabbits with no ill effect. In practical feeds, 
levels of 3 to 5 percent are used; higher levels 
may reduce pellet quality, causing crumbling 
of the pellets.

Digestion of minerals and vitamins

These nutrients do not require digestion, as 
they are already in a form that can be directly 
absorbed. Thus, digestion is a process that 
applies only to the major nutrient categories of 
proteins, carbohydrates, and fats.

Cecotrophy

Cecotrophy is defined as the act of consuming 
cecal contents. Unsavory as this may sound, it 
is a normal behavioral pattern for many types 
of animals, including rabbits. The principal 
nutritional consequence of cecotrophy in rab-
bits is that this is a means of providing the 
B vitamin requirements. All the members of 

Table 7.2. Digestibility of the alfalfa hay fiber by 
various animals.

Animal
Percent Fiber 
Digestibility

Cattle 44
Sheep 45
Goats 41
Horses 41
Pigs 22
Rabbits 14

Adapted from Maynard, L.A. et al. 1979. Animal Nutrition 
(7th ed.) McGraw-Hill Book Co. New York, p.31
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the B complex group are synthesized by bac-
teria in the rabbit hindgut and are made avail-
able to the animal after it consumes its soft 
feces. As a result, rabbits do not require B vita-
mins in their diet. Another consequence of 
cecotrophy is that it provides a small amount 
of bacterial  protein. However, it is doubtful that 
this is of practical significance.

Rabbits excrete two types of feces. The 
hard feces or day feces, which are produced in 
the large intestine, are the fecal pellets com-
monly seen. The feces that are consumed via 
cecotrophy are the night or soft feces, produced 
in the cecum. These are consumed directly 
from the anus. They are excreted in grape-like 
clusters, surrounded by a gelatinous membrane. 
They may often be found intact in the anterior 
portion of the stomach in necropsied animals. 
Since the cecotropes are consumed directly 
from the anus, raising rabbits on wire does not 
inhibit cecotrophy. In fact, prevention of ceco-
trophy for experimental purposes is quite diffi-
cult and involves equipping rabbits with a collar 
to prevent them from reaching the anus 
(Fig. 7.8). The term “night feces” is a misnomer, 

because these soft pellets are often seen during 
the day as well, and are not true feces.

The major differences in composition of hard 
feces and cecotropes is that the hard feces have a 
much higher content of crude fiber and are lower 
in crude protein. The cecotropes contain over 
twice the protein content as hard feces, and about 
half as much fiber. The  cecotropes also have a 
very high concentration of B-complex vitamins.

Feed Analysis

A complete analysis of a feed for all known 
nutrients would be extremely expensive. 
Nutritionists have devised a system for analysis 
of feeds that gives a general idea of their over-
all feeding value. This is called the proximate 
analysis. For particular feedstuffs or when cer-
tain nutritional problems are encountered, 
more sophisticated analyses may be conducted 
for amino acids, minerals, vitamins, or other 
specific nutrients. In ration formulation, “book 
values” are generally used. Such values are 
tabulated in the National Research Council 
(NRC) publications on nutrient requirements of 
animals. It is generally not feasible to get com-
plete analyses on specific feedstuffs that are 
being used by feed manufacturers in preparing 
feeds.

The components measured in the proxi-
mate analysis scheme are:

crude protein •
fat (ether extract) •
crude fiber •
ash •
nitrogen-free extract (NFE); and •
water. •

Crude protein is actually based on a meas-
urement of nitrogen content. It is assumed that 
all the nitrogen in a feed is associated with pro-
tein. Crude protein is defined as nitrogen con-
tent times the factor 6.25. This is somewhat 
imprecise, since not all the nitrogen is from 
protein and this measurement gives no indica-
tion of amino acid content of protein sources. 
The fat or ether extract is that portion of the 
feed that is soluble in ether. Crude fiber is a 
measurement of the plant cell wall compo-
nents. The crude fiber determination has been 

Fig. 7.8. A rabbit equipped with a collar, to prevent 
cecotrophy. This technique is used experimentally 
to study the nutritional effects of cecotrophy. 
(Courtesy of P.R. Cheeke)
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largely replaced by measurement of acid deter-
gent fiber (ADF). The ADF is a more specific 
measure of the cellulose and lignin content of 
forage. Most laboratories now routinely meas-
ure ADF instead of crude fiber. Unfortunately, 
feed tags (by law) express fiber as crude fiber. 
For alfalfa-based rabbit diets, crude fiber is gen-
erally 7 to 9 units less than ADF, so if the ana-
lyzed ADF value is 23 percent, for example, 
the crude fiber is about 15 percent. Ash is 
obtained by burning a feed sample in a labora-
tory furnace and weighing the incombustible 
residue. This corresponds to the total mineral 
content. The nitrogen-free extract (NFE) is the 
difference between 100 percent and the sum 
of all the other proximate components. NFE is 
composed primarily of soluble carbohydrates, 
such as starch.

The energy content of feeds is obtained by 
burning a feed sample in an instrument called 
a bomb calorimeter (Fig. 7.9). Energy in the 
US is measured in units called calories, a meas-
urement of heat. A calorie is the amount of 
heat required to raise the temperature of one 
gram of water by 1°C. In the bomb calori-
meter, a known amount of feed is burned in a 

“bomb,” which is surrounded by a known 
weight of water. The water takes up the heat, 
and the temperature rises. From the weight of 
the sample, weight of the water, and rise in 
temperature of the water, the total heat energy 
(calories) can be determined. Popular usage of 
the term “calorie” is incorrect. A calorie is too 
small a unit to be useful in nutrition. We use 
kilocalories (kcal). One kilocalorie is equal to 
1000 calories. When people talk about how 
many calories they have eaten today, they are 
actually talking about the number of kilocalo-
ries rather than calories. In most countries 
other than the U.S., feed energy is expressed 
as joules, which is the unit of energy measure-
ment in the metric system. The conversion 
 factor is 1 calorie = 4.184 joules.

The total energy content of a feed is called 
the gross energy. Gross energy is not useful for 
expressing energy content of feeds, since any-
thing that burns will have high gross energy 
content. That does not mean that an animal 
can “burn” it. Therefore, feed energy is 
expressed as digestible energy (DE). This is 
determined by feeding an animal a test feed 
and collecting the feces excreted. The gross 

Fig. 7.9. A bomb calorimeter used in the determination of the calorie content of feeds. The bomb 
(the container in which the feed sample is burned) is in the technician’s right hand. The feed sample is 
put into a cup in her left hand and then inserted into the bomb. (Courtesy of OSU Rabbit Research 
Center)
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energy content of both the feed and the feces 
is measured in a bomb calorimeter. The feed 
gross energy then is corrected for the amount 
of indigestible energy excreted in the feces to 
estimate digestible energy. As a rule of thumb, 
the DE content is 4 kilocalories per gram for 
protein and carbohydrate and 9 kilocalories 
per gram for fat.

Total digestible nutrients

Total digestible nutrients (TDN) are an indirect 
method of estimating DE. It is calculated by 
adding up the digestible components of a feed 
that can yield energy. The caloric content of a 
feed is due to its protein, fat, and carbohydrate 
content. Minerals and vitamins do not provide 
energy. TDN is calculated by the following 
formula:

%TDN =  % digestible crude protein 
+ % digestible crude fiber 
+ % digestible NFE 
+ 2.25 (digestible fat).

The fat content is multiplied by 2.25 
because fats have about 2 ¼ times the energy 
content of protein and carbohydrate.

Information on a feed tag

By law, a feed tag must provide certain infor-
mation, varying somewhat by state or province. 
A typical tag is shown in Fig. 7.10. Crude pro-
tein is usually listed as “minimum” or “min.” In 
other words, the feed manufacturer can  provide 
more protein than listed on the tag. The manu-
facturer is not likely to consciously do so, as 
protein is expensive. Similarly, the crude fiber 
is listed as “maximum” or “max.” Again, this is 
to protect the buyer. Fiber sources are gener-
ally cheaper than grains. By stating a maxi-
mum fiber level, the manufacturer assures the 
buyer that cheap, low quality fibrous feedstuffs 
haven’t been added to dilute the feed. If the 
feed has less than the maximum fiber content 
listed, it means that higher cost ingredients 
have been used. As a result, rabbit feeds gener-
ally have protein contents very similar to the 
tag values, whereas crude fiber levels are often 
lower than listed. This regulation has caused 

misunderstanding by some rabbit raisers, who 
may want their feed to contain a particular 
fiber level. They would prefer that the tag read 
“minimum” for crude fiber. However, this is 
not required by feed regulations.

It is impossible to look at a feed tag and 
say conclusively that the feed is good or bad. 
The information provided is insufficient to 
allow a judgment to be made. Crude protein is 
not a measurement of protein at all, but a 
measure of nitrogen. There is no indication on 
the tag of the quality of the protein (its content 
of essential amino acids). There is no indica-
tion of the digestibility of the protein. A crude 
protein analysis does not distinguish between 
soybean meal and shoe leather. There is no 
information on a feed tag about the energy 
content of the feed or about the specific level 
of minerals and vitamins.

Fig. 7.10. A typical feed tag. The information on a 
tag is useful, but only limited inferences can be 
drawn as to the value of the feed, using both the 
guaranteed analysis and a list of ingredients. 
(Courtesy of Joel Petrus)
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Relationships Between 
Feed Manufacturers and 

Rabbit Raisers

Misunderstandings sometimes occur between 
rabbit raisers and feed manufacturers. There are 
probably several reasons for this. One is that 
compared to other domestic livestock, rabbits 
are picky, finicky animals. Pigs or feedlot steers 
will eat almost anything a feed mill can concoct. 
Rabbits, on the other hand, are quite discrimi-
nating. A subtle change in the feed, even to a 
new batch of the same feedstuff, may cause 
them to go off feed or to scratch large amounts 
of feed out of the feeder. Enteritis  outbreaks 
seem to be associated with the feed. All the 
 factors involved in enteritis haven’t been identi-
fied, but certainly the feed seems to be one of 
them. When an outbreak occurs, the rabbit 
raiser blames the feed, while the feed mill may 
be unable to identify any problem with it. 
Greater understanding by both sides is needed. 
Feed manufacturers should appreciate that rab-
bits are unique animals and, for reasons that 
have yet to be identified, they develop condi-
tions such as enteritis on certain feeds. Rabbit 
raisers should recognize that a feed mill is not a 
“fly- by-night” operation and that feed manufac-
turers want to produce a high quality product. 
The basic underlying problem is that we still 
don’t know exactly how to feed rabbits. Much 
more research is needed to identify all the subtle 
factors that seem to influence how rabbits 
respond to commercial feeds. It is very frustrat-
ing to both sides for a rabbit raiser to lose large 
numbers of animals when a certain feed is used 
but the feed manufacturer cannot find anything 
wrong with it. It is hoped that this situation will 
change in the future as more is learned about the 
nutritional needs and peculiarities of rabbits.

Another complaint often voiced by rabbit 
raisers is that when they get a new batch of feed, 
it doesn’t look exactly the same as the last batch. 
There are several reasons for this. One is that 
different batches of the same ingredients are not 
exactly the same. One batch of alfalfa meal may 
be greener than another purchased at a different 
time. Thus, a feed could have exactly the same 
formula but, when prepared at two different 
times, not have exactly the same appearance. A 
formula that is not changed is called a closed 

formula. Many commercial diets are of an open 
formula type. That is, they are changed periodi-
cally to adjust for changes in ingredient costs. 
The advantage of a closed formula is that the 
variability in the feed is reduced. The disadvan-
tage is that if one or more ingredients increase in 
price relative to alternative ingredients, the cost 
savings that would be possible by switching 
ingredients cannot be realized. As long as drastic 
changes are not made, substitution of one feed 
ingredient for another, while maintaining ade-
quate nutrient levels, should not cause problems. 
The alternative is to not take advantage of 
changes in ingredient prices. Rabbit raisers often 
object to changes in ration composition as a 
result of least-cost formulation by the feed mill 
but at the same time object to price increases if 
the mill doesn’t adjust for changing commodity 
prices. You can’t have it both ways!

A feed problem that rabbit raisers often 
complain about is the occurrence of fines in 
pelleted feed (Fig. 7.11). Minimizing fines can 
be accomplished by the selection of feed ingre-
dients and by the use of pellet binders. Wheat 
contains a type of protein, gluten, which has 
sticky or gluey properties, particularly when 
steam is used in the pelleting process. Thus 
wheat products, such as ground wheat, wheat 
bran, wheat middlings, etc., can be included in 
the formula to improve pellet quality and 
reduce fines. Almond hulls, available in some 
areas (especially California), also have good 
pellet-binding activity. Pellet binders are dis-
cussed in Chapter 8.

Fig. 7.11. An example of a pelleted diet with 
excessive fines (left) compared with good-quality 
pellets (right). (Courtesy of P.R. Cheeke)
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8

Feeds and Feeding

Nutrient Requirements of Rabbits

Since rabbits are kept under confinement 
 conditions, they are totally dependent on the 
feed provided. Generally, they are fed nothing 
but a pelleted feed. That feed must contain all 
the nutrients they need, in adequate amounts 
and in proper balance, and must be palatable 
and well accepted by the rabbits. This diet must 
not only be satisfactory for the short term but 
must be adequate for reproduction and lon-
gevity. Breeding does should theoretically be 
able to produce 12 or more litters. In order 
that a feed may give satisfactory results, it is 
necessary that nutrient requirements be met. 
Information on these requirements is obtained 
from the National Research Council publica-
tion Nutrient Requirements of Rabbits. More 
recent tabulations of the nutrient requirements 
of rabbits have been published by European 
rabbit scientists (see Tables 8.1 and 8.2).

The National Research Council (NRC) is a 
branch of the National Academy of Sciences. 
The NRC establishes committees charged with 
the responsibility of reviewing the world’s scien-
tific literature to find, examine, and evaluate 
information on the nutritional needs of each of 
the major types of livestock. These committees 
are made up of scientists with recognized exper-
tise in the nutrition of the particular animals 
under consideration. After each committee has 
agreed upon its recommendations, a report is 

issued in which the nutritional requirements are 
published. The reports are used extensively in 
the feed industry by animal nutritionists as the 
standards for the nutrient requirements for ani-
mals. Among the animals for which require-
ments have been established are rabbits, dairy 
cattle, beef cattle, poultry, warm water fishes, 
trout, salmon and catfish, horses, cats, swine, 
laboratory animals, sheep, mink, and foxes and 
dogs. A publication on each of these species is 
available from the NRC1 for a small fee.

Compared with those of many other spe-
cies, the nutrient requirements of rabbits have 
not been well established. Only a limited 
amount of research has been conducted. In 
many cases, the work has used small numbers 
of animals and diets that do not resemble prac-
tical commercial diets. Thus, the data available 
are imprecise and will require considerable 
“fine tuning” with more research. Nevertheless, 
the present requirement figures are a much 
better guideline than nothing at all, which is 
the alternative.

The NRC nutrient requirements for rab-
bits were last published in 1977, so they are 
out of date. Because of the perceived minor 
importance of rabbits, the NRC has dis-
continued revision of the rabbit nutrient 
requirement publication. An updated ver-
sion of the NRC requirements has been 
published by deBlas and Wiseman (2010) 
(Tables 8.1 and 8.2).
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There are breed differences in nutritional 
requirements, largely associated with variations 
in body size and relative capacity of the diges-
tive tract. Small breeds, such as the Netherland 
Dwarf, have a lower capacity to utilize low 
energy, high fiber diets than do larger breeds. 
This is of particular significance under cold 
weather conditions, which increase energy 
requirements. On high fiber diets, rabbits of the 
dwarf breeds, particularly lactating does, may 
not be able to consume sufficient feed to meet 
their energy requirements. They will become 
emaciated and may die of malnutrition. As 
more research on this aspect of rabbit nutrition 
is conducted, it may become common to use 
higher energy diets for the small breeds.

Composition of Feeds

Besides knowing the nutrient requirements of 
rabbits, you must have knowledge of the nutri-
ent content of feedstuffs, in order to be able to 
combine them to provide a nutritionally ade-
quate diet. Also important is information on 
any other characteristics of the feed ingredi-
ents that might affect their use, such as pres-
ence of toxins, palatability, pelleting ability, or 
nutrient imbalance.

Feeds can be classified into several 
groups.

1. Roughages: bulky feeds that are high in 
fiber and low in digestible energy, e.g., alfalfa 

Table 8.1. Nutrient requirements of intensively reared rabbits, as concentration kg−1 corrected to a dry 
matter content of 900 g kg−1. (Modified with permission from deBlas, C., and Wiseman, J. 2010. The Nutrition 
of the Rabbit (2nd edn), CABI Publishing, Wallingford, U.K.)

Nutrient Unit Breeding does Fattening rabbits Mixed feed

Digestible energy MJ 10.7 10.2 10.2
Metabolizable energy MJ 10.2 9.8 9.8
NDFa g 320 (310–335)b 340 (330–350) 335 (320–340)
ADF g 175 (165–185) 190 (180–200) 180 (160–180)
Crude fibre g 145 (140–150) F155 (150–160) 150 (145–155)
ADL g 55c 50 55
Soluble NDF g Free 115 80
Starch g 170 (160–180) 150 (140–160) 160 (150–170)
Ether Extract g 45 Free Free
Crude protein g 175 (165–185) 150 (142–160) 159 (154–162)
Digestible proteind g 128 (115–140) 104 (100–110) 111 (108–113)
Lysinee

Total g 8.1 7.3 7.8
Digestible g 6.4 5.7 6.1

Sulphur amino acidsf

Total g 6.3 5.2 5.9
Digestible g 4.8 4.0 4.5

Threonineg

Total g 6.7 6.2 6.5
Digestible g 4.6 4.3 4.5

Calcium g 10.5 6.0 10.0
Phosphorus g 6.0 4.0 5.7
Sodium g 2.3 2.2 2.2
Chloride g 2.9 2.8 2.8

ADF, Acid detergent fibre; ADL, acid detergent lignin; NDF, neutral detergent fibre; free = no nutritional limit.
aThe proportion of long fiber particles (>0.3 mm) should be >0.22 for breeding does and >0.205 for fattening rabbits.
bValues in parentheses indicate the range of minimal and maximal values recommended.
cValues in italics are provisional estimates.
dThe digestibility of crude protein and essential amino acids is expressed as fecal apparent digestibility.
eTotal amino acid requirements have been calculated for a contribution of synthetic amino acid of 0.15.
fMethionine should provide a minimum of 35% of the total sulfur amino acid requirements.
gMaximal levels of 5.0 and 7.2 g kg−1 of digestible and total threonine, respectively, are recommended for breeding does.
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meal, hay, pasture, silage, green chop, straw 
and chaff, corn cobs, cottonseed hulls, bagasse, 
wood.
2. Concentrates (feeds high in energy or 
protein):

• energy sources: cereal grains (corn, 
wheat, barley, milo, oats, rye, buck-
wheat, triticale), milling by-products 
(wheat bran, mill run, wheat shorts, 
etc.), beet and citrus pulp, molasses, 
fats and oils, brewers and distillers 
grains, roots and tubers (potatoes, 
cassava);

• protein sources: concentrates that 
have over 20 percent crude protein, 
e.g., soybean meal, rapeseed (canola) 
meal, cottonseed meal, meat meal, 
fish meal, milk by-products.

3. Mineral supplements: limestone, dicalcium 
phosphate, salt, trace mineral mixtures.
4. Vitamin supplements.
5. Non-nutritive additives: antibiotics, antioxi-
dants, bacterial preparations, colors and fla-
vors, emulsifying agents, enzymes, hormones, 
chemotherapeutics (drugs), pellet binders.

Some of the major feedstuffs in these 
 categories will be discussed, with emphasis on 
any peculiarities related to their use by rabbits. 
Data on their composition will be given, listing 
only nutrients that are significant in rabbit feed 
formulation.

Roughages

The roughages discussed here are those that 
are usually fed in the dry state, either as hay or 
incorporated into a pelleted diet.

Clovers

Most clovers are somewhat similar to alfalfa in 
feeding value for rabbits. Because they are leg-
umes, they are good sources of protein. Clover 
is highly palatable in both the green and dried 
forms. Good quality clover hay can be used as a 
substitute for alfalfa meal in rabbit rations as long 
as contents of protein, TDN (total digestible 
nutrients), and calcium are checked. Analyses for 
some typical clovers are shown in Table 8.3.

Table 8.2. Trace element and vitamin requirements of intensively reared rabbits, as concentration (kg−1) 
corrected to a dry matter content of 900 g kg−1. (Modified with permission from deBlas, C., and Wiseman, J. 
2010. The Nutrition of the Rabbit (2nd edn), CABI Publishing, Wallingford, U.K.)

Nutrient Unit Breeding does Fattening rabbits Mixed feed

Cobalt mg 0.3 0.3 0.3
Copper mg 10 6 10
Iron mg 50 30 45
Iodine mg 1.1 0.4 1.0
Manganese mg 15 8 12
Selenium mg 0.05 0.05 0.05
Zinc mg 60 35 60
Vitamin A mIUa 10 6 10
Vitamin D mIUa 0.9 0.9 0.9
Vitamin E IU 50 15 40
Vitamin K3 mg 2 1 2
Vitamin B1 mg 1 0.8 1
Vitamin B2 mg 5 3 5
Vitamin B6 mg 1.5 0.5 1.5
Vitamin B12 μg 12 9 12
Folic acid mg 1.5 0.1 1.5
Niacin mg 35 35 35
Pantothenic acid mg 15 8 15
Biotin μg 100 10 100
Choline mg 200 100 200

am = 1000
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Grasses

Grasses are generally somewhat lower in nutri-
tional value than legumes, such as alfalfa and 
clover. They tend to be lower in protein, cal-
cium, and vitamin activity. Tropical grasses are 
of lower feeding value than temperate zone 
grasses, because of a lower protein and higher 
fiber content. Most grasses, when incorporated 
into complete rabbit diets as a source of rough-
age, are quite palatable. They generally con-
tain 0.2 to 0.4 percent calcium and 0.2 to 0.3 
percent phosphorus. Composition of some 
common temperate and tropical grasses is 
shown in Table 8.4.

Green feeds and succulents

For backyard rabbit rising, feeding of green feeds 
can be advantageous. If palatable greens are fed 
free choice, the amount of pelleted feed used can 
be reduced by about 50 percent with no adverse 
effects on performance. Most greens are very 
high in water content, so large amounts have to 
be consumed to make a useful contribution to 
rabbits’ nutritional needs. Because of the large 
quantity of fresh material required and the prob-
lems associated with collecting and feeding bulky 
materials, it is generally not feasible to use greens 
except on a backyard scale. Greens can some-
times be useful in stimulating appetite in animals 
that have gone off feed. Green feeds should not 
be left in piles that become heated before being 
fed, as digestive disturbances may result. If fed on 
the cage floor they quickly become fouled with 
feces and urine, so greens should be fed either 
on top of the cage or in a feeder designed for this 
purpose. Rabbits are highly selective when fed 
green feeds. They tend to choose succulent 
leaves, flowers, etc., and reject coarser plant 

parts. Feeding greens to rabbits is important in 
tropical areas, where concentrates are expensive 
but where tropical forages are abundant and can 
be readily harvested by hand. Labor costs for 
such work are generally much less than in Europe 
and North America. Under these conditions, it is 
possible to base a rabbit enterprise on the feed-
ing of forage and by-product feeds (Fig. 8.1).

Examples of some common succulent 
feeds are clover; grasses; comfrey (Fig 8.2); 
vegetables and vegetable tops (carrots, lettuce, 
cabbage, celery, etc.); amaranthus; kale; rape; 
various roots and tubers, such as carrots, pota-
toes, and turnips; and various weeds, such as 
dandelions. Composition of some of these 
feeds is shown in Table 8.5. Note that most of 
them are 80 to 90 percent water, so they are 
of rather limited nutritional value.

Alfalfa

In Europe alfalfa is called lucerne. Alfalfa meal 
is a very desirable feed for rabbits and, in much 
of the United States, is the largest single com-
ponent of commercial rabbit feeds (Table 8.6). 
Besides its value as a feed, alfalfa has other 
desirable attributes in the entire agricultural 
scene. It produces more protein per acre than 
any other crop – for example, two to four times 
as much as soybeans. It is a legume, so it 
doesn’t require nitrogen fertilization. It is a per-
ennial, so the energy costs associated with its 
production are less than for many annual crops. 
It improves the soil, adding organic matter and 
reducing erosion. Alfalfa meal is not consumed 
directly by humans, so its use by livestock is 
complementary, rather than competitive, in 
relation to human food needs.

Table 8.3. Composition of clovers.

Dry 
Matter (%)

DE 
(kcal/kg)

TDN 
(%)

Crude 
Protein (%)

Crude 
Fiber (%)

Calcium 
(%)

Phosphorus 
(%)

Fresh red clover 22.7 600 14 4.2 5.0 0.41 0.06
Red clover hay 87.0 2170 49 14.1 25.5 1.30 0.22
Fresh white clover 17.6 500 10 5.0 2.8 0.25 0.09
White clover hay 90.7 2200 51 17.0 22.0 1.72 0.29
Fresh crimson clover 17.6 500 10 3.0 4.9 0.24 0.05
Crimson clover hay 88.8 2190 50 14.8 24.6 1.22 0.24
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Table 8.4. Composition of common temperate zone and tropical grasses on an “as fed” basis.

Percent 
Dry Matter

Percent
Crude Protein

Percent
Crude Fiber

Percent
TDN

Bahiagrass fresh 30.3 2.5 9.5 15
Bahiagrass, hay 90.8 4.3 30.5 50
Bermuda grass, fresh 35.0 3.6 9.8 20
Bermuda grass, hay 91.2 7.2 26.8 44
Brome grass, fresh 30.0 4.2 8.8 18
Brome grass, hay 91.4 8.9 29.1 45
Coastal Bermuda, fresh 28.8 4.3 8.2 18
Coastal Bermuda, hay 88.4 17.1 26.9 50
Dallis grass, fresh 25.0 3.0 7.2 15
Dallis grass, hay 90.9 6.5 29.1 50
Guinea grass, fresh 24.2 1.4 10.1 10
Guinea grass, hay 89.3 6.3 28.1 40
Johnson grass, fresh 24.8 3.6 7.4 14
Johnson grass, hay 89.0 7.1 30.1 45
Kentucky bluegrass, fresh 29.0 4.5 7.5 17
Kentucky bluegrass, hay 88.9 9.1 26.7 54
Napier grass, fresh 14.9 1.6 4.7 7
Napier grass, hay 89.1 8.2 34.0 45
Orchard grass, fresh 24.2 2.8 7.9 14
Orchard grass, hay 88.6 9.8 30.3 45
Pangola grass, fresh 20.0 2.2 6.0 12
Pangola grass, hay 87.5 8.4 24.0 40
Ryegrass, fresh 26.1 2.9 6.6 15
Ryegrass, hay 86.1 8.3 24.9 55
Sudan grass, fresh 14.3 3.0 3.5 8
Sudan grass, hay 90.7 10.6 28.3 45
Tall fescue, fresh 25.0 4.4 5.9 15
Tall fescue, hay 84.7 5.2 30.7 40

Fig. 8.1. Feeding green forage (coastal Bermuda grass) in a rabbitry in Haiti. This large commercial 
rabbitry used green feed and wheat milling by-products as the basis of the feeding program. Low labor 
costs made harvesting and feeding of grass economical in this situation. (Courtesy of P.R. Cheeke)
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The protein in alfalfa meal is well digested 
by rabbits, so a major part of the total protein 
requirement can be met with alfalfa. It is a good 
source of phosphorus and is an excellent 
source of calcium and potassium. It provides 
indigestible fiber, which helps prevent enteritis. 
It is the richest common plant source of 

 vitamin A activity; dehydrated alfalfa meal may 
have over 60 times as much carotene as yellow 
corn and over four times as much as carrots. 
Alfalfa is palatable to rabbits at moderate die-
tary levels. Thus, it has many qualities that will 
ensure its continuing use as a rabbit feed. As 
competition between humans and as competi-
tion between humans and animals for grains 
continues, alfalfa will become an increasingly 
important rabbit feed. Studies at the Oregon 
State University Rabbit Research Center dem-
onstrated good results with diets in which 
alfalfa replaced all of the grain.

Concentrates

Grains

Grains are plant seeds, including corn, wheat, 
barley, sorghum, millet, rice, triticale, oats, rye, 
buckwheat, and amaranthus (Fig. 8.3). Cereal 
grains (cereals) are the seeds of cultivated 
grasses (e.g. wheat is the domesticated version 
of wild wheat grass). Grains are a major source 
of energy for both humans and livestock. Some 
cereal grains, such as wheat and rice, are 
grown primarily for human consumption, 
whereas others, such as sorghum (milo), are 
grown in the United States principally for live-
stock feed. The main factor that determines (or 
should determine) which grain is used in a feed 
is its cost and, in particular, the cost per unit of 
energy.

In many areas, grains are sold on the basis 
of bushel weight, which is the weight of a par-
ticular volume of grain. Grains such as corn 
and wheat are quite dense, while oats are fluffy. 
As a result, a bushel of oats weighs much less 
than a bushel of wheat or corn.

Corn, wheat, and milo are high energy 
grains, while barley and oats tend to be lower 
in energy because of their fibrous hull. The 
protein content is variable, depending upon 
the species, variety, cultural and environmental 
conditions, etc. Adverse growing conditions, 
such as drought, usually result in an increase in 
percent protein. This is because the grain is 
shriveled, having less than normal starch con-
tent, so the protein makes up a higher percent-
age of the total weight. Corn and milo usually 
have about 9 percent protein, while wheat and 

Fig. 8.2. Comfrey, a large-leaved succulent plant 
often used as a source of greens for rabbits. 
(Courtesy of P.R. Cheeke)

Table 8.5. Composition of greens and succulents 
on an “as fed” basis.

Percent 
Water

Percent 
Protein

Percent 
Fiber

Apples 82.1 0.5 1.3
Bananas 75.7 1.1 0.5
Bean leaves 71.2 5.2 3.3
Beet, mangel 89.0 1.3 0.8
Beet, sugar 80.0 1.4 1.2
Cabbage 90.4 2.0 1.0
Carrot roots 87.1 1.3 1.2
Cassava, 

tubers
68.0 1.2 1.5

Cauliflower 
leaves

90.0 2.7 1.0

Celery 94.1 0.9 0.6
Comfrey 86.8 2.6 1.8
Dandelions 86.3 3.2 1.5
Kale 88.4 2.4 1.6
Kudzu 73.6 4.6 8.1
Lettuce 94.6 1.2 0.6
Pea vines 87.8 2.7 3.2
Potatoes 80.0 2.1 0.5
Raisins 13.0 3.4 4.4
Rape 83.1 3.0 2.5
Rutabagas 88.0 0.8 1.2
Sweet 

potatoes
69.0 1.7 1.3

Turnips 91.0 1.1 1.0
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barley tend to have somewhat higher levels. 
Where large amounts of grain are to be used, a 
protein analysis is certainly advisable as an aid 
in ration formulation.

Oats and corn tend to be highest in fat 
content of the common grains, while oats and 
barley are highest in fiber content. All grains 
are essentially devoid of calcium, but they 
are moderately good sources of phosphorus. 

For non-ruminant animals, the phosphorus is 
of low availability, being bound as phytic acid 
phosphate. The availability of grain phos-
phorus for rabbits is quite high because of pro-
duction of bacterial phytase in the hindgut. 
Phytase is an enzyme that digests phytic acid, 
releasing the bound phosphate. All grains except 
yellow corn are lacking in vitamin A activity.

Triticale, a synthetic grain, has a feeding 
value similar to that of wheat. Rye generally 
gives results inferior to those of other grains; it 
contains factors such as pectins that may 
impair nutrient digestibility. Amaranthus grain 
is of experimental interest because of its high 
lysine content. However, it contains unidenti-
fied toxic factors and has given very poor 
results in feeding trials with rabbits. Buckwheat 
is not commonly used as a livestock feed but 
probably would be satisfactory for rabbits, 
based on results with swine and poultry.

Corn is generally used as a standard of 
comparison for grains. Since grains are used 
primarily as sources of energy and because 
corn is generally the highest energy grain, 
other cereals will usually be ranked somewhat 
lower. With a value of 100 assigned to corn, 
grains rank as shown in Table 8.7.

One potential problem with the use of 
grain in rabbit diets is the possibility of car-
bohydrate overload of the hindgut, resulting 
in enteritis. Work at the OSU Rabbit Research 
Center indicated that high levels of grain 
may result in the stimulation of bacterial 
growth in the cecum, leading to the production 

Table 8.6. Composition of alfalfa on an “as fed” basis.

Nutrient Fresh Alfalfa
Dehydrated 
Alfalfa Meal

Sun-cured 
Alfalfa Meal Alfalfa Hay

Dry matter (%) 24 92 91 89
DE (kcal/kg) 620 2350 2200 2200
TDN (%) 14 53 50 50
Crude protein (%) 4.9 17.4 17.6 17.7
Lysine (%) 0.26 1.01 1.0 1.0
Methionine + cystine (%) 0.14 0.55 0.54 0.54
Crude fiber (%) 6.5 23.9 27.3 24.9
Fat (%) 0.8 2.7 2.1 2.4
NFE (%) 10.1 38.1 34.1 37.3
Ash (%) 2.2 9.8 9.6 8.1
Calcium (%) 0.45 1.32 1.3 1.33
Phosphorus (%) 0.08 0.28 0.28 0.28
Vitamin A equivalent (IU/g) 56.4 146.6 63.6 64.0

Fig. 8.3. Amaranthus has a large seed head, 
containing a grain that may have potential as an 
animal feed. (Courtesy of D.J. Harris)
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of  bacterial toxins causing enteritis. High energy 
grains, such as corn, may be more likely to 
cause this effect than low energy grains, such 
as oats. Corn has a waxy endosperm, which 
may reduce its digestibility in the small intes-
tine, increasing the likelihood of carbohydrate 
overload of the hindgut.

Composition of some of the important 
grains used in rabbit feeding is shown in 
Table 8.8.

Other energy sources

Other concentrates that function as energy 
sources include wheat milling by-products 
(wheat bran, shorts, mill run), beet and citrus 
pulp, bakery waste, molasses, brewers and 
distillers grains, etc. Wheat bran and other 
wheat by-products are quite palatable to rab-
bits at moderate levels, are comparatively 
good sources of both energy and protein, and 
are rich in phosphorus. They can be used at 
levels of 20 to 30 percent of the complete 
diet with good success. Wheat contains a type 
of protein called gluten. Some humans are 
intolerant of gluten. However, there is no evi-
dence that animals, including rabbits, have 
gluten intolerance. Molasses has a total sugar 
content of about 50 to 60 percent. It has a 
fairly high mineral content (8 to 10 percent), 
composed of sodium and potassium salts. 
Molasses is highly palatable and is used to 
increase the acceptability of feed by rabbits 
through its taste, reduction in fines, and 
improved pellet quality. Levels of 3 to 10 per-
cent of the diet are generally used. At higher 
levels, it may cause diarrhea due to the high 
mineral content. Dried beet pulp is the resi-
due remaining after extraction of sugar from 
sugar beets. It is quite palatable to rabbits. 
Although it is fairly high in fiber, the fiber is of 

a quite digestible type because it is low in 
lignin. Citrus by-products, such as dried citrus 
pulp, are somewhat unpalatable and probably 
shouldn’t be fed at levels higher than 10 per-
cent of the diet. The composition of some of 
these products is shown in Table 8.9.

Fats and oils also can serve as energy 
sources. Fats are palatable to rabbits, and lev-
els as high as 25 percent fat in the diet have 
been successfully fed. Under practical condi-
tions, added fat levels of 3 to 5 percent are 
used. Fats help reduce fines in feed, increase 
palatability, and act as a lubricant during pel-
leting. Vegetable oils provide essential fatty 
acids, which may aid in promoting good fur 
quality. Examples of common vegetable oils 
are corn oil, soybean oil, canola oil, cotton-
seed oil, and safflower oil.

Protein supplements

Protein supplements commonly used in rabbit 
feeds include soybean meal, cottonseed meal, 
sunflower meal, rapeseed (canola) meal, saf-
flower meal, linseed (flax) meal, and peanut 
meal. In addition, alfalfa meal might be 
regarded as a protein supplement, since at the 
levels at which it is commonly used; it supplies 
a significant part of the total dietary protein. 
Protein supplements are normally considered 
to contain at least 20 percent crude protein.

Soybean meal is the protein supplement 
of choice for rabbit rations. It is highly palata-
ble and has a high digestibility and a good 
amino acid balance. Two types are commonly 
available: regular soybean meal, with 46 per-
cent crude protein, and dehulled meal, with 49 
percent crude protein. Either one can be used, 
depending on which is cheaper per unit of pro-
tein. Soybean meal is the residue remaining 
after the oil has been extracted by solvents. 
The meal is heated to destroy a number of 
inhibitors. It should be noted that raw soy- 
beans to be used in animal feeding should be 
heat-treated. Soybeans contain trypsin inhibi-
tors, hemagglutinins, and several other toxic 
factors that are destroyed by heat. A common 
procedure for detoxifying soybeans is the extru-
sion process, in which the beans are put 
through a die in the extruder. The friction gen-
erated in the die heats the material sufficiently 
to destroy the inhibitors.

Table 8.7. Relative values of selected cereals as 
TDN source.

Corn 100
Barley 90
Oats 78
Rye 93
Sorghum (milo) 88
Red winter wheat 101
White winter wheat 95
Red spring wheat 95
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Cottonseed meal can be used in limited 
quantities in rabbit diets. Cottonseed meal is 
lower in essential amino acids, such as lysine 
and methionine, than is soybean meal, so it is 
a poorer quality protein than soybean meal. It 
usually contains about 41 percent crude pro-
tein. Cottonseed meal should be used with 
caution in rabbit feeding. It has been success-
fully fed for prolonged periods at 5 percent of 
the diet; the upper safe limit has not been 
determined. It contains a toxic substance 
called gossypol. Gossypol causes tissue dam-
age, especially to the heart. It also has been 
shown to cause infertility in males of some 
species, even at low levels in the diet. 
Therefore, it may not be advisable to include 
cottonseed meal at high levels in the diet of 
bucks. Gossypol can be detoxified by the addi-
tion of iron salts, such as ferrous sulfate. The 
effectiveness of this treatment for rabbits has 
not been determined. Cottonseed oil contains 
a toxic fatty acid called sterculic acid. This is 

present at low levels in expeller-produced 
 cottonseed meal. Expeller-produced meal is 
the residue from mechanical removal of the 
oil as opposed to residue from extraction of 
the oil with solvents.

Sunflower meal is the residue remaining 
after oil has been extracted from sunflower 
seeds. Sunflowers are a major crop in the 
former Soviet Union and northern Europe. 
Since about 1975, sunflower production has 
expanded rapidly in the United States, espe-
cially in North and South Dakota and other 
northern states.

Sunflower meal contains about 32 percent 
crude protein and about 24 percent crude fiber. 
The dehulled meal contains about 47 percent 
crude protein and about 11 percent crude fiber. 
The protein tends to be low in lysine and sulfur-
containing amino acids. For this reason, sun-
flower meal shouldn’t be used as the sole 
protein supplement. It can be used at levels up 
to 10 percent of the total diet.

Table 8.8. Nutrient composition of selected grains.

Grain
DE 

(kcal/kg)
TDN 
(%)

Crude 
Protein (%)

Crude 
Fiber (%)

Lysine 
(%)

Sulfur Amino 
Acids (%)

Yellow corn 3790 83 9.3 2.0 0.20 0.26
Barley 3330 75 9.5 6.2 0.27 0.34
Red wheat 3680 84 12.8 2.4 0.38 0.48
White wheat 3680 79 9.8 2.7 0.32 0.44
Oats 2950 65 12.1 10.6 0.34 0.33
Milo 3330 75 10.7 2.2 0.27 0.27
Amaranthus NA1 NA 16.0 5.0 0.83 0.77
Buckwheat 2990 68 11.1 10.3 0.62 0.39
Triticale NA 78 15.0 4.0 0.52 0.50
Rye 3330 76 12.0 2.2 0.42 0.35

1Not available.

Table 8.9. Composition of selected energy sources

DE 
(kcal/kg)

TDN 
(%)

Crude 
Protein (%)

Crude 
Fiber (%)

Lysine 
(%)

Sulfur Amino 
Acids (%)

Wheat bran 2610 57 15.1 10.3 0.58 0.52
Wheat mill run 2700 62 15.6 8.1 0.60 0.48
Beet pulp 3080 70 8.6 18.3 0.59 0.21
Dried citrus pulp 2050 47 6.4 11.6 NA1 NA1

Molasses 2460 55 3.9 NA1 NA1 NA1

Brewers dried grains 1900 43 25.3 15.3 0.9 1.0
Distillers dried grain 3500 81 27.2 9.1 0.6 0.9
Rice bran 3160 72 1.27 11.6 0.57 0.42

1Not available.
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Rapeseed (canola) meal is of particular 
interest to rabbit producers in Canada and the 
northern United States. Rapeseed is now the 
second most important crop, after wheat, in 
western Canada. It is grown primarily for its 
oil, which has applications in both food and 
industry. The meal remaining after oil extrac-
tion is used in animal feeding. Rapeseed con-
tains glucosinolates, which are compounds that 
inhibit the function of the thyroid gland. 
Glucosinolates interfere with the synthesis of 
the thyroid hormone. As a result, the gland 
enlarges in an effort to produce more hor-
mones. This enlarged gland is called a goiter. 
Plant breeders have very effectively selected for 
low glucosinolate varieties of rapeseed. As a 
result, the rapeseed meal now available is of a 
low glucosinolate type and does not cause 
problems with livestock. To avoid the negative 
implications of the word “rape,” Canadian 
producers are now referring to the low glucosi-
nolate meal as canola meal. This can be used 
as a complete replacement for soybean meal in 
rabbit diets. Canola meal contains about 40 to 
44 percent crude protein.

Safflower meal contains about 22 percent 
protein and 32 percent fiber; dehulled meal 
has about 40 percent protein and 10 percent 
fiber. Safflowers are grown as an oil seed crop 
in the western and southwestern United States. 
The meal is high in fiber and low in protein. 
Safflower meal is similar in composition to 
alfalfa; it can be used as a complete replace-
ment for alfalfa meal in diets for does and fry-
ers. Palatability tests have demonstrated that 
safflower meal may be even more palatable to 
rabbits than alfalfa meal.

Linseed meal is produced from flaxseed, 
which is grown primarily for its drying oils used 
in paint manufacture. Linseed meal is now quite 
a minor protein supplement. It contains about 
36 percent crude protein; the protein is low in 
lysine. Linseed meal contains mucilaginous 
gums that may have a laxative effect and that 
may also have a favorable effect on the hair 
coat. It is possible that feeding a supplement of 
linseed meal to show rabbits could enhance the 
sheen and general appearance of the fur.

Peanut meal contains 45 to 55 percent 
crude protein. It is a common protein supple-
ment in Europe, being imported from Africa 
and South America. It can be used  satisfactorily 

as a replacement for soybean meal. Peanut 
meal is somewhat notorious in the feed trade 
for being the source of the original reported 
outbreak of aflatoxin poisoning. This problem 
is discussed in further detail in Chapter 9.

Several other plant proteins are some-
times available for animal feeding. They include 
crambe meal, mustard meal, sesame meal, 
palm kernel meal, and coconut oil meal. They 
are not commonly used in the United States. 
A number of types of beans, such as kidney, 
pinto, and fava beans, are fairly good sources 
of protein and might have some potential in 
rabbit feeding. Grain lupines are also potential 
protein sources.

Proteins of animal origin include meat 
meal, meat and bone meal, blood meal, feather 
meal, and fish meal. For reasons of cost, pro-
tein quality, and palatability, these protein sup-
plements are used only to a very limited extent 
in rabbit feeding, if at all.

Synthetic amino acids are sometimes used 
in rabbit diets. Synthetic lysine and methionine 
are the two most commonly used. Methionine 
hydroxy analog (MHA) can serve as a methio-
nine source.

Non-nutritive Feed Additives

Examples of non-nutritive feed additives are 
antibiotics, flavoring agents, enzymes, bacterial 
preparations, antioxidants, worming agents, 
coccidiostats, hormones, and other drugs. Very 
few antibiotics and drugs are approved by the 
Food and Drug Administration (FDA) for feed-
ing to rabbits. Each new feed additive has to be 
cleared for each species of livestock to which it 
will be fed. This FDA clearance involves exten-
sive testing for safety and efficacy. “Efficacy” 
means that the additive must give the response 
claimed by the manufacturer. If an additive is 
to be sold as a growth promotant, then the 
FDA must be provided data confirming that it 
does stimulate growth. Because of the great 
expense necessary to generate the data needed 
for FDA clearance, it is unlikely under present 
regulations that new drugs will be cleared for 
rabbits unless the industry expands greatly. 
The cost of getting clearance would exceed the 
profit that the manufacturer could expect from 
the sale of the product. In the United States, 
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the only drugs approved as of 2013 for addi-
tion to rabbit feed were 11 mg of oxytetracy-
cline per kg of feed and 0.025 percent 
sulfaquinoxaline in the diet.

Antibiotics

Antibiotics have been naturally present in ani-
mal feed for many centuries. Contrary to what 
may be popular opinion, antibiotics are natural 
substances i.e., they are present naturally in 
the environment. Antibiotics are substances 
produced by living organisms, usually molds, 
that inhibit the growth of bacteria. Thus, anti-
biotics occur in moldy feed, in soil, and in other 
natural environments. Commercial production 
of an antibiotic involves growing the appropri-
ate mold in a fermentation vat and collecting 
the antibiotic that is produced. The first antibi-
otic to be discovered was penicillin, which is 
produced by a bread mold.

Antibiotics used as feed additives may func-
tion as growth promotants. The mechanisms by 
which they cause the effect are not completely 
known. They may alter the balance of microor-
ganisms in the gut to favor those bacteria that 
improve nutrient utilization. They may favorably 
influence the absorption of nutrients. They may 
reduce the population of toxin-producing organ-
isms. Finally, they may prevent or cure low level 
disease conditions, with a consequent favorable 
effect on animal performance.

Concern has been expressed that the 
feeding of antibiotics to livestock may result in 
the development of pathogens that are resist-
ant to them. This may decrease the effective-
ness of antibiotics when they are required to 
control disease outbreaks. Of further concern 
is that the resistance factor may be transferred 
to human pathogens, making human diseases 
difficult to treat with antibiotics. One method 
of avoiding these potential problems has been 
the development of antibiotics that are to be 
used only for livestock. An example is virgin-
iamycin. This antibiotic has been tested in 
Europe and shows some effectiveness as a 
growth promotant in rabbits.

Rabbits are particularly sensitive to adverse 
effects of antibiotics in feeds. The microbial 
balance of the hindgut can be altered when 
antibiotics are fed, leading to proliferation of 

pathogenic organisms such as E. coli and 
Clostridia species. These bacteria produce 
toxins that cause damage to the gut lining, 
diarrhea, and death from enterotoxemia. 
Administration of antibiotics for treatment of 
disease can also lead to diarrhea and death.

In view of increasingly rigid restrictions on 
the use of antibiotics and the sensitivity of the 
rabbit’s digestive tract to their effects, it is prob-
ably more useful for the rabbit industry and 
rabbit scientists to attempt to develop manage-
ment and nutritional practices that give satis-
factory performance rather than including 
antibiotics routinely in the feed. There is a 
worldwide trend toward the elimination of the 
use of antibiotics as animal feed additives.

Probiotics (direct-fed microbials)

The term “probiotics” has been coined to 
describe live microbial organisms that are fed 
to animals. They are also referred to as “direct-
fed microbials,” which is the preferred term in 
the feed industry. Most often probiotics have 
been preparations of Lactobacillus acido-
philus. The rationale for the use of these 
organisms is that by feeding them, they grow 
in the digestive tract and, by competitive inhibi-
tion, reduce the growth of pathogens. Feeding 
Lactobacillus organisms often reduces the 
E. coli levels in the intestine of pigs, for exam-
ple. Some studies with swine and poultry sug-
gest favorable effects on growth rate, feed 
efficiency, and disease incidence, while other 
studies show no effect. Proponents of probiot-
ics suggest that the beneficial effects are great-
est in animals exposed to stress or other 
unfavorable conditions. In most cases, the pro-
biotics must be fed in meal-type diets or admin-
istered in the water, because they are killed 
when feed is pelleted. Some commercial probi-
otic products are microencapsulated to ensure 
their stability during pelleting.

Numerous studies have shown beneficial 
effects of commercial direct-fed microbial 
products when fed or given in the water to 
weanling rabbits. The effects include reduced 
enteritis, decreased mortality, and improved 
feed conversion. There is little if any influence 
on weight gain.
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Prebiotics

Prebiotic is a fairly new term. Prebiotics are 
non-digestible (by the animal) substances that 
selectively stimulate some beneficial microbes 
in the intestine, with potential benefits for rab-
bit health. They tend to stimulate both natural 
gut microbes and those added as probiotics. In 
general, prebiotics are composed of sugar 
molecules joined together (oligosaccharides). 
Some examples include fructose oligosaccha-
ride (FOS), mannose oligosaccharide (MOS), 
and galacto-oligosaccharide (GOS). Fructose, 
mannose and galactose are sugars. Some 
European research suggests improved growth 
and reduced enteritis when prebiotics are fed 
to rabbits.

Pellet binders

Substances such as bentonite (clay) and lignin 
sulfonate (a derivative of wood) are used in 
feeds as pellet binders. These are quite impor-
tant in rabbit feeds. Pellet quality is important 
in a rabbit diet, and the use of a binder is an 
effective means of making a good, firm pellet. 
Binders such as bentonite do not affect growth 
rate or cause enteritis but do reduce the amount 
of fines in the feed.

Flavoring agents

Feed flavors have been developed for the pur-
pose of stimulating the intake of feeds that may 
be unpalatable. There is little scientific evidence 
that they accomplish this goal. In general, feed 
flavors have a pleasant aroma that appeals to 
the buyer of the feed but doesn’t seem to alter 
animal performance. If a feedstuff or feed is 
unpalatable, it is apparently difficult to mask 
this with a flavor additive. Some studies have 
found that thyme is a flavor that rabbits seem 
to find palatable.

Salt

Rabbit diets should contain 0.5 percent trace 
mineralized salt. This will take care of the 

sodium chloride requirements, as well as 
 provide the trace minerals, such as iron, 
 copper, zinc, and iodine. Salt spools are unnec-
essary, since a properly balanced commercial 
diet will contain sufficient salt. Salt spools or 
blocks corrode cages and feeders. The only 
situation in which a salt spool should be consid-
ered is in backyard rabbit production, if the 
rabbits are fed primarily greens with very little 
pelleted feed. If salt spools are used, they 
should be hung so they do not contact metal 
parts of the cage or feeder.

Copper sulfate

Copper sulfate has been widely used as a feed 
additive to reduce enteritis and improve feed 
conversion in poultry, pigs, and rabbits. It 
exerts its effect in the digestive tract by inhib-
iting the growth of pathogenic bacteria. It is 
commonly used to provide 250 parts per mil-
lion of copper. Addition of this level of cop-
per sulfate is effective in treating enteritis 
outbreaks in post-weaning fryer rabbits. 
Concerns about its use include the environ-
mental effects of increased copper in the 
manure, which could possibly cause pollution 
problems. It should also be noted that sheep 
are very sensitive to copper toxicity and 
should not be fed diets that have supplemen-
tary copper sulfate as a feed additive. It is 
advisable that use of copper sulfate as a feed 
additive in rabbit diets be restricted to periods 
of enteritis outbreaks.

Yucca and quillaja

Extracts of the yucca plant (Yucca schidigera) 
contain components that bind ammonia. They 
serve a physiological role in this desert plant as 
a means of storing nitrogen so that the yucca 
may grow rapidly when infrequent rains occur. 
When added to the feed, yucca extract passes 
through the digestive tract of animals and binds 
ammonia in the excreta, thus reducing the 
release of ammonia into the air. This is very 
useful in confinement animal facilities, such as 
poultry and rabbit houses. Rabbitries often 
have poor air quality, with high humidity and 
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ammonia levels. Ammonia dissolves in water 
droplets in the air and has a corrosive effect on 
the nasal passages of rabbits. This allows 
Pasteurella multocida bacteria to colonize, 
producing respiratory disease (snuffles). The 
use of commercial preparations of yucca 
extract in rabbit diets can produce significant 
lowering of ammonia levels in the air, improv-
ing the welfare and health of the rabbits and 
the caretakers. A dietary level of 100 ppm pure 
yucca powder is recommended. The original 
source of the ammonia in the excreta is the 
protein in the diet. Excess dietary protein 
results in the excretion of more nitrogen in the 
urine and feces. Yucca is also a rich source of 
saponins.

Quillaja saponaria is a tree native to 
Chile. Like yucca, it is a rich source of sapon-
ins. Dietary saponins modify gut microbes in a 
favorable manner. Quillaja also has immuno-
stimulatory properties, increasing resistance to 
a disease challenge.

Enzymes

Numerous enzyme preparations are commer-
cially available. The most useful are those that 
improve the digestibility of glucans in barley 
and oats. Glucans are water-soluble gums that 
cause the contents of the digestive tract to be 
viscous or gummy, interfering with nutrient 
absorption. Their effects are most apparent in 
poultry, which show a good response to 
enzyme (glucanase) supplements. However, 
the microbes in the rabbit hindgut digest glu-
cans, so there is no response to glucanase 
enzyme supplementation in rabbits. Similarly, 
commercial sources of the enzyme phytase 
improve phosphorus availability in poultry and 
swine but are not useful in rabbit diets because 
gut microbes produce adequate phytase. There 
is one case where rabbits do respond to dietary 
enzyme supplements. Sources of protein-
digesting (proteolytic) enzymes can aid in 
breaking down hairballs in the stomach by 
digesting the mucoproteins (mucus) that hold 
the hairballs together. Pineapple and papaya 
juice contain proteolytic enzymes (bromelain 
and papain, respectively). Some commercial 
feed containing proteolytic enzymes is  marketed 

for feeding to Angora rabbits, which are very 
susceptible to hairballs.

Feed Formulation, Preparation, 
and Processing

Diet formulation

The formulation of diets for livestock involves 
calculating the optimal balance of available 
feedstuffs that will meet the nutritional require-
ments of the animal to provide the desired 
level of production. Because livestock are 
almost always raised with the hopes of gener-
ating a profit, it is usually desirable that the 
ration provide the most economical perform-
ance to produce the maximum economic 
return. This is called least cost ration 
formulation.

In order to formulate a ration effectively, 
certain information is needed. To manufacture 
a good diet for lactating rabbits and their lit-
ters, it is necessary to know the nutrient 
requirements of lactating does. Unfortunately, 
the nutritional requirements of rabbits have 
not been well established, but reasonable esti-
mates have been made, as listed in Tables 8.1 
and 8.2. The use of these nutrient require-
ment figures requires a certain amount of 
informed judgment. First, it should be recog-
nized that these figures are not “cast in stone” 
but are estimates of the requirements of aver-
age animals. Some nutrients are more impor-
tant than others. In formulating a rabbit ration, 
it is very important to be concerned with the 
protein requirement but not important to be 
concerned with meeting the thiamine, ribofla-
vin, and manganese requirements, for exam-
ple. This is because it is extremely unlikely that 
a deficiency of these nutrients will occur with 
any combination of common feedstuffs. Thus, 
a nutritionist needs to be selective in assessing 
which nutrients are worthy of consideration in 
ration formulation.

After deciding upon the nutrient require-
ments to be met, the next step in ration formu-
lation is to list the available feedstuffs that are 
suitable for the animal in question. The cost of 
each feedstuff should be noted and its content 
of critical nutrients listed. Generally, “book  values” 
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are used for many of the nutrient values, because 
it is too expensive and time-consuming to get a 
complete analysis on each batch of feed ingre-
dients. Many ingredients, such as soybean meal, 
are quite consistent in their composition.

After listing the nutrient requirements to 
be met and the composition and cost of the 
available feedstuffs, the next step is to combine 
the ingredients in the optimal proportions to 
meet the nutritional requirements at the lowest 
cost. This process has been greatly simplified 
by the use of computers. Virtually every feed 
company formulates diets using a computer. 
The availability of inexpensive microcomputers 
makes it technically feasible for a rabbit raiser 
to formulate diets. However, most rabbit raisers 
are unlikely to have as much knowledge of 
nutrition, feedstuffs, and ration formulation as 
professional nutritionists employed by feed 
companies, so it is generally more effective to 
leave this process to the professionals. For 
those who wish to pursue the subject further, 
additional information on the mechanical details 
of ration formulation can be obtained from the 
books cited in the Further Reading section at 
the end of this chapter. Finally, judgment is 
needed in assessing the formula selected by the 
computer. Although the formula may be math-
ematically sound, it may be a combination of 
ingredients that is not palatable, won’t make a 
good pellet, etc. The experience of the nutri-
tionist is needed to anticipate these problems.

Feed processing consists of subjecting 
feeds to various treatments that may improve 
their nutritional value, destroy toxins, increase 
palatability, improve ease of handling, etc.

Pelleting is the most important feed 
processing procedure used in the preparation 
of rabbit rations. Rabbits show a strong prefer-
ence for pelleted feed over the same diet in a 
mash form. Pellets should be solid and firm, 
with a minimum of fines. Pellets should be 
6 mm or less in length and 5 mm or less in 
diameter. Weanling rabbits will waste large 
quantities of feed if the pellets are too large; 
they will take one bite of a pellet and let the 
rest drop through the cage. The pelleting proc-
ess allows a variety of feedstuffs to be mixed 
together and then cohesively bound in a com-
pact, homogeneous package. The animals are 
not able to sort out the ingredients, so they eat 
the entire balanced ration. Feedstuffs are 

 processed in various ways prior to pelleting. 
Grains should be rolled or ground, to break 
down their cellular structure and facilitate 
 digestion. Corn has a waxy covering that resists 
digestion. In fact, whole corn will pass undi-
gested through the entire digestive tract of a 
cow. Corn should be rolled or ground. Alfalfa 
and other roughages should be ground prior to 
pelleting. There is some indication that the 
fineness of grind of grains and roughages can 
influence the rate of food passage through the 
gut, which in turn may influence the digestibil-
ity of the feed and the development of enteri-
tis. Small feed particles are retained in the 
rabbit cecum, whereas large particles are 
excreted more rapidly. Retention of small par-
ticles for a longer period may allow pathogenic 
bacteria to grow in the hindgut, causing enteri-
tis. Therefore, it is probably advisable that feed 
ingredients for rabbits be coarsely, rather than 
finely, ground.

In the pelleting process, the feed ingredi-
ents are first mixed and then put through a pel-
let die. This consists of a chamber containing 
holes through which the feed is forced. As it 
comes out of the die, knives chop off pellets of 
the desired length. The diameter of the feed 
pellet is determined by the size of the holes in 
the die. As the die size is reduced, the energy 
required to pellet the feed is increased and the 
rate at which feed can be pelleted is reduced. In 
order to maximize the rate at which feed can 
move through the mill, steam is often injected 
into the mixture before it enters the pellet die. 
Steam adds both heat and moisture. The heat 
accelerates the softening of ingredients and the 
release of natural adhesives in the ingredients. 
The addition of molasses usually increases the 
pelletability of feeds; it can be premixed ahead 
of the pellet mill or injected directly into the 
conditioning chamber. Molasses should be 
injected with steam in very fine droplets, to 
blend it evenly with other ingredients and to 
prevent it from congealing on the equipment. 
Some types of ingredients, such as sugars, dry 
milk powder, and whey, have a tendency to 
caramelize during pelleting. They develop a 
glassy consistency and plug the pellet die.

Feed manufacturing and pelleting are as 
much art as science. Different ingredients and 
various combinations of ingredients can behave 
differently in the mill - some produce good 
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quality, firm pellets, and other combinations 
cause problems. It is difficult for a large feed 
mill to prepare small batches of feed. Custom 
mixes should be used only by rabbit producers 
who use several tons of feed a month.

Heat treatment is necessary for certain 
types of feeds. For example, to destroy a number 
of inhibitors that they contain, soybeans must 
be heated before being fed to livestock.

If for some reason it is necessary to feed a 
mash diet, coarsely ground or rolled grains 
should be used. If finely ground products are 
used, the feed should be dampened to prepare 
a wet mash. The addition of molasses will aid 
in providing a palatable mix and will retard 
spoilage. After a period of adaptation, rabbits 
will consume these diets in adequate amounts. 
In most cases, however, it is advisable to use a 
pelleted commercial diet.

Feed storage

If stored in a dry, rodent-proof location, rabbit 
feed can be kept for a considerable period. 
With prolonged feed storage, there is a loss of 
vitamin activity and the possible development 
of rancidity. In humid areas, rabbit feed with a 
high content of alfalfa meal tends to absorb 
moisture and swell. The pellet structure breaks 
down, and mold growth may occur. However, 
buying feed in large quantities does result in a 
lower cost per ton of feed. Producers with large 
herds should consider the use of bulk tanks. 
These reduce labor costs of feed handling. Also, 
storage conditions are generally better when 
bulk tanks are used than when feed is stored in 
sacks. Bulk feed is less expensive than sacked 
feed because of lower labor and sacking costs 
involved. Since metal tanks may “sweat,” caus-
ing moldy feed, wood or plastic tanks should be 
used if feed is to be stored for a prolonged 
period. Some feed companies use large nylon 
bags that hold a ton or more of bulk feed. 
A forklift, front-end loader, or other lifting 
machinery is necessary for handling them.

Feed requirements and feed conversion

The total feed requirements needed to produce 
market fryers are dependent to a considerable 

extent on the composition of the diet. The 
higher the energy (TDN) content of the feed, 
the less feed that is required per unit of weight 
gain. Conversely, the lower the energy con-
tent, the more feed that is required. Thus, it is 
possible to observe considerably different levels 
of feed intake, depending on the type of diet 
used. In the final analysis, it is the cost of pro-
duction (cost of gain) that is of prime impor-
tance, not the price per ton of feed.

As a rule of thumb, a New Zealand White 
doe and litter will consume about 45 kg of feed 
from breeding to eight weeks of age. Weanling 
rabbits will consume about 55–170 g of feed 
per day, depending on their size.

Feed conversion is the kg of feed con-
sumed divided by the kg of body weight gain. It 
is commonly referred to as the feed:gain ratio. 
Weanling rabbits will consume about 3 kg of 
feed per kg of gain. As a rule, it will take 1.6 to 
1.8 kg of feed for a doe and litter per kg of gain 
of the litter. Considering the fact that rabbit 
rations are typically quite high in roughage and 
low in energy, the feed:gain ratios commonly 
observed are remarkably good. Rabbits are as 
efficient as broiler chickens in their conversion 
of protein and energy into meat.

Rabbit producers should be aware that it is 
the cost per kg of fryer produced that is the 
“bottom line” figure, rather than the cost per 
ton of feed. If Feed A costs $440 per metric 
ton and Feed B costs $495 per metric ton, 
which is the better buy? If feed conversion is 
3.7 on Feed A and 3.1 on Feed B, then the 
cost per kg of gain are 81.4 cents on Feed A 
and 76.8 cents on Feed B. Thus, Feed B is 
actually a better buy.

Feeding systems

The two basic feeding systems are ad libitum, 
or free choice, feeding and limit feeding, in 
which a controlled or limited amount of feed is 
offered daily. Each feeding system has its 
advocates. Free choice feeding, in which the 
hoppers are kept full of feed, is less labor 
intensive than limit feeding. It is widely used 
for does with litters and for weaned litters. 
Another advantage is that there is less crowd-
ing at the feed hopper. Advocates of limit 
feeding assert that this system forces rabbit 
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raisers to visually observe each cage every day 
so that they are more likely to notice animals 
off feed or other signs of illness. Limit feeding 
may also reduce enterotoxemia. In areas of 
high humidity, it may not be possible to pro-
vide more than a single day’s ration. You 
should be careful not to restrict feed intake to 
the extent that weight gains are severely 
affected.

A good manager will watch the feed hop-
per and the droppings closely. If the drop-
pings become soft, it may be necessary to 
supplement the diet with some hay or other 
fibrous feed. If no feces are being excreted, 
palpate the abdomen to examine the cecum. 
If it has become impacted, the rabbit will 
likely develop mucoid enteritis (now called 
mucoid enteropathy). Cecal impaction may 
be caused by insufficient roughage in the diet 
or by feed that is too finely ground. Finely 
ground particles in the gut seem to decrease 
intestinal motility, which causes constipation 
and impaction.

Creep feeding

Creep feeding involves feeding the nursing 
kits a special feed to which the doe does not 
have access. The creep feed is a high 
energy, high protein feed. While creep feed-
ing may give a slight improvement in growth 
rate, most producers find that the extra cost 
of the creep feed and the extra labor 
involved do not always justify the use of this 
system.

Examples of diet formulas

A wide variety of diet formulas can be used. 
Typical rabbit diets will include a roughage 
source (e.g., alfalfa), a grain (e.g., barley, 
corn, and oats), a protein supplement (e.g., 
soybean meal), salt, and mineral and vitamin 
supplements. The selection of particular 
ingredients will depend largely on their 
 relative cost and availability (Table 8.10); 
these are just examples – many other diets of 
 similar composition may be satisfactory or 
preferable.

Enteritis occurs on a wide variety of com-
mercial diets. Unfortunately, the present state 
of knowledge on rabbit nutrition does not 
offer a complete explanation for this prob-
lem. Currently, there is no magic diet formula 
that will prevent enteritis. This is a major 
problem on a worldwide basis. The low enteri-
tis diet shown here gave a marked reduction 
in enteritis at the Oregon State University 
Rabbit Research Center as compared to other 
diets containing cereal grains. The addition of 
one kg of copper sulfate per metric ton of 
feed may sometimes aid in reducing enteritis.

Grazing Rabbits

Attempts have been made to raise rabbits in 
large pens or warrens to utilize grazing crops 
and save labor, but there are so many un -
favorable factors involved that this system 
has not met with much success. Considerable 
investment is required because fences must 
be constructed that will keep the rabbits in 
and predators out (Fig. 8.4). Raising grazing 
crops in small enclosures is also expensive, 

Table 8.10. Examples of diet formulas.

Low Enteritis Lactation/Grower Diet

Ingredient Percentage of Diet
Alfalfa meal 54.0
Trace mineralized salt 0.5
Dicalcium phosphate 0.25
Molasses 3.0
Tallow 1.25
Wheat mill run 20.0

Buck and Gestating Doe Diet

Ingredient Percentage of Diet
Alfalfa meal 50.0
Oats 45.5
Soybean meal 4.0
Salt 0.5

Lactating Doe Diet

Ingredient Percentage of Diet
Alfalfa meal 40.0
Wheat 25.0
Sorghum 22.5
Soybean meal 12.0
Salt 0.5
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and sooner or later internal parasites, espe-
cially coccidiosis, become a problem with the 
rabbits.

When a number of does are maintained 
in an enclosure, it is impossible to keep any 
 accurate individual breeding or kindling 
records. The practice of allowing does to kin-
dle in burrows rather than in nest boxes could 
be followed only in areas where the climatic 
conditions were such that the ground would 
not freeze or become wet and soggy. When 
the does do kindle in burrows, they usually 
take care of their litters satisfactorily. If they 
are forced to use nest boxes in the pens, they 
are not discriminating in nursing, so some lit-
ters may get proper nourishment and others 
may not. Unless the pens are unusually large, 
there frequently will be fighting and injuries 
among the does and bucks. Harvesting the 
fryers requires considerable labor.

Orphan Litters

Occasionally a doe will die at kindling time or 
before the litter is old enough to eat the feeds 
that are given to more mature rabbits. If it is 
desirable to hand-raise the litter because of 
exceptional production or show records, in 
order to maintain some particular bloodline, or 
for sentimental reasons, this can be done, 
although commercially this practice is not 
sound.

It will be necessary to feed the orphans 
with an eyedropper or a doll’s nursing bottle 
and to use goat milk or synthetic cat milk, 
available at pet stores. Another recipe is 
evaporated milk diluted 50:50 with water, 
with an egg yolk and 1 tablespoon of corn 
syrup added to each cup of mixture. The 
milk should be heated to the point at which 
it feels comfortable when dropped on the 
back of your hand. When the young are 12 
to 14 days of age, they should be offered 
oatmeal and a few blades of fresh growing 
grass or a small quantity of tender leaves 
from garden vegetables. They can be taught 
to drink out of a saucer and to begin to eat 
small quantities of the rations fed to the rest 
of the herd by the time they are 15 to 18 
days of age. The quantity may be increased 
gradually as the young mature, but overfeed-
ing should be avoided. It is essential that all 
feeding equipment be kept in a sanitary con-
dition; this is especially important where 
milk is fed.

It is also possible to foster orphan kits to 
other does (Fig. 5.13). This is an advantage of 
breeding several does at once; if a doe dies, 
unless it is from a disease such as mastitis, her 
litter can be fostered to other does with litters 
of the same age. The fostered kits will usually 
be readily accepted.

Conditioning Show Rabbits

Properly balanced rations that are fed to the 
general herd will be satisfactory for feeding 
rabbits that are being conditioned for shows, 
but the quantity fed must be regulated to 
meet each individual’s requirements so as 
to have the desired development and finish 
when show time arrives. Small quantities 
of fresh green feed or root crops, especially 
carrots, are used by some breeders as a 
 stimulating and regulating food. Others 
feed bread, raisins, and milk because of 
their food value and to add variety to the 
ration. Sunflower seeds are an excellent 
conditioning feed because of the oil they 
contain, which enhances the glossiness of 
the  rabbits’ fur.

Fig. 8.4. Grazing rabbits outside a research 
laboratory in Germany. Note that the surrounding 
building provides protection from predators. 
(Courtesy of J.I. McNitt)



 Feeds and Feeding 105

Further Reading

Cheeke, P.R. 1987. Rabbit Feeding and Nutrition. Academic Press, San Diego.
Cheeke, P.R. 1999. Applied Animal Nutrition: Feeds and Feeding (2nd ed.). Prentice Hall, Upper Saddle 

River, NJ.
deBlas, C., and J. Wiseman. 2010. The Nutrition of the Rabbit (2nd ed.) CABI Publishing, Wallingford, 

U.K.
National Research Council. 1977. Nutrient Requirements of Rabbits. National Academy of Sciences, 

Washington, DC.



  
106 © McNitt 2013. Rabbit Production, 9th Edition (J.I. McNitt et al.)

9

Toxins in Feeds

Many feedstuffs contain toxic factors. Although 
many people are concerned about synthetic 
chemicals in our food chain, it is desirable to 
maintain perspective by being aware that there 
are a great many natural toxins in food and 
feeds, including a number of extremely danger-
ous compounds. Most of the serious food-
related episodes of damage to human or animal 
health have involved natural toxins. These 
include “food poisoning” caused by bacterial 
toxins; the deaths and sickness of thousands of 
people in Europe from ergot in rye and other 
grains; milk sickness in frontier America that 
depopulated entire villages because of a milk-
transferred toxin from a poisonous plant; 
deaths of livestock and waterfowl from algae in 
water; and the loss of over 100,000 turkeys in 
England from aflatoxin in peanut meal. Some 
of the most lethal compounds known, such as 
the botulism toxin and aflatoxin, are natural 
compounds.

To keep the subject of toxicity in realistic 
perspective, it is also necessary to be aware of 
relationships between dose and effect. Virtually 
everything is potentially poisonous. This 
includes water (force-feeding about four times 
the daily requirement of water to an animal will 
kill it), protein, salt, copper, zinc, iron, vitamin 
A, vitamin D, etc. Thus, the relationship 
between dose and toxicity is important. The 
mere presence of a toxin in a feed is not neces-
sarily bad; what is critical is whether it is present 

at a level that will cause adverse biological 
effects (the dose makes the poison). Biologists 
believe that there is a “threshold level” for a 
toxin; at concentrations below the threshold 
(the non-effect level), the toxin is in fact 
nontoxic.

Some of the more important toxins are 
listed and briefly discussed below. More infor-
mation on natural toxins in feeds and their 
effects on animal performance is provided 
in the books cited in the “Further Reading” 
section at the end of this chapter.

Goitrogens

Goitrogens are substances that inhibit the syn-
thesis of the thyroid hormone thyroxin. Their 
presence in feeds results in the development of 
an enlarged thyroid gland, called goiter. 
Goitrogens are found in members of the 
Brassica group, including cabbage, cauliflower, 
kale, rape, and mustard. Goitrogens were dis-
covered when laboratory rabbits were fed a diet 
of raw cabbage and developed goiter. Moderate 
amounts of cabbage or other greens will not 
cause problems. Varieties of rapeseed low in 
glucosinolates (a type of goitrogen) have been 
developed, so rapeseed meal can be used safely 
in rabbit feeding. Low glucosinolate rapeseed 
meal is commonly referred to as canola meal.
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Gossypol

Cottonseed meal contains a substance called 
gossypol. It is toxic to animals, causing tissue 
damage and, in some animals, male sterility. 
Gossypol occurs in both free and bound form 
in the meal. It is the level of free gossypol that 
is of significance. Free gossypol can be “tied 
up” by the addition of ferric sulfate to the feed. 
This procedure has been used to detoxify cot-
tonseed meal for swine feeding. Studies at the 
Oregon State University Rabbit Research 
Center indicated that cottonseed meal can be 
safely used in rabbit rations at moderate levels 
(5 to 10 percent of the diet). The level of gos-
sypol in cottonseed meal varies according to 
the variety of cotton. Because gossypol 
increases the resistance of the plant to pests 
and diseases, new varieties of cotton tend to 
have higher gossypol contents. Cottonseed 
meal is less valuable than the cotton fiber or 
the cottonseed oil, so the quality of the meal is 
a minor consideration in plant breeding.

Lectins (Hemagglutinins)

Lectins are substances in beans that, when 
added to a blood sample, cause the red blood 
cells to agglutinate, or clump together. This is 
why they have been called hemagglutinins. In 
the living animal, they are not absorbed and so 
do not affect the red blood cells. However, in 
the digestive tract they cause damage to the 
intestinal wall and reduce the absorption of 
nutrients. As a result, growth is reduced. 
Soybeans, broad beans, and common beans, 
including pinto, kidney, and navy beans, all 
contain lectins. For this reason, raw beans 
should not be fed to rabbits. Cooking destroys 
lectins and other toxins, such as trypsin inhibi-
tors, so heat-treated beans can be safely used.

Mimosine

Mimosine is a toxic amino acid found in the 
tropical forage plant Leucaena leucocephala. 
This plant has tremendous potential as a pro-
tein source in tropical countries (Fig. 9.1). 
Unfortunately, the mimosine in it causes 

 alopecia (loss of hair) and in ruminants causes 
goiter. Leucaena is quite palatable to rabbits, 
which consume it readily (Fig. 9.2). The leaves 
contain over 30 percent protein. Leucaena, 
when fed along with other tropical forages, can 
be very effectively used by rabbits as a protein 
source. It should not be fed for extensive peri-
ods at more than 10 percent of the total dry 

Fig. 9.1. A rabbitry in Haiti surrounded by 
Leucaena, which can be harvested for feeding to 
the rabbits. (Courtesy of P.R. Cheeke)

Fig. 9.2. Rabbits eating Leucaena in a rabbitry in 
Haiti. (Courtesy of P.R. Cheeke)
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weight of the diet, or it may cause mimosine 
toxicity problems. Plant breeders in Australia 
and Hawaii are developing low mimosine vari-
eties of Leucaena, which should improve the 
feeding value of this high protein plant. In cat-
tle and other ruminants, certain rumen 
microbes detoxify mimosine. It has not been 
determined whether these microbes could be 
introduced into rabbits. Mimosine is absorbed 
from the small intestine, so it is unlikely that 
cecal microbes could be effective in detoxifying 
mimosine.

Mycotoxins

Mycotoxins are toxic substances produced by 
fungi or molds that grow on feeds. Moldy 
grains may be toxic. The exact consequences 
of feeding moldy feed to rabbits cannot be pre-
cisely predicted because there are a large 
number of different molds and mycotoxins that 
could be involved, with varying effects.

Among the major mycotoxin groups are 
aflatoxins, produced by molds (Aspergillus 
flavus and A. parasiticus) that grow on 
grains and other feeds (e.g. soybeans and cot-
tonseed meal). Problems with aflatoxins were 
first observed in 1961, when more than 
100,000 turkey poults died in England. This 
outbreak, called Turkey X Disease, was traced 
to the presence of mold toxins in peanut 
meal. Subsequent studies have identified 
numerous specific aflatoxins (aflatoxin B1, 
B2, G1, G2, M1, etc.). They cause severe 
liver damage and, with chronic low doses, 
cause liver cancer. In rabbits, aflatoxins cause 
animals to go off feed and water, to become 
dehydrated and lethargic, and to develop liver 
damage and jaundice.

Numerous other mycotoxins that contami-
nate grains are known. They include citrinin, 
ochratoxin, T-2 toxin, fumonisin, and zea-
ralenone. These toxins cause acute kidney and 
liver damage, adverse effects on reproduction, 
and death. It is believed that in some cases 
mycotoxins may cause enteritis in rabbits, while 
in other cases, feeding moldy feed does not 
induce enteritis.

Another important mycotoxin is ergot. 
Ergot is a substance produced by a mold 
(Claviceps purpurea) that infects the seed 

heads of rye, oats, wheat, triticale, and 
Kentucky bluegrass. Ergot alkaloids also occur 
in endophyte-infected tall fescue grass. Ergot 
affects the central nervous system and the 
smooth muscles. It causes the blood vessels in 
the feet and legs to constrict, cutting off circu-
lation. This may cause gangrene. Ergot may 
also cause abortion. Rabbits may shuffle their 
feet continuously, suggesting pain in the 
extremities.

Sweet clover contains a substance called 
coumarin. If sweet clover hay becomes moldy, 
the mold growth converts coumarin to a 
 substance called dicumarol. Dicumarol is an 
inhibitor of vitamin K and causes a vitamin K 
deficiency. This vitamin functions in the clot-
ting of blood, so in vitamin K deficiency, spon-
taneous hemorrhaging occurs. Feeding moldy 
sweet clover may thus cause excessive bleed-
ing and death. The rat poison warfarin acts in 
a similar manner, killing rats by internal 
hemorrhaging.

Nitrates

Nitrate is a simple nitrogen-containing ion, 
N03 which can be chemically reduced to nitrite, 
NO2. Nitrite is about 10 times as toxic to ani-
mals as nitrate. Nitrite ions oxidize hemoglobin, 
the oxygen-carrying pigment in blood, to a 
compound called methemoglobin, which is 
incapable of carrying oxygen. As a result, 
nitrite-poisoned animals die from a cellular lack 
of oxygen.

Some common plants accumulate 
nitrates. These include pigweed (Amaranthus 
spp.), lamb’s-quarters (Chenopodium spp.), 
Sudan grass, alfalfa, oats, corn, and wheat. 
Soils high in nitrogen from heavy fertilization 
or manuring lead to nitrate accumulation by 
plants. Herbicide treatment with 2,4-D 
increases nitrate concentrations. Nitrate poi-
soning is primarily a problem in ruminants 
(e.g., cattle and sheep), because plant nitrates 
are converted to nitrites in the rumen. Acute 
poisoning of ruminant animals may occur 
when forage nitrate exceeds 1.0 percent 
(10,000 ppm) or 1500 ppm nitrate in water. 
The toxic level in rabbits is likely to be more 
than this. Rabbits would be expected to be 
quite tolerant, because nitrate would be 
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absorbed as such rather than being converted 
to nitrite in the gut. Nitrate poisoning of rabbits 
would seem to be an unlikely problem and has 
not been documented.

Oxalates

Oxalic acid is found in some plants, such as 
amaranthus, spinach, and chard. Rhubarb 
leaves are poisonous because of their high 
oxalate content. Oxalic acid forms a complex 
with calcium and renders it insoluble as calcium 
oxalate. If oxalic acid is absorbed, it combines 
with the blood calcium and precipitates it. This 
causes a rapid drop in serum calcium levels and 
causes tetany. Greens such as amaranthus, 
spinach, and chard can be fed to rabbits at 
moderate levels with no problems from oxalate 
toxicity. Pigs have been poisoned by feeding 
on wild pigweed (Amaranthus retroflexus) 
and lamb’s-quarters (Chenopodium album), 
because of their oxalate content.

Pyrrolizidine Alkaloids

Some plants contain toxic pyrrolizidine alka-
loids, which cause irreversible liver damage. In 
the U.S. Pacific Northwest, the poisonous 
plant tansy ragwort (Senecio jacobaea) is 
widely distributed. This plant contains these 
alkaloids. Rabbit raisers in the Northwest 
might be concerned about possible contami-
nation of alfalfa with tansy ragwort and the 
effect this might have on their rabbits. 
Fortunately, rabbits are very resistant to the 
pyrrolizidine alkaloids, unlike animals such as 
cattle and horses. It is of interest that the for-
age crop comfrey (Symphytum officinale) 
also contains these alkaloids. Again, because 
rabbits are resistant to their effects, comfrey 
can be safely fed to rabbits. Because comfrey 
has been shown to cause cancer in rats, direct 
human consumption of comfrey may not be 
advisable. Comfrey-containing herbal products 
have been banned in some countries, such as 
Canada. Crotalaria, which grows in the south-
ern United States and other warm areas, is 
another poisonous plant that contains pyr-
rolizidine alkaloids.

Saponins

Alfalfa and other leguminous forages (e.g., 
clovers) contain substances called saponins. 
Saponins are bitter and reduce the palatability 
of these forages. Alfalfa meal at high levels in 
rabbit feeds generally causes some palatability 
problems, resulting in excessive feed wastage. 
This appears to be due to the saponin con-
tent, causing the feed to be bitter. Plant breed-
ers are developing low saponin strains of 
alfalfa, which should increase the value of 
alfalfa as a rabbit feed. An interesting side 
effect of saponins is that they reduce serum 
and tissue cholesterol levels. It is possible that 
the low cholesterol content of rabbit meat 
may be partially due to the saponin content of 
alfalfa meal, which is generally a major con-
stituent of rabbit diets.

Saponins in feed additives such as yucca 
and quillaja (see Chapter 8) may have some 
beneficial properties, such as stimulating the 
immune system.

Trypsin Inhibitors

Soybeans and most other beans contain pro-
teinaceous substances (trypsin inhibitors) that 
interfere with the action of certain digestive 
enzymes, such as trypsin and chymotrypsin, in 
animals. They cause reduced protein digestibil-
ity, enlargement of the pancreas, and reduced 
growth. Raw soybeans should not be fed to 
rabbits. Commercial soybean meal has been 
cooked to destroy trypsin inhibitors, so it is a 
high quality feed that is safe to use. Extruded 
soybean products are also satisfactory.

Urea

Urea is a source of non-protein nitrogen (NPN) 
that is commonly fed to cattle and other rumi-
nants. It is converted by bacteria in the rumen 
into protein. The bacterial action in the rabbit 
hindgut does not utilize much urea. Therefore, 
urea should not be used in rabbit feeds as a 
partial replacement for protein. It is converted 
in the rabbit gut to ammonia, which is absorbed 
and can cause poisoning.
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Poisonous Plants

At one time, it was common for forage crops 
such as alfalfa to be heavily contaminated 
with weeds, including toxic plants such as milk-
weed and nightshade. With the advent of her-
bicide use for weed control, this problem has 
virtually disappeared. Alfalfa grown for the 
commercial feed industry (e.g., dehydrated and 
sun-cured alfalfa meal used in rabbit feeds) is 
generally of very high purity with little weed 
contamination.

Numerous garden ornamentals and wild 
plants commonly found in pastures and uncul-
tivated areas are toxic to animals. Common 
garden flowers that are poisonous include 
lupines, delphiniums, and foxgloves. A few 
foxglove leaves (Fig. 9.3) contain enough poi-
sonous cardiac glycosides to kill a rabbit. Before 
picking leaves of various plants and feeding 
them to rabbits, you should be familiar with the 

local plants and be aware of any poisonous 
ones. A number of house plants, including dief-
fenbachia, are toxic. Pet rabbits should not be 
allowed access to such plants. Any exposure of 
rabbits to poisonous plants is likely to be due to 
the accidental feeding of toxic plants as green 
feeds rather than to their presence in commer-
cial diets.

Herbal Remedies

During the twentieth century, tremendous 
advances were made in the control of human 
and animal diseases. Antibiotics and other 
drugs with highly specific antimicrobial activ-
ity and vaccines against diseases have been 
developed. As part of a “back to nature” or 
“more natural” approach to life, some people 
have tended to reject some of these modern 
techniques and have adopted more traditional 
folk wisdom and herbal remedies. Many 
extravagant claims have been made for the 
medicinal effects of various herbs, such as 
comfrey as a cure for cancer and chamomile 
as an aid to recovery from illness. While in a 
few instances efficacious drugs used in tradi-
tional medicine have been developed from 
plants (e.g., reserpine, quinine, digitalis), in 
most cases herbs have little or no therapeutic 
value. Generally, the supposed basis of action 
is irrational. Ginseng root, for example, owes 
its reputed medicinal effects to its somewhat 
human-like shape! Many herbs do contain toxic 
substances, but in most cases the concentra-
tion is not sufficiently high to cause poisoning. 
The use of herbs to control diseases in the rab-
bitry is without foundation but probably does 
no harm other than perhaps delaying the 
implementation of more effective medication 
or treatment.

Agricultural Chemicals: 
Pesticides and Herbicides

Modern agriculture involves the use of a variety 
of types of chemicals for the control of weeds, 
insect pests, and plant diseases. Although there 
is widespread concern about their safety, it 
should be recognized that exhaustive testing 

Fig. 9.3. Foxgloves are common garden 
ornamentals that contain very toxic cardiac 
glycosides, and their leaves should not be fed to 
rabbits. (Courtesy of P. R. Cheeke)
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for efficacy and safety is required before new 
chemicals are released and that stringent regu-
lations on their use are enforced. There is very 
little evidence that residues of sprays on feed or 
crop plants are deleterious to humans or ani-
mals. Poisonings that occur are almost always 
due to accidental consumption of concentrates 
or sprays or to exposure while applying the 
materials. New chemicals tend to be more 
selective and less damaging to non-target 

species than materials formerly in use. For 
example, compounds containing copper, 
arsenic, and mercury were at one time widely 
used in crop spraying programs and caused 
significant contamination problems. It is also 
well to consider that before herbicides were 
available, contamination of grains with poison-
ous weed seeds caused many poisonings of 
humans and animals. The use of herbicides has 
eliminated these problems.
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10

Rabbit Diseases and Health Problems

One of the most devastating and discouraging 
aspects of raising rabbits is disease. The death 
of a beautiful litter or doe is not only an eco-
nomic loss, but it also has an emotional impact 
on the rabbit raiser. Hours of work and genera-
tions of breeding can be wiped out overnight 
by disease. Disease and death are an integral 
part of any livestock operation. This is particu-
larly true in rabbit raising. Mortality in some 
rabbit herds can be as high as 40 percent of all 
animals born. Sometimes, animals are found 
dead that looked perfectly normal a few hours 
before. This high rate of mortality can be so 
discouraging that it may cause some rabbit 
raisers to give up the business. As discussed in 
Chapter 21, there are a few rabbit diseases 
that also infect humans.

The success or failure of your rabbit oper-
ation depends on your ability to keep disease at 
a minimum. Most diseases occur because of 
management mistakes or lack of knowledge. 
The total loss of rabbits from disease averages 
20 to 40 percent; this includes the kits born 
dead, the nest box deaths, the fryer deaths, 
and the loss of does and bucks.

General Considerations

Disease is defined as “a morbid process having 
a characteristic number of symptoms.” A  disease 
may affect the whole body or any of its parts, 

and its cause may or may not be known. 
Building upon this definition, you should be 
aware that disease comes about because of 
interactions between disease-producing agents 
and the host (the rabbit in this case). These dis-
ease producing agents are continuously in the 
environment of the rabbit. The logical question 
to ask, then, is, “Why aren’t all rabbits sick?” In 
answer to this question, a number of factors 
are involved. First, rabbits differ in their genetic 
resistance to disease. Some animals may have 
more resistance to specific diseases than oth-
ers. In the case of snuffles, for instance, some 
animals appear to be quite resistant. The dis-
ease is caused by a bacterium called Pasteurella 
multocida. Sometimes when one rabbit has 
snuffles, one in the next cage is unaffected, 
even though it is being exposed to Pasteurella. 
Apparently this animal has some genetic factor 
that makes it resistant.

Another factor to consider in disease is 
the concentration of the disease-producing 
agent. We know that viruses exist in the envi-
ronmental surroundings of rabbits. But if the 
number of virus particles in the environment 
is kept low, the number actually attacking the 
rabbit will be relatively few. The natural 
defense mechanisms of the rabbit may be able 
to cope with a few virus particles, but if a large 
number are present, the defense mechanisms 
are overwhelmed and a disease is produced. 
The concentration of organisms is related to 
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both sanitation and the density of animals in 
the building. With any animals raised in close 
confinement, disease seems to increase almost 
proportionally as the number of animals in a 
given space increases. The typical rabbit raiser 
starts an operation with a few rabbits in a 
barn or shed, and all seems to go extremely 
well, with little disease, excellent conception, 
and beautiful rabbits. Because things are going 
well, he or she decides to double or triple the 
size of the herd. However, the space remains 
the same. The grower decides to double tier 
or reduce the space between the rows or use 
any other combination of space-saving ideas. 
This results in overcrowding, and problems 
begin.

Still another factor that compromises 
management when a herd is increased is a 
decrease in the time that you have for each 
individual rabbit. Therefore, there is a tendency 
to miss the first signs of trouble. You don’t see 
the soft stool, the missed meal, the increased 
amount of hair on the cages, etc.

Ventilation, sanitation, and observation 
are three of the most important factors involved 
in disease control. Diseases are usually caused 
by some type of organism. It may be a bacte-
rium, a virus, a protozoan, an arthropod, or 
some other kind of organism. Air dilution 
through ventilation is a very effective method 
of reducing the numbers of some organisms. 
The numbers of a disease-producing organism 
may determine whether a disease is produced. 
Air dilution is one of the reasons that you find 
fewer respiratory problems in well-ventilated 
barns where the air the rabbit breathes is 
changed often.

The other method of reducing the number 
of potential disease organisms is physically or 
chemically removing them. This is called sani-
tation. The manure is removed, the cages and 
nest boxes are disinfected, and the hair on the 
cages is removed. All of these procedures 
reduce the number of harmful agents. A single 
rabbit hair can carry thousands of bacteria or 
viruses.

Observation, of course, refers to training 
yourself to look for signs of initial discomfort in 
animals. A sick animal is somewhat like a sick 
human, except the animal doesn’t make such a 
big fuss about it. It doesn’t want to eat, may not 
drink, is lethargic (doesn’t want to move much), 

may have a dull appearance in its eyes, may 
have a rough hair coat, and generally is 
unthrifty in appearance. If you miss these signs 
when they occur and you don’t notice anything 
until there is a profuse nasal discharge or 
diarrhea, it’s generally too late to do much 
about it. However, if you see the initial signs, a 
treatment of one kind or another may not only 
be helpful but may save the life of the animal.

Quarantine

All sick rabbits and those that have been 
exposed to contagious or infectious diseases 
should be isolated. Those that have been dis-
played at shows or new stock that has been 
purchased should be kept separate from the 
herd and held in quarantine for at least two 
weeks. These precautionary measures may 
prevent spread of infection in the rabbitry in 
case communicable diseases are in the incu-
bation stage at the time the animals are 
isolated.

During quarantine, rabbits should be 
examined closely every day for signs of dis-
ease, especially a nasal discharge or diarrhea. 
The use of a broad-spectrum antibiotic (such 
as oxytetracycline) may be advisable if rabbits 
have been purchased from questionable 
sources. Antibiotics in the drinking water or 
feed can also be used to decrease the gas-
trointestinal micro flora (bacteria, etc.). As 
the antibiotics are withdrawn, a new micro 
flora population will be established from the 
environment near your rabbitry. This will 
make introduction of the animal into your 
herd much easier. Quarantine areas should 
be separate from the main herd or rabbitry. 
Rabbits housed in quarantine should be cared 
for after the husbandry of the main herd has 
been accomplished. This procedure reduces 
the chance that diseases will be spread from 
the quarantine area to the main rabbitry. It is 
always a good idea to wash and/or disinfect 
your hands after treating sick rabbits or rab-
bits in quarantine, as a number of disease 
agents can be carried on your hands. 
Separate clothing and foot covers for wear-
ing in the quarantine area should also be 
considered.
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Diagnosing Diseases

Some diseases can be diagnosed by observa-
tion of clinical signs while the rabbit is living. 
Other diseases cannot be diagnosed without a 
post-mortem examination and, in some cases, 
special techniques. As a rabbit raiser, you 
should become very familiar with the anatomy 
of a rabbit and the normal appearance of the 
internal organs. In addition, the normal physi-
ological characteristics should be learned. You 
can accomplish this by learning a few facts, 
such as the normal rectal temperature, 38.9–
39.4°C; the normal pulse rate, 140–150 beats 
per minute; the normal respiration rate, 50 to 
60 breaths per minute; and the normal general 
appearance of a healthy rabbit stool (manure). 
You can learn the normal appearance of the 
internal organs only by repeated examination 
of these organs when normal rabbits are 
slaughtered. Then, when a rabbit dies for some 
unknown reason, you will be prepared to do 
your own post-mortem examination. With a lit-
tle practice, you can become proficient in diag-
nosing the more common diseases and, with 
this information, be able to take immediate 
measures for preventing an outbreak of a cer-
tain disease.

In making the post-mortem examination, 
remove the pelt to facilitate examination of the 
carcass. After removing the pelt, place the ani-
mal on its back and make a midline incision 
through the body wall. This will reveal the 
internal organs (Fig. 10.1). Examine the lungs 
and the heart in the thoracic cavity. If the lungs 
are normal, they will be a pale pink color. If the 
lungs are purple or have purple and pink 
splotches or yellow or white spots, they are 
probably diseased. Hemorrhages and red spots 
in the lungs may be seen if the animal has 
struggled while dying. Next, examine the 
organs in the abdominal cavity (the thoracic 
and abdominal cavities are separated by the 
diaphragm). The large organ closest to the dia-
phragm is the liver. It should be purplish red, 
very smooth, and shiny. A change in color or 
the presence of white spots signals disease. On 
the underside of the liver, you will see a greenish-
yellow sack. This is the gallbladder. Normally 
it is quite small, but if the rabbit has been off 
feed for 24 hours or longer, it will be enlarged 
(distended with bile) and quite turgid.

Next examine the digestive tract 
(Fig. 10.2), starting with the stomach. The 
stomach lies under the liver. It should be filled 
with a very wet mix of rabbit feed and water. 
Occasionally you will see fecal pellets (manure) 
in the stomach. This is normal, as rabbits 
practice cecotrophy (eating their own fecal 
pellets). The long tubular structure coming 
from the bottom of the stomach is the small 
intestine. Its contents are scant and almost 
slimy. The small intestine empties into a large 
organ called the cecum. The contents of this 
part of the digestive tract should be semi-solid 
(somewhat like putty). If you find the cecum 
and/or small intestine to be two or three 
times normal size and the contents very 
watery and foamy, you should suspect an 
enteric problem. You may also see a redden-
ing of the walls of these organs due to hemor-
rhage. The cecum empties into the colon, or 
large intestine. This organ is smaller than the 
cecum and normally should contain the round 
fecal pellets. Diseases in this organ would be 
signaled by vaseline-like contents or no fecal 
pellets.

Fig. 10.1. Location and identification of the internal 
organs of the rabbit. A, lungs; B, heart; C, liver; 
D, stomach; E, spleen; F, vermiform process 
(appendix); G, cecum; H, small intestine; I, kidney; 
J, large intestine; K, bladder. (Courtesy of USDA)
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After examining the digestive tract, look 
at the kidneys, located underneath the diges-
tive tract and normally encased in fat. They 
are two walnut size organs lying on either side 
of the backbone. They should be brownish to 
purple, with a smooth surface. A rough sur-
face, change in color, or white spots indicate 
disease. The bladder and reproductive organs 
are the last structures to be examined in an 
internal post-mortem examination. The blad-
der is located at the posterior end of the 
abdominal cavity. It looks like a small balloon 
when filled with urine. The bladder wall is nor-
mally quite thin, and the normal urine is 
cloudy. Because the rabbit excretes large 
amounts of calcium, the urine will often feel a 
little granular due to calcium crystals. The 
penis and testicles in males and the ovaries 
and uterus in females should be examined 
(Figs 11.1 and 11.3). Each ovary is located at 
the end of the uterine horn near the kidneys. 
The ovaries are very small, about bean size. 
They often will have little blister-like structures 
on them that contain the developing eggs. 
The uterus should be about the same color as 

the body wall. An enlarged uterus containing a 
whitish fluid indicates disease.

If you are continuing to have a disease 
problem that you cannot diagnose, take both 
sick and dead rabbits to your local veterinarian or 
to a state diagnostic laboratory. Many veterinar-
ians are becoming more experienced in rabbit 
diseases and are now receiving training in the 
treatment of special animals, such as rabbits.

Major Rabbit Diseases and 
Health Problems

All rabbit diseases are important, especially if 
it is your rabbit that is involved. However, it is 
not the purpose of this chapter to provide an 
in-depth treatise on all rabbit diseases. The 
major diseases will be covered in some detail 
and some of the less frequently occurring dis-
eases will be presented. If more specific infor-
mation is wanted on a disease covered in this 
chapter or on a disease not listed here, refer to 
The Biology of the Laboratory Rabbit or other 
publications listed at the end of the chapter.

STOMACH

SPLEENHEART

LUNGS

LIVER

KIDNEYS

SMALL INTESTINE

APPENDIX

CECUM OR BLIND GUT

LARGE INTESTINE
RECTUM

BLADDER

Fig. 10.2. Digestive tract of a healthy rabbit. (Courtesy of USDA)
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Pasteurellosis

Virtually all conventional rabbitries are infected 
with Pasteurella multocida. Many rabbits 
carry this organism in their respiratory tract 
even when showing absolutely no signs of nasal 
discharge. The term “pasteurellosis” covers a 
multitude of clinical conditions all caused by 
P. multocida. By far the most common mani-
festation of pasteurellosis is the condition called 
snuffles. However, pasteurellosis is also evi-
denced by pneumonia, abscesses, weepy eyes, 
pyometra (uterine infection), orchitis (testicular 
infection), wry neck, and sometimes mastitis.

Snuffles (rhinitis)

There is no such thing as a cold in rabbits. 
Mucopurulent nasal discharges (pus) that many 
people attribute to colds are almost invariably 
caused by P. multocida in conjunction with 
another bacterium called Bordetella bron-
chisepticum (Fig. 10.3). The condition is not a 
transient one, like a cold, but one with perma-
nent adverse effects on the animal. The pre-
liminary signs of sneezing and discharge should 
be differentiated from dust or drinking water in 
the rabbit’s nose. Usually if the sneezing con-
tinues, and especially if you begin to feel a mat-
ting of the fur on the inside of the front feet (a 
rabbit uses its front feet to wipe its nose), you 
can be quite confident that your rabbit has 
snuffles. Snuffles is extremely contagious. Each 
time a rabbit sneezes it contaminates the sur-
rounding area with thousands of bacteria. 
People themselves can spread these bacteria 
on their hands and clothes (the chance of rab-
bits contracting snuffles at a show or fair is 
extremely good unless you are very careful and 
take precautions). Rabbits can pass it to each 
other by contact, and equipment and cage 
accessories easily transmit the organism. The 
other forms of pasteurellosis mentioned above 
generally begin appearing after snuffles is 
noticed. Strict culling or isolation of rabbits 
with snuffles will keep the problem from get-
ting out of hand.

Rabbits can be treated for snuffles with a 
number of antibiotics. This treatment at first may 
appear to have been successful. The sneezing 

stops, as does the discharge, but as soon as the 
rabbit is stressed (often it is reproductive stress), 
it breaks with the disease again, and this time it 
is more difficult to treat. Enrofloxacin (trade 
name, Baytril), has been moderately successful 
when used to treat snuffles. The drug has been 
found to be effective in about 70 percent of the 
cases when administered at the rate of 5 to 10 
milligrams per kilogram of body weight. A rate 
of 2.5 to 5.0 mg/kg twice daily is the most 
effective. While the clinical signs of snuffles are 
alleviated, the drug is not bactericidal, so the 
rabbit may continue to carry the P. multocida 
organism. This can present a problem in large 
rabbitries because successfully treated rabbits 
may still act as carriers and spread the disease. 
The drug has been used most successfully in 
pet rabbits. Tetracycline in the drinking water 

Fig. 10.3. Snuffles, showing the typical nasal 
discharge. (Courtesy of D.J. Harris)
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at the rate of 300 mg/liter for seven days may 
be of some benefit.

Vaccination for P. multocida has been 
tried many times by both researchers and rab-
bit growers with little success. Vaccines have 
not been successful because there are many 
different strains of P. multocida, each of which 
would require its own vaccine. In addition, 
immunity has been shown to last only a few 
weeks. By far the most important factor in 
controlling snuffles is prevention. Strict sanita-
tion, good ventilation, and strict culling aid in 
preventing the disease. Any rabbit displaying 
signs of snuffles should be immediately culled 
unless it is a pet.

Sanitation of cages and equipment with a 
1% solution of sodium hypochlorite (bleach) 
will help kill residual P. multocida. However, 
bleach is corrosive to galvanized metal and 
may reduce the longevity of the cages.

Ventilation is very important in the control 
of snuffles, since both humidity and ammonia 
are involved in transmission and development 
of this condition. Ammonia is produced by the 
action of bacteria on the urea excreted in rab-
bit urine. Urea is produced by rabbits and other 
animals from excess amino acids. Thus, a high 
dietary protein level will increase the amount 
of urea excreted, resulting in elevated levels of 
ammonia produced. High concentrations of 
ammonia in the atmosphere can have adverse 
effects on both animals and humans in the rab-
bitry. People working in poorly ventilated live-
stock facilities may develop headaches and 
respiratory problems. Ammonia increases the 
susceptibility of rabbits to snuffles and pneu-
monia. Exposure to ammonia damages the 
sensitive tissues of the nasal passages, allowing 
P. multocida to colonize the tissues. Problems 
from ammonia can be minimized by reducing 
the amount of the gas formed and by increas-
ing its rate of removal from the building. 
Decreased ammonia production can be 
achieved by frequent removal of the feces and 
urine. High humidity also increases respiratory 
disease, so methods of cleaning that minimize 
the use of water might be advantageous.

Proper building design with adequate ven-
tilation can help to reduce ammonia and snuf-
fles problems. In temperate areas, long, narrow 
buildings with open sides for natural ventilation 
give the best results.

Pneumonia

If snuffles is allowed to go untreated, or if the 
number of cases in the rabbitry continues to 
increase, rabbits will begin to die from pneu-
monia. Pneumonia is an inflammation of lung 
tissue, resulting in reduced oxygen uptake by 
the blood. It is one of the leading causes of 
death in rabbits. It also leads to poor weight 
gains, rough hair coats, and generally unthrifty 
rabbits. Young rabbits may die acutely with no 
signs or symptoms.

Rabbits that have their heads tipped back 
or show open-mouth breathing often have 
pneumonia. Rabbits suffering heat stress may 
also show these signs and need help to cool 
down (Fig. 12.1). In albino rabbits a change in 
eye color from the bright pink to a bluish pink 
is very suggestive of pneumonia. This is due to 
poor oxygenation of the blood; the bluish pink 
color in the eye results from capillaries on the 
retina becoming bluish because of lack of oxy-
gen. The lips may also show a bluish color. 
Another suggestive sign of pneumonia is sud-
den death of fryers or does when they are 
stressed due to moving, breeding, etc. A post-
mortem examination of dead rabbits will reveal 
pneumonia. The pink lung tissues will be turned 
a liver color (purplish), or part will be pink and 
part will be purplish (Fig. 10.4). Often there 
will be fluid in the chest cavity. It may be clear 
or cloudy. All of these signs point toward pneu-
monia. Occasionally other bacteria are 

normal lung
tissue

normal lung
tissue

PneumoniaPneumonia

Fig. 10.4. Rabbit lungs showing classic pneumonia. 
The darker color of the anterior lobes is the result of 
pneumonia. (Courtesy of N.M. Patton)
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involved, but by far the greatest cause of 
 pneumonia is P. multocida. By the time one is 
able to diagnose pneumonia clinically, there is 
very little chance of treating it in the individual 
rabbit. Both broad-spectrum antibiotics and 
sulfa drugs have been tried with little success.

Abscesses

Abscesses are often caused by P. multocida. 
They are a common condition in rabbitries 
with poor ventilation and sanitation. Abscesses 
are usually seen in the subcutaneous areas and 
occur when the Pasteurella organism invades 
a break in the skin caused by a scratch, a cut, 
or a sore. Abscesses can also occur internally. 
These usually result from a septicemia (organ-
ism in the blood). Treatment of an external 
abscess involves lancing it, draining the puru-
lent material (pus), and putting the rabbit on 
broad spectrum antibiotics. Antibiotics, such as 
penicillin and gentamicin, kill gram-positive 
bacteria in the digestive tract, leading to prolif-
eration of gram-negative bacteria that cause 
enteritis. Be sure that the incision made in the 
abscess is quite large to allow proper drainage. 
Ideally the abscess should heal from the inside 
to the outside. When a small incision is made, 
the outside heals first and a new abscess is 
soon started because of poor drainage. In the 
long run, however, prevention is much pre-
ferred over treatment, as treated rabbits often 
show a recurrence of the problem and may 
well act as carriers of the Pasteurella organ-
ism. In most rabbitries it is probably best to cull 
such rabbits immediately.

Metritis and orchitis

These are problems with the reproductive 
 system that can be caused by P. multocida. 
Metritis, an infection of the uterus, is some-
times called pyometra. Orchitis is an infection 
of the testicles (Fig. 10.5). Both of these condi-
tions are observed in rabbitries that have poor 
ventilation, poor sanitation, and a high inci-
dence of snuffles.

Metritis should be considered whenever 
you have a doe that readily accepts the buck but 

will not conceive. Although there are many 
other causes of poor conception rates, metritis 
can be a factor. The P. multocida organisms 
gain entrance into the uterus by one of two 
methods. They enter either during kindling (due 
to dirty nest boxes) or with the semen from 
bucks with infected testicles. Metritis, or pyo-
metra, is diagnosed by observing yellowish 
white discharge from the doe’s vent. White 
material in the urine may also be due to excess 
calcium in the diet, but it has a sandy, gritty feel 
and the doe has normal conception. However, 
metritis can occur without discharge. Sometimes 
there will be an elevation of the rabbit’s rectal 
temperature above 39.4°C. If the infection is of 
long standing, that sign may not readily be 
observed. Palpation of the uterus is helpful in 
diagnosing metritis. If the uterus feels enlarged 
or full of fluid, it is very suggestive of this infec-
tion. The only practical treatment for this con-
dition is culling the rabbit from the herd or, in 
the case of a pet rabbit, having a veterinarian 
perform an ovariohysterectomy.

Orchitis is a rare condition in male rabbits. 
Either one or both testicles become enlarged 
and sometimes feel hot to the touch. The 
organism P. multocida has gained entrance to 
the testicle either through the urethra in the 
penis or from the bloodstream (septicemia). 
This problem becomes extremely dangerous in 
a rabbit herd, because a buck will spread 
P. multocida bacteria with each ejaculation. 
Does bred to this buck may develop metritis. 
Therefore, you should frequently examine the 
buck’s testicles for changes in size, color, or 
temperature. If any abnormalities are observed, 
the buck should be isolated, and if the change 

Fig. 10.5. Orchitis in the right testicle of a 
New Zealand White buck. (Courtesy of N.M. Patton)
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persists, the buck should be culled. Antibiotic 
treatment is of limited value.

Wry neck

This condition, involving continual twisting 
of the head, (torticollis) is usually caused by 
P. multocida infection in the middle ear (otitis 
media). This infection affects the equilibrium of 
the rabbit (Fig. 10.6). It is somewhat analogous 
to the feeling you get when there is water in 
your ear. Treatment is not effective, so rabbits 
with this condition should be culled. There is 
nothing wrong with the meat from these rab-
bits, and they can be safely eaten.

Weepy eyes (conjunctivitis)

This condition, (Fig. 10.7), which is often seen 
in young rabbits in the nest box and sometimes 
in older does, can be caused by several different 
bacteria. Staphylococcus aureus is most often 
isolated, but P. multocida is the second most 
common bacterium found. If the infection is 
detected early, it can easily be cleared up with 
ophthalmic antibiotic ointments. Ointments con-
taining chloramphenicol are particularly effective. 
If the infection persists or returns, a blocked tear 
duct can be anticipated. If a rabbit is valuable, it 
can be taken to a veterinarian who can open this 
duct by inserting a catheter and flushing the duct 
while the rabbit is under anesthesia.

Enteric diseases

A major cause of death in fryer rabbits is the 
complex of diseases called enteritis or enteric 
syndrome. Many years ago it was believed that 
all diarrheal problems were caused by the same 
disease. In fact, it was primarily called mucoid 
enteritis. More recently it has been shown that 
enterotoxemia, Tyzzer’s disease, and coccidio-
sis, as well as the classic mucoid enteritis (now 
called mucoid enteropathy), are all separate 
diseases. Enteric diseases play a major role in 
the success or failure of raising rabbits. They 
can cause severe death loss as well as growth 
retardation due to poor feed conversion.

Fig. 10.6. A typical case of wry neck. (Courtesy of 
D.J. Harris)

Fig. 10.7. A case of weepy eye in a New Zealand 
White. (Courtesy of N.M. Patton)

Enterotoxemia

This disease was first described by the Rabbit 
Research Center at Oregon State University 
in 1978. The clinical signs of profuse diarrhea, 
dehydration, reduced feed intake, and rough 
hair coat are readily observed in rabbits. 
A typical case of enterotoxemia is shown in 
Fig. 10.8. Although enterotoxemia can affect 
rabbits of any age, it is seen most commonly 
in fryers four to eight weeks of age. These 
sick rabbits die very quickly, usually within 
12 to 24 hours. As many rabbits are weaned 
during this age period, the stress of being 
separated from their mother and changing 
cages has been suggested as a factor.

Post-mortem examination of rabbits dying 
of this disease shows an enlarged cecum and 
sometimes an enlarged small intestine. The 
colon is generally empty. In about 70 percent 
of these rabbits, a reddish-colored cecum is 
observed. This is due to hemorrhage in the wall 
of the cecum.
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Several bacteria have been suggested as 
the cause of this disease, including Clostridium 
perfringens Type E, Clostridium spiroforme, 
and Escherichia coli. Toxins have been found 
in rabbits dying from enterotoxemia. The iota 
toxin produced by Clostridia spp. has been 
detected in the luminal contents of the diges-
tive tracts of many dead fryer rabbits. While 
E. coli placed surgically in the intestines of rab-
bits has been shown to produce diarrhea, nei-
ther E. coli nor C. perfringens has been shown 
to cause enterotoxemia when given orally to 
rabbits. However, C. spiroforme given orally 
to rabbits has produced classic enterotoxemia, 
suggesting that it is the predominant organism 
involved.

Enterotoxemia is more common when 
diets low in fiber and high in energy are fed 
than when high fiber diets are used. Diets high 
in starch from grains may cause carbohydrate 
overload of the hindgut, yielding glucose, which 
is necessary for toxin production by C. spiro-
forme. It has also been stated by “old-time” 
rabbit raisers that when they fed rabbits alfalfa 
hay and whole oats, few diarrhea-related deaths 
were seen. Perhaps current methods of feed-
ing high grain diets to rabbits in order to get 
maximum weight gain are partly responsible 
for the increased number of cases of entero-
toxemia. Successful treatment of enterotox-
emia is difficult. Broad-spectrum antibiotics, 
such as oxytetracycline, in the water give short-
term relief from the disease, but it often will 

Fig. 10.8. Enterotoxemia in a rabbit, with the 
typical soiling of the legs and anal area. (Courtesy 
of OSU Rabbit Research Center)

return when the antibiotics are discontinued. 
The feeding of hay or straw to rabbits is of help 
in preventing the disease; however, outbreaks 
have occurred in rabbitries that routinely feed 
hay. Alfalfa hay may not be effective if the rab-
bits eat only the leaves, which are low in fiber, 
and refuse to eat the stems. Restricting high 
energy feed to both does and fryers has helped 
in severe outbreaks, but there seems to be a 
very fine line between feeding enough to not 
interfere with weight gains and feeding too 
much, which results in enterotoxemia. Perhaps 
the most successful treatment is to change 
feeds. Preferably the change should be to a 
lower energy feed with a higher fiber content, 
but changing to any new feed may be benefi-
cial for a short period of time.

Enterotoxemia seems to be cyclic. It strikes 
a rabbitry and then disappears, only to return at 
a later date. It is seen more often when the 
weather is changeable in spring and autumn and 
when rabbitries get overcrowded and the sanita-
tion level decreases. It is not known whether 
the disease is contagious. Enterotoxemia or 
“overeating disease” is a common problem in 
sheep, and a vaccine is available to prevent it. 
There is no effective vaccine available for rabbit 
enterotoxemia. Even if a vaccine for  rabbit 
enterotoxemia were developed, it would likely 
be too expensive for routine use with  fryers. 
Ultimately the best solution may be the devel-
opment of diets, resistant stock, or manage-
ment systems that reduce the incidence of 
enterotoxemia.

In addition to bacteria, viruses may be 
involved in enteritis. Several reports during the 
last decade have shown rotavirus to be involved 
in cases of profuse diarrhea in rabbits. Rotavirus 
is a member of the family Reoviridae and is con-
sidered to be only mildly pathogenic. Rotavirus 
alone seems to cause only a short-term diarrhea 
and the young rabbit usually recovers. However, 
it has been known to cause high mortality in 
one to three-week-old rabbits if the doe has a 
poorly developed immune system.

The current theory concerning enterotox-
emia involves virus, bacteria, and diet. The 
virus initially invades the intestinal epithelium, 
causing significant cellular death. If C. spiro-
forme bacteria are present in the cecum and a 
diet rich in carbohydrate is available, the bac-
teria begin to proliferate and produce a toxin. 
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The toxin, absorbed through the damaged 
intestinal wall, is transported via the circulatory 
system to the heart and brain of the rabbit and 
causes a lethal toxemia.

Tyzzer’s disease

In 1917 a man by the name of Tyzzer discov-
ered a disease in Japanese waltzing mice. 
A diarrheal disease similar to the one in mice has 
been found in rabbits. The clinical signs of pro-
fuse diarrhea and rapid death (12 to 48 hours) 
are seen in primarily fryer rabbits. Post-mortem 
signs are very similar to those of enterotoxemia, 
except for salt-grain-size white spots in the liver 
(Fig. 10.9). When special stains are used, micro-
scopic examination of these white spots often 
reveals the long, slender rods of the bacterium 
Clostridium piliformis. No treatment for the 
disease has been effective. In severe outbreaks, 
complete elimination of the herd, followed by 
thorough cleaning and disinfection of the rabbi-
try, has allowed repopulation.

Coccidiosis

There are two types of coccidiosis, an intesti-
nal form and a liver form. Both forms are 
capable of producing a diarrheal disease that 
must be considered when enteritis is observed. 
Coccidiosis is caused by a protozoan parasite 
that invades the epithelial cells of either the bile 
duct or the intestine, depending on the species 
of Eimeria involved. There are 10 different 
coccidia species of the genus Eimeria that 
infect the intestine. The most common species 
of the ten identified in the rabbit gut are 
E. perferans, E. media and E. magna. They 
seldom cause significant disease, but are read-
ily seen in fecal samples. On the other hand, 
E. intestinalis and E. flavescens are the most 
pathogenic, but seldom occur in well run 
 rabbitries. While the damage to the digestive 
tract can be great when the infection is severe, 
generally the intestinal coccidia are of little 
concern. The intestinal coccidia are more of a 
nuisance than anything else. Most conventional 
rabbitries have some degree of intestinal coc-
cidiosis, and most people accept this as part of 
raising rabbits. The effect of these parasites on 
weight gains is not known. Not much attention 
is paid to the disease until enteritis outbreaks 

Fig. 10.9. Liver from a rabbit with Tyzzer’s disease 
showing salt-like white areas of necrosis (arrow). 
(Courtesy of N.M. Patton)

Fig. 10.10. Rabbit liver showing yellow, pea-sized 
spots of coccidiosis. (Courtesy of N.M. Patton)

occur. The role of coccidiosis in enterotoxemia 
and mucoid enteropathy has been questioned 
by a number of researchers. Some believe it 
is involved, whereas others think it is an inci-
dental finding. Enterotoxemia has been 
reported in rabbits that are known to be free of 
coccidiosis.

From a practical point of view, liver coccidi-
osis, caused by Eimeria stiedae, is a much big-
ger problem. The damaged bile duct epithelium 
causes large pea-size yellow spots on the liver 
(Fig. 10.10), thus resulting in its condemnation 
by the inspector in the slaughter plant. Rabbits 
can become emaciated and die as a result of 
severe liver coccidiosis. Diagnosis is usually made 
at necropsy or slaughter.

The treatment of coccidiosis seems to be 
a continual battle. Sulfaquinoxaline has been 
the drug of choice for years. It is generally 
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administered in the drinking water at 0.04 
 percent. However, it can be mixed in the feed 
at 0.025 percent. If it is used in the water, it is 
recommended that it be given continuously for 
at least two weeks. If it is used in the feed, it is 
given for three weeks. There are many differ-
ent schemes for giving this drug, and some are 
more effective than others. Other sulfa drugs 
at various dosages and some of the newer coc-
cidiostats, such as amprolium and monensin 
sulfate, have been used occasionally but have 
not been approved in the United States for 
addition to rabbit food. Feed-grade sulfaqui-
noxaline is not readily available. Most drug 
companies have discontinued its production. 
Therefore, the water treatment is most com-
monly used. Lasalocid, one of the newer coc-
cidiostats, has recently been approved for use 
in rabbits at 75–125 mg/ton of feed and has 
been proven to be quite effective in treating 
hepatic coccidiosis.

A very effective method of controlling 
some types of coccidiosis is the daily removal 
of fecal material from the cages with a wire 
brush. The term “self-cleaning cages” is a mis-
nomer, as very few cages are completely self-
cleaning. High fiber diets result in large fecal 
pellets that do not drop through the wire. 
These fecal pellets are the major source of 
coccidiosis infection. The fecal pellets contain 
the oocysts (eggs) of the protozoan parasite. 
The oocysts are not infective until they have 
sporulated. The period of sporulation, which 
must take place outside the rabbit, is at least 
24 hours. Therefore, daily removal of the fecal 
pellets eliminates this source of infection. 
Rabbitries using this method of control can 
prevent the liver form of the disease, but the 
intestinal form seems to persist.

Mucoid enteropathy

Scientists have changed the traditional name of 
mucoid enteritis to mucoid enteropathy. The 
reason for this is that the suffix “itis” means 
“inflammation.” There is no redness or inflam-
mation of the intestines with this condition, so 
the suffix “opathy,” which means “illness,” has 
been substituted.

The classic symptoms of mucoid enteropa-
thy are jelly-like stools coming from a sick rab-
bit. The rabbit drinks large quantities of water, 

will not eat, and wastes away over a period of 
several days. The sick rabbit often grinds its 
teeth, making a unique noise. It also exhibits 
the “water bottle” sound if picked up and 
shaken. The temperature is usually subnormal.

Post-mortem examination generally shows 
an impaction in the digestive tract. The most 
common site is at the ileocecal junction (where 
the cecum joins the small intestine), but it also 
can occur in the cecum or anywhere along the 
small intestine (Fig. 10.11). Several studies 
have demonstrated the role of impaction in 
causing mucoid enteropathy. The cause of 
impaction is not known, but most likely is due 
to a lack of fiber in the diet.

Unfortunately, the exact cause of the dis-
ease has not been determined. It appears that 
the digestive tract ceases to function properly. 
The impaction might be a result of too little 
water consumption or something happening to 
the intestine that allows too much water to be 
absorbed out of it, allowing cecal material to be 
formed into an impaction. The digestive tract 
of the rabbit has two sets of waves of muscle 
contraction that move material through the 
digestive tract. One is the major peristaltic con-
traction that propels material, especially large 
fiber particles, toward the rectum. The other set 
is an antiperistaltic wave or contraction that 
moves smaller particles backwards from the 
large intestine toward the cecum. This material 
is collected in the cecum and then periodically 
released as cecotropes (night feces) for reinges-
tion (cecotrophy). When a rabbit becomes 
 constipated (impacted), the normal intestinal 
motility is depressed. It is not known whether 
the impaction causes the malfunction or the 
malfunction causes the impaction. Rabbits that 
are supplied with inadequate water seem to 
have a higher incidence of mucoid enteropa-
thy. However, the disease cannot be repro-
duced by simply restricting water intake.

Another theory involves the amount and 
size of the fiber particles in the diet. French 
scientists are convinced that feed that has finely 
ground fiber particles causes more mucoid 
enteropathy than feed that has large fiber par-
ticles. Their reasoning is that finely ground 
fiber is taken back to the cecum by antiperistal-
tic waves and sets up conditions for constipa-
tion, while large fiber particles pass down the 
colon by the peristaltic waves and are excreted 
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as “day” feces (Fig. 10.12). Although the size 
of the fiber particle is still in question, an 
increase in fiber does seem to prevent mucoid 
enteropathy. In fact, alfalfa hay that is more 
stem and less leaf seems to be better for rabbits 
than the reverse. The addition of grass hay 
with its high fiber content may also be benefi-
cial in preventing mucoid enteropathy.

There is no effective treatment for mucoid 
enteropathy. By the time the animal is 
observed to be affected, the disease has gener-
ally progressed to a terminal state. In herds 
where the incidence of mucoid enteropathy is 
high, changing to a new batch of feed with a 
higher fiber content will usually eliminate the 
disease. Subcutaneous and oral fluids (electro-
lytes) seem to be beneficial in the treatment of 
pet rabbits.

Mastitis

Mastitis is an infection of the mammary glands 
of the doe. It is sometimes called blue bag. It 
must be differentiated from full mammary 
glands (caked breast or caked udder), which 
occur when a litter is weaned, dies, or stops 

Fig. 10.11. Intestines from a rabbit with mucoid enteropathy. Note the swollen, mucus-filled intestine 
(arrow). (Courtesy of N.M. Patton)

Normal Pellets

Cecotrophes

Mucus

Fig. 10.12. Three types of feces seen in rabbits: 
normal, cecotrophes, and mucus. (Courtesy of 
N.M. Patton)
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nursing. It is often caused by the bacterium 
Staphylococcus aureus but can also be caused 
by P. multocida and several other bacteria. 
The mammary glands swell up, turn red, and 
become very painful. Sometimes the affected 
glands will turn blue or abscess. Does will not 
let the young nurse, and the lactating glands 
become more swollen.

The bacteria gain entrance into a mam-
mary gland through the teat canal, a wound, or 
the bloodstream (septicemia). Mastitis is much 
more common in first and second litter does 
and in some herds is a major problem. 
Rabbitries that experience a lot of weepy eye 
problems (also caused by Staphylococcus) 
seem to have a higher incidence of mastitis.

Any time a nursing doe goes off feed, 
mastitis should be considered and her mam-
mary glands checked. If it cannot be deter-
mined whether the glands are swollen, take the 
doe’s rectal temperature. Does with mastitis 
often have increased temperatures of 40°C 
and above. Antibiotic therapy at this early stage 
often reverses the condition, and the doe is 
able to continue to nurse her litter. If too many 
days pass without treatment, the glands will 
become bluish, abscessed, and very hard. The 
litter will die, and the doe may also. If the doe 
dies, never foster the litter to a new doe. The 
infected young may spread the bacterial agent 
to the mammary glands of the new doe.

Treatment of mastitis can be accom-
plished with injectable antibiotics. If the condi-
tion is detected early, oxytetracycline (20 
milligrams per kg) injected into the muscle of a 
rabbit daily for three days is quite effective. 
A long-acting injectable oxytetracycline has 
been found to be helpful in treating mastitis. 
Other antibiotics may also be effective. The 
question as to whether to save a doe that has 
had mastitis is best answered on an individual 
basis. If the infection occurs again in the next 
lactation, cull the doe. If mastitis is not seen 
again, you can retain the doe. Disinfecting 
nest boxes, cages, and ancillary equipment is 
extremely important in reducing the number 
of cases of mastitis. Thirty ml of sodium 
hypochlorite bleach per liter of water is a very 
effective disinfectant against both bacteria and 
viruses. A number of remedies using poultices, 
hot compresses, etc., have been tried on the 
mammary glands to reduce the swelling and 

inflammation. They seem to be of questionable 
value in rabbits.

Other Rabbit Diseases and Health 
Problems

There are a number of other diseases and con-
ditions that may affect rabbits. These are seen 
occasionally and can be of importance to indi-
vidual rabbit raisers. In the following section 
they have been arranged alphabetically, with a 
brief description of each.

Bordetellosis

Bordetella brochiseptica is a small gram neg-
ative rod that can cause pneumonia without 
the presence of P. multocida. Pasteurella-free 
rabbits may carry B. brochiseptica and develop 
bordetellosis. The incidence of infection may 
be quite high, but the number of cases of pure 
B. bronchiseptica are relatively few. The clini-
cal signs are very similar to pneumonia caused 
by P. multocida. About the only way to dif-
ferentiate the two is by culturing the offend-
ing bacterium. Treatment with Enrofloxicin 
at the rate of 2.5 to 5.0 mg/kg twice daily or 
with Tylocin 2.0 to 4.0 mg/kg twice daily may 
be of some benefit. Sanitation of cages and 
equipment with a 1.0% solution of sodium 
hypochlorite will help kill B. bronchiseptica. 
Remember however, that the solution is cor-
rosive to metal.

Broken back

Broken back is a condition that occurs fairly 
regularly in rabbitries. A rabbit (usually a doe 
but occasionally a buck) is observed dragging 
its hind feet. The rabbit may have partial feel-
ing in the feet but does not seem to have con-
trol of them. Radiographs of the vertebrae of 
this rabbit will disclose a fracture or dislocation-
usually in the lumbar area. The nerves in the 
spinal cord are damaged, and the rabbit loses 
motor control of the hind legs. In a severe 
case the rabbit will also lose control of the 
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bladder and bowels. There is no realistic treat-
ment, and the animal should be eliminated 
from the herd. Extremely valuable or pet rab-
bits with the condition can be given cage rest, 
because if the dislocation is only a partial one, 
it may be self-correcting over a long period 
(two to three months). The animals appear to 
be in little pain.

The cause of the broken back condition is 
usually improper handling or improper carrying 
of heavy rabbits. Rabbits can dislocate their ver-
tebrae by the quick movements of the hind legs 
when picked up. Rabbits in cages by themselves 
sometimes appear to panic when startled and 
cause this injury. Therefore, one should be cau-
tious when entering a rabbitry and especially 
with strangers. It is useful to talk or make noise 
when entering to announce your presence. 
A radio providing constant music or fans pro-
viding a constant background noise are very 
helpful in keeping the rabbits tranquil.

Buphthalmia (congenital glaucoma)

This genetic disease in rabbits is characterized 
by having one or both eyes protruding some-
what from the eye socket. A slight cloudiness 
of the cornea may be seen as the animal ages. 
The condition is usually seen in rabbits older 
than three months of age. This rabbit should 
be culled as well as both of its parents because 
the disease is caused by an autosomal reces-
sive gene with incomplete penetrance.

Cannibalism

Does that eat their young often do so because 
of mismanagement. The diet may be inade-
quate, but more commonly something is 
allowed to upset the breeding does, and can-
nibalism occurs. Strangers in the rabbitry, 
predators, construction noise, and the moving 
of does just before kindling have all been 
incriminated. Certain lines of rabbits or fami-
lies within a line are much more nervous than 
others. These nervous rabbits are more apt to 
cannibalize their young. If a doe cannibalizes 
two litters in a row and it is not due to manage-
ment error, the doe should be culled.

Colibacillosis

This enteric disease is caused by a gram nega-
tive rod called Escherichia coli. The disease 
seems to be a major enteric disease in Europe, 
but is seen less frequently in the United States. 
A toxin producing type of E. coli called enter-
opathogenic E. coli or EPEC has been shown 
to be the cause of this secretory diarrhea. 
Colibacillosis strikes young rabbits between 
21 and 42 days of age. The young rabbits not 
only have a diarrhea which often stains the 
perineal area, but may also be febrile and 
anorectic. The stress of weaning at a young 
age is definitely a factor in outbreaks. The 
intestines are often hemorrhagic and edema-
tous with the intestinal contents more fluid 
than normal. These young rabbits die so quickly 
that treatment is seldom attempted.

Dystocia

Dystocia means difficult birth. While this is not 
a big problem with rabbits, it does happen 
occasionally. Baby rabbits are born either head 
first or tail first, so breech births are no prob-
lem. However, dystocia is generally seen in a 
doe that has only one or two kits in utero. The 
fetuses seem to be abnormally large, and the 
doe is unable to pass them through the birth 
canal. Parturition is then delayed, the kits die, 
and sometimes even the doe will die. Treatment 
for this problem depends on the severity. The 
drug oxytocin (1 to 2 units per doe) can be 
administered by injection. If the fetuses are not 
lodged in the birth canal, they will be passed by 
the doe even if they are dead. If a fetus is 
lodged, surgery may be necessary.

It has become common practice in some 
rabbitries to administer oxytocin on day 32 or 
33 of gestation, if one is sure the doe is preg-
nant. This will often result in the delivery of a 
live litter, unless severe dystocia has occurred.

Ear mites

Ear mites or ear canker is a common malady in 
most rabbitries. It is caused by the parasite 
Psoroptes cuniculi, which establishes a home 
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in the external ear canal. The life cycle of 
P. cuniculi is 21 days. This parasite causes 
damage to the external ear canal, and the ear 
produces a brownish exudate (Fig. 10.13). The 
irritation caused by ear mites elicits a reaction 
from the rabbits. They scratch their ears with 
their hind feet and introduce bacteria into the 
ears, quickly setting up an infection. Ear mite 
infestations can become so severe that rabbits 
lose condition and reproductive performance 
is impaired.

The presence of ear mites is easily detected 
by close inspection of the external ear canal. 
The mites themselves can be seen under a 
microscope but usually are not visible to the 
naked eye. Ear mites are readily treated by 
using any number of ear mite medications. 
Most have a mineral oil base, with some para-
siticide, such as malathion, added. The 3 × 3 × 3 
scheme is very effective in treating ear mites. 
Apply several drops of the medication with an 

Fig. 10.13. New Zealand White rabbit with ear 
mites. (Courtesy of N.M. Patton)

eyedropper to the ear canal. Be sure to mas-
sage the base of the ear with your thumb and 
finger to spread the medication over the entire 
inner surface of the ear. This should be repeated 
for three days in a row, then every other day 
for three treatments, and then once a week for 
three weeks. Thus, this is the 3×3×3 treatment 
schedule. In rabbitries with a continuous ear 
mite problem, a routine treatment of every ani-
mal in the rabbitry one day a month will soon 
rid the rabbitry of this parasite. The transmis-
sion of ear mites to the young can occur very 
early. Therefore, junior replacements should 
be examined very closely for ear mites.

An injectable drug containing ivermectin 
has shown great promise in treating rabbits 
with ear mites. The drug is administered at the 
rate of 400 micrograms per kilogram of body 
weight in a single injection. This is then fol-
lowed 30 days later by an additional injection 
at the rate of 200 micrograms per kilogram of 
body weight. All breeding and replacement 
stock should be treated. Because rabbits are 
infected with ear mites at an early age, all 
young rabbits not nursing a doe must be treated 
if the colony problem is to be eliminated. 
Rabbits to be used for meat should not be 
injected. Unfortunately, ivermectin has not 
been approved for use in rabbits as of this writ-
ing. Your veterinarian may be able to prescribe 
the cattle or swine approved drug for your use 
on an individual basis.

Encephalitozoonosis

Encephalitozoonosis, also called nosema, is 
caused by a protozoan parasite called 
Encephalitozoon cuniculi. This disease is sel-
dom noted except during post-mortem exami-
nations. It is believed by many veterinarians 
that it is much more common in rabbitries 
than most people realize. Occasionally, rabbits 
will exhibit neurological symptoms, such as 
convulsions, tremors, and even partial paraly-
sis. Generally, no symptoms at all are observed. 
Post-mortem examination of rabbits affected 
with encephalitozoonosis reveals the kidney 
surface to be pitted (like someone stepped on 
it with hobnail boots), and in some cases 
the entire kidney is shrunken (Fig. 10.14). 
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This parasite also attacks the brain (resulting in 
neurological signs), but this is not readily 
observable unless a microscopic examination 
is done. The disease organism is shed from 
infected rabbits through the urinary tract. The 
urine from infected rabbits then becomes the 
means of transmission. No treatment is known. 
It should be noted that the meat from infected 
rabbits is safe to eat.

Recently, an enzyme-linked immunosorb-
ance assay (ELISA) has been developed that 
can detect antibodies against this disease. A flo-
rescent antibody test (FA) is also available. All 
that is required from the suspect rabbit is a 
serum sample that can be submitted to a diag-
nostic laboratory.

Fibroma

Rabbit fibroma virus (a member of the 
Leporipoxvirus group) is generally not a prob-
lem in domestic rabbits but is seen occasion-
ally. It is most often seen in cottontail rabbits. 
The virus causes a benign tumor called a 
fibroma. This tumor appears as small subcuta-
neous nodules in young rabbits. The nodules 
may appear anywhere on the body, but most 
often on the legs and feet. They often seem to 
run together. These tumors normally disappear 

after a few months. The virus can be trans-
ferred from one rabbit to another by mosqui-
toes or other flying insects. Because this 
condition is rare in domestic rabbits, it is not of 
much economic importance.

Heat prostration

This is a big problem in tropical areas or in 
other areas where the temperature goes above 
32°C or even where the temperature is lower 
than 32°C if there is high humidity. If the tem-
perature inside the rabbitry goes over 32°C, 
does that are very near kindling may die from 
heat prostration. Baby rabbits in poorly venti-
lated nest boxes may also die from overheat-
ing. The major sign of heat prostration in the 
doe or any adult animal is rapid respiration 
that may even progress to open-mouth breath-
ing (Fig. 12.1). If open-mouth breathing 
occurs, the animal is in real trouble. Baby rab-
bits in the nest box become very active and 
upset. They move around in the box trying to 
find a cool area.

Heat prostration can be prevented by 
cooling the rabbitry down or by cooling the 
rabbits themselves. Shade trees help immensely 
in hot weather. Trees are very effective because 
the transpiration of water from the leaves 

Fig. 10.14. Rabbit kidney with pitted surface caused by Encephalitozoon cuniculi. (Courtesy of N.M. Patton)
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removes a great deal of heat, thus having a 
cooling effect. Fans, sprinklers, and water 
evaporation will also help cool the rabbitry. 
Removing all the nesting material from the 
nest box helps the young. Draining water lines 
and recharging them with cold water or empty-
ing water crocks and refilling them with cold 
water several times daily in extremely hot 
weather is very beneficial, as rabbits will not 
consume as much warm water as cold water. 
The cool water will help regulate the internal 
temperature of the rabbit. If everything fails 
and the temperature continues to rise, the ani-
mals themselves should be wet down. Sprinkling 
water on heavily pregnant does and on young 
rabbits has a cooling effect. Dipping an adult 
rabbit in a bucket of cold water, adding a frozen 
jug of water or chunk of ice for a pregnant doe 
to stretch out against, or adding a wet burlap 
sack to the cage for the doe to lie down on may 
also be effective. Any method to reduce the 
rabbits’ temperature is helpful, as they have no 
sweat glands.

Hepatitis E

A recent finding of Hepatitis E viral antibodies 
in domestic rabbits on two farms in Virginia 
has been reported. There were no signs of dis-
ease. Hepatitis E virus (HEV), a member of the 
family Hepeviridae, is the causative agent of 
hepatitis E in humans. This virus is a health 
concern in many developing countries and 
areas such as Southeast Asia, North and West 
Africa, India and Mexico. Sporadic cases of 
hepatitis E have also been reported in some 
industrialized countries including Japan and 
the United States. However, it is quite rare in 
these countries and is usually seen in individu-
als who have been visiting developing coun-
tries. In humans the symptoms are jaundice, 
weight loss, liver enlargement, abdominal 
pain, nausea, vomiting, and fever.

Hepatitis E virus has been identified in 
several animal species including pigs, chick-
ens, rats, mongooses, and deer. A zoonotic 
spread of the virus from animals to humans is 
a possibility as the virus is spread by ingesting 
contaminated food or water. However, active 
cases of hepatitis E disease in rabbits have not 

been reported in the United States as of 
this writing.

Hutch burn

This is not a disease but a condition seen in 
adult rabbits (usually does). It is often confused 
with rabbit syphilis and may be hard to differ-
entiate without the use of a dark-field micro-
scope. The membranes of the genital area 
become reddened and chapped. A very strong 
smell of urine is generally noticed. The perineal 
area (around the vent) is generally wet, and the 
hair may begin to fall out in chronic cases. The 
area can become infected with bacteria and 
develop into an extremely inflamed, smelly 
mess. There are two factors involved in this 
condition. Usually it is seen in an adult that is 
having an incontinence problem. Urine con-
tinually leaks from the vagina, and the area 
becomes urine-soaked. The other factor 
involved is sanitation. Wet, dirty cage floors 
may be a contributing cause. Generally it is 
best to cull rabbits with hutch burn, especially if 
they are dribbling urine. If the cause is strictly 
wet floors and dirty cages, then antibiotic salves 
and ointments are beneficial, but the condition 
will return unless cage sanitation is improved.

Listeriosis

Listeria monocytogenes is a bacterial agent 
that causes a meningoencephalitis in adult 
rabbits and metritis with fetal mortality in 
pregnant does. It can also cause a septicemia 
in young rabbits. Generally a rabbit is 
depressed and weak and may show signs of 
incoordination, rolling, or convulsions. The 
most consistent lesion at necropsy is liver 
necrosis. The pinpoint white spots may be 
few in number or almost completely cover the 
liver. Diagnosis involves characterization of 
lesions and isolation of the bacteria. Early 
diagnosis and treatment with broad-spectrum 
antibiotics, such as the tetracyclines, are help-
ful in this disease. Listeriosis is not common 
in domestic rabbits. Listeriosis is also seen in 
humans and the bacteria may be transferred 
from rabbits to humans.
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Malocclusion

Malocclusion (buckteeth) in rabbits (Figs 10.15 
and 10.16) is generally considered to be a herit-
able condition. It has been described by some 
geneticists as an autosomal recessive gene with 
incomplete penetrance, however the exact mode 
of inheritance is controversial. It is most likely 
that a predisposition to malocclusion is caused 
by a number of genes. Parents with normal teeth 
can both be carrying a recessive gene for maloc-
clusion, and 25 percent of their offspring may 
have the condition. It should also be pointed out 
that rabbits can injure their mouths, especially by 
biting or pulling on cage wire, and show evi-
dence of malocclusion but never pass it on 
genetically. The problem is in being able to tell 
whether it came from an injury or whether it is 
inherited. To be safe, most rabbit raisers simply 
cull all animals with malocclusion, including the 
parents that produce the malocclusion. This may 
be a little too drastic, and you might repeat the 
breeding of parents producing malocclusion to 
see whether the condition repeats before culling 
a particularly good line of rabbits. Testing the 
parents by inbreeding - by breeding a buck to his 
daughter, for instance - will help determine 
whether the animals are carriers of the trait.

The practice of clipping or shortening the 
overgrown incisors, although acceptable for 
pet rabbits, is an act of deception by persons 
selling breeding stock. Neither the affected ani-
mals nor their offspring should be offered for 
sale as breeding stock.

Mange

Many rabbits are infested with mites (Fig. 10.17). 
These minute external parasites live in the fur 
and cause very little trouble. Occasionally the 
population gets too large, and a dermatitis 
results. The hair coat may look unthrifty, or 
loss of hair may occur in a number of places, 
most commonly on the back of the neck. The 
two most common fur mites are Cheyletiella 
parasitivorax and Listrophorus gibbus. 
Diagnosis is made by examining hair shafts 
under a microscope or with a magnifying glass. 
If only a few rabbits are involved, a kitten flea 
powder is very effective in ridding them of 

Fig. 10.15. Rabbit skull showing severe 
malocclusion. (Courtesy of J.I. McNitt)

Fig. 10.16. A rabbit with malocclusion. (Courtesy 
of S.D. Lukefahr)

mites. If many animals are affected, then the 
entire herd should be treated. A 0.5 percent 
malathion dip works well. Dipping should be 
done on a warm day. All the rabbits are com-
pletely submerged (one at a time) in a dipping 
vat and then placed in the sun or a warm room 
to dry off. Ten days later the procedure is 
repeated. Ivermectin given subcutaneously at 
0.2 to 0.4 mg/kg is also quite effective.

Moist dermatitis

This condition is generally seen in an older doe 
with a large dewlap (the fold of skin under the 
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observed in rabbits in California and Oregon. 
Myxomatosis is transmitted from wild to 
domestic rabbits by mosquitoes and fleas, 
which act as mechanical vectors. In the Pacific 
Northwest, the virus that causes this disease is 
carried in the wild by the brush rabbit, 
Sylvilagus bachmani. This rabbit acts as a res-
ervoir for the virus and does not seem to be 
affected by it, although it may develop skin 
tumors that soon regress. However, when a 
mosquito transmits the virus to a domestic rab-
bit, a severe fatal disease occurs.

There are two forms of the disease, an 
acute, rapid-killing form and a long-term 
chronic form. In the acute phase of the dis-
ease, there are very few noticeable symptoms 
- you will simply find dead rabbits. Rabbits of 
all ages are affected. If you are very observ-
ant, you may see a slight redness of the eye a 
day or two prior to death. At this point, the 
rectal temperature will be elevated to 40.6 to 
41.1°C. You may also note that the rabbit 
does not eat well. In the chronic form of the 
disease, the eyelids, lips, face, and sometimes 
ears swell up to gigantic proportions. Hence, 
it is sometimes called big head disease. 
Characteristic lesions are shown in Fig. 10.18. 
Another sign that will almost always confirm 
myxomatosis is the swelling of the vent area 
in does and the scrotum and prepuce in bucks. 
If this is observed along with swollen eyelids, 
you can be quite sure that the disease is 
myxomatosis.

Another point to consider in trying to diag-
nose the disease is the time of year. Myxomatosis 
can occur almost any time of year but is most 
frequently seen in late summer and early 
autumn (the bad mosquito time). So far, the dis-
ease has been limited in the United States to 
those areas where the wild brush rabbit lives. Its 
normal range is from the Pacific Ocean to the 
Sierra Nevada and the Cascade Mountains and 
from the Columbia River in Oregon down 
through California.

There is no treatment. Antibiotics are not 
effective against viruses. A vaccine is used in 
Europe, where this disease is common, but it 
is not approved for use in the United States. 
The only method of combatting the disease is 
to destroy affected rabbits immediately. If you 
kill and burn or bury diseased rabbits, you can 
keep the disease in check. If you suspect 

Fig. 10.17. A magnified view of a fur mite on a 
hair. (Courtesy of OSU Rabbit Research Center)

neck area). If open watering devices, such as 
crocks or cans, are used, the doe has a ten-
dency to get the dewlap wet repeatedly. This 
provides an environment conducive to bacte-
rial growth, and an infection and inflammation 
result. The hair may slough off, and the area 
can become infested with fly maggots. It also 
may turn green if Pseudomonas bacteria 
become involved. Prevention is the best treat-
ment. Change to a watering device or system 
that will prevent the dewlap from getting wet. 
As most rabbitries are now using drinking 
valves, this condition is observed much less 
 frequently than previously.

Myxomatosis

Myxomatosis is a devastating viral disease of 
rabbits caused by the myoma virus, a member 
of the Leporipoxvirus group. The virus was 
purposely introduced into Australia to kill wild 
rabbits. In the United States, it has been 
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myxomatosis, take a rabbit to a diagnostic 
laboratory for confirmation of the disease. 
Microscopic examination of mucosa cells of 
the eyelids will disclose the large cytoplasmic 
inclusion bodies. Once the disease has been 
confirmed, immediately kill all sick rabbits. 
Whenever a rabbit goes off feed or appears 
abnormal, take the rectal temperature. If the 
temperature is elevated above 40°C, kill the 
rabbit and burn or bury the carcass. Because 
the disease is so deadly, it is better to make a 
mistake and kill a rabbit that doesn’t have 
myxomatosis than to allow one to live that 
does have it. Keeping flying insects out of the 
rabbitry is helpful in preventing the disease; 
however, the disease can also be transmitted 
by direct contact and by your hands. People 
living in Oregon and California should be very 
careful about sending rabbits to shows and 
fairs in the late summer and in the fall. Any 
sick rabbit should be immediately removed in 
order to protect the others at the show.

Fig. 10.18. The swollen head of a rabbit with 
chronic myxomatosis. (Courtesy of OSU Rabbit 
Research Center)

Myxomatosis was first described in labo-
ratory rabbits in 1897 in Uruguay. It was 
shown to be caused by a virus that occurred 
naturally in a benign form in the Brazilian wild 
rabbit, Sylvilagus brasiliensis. Mosquitoes 
and other biting winged insects were the 
 vectors carrying it to domestic rabbits. The 
first case of myxomatosis diagnosed in the 
United States was near San Diego, California, 
in 1930.

In the 1920s, myxomatosis was sug-
gested as the answer to the rabbit problem in 
Australia. Field tests were conducted on an 
isolated island in England containing large 
populations of wild rabbits. The tests were a 
failure. Much later it was discovered that the 
island selected was the only one in the area 
on which the rabbit flea, a vector of myxoma-
tosis, did not occur. The Australian govern-
ment conducted a number of tests and in 
1950 introduced the virus on a large scale. In 
moist areas, where mosquitoes were com-
mon, millions of rabbits were killed, and 
“myxo” was hailed as a savior of the livestock 
industry because the rabbits had been eating 
all of the forage, leaving little for the cattle 
and sheep. The success in Australia prompted 
a French scientist to introduce the virus to 
control wild rabbits on his estate in France. 
The virus spread beyond the estate and 
caused an epidemic of myxomatosis in wild 
and domestic rabbits in Europe. It spread to 
England, probably carried by fleas on birds, 
and decimated wild rabbits there. An inter-
esting account of myxomatosis and its ram-
ifications in English agriculture is given by 
R.M. Lockley (1974).

Necrobacillosis

This disease is rare in the United States. Sores 
first appear on the lips, which become swollen 
and painful. These sores progress to small 
abscesses, ulceration, and necrosis of the skin 
on the face, head, and neck area. The lesions 
may extend to the liver and the lungs, causing 
the animal to become emaciated, with death 
occurring in several weeks. The causative 
organism is a bacterium called Fusobacterium 
necrophorum. Poor sanitation, especially dirty 
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cages, is a predisposing factor. The organism is 
quite sensitive to aerobic conditions and will not 
live long when exposed to the air. If detected 
early, the disease can be treated effectively with 
penicillin.

Nest box death

New born litters are very susceptible to death. 
As many as 5–10% of the litters born die each 
year. Death losses are more common in the 
cold months than in the more temperate 
months. A number of different causes have 
been suggested and probably all are involved to 
one degree or another. A doe pulling inade-
quate fur for the nest is definitely a factor. Poor 
condition of the doe and her inability to pro-
duce adequate milk is a possible cause. Some 
have suggested that overfeeding a doe immedi-
ately after kindling may produce a toxic milk 
situation. Kits found dead in the nest box with 
full bellies lend credence to this theory. 
Obviously a doe that  urinates or defecates in 
the nest box is liable to lose her litter. There 
may be pathogenic  bacteria involved in these 
death losses with Staphylococcus being a 
prime suspect. Whatever the cause, daily 
inspection of the nest box is critical to reducing 
these losses.

Fur from another nest box can be added 
to one without fur. Wet and dirty nest boxes 
can be replaced with boxes containing clean 
dry bedding. Obviously the ability to add heat 
to the rabbitry or nest box would be helpful. 
As does only nurse their young once or some-
times twice a day, a calm environment is essen-
tial for good litter livability. There are certain 
does that lose their litters almost every time 
they kindle. These does are just poor mothers 
and should be culled from the herd.

Papilloma

Papilloma results from a virus that causes wart-
like growths on the ears, eyelids, and faces of 
rabbits. Although the disease is seen most com-
monly in cottontails, it can also occur in domes-
tic rabbits. The wart-like masses often split. The 
lower portions are pinkish and soft to the touch. 

Fig. 10.19. Rabbit pinworms (Courtesy of 
N.M. Patton)

A wart often gets knocked off, and bleeding 
occurs. The virus is transmitted by flying insects.

Pinworms

Pinworms are common parasites of rabbits. 
These small white worms, about 1cm in 
length, are found in the cecum of many rab-
bits (Fig. 10.19). They shed eggs that are 
passed with the fecal pellets, and the worm 
itself is occasionally seen on freshly passed 
feces. Pinworms do very little damage and are 
usually just an unsightly nuisance. It is only in 
a debilitated rabbit that a heavy pinworm load 
will become significant. Pinworm eggs can 
become airborne when dried and often con-
taminate feed and water supplies. Transmission 
of this parasite comes from other rabbits 
ingesting contaminated feed and water. If 
treatment becomes necessary, piperazine cit-
rate is used in the water. The dosage is 100 
milligrams per 100 milliliters of water. In large 



 Rabbit Diseases and Health Problems 133

rabbitries, 4ml of 34 percent piperazine is 
added per liter of water. Treatment should 
cover three days and then be repeated twice 
at 30-day intervals. A thorough cleaning and 
sanitizing of the rabbitry helps reduce the pos-
sibility of reinfection. Rabbit pinworms do not 
transmit to children.

Pregnancy toxemia

This condition, also called ketosis, occurs much 
more often in some rabbitries than in others. 
The most common signs are lethargy, dyspnea 
and sometimes CNS problems. Female rabbits 
suddenly die shortly before or shortly after kin-
dling. On post-mortem examination the most 
obvious lesion is a yellow or tan liver caused by 
an accumulation of fat in the liver cells. This 
infiltrating fat interferes with the normal meta-
bolic processes of the liver and the breakdown 
of the fat into metabolizable energy. The result 
is the formation of ketone bodies from the 
unmetabolized fat – thus the name “ketosis”. 
The exact cause of this disease has never been 
found, but the feeding of high energy diets may 
be involved.

An affected doe gradually reduces or stops 
feed intake. In some cases of pregnancy tox-
emia, a hairball is found in the stomach. This 
may cause the doe to go off feed, but the body 
still requires energy for maintenance. Fat is 
taken from fat deposits and transported to the 
liver to be converted to metabolizable energy, 
but not all the fat is utilized. Treatment for this 
disease is seldom attempted, as the diagnosis is 
generally not made until a post-mortem exami-
nation. Injections of glucose have been found 
to be helpful in cattle with a similar disease.

Pseudotuberculosis

This is a fairly common disease in certain rabbi-
tries. The etiologic agent is a bacterium called 
Yersinia pseudotuberculosis, which can also 
affect humans and other animals. It is a general 
wasting type of disease characterized by poor 
appetite, depression, emaciation, and death. 
Granulomatous nodules are seen at post-mortem 
throughout the intestine and occasionally in the 

liver, spleen, or lungs. This disease is most com-
monly seen in rabbitries with poor sanitation. 
The organism seems to thrive under such condi-
tions and enters the rabbit orally or through 
abrasions in the skin. Treatment is not effective. 
Affected animals should be destroyed and should 
not be used for human consumption. Prevention 
can be accomplished by increased awareness of 
sanitation shortcomings and making the neces-
sary changes to improve the sanitation.

Rabbit pox

This rare viral disease of rabbits has occurred 
in laboratory rabbits but never in commercial 
or show rabbits. It is caused by a pox virus 
and can cause mortality as high as 75 percent 
in young rabbits. The lesions include lym-
phadenitis (inflammation of the lymph glands) 
and papular nodules (blisters) on the mucous 
membranes. A vaccine is available to combat 
this disease.

Rabbit syphilis (venereal spirochetosis)

This disease has many names, including vent 
disease and spirochetosis. Whatever it is called, 
it can become a major problem in a rabbitry if 
left untreated. The disease is characterized by 
small blisters or reddish raw sores on the exter-
nal genitalia of both does and bucks. In severe 
cases, crusty scabs and sores will appear on the 
nose and lips of rabbits (due to their practice of 
coprophagy). Another noticeable sign is a 
decrease in conception rate and a reluctance 
on the part of the doe and the buck to mate. 
Rabbit syphilis must be differentiated from 
“hutch burn” caused by dirty cages and from 
bacterial infection of the genitalia.

Rabbit syphilis is caused by the organism 
Treponema cuniculi. With a dark-field micro-
scope, this organism, a spirochete, is quite eas-
ily seen in scrapings of the syphilis lesions 
(sores). If rabbit syphilis is suspected, an 
infected rabbit with lesions should be taken to 
a laboratory with dark-field microscopy capa-
bilities. There is also a blood serum test for this 
disease. It is a “Rapid Plasma Reagent” test, or 
RPR. The problem with this test is that it 
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detects antibodies and tells only whether the 
rabbit has been exposed to the Treponema 
organism, not whether it has an active case of 
the disease. Dark-field microscopy is by far the 
most conclusive test. Rabbits that have been 
treated with antibiotics will not show the spiro-
chete in the scrapings.

Rabbit syphilis is quite easily treated. Each 
rabbit is injected once per week for three con-
secutive weeks with a long-acting penicillin 
product at a dosage of 40,000 IU per kilogram 
of body weight or with procaine penicillin 
40,000 IU/kg for three to five days. This is the 
only way to completely rid a herd of this dis-
ease. Unfortunately, this treatment may cause 
an outbreak of diarrhea, and several rabbits 
may die. The diarrhea is a result of the antibiot-
ics causing changes in the bacterial population 
of the gut, allowing the proliferation of some 
organisms that produce lethal toxins. This 
side effect can be prevented by increasing the 
fiber in the diet through the feeding of hay or 
straw. It is recommended that free-choice hay 
or straw be started two days prior to penicillin 
treatment and continued throughout the entire 
three weeks of treatment. The use of broad-
spectrum antibiotics (such as tetracyclines) in the 
water to treat this disease is another possibility 
that might alleviate the problem of diarrhea.

Syphilis can be passed to the young from 
the doe by contact. Therefore, if syphilis is in 
the herd, all rabbits, including the junior virgin 
breeding stock and nursing kits, must be treated 
to completely eradicate the disease. Nursing 
kits generally receive the antibiotic through the 
mother’s milk. However, it might be a good 
idea to market all the nursing young when they 
reach market weight during or shortly after the 
treatment period.

Loaning a buck to service someone else’s 
rabbits is a good way to bring syphilis back to 
your herd. If you want to develop a rabbit stud 
service, keep a separate buck just for this pur-
pose, and do not use him in your rabbitry. 
Check his genitalia frequently.

Red urine

Rabbit urine is somewhat unusual compared to 
that of other livestock. It often contains large 

Fig. 10.20. A jar of rabbit urine showing white 
calcium carbonate settled at the bottom and reddish 
pigmented urine above. (Courtesy of D.J. Harris)

amounts of calcium carbonate or calcium oxalate, 
which forms deposits on cages (Fig. 5.18), 
walls, and floors. A rabbit absorbs calcium effi-
ciently and excretes the excess mainly in the 
urine. A red coloration of the urine may be 
seen (Fig. 10.20). This seems to be a normal 
phenomenon in the rabbit and does not indi-
cate a disease problem. The pigment is espe-
cially apparent when the urine is alkaline. 
Certain types of feeds, such as alfalfa and 
Leucaena, seem to increase the intensity of 
the pigmentation of the urine. The pigment 
has not been identified but is most likely a por-
phyrin. It might be derived from phenolic com-
pounds (tannins), which many forages and feed 
ingredients contain.

Ringworm (dermatophytosis)

Favus, or ringworm as it is commonly called, is 
a fungal disease of rabbits. It is characterized by 
crusty, shallow sores on the face or feet that 
increase in size if not treated (Fig. 10.21). Hair 
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is often lost over the lesions (thus, the name 
“ringworm”). This disease is caused primarily 
by two genera of fungi: Microsporum and 
Trichophyton. There are several species of 
fungi in each group capable of infecting rab-
bits. Some of these are also transmissible from 
rabbits to humans and vice versa. Ringworm is 
very contagious, so precautionary measures 
must be taken when handling affected animals. 
Gloves are essential, and you should wear cloth-
ing that can be boiled or discarded. Disinfect 
cages used by infected animals. Ringworm 
lesions are most common on young rabbits, 
especially the nursing young, but can also occur 
on adult rabbits. In European countries ring-
worm is a major problem. Confirming the 
diagnosis of a suspect case of ringworm is gen-
erally done by a microbiology laboratory. Hair 
or skin scrapings are taken and placed on cul-
ture medium. The fungal spores grow slowly, 
often taking two weeks or more to reach the 
vegetative stage necessary for diagnosis.

The treatment of ringworm depends on 
whether it is an individual or herd outbreak. 
Several medications are available that can be 
applied to the skin surface. By far the least 
expensive is ordinary iodine. An ointment con-
taining hexetidine is very helpful in treating 
isolated cases of ringworm. If a herd problem is 
encountered, the drug griseofulvin is the best 
choice. Each rabbit should receive 25 milli-
grams of griseofulvin per kilogram of body 
weight. The drug can be put in the feed at the 
rate of 800 milligrams per kilogram of feed 
and fed for 15 to 25 days. This treatment is 

Fig. 10.21. Typical rabbit ringworm. Note the hair 
loss, but also the lack of a circular pattern that is 
seen in other species. (Courtesy of N.M. Patton)

effective, but the drug is extremely expensive. 
A water-soluble form of griseofulvin is availa-
ble. Griseofulvin should not be given to preg-
nant does as it may cause teratogenesis (birth 
detects) in the newborn. Be sure and wash 
your hands after treating rabbits as ringworm 
can be transmitted to humans.

Salmonellosis

This disease is becoming more common in 
certain areas. The disease, an enteric diarrheal 
condition, is generally caused by the bacterium 
Salmonella enterica. These organisms are 
spread by fecal contamination, and one 
infected rabbit can easily contaminate a whole 
herd. This is an example of why quarantine of 
newly purchased rabbits is essential. The dis-
ease can be transmitted to rabbits from humans 
that are carriers of salmonellosis. The reverse 
is also possible.

The disease in rabbits is characterized by a 
profuse diarrhea, with septicemia and death 
very common. Abortions are also part of this 
disease. Mortality is greatest in young rabbits 
and pregnant does. At necropsy the most com-
mon lesions are hemorrhagic and ulcerative 
changes in the intestine. The liver and spleen 
are enlarged and may contain pinpoint white 
spots.

Prevention is by far the best treatment, 
but streptomycin and nitrofurazone treatment 
have been shown to be effective. Treated ani-
mals may recover but can be carriers of the 
organism, spreading it to others in the herd. 
Wild birds and rodents have also been shown 
to be reservoirs of the organism.

Sore hocks

The scientific name for this disease is ulcerative 
pododermatitis. However, the name “sore 
hocks” is much more descriptive in that what 
you see is a loss of hair on the foot pads and a 
big sore on the hocks (Fig. 10.22). This disease 
should be suspected whenever you see a rabbit 
sitting with more weight on the front feet than 
normal or sitting in the nest box for long peri-
ods of time. Also, the rabbit will walk with an 
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unusual motion, as if walking on eggs. An inspec-
tion of the feet quickly reveals sore hocks. The 
disease can affect all four feet, but it is usually 
first observed on the hind feet. There seems to 
be a genetic predisposition for this disease. 
Certain strains of rabbits within a breed will 
show a higher incidence of sore hocks than 
other strains. Generally, the more susceptible 
rabbits show a lack of dense fur on the pads 
themselves. Poor body condition may also 
increase susceptibility. Other factors that are 
involved in this disease are the type of wire on 
the cage floor, the cleanliness of the cage floor, 
and the condition of the cage floor (rusty or 
rough, etc.). Rabbits with sore hocks tend to 
become thin and emaciated. This may be due 
to a subclinical septicemia or to the reluctance 
of the rabbits to move to the feed hopper and 
eat. Although numerous bacteria have been 
isolated from sore hocks, the predominant one 
is Staphylococcus aureus.

Once sore hocks occur, it is extremely dif-
ficult to rid the rabbit of the problem, and dam-
age to the foot is permanent. Recurrence of 
the disease is very common. Placing boards or 
mats in the cage is helpful but increases your 
sanitation problems. Removing the rabbit from 
its cage and placing it in a pen on the floor with 
sawdust or hay helps the feet to heal, but soon 
after you return the rabbit to a cage it may 
develop sore hocks again. Salves, ointments, 
sprays, and many other medications have been 
tried, and with diligence you can sometimes 
get the sores to heal. However, it is generally 
much more economical to cull the rabbit; and 
by all means, do not save any breeding stock 
from this animal. Sore hocks seems to be a 

Fig. 10.22. Sore hocks. (Courtesy of OSU Rabbit 
Research Center)

major problem in Rex rabbits. This is due to 
the short guard hair on the feet. Perhaps 
through selection, this problem can be elimi-
nated, even in the Rex. It is also a problem in 
giant breeds, such as the Flemish Giant.

Modern cages are often supplied with 
plastic slat floors. The slats are 3 cm wide and 
are placed 1.3 cm apart. The slats materially 
reduce the incidence of sore hocks.

Splay leg

True splay leg in rabbits is a polygenic genetic 
disease. It is due to the rabbit inheriting two 
recessive genes from its parents. The hind legs 
of the rabbit stick out behind. They are not 
paralyzed, and the rabbit moves by wriggling 
along on its belly and pulling itself along with 
the front legs (Fig. 10.23). Occasionally all four 
legs are affected. The animals eat normally but 
are often traumatized by litter mates. Breeding 
stock should not be saved from parents with 
offspring showing this disease. Splaying of the 
legs may also be a result of physical injury or 
vitamin deficiency.

Staphylococcosis

This disease syndrome is somewhat similar to pas-
teurellosis in that the organism Staphylococcus 

Fig. 10.23. A rabbit with splay leg. (Courtesy of 
N.M. Patton)
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aureus causes a number of different conditions. 
The most damaging of these is staphylococcal 
mastitis, which has been discussed under the 
heading “Mastitis.”

Another major manifestation of this syn-
drome is staphylococcal septicemia. This occurs 
when the S. aureus gains entrance into the car-
diovascular system and begins multiplying rap-
idly, quickly resulting in death. Staphylococcal 
septicemia is fairly common in kits one to three 
weeks of age. The organism gains entrance 
into a kit through the milk from an infected 
mammary gland or through small cuts or abra-
sions on the skin surface. Death is very rapid, 
and about the only lesions seen during post-
mortem examination are salt-sized white spots 
on the liver. Occasionally small pustules or 
bumps are seen on the skin of a dead kit, but 
usually just a dead baby rabbit is observed in the 
nestbox. Diagnosis is generally dependent on 
isolating the S. aureus from the heart blood.

Staphylococcus aureus will also cause 
conjunctivitis in rabbits (discussed under “Weepy 
Eyes”) and abscesses. The bacterium is ubiqui-
tous and is resistant to a number of antibiotics. 
The disease in its septicemic form causes death 
so rapidly that it is difficult to treat. Penicillin-
streptomycin, tetracyclines, gentamicin, chloro-
mycetin, the nitrofurans, and many other 
antibiotics have been used against this disease 
with limited success. The best defense once 
again is prevention. The liberal use of disinfect-
ants and excellent sanitation help keep this 
syndrome to a minimum. Disinfecting nest 
boxes after each use is essential if staphylococ-
cal mastitis and conjunctivitis are to be control-
led. Nest boxes should be disinfected again 
before being placed in the cages. Cages, feed-
ers, and watering devices should be disinfected 
periodically (30 ml of bleach in 1 liter of water 
is an excellent disinfectant).

Tapeworms

In rabbits, tapeworms can occur as both adults 
and larvae. The adult forms are rarely found in 
domestic rabbits, but larval tapeworms are 
occasionally seen in poorly managed rabbitries. 
The most often observed larval forms are those 
of Taenia pisiformis. They cause a tortuous 

Fig. 10.24. Rabbit liver showing the tortuous tracts 
of tapeworm migration. (Courtesy of N.M. Patton)

white tract through the liver as they migrate 
and then form a bladder-like cyst in the abdom-
inal cavity (Fig. 10.24). Rabbits acquire tape-
worm infections from contaminated feed and 
water. The life cycle of this particular tape-
worm is very interesting. The adult tapeworm 
is found in the dog. The eggs are shed with the 
dog’s feces. If rabbit feed is contaminated by 
the dog feces, rabbits may become infected by 
ingestion of the eggs. The larvae released from 
the eggs migrate through the digestive tract 
wall and penetrate the liver. Then the larvae 
leave the liver and form fluid-filled cysts, which 
attach to the abdominal wall, the organs, or 
the mesenteries. Treatment for this parasite is 
not practical, so prevention is the method of 
control. Prevention is accomplished by exclud-
ing dogs from the rabbitry or making sure that 
they do not contaminate feed or bedding.

An adult tapeworm, Cittotenia variablis, 
is occasionally seen in rabbits. It is a flat, ribbon 
shaped worm made up of a numerous seg-
ments. It attaches to the epithelial surface of 
the intestine, but causes little pathology and is 
usually seen at necropsy.

Toxoplasmosis

This is a protozoal disease caused by 
Toxoplasma gondii. The disease occurs in both 
domestic and wild rabbits but is not common in 
either. There are two forms: the acute and the 
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chronic. The acute form is characterized by 
anorexia, fever, lethargy, and central nervous 
system symptoms, such as convulsions and 
paralysis. Death is usually seen in about a week 
after symptoms are detected. With the chronic 
form either no symptomatology is seen, or a 
very slow progressive emaciation is observed 
that ends in paralysis and death. Transmission 
of the parasite can occur from rabbits eating 
feed contaminated by cat feces (cats can shed 
the parasite in their stool), or it can be passed 
from a doe to her offspring through the pla-
centa. Diagnosis of the disease usually occurs at 
necropsy. Extensive necrosis of lymph nodes, 
liver, spleen, and lungs may be observed histo-
logically. Various serological tests are also help-
ful in diagnosing this disease. Treatment of 
toxoplasmosis is not practical, and emphasis 
should be on prevention. Cats should be kept 
out of the rabbitry or prevented from contami-
nating feed and water supplies.

Trichobezoars (hairballs)

Trichobezoars, or hairballs, are a common 
occurrence in large rabbit herds, but seldom 

cause extensive digestive problems. They are 
especially common in Angora rabbits. Because 
of the normal grooming habits of the rabbit, a 
certain amount of hair is ingested. This hair 
normally passes through the digestive system 
and exits with the fecal material. This process 
seems to work much better with high fiber diets. 
A lack of fiber in the diet not only slows down 
the passage of hair, but it also causes the rabbit 
to ingest more hair to make up for the lack of 
fiber in the diet. As excessive hair is taken into 
the stomach, it begins to clump together and 
eventually forms a mat or ball (Fig. 10.25). The 
opening from the stomach to the small intes-
tine is quite small, and the hairball cannot be 
passed. When the hairball becomes very large, it 
eventually causes the rabbit to stop eating, 
resulting in starvation. Rabbits with trichobez-
oars have been known to live as long as three 
weeks without eating. Whenever a rabbit goes 
off feed and the temperature is normal, a hair-
ball should be considered. Palpation of the 
stomach can often help in the diagnosis. Large 
trichobezoars can be palpated.

Prevention is by far the best treatment. 
Feeding diets high in fiber or adding hay or 
straw to low fiber diets reduces the incidence of 
trichobezoars. If, however, a hairball is detected, 

Fig. 10.25. A trichobezoar from the stomach of a rabbit (right). Note the similarity of the shape to the 
rabbit stomach (see Fig. 10.2.) (Courtesy of N.M. Patton)
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treatment should begin immediately. If the rab-
bit is a valuable animal, the best method of 
treatment is surgical removal of the hairball by 
a veterinarian. If that option is not available, 
then one of the home remedies can be 
attempted. Many types of lubricants, such as 
mineral oil, have been tried with limited suc-
cess. No amount of lubricant can make a large 
hairball pass through a small hole. Another 
home remedy is the use of fresh or frozen 
pineapple juice. A proteolytic enzyme called 
bromelain is contained in pineapple juice. This 
enzyme helps to break up the hairball so it can 
be passed through the digestive system. Best 
results have been obtained by giving 10 milli-
liters of fresh or frozen pineapple juice for 
three consecutive days, while at the same time 
feeding free-choice hay or straw. The pineap-
ple juice can be administered with an eyedrop-
per or a spoon, but the method of choice is 
through a stomach tube. Mangos, kiwi fruit, 
and papayas may also contain similar proteo-
lytic enzymes. Canned pineapple juice is not as 
effective as fresh or frozen because the can-
ning process destroys the digestive enzyme.

Tularemia

Tularemia is primarily a disease of wild rabbits. 
Few cases have ever been detected in domestic 
rabbits. The bacterial organism involved is 
Francisella tularensis. The rabbits appear 
sluggish and are obviously sick. Grayish-white 
spots are seen in the liver at necropsy, but 
diagnosis depends on culturing the organism 
on special media or by serological tests. Rubber 
gloves should be worn whenever a suspect ani-
mal is handled as the disease is transmissible to 
humans through punctures in the skin.

Urolithiasis

Urine from an adult rabbit is normally cloudy 
because of the excretion of excess calcium 
(Fig. 10.20). While this causes a build-up of 
calcium to occur in one corner of the cage 
(a rabbit normally selects a latrine area of the 
cage), it isn’t really a problem for the animal 
itself (Fig. 5.18). Occasionally the calcium 

comes out of the urine solution in the bladder 
and begins to form a stone called a urolith 
(bladder stone). A urolith is usually made up of 
calcium carbonate or calcium oxalate. If the stone 
is quite small, it will be passed the next time the 
rabbit voids. If there are a number of these small 
stones, the urine has a “sandy” feel to it.

A large urolith can become a problem. 
The stone is retained in the bladder, and 
the size increases as more calcium crystals are 
added to the outside surface. Eventually the 
urolith becomes too large to pass through 
the urethra. Blood may occur in the urine as 
the stone begins to irritate the bladder wall. 
When this occurs, a radiograph will reveal the 
presence of the urolith. Surgery is required to 
remove the calcium stone if the rabbit has great 
value. Follow-up treatment to prevent recur-
rence is necessary. Two methods of treatment 
are used. First, change the diet. Take the ani-
mal off rabbit pellets that contain alfalfa. Alfalfa 
is quite high in calcium. Switch the rabbit to a 
diet of timothy hay and rolled oats. Fresh 
greens can also be added. Second, try to make 
the urine more acidic. Calcium tends to pre-
cipitate much more readily in alkaline urine. If 
the urine can be acidified, the calcium stays in 
solution and flows out with the urine. There 
are several urine acidifying drugs on the mar-
ket that are used primarily for cats. Consult 
your veterinarian for help in obtaining drugs to 
try with your rabbit. A rabbit with this problem 
that is not of great value is generally culled 
from the herd.

Uterine adenocarcinoma

Uterine adenocarcinoma is a common tumor in 
rabbits, especially pet rabbits. Does with this 
condition have altered reproductive perform-
ance. Fertility is reduced, as is litter size. Other 
symptoms are fetal resorption and dystocia. The 
incidence of this type of neoplasia is most com-
mon in New Zealand White rabbits, but has been 
observed in other breeds as well. The tumor is 
diagnosed by a radiograph and biopsy. In com-
mercial rabbits it is usually seen at necropsy or 
slaughter (Fig. 10.26). Ovariohysterectomy is 
the treatment of choice in pet rabbits if detected 
early. In fact, with pet rabbits this surgery in 
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young does not only eliminates the possibility of 
uterine adenocarcinoma but may also prevent 
undesirable behavioral changes.

Viral hemorrhagic disease of rabbits

Viral hemorrhagic disease (VHD) of rabbits 
was first reported in China in 1984. However, 
it may have been observed in Germany prior to 
that time. The disease has been reported in 
many European countries as well as several 
Asian countries. It is difficult to determine the 
direction of spread because China first saw it in 
Angora rabbits imported from Germany. 
Whether they were already infected with the 
virus or became infected after arriving in China 
was never determined. In addition, there is a 
great deal of intercontinental movement of 
both live rabbits and rabbit meat between 
China and Europe. Thus, the original direction 
of spread may never be known. The result is 
the same, however, in that both Asia and 
Europe have been experiencing the devastat-
ing results of this disease in recent years. A 
chronological list of occurrences is as follows:

1984: China, Korea• 
1986: Italy, USSR •

1987: Czechoslovakia, Hungary •
1988: Egypt, France, Portugal, Mexico,  •
Spain
1989: Austria, Belgium, Germany,  •
Lebanon, Poland, Rumania, Switzerland, 
Tunisia, Yugoslavia
1990: Denmark, Greece, Malta •
1992: UK •
2000: USA •

Viral hemorrhagic disease had never been 
reported on the North American continent until 
a December 1988 USDA field bulletin. It 
described an outbreak of VHD in Mexico. No 
one knew how the outbreak started, but it was 
suspected that the initial virus may have come 
in with a shipment of frozen rabbit meat from 
China. The disease spread to 159 separate rab-
bitries in Mexico, with one focus only 400 miles 
from the U.S. border. VHD seems to occur 
more frequently in small rabbitries and less 
often in large commercial enterprises. This may 
be because owners of small rabbitries are more 
likely to attend shows and fairs where exposure 
of their animals to other rabbits and people are 
common. In addition, small rabbitries are more 
likely to import rabbits from other countries.

Viral hemorrhagic disease has now been 
reported in the United States of America. 
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Fig. 10.26. Uterus of a rabbit with uterine adenocarcinoma. (Courtesy of N.M. Patton)
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On March 9, 2000 a small group of Palomino 
and Californian rabbits in Iowa were diagnosed 
with the disease. By April 9th of that year 25 
of 27 rabbits had died. The other two were 
euthanatized and the farm was quarantined for 
two years. Other small outbreaks in Utah and 
Illinois occurred in 2001. Indiana had an iso-
lated outbreak in 2005. As of this writing no 
other cases have been detected. Quarantine of 
premises and slaughter of infected and suspect 
rabbits has proven to be quite effective in con-
trolling the spread of VHD.

Adult rabbits seem to be most commonly 
affected with VHD, but it can also be seen in 
young rabbits older than eight weeks. There 
appears to be a wide range of morbidity (per-
centage of exposed rabbits that become 
infected). It can be as low as 30 percent or as 
high as 80 percent. Mortality among infected 
rabbits reaches 95 to 100 percent. The incu-
bation period is 48 to 72 hours. The cause of 
VHD has been under intense study by scientists 
in a number of countries. The agent has now 
been classified as a calicivirus. The route of 
entry into the host has not been completely 
determined, but the virus apparently can invade 
the respiratory tract or the digestive tract or 
can come in through scratches or abrasions in 
the skin. Experimentally, the virus has pro-
duced the disease when introduced orally, 
intramuscularly, or by intraperitoneal injection. 
The virus may also be transmitted by aerosols, 
direct contact, equipment used with the meat 
or by-products, and possibly insects or rodents. 
The virus has been shown to persist for as long 
as 215 days in certain environments.

There appear to be three forms of the dis-
ease. In the peracute form, all that is seen is a 
dead rabbit in the cage. In the acute form of the 
disease, the rabbit shows depression, goes off 
feed, and has difficulty breathing. This rabbit dies 
in one or two days and exhibits incoordination, 
shaking, and evidence of pain prior to death. It 
may also show a blood-stained mucus nasal dis-
charge (Fig. 10.27). When the affected rabbit is 
first observed, the rectal temperature may be 
increased 1.5 to 2°C (normal rectal temperature 
is 39.4°C). The third form of the disease seems 
to be much milder. The rabbit appears sick but 
then recovers and is immune to reinfection.

Consistent pathological lesions are found 
during post-mortem examination of affected 

Fig. 10.27. A rabbit showing the bloody nasal 
discharge that is symptomatic of viral hemorrhagic 
disease. (Courtesy of Medicina Veterinaria)

rabbits. As the name of the disease suggests, 
the most commonly observed findings are hem-
orrhages throughout the body organs. The 
lungs have petechial (pinpoint) to ecchymotic 
(bean-size) hemorrhages covering the surface. 
These same kinds of hemorrhages may be seen 
in the bronchi and bronchioles of the lungs and 
in the trachea. The mucus membranes of the 
nose and throat may also show hemorrhages. 
Hemorrhages are commonly seen in the liver, 
kidneys, spleen, heart, and lymph nodes and 
sometimes along the digestive tract. A bloody 
nasal discharge seen in times of moderate ambi-
ent temperatures often serves as a warning.

The second major common lesion is seen 
in the liver. The liver is extremely swollen and 
brownish red in color. The tissue breaks apart 
easily. Examination of the liver under a micro-
scope reveals many areas of necrosis (dead 
cells) and inflammation. Vascular thrombosis 
(blood clots in the vessels) is also found. 
Thrombosed vessels are seen not only in the 
liver but in other organs as well. Death of the 
rabbit occurs primarily from kidney failure. 
Infarcts due to blood clots are occasionally seen 
in the brain. Intranuclear inclusion bodies are 
observed in the liver, spleen, and kidney cells.

Viral hemorrhagic disease develops so 
quickly and kills so rapidly that treatment does 
not appear to be practical. Most efforts are 
being concentrated on prevention. In Mexico a 
quarantine and slaughter method of control 
was quite successful. All rabbitries where the 
disease was diagnosed were quarantined and 
the sale of their rabbits was prohibited. All rab-
bits were killed by government officials and the 
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owners paid for the rabbits or given new rab-
bits four weeks later. In China and Europe a 
vaccine is being used that apparently shows 
promise. The immunity developed after vacci-
nation may last as long as six months.

Prevention is helped by good sanitation and 
disinfection procedures. Using a strong viricidal 
disinfectant on all equipment both inside and 
outside the rabbitry may be beneficial. Restriction 
of visitors or some kind of visitor disinfection 
procedure may be necessary to prevent entrance 
of the disease. The quarantine of rabbits taken to 
shows or fairs should be considered. A one-week 
quarantine of any returning or newly acquired 
rabbit would be sufficient because the incubation 
period is quite short. However, because of other 
diseases, a two-week quarantine is preferred.

Viral hemorrhagic disease could have a 
major impact on rabbits in the United States and 
Canada. If the virus gains admission to these 
countries, where the disease has never occurred, 
the result could be devastating. Millions of rabbits 
worldwide have succumbed to this disease, and 
perhaps millions more will be affected if strict 
measures are not implemented.

Vitamin A deficiency

A number of reports have been published that 
deal with vitamin A deficiency in rabbits. The 
original reports were focused on hydrocepha-
lus, which is one of the major conditions seen 
with deficient levels of vitamin A in the diet. 
Some of the later reports listed other adverse 
effects that are primarily observed during the 
reproduction process. These changes in the 
reproductive parameters are usually seen 
before hydrocephalus is observed. Decreased 
litter size, poor conception, abortions, and 
resorptions are all part of the syndrome. The 
tips of the ears begin to droop on breeds of 
rabbits with erect ears. Crooked legs may occur 
with severe vitamin A deficiency. An increase 
in sore hocks and weepy eye is also common. 
Most of these clinical symptoms occur because 
of the deleterious effects that a lack of vitamin 
A has on epithelium, cartilage, and bone.

The decrease in reproduction is due to the 
effect of vitamin A deficiency on the reproduc-
tive organs. Premature degeneration of the 

Fig. 10.28. Vitamin A deficiency caused the 
hydrocephalus in the kit on the left. (Courtesy of 
N.M. Patton)

ovum and reduced numbers of fertilized ova 
occur. The hydrocephalus (water on the brain) 
that results from vitamin A deficiency is charac-
terized by a distention of the portion of the 
skull that covers the brain. A hydrocephalic 
baby rabbit is usually born dead and is recog-
nized by a dome-shaped head (Fig. 10.28) or 
by a larger than normal fontanelle (soft spot) at 
the apex of the skull. The enlargement of the 
head is due to an increase in the size of the 
ventricles (cavities) of the brain, which become 
filled with a clear, colorless fluid. Rabbits that 
live show signs of nervous system dysfunction. 
Wry neck, incoordination, and loss of equilib-
rium are common. Hydrocephalus is found in 
kits born to does that show low vitamin A lev-
els in the blood. When maternal blood levels 
fall below 20 micrograms per 100 milliliters of 
serum, hydrocephalus appears in the young.

Commercial diets in general supply ade-
quate amounts of vitamin A or b-carotene. 
b-carotene is converted to vitamin A by the 
rabbit. However, b-carotene deteriorates quite 
rapidly in stored hay and pellets. In fact, hay 
stored longer than 90 days may lose as much as 
90 percent of the b-carotene value, depending 
on the temperature and conditions of  storage. 
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Therefore, it is wise to be sure synthetic vita-
min A has been added to the diet. Most com-
mercial companies are now adding 4,400 to 
11,000IU (International Units) per kg of diet, 
depending on the season of the year.

Scientists at the Oregon State University 
Rabbit Research Center showed that excess 
levels of vitamin A can cause symptoms and 
lesions in rabbits similar to those produced by a 
deficiency of vitamin A. Although the levels 
used were quite high, it is conceivable that a 
mistake in adding vitamin A to the diet could 
cause conditions resulting from an excess of the 
vitamin. Liver biopsy and subsequent vitamin A 
analysis are required to demonstrate excessive 
levels of vitamin A. Checking serum vitamin A 
levels is not adequate to demonstrate an excess 
condition, because the serum levels can be nor-
mal even when excess vitamin A is present.

Treatment of vitamin A deficiency can be 
accomplished immediately by injecting all does, 
bucks, and junior replacement stock with vita-
min A (11,000 IU per kg of body weight). It can 
also be accomplished by adding vitamin A to 
the diet; however, this is somewhat slower. If an 
excess vitamin A condition is found, the rabbits 
are generally culled, because depleting a high 
level of stored vitamin A in the liver takes 
months or years even when vitamin A and 
b-carotene are severely reduced in the diet.

Young doe syndrome

The term “young doe syndrome” came about 
because the disease seems to be more preva-
lent in first and second litter does, but it can 

occur in does of any parity (number of litters). 
A doe kindles a fine, healthy litter, and when 
the litter is 4 to 10 days of age, the doe dies. 
Sometimes diarrhea is observed. Sometimes it 
is noted that the doe is off feed for a day or 
two. In other cases nothing out of the ordinary 
is noticed except a dead doe.

Enterotoxemia is the major cause, but sta-
phylococcal mastitis can also cause this 
 syndrome. When enterotoxemia is the cause, a 
post-mortem examination will almost always 
show an inflamed cecum, with increased 
amounts of fluid in the upper digestive tract. 
Because the toxin from Clostridia spp. is so 
potent, the rabbit will die in 12 to 24 hours. 
If the cause is mastitis, the death may be some-
what slower. If the initial signs of being off feed 
and having a high temperature are missed, it 
will appear that a normal doe has died sud-
denly. The toxins from the bacteria straphyloc-
coci that have invaded the mammary glands go 
into the blood system, overwhelm the defenses, 
and kill the doe. Careful observation, immedi-
ate attention, and treatment of does off feed 
may save them from the mastitis phase of 
young doe syndrome.

The enterotoxemia phase can also be pre-
vented. It is common to restrict the feeding of 
does during gestation and then to put them on 
full feed or double feed when they have kin-
dled. This may lead to enterotoxemia. If you 
are going to use restricted feeding, then a more 
gradual increase in the feed will completely 
eliminate young doe syndrome due to entero-
toxemia. Gradually increasing the feed by 30g 
a day or every other day from kindling until full 
feed is reached has been quite effective in elim-
inating this disease.
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Rabbit Reproduction

Reproduction is a complex process that 
requires coordination between the male and 
the female. The primary means of such coordi-
nation is through the nervous system and by 
hormones, which are substances carried in the 
blood from special glands to the organs upon 
which the hormones have their effects. The 
hormones may stimulate changes in the organs 
themselves (as in ovulation), or one hormone 
may stimulate a target organ to secrete a sec-
ond hormone that, in turn, is carried to another 
organ, where it has an effect.

Because of such complexity, it is difficult 
to describe rabbit reproduction completely in a 
single chapter. The purpose of this chapter, 
therefore, is to provide an overview of the 
processes and the major hormones involved in 
reproduction. Special emphasis has been 
placed on those aspects that are of direct con-
cern to the rabbit producer. Readers wishing 
more detailed information regarding this topic 
are directed to books that deal specifically with 
reproductive physiology.

The Male

Organs of reproduction

The reproductive organs of the male fall into 
four basic categories: the primary sex organs, 

accessory sex glands, ducts, and external 
 genitalia (Fig. 11.1).

The testes are the primary organs of repro-
duction of the male. They produce spermatozoa 
(sperm) and hormones (androgens), which affect 
reproductive function and behavior. The paired 
testes are ovoid structures measuring about 
35 × 15 millimeters and weighing approxi-
mately 2 grams. The testes are essentially sacs 
of coiled tubules within which the sperm are 
formed. This process, known as spermatogen-
esis, involves changes from a rather normal 
looking spheroidal cell into the highly special-
ized spermatozoon, which has transmission of 
genetic information to the ovum as its only func-
tion. Sperm development begins in the walls of 
the tubules, and as the spermatozoa develop, 
they move toward the center, or lumen, of the 
tubule. Among the cells of the tubule walls are 
Sertoli (sustentacular) cells, which nourish the 
developing spermatozoa. Once the sperm reach 
the lumen of the tubule, they are transported 
through the tubule by fluid pressure. This trans-
port takes the sperm to the top of the testis and 
out into the epididymis.

Androgens are produced by Leydig (inter-
stitial) cells, which are found among the 
tubules. These cells are under the control of 
hormones from the anterior pituitary, which 
is located at the base of the brain. These con-
trolling hormones regulate the levels of the 
androgens in the blood, which, in turn, control 
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spermatogenesis and sexual activity of the 
buck. It is the lack of androgens that makes 
the castrated male disinterested in females or 
in fighting with other bucks.

The accessory sex glands of the male 
include the vesicular, prostate, and bulboure-
thral glands. All these glands produce secre-
tions that are added to the spermatozoa to 
form the ejaculated fluid known as semen. The 
functions of these secretions include adding 
fluid volume to the ejaculate to facilitate move-
ment of semen through the male and female 
reproductive tracts, providing nutrients and 
buffers for the spermatozoa, providing a gelati-
nous plug to seal the female tract, and provid-
ing substances that stimulate contractions of 
the vagina and uterus of the female to enhance 
movement of spermatozoa through the tract.

The ducts through which the sperm move 
after leaving the testes proper include the epi-
didymides, deferent ducts, and urethra. The 
epididymides lie close to the top of the testes and 
function as a place for maturation of the sperma-
tozoa. Spermatozoa that have not undergone a 
period of maturation in the epididymides are 
incapable of fertilizing eggs. The epididymides 
also serve as a place for storage of spermatozoa; 
fertile spermatozoa have been recovered from 
epididymides after eight weeks of storage. The 
normal time required for movement of sperm 
through the epididymides is 8 to 10 days.

The deferent ducts carry the sperm from the 
epididymides to the urethra and also function 
to some extent in sperm storage. The  accessory 
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Fig. 11.1. The reproductive system of the male 
rabbit. (Modified from Laboratory Anatomy of the 
Rabbit (1990), Mclaughlin, C.A. and Chiasson, 
R.B., 3rd edn, Wm. C. Brown Publishers.)

sex glands normally add their secretions to the 
semen at or near the junction of the deferent 
ducts and the urethra.

The urethra is the common passageway 
for semen and urine. It carries semen from the 
junction with the deferent ducts to the end of 
the penis, from which the semen is ejaculated 
into the vagina of the female. The bladder 
empties into the urethra just beyond the point 
of junction of the urethra and deferent ducts.

The external genitalia of the male include 
the penis, the scrotum, and the prepuce. The 
penis is an erectile organ that is used for inser-
tion of the ejaculate into the female tract. The 
penis is normally flaccid and rests in the pre-
puce, as shown in Fig. 11.1. It becomes rigid 
from constriction of the penile veins at the time 
of breeding. Since arterial blood continues to 
flow into the organ, it becomes turgid and can 
thus penetrate the vulva and vagina of the doe. 
The erect penis is held forward along the abdo-
men. There is a sensitive tip on the penis, 
known as the glans penis. Stimulation of the 
glans penis by the vagina of the female (or by a 
properly prepared artificial vagina) results in 
ejaculation. This is due to a reflex contraction 
of the duct system that forces out spermatozoa 
stored in the deferent ducts and the last third of 
the epididymis. Fluids from the accessory 
glands are also released into the deferent ducts 
and the urethra at the time of ejaculation. After 
subsidence of erection, the penis is pulled back 
into the prepuce by muscular contraction.

The scrotum of the rabbit consists of two 
relatively hairless sacs that contain the testes. 
These function to protect the testes and to pro-
vide an area with a lower temperature than that 
of the body cavity, since spermatogenesis cannot 
occur at body temperature. The testes of the rab-
bit can move freely in and out of the abdomen 
and so are not always found in the scrotal sacs.

The prepuce is a fold of skin on the abdo-
men which protects the penis.

Spermatozoa

Spermatozoa are highly specialized cells that 
carry genetic information from the male through 
the female reproductive tract to fertilize the ova 
of the female. Each spermatozoon has a head 
that carries the genetic information and a tail 
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Fig. 11.2. Rabbit spermatozoa. (a) Normal 
rabbit spermatozoa; note the protoplasmic 
droplets on the tails of some sperm. The 
granular material in the background is 
normal in rabbit semen. (b) Spermatozoon 
with a round head. (c) Defective 
spermatozoon showing a coiled tail. 
(d) Spermatozoon with a broken midpiece. 
(e) Spermatozoon with a double tail. 
(Courtesy of J.I. McNitt)
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that provides propulsion by its  whip-like move-
ments (Fig. 11.2). The portion of the tail nearest 
the head is known as the midpiece and contains 
organelles, which function in metabolism and 
provide energy for movement of the tail. 
Spermatozoa do not begin to swim (become 
motile) until they are ejaculated into the vagina 
of the doe, where there is a higher concentra-
tion of oxygen than in the male tract.

The testis produces 50 to 250 million 
sperm each day. The numbers of sperm pro-
duced may be affected by breed, age of the 
buck, and nutrition. Production of spermato-
zoa begins at puberty and is continuous 
throughout the reproductive life of the buck. 
Most unejaculated sperm degenerate in the 
epididymides, and the components are 
resorbed into the blood. Some sperm may be 
passed in the urine.

Reproductive activity of the buck

Bucks reach sexual maturity between four and 
eight months of age, depending on breed and 
level of nutrition. In a study of New Zealand 
White bucks, daily sperm output was found to 
increase from 20 weeks of age to a mature 
level at about 31 weeks of age. The normal 
ejaculate volume for mature bucks is 0.4 to 
1.5 ml, with an average of about 0.7 ml. Sperm 
per ejaculate is highly variable among bucks as 
well as among successive ejaculates from the 
same buck and varies from 10 to 300 million 
spermatozoa per ml, with an average of around 
150 million. The number of spermatozoa ejac-
ulated depends on the breed of the buck, recent 
use, and level of stimulation. There is also indi-
cation that there may be short cycles of three to 
eight days’ duration in some of the semen char-
acteristics, such as sperm concentration. In the 
wild, testicular size is greatly reduced in the 
autumn and reaches a peak in late spring.

The number of sperm and the volume of 
ejaculate required for fertilization are unknown, 
but studies using artificial insemination have shown 
that sperm concentrations of less than 1 million 
sperm per ml can result in pregnancy. It is thus 
likely that most ejaculates will contain sufficient 
sperm for fertilization unless, as sometimes hap-
pens, an ejaculate is produced that is totally devoid 
of sperm (an aspermic or “dry” ejaculate).

Fig. 11.3. The reproductive tract of the female 
rabbit. (Modified from Laboratory Anatomy of 
the Rabbit (1990), Mclaughlin, C.A. and Chiasson, 
R.B., 3rd edn, Wm. C. Brown Publishers.)
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Organs of reproduction

The organs of reproduction of the female 
include the ovaries, oviducts, uterus, cervices, 
vagina, and external genitalia (Fig. 11.3).

The ovaries, the female’s primary organs 
of reproduction, produce the eggs, or ova, 
and hormones (primarily estrogens and pro-
gestins). They lie within the abdominal cavity, 
with one on each side, near the kidneys. The 
ovaries are ovoid structures about 20 × 10 mm 
and weigh 0.5 to 0.75 g, depending on the 
activity of the ovarian components. The cen-
tral portion, or medulla, of each ovary  consists 
of connective tissue containing nerves and 
blood vessels. The outer layer, or cortex, con-
tains the ova in various stages of develop-
ment, as well as other types of tissue, includ-
ing blood vessels, nerves, and muscle fibers. 
At the time of a doe’s birth, thousands of 
undeveloped ova are contained in the germi-
nal epithelium layer of the cortex. From the 
time of puberty until death or the end of 
the reproductive life of the female, groups of 
these undeveloped ova undergo development 
and are shed (ovulated), or they degenerate. 
The oviduct is the site of fertilization, func-
tions in a maturation process of spermatozoa 
known as capacitation, and is the location 
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where early embryonic development occurs 
(Fig. 11.3). The upper end of the oviduct is 
spread into the ostium tubae, which partially 
surrounds the ovary. On the edges of the ostium 
tubae are numerous small projections known 
as the fimbria. These nearly cover the ovary. 
Beating of the fimbria causes waves of 
 movement of fluid toward the opening of the 
oviduct and, at the time of ovulation, sweeps 
the ova into the oviduct.

The uterus is the organ in which most of 
the embryonic development occurs (Fig. 11.3). 
It also provides muscular force for expulsion of 
the fetuses at birth. The uterus of the rabbit is 
formed of two distinct horns, which do not join 
to form a body.

Each horn of the uterus connects into an 
individual cervical canal, which opens into the 
common vagina (Fig. 11.4a, b). The cervices 
function as muscular plugs to keep the uterine 
horns closed except at the time of mating and 
parturition (birth, or kindling).

The vagina is the site of sperm deposition 
at mating and acts as a channel for the young 
at parturition.

The external genitalia of the doe include 
the urogenital sinus, which is continuous with 
the vagina and is the chamber into which the 
urethra empties urine. The external lips of 
the urogenital sinus form the vulva, which can 
be used as an indicator of sexual receptivity of 
the doe. A doe with a moist red or pink vulva 
is much more likely to accept service than a 
doe with a pale, dry vulva. The clitoris lies 
within the urogenital sinus, with the sensitive 
portion, the glans clitoris, projecting into the 
urogenital opening. Because the urethra opens 
into the vaginal sinus posterior to where the 
sperm are deposited (Fig. 11.3a), urination by 
the doe following breeding does not necessar-
ily interfere with fertilization.

Estrus and ovulation

Does become receptive to bucks at about 3½ 
months of age and become capable of 
 conception at 4 or 4 ½ months. These ages will 
vary with the breed of rabbit, the smaller breeds 
generally reaching puberty earlier than the 
larger breeds. The level of nutrition will also 
affect the age of onset of reproductive function. 
It is generally not advisable to breed a doe  during 
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Fig. 11.4. (a) A drawing of the double cervix of 
the rabbit. (Courtesy of Wolters Kluwer Publishing). 
(b) Dissection of uterus showing dual cervical 
openings (with a piece of paper in each opening). 
Courtesy of N.M. Patton)

the first month that it is capable of reproduction, 
because it is still growing and the attainment of 
mature size may be prevented or delayed if the 
doe is also expected to produce and feed a litter 
at this time. However, undue delay in breeding 
may result in breeding difficulties if a doe 
becomes too fat. Also, delayed breeding may 
make a doe more susceptible to hairballs.

Rabbits do not have a precise estrous cycle 
as is found in many other animals. At the time 
of puberty, follicle-stimulating hormone (FSH) 
from the anterior pituitary gland located at the 
base of the brain begins inducing growth of fol-
licles, with corresponding development of ova 
within them. The ova begin development with 
a single layer of follicle cells surrounding them. 
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The number of follicular cells gradually 
increases until numerous layers are present. 
As a follicle develops further, a fluid-filled cavity 
forms, with the ovum located in the center 
upon a hillock of cells. By this time, the follicle 
has enlarged to such an extent that it bulges 
from the surface of the ovary. At ovulation the 
outer layer of the follicle ruptures, and the 
ovum is expelled along with the fluid.

The follicles produce estrogens, which are 
the hormones that cause the female to be recep-
tive to the male. Follicular development gener-
ally occurs in waves, with 5 to 10 follicles on 
each ovary at the same stage of development at 
any one time. Follicles continually commence 
development, so follicles at several stages of 
development are always present. When follicles 
reach mature size, they actively produce estro-
gens for about 12 to 14 days. After this period, 
if ovulation has not occurred, these follicles will 
degenerate, with a corresponding reduction in 
the estrogen level and receptivity. After about 
4 days a new wave of follicles will begin produc-
ing estrogen, and the doe will become receptive 
once again. The doe thus has a cycle of 16 to 
18 days, with about 12 to 14 days of receptivity 
and 4 days when the doe will refuse to mate. 
This timing is extremely variable because of indi-
vidual differences, sexual stimulation, and envi-
ronmental factors, such as nutrition, light, and 
temperature.

Ovulation in the rabbit occurs only after 
induction by an external stimulus, such as mat-
ing. This includes stimulation of the anterior 
vagina by the penis as well as pressure on the 
hindquarters from mounting by the buck. 
Intense sexual excitement or mounting of the 
doe by other rabbits may also induce ovulation. 
This may result in a condition known as pseu-
dopregnancy. An ovulatory stimulus results in 
the release of luteinizing hormone (LH) from 
the anterior pituitary. This hormone causes 
rupture of a number of mature follicles on one 
or both ovaries approximately 10 hours after 
the stimulus occurs. The number of ova shed 
from each ovary is one factor that determines 
the litter size. Other factors include the number 
of shed ova that are fertilized by the sperm and 
the number of fertilized eggs that go through 
the entire intrauterine development process. 
For clarity, the remainder of this discussion 
refers to a single ovum and its development, 
but it should be borne in mind that similar 

processes are simultaneously occurring with up 
to 20 other ova.

When the ovum has been shed from the 
ovary, LH stimulates changes in the follicular 
cells that rapidly develop into a corpus luteum 
(yellow body), which produces hormones 
known as progestins. These are necessary 
throughout pregnancy for development of the 
embryo. The primary action of the progestins 
is to stop muscular contractions of the uterus 
and to stimulate production of nutrients for the 
embryo.

The corpus luteum begins actively secret-
ing within three days after ovulation and con-
tinues throughout pregnancy. The hormone 
output increases until about the fifteenth day 
of pregnancy and remains at a high level 
until the last week, when the hormone level 
begins to fall. The progestins control uterine 
function, especially inhibition of muscular 
activity so that the embryo can remain in the 
uterus and be nourished throughout preg-
nancy. The progestins also inhibit sexual 
receptivity in the pregnant female, although 
follicles continue to develop and produce 
estrogen throughout pregnancy. It has been 
shown that the estrogen is required for the 
corpus luteum to continue secreting pro-
gestins. Since follicles are present at the end 
of pregnancy, the doe is sexually receptive 
and capable of ovulation immediately after 
parturition.

Pseudopregnancy

If ovulation does not result in pregnancy, either 
because of lack of fertilization by the spermato-
zoa or because of an abnormal stimulus, such 
as mounting by other does or excitement, the 
doe may become pseudopregnant. In this con-
dition a corpus luteum is formed, with the sub-
sequent production of progestins. The doe 
may not be receptive during the period of 
pseudopregnancy, which lasts 16 to 18 days. 
If mating does occur during pseudopregnancy, 
it often is not fertile, since the hormones of the 
corpus luteum interfere with capacitation of 
the sperm and movement of the spermatozoa 
through the female tract. At the end of pseudo-
pregnancy, the doe may engage in behavior 
normally seen at or near kindling, such as nest 
building and lactation.
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Fertilization, implantation, 
and pregnancy

At the time of mating the buck deposits several 
million spermatozoa in the vagina of the doe. 
These move by contractions of the female tract 
and by swimming to the middle portion of the 
oviduct, where fertilization occurs. The first 
sperm are found in the oviduct within 15 to 20 
minutes of mating, although the majority are not 
found there for several hours. Of the millions 
deposited into the vagina, only a few thousand 
actually reach the site of fertilization.

Before the sperm are capable of fertiliz-
ing the egg, they must undergo a series of 
changes known as capacitation. These changes 
require approximately 6 hours. Since ovula-
tion occurs 10 hours after mating and the ova 
remain viable for only 6 to 8 hours, it can be 
seen that at the time the freshly ovulated ova 
move into the oviduct, the sperm are just 
reaching a stage when fertilization can occur. 
This is important, as it has been shown that as 
the sperm or ova age, the proportion of ova 
that are fertilized declines and the proportion 
of abnormal embryos increases.

When the ova are released from the folli-
cle, they are swept into the oviduct and move 
to the middle third of the oviduct, where fertili-
zation occurs. This movement generally takes 
less than 10 minutes. Fertilization refers to the 
entry of a spermatozoon into the egg and 
fusion of the genetic material of the male and 
the female (syngamy). Once one sperm has 
entered the ovum, changes occur in the egg 
membrane that function to prevent entry of 
additional sperm. Cellular division and devel-
opment of the embryo begin almost immedi-
ately after syngamy. The developing embryo 
remains in the oviduct until the 8- or 16-cell 
stage is reached.

This takes 72 hours, after which the 
embryo migrates to the uterus, where it floats 
in the uterine fluid and is nourished by it. 
During this period, nutrients enter the embryo 
by diffusion through the cell membranes. After 
seven days the embryo becomes too large to 
be properly nourished solely by diffusion, so it 
is attached to the wall of the uterus, and the 
placenta (afterbirth) begins to form. This proc-
ess is known as implantation. The placenta 
provides protection for the embryo and a close 

connection between the embryonic and mater-
nal circulatory systems. There is no direct con-
nection between these two systems, although 
the two blood supplies pass very close to each 
other in their respective vessels. In this fashion, 
oxygen and nutrients can diffuse through the 
vessel walls from the doe to the young, and 
the wastes from the young can diffuse out to 
the circulatory system of the doe. Transport of 
oxygen and nutrients within the embryo is car-
ried out by the embryonic circulatory system.

Because the doe has two entirely separate 
uterine horns and two cervical openings, there 
is no opportunity for movement of embryos 
from one horn to the other. Such movement is 
often seen in litter-bearing species such as the 
pig, in which there is a common body of the 
uterus and a single cervix, allowing balancing of 
the numbers of embryos in the two horns. No 
such balancing is possible in the rabbit, so the 
embryos in one horn result from fertilization of 
ova shed from the ovary on that side only.

Pregnancy in rabbits lasts an average of 
31 to 32 days but may be as short as 29 days 
or as long as 35 days. The longer gestation 
periods are generally seen when there are only 
a few young in the litter (Fig. 5.6). These young 
are usually heavier at birth (as high as 90 g) 
than those from larger litters that are carried 
for a shorter period of time.

Embryonic growth is not constant. At day 
16 of pregnancy, the embryos of New Zealand 
White does average 0.5 to 1 g; at day 20, 
about 5 g; and at birth, about 60 g. Birth 
weights vary from 25 to 90 g, depending on 
the age and breed of the doe and the number 
of young in the litter.

Parturition and maternal care

During the last week of pregnancy, the corpus 
luteum secretes prostaglandin F2a, which 
destroys the corpus luteum and markedly 
reduces progestin secretion. There is also an 
increase in the hormone prolactin, which stim-
ulates the behavior known as nest building. 
Nest building is seen a few days before partu-
rition and involves building a “material nest” 
of hay, straw, or whatever nest material is 
 provided. In the day or so prior to kindling, 
there is a loosening of the hair on the belly, 
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thighs, and dewlap. The doe pulls this hair 
(Fig. 5.11) and interweaves it with the material 
nest to form the “maternal nest” (Fig. 4.17). 
The quality of the maternal nest and the time 
at which the nest building occurs depend on 
the breed of the doe, her previous experience 
(the quality of the nest tends to improve with 
successive litters), the nesting material avail-
able, and the season of the year.

Parturition occurs in response to a 
decrease in the progestin levels (which main-
tain the uterine muscles in a quiet state during 
pregnancy), an increase in estrogen and pros-
taglandin F2a levels, and the sudden release of 
the hormone oxytocin from the posterior pitui-
tary. The exact stimulus for this release is not 
known. Oxytocin, estrogen, and prostaglandin 
F2a stimulate contractions of the uterine mus-
culature, which force out the kits. Reflex con-
tractions of the abdominal musculature also 
assist in the birth process.

Parturition in the rabbit normally occurs in 
the early morning, taking about 30 minutes, 
with individual kits born at intervals of 1 to 5 
minutes. The doe crouches in the nest and licks 
each of the young as it is delivered. This dries 
the kits, removes blood and tissue debris, and 
stimulates blood circulation. The firstborn kits 
generally begin nursing before the rest of the 
litter is born. This may assist in the birth proc-
ess, since the suckling stimulus will result in 
further release of oxytocin. The entire litter is 
generally delivered at one time, although it is 
sometimes spread over one to two days. 
Occasionally a single fetus will be delivered a 
day or more before the remainder of the litter. 
The kits are hairless (Fig. 11.5), blind, and deaf 
at birth. In some cases, the litter is delivered 
three or four days before milk production 
begins. These kits often die of starvation 
because the doe cannot feed them. The cause 
for this behavior is unknown.

When parturition is complete, the doe eats 
the placenta and dead kits. This is common 
behavior among animals, even non- carnivores 
like the rabbit. Since the waste material may 
attract predators or act as a medium for the 
growth of bacteria, such behavior increases the 
chances of survival of the young.

The number of young in the litter and their 
total and individual weights depend on the 
breed of the doe, her nutritional status, her age, 

Fig. 11.5. Newborn rabbits. (Courtesy of N.M. Patton)

and her environment. The small breeds, such 
as the Polish, generally produce four or fewer 
young, whereas the larger breeds, such as the 
New Zealand White, the Californian, and the 
Flemish Giant average 8 to 10 kits in each litter. 
Litters of up to 18 kits are occasionally seen. 
Poor nutrition may result in production of small, 
weak, or dead kits or may result in resorption of 
the entire litter. Similarly, overly fat does may 
not carry their litters through the entire gesta-
tion period. First litters are generally smaller 
than second and subsequent litters. After the 
seventh or eighth litter, size again declines.

European workers have selected for what 
they call hyperprolific does that regularly pro-
duce 15 to 18 young. However, because the 
does are unable to feed that many, currently 
this is merely an academic exercise.

Some does, especially those that are 
young or exceptionally nervous or those that 
are disturbed during kindling, may give birth 
outside the nest (scattering) or may eat some or 
all of the young (cannibalism). The causes of 
these abnormal behaviors are not known, 
although they are most often seen with does 
that build poor nests. A doe that persists in 
either behavior for several successive litters 
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should be culled. Scattering of the litter often 
results in loss of the kits because rabbits, unlike 
other species such as cats, do not return kits to 
the nest.

The doe normally nurses the litter only 
once each day for about four or five minutes. 
Prior to her arrival, the kits move to the top of 
the nest material to facilitate reaching the nip-
ples. The kits change nipples very frequently 
during the early part of suckling, remain rela-
tively quiet through the middle of the period, 
and then begin moving rapidly toward the end. 
At the end of suckling, the doe deposits several 
fecal pellets in the nest box and abruptly leaves. 
This is independent of whether the kits are still 
nursing. The kits are stimulated to urinate by 
wet or cold, so because of the dampness from 
nursing, they all urinate. They then begin a pat-
tern of behavior that includes digging through 
the nest material for 15 to 30 minutes. This 
serves to fluff and dry the nest. After this, the 
kits form into a group and remain quiet for 
about 22 hours when they again move to the 
top of the nest material to await the doe.

Contrary to popular belief, the doe does 
little to maintain the nest or the kits. She may 
lick one or more of the kits during suckling, but 
this appears to be for recognition rather than 
for stimulation of urination and defecation as 
previously thought. There is no evidence that 
the doe needs to lick the kits for stimulation of 
either of these functions.

The doe may sit in the nest at times other 
than when she is nursing, but she pays little 
attention to the kits. This very often is because 
the doe has sore hocks or is sick. In fact, does 
often seem oblivious to the squeals of young 
upon which they happen to be standing. Some 
does may be defensive about their young and 
jump into the nest if the kits are disturbed. This 
may cause injury to the kits and should be 
avoided or prevented if possible. More aggres-
sive does may stomp when upset or may attack 
by biting or scratching.

Lactation

The growth of the young during the suckling 
period, especially during the first three weeks, 
greatly affects their later performance. For this 

reason, lactation can be considered as much a 
part of the reproductive process as ovulation, 
pregnancy, or parturition.

The mammary glands of the doe generally 
consist of eight physiologically distinct sections, 
four along each side of the abdomen (Fig. 11.6). 
The number may vary from 6 to 10. The glan-
dular tissue of the rabbit is similar to that of 
other species and consists of hollow, ball-
shaped structures known as alveoli, where the 
milk is actually formed. The milk moves from 
the alveoli through a series of ducts to the gland 

Fig. 11.6. Mammary tissue of the rabbit. Shading 
indicates mammary tissue and dots the nipples. 
(Courtesy of Walters Kluwer Publishing)
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and teat cisterns. The teat itself is the external 
opening of the gland and consists of the exter-
nal protuberance (nipple), with five to eight 
central canals through which the milk flows 
during suckling. The mammary gland also con-
tains blood and nerve supplies and variable 
amounts of fat.

Milk is formed in the alveoli by direct diffu-
sion of constituents from the blood, by modifi-
cation of substances from the blood, and by 
synthesis within the cells of the alveoli using 
materials that diffuse into the cells from the 
blood. Milk formation is a continuous process. 
As the milk is formed, it is stored in the alveoli 
and upper parts of the duct system until a suck-
ling stimulus causes let-down of the milk and it 
enters the lower duct system.

The mammary glands of the doe begin 
forming when it is still an embryo. After birth, 
development stops until puberty, when 
increased levels of estrogen result in partial 
development of the duct system. The elevated 
progestin levels of pregnancy stimulate devel-
opment of the alveoli. Prolactin release at the 
time of parturition initiates milk production. 
Stimulation by this hormone is responsible 
for continued milk production during the lac-
tation period.

Although milk production is a continuous 
process, the milk is unavailable to the young 
until a stimulus causes the release of oxytocin. 
This hormone causes the contraction of the 
muscles around the alveoli and forces the milk 
down the duct system to the gland and teat 
cisterns. Suckling by the young forces the 
milk past the teat sphincter and into their 
mouths.

The quantity and composition of the milk 
produced by the doe vary throughout lactation, 
as shown in Table 11.1. The quantity of milk 
produced increases until the end of the third 
week of lactation and declines thereafter. 
At that point the kits generally start eating solid 
food, and the milk of the doe becomes less 
important to the performance of the young.

The first milk produced by the doe after 
giving birth is known as colostrum. As shown in 
Table 11.1, this first milk has more fat and lac-
tose and less ash than later milk. Calcium and 
phosphorus levels are also lower, and the vita-
min A activity is higher. In other species, such 
as the cow, sheep, horse, pig, and goat, there 
is a substantial increase in protein content as 
well. This is because of the high levels of anti-
bodies (proteins that confer resistance to dis-
ease). These are transferred in the milk from 
the mother to the offspring to provide protec-
tion from disease until the young can manufac-
ture their own antibodies. In the rabbit, the 
maternal antibodies are transferred to the fetus 
during pregnancy. During the second half of 
the gestation period of the rabbit, maternal 
antibodies are absorbed by the fetal membranes 
for transfer to the developing fetuses. These 
antibodies function for the first few weeks of 
life. In addition, during nursing does often leave 
a few fecal pellets in the nest. Kits have been 
seen to nibble on these and it is thought that 
this may also provide them with antibodies. 
This is known as passive immunity. As they 
age, the young rabbits are capable of making 
their own antibodies (active immunity).

Colostrum is produced for two or three 
days, after which there is a decrease in the fat 

Table 11.1. Approximate quantity and composition of milk produced at various stages of lactation in 
Fauve de Bourgogne does.

Days after birth

1 7 14 21 24

Milk yield (g/day) 50 160 220 240 220
Water (%) 69 74 74 73 67
Protein (%) 14 14 13 13 16
Fat (%) 15 9 9 10 14
Lactose (%) 1.6 0.9 1.0 0.9 0.8
Ash (%) 1.6 2.1 2.2 2.4 2.6

Source for quantity data: Lebas, F. 1968. Annales de Zootechnie 17: 169–182.
Source for composition data: Lebas, F. 1971. Annales de Zootechnie 20: 185–191.
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and lactose content. After day 21, the composi-
tion changes again with a decrease in the water 
and lactose (milk sugar) contents and an increase 
in the contents of protein, fat, and ash (which 
represents the mineral matter, such as calcium). 
Table 11.2 is a compilation of approximate 
milk composition figures for various species 
and has been included for comparison pur-
poses. Among the listed species, the rabbit has 
milk that is higher in fat than the milk of the 
others except the rat. The rabbit’s milk also 
exceeds that of all the other listed species in the 
level of ash and protein. The lactose level is 
lower. The milk of the rat is, in many respects, 
similar to that of the rabbit, although rat milk 
has a much higher level of fat.

A typical lactation curve is shown in 
Fig. 11.7. The shape of the curve is influenced 
by the breed-back schedule. With a short breed-
back, the decline occurs sooner and more rap-
idly than with longer breed-back schedules. As 
the litter gets older, the amount of prolactin 
declines, so there is a decline in the amount of 
milk produced. When the litter is weaned, there 
will be no suckling stimulus and the alveoli will 
fill with milk. Filling of the alveoli inhibits milk 
formation.

Artificial Insemination

Artificial insemination (AI) of rabbits can be a 
useful technique in large operations. The pri-
mary advantage is that a large number of does 
can be bred at one time regardless of their 
receptivity to the buck. This eliminates the time 
required for checking each doe; provides large 
batches of kits of uniform age; and allows an 

all-in, all-out system of management in which 
does are put into a building where they all 
 kindle within a two- or three-day period. The 
litters are all weaned the same day, and the 
does are moved to another house. The fryers 
are then grown out and all marketed together. 
While the house is empty it can be cleaned and 
disinfected before a new batch of does is 
brought in.

Artificial insemination allows more exten-
sive use of each buck, which reduces the feed 
and cage requirements as well as allowing 
wider use of superior sires.

Artificial insemination is not a solution to 
breeding difficulties and will not raise fertility in 
a rabbitry where such problems exist. Skill is 
required, some equipment may need to be 
 purchased, and strict hygienic practices must 
be followed to prevent spread of disease. 
Furthermore, an ovulatory drug must be given 
to each doe to induce ovulation. This will cost 
at least 25¢ per doe (and probably more) and 
must be obtained and used under veterinary 
supervision.

The following brief description of the 
process is meant to provide background infor-
mation. Anyone considering the use of AI in a 
rabbitry should carefully study all the literature 
available and discuss the process with growers 
who are using it or have used it before making 
any investment.

Semen is collected from the bucks by 
using an artificial vagina (AV) (Fig. 11.8). It 
may be purchased ready to use or be con-
structed from available materials. It consists of 
a stiff outer liner, such as a section of 2.5 cm 
car radiator hose or PVC pipe. The inner liner 
should be flexible rubber or plastic tubing, such 
as that used in hospitals after surgery to provide 

Table 11.2. Approximate milk composition of various species.

Percent Composition

Water Protein Fat Lactose Ash

Rabbit 74 13 9 1 2.2
Cow 88 3 4 5 0.8
Goat 87 4 4 5 0.8
Human 87 2 4 7 0.3
Cat 82 9 3 5 0.5
Rat 68 12 15 3 1.5

Data compiled from various sources by J.I. McNitt.
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drainage from large incisions. This inner liner 
is folded back over the outer liner on both 
ends, and the cavity between is filled with air 
and warm water. The collection tube can be 
attached to the AV by means of a collection 
cone, as in Fig. 11.8, or connected directly to 
the AV. The collection cone can be of any rub-
ber material that will fit tightly over the collec-
tion tube at one end and the outer liner at the 
other. Fingers cut from disposable surgical 
gloves are ideal for this purpose. If necessary, 
rubber bands can be placed over these junc-
tions to help hold them together. If rubber 
bands are used, they must be counted when 
placed on the AV and again when they are 
removed. If any are missing, check the buck’s 
penis to ensure that a band hasn’t slipped off 
and constricted it. If this happens and the band 
is not removed, the buck may have to be 
destroyed. The collection tube can be any small 
vial that will hold at least 5 milliliters of ejacu-
late. The bottom cut off a plastic graduated 
centrifuge tube works well for this.

Semen collection can be accomplished 
using a doe (Fig. 11.9) or a rabbit skin. The 
former is often necessary when training a new 
buck to the use of an AV. The AV, lubricated 
with a small amount of water-soluble lubricant, 
such as K-Y jelly, and inflated with air and 
water at the suitable temperature, is held under 
the doe. The index finger can also be used to 
hold the doe’s tail down. When the buck 
mounts and makes copulatory thrusts, the AV 
is directed onto the penis. If the temperature, 
texture, and pressure are correct, this will 
induce ejaculation.

Once an ejaculate has been collected, it 
should be evaluated to determine the total 
number of spermatozoa, the proportion that 
are alive and motile (moving), and the propor-
tion that are morphologically normal. The con-
centration of spermatozoa is determined using 
a hemocytometer, which is a special micro-
scope slide made for counting concentrations 
of blood cells. The proportions of live and 
motile spermatozoa can be estimated by plac-
ing a drop of semen on a microscope slide. 
A drop of extender (2.9 percent sodium citrate 
or 0.9 percent saline) is mixed with the semen, 
and a cover slip placed on top. When the slide 
is viewed under a microscope at 400× magni-
fication, individual spermatozoa can be seen. 
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Fig. 11.9. Semen collection from the buck; the 
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Moving the slide around to observe a number 
of fields will permit an estimate of the propor-
tion actively swimming. To study the morphol-
ogy of the spermatozoa, a smear of semen 
mixed with eosin-nigrosin stain should be made 
on a slide. When this dries, the spermatozoa 
can be individually observed under the oil 
immersion lens (l000× magnification).

From the time of collection until the semen 
is used for insemination or cooled for storage, 
the ejaculate and all glassware, solutions, and 
equipment with which it comes into contact 
must be maintained at 37°C. This is necessary 
to prevent cold shocking the spermatozoa, 
thereby reducing the conception rate. A number 
of solutions may be used to dilute and extend 
the ejaculate, but 2.9 percent sodium citrate 
and 0.9 percent saline are the simplest and 
cheapest to make up, and they each work as 
well as others as long as the semen is used 
within a few days.

One million or fewer spermatozoa are 
required to breed a doe, but it is usually recom-
mended that 10 to 20 million be used. 
Depending on your technique, the volume of 
material that is inseminated may be from 0.2 to 
1.0 ml. The total volume of extended semen 
that can be made up from the ejaculate is deter-
mined by the following equation. For example, 
suppose the total number of sperm in a 0.5-ml 
ejaculate is 100 million, motility is 65 percent, 
and 10 million spermatozoa are to be included 
in each 0.4 ml insemination (insem.) aliquot. 
The total volume needed would then be:

((  Total sperm/sperm per insem.)
   × (Motility/100)) × Vol. per insem. 

    = Total Volume
(( 100 million/10 million) × (65/100))

   × 0.4 = 2.6 ml

Since the ejaculate volume was 0.5 ml, the 
amount of extender to be added is 2.6 − 0.5 = 
2.1 ml. This will allow breeding six does (2.6/ 
0.4 = 6.5) from the one ejaculate. If greater 
extension rates are used, even more does can 
be bred from each ejaculate.

After the semen has been extended, it will 
remain viable for several hours at room tem-
perature or, if refrigerated at 5°C, will be usable 
for two or three days. Before the extended 
ejaculate is placed in the refrigerator, it should 
be allowed to cool slowly to room temperature. 

Fig. 11.10. The position of the doe for artificial 
insemination. (Courtesy of OSU Rabbit Research 
Center)

When using semen that has been stored for 
any length of time, it is advisable first to make 
a microscopic check to ensure that the sperm 
are still viable.

For insemination, the doe is held on her 
back (Fig. 11.10), and the insemination pipette 
is inserted into the vagina so the tip is just 
 outside the cervical openings, where the 
semen is deposited. Since the doe is an induced 
ovulator, a drug must then be given to induce 
ovulation so fertilization can occur once the 
spermatozoa have moved into the oviduct and 
undergone capacitation. Early attempts at AI 
used human chorionic gonadotropin (hCG), a 
natural form of luteinizing hormone (LH), but 
this was not suitable for commercial use 
because does developed antibodies to the large 
drug molecule, which rendered the does sterile 
after two or three treatments. Furthermore, 
hCG had to be administered into the ear vein. 
It has since been discovered that the release 
of LH is under the control of another  hormone 
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called gonadotropin-releasing hormone (GnRH). 
This is a relatively simple compound with mol-
ecules 100 times smaller than those of the 
gonadotropins. Because they are smaller, they 
do not induce antibody formation. Furthermore, 
they can be administered intramuscularly, and 
synthetic forms can be made. Two synthetic 
GnRH compounds, Lutal and Receptal, are 
available in Europe and are used widely for 
rabbit AI there. They are not available for use 
with rabbits in the United States because 
they have not received Food and Drug 
Administration approval. There are GnRH 
compounds now available in the United States, 
however, that are used for the treatment of 
ovarian cysts in dairy cattle. Some will induce 
ovulation in rabbits but must be used under 
veterinary supervision.

Careful use of AI in large herds is techno-
logically feasible and will allow service of 100 
or more does in a single day, with a 70 or 80 
percent conception rate. This will result in pro-
duction of 70 or more litters within a two-day 
period – a potential of 500 to 700 or more 
fryers of the same age. The technique of AI 
requires attention to detail, an initial invest-
ment, and a serious commitment on the part of 
a grower but may result in significant savings in 
time and money.

Artificial insemination is widely used in 
large herds in Europe. This allows organizing 
herds into groups in a program known as 
cycled production. Under this system, each 
doe in a group is bred on the same day every 
five to six weeks. At the time of AI, does are 
injected with equine chorionic gondaotropin 
(eCG) (formerly known as pregnant mare 
serum gonadotrophin; PMSG), which is a natu-
ral form of the hormone FSH. This increases 
the number of ova released and increases litter 
size. This treatment, however, also may lead to 
ineffectiveness due to the formation of anti-
bodies. Because of increasing emphasis by ani-
mal welfare groups on “natural” production 
methods and reduction of hormone use, there 
is increasing interest in the use of biostimula-
tion methods to get the same effects. These 
programs may include manipulating lighting 
regimes, limiting access of the lactating doe to 
the litter, or manipulating the doe by changing 
cages, putting several does together, or provid-
ing other natural stresses.

Winter Breeding Depression

The syndrome of “winter breeding depres-
sion” has been alluded to in the discussions on 
feeding, temperature, and lighting. A more 
detailed discussion of this syndrome is war-
ranted, as it seems to be a universal problem 
in rabbitries in areas where there are marked 
changes in the environment from one season 
to another. The typical syndrome as seen by 
the rabbit raiser is as follows. First, it is noted 
that does won’t breed. The bucks are willing, 
but the does are non-receptive. The vulvas are 
pale and dry, and the does will not accept serv-
ice. Then the raiser begins to notice that when 
breeding does occur, the does abort or resorb 
the litters, or the litters are very small (three or 
four kits), or the kits are born dead or weak. 
When a weak litter is born, the doe sits in the 
nest box with full mammary glands but the 
young are too weak to nurse and die within 
two to three days.

Wild rabbits are seasonal breeders, with 
the highest activity occurring in the spring and 
early summer and none during the late fall and 
winter. Although rabbits have been domesti-
cated for hundreds of years, there appear to 
be persistent seasonal rhythms in reproduc-
tion and other physiological phenomena. 
Rabbits kept in an environmentally controlled 
building with a constant temperature of l9°C, 
60 percent relative humidity, and 14 hours of 
light each day, still showed strong seasonal 
trends in body temperatures over the 3½ years 
of the study. The highest values occurred dur-
ing the late autumn and early winter. Does 
housed outdoors have highest concentrations 
of LH in the blood in the winter and lowest in 
the fall (Fig. 11.11). The decline in LH levels 
through the summer and fall is related to a 
decrease in the growth and maturation of fol-
licles, resulting in a seasonal decline in recep-
tivity and conception.

Although there is basic physiological evi-
dence for the existence of winter breeding 
depression and many growers are sure they 
observe it, research using large numbers of ani-
mals over long periods of time has failed to 
provide unequivocal evidence that this phe-
nomenon exists. Until such information is 
obtained, it is difficult, if not impossible, to 
design studies that will test methods to keep 
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rabbits in full production throughout the year. 
The cause of the lack of consistency in research 
results is that “season” is a complex of factors, 
including light, temperature, humidity, winds, 
feed, and management, that not only have 
individual effects, but also may interact and 
have combined effects. To further complicate 
the problem, “reproductive efficiency” is also 
complex and includes doe receptivity, buck fer-
tility, ovulation rate, conception rate, implanta-
tion rate, resorption rate, litter size and number 
born, litter size and number born alive, and lit-
ter survival. There is also the problem that the 
effects of a particular environmental stressor 
may not be seen for one or several months 
after the stress is applied. Until research results 
are available that indicate the exact causes of 
seasonal variations, growers are forced to uti-
lize those management systems that work best 
in their rabbitries to overcome these persistent 
seasonal effects.

One of the most important factors in over-
coming winter breeding depression is to ensure 
that the quality and quantity of feed are ade-
quate. With the advent of high fiber feeds (with 
consequently lower energy levels) and the use 
of restricted feeding, does often do not get suf-
ficient energy to keep warm and to maintain 
reproduction during periods of cold. Even 
when full feeding is practiced with low energy 
feeds, the rabbit’s stomach may not have the 
capacity to hold the amount of feed necessary 
to meet its energy requirements. Providing 

feed ad libitum or changing to a feed with a 
higher energy level may bring dramatic results, 
with the does back in normal production within 
a few weeks.

Provision of a longer lighting cycle may 
also help overcome the breeding decline. The 
current recommendation is to provide 16 hours 
of light each day or to use a lighting period as 
long as the longest day in your region.

Embryo Transfer

Embryo transfer (ET) is a technique in which 
embryos from a donor animal are flushed from 
the reproductive tract and introduced into a 
recipient animal to grow to term. This proce-
dure has been extensively used in the cattle 
industry. Highly productive (and expensive) 
cows are stimulated with hormones to produce 
numerous ova (superovulated) and then bred 
by AI to a superior bull. The fertilized ova are 
removed and inserted into other cows where 
they mature and produce superior calves. The 
advantage of this procedure is that numerous 
calves, instead of just one, can be produced 
from one superior cow each year. There are 
potential applications of this technique in rab-
bit production. Embryos from genetically supe-
rior does can be collected and introduced into 
recipient animals as a means of rapidly increas-
ing the numbers of high quality stock.
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In rabbits, embryo transfer is a surgical 
procedure, with collection from the donor and 
transfer to the recipients performed at the 
oviductal or uterine sites (see Fig. 11.3). Less 
trauma and more efficient embryo recovery 
occur and smaller volumes of medium are 
used for flushing when the oviduct rather than 
the uterus is used. The does are anesthetized, 
and a ventral midline laparotomy is per-
formed. Embryos are collected from the ovi-
duct by retrograde flushing (flushing back up 
the oviduct) from the uterotubal junction. 
Embryos are collected in flushing dishes and, 
prior to transfer, are evaluated with a dissect-
ing microscope to eliminate abnormal ova. 
The rabbit embryo is unusual in that it has an 
extra-cellular mucin coat in addition to the 
zona pellucida, which is the usual covering in 
other species. This mucin coat is a mucopoly-
saccharide layer secreted around the zona 

pellucida by the oviduct epithelium. This thick 
coat is an impediment to microdissection 
work with rabbit embryos.

To ensure successful embryo transfer, the 
recipient doe should be in a similar reproduc-
tive phase to the donor animal. This is done by 
sham-mating the recipient to a vasectomized 
buck or injecting with LH or hCG at the time 
the donor is mated, to cause ovulation. The 
embryos are inserted into the oviducts of the 
recipient does with a micropipette. Following 
the transfer, both donor and recipients should 
be watched closely for several days to ensure 
that the animals do not tear the sutures or inci-
sions and to observe for signs of infection.

Embryo transfers in rabbits should be 
considered only with high quality superior 
breeding stock; either highly productive 
 commercial (meat, Rex fur, or Angora wool) 
animals or prize-winning show rabbits.

Further Reading
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Rabbit Behavior

The study of the behavior of domestic animals 
is a rapidly developing part of animal science. 
There are several reasons why interest in this 
field is burgeoning. Perhaps of greatest impor-
tance is the increased emphasis on raising live-
stock in confinement, necessitating a scientific 
knowledge of the animals’ normal behavioral 
patterns so that production facilities and man-
agement can be designed to maximize both the 
comfort of the animals and the income gener-
ated from them.

The development of confinement livestock 
production systems has been encouraged by 
economic considerations. It is often more eco-
nomically efficient to raise animals in a small 
area and to harvest their feed mechanically 
than to allow free-ranging conditions. In the 
United States, farmland has become very 
costly, making it prohibitively expensive to 
raise animals such as pigs and chickens on pas-
ture, as was formerly done. The relatively low 
cost of human food in the United States is due 
to the continual intensification of agricultural 
production techniques. A return to less inten-
sive agriculture would increase the cost of food 
to the consumer.

Development of scientific knowledge of 
animal behavior is a necessary component of 
good husbandry and is not just a defense 
against animal activist groups. A thorough 
knowledge of normal behavioral patterns and 
of what is and is not stressful can lead to 

increased efficiency in animal production and 
handling. As an example, it has been found 
that cattle can be handled with much less stress 
and excitement if chutes are curved and solid-
sided rather than straight and open-sided. This 
type of animal-handling facility puts much less 
stress on both the cattle and the handlers than 
old-style corrals, and yet, to the uninformed, it 
might appear that it is less humane to the ani-
mals. Perhaps similar improvements in rabbit 
handling, if indeed they are needed, could be 
developed.

Ethology: the Science of Behavior

Behavior is the response of animals to internal 
or external stimuli. Ethology is the scientific 
study of animal behavior. Ethology as a science 
is an attempt to understand the biological, 
rather than the psychological, basis of behav-
ior. Ethologists consider behavior to be part of 
the animal’s phenotype (P), and they recognize 
that behavior is influenced by hereditary (H) 
and environmental factors (E) acting in syn-
chrony. Thus, for a given behavior:

P = H + E

For some behaviors, H is much greater 
than E. In some cases, it is appropriate to call 
these instinctive behaviors. Insects exhibit 
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many behaviors that are instinctive. Much of 
their behavior is determined almost com-
pletely by their genes. Environmental factors, 
such as learning and experience at perform-
ing a given behavior, are generally less impor-
tant in the insect world than they are as an 
influence on rabbit behavior. For an individual 
animal, the hereditary component (H) is fixed 
at the time of conception and cannot be 
changed by the husbandry specialist. However, 
this person can greatly influence the behavior 
of individuals through control of the environ-
ment of his or her animals. Nutrition, group-
ing, mixing, weaning age, and all other aspects 
of management can influence phenotypic 
behavior (P) because they are part of the envi-
ronment (E). A knowledge of the behavioral 
patterns of animals can be very helpful in 
developing facilities and systems of manage-
ment that mesh with the animals’ normal 
behavioral patterns and thereby minimize 
stress. The results not only improve the qual-
ity of life of domestic animals but also increase 
their productivity. It is probably true that a 
contented animal is also a productive one, 
whereas an animal under considerable stress 
is likely to be less productive, particularly with 
respect to reproduction. To assess whether 
current management systems are humane 
and, if not, what changes need to be made, it 
is necessary to understand animal behavior 
and what constitutes stress. An objective 
means of assessing stress levels of animals is 
needed. Stress levels are frequently judged by 
the levels of circulating stress hormones such 
as cortisol and norepinephrine.

A basic tenet of animal behavioral 
research is that the study of wild animals pro-
vides clues to the normal behavior of domestic 
members of that species. The behavior of wild 
rabbits might yield information useful in estab-
lishing optimal methods of raising domestic 
rabbits. Enthusiasm for this approach should 
be tempered by considering that the rabbit 
was domesticated 1000 to 2000 years ago 
and has been subjected to artificial and natural 
selection ever since. Thus, what is optimal for 
a European wild rabbit might not be optimal 
for a New Zealand White, an English Angora, 
a Rex, a Flemish Giant, or a Netherland Dwarf. 
Nevertheless, consideration of the situation 
concerning wild rabbits can be informative.

Domestication of Rabbits

The original site of domestication of the rabbit 
is not clear. All domestic rabbit breeds have 
been developed from the European wild rabbit 
(Oryctolagus cuniculus), which is thought to 
have evolved on the Iberian Peninsula (Southern 
France, Spain and Portugal).

Domestication is defined as that condition 
in which the breeding, care, and feeding of ani-
mals are controlled by humans. It is different 
from mere taming; a pet lion may be tamed, but 
lions are not domesticated. Domestication often, 
but not necessarily, results in the loss of ability of 
an animal to return to the wild. Feral animals 
are domestic animals that have reverted to the 
wild state, such as feral cattle and pigs in north-
ern Australia. It is not common for domestic 
rabbits to become feral. In most situations in 
which rabbits have become pests, the European 
wild rabbit is the culprit. Most domestic breeds, 
such as the New Zealand White, are not well 
adapted to life in the wild and are easy targets 
for predators. In a very few instances, domestic 
rabbits have been pests on isolated islands where 
there was a lack of predators and have caused 
severe damage to the vegetation (Fig. 21.8). In 
general, however, the likelihood of feral rabbit 
populations developing from escaped domestic 
rabbits is remote. In North America, even the 
European wild rabbit has been unable to survive 
in the wild, except on the isolated San Juan 
Islands of the state of Washington.

Behavior of Wild Rabbits

A brief description of the behavior of wild rab-
bits will be given as a background for discus-
sion of behavioral characteristics of domestic 
rabbits. “Wild rabbit” in this context refers to 
the European wild rabbit, and not to cotton-
tails, jack rabbits, etc., which are of different 
genera from Oryctolagus. The behavior of 
wild rabbits has been studied by a number of 
scientists. Lockley (1974) provided a fascinat-
ing account of the behavior of wild rabbits in 
Wales. He constructed an artificial warren with 
a glassed-in viewing area that permitted him to 
observe wild rabbits in their burrows and to 
record their living patterns.
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There are two distinct social hierarchies 
formed in the breeding groups. The males 
compete for access to breeding females, 
whereas the females compete for access to 
breeding warrens. Wild rabbits generally live in 
communal groups of one to three males and 
one to five females. There is usually a domi-
nant female. The formation of a group is pri-
marily a function of female behavior, with the 
males attracted to the group of females. The 
males exhibit a peck-order ranking (dominance 
hierarchy) with one dominant male. Territory 
for the group is established by the dominant 
male setting the boundaries by chin gland 
secretions and feces and urine deposits. 
Complexes of interconnecting burrows (war-
rens) are dug by the females, with little or no 
participation by bucks in this activity. Does 
construct a new nest for each litter. In areas of 
abundant feed, such as new territory being 
occupied by rabbits, post-partum breeding 
occurs, with the does rebreeding within two 
days of kindling. The male usually senses, 
probably by smell, that the doe is about to give 
birth and follows or guards her closely. As soon 
as she leaves the nest after the litter is born, 
mating takes place. At four weeks of age, the 
litter is fairly independent, and the doe rejects 
its attempts to nurse. The doe builds a new 
nest in preparation for the arrival of the new 
litter in a few days. Mortality of the young rab-
bits at weaning is often high, mainly because of 
predation. The kits are kindled in a nest inside 
the warren. The doe blocks off the entrance to 
the burrow with earth, opening it once a day to 
go to the nest to nurse the litter. These behav-
ioral traits of post-partum breeding and once-
a-day nursing have persisted in domestic rabbits 
and are normal behavioral patterns.

In areas of abundant feed and low incidence 
of disease and predation, there is a high survival 
rate of the young, and the females may begin 
breeding in the year of their birth. The rabbit 
population can expand rapidly. As the number 
of animals grows, there is increasing social stress 
among individuals. There is more fighting both 
within and between groups. Natural birth con-
trol measures begin in response either to the 
aggression or to lack of feed. Birth control in the 
rabbit is accomplished by the process of fetal 
resorption. Under conditions of stress or dietary 
inadequacy, the female resorbs the fetuses up to 

day 19 of gestation. In addition, as population 
density becomes high, hierarchical relationships 
develop, and the aggressive persecution of sub-
ordinate individuals inhibits their reproductive 
processes. There may also be instances of does 
killing the offspring of other does.

Populations of some species of rabbits 
and other small herbivores tend to be cyclic. 
Snowshoe hares and lemmings exhibit this ten-
dency. When conditions are favorable, the high 
reproductive potential allows for a very rapid 
population expansion. As aggressive tension 
with the high density of animals begins and as 
the food supply becomes limited, population 
“crashes” occur, with huge decreases in animal 
numbers. This may be a result of reduced 
reproduction, disease outbreaks among the 
weakened animals, and/or increased predator 
numbers. Predator populations tend to increase 
coincident with the increase in their prey. After 
a population “crash,” the small numbers of sur-
viving animals find a situation of lots of space, 
little stress between groups, and abundant feed, 
so the explosive population increase begins 
anew. The European wild rabbit doesn’t usu-
ally experience cyclic changes in populations, 
although since the widespread distribution of 
myxomatosis in Europe, there are frequent 
population “crashes” caused by outbreaks of 
this disease.

Behavior of Domestic Rabbits

Behavioral patterns allow animals to adjust to 
changes in their environment. Animals have 
various instinctive behaviors, which are charac-
teristics that are inherited. Other behavioral 
responses are controlled primarily by physio-
logical factors associated with environmental 
conditions. The nervous system and the endo-
crine glands (pituitary, thyroid, adrenals, testes, 
and ovaries) are pivotal factors in regulating 
behavior.

In general, domestic rabbits have retained 
most of the behavioral characteristics of wild 
rabbits. The major differences in behavior 
between domestic and wild rabbits seem to be 
in the animals’ responses to confinement. Wild 
rabbits do not adapt well to being caged and 
may fail to breed or may exhibit other signs of 
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stress. Even females born in captivity as a result 
of egg transfer from wild to domestic females 
have nervous dispositions and may not mature 
sexually. Domestication has thus resulted in an 
animal with a more placid disposition that is 
not stressed by confinement, while retaining 
most of the behavioral repertoire of its wild 
ancestors. Other wild lagomorphs, such as the 
European hare and the jack rabbits of North 
America, are resistant to domestication and 
cannot be successfully raised in cages.

Systems of Rabbit Behavior

Behavioral scientists have characterized several 
systems of behavior, as listed below, and some 
of these will be discussed because of their 
 relevance to domestic rabbit production.

ingestive •
eliminative •
sexual •
maternal •
social •
shelter-seeking •
investigative; and •
behavioral disorders. •

Ingestive behavior

Feeding behavior

The digestive system of the rabbit is adapted to 
an herbivorous diet, including adaptations 
involving the teeth, the enlarged hindgut for fer-
mentation, and the separation of cecal contents 
allowing for coprophagy. Food is masticated 
thoroughly, so it is finely ground when it enters 
the stomach. When greens are fed or rabbits are 
grazing, the number of jaw movements may be 
as many as 120 per minute, resulting in thor-
ough mastication of the forage. In the wild, rab-
bits feed primarily at dawn and dusk. Similarly, 
domestic rabbits consume much of their feed 
during dawn and dusk feeding periods.

Rabbits are very selective in their feeding 
behavior and in the wild will nibble selected 
plant parts. Rabbits, in common with other 
herbivores, generally select leaf rather than 
stem, young plant material rather than old, and 

green material rather than dry, resulting in a 
diet that is higher in protein and digestible 
energy and lower in fiber than the total plant 
material available. Domestic rabbits are “fin-
icky” and will readily go off feed. They are 
much more sensitive to slight changes in the 
feed than other livestock. Sometimes they will 
refuse to accept a new diet and will starve 
rather than even taste the new feed. This fas-
tidious behavior frustrates both rabbit raisers 
and feed manufacturers.

Contrary to common belief, there is little 
evidence that rabbits (or other animals) possess 
“nutritional wisdom,” allowing them to select 
feedstuffs to provide the nutrients they require. 
The exception is salt, for which animals do 
have an appetite. It is not valid to conclude that 
the diet selected by wild rabbits accurately 
reflects their nutritional needs and that the 
ration for domestic rabbits should be formu-
lated on the basis of what wild rabbits consume. 
The food consumed by wild rabbits reflects 
what plants are available in their territory, 
rather than inborn appetite patterns.

The feed intake of rabbits, in common 
with that of other animals, is regulated accord-
ing to energy need. Animals eat to satisfy their 
energy requirements. If they are fed a low 
energy diet, they will consume more than they 
will of a high energy diet, but the total caloric 
intake will be about the same in each case. This 
is illustrated in Table 12.1. As the percentage 
of alfalfa meal in the diet increased, the feed 
consumption was higher, but the daily caloric 
intake was similar in all cases.

Animals regulate their energy intake by 
means of the nervous system and blood levels 
of compounds used in energy metabolism. 
For example, food intake in the pig is control-
led by the level of glucose in the blood (blood 
sugar). When the blood glucose level becomes 
depleted, cells in the appetite center of the 
brain (a region of the brain called the hypotha-
lamus) detect the low glucose level and initiate 
responses via the nervous system to inform 
the pig that it is hungry. In ruminant animals, 
the blood levels of certain volatile fatty acids 
(the major absorbed sources of energy in rumi-
nants) play a similar role. Because rabbits uti-
lize both blood glucose and volatile fatty acids 
as cellular energy sources, it is not certain which 
is the principal blood component regulating 
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feed intake, but it is likely to be the blood 
 glucose level.

Although dietary energy level appears to 
be the major factor controlling the amount of 
feed consumed, other factors have an influence 
on feed intake. Palatability refers to the com-
plex of factors, including taste and texture that 
influence the acceptability of a feed to an ani-
mal. Recognized taste responses are sweet, 
salty, bitter, and sour. Rabbits, in common with 
nearly all animals, show a preference for sweet-
ness. It has been shown that rabbits have a 
marked preference for a diet containing table 
sugar (sucrose) or molasses, in comparison to 
the same diet without this material. Rabbits 
seem to be quite tolerant of bitterness and, in 
fact, may even show a preference for a certain 
degree of bitter taste in their diet. This is an 
important factor leading to the suitability of 
alfalfa as a feedstuff for rabbits but not for other 
non-ruminants such as swine and poultry. 
Alfalfa contains bitter compounds called sapon-
ins. Pigs and poultry show an aversion to alfalfa 
at quite low levels in the diet, whereas rabbits 
will readily consume high alfalfa levels. The 
aversion of pigs and poultry seems to be in part 
due to the saponin content of alfalfa.

Another major factor influencing feed 
intake is environmental temperature. Actually 
the effect is that of modifying energy require-
ments. As the temperature drops, rabbits must 
generate more heat in order to maintain their 
body temperature. This heat is generated by 
metabolism of energy sources, such as glucose; 
so to meet this increased metabolic demand, a 
higher level of feed intake is required. Thus, in 
the winter in cold climates, rabbits will consume 
much more feed than they will in the summer. 

It is probably less expensive to let the rabbits 
generate the heat they need from a higher feed 
intake than it is to heat the entire rabbitry with 
a heater.

The feeding behavior of rabbits can be 
influenced by social factors. If animals are 
caged individually, their feeding pattern and 
feed intake may be different than if they are 
caged in groups. When two or more animals 
are caged together, more feed may be eaten 
because of increased stimulation to eat (feedlot 
competition) or a reduction of anxiety. On the 
other hand, overcrowding in a cage may result 
in competition for feeder space, with some ani-
mals not getting adequate feed intake for maxi-
mum performance. Submissive animals may 
be prevented from eating and may die from 
starvation (starve-outs).

Feeding problems and vices

Given a choice, most animals prefer to continue 
eating a feed with which they are familiar. This 
probably has survival value in that it may pro-
tect the wild animal from consumption of tox-
ins. Some rabbits seem to be particularly 
unwilling to accept a change of feed and will 
refuse to consume any of the new feed for sev-
eral days. In extreme cases, they will starve 
rather than eat an unfamiliar feed, even though 
the feed is of adequate quality.

One feeding vice of rabbits is scratching 
feed out of the feeder and wasting it. This is 
called scrabbling. Often this vice begins after a 
change in feed, particularly if the new feed is 
less palatable than the one they are accus-
tomed to. This vice becomes a habit that is not 
easily broken. The use of scrabble guards (wire 

Table 12.1. Effect of increasing the percentage of dietary alfalfa on feed and energy intake.

Dietary Alfalfa (%)
Kcal Digestible 
Energy/kg Feed

Avg. Daily Feed 
Intake (g)

Avg. Daily Energy 
Intake (kcal)

10 3482 108 374
20 3327 105 350
30 3160 110 349
40 2974 116 344
50 2788 131 365
60 2602 134 349
74 2342 148 346

Source: Pote, L.M., P.R. Cheeke and N.M. Patton. 1980. Utilization of diets high in alfalfa meal by weanling rabbits. 
J. Appl. Rabbit Res. 3(4): 5.
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mesh placed over the feed) in the feeders can 
be helpful with chronic feed wasters. Pellet 
quality is important in prevention of feed waste. 
A firm pellet, with a minimum of dust or fines, 
is desirable to reduce scrabbling or feed selec-
tion. Rabbits show a marked preference for pel-
lets over the same diet in a non-pelleted form.

Fur chewing is another vice of ingestive 
behavior. In most cases, this is associated with a 
diet too low in fiber or protein and is corrected 
when the diet is changed as needed. Feeding 
hay often breaks an episode of fur chewing. 
A block of wood placed in the cage will provide 
fiber and help keep the rabbits’ teeth worn 
down. A soft drink can for the animals to “play” 
with will redirect their energies.

Drinking behavior

Drinking (or consumption of water as part of 
the diet) is necessary to replace water losses. 
Losses of water include the urine, plus water 
vapor in the expired air. The latter is particularly 
important as a cooling mechanism in rabbits 
under high environmental temperatures; the 
evaporation of water results in the dissipation of 
heat. The sensation of thirst develops as water 
is lost from the body, causing a concentration of 
the blood and other body fluids.

Rabbits need to learn to drink from auto-
matic watering nipples. Normally the young 
rabbits learn by mimicking the drinking behav-
ior of the doe. Some individuals may not learn 
to use the water nipple and instead lap water 
spilled on the cage and on the fur of animals 
that have learned to drink. When these animals 
are subsequently caged individually (if they are 
replacement stock), they may suffer from water 
deprivation because of their inability to use the 
waterer. It is advisable with newly weaned lit-
ters to let the water nipple drip slightly so that 
the rabbits learn to use it.

Eliminative behavior

Rabbits excrete two types of feces: the hard 
(day) feces and the soft (night) feces. The sepa-
ration of particles in the hindgut resulting in 
the formation of these two types of feces has 
already been discussed. Technically, the soft 

feces are more appropriately called cecotropes, 
because they are cecal contents. The consump-
tion of its soft feces (a process called cecotro-
phy) provides the rabbit with vitamins synthesized 
by the bacteria in the cecum, as well as with 
bacterial protein. Coprophagy is a behavioral 
and anatomical adaptation that allows the rab-
bit to utilize herbage efficiently. The cecotropes 
are consumed directly from the anus, so keep-
ing rabbits in wire cages has no effect on 
coprophagy. In fact, it is quite difficult to devise 
ways for experimentally preventing coprophagy 
in rabbits (see Fig. 7.8).

Urination is an eliminative function and 
also part of territorial behavior. In the wild, 
bucks establish territorial boundaries by rub-
bing their chin glands on objects (chinning) 
and urination. Urination also functions in 
aggressive behavior, as bucks squirt urine at 
rivals in establishing a pecking order. Urination 
also has a role in sexual behavior. The urine of 
adult female rabbits, when sprayed on the 
noses of young males, suppresses their sexual 
development.

Rabbits tend to excrete their droppings at 
a particular site, so pet rabbits can be trained to 
use a litter box. In a cage, rabbits will generally 
have one area that they use as a latrine. This 
area should be given particular attention in 
cleaning, and the nest box should not be placed 
in that part of the cage.

Sexual behavior

Wild rabbits exhibit various types of courtship 
behavior, but this is generally not important in 
domestic rabbits, because the doe is taken to the 
buck and mating occurs almost immediately. 
The doe is taken to the buck, rather than the 
buck to the doe, because of territorial behavior. 
If the buck is put in the doe’s cage, the doe may 
attack him and inflict serious injury, even castra-
tion, or the buck may explore the new cage, in 
preference to breeding the doe.

Copulation proceeds rapidly in rabbits. 
If the doe is receptive, she raises her hindquar-
ters to allow copulation. The buck mounts and 
performs several rapid copulatory movements 
to effect intromission, followed by penetration 
of the vagina and ejaculation. The ejaculatory 
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thrust is so vigorous that the buck’s hind feet 
are lifted off the ground, and because his fore-
legs can’t grip the doe sufficiently, he may fall 
backwards or sideways, often emitting a cry. 
The falling over and/or the cry is indicative of 
ejaculation.

If the doe is not immediately receptive, 
the buck may initiate various courtship ritu-
als, such as licking. However, mating is not 
likely if the doe is unreceptive, so if copula-
tion does not occur within a few minutes, the 
doe should be removed and placed with 
another buck. If this is similarly unsuccessful, 
breeding should be attempted again the next 
day or two days later.

A plug of mucus usually forms in the 
vagina following coitus. It is not essential for a 
fertile mating. The plug is formed from gel 
contained in the ejaculate.

Sexual behavior is greatly influenced by 
hormones. In bucks, testosterone is the major 
hormone affecting behavior. The enthusiasm of 
a buck for mating is called libido and is controlled 
by testosterone levels. Libido is one of the crite-
ria that should be used in the selection of replace-
ment bucks. Does may exhibit a breeding cycle 
of uncertain length. There appear to be cycles of 
female attractiveness to the bucks. Does that are 
receptive often exhibit a congested, moist vagina 
with a reddish coloration. The more or less con-
stant receptivity of does is of survival advantage 
in the wild, allowing rabbits to respond rapidly to 
changing environmental conditions.

Rabbits are induced ovulators, ovulating 
10 to 11 hours after coitus or after mechanical 
or hormonal stimulation when bred by artificial 
insemination (AI). For AI, an injection of hor-
mone is given to induce ovulation. Ovulation 
may also be induced by contact with other 
females, resulting in pseudopregnancy.

As is the case with wild rabbits, domestic 
rabbits will breed within a few hours following 
kindling. Their receptivity and fertility are high 
in the immediate post-partum period.

Maternal behavior

Normal maternal behavior in the rabbit involves 
selecting a site for a nest, building the nest, and 
giving birth to and successfully raising the 

young to weaning. These behavioral patterns 
are strongly influenced by hormones.

Nest building begins several days prior to 
parturition (kindling). The first behavior, dig-
ging, starts six to eight days before kindling. 
This declines, and one to three days before kin-
dling, the doe carries hay or other nest material 
in her mouth to form the material nest. Hair 
pulling is generally not seen until the day before 
kindling. The nest box should be placed in the 
cage on the twenty-eighth or twenty-ninth day 
of gestation. If it is put in too early, the doe 
may use it as a latrine. Nest building involves 
two processes: hair loosening and actual build-
ing of the nest. About five days before kindling, 
the hair begins to loosen, and the doe plucks 
the loosened hair to mix with other material 
(hay, straw, shavings, etc.) to form the mater-
nal nest. During early gestation, the ratio of the 
two reproductive hormones estrogen and pro-
gesterone is such that progesterone predomi-
nates, although the ratio is reversed near the 
end of the pregnancy period. These changes 
may be involved in the initiation of hair loosen-
ing and nest building. The shift to estrogen 
dominance and the secretion of prolactin seem 
to be the factors that trigger nest building at the 
conclusion of both normal pregnancy and 
pseudopregnancy. The quality of the nest has 
a great influence on the survival of the young. 
A first litter doe often fails to make an adequate 
nest or may have her litter on the wire i.e. the 
cage bottom. This may be a reflection of imma-
turity in development of the hormonal system. 
The subterranean or drop nest box, which is 
below the level of the cage floor, allows the 
rabbit to mimic its natural tendency to kindle in 
a burrow and thus may be superior to a nest 
box placed in the cage. Attempts to prevent 
on-the-wire births by placing fur in the nest box 
to induce the doe to make a nest are not gener-
ally effective. The quality of the nest tends to 
improve over the first three parities, suggesting 
that learning processes are involved in addition 
to hormonally induced behavior.

Parturition is initiated by hormonal changes. 
Impending parturition in the rabbit is suggested 
by behavioral changes, such as restlessness and 
increased time spent in the nest box. Occasionally 
does do not kindle on time, resulting in pro-
longed gestation. Injection of oxytocin can be 
used to induce parturition if necessary.
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Following parturition, the doe cleans both 
the nest box and the kits, consuming the pla-
centa and mucus. This behavior is helpful in 
preventing bacterial build-up and disease in the 
nest box and eliminates scents that might 
attract predators.

Certain abnormal maternal behavioral 
patterns may occur. A first litter doe is par-
ticularly likely to have her litter on the wire or 
fail to build a nest. Other common abnormal 
behaviors are cannibalism and neglect of the 
litter. Cannibalism (infanticide) occurs when 
the doe begins to devour the kits after she has 
eaten the placenta. Some evidence suggests 
that this is related to the level of feeding. Does 
on restricted feeding or on a low-energy diet, 
which therefore do not gain much weight 
 during pregnancy and lose weight after partu-
rition, show the highest incidence of cannibal-
ism. Handling by strangers and disturbances 
in the environment can also induce both can-
nibalism and neglect of the litter. Moving the 
doe to a new cage a few days before kindling 
can result in an increase in abnormal mater-
nal behavior. Abnormal maternal behavior is 
most likely to occur when the mother is sub-
jected to stress. The stress can be nutritional 
(improper amount or type of diet), weather 
related (heat or cold), or social (mixing with 
strange animals) or can have many other 
causes, including rough handling. Stress 
increases the incidence of poor nests and 
infant mortality.

Rabbits are non-retrieving animals. A cat 
will retrieve her kittens and bring them back to 
the nest, but a rabbit will not. A baby rabbit 
that gets out of the nest box is doomed to 
death from exposure unless it is retrieved by 
the rabbit raiser. An advantage of the subter-
ranean nest box is that if a baby crawls out of 
the nest box or is carried out by attachment to 
a teat when the mother leaves after nursing, it 
may fall back in by itself.

In the wild, rabbits nurse their young once 
a day. The kits are in the nest in a burrow, and 
the doe blocks the entrance with earth. Once a 
day, she removes the covering and goes into 
the nest for a few minutes to nurse. This behav-
ior has obvious survival implications, in that the 
young remain hidden from predators. Domestic 
rabbits likewise will normally nurse only once 
per day. At other times the doe pays little 

attention to the kits, again reflecting the wild 
behavioral pattern that has survival value.

Social behavior

Wild rabbits are territorial animals and live in 
groups, as previously described. Domestic rab-
bits are normally caged individually as adults or 
as litters when young, so formation of a social 
structure is inhibited. Rabbits regard their cages 
as their territory and mark the boundaries by 
urination and “chinning.” Rabbits secrete a 
colorless fluid from glands beneath the jaw and 
mark objects by rubbing the chin on them (chin-
ning). These glands are much larger in bucks 
than in does; the fur under the chins of bucks 
may become matted with the secretions.

Because of their territorial behavior, rab-
bits display aggression when caged in groups. 
The claws on the powerful hind feet can 
inflict severe wounds in fighting. For this rea-
son, it is inadvisable to keep more than one 
rabbit per cage after they have reached sex-
ual maturity. In addition, when does are 
housed together, mounting behavior may 
result in pseudopregnancy.

Weaning is a stressful situation for young 
rabbits. European research suggests that wean-
ing stress is less severe if the young are weaned 
at three to four weeks compared to six weeks. 
The stresses associated with mixing rabbits 
from different litters often result in outbreaks of 
enteritis. This is probably caused by the effects 
of hormones such as adrenalin on the motility 
of, and the blood supply to, the digestive tract.

Rabbits communicate by sight, smell (olfac-
tion), and hearing. Vocalization is of minor 
importance, with the major sound being a high 
pitched scream uttered when a rabbit is terri-
fied. Thumping with the hind feet communi-
cates warning or fear. A stranger in the rabbitry 
can cause the rabbits to show fear with thump-
ing, followed by the animals dashing around the 
cages in panic. This may result in broken backs. 
If frequent visitors to a rabbitry are anticipated, 
it is advisable to train the animals to be accus-
tomed to noise by playing a radio continuously. 
Visitors should move slowly and quietly in the 
rabbitry and avoid sudden moves or loud noises 
that might startle the rabbits. The rabbit raiser 



168 Chapter 12

should make a practice of talking to the animals 
as a calming influence.

The principal means of communication is 
olfaction. Rabbits secrete pheromones (chem-
ical attractants or stimulants) that convey 
information to other rabbits about an individ-
ual’s physiological state, including its sex, age, 
reproductive status, and individual identity. 
Bucks produce pheromones in their chin 
glands and, by chinning on objects, mark their 
territory. Pheromones are secreted by the 
anal gland and chin glands and are found in 
the urine. The anal gland secretion coats the 
fecal pellets.

Shelter-seeking behavior

Wild rabbits inhabit burrows, or warrens. These 
are dug by the animals and expanded with new 
tunnels over long periods of time. The warrens 
protect wild rabbits from predation and also 
protect them against high temperatures. 
Domestic rabbits have retained in their behav-
ioral patterns some burrow-making tendencies, 
but to a lesser degree. In studies comparing 
domestic and wild rabbits, the domestic ani-
mals were less vigilant to potential danger. 
They took flight only in response to extreme 
stimuli and never sought refuge in burrows. 
They tended to remain above ground during 
their resting periods. For these reasons, domes-
tic rabbits have been able to survive in the wild 
only on islands where predators are few or 
absent. All the successful mainland invasions 
have been of the European wild rabbit.

Environmental Factors Affecting 
Behavior

Behavior of animals is influenced by the envi-
ronment. There are various basic biological 
cycles, closely intertwined with day length and 
the seasons. Some animals are seasonal breed-
ers, with the reproductive period coinciding 
with the most favorable periods for survival of 
the young. Most breeds of sheep breed season-
ally, with mating occurring in the autumn so 
that the lambs are born in the spring, when the 
availability of feed is highest. In sheep, the 

breeding season is controlled by changes in 
day length and light intensity. These light, or 
photoperiod, effects are perceived by the pin-
eal gland, a specialized tissue of the brain that 
produces the hormone melatonin.

In rabbits, there is some evidence for sea-
sonality in breeding, with a “winter decline” in 
fertility often described by rabbit raisers. This is 
confounded by environmental temperature 
effects, both on the rabbits and on the rabbit 
raisers. In some cases, poor breeding perform-
ance may reflect the reluctance of the rabbit 
raiser to spend as much time in a barn in the 
winter, when it is cold, as he or she might during 
other periods of the year. Experiments with 
controlled lighting have not shown substantial 
differences between rabbits kept under natural 
lighting and those with controlled photoperiods. 
The effects are obviously complex, and we do 
not currently have sufficient information to 
describe them adequately. There are noticeable 
environmental effects on behavior related to 
body temperature regulation. In hot environ-
ments, rabbits breathe rapidly, throw their heads 
back and stretch out in their cages (Fig. 12.1). 
The rapid breathing helps to dissipate water 
from the lungs, removing heat (as heat of vapor-
ization of water) from the body. Stretching out 
maximizes surface area, facilitating loss of 
heat. Under cold conditions, rabbits increase 
their physical activity to increase metabolic heat 
 production. When resting, they reduce their 

Fig. 12.1. A doe experiencing severe heat stress. 
Its head is thrown back, with open-mouth breathing 
(gasping). (Courtesy of OSU Rabbit Research 
Center)
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 surface area by assuming a crouched posture 
and huddling together as a group. Feed intake is 
increased.

Rabbits are of Mediterranean origin and 
adapt best to climatic conditions that are not 
extremely cold or hot. They are not very tolerant 
of high temperatures and experience substantial 
heat stress when the temperature reaches about 

30°C. Pregnant does and rabbits with respira-
tory disease are particularly susceptible to heat 
stress. The burrowing habit may have evolved as 
a means of minimizing exposure to high tem-
peratures. In hot areas, underground rabbitries 
or units that simulate underground conditions 
(Fig. 12.2) may be housing systems that will 
reduce heat stress problems.

Fig. 12.2. A small rabbitry in Italy with concrete indoor units (left) connected to wire cages on the right. 
The floors of the wire cages are made of plastic slats that are 3.0 cm wide separated by spaces 1.3 cm. 
Note the flowers growing on top of the tubes connecting the wire and concrete portions of the units. 
(Courtesy of consortium “Green Rabbit Leprino of Viterbo”, Italy)
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Principles of Rabbit Genetics

Rabbit breeders who consistently produce 
superior stock, whether for backyard, commer-
cial or fancy use, generally have a basic under-
standing of fundamental genetics. The subject 
of genetics is often complicated and requires 
dedication and patience, but a basic knowledge 
of genetics is critical if a rabbit raiser wishes to 
most effectively select to improve herd quality 
for traits of interest. Actual rabbit breeding 
experience involving planned matings, accu-
rate production and pedigree recordkeeping, 
and rigorous selection and culling practices will 
be the ultimate test of one’s applied knowledge 
and understanding of genetics.

The purpose of this chapter is to introduce 
the subject of genetics as it pertains to practical 
rabbit breeding. The following three chapters 
will address the more specialized aspects of rab-
bit genetics, such as breeding systems, selection 
strategies, and coat color inheritance.

An effective way of introducing the subject 
is to define and illustrate relevant terms, proc-
esses, and concepts involved in the inheritance 
and the expression of genetic material.

Genes: the Basic Units 
of Inheritance

The nucleus is an organelle found in most body 
cells, such as those in bone, muscle, and skin. 

Within the nucleus are fine, thread-like structures 
called chromosomes, which are the largest 
units of inheritance. There are a total of 44 
chromosomes in rabbit cells; 22 chromosomes 
were inherited from the sire and 22 from the 
dam. Located on the chromosomes are the 
basic units of inheritance, known as genes 
(Fig. 13.1). The specific location or point on a 
chromosome where a particular gene is found 
is called a locus. (The plural of locus is loci.) 
A gene is made of the compound DNA (deoxy-
ribonucleic acid). Like chromosomes, genes 
are inherited in pairs. One chromosome may 
carry hundreds, even thousands, of genes. 
Being the basic unit of inheritance, the gene 
has as its main purpose the storage of informa-
tion (blueprints) needed to manufacture a spe-
cific protein. Proteins are major constituents of 
enzymes, fur, and hormones and of muscle and 
skin tissues that are responsible for forming 
and maintaining a healthy body. Further, genes 
contain the blueprints that “code” for specific 
amino acids. Amino acids are the building 
blocks of all proteins. For example, a gene 
located on a particular chromosome may code 
for the synthesis of melanin protein, which 
results in pigmented fur.

A gene may have two or more versions, 
referred to as alleles. For example, three alleles 
are known for the A locus affecting coat color in 
rabbits. The A allele codes for agouti-type (wild-
type) fur, the a allele codes for non-agouti 
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black fur (self), and the at allele codes for tan fur. 
(Self refers to solid coat color, such as black or 
chocolate). A rabbit possesses either two identical 
alleles or two dissimilar alleles for each locus, with 
one allele inherited from each parent. Whereas 
an individual rabbit may have no more than two 
alleles per locus, a population may contain sev-
eral alleles at the same locus (e.g., A, a, and at).

New genes arise as a result of mutation, 
which is defined as a sudden heritable change. 
This is Nature’s way of creating new genetic vari-
ation in populations. However, gene mutations 
are exceedingly rare with only 1 mutation occur-
ring for each 100,000 to 1,000,000 gametes 
per locus per generation in a population. Most 
mutations are lost in a few generations. Most 
mutations that occur are harmful because of 
metabolic, physical, or nervous conditions that 
are the result of the loss of a specific protein 
function. Desirable mutations are more likely to 
be propagated in a population. Nonetheless, all 

mutations – desirable and harmful – are the 
source of genetic variation that ultimately ensures 
the “survival of the species.” One mutation in 
rabbits that occurred centuries ago was albinism. 
Today, premium prices are paid for white-coated 
fryers, since their white hairs are less noticeable 
on the carcass, although in the wild the albino 
gene would be undesirable. When a new trait 
suddenly appears in a herd, it is usually not due 
to a new mutation but is simply the result of mat-
ing related animals which exposes a gene less 
commonly expressed in the herd.

There are two forms of cell division, mito-
sis and meiosis. Mitosis is the form of division 
involving body cells. In mitosis a cell divides, 
producing two identical daughter cells with the 
same genetic make-up as the parent cell. This 
is how a rabbit grows. Meiosis is the form of 
cell division that results in the formation of the 
sex cells (sperm and ova). During meiosis a 
separation occurs between paired chromo-
somes (called segregation), forming the special-
ized sex cells. As a consequence, only one 
chromosome (and therefore only one gene per 
locus) of each chromosome pair is found in 
the sex cell, or gamete, which thus has only 
22 chromosomes. This process occurs in the tes-
tes and the ovaries, where gametes are formed.

Mendelian Genetics

In the middle of the nineteenth century, an 
Austrian monk, Gregor Mendel, observed that 
certain characteristics of garden peas (e.g., flower 
color and seed shape) were simply transmissible 
as inherited units from parent to progeny. He 
kept a detailed diary of his breeding experiments, 
which was later rediscovered and published. 
The basic understanding of the processes or 
laws of inheritance - segregation, independent 
assortment, and recombination - is credited to 
Mendel. During the twentieth century, a “genetic 
revolution” occurred involving major scientific 
breakthroughs into the unraveling of the myster-
ies of gene control and expression. These break-
throughs continue and should ultimately benefit 
humankind if they are responsibly controlled.

Segregation involves the separation of 
members of each chromosome pair, which 
occurs when gametes are formed during meio-
sis. Each chromosome member will carry only 
one allele per locus. When genes are inherited 

Fig. 13.1. Karotype map showing the chromosomes 
bearing genes in a rabbit body cell. (Courtesy of 
R. Korstanje)

1 2

A
Normale

male

Normal
female

5–8 9–13+x

9–13+x

3 4

1614–15

21

5–8 9–13+X

1614–159–13+X

17–18 19 20–21

3 4

17–18 19 20–21

B

Y

10 µ

10 µ



172 Chapter 13

independently, regardless of other genes present 
on the same chromosome, this is called inde-
pendent assortment of genes. This process will 
result in more gametes possessing different 
gene combinations. Recombination occurs 
when members (alleles) of each gene pair 
recombine during the process of fertilization, 
thereby restoring all gene pair members and the 
norm of 44 chromosomes in the newly formed 
rabbit. Segregation, independent assortment, 
and recombination ensure that ample genetic 
variation, the raw material for genetic improve-
ment, is maintained in the rabbit population.

Other Basic Genetic Terms

A body cell (muscle, bone, glandular cell, etc.) 
containing a complete set of 44 paired chromo-
somes is also called a somatic cell. The numbers 
of chromosome pairs normally found in somatic 
cells for humans and several livestock species 
are listed in Table 13.1. A sex cell contains only 
one gene member from each chromosome pair. 
Therefore, a sex cell from a rabbit has 22 chro-
mosomes, whereas a body cell contains 44 chro-
mosomes. Upon fertilization, pair members of 
chromosomes unite, restoring the chromosome 
number to 44 (22 from sperm + 22 from ova). 
Thus, for a given chromosome pair, one chro-
mosome was inherited from the sire and the 
other was inherited from the dam. The same 
can be stated of genes, since chromosomes 
carry genes. The newly fertilized egg, which 
possesses 44 chromosomes, is referred to as a 
zygote. After many cycles of cell division, the 
zygote becomes an embryo. After the embryo 
implants in the uterine wall, it is called a fetus.

The pair of chromosomes determining 
the sex at fertilization are called the sex chro-
mosomes. In mammals, a normal sperm cell 

Table 13.1. Number of chromosomes for humans 
and domesticated livestock species.

Species Pairs of chromosomes Total number

Chicken 39 78
Cow 30 60
Horse 32 64
Human 23 46
Rabbit 22 44
Sheep 27 54
Swine 19 38

contains either an X or a Y sex chromosome, 
whereas a normal ovum contains only an X 
chromosome. Females are XX, and males are 
XY; thus the sperm determines the sex of the 
offspring at the time of fertilization. Figure 13.2 
displays this phenomenon. All chro mosomes 
other than the sex chromosomes are called 
autosomal chromosomes. The rabbit has 21 
autosomal chromosome pairs and 1 sex chro-
mosome pair. Linkage refers to genes located 
close together on the same autosomal chromo-
some that tend to be transmitted together as a 
block rather than independently. Linkage limits 
recombination of genes during the formation 
of gametes.

Sex linkage is similarly defined except that 
genes on the X sex chromosome are involved. 
The classic example of a sex-linked trait is that 
of the calico cat, which is always female (XX). 
On one X chromosome there is a gene for black 
fur color, while on the other X chromosome 
there is a gene for orange fur color. A female cat 
with this inherited condition will be black and 
orange (calico). Sex linkage for fur color in rab-
bits has not been reported. On the other hand, 
a sex-limited trait can be expressed by only one 
sex, such as milk production in the doe or sperm 
production in the buck. Genes involved in 
expression of sex-limited traits are primarily 
located on autosomal chromosomes and involve 
equal contributions from the sire and the dam. 
Therefore, the ability of a doe to produce milk, 
for example, depends on the genes transmitted 
from both her dam and her sire.

Gene Expression

The genetic make-up of a rabbit is called its 
genotype. One gene pair, several pairs, or even 
hundreds of pairs may be involved in the expres-
sion of a particular trait of interest. For exam-
ple, assume two bucks are agouti in fur color. 
Agouti is Latin for “wild-type,” as in the coat 
color of wild European rabbits, cottontails, and 

x
ovum sperm fertilized egg – male

fertilized egg – femalespermovum
x x

y xy

xx=
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+

Fig. 13.2. Determination of sex at fertilization. 
(Courtesy of OSU Rabbit Research Center)
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jack rabbits. However, when the agouti bucks 
are mated to albino does, one buck produces 
only agouti offspring while the other buck pro-
duces nearly equal numbers of agouti and albino 
offspring. Based on these breeding results, the 
genotype of the first buck is AACC and the 
genotype of the second buck is AACc, where 
A codes for agouti, C for full color, and c for 
albinism. Although both bucks have agouti fur 
color, they clearly have different genotypes.

The phenotype refers to the observed 
expression of a trait due to combined environ-
mental and genetic influences. In the previous 
example, both genotypes AACC and AACc 
resulted in the same phenotype - agouti color. 
Another example, a rabbit’s genetic potential 
for growth rate is also determined at fertiliza-
tion. However, its genotype plus the environ-
ment provided (e.g., the amount of milk 
produced by its dam, its management, and the 
diet it receives) will regulate how fast the rabbit 
actually realizes its phenotypic potential. The 
extent to which genetics influences a trait is 
called heritability. In other words, heritability is 
the proportion of the total observed (pheno-
typic) variation of a trait that is due to genetics. 
Heritability is estimated based on trait records 
from animals and their relatives reared in the 
same herd environment. To illustrate this con-
cept, if a trait of interest is 0 percent heritable, 
all variation among individuals in a herd is due to 
the environment. For a trait that is 50 percent 
heritable, one-half of the variation observed 
between individuals is due to genetic effects, the 
other one-half is due to environmental effects. 
Accordingly, if all the observed variation between 
individuals is due to genetics, such a trait is 100 
percent heritable. In a successful breeding pro-
gram, the traits that are most highly heritable 
and of economic importance are emphasized. 
This subject is covered in depth in Chapter 15.

Some traits are influenced by only a single 
gene pair and are said to be simply inherited. 
A dominant gene masks the expression of its 
paired recessive allele. In the previous example 
of fur color, gene C codes for colored (agouti) 
fur, while gene c codes for non-pigmented 
white (albino) fur. Mating a colored rabbit with 
the CC genotype to an albino rabbit with the 
cc genotype would produce all colored off-
spring (Fig. 13.3). Since the colored rabbit can 
transmit only C genes and the albino rabbit can 
transmit only c genes, all of their offspring will 

have one C gene and one c gene, meaning 
that they will all have colored fur. Full color is 
thus dominant to no color pigmentation (albi-
nism). The expression of colored fur over albi-
nism when both genes (alleles) are present in 
the individual is called complete dominance. 
Letter symbols for dominant genes are usually 
capitalized, while those for genes that are not 
dominant are usually written in lower case. For 
a simply inherited trait, a recessive gene is 
masked by its dominant allele when both are 
present. Using the above example, the only 
possible way for a rabbit to be an albino is if it 
has two c genes (cc). Albinism is therefore a 
recessive trait. Recessiveness is expressed only 
when both recessive genes are present in the 
individual.

An individual having identical alleles at a 
specific locus is referred to as a homozygote. 
When two recessive genes for a given gene 
pair are present (cc in the last example), the 
rabbit is homozygous recessive. If a colored 
rabbit is CC, it is homozygous dominant for 
coat color at that particular locus. In contrast, a 
heterozygote is an individual having dissimilar 
alleles (Cc) at a specific locus. When the genes 
of a given pair are dissimilar, the rabbit is 
 heterozygous. Mating a colored heterozygote 
(Cc) to an albino rabbit (cc) would produce, on 
average, half colored (Cc) and half albino (cc) 
offspring, because of segregation of C and c 
genes in the formation of gametes.

Expression of dominance in the rabbit may 
not always be complete. Incomplete dominance 
is the term used when dominance is not com-
plete between two alleles of the same gene pair 
or locus. For example, mating a Californian 
(chch) to a New Zealand White (cc) will produce 

Gametes
produced by
dam

C

Gametes produced by sire

c Cc

Fig. 13.3. Illustration of the genotype of the 
progeny produced by mating a colored homozygous 
buck with a homozygous albino doe. (Courtesy of 
OSU Rabbit Research Center)
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heterozygotes (chc) that are more or less inter-
mediate in color on the extremities in relation to 
the parent breeds (Fig. 13.4). The dominance is 
said to be incomplete because the ch gene is 
expressed but not as strongly as in the homozy-
gote (purebred Californian). Incomplete domi-
nance (also called partial dominance) may be 
the result of one recessive gene tending to be 
dominant over another recessive allele. Likewise, 
incomplete dominance could occur between 
two dominant genes at the same locus or 
between a dominant and a recessive gene.

If the expression of genes at one locus is 
influenced by genes at another locus, this is 
called epistasis. In other words, the interaction 
between pairs of genes found at different loci 
results in a unique phenotype. Mating a blue 
rabbit (aaBBdd) to a chocolate rabbit (aabbDD), 

Fig. 13.4. Incomplete dominance. The middle 
rabbit is a cross between a New Zealand White 
(right) and a Californian (left). The crossbred 
animal shows coloration of the extremities that is 
somewhat intermediate between that of the 
parental breeds. (Courtesy of OSU Rabbit 
Research Center)
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Fig. 13.5. Illustration of epistasis with a 9:3:3:1 phenotypic ratio of offspring, where both the sire and the 
dam have the genotype aaBbDd. (Courtesy of OSU Rabbit Research Center)
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where a = non-agouti black, B = agouti, b = 
chocolate, D = agouti, and d = blue fur color, 
will produce all black offspring that are geneti-
cally aaBbDd. Epistasis is demonstrated when 
two black rabbits of this genotype are mated to 
produce offspring in the next generation. The 
results of such a mating are shown in Fig. 13.5. 
This mating will produce, on the average, nine 
black, three blue, three chocolate, and one 
lilac-colored (“blue-dove”) offspring. Because 
of epistasis, the two homozygous-recessive 
gene pairs (bb, which codes for chocolate, and 
dd, which codes for blue) interact in producing 
lilac-colored fur, resulting in a unique 
phenotype.

Another type of epistasis is recessive 
epistasis. If an albino rabbit with black ances-
tors (aaccEE) is mated to a tortoise-shell rab-
bit (aaCCee), the offspring will be black with 
the genotype aaCcEe. Mating two black 

 rabbits of this genotype will yield the results 
shown in Fig. 13.6. This mating will pro-
duce, on the average, nine black, three tor-
toise-shell, and four albino rabbits. In this 
case, albinism is a recessive epistatic trait; 
any rabbit that is homozygous recessive for 
the albino alleles (cc) is albino, regardless of 
the genotype for coat color at any other loci. 
For this reason, all New Zealand White rab-
bits are albino, since they have the cc geno-
type. The tortoise-shell color is also an 
epistatic condition, since both gene pairs (aa 
and ee) code for black and red fur, although 
concentrated on different body regions. 
Further information on coat color genetics is 
provided in Chapter 16.

To study further the subject of genetics, 
the following is a list of introductory texts 
that have been used in college genetics 
courses.
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Fig. 13.6. Illustration of recessive epistasis with a 9:3:4 phenotypic ratio of offspring, where both the sire 
and the dam have the genotype aaCcEe. (Courtesy of OSU Rabbit Research Center)
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Breeding Systems

In most rabbit herds, some type of breeding 
 system is practiced. Inbreeding, linebreeding, 
outcrossing, crossbreeding, and random mating 
are the most common breeding systems cur-
rently utilized. Each of these breeding systems 
manipulates the genetic variation present in a 
rabbit population for a trait or traits of selective 
interest. The best breeding system for a rabbit 
producer depends on many factors. Initial 
genetic quality of the base herd, type of opera-
tion (fancy vs. commercial), economics, the 
physical environment in which production 
occurs, and personal preference are a few such 
factors. For example, within a quality line of 
Britannia Petites, linebreeding may be preferred, 
while within a commercial meat herd, cross-
breeding may be the desired breeding system.

Regardless of which breeding system is 
used, one essential record in maintaining knowl-
edge of the breeding background of an animal 
is the pedigree. A pedigree is a simple descrip-
tion of the ancestry of an individual. The most 
popular pedigree is the bracket-style, as shown 
in Fig. 14.1. In this style, the upper ancestor 
for each bracket is the sire or male line for that 
 particular mating, and the lower is the dam or 
female line. Each ancestor is shown separately 
for every mating involved that comprises the 
 individual. To illustrate, in Fig. 14.2, Caesar was 
involved in four matings, so he is shown four 
times on the pedigree. He is thus a common 
ancestor of both the dam and the sire of Caesar V. 

When individual matings are written in the form 
“Caesar x Penny,” it is standard practice to list 
the sire first and the dam second.

For studying common ancestral relation-
ships, an arrow-style pedigree is often more 
convenient (Fig. 14.1). In this style, each indi-
vidual is included only once. An arrow pointing 
toward an individual indicates inheritance of 
genes from an individual’s ancestor, while an 
arrow pointing away indicates gene transmis-
sion from the individual to its offspring. Note 
that the four matings of Caesar in the pedigree 
of Caesar V are indicated by four arrows point-
ing away from him. These matings produced 
Caesar II, Florence, Caesar III, and Charlene, 
which are paternal half sibs. The arrow-style 
pedigree includes only common ancestors and 
descendants on the direct “gene-flow” line from 
the common ancestors. Such a pedigree style is 
more concise and is most useful in a herd com-
posed of inbred and linebred families of rabbits.

In the discussion of breeding systems, the 
relationship of two individuals can be estimated 
and expressed numerically as the percentage of 
genes the two have in common. This relation-
ship is affected by the breeding system used 
and may vary from 0 percent (no genetic rela-
tionship) to 100 percent (complete genetic rela-
tionship). Using the extremes as examples, two 
rabbits of different breeds could have a 0 per-
cent genetic relationship, while two rabbits that 
are identical twins would have a 100 percent 
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genetic relationship. Relationships of 25 per-
cent or greater are generally considered close 
in rabbit breeding. In addition, two individuals 
may share multiple relationships - for example, 
being related as both uncle–niece and cousins. 
Table 14.1 provides measures of the genetic 
relationships between specific relatives. In more 
sophisticated, large purebred rabbit operations, 
the use of computer programs that are capable 
of drafting both bracket- and arrow-style pedi-
grees for the entire rabbit herd can be useful.

The genetic relationship coefficient is the 
percentage of genes that an individual has in 
common with another individual due to common 
breeding. A rabbit would have 50 percent of its 
genes in common with its dam, since it received 
half of its inheritance from its dam at the time of 
fertilization. As the number of generations 
between a rabbit and one of its ancestors 
increases, the percentage of genes in common 

with that ancestor decreases proportionally at 
the rate of one-half per generation [(1/2)n, where 
n stands for the number of generations]. For 
example, an individual is related to its sire by 50 
percent [(1/2)1], its grand-sire by 25 percent 
[(1/2)2], and its great-grandsire by 12.5 percent 
[(1/2)3]. First cousins share the inheritance from 
one set of grandparents, and double first cousins 
by a replication of the same set of grandparents. 
Quantitative procedures for calculating genetic 
relationships are given in Bourdon’s text 
Understanding Animal Breeding (see “Further 
Reading” at end of this chapter).

Inbreeding

Inbreeding is the mating of individuals more 
closely related than the average of the popu-
lation. Brother x sister (full sibs) and sire 
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Fig. 14.1. Illustration of linebreeding with bracket- and arrow-style pedigrees (the common ancestor is 
underlined). (Courtesy of OSU Rabbit Research Center)
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x  daughter (progeny) matings are examples of 
close inbreeding. Matings of lesser related rel-
atives, such as grandsire x granddaughter or 
first cousins, in an attempt to concentrate the 
genes of a superior ancestor is a mild form of 

inbreeding called linebreeding, to be discussed 
more in the next section. The genetic effects 
of inbreeding and linebreeding are similar, 
although more extreme in the case of inbreed-
ing. Under certain conditions, inbreeding can 
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Fig. 14.2. An example of a typical bracket pedigree. (Courtesy of S.D. Lukefahr)
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be invaluable to both commercial and fancy 
breeders. The main genetic reasons for 
inbreeding are:

1. To increase the level of homozygosity.
2. To aid as a test for screening carriers of 
undesirable recessive genes.

As the level of homozygosity is increased, 
alleles of each gene pair (one allele is derived 
from each parent) become concentrated or 
fixed through inbreeding. In other words, by 
mating a sire to his daughter, many of the same 
genes from the sire become concentrated or 
made homozygous in paired units in the inbred 
offspring. As the rate of homozygosity increases 
through inbreeding, heterozygosity decreases 
in a proportional manner – i.e., the inbred off-
spring are more genetically uniform. The initia-
tion of applied inbreeding within a rabbit 
population in time creates distinct genetic 
lines, each line consisting of individuals with 
a close resemblance. Hence, the base popu-
lation becomes subdivided into small lines as 
the level of homozygosity rises with each 
 successive generation. Such a cumulative rise 
in  homozygosity - more gene pairs becoming 
concentrated in the homozygous state – 
 occurring within each inbred line is conversely 
resulting in a cumulative decline in the number 
of heterozygous gene pairs present. The chal-
lenge for the breeder is to identify accurately 
those developing inbred lines that possess the 
desired set of superior performance or display 
characteristics. This is best achieved through 
strict culling and/or elimination of inferior 

inbred families or lines. Naturally, lines pos-
sessing a preponderance of unfavorable 
homozygous genes will be less vigorous, 
resulting in lowered productivity. Alternatively, 
those inbred families or lines composed of 
individuals that possess a preponderance of 
desirable genes fixed in the homozygous state 
not only will permanently retain their superi-
ority for traits selected but also will consist-
ently transmit such superiority to their 
offspring. This phenomenon is referred to as 
prepotency. It should be mentioned, however, 
that even in the best lines of inbred stock, 
individuals may show less vigor in terms of 
health and reproductive related performance 
than non-inbred individuals. This is referred to 
as inbreeding depression. Therefore, inbred 
stock generally require better management 
and protection from unfavorable environmen-
tal conditions. Reports of research on inbreed-
ing of rabbits are scarce in the genetics 
literature. Two studies in Brazil reported a 
large decrease in body weight at 70 days and 
in total 21-day weight of the litter as inbreed-
ing increased by 10%. The latter trait mainly 
reflects milking ability of does.

From a commercial standpoint, the pri-
mary advantage of producing inbred lines is for 
crossing purposes. Through crossing of unre-
lated inbred lines, the general result of vigorous 
and productive hybrid stock is expected. For 
example, in the commercial poultry industry, 
inbred lines of superior stock are formed with 
the intended purpose of ultimate crossing. This 
approach has successfully resulted in the advent 
of the technologically advanced hybrid broiler 
and layer industries of today. Geneticists 
employed by breeding companies develop the 
inbred lines for crossing or hybridization. 
Commercial producers obtain the test-proven 
hybrid bird produced by the breeding compa-
nies. Such a sophisticated breeding approach 
is certainly possible for the commercial rabbit 
industry and has already been exploited in 
Europe.

As a means of screening for carriers of 
undesirable recessive genes, inbreeding is a most 
effective breeding tool. The presence of an 
undesirable recessive trait, such as yellow fat in 
commercial meat stock can be a serious prob-
lem. Through inbreeding, alleles become incre a-
singly homozygous, so undesirable recessive 

Table 14.1. Genetic relationships between specific 
relatives.

Type of family relationship
Genetic 

relationship

Parent–offspring
Brother–sister (full sibs) 50%
Quadruple great-grandparent–great 

grand offspring (e.g. Caesar 
Fig. 14.1)

Half-brother–half-sister (half sibs)
Uncle–niece, uncle–nephew
Aunt-niece, aunt-nephew 25%
Double first cousins
Grandparent–grand-offspring
First cousins 12.5%
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genes become exposed and expressed pheno-
typically. Examples of several undesirable, sim-
ply inherited genetic conditions are provided in 
Table 14.2. A brother and a sister (full sibs) may 
both be carriers of the spina bifida gene (sb), but 
neither may ever produce a defective offspring 
when unrelated matings are involved. This is 
because expression of the sb allele is masked by 

its dominant counterpart. However, when these 
carriers are mated together, one-quarter of their 
offspring will be affected on average. Close test-
matings involving full sibs, half sibs, and sire x 
daughter or dam x son progeny are most appro-
priate, because these close matings increase the 
probability of expression of the homozygous 
recessive.

Another effective strategy is to mate either 
a confirmed carrier or an individual that is 
homozygous for the undesired condition, e.g., 
long wool growth, to a suspected carrier indi-
vidual. In the latter test-mating of homozygote 
x suspected heterozygote, one-half of the off-
spring may be affected on average. In either 
case, at least eight normal offspring from the 
same or repeat test-mating should be scored 
before the breeder declares a previously sus-
pected carrier not to be a carrier. Such planned 
matings are most useful to producers who want 
to ensure their stock is proven free of genetic 
defects.

For large-scale commercial production of 
meat rabbits, systematic use of inbreeding and 
outcrossing could be adopted. Such a system is 
called topcrossing. The profit benefits of such 
a breeding system have not been conclusively 
established. Since a high state of breeding 
vigor is desirable in breeding does, it is consid-
ered best that they be crossbred or outcrossed 
through the crossing of superior inbred paren-
tal breeds or lines. However, since bucks repre-
sent a smaller proportion of the breeding herd, 
it may be economically feasible to create inbred 
lines to produce inbred herd bucks to mate to 
unrelated does, preferably of a different breed 
or linecross. Select, improved, inbred sires 
should produce more thrifty, more uniform, 
and higher performing market rabbits than 
non-inbred sires originating from a common 
base population. This is to be expected for two 
reasons:

1. A relatively high proportion of gene pairs is 
in the heterozygous state in the progeny; there-
fore, expression of many less favorable reces-
sive alleles is masked by their dominant allelic 
counterparts.
2. Consistent transmission of superior genes 
from the inbred sire to the progeny is achieved. 
Such sires should gain a proven record of high 
“breeding value.”

Table 14.2. Some simply inherited genes 
expressed in the rabbit.

Locus Alleles Condition

Ataxia Ax Normal
ax Loss of body 

coordination
Brachydactyly Br Normal

br Lack of nails, digits, 
limbs

Bupthalmia Bu Normal
bu Similar to human 

glaucoma
Dwarf Dw Dwarf, hormonal 

deficit
dw Normal size

Hemolytic 
anemia

Ha
ha

Normal
Hemoloytic anemic 

condition
Hydrocephalus1 Hy Normal skull 

formation
hy Hydrocephalus 

(“water on the 
brain”)

Hypogonadia Hg Normal
hg Absence of sperm 

and ova (sterile)
Mandibular 

prognathism
Mp Normal tooth 

structure
mp Malocclusion, or 

“buckteeth,” 
probably polygenic

Paralytic 
tremor

Pt Normal

pt Nervous disorders, 
sex-linked 
condition

Red eye Re Normal eye color
re Red eye color

Spina bifida Sb Normal
sb Spina bifida

Yellow fat Y Normal, white fat
y Yellow fat deposition

1Hydrocephalus may also be caused by a deficiency or 
surplus of dietary vitamin A. Adapted from Fox (1994).
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Only experienced commercial rabbit 
breeders with a thorough knowledge of genet-
ics, a large herd, and an accurate record- 
keeping system should consider using such an 
inbreeding-outcrossing breeding system. For 
most rabbit breeders such a program would be 
impractical. Furthermore, reproductive and 
health-related performance within inbred lines 
may be discouraging. In laboratory mice, 20 or 
more consecutive generations of full-sib mat-
ings have eventually produced an isogenic line 
(a line in which all individuals have the same 
entire genotype) of high quality stock. Such a 
line can be said to be genetically standardized. 
This success is usually achieved, however, only 
after many lines were initially involved and only 
after one or a few lines have survived the rigor-
ous test of the effects of inbreeding, which 
often exposes detrimental recessive genes.

Linebreeding

Linebreeding is an attempt to preserve or 
increase the genetic influence of a superior 
common ancestor through mating of less 
closely related individuals in a herd. A common 
ancestor appears on both sides of a pedigree 
(sire and dam sides). Examples of less closely 
related matings would be individuals with a 
common grandsire, granddam, great- grandsire, 
great-granddam, etc. A superior rabbit might 
be a grand-champion with excellent show 
table qualities or a commercial herd sire with a 
progeny average of 2.0 kg at eight weeks of 
age. Linebreeding continues to be valuable 
after the superior ancestor is dead, since its 
genes can still be concentrated through the 
matings of its relatives. The purebred pedi-
grees in Fig. 14.1 illustrate the use of line-
breeding with pedigree styles commonly used 
by geneticists.

In this pedigree, Caesar is a grand- 
champion buck as well as a common ancestor. 
Caesar, the great-grandsire of Caesar V, 
appears four times in the pedigree. Caesar 
could be called the “quadruple great-grandsire” 
of Caesar V. The parents of Caesar V likewise 
have Caesar as their double grandsire. The 
genetic relationship between Caesar and 
Caesar V is approximately 50 percent, which 
is equivalent to stating that, on the average, 

one out of every two genes was transmitted 
indirectly from Caesar to Caesar V. If, on the 
other hand, Caesar had appeared only once in 
this pedigree (as a single great-grandsire), his 
average relationship to Caesar V would have 
been only 12.5 percent. Caesar V’s genes 
have thus been concentrated four-fold without 
causing intense inbreeding depression.

The next pedigree represents the use of 
linebreeding in a commercial herd (Fig. 14.3). 
In this pedigree, three common ancestors 
appear; they are A10, B02, and C22. In the 
arrow-style pedigree it can be observed that 
arrows point away from the common ances-
tors for more than one path direction of gene 
transmission from ancestor to progeny. 
Ancestors that appear on both sides of a 
bracket-style pedigree but not in an arrow-style 
pedigree are not common ancestors.

If commercial herd sires A10 and C22 
and dam B02 are proven superior for impor-
tant traits, their genes and gene combinations 
can be concentrated by use of a linebreeding 
system, as shown in Fig. 14.3. In this pedigree, 
three common ancestors make up the linebred 
individual. A detailed study of the pedigree 
reveals several types of family relationships. 
Assuming that the common ancestors (A10, 
B02, and C22) are not inbred or related to one 
another, B12 was produced from a paternal 
half-sib mating (A10 × B02), with C22 as the 
only common ancestor. B34, the sire of B45, 
was produced from a son x dam mating (B12 
× B02), and C22 is related as a double pater-
nal great-grandsire and as a maternal great-
grandsire. B18, the dam of B45, is a full sib of 
B12. Finally, B45 has related parents and so is 
inbred.

Parental relationships include a common 
dam and paternal granddam (B02) and a 
nephew–aunt mating (B34 × B18). By tracing 
the pedigree back to B45’s common ances-
tors, the direct genetic relationship to AlO and 
B02 is 37.5 and 62.5 percent, respectively. 
Presumably the direct relationship of B34 to 
C22 is 50 percent due to linebreeding. It should 
be stressed that in a linebred family, strict cull-
ing of individuals with poor performance 
should be maintained each generation to con-
centrate only the genes with favorable effects. 
The genes and gene combinations of a super-
ior common ancestor can be maintained or 
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increased through the mating of its relatives. 
Since linebreeding is actually a mild form of 
inbreeding, inbreeding itself is differentiated by 
the mating of closely related individuals in a 
herd (e.g., brother x sister, sire x daughter, son 
x dam) and is practiced to increase homozygos-
ity rather than to concentrate the genes of a 
particular ancestor. Most commercial breeders 
prefer linebreeding over inbreeding, since 
depression in growth rate and reproductive 
performance may be observed when intense 
inbreeding is practiced. This depression occurs 
because undesirable genes (usually recessive) 
become homozygous or concentrated quite 
rapidly and, as a result, overall vigor is reduced. 
Linebreeding lessens this effect, although it still 
occurs at a milder rate. Strict culling of undesir-
able individuals is critical to prevent the spread 
of undesirable genes whenever inbreeding or 
linebreeding is used.

It is imperative that the common ancestry 
or “family lineage” be indeed superior, as 
proven by accurate records, if it is to be pre-
served genetically through linebreeding. A rela-
tively moderate to large base number of 
breeding animals (50 or more) within a linebred 
strain is essential to avoid intense  inbreeding 

and/or to maintain genetic variation for traits 
of economic importance. It is wise to use sev-
eral outstanding sires in a line in order to 
secure genetic variation. Genetic variation and 
strict culling are key components that will 
ensure the superior breeding merit of a line-
bred strain.

Outcrossing

Outcrossing is the mating of unrelated individu-
als or lines within the same breed (linecross-
ing). Under several conditions, outcrossing is a 
good breeding option to consider. A few exam-
ples are:

1. When a genetic defect appears (e.g., maloc-
clusion or yellow fat).
2. When the overall fitness or vigor of a line 
declines because of mild or intense inbreeding.
3. When the genetic quality for a trait or traits 
is less than desired in a line.

The first is more or less a special case when 
a line of rabbits is known to transmit defective 
genes. It is generally advised that offspring from 
this line should not be saved as replacements 
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B18

B12
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B02 C22
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C22
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A36
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B02

A10

B02

Bracket-style Arrow-style*

*Common ancestors (e.g., A10, B02, C22) are underlined.

Fig. 14.3. Illustration of linebreeding showing multiple common ancestors with bracket- and arrow-style 
pedigrees (common ancestors are underlined). (Courtesy of OSU Rabbit Research Center)
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(which is a most effective way of “weeding the 
genetic garden”). Often it is economically desir-
able to keep the “genetic carrier” parent breed-
ers in the herd until their productivity declines. 
Through outcrossing, both objectives are met; 
the likelihood of further occurrence of the 
abnormality is decreased, and the breeders 
remain in the herd until unrelated young stock 
are available to replace them. To reiterate, no 
offspring should be saved from carriers of detri-
mental genes unless they are test-mated and 
produce no defective offspring. A further discus-
sion on selecting against deleterious recessive 
traits is presented in the section on the selection 
of qualitative traits in Chapter 15.

Overall fitness or vigor generally declines 
eventually as a result of increasing the propor-
tion of homozygous genotypes in a line or inbred 
strain through mild or intensive inbreeding. 
Outcrossing, on the other hand, reverses this 
trend by increasing the proportion of hetero-
zygous gene pairs in the progeny. This effect will 
in itself restore physical vigor, because the 
expression of defective recessive genes is masked 
by dominant genes. It should be clearly recog-
nized that undesirable genes affect not only qual-
itative traits, such as spina bifida, but quantitative 
traits, such as fertility and growth, as well.

Genetic quality of a line may be consid-
ered inferior for one or several traits through 
inbreeding and/or a limited number of rabbits 
making up a line or a poor initial stock base. 
Flat shoulders, protruding hipbones (evidence 
of a narrow loin), and poor flesh covering over 
the rump or hindquarters may be a consistent 
weakness in a line. Selection gives extremely 
slow improvement for these characteristics 
within a line if genetic merit is poor and limited 
numbers are involved. By outcrossing several 
members of such a line to an unrelated line 
that exhibits excellent qualities for these traits, 
the line weaknesses can be overcome most 
effectively. This is upgrading a line within the 
same breed. Once an improved state has been 
reached, the line can be re-established through 
linebreeding if desired. Skilled breeders use 
both outcrossing and linebreeding over two or 
more generations to introduce and concentrate 
superior genes systematically.

The pedigree shown in Fig. 14.4 is repre-
sentative of an outcrossed mating. Note that 
both the sire and the dam of rabbit XYOl are 

linebred, although to different ancestors (X10 
and Y42). This is an outbred mating, since no 
relatives of rabbit XYO1 are found on both 
sides of the pedigree (sire and dam sides). 
Suppose that this pedigree came from a com-
mercial herd in which line X possesses excel-
lent growth characteristics, but has poor texture 
and density of fur, as well as thin foot pads that 
make X susceptible to sore hocks. Line Y does 
not have the genetic growth merit of line X but 
it possesses excellent texture and density of fur 
and has thick foot pads, By crossing lines X 
and Y (outcrossing) the growth characteristics 
and fur qualities of the progeny should be 
above the average of the parental lines.

Outcrossing may be the best breeding sys-
tem for commercial producers who raise only 
one breed. Because masking of undesirable 
recessive genes and improved genetic merit 
may occur when outcrossing is properly prac-
ticed, improved breeding and growth vigor 
should increase performance and profits. A com-
mercial breeder can expect to see a noticeable 
improvement in vigor and performance of out-
crossed compared to linebred or inbred stock, 
especially for health- and fertility-related traits, 

XY01

X47

X23
X10

X26

Y61

Y53

Y82

X03

X10

X12

Y42

Y31

Y42

Y28

Fig. 14.4. A bracket-style pedigree of an outcrossed 
rabbit. An arrow-style pedigree cannot be drawn, 
since no common ancestor of XYOI appears on both 
the sire side and the dam side of the pedigree. 
(Courtesy of OSU Rabbit Research Center)
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since these are, in general, believed to be more 
affected by undesirable recessives.

Crossbreeding

Crossbreeding is the mating of individuals of 
different breeds. It differs from outcrossing, 
which is the mating of unrelated individuals 
from different lines within the same breed. 
Although the genetic effects are similar for the 
two systems, the effects are more pronounced 
when crossbreeding is practiced. The major 
genetic effects of crossbreeding are:

1. To increase the level of heterozygosity or 
hybrid vigor.
2. To mask the expression of detrimental 
recessive genes.

Hybrid vigor

Heterozygosity is the term given to the degree 
to which one or several allelic pairs contain dis-
similar genes. Because half the inheritance is 
derived from each parent, the level of heterozy-
gosity of the offspring increases as the genetic 
relationship between the parents decreases. 
This concept applies to individuals of the same 
breed or of different breeds. Logically, a cross-
bred individual would have, on the average, a 
higher level of heterozygosity than a purebred, 
since individuals of the same breed have more 
genes in common. Hybrid vigor (heterosis) is 
the increase in fitness or productivity of cross-
bred or outcrossed offspring above the average 
of the parental breeds or lines that is due to the 
increased heterozygosity of the offspring. 
Overdominance and favorable epistatic forms 
of gene action may also contribute to heterosis. 
The term “vigor” is used to refer to health and 
reproductive traits.

Traits that may be significantly affected by 
hybrid vigor are litter size, conception rates, and 
growth traits. Hybrid vigor, or heterosis, is gener-
ally highest for reproductive and survival traits, 
intermediate for growth and feed efficiency, and 
lowest for carcass quality traits (Table 14.3). 
Numerous studies have demonstrated crossbred 
superiority above the average of parental breeds 
(hybrid vigor) for many  commercially important 

traits. Rabbit breeding farms producing 
 commercial hybrid stock are widespread in 
Europe and China. Hybrid vigor is also seen in 
other meat animals (e.g., beef cattle, lambs, poul-
try, and swine) in which the vast majority are 
crossbred because of the economic benefits asso-
ciated with the genetic effects of crossbreeding.

Table 14.3. Levels of hybrid vigor for commercial 
traits in rabbits.

Trait

Hybrid 
vigor in 

Crossbred 
Litters (%)

Hybrid 
vigor in 

Crossbred 
Dams Reference

Conception 
rate

_1 7 2

Litter size born 8 _1 1
3 11 2

Longevity _1 13 5
Milk production _1 10 2
Litter size at 28 

days
15 _1 1

4 12 2
Litter weaning 

weight
11 _1 1

8 11 2
Individual 

weight:
56 days 2 1 3
70 days 4 _1 4

Litter weight at 
56 days

5 6 2

Dressing 
percentage

1 2 2

Meat yield from 
carcass

1 1 2

1No estimate made.
References:
1Baselga, M., A. Blasco, and F. Garcia. 1982. Genetic 
parameters for economic traits in rabbit populations. (In 
Spanish.) Proc. 2nd World Congress on Genetics Applied 
to Livestock Production, Madrid.
2Lukefahr, S.D. 1983. Evaluation of rabbit breeds and 
crosses for overall commercial productivity. Ph.D. 
dissertation, Oregon State University, Corvallis.
3Lukefahr, S.D., P.R. Cheeke, N.M. Patton, and M.A. 
Grobner. 1986. Genetic, maternal and seasonal factors 
affecting 56-day market weights in rabbits. J. Anim. Sci. 
63: 195.
4Medellin, M.F., and S.D. Lukefahr. 1999. Crossbreeding 
parameter estimates for growth and litter traits in 
commercial rabbits. J. Anim. Sci. 77(Suppl. 1): 132–133.
5Lukefahr, S.D., and H.H. Hamilton. 2000. Longevity and 
cumulative litter productivity in straightbred and crossbred 
Californian and New Zealand White does. Proc. 7th World 
Rabbit Congress, July 4–7, 2000. Valencia, Spain.
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Crossbreeding and outcrossing increase the 
level of heterozygosity, thus masking the expres-
sion of detrimental recessive genes. This alone is 
the means by which gene pairs that may have 
been previously homozygous in the purebred 
parental generation become heterozygous in the 
crossbred generation (F1 generation). Many traits 
are unfavorably affected by homozygous reces-
sive genes. Crossbreeding tends to prevent their 
expression by substituting a favorable dominant 
gene for an undesirable recessive gene, thus 
altering gene pairs from the homozygous to the 
heterozygous state. However, it should be empha-
sized that dominant genes are not necessarily all 
good and recessive genes are not necessarily 
all bad. Because hybrids show increased vigor, 
greater uniformity in performance is usually 
expected in crossbred animals in the F1 genera-
tion. As a consequence, vigor, especially health 
and fertility, is improved. Growth-related trait 
performances also tend to be improved in the 
crossbred animals.

To benefit from hybrid vigor in a commer-
cial herd, breeders should follow several guide-
lines closely:

1. Obtain the best purebreds to produce 
hybrids.
2. Combine breed strengths systematically in 
a crossbreeding program.
3. Utilize hybrid vigor expressed by the dam 
and the offspring.

Logically, the best commercial hybrids are 
derived through the planned mating of the best 
purebreds. Of course, some lines of the same 
pure breed are more outstanding than other 
lines. Indiscriminate mating of arbitrarily chosen 
breeds (lines) to produce crossbreds is a way to 
generate poor quality stock. Unfortunately, this 
has been done by many commercial producers 
who have attempted to pursue crossbreeding 
programs. The best purebreds would be rabbits 
from a productive line with proven records for 
traits such as fertility, milking ability (estimated 
by recording 21-day total litter weights), health, 
and weight of rabbit marketed.

Breed complementation

An example of optimal utilization of the 
breeds in a crossbreeding program would be 

to mate crossbred does of excellent maternal 
breeds (which produce large litters and a 
good supply of milk) to bucks of another 
breed known for superior post-weaning 
gains, feed efficiency, and carcass merit. 
Whatever breed combinations are employed, 
the end goal should be to profitably produce 
marketable rabbits of good quality by eight to 
nine weeks of age.

The doe as well as the offspring should be 
crossbred to maximize the benefits of hybrid 
vigor. A crossbred doe should have higher fer-
tility, should produce larger litters and more 
milk, and should last longer in the herd than 
the average of the parental purebreds involved 
in the cross. Such an added effect expressed by 
hybrid does is called maternal heterosis. This is 
seen when the performance of Californian x 
New Zealand White does is compared to either 
purebred (Table 14.4). Offspring have more 
rapid gains because of better mothering ability 
and milk production of their dam, as an exam-
ple. If only one superior breed is available, then 
outcrossing of lines within the superior breed is 
recommended.

To produce does that are crossbred, it is 
best to choose breeds known for excellent fer-
tility and mothering ability. A crossbred doe 
could then be mated to a buck of a third breed, 
preferably a fast growing and thrifty breed 
(Fig. 14.5). To capitalize on the vigor, it is best 
to market all of the three-breed cross offspring, 
since uniformity of production is greatest. Such 
a crossbreeding system is called a three-breed 
terminal cross. If the best maternal source 
available is a purebred, mating to a sire of 
another breed would produce what is called 
a two-breed terminal cross (Fig. 14.6). 
Re placements are generated through the mat-
ing of purebred parental lines. Actually, only a 
small proportion of the breeding rabbits in a 
herd would need to be purebred in order to 
sustain a predominantly crossbred operation. 
The purebred animals could also be purchased 
from a reputable seedstock producer. The rab-
bit producer must consider the material and 
financial resources available before engaging in 
such an endeavor.

A recent development in the rabbit 
meat industry is the utilization of large sire 
breeds, such as the Altex (Fig. 14.7) devel-
oped at Alabama A&M University and Texas 
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A&M University-Kingsville. The breed was 
 developed by crossing high quality, purebred 
Californian (CAL), Champagne D’Argent 
(CHA) and Flemish Giant (FG) rabbits. The 
final composition of the Altex is ½ FG, ¼ 
CHA and ¼ CAL. These three breeds were 
included to provide sire traits, i.e., rapid and 
efficient body weight gains, high dressing 
percentage and high meat-to-bone ratio. The 
Altex bucks are used on New Zealand White 
does (for their mothering ability) to provide 
terminal cross fryers. In one trial involving 
460 litters, the purebred New Zealand White 

fryers averaged 1.83 kg at 70 days whereas 
the Altex × NZW crossbred fryers averaged 
2.05kg. Large sire breeds or lines are crossed 
with commercially suitable doe breeds to pro-
duce terminal crossbred fryers (Fig. 14.8). 
Results from several breeding experiments 
are provided in Table 14.5. Generally, mar-
ket weights are heavier in fryers sired by a 
large breed or line. Thus, the fryers can either 
be marketed earlier or be sold at the heavier 
market weight. The market weight improve-
ment through judicious crossbreeding is 
referred to as breed complementation. This 
means the superior growth characteristics of 
the buck, complemented by the excellent 
maternal qualities of the doe, lead to faster 
and more efficient growth. The studies shown 
in Table 14.5 also reveal that dressing per-
centages and meat-to-bone ratios are compa-
rable to those of purebred New Zealand 
White commercial fryers.

Another system of crossbreeding, which 
is particularly popular in modern swine breed-
ing, is rotational crossing, in which pure bred 
males are mated with crossbred females. 
Each purebred sire breed is alternated (rotated) 
between successive generations. Two or more 
sire breeds may be involved in a rotational 
crossbreeding scheme (Fig. 14.9). The major 
advantages of this system are that female 
replacements are produced from crossbred 
dams, and both the dams and their progeny 
express hybrid vigor. Since the original pure 
breeds are continually introduced, hybrid 
vigor level would be less than that for a first-
generation (F1) crossbred because the animals 
are not fully cross-bred. A sufficient number 
of purebred animals would be needed only to 
yield purebred males for crossbreeding. These 
bucks could be purchased from a reputable 
breeder so all cages could be used for cross-
bred litter production.

Random Mating

The breeding systems discussed so far can 
effectively alter the genetic make-up of a rab-
bit population. In these breeding systems 
some form of selection or non-random 
grouping, as a basis for assorting parents to 
 produce offspring in the next generation, is 

Table 14.4. Purebred and crossbred doe 
performance for reproductive traits.

Trait CAL1 NZW CAL × NZW

Experiment 1
Conception 

rate (%)
70.5 64.1 71.8

Litter size born 8.0 8.9 10.6
Daily milk 

production 
(g) 2

145.7 189.0 191.9

Litter 21-day 
weight (kg)

2.07 2.72 2.70

Litter size at 
28 days

5.9 6.9 7.9

Litter weaning 
weight (kg)

2.55 3.66 3.73

Experiment 2
Fur weight of 

nest (g)
11.8 18.0 16.1

Kit survival at 
birth (%)

87.6 89.5 91.2

Litter size at 
28 days

6.1 7.2 7.0

Litter weaning 
weight (kg)

3.01 3.64 3.69

1Doe breed group abbreviations: CAL = Californian; NZW 
= New Zealand White; CAL × NZW = Californian sire × 
New Zealand White dam.
2Daily milk production was measured from 1 to 21 days.
Source for Experiment 1:
Lukefahr, S.D. 1983. Evaluation of rabbit breeds and 
crosses for overall commercial productivity. Ph.D. 
dissertation, Oregon State University, Corvallis.
Sources for Experiment 2:
Hamilton, H.H., S.D. Lukefahr, and J.I. McNitt. 1997. 
Maternal nest quality and its influence on litter survival 
and weaning performance in commercial rabbits. J. Anim. 
Sci. 75: 926-933.
Khan, M.A., and S.D. Lukefahr. 1996. Breed type 
comparisons for postweaning litter traits in rabbits. In: Proc. 
6th World Rabbit Congress, Toulouse, France. 2: 299-304.
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involved. In certain situations, however, it 
may be preferred to maintain genetic varia-
tion found in a stock line rather than to alter 
it. This can be achieved by practicing random 
mating within the line as a breeding system. 
Random mating is practiced when any indi-
vidual, regardless of its genotype, has an equal 
chance of mating with any other individual. 
Following a single generation of  random 
 mating in a large population, all subsequent 
generations will possess the same genes with 
constant frequencies, assuming that no muta-
tion, outcrossing, or selection occurs. Stated 
another way, the proportion of different types 
of gametes produced in a population is directly 

proportional to the respective gene frequen-
cies in the preceding generation. Genes 
located on sex chromosomes will require sev-
eral generations to achieve this constant gene 
frequency.

Random mating perhaps has greatest 
applications in laboratory rabbit lines rather 
than in commercial rabbit lines. For exam-
ple, several different laboratory companies 
may choose the same genetic line of rabbits, 
to which similar experimental conditions or 
treatments are applied. Since among labora-
tories the same line of randomly bred stock 
is involved, observed genetic differences 
have essentially been standardized. This, in 

Fig. 14.5. A three-breed terminal cross. The doe (arrow), a Florida White × New Zealand White cross, was bred 
to a white Flemish Giant buck to produce the terminal cross litter. (Courtesy of OSU Rabbit Research Center)

Fig. 14.6. A two-breed terminal or rotational cross. The offspring were produced by mating a Californian 
buck to a New Zealand White doe (arrow). (Courtesy of OSU Rabbit Research Center)
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part, enhances the consistency of independ-
ent research findings. Often a random-
digit table (found in most statistical texts) 
is used by the scientist in assigning ran-
dom matings. For commercial breeders, 

random mating could be used to maintain 
high genetic quality in a line to which further 
selective improvement is not desirable. Only 
in rare instances, though, would this breed-
ing option be seriously considered, since 
genetic improvement and profitability gen-
erally go hand in hand.

Summary

In summary, inbreeding and crossbreeding 
are essentially opposites in their respective 
genetic effects and consequences. When a 
producer prefers a purebred operation, 
inbreeding is useful in screening for carriers of 
undesirable recessive genes and, when com-
bined with selection, in concentrating genes 
from superior individuals that comprise the 
line. Linebreeding has effects similar to, but 
less intense than inbreeding, and is used to 
concentrate genes from specific individuals. 
Outcrossing, like crossbreeding, increases 
heterozygosity, but it occurs within a breed. 
Since there will never be a perfect breed 
for all traits of importance, crossbreeding is 
particularly useful in complementing breed 

Fig. 14.7. An Altex buck. This breed was developed 
at Alabama A&M University and Texas A&M 
University-Kingsville. (Courtesy of S.D. Lukefahr)

Hybrid
replacement does

All offspring are marketed

New Zealand
White doe

Californian
buck

Altex
buck

Fig. 14.8. A three-breed terminal cross. (Courtesy of OSU Rabbit Research Center)
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Table 14.5. Large- and medium-size sire breed performance for fryer traits.

Fryer breed type1
Market weight 

(kg)
Feed:Gain 

ratio
Dressing 

percentage
Meat-to-bone 

ratio

Experiment 1 (1983)

NZW purebred2 1.65 3.02 50.4 3.12
FG purebred 1.74 3.09 52.0 3.24
FG × (FW × NZW) 1.67 3.24 52.6 4.23

Experiment 23 (1983)
CAL-sired 1.35 4.59 54.5 4.02
NZW-sired 1.44 4.36 53.4 3.75
FG-sired 1.58 4.00 54.0 3.61

Experiment 3 (1991)
CAL purebred 1.97 3.92 55.8 4.81
NZW purebred 1.95 3.30 53.9 4.12
CAL x NZW 2.08 3.69 55.4 4.45
Altex 2.19 3.21 54.7 4.32

Experiment 4 (1992)
CAL x NZW 1.95 3.75 54.7 4.09
NZW purebred 1.91 3.60 52.4 3.81
CHA x NZW 1.98 3.84 56.3 4.35
PAL x NZW 1.86 3.78 54.9 3.93

Experiment 5 (1999)
Altex purebred 2.00 3.04 4 4

Altex × NZW 2.05 3.41 4 4

NZW × Altex 1.94 3.42 4 4

NZW purebred 1.83 3.55 4 4

1Experiments 1and 2 involved 56-day-old fryers, and experiments 3, 4, and 5 involved 70-day-old fryers.
2Breed group abbreviations: CAL = Californian; NZW = New Zealand White; FG = Flemish Giant; FW = Florida White; 
CHA = Champagne d’Argent, and PAL = Palomino.
3CAL, NZW, and FG bucks mated to CAL, NZW, CAL × NZW, and NZW × CAL does.
4Data not available.
Source for Experiments 1 and 2:
Lukefahr, S.D. 1983. Evaluation of rabbit breeds and crosses for overall commercial productivity. Ph.D. dissertation, 
Oregon State University, Corvallis.
Source for Experiment 3:
Ozimba, C.E., and S.D. Lukefahr. 1991. Comparison of rabbit breed types for postweaning litter growth, feed efficiency, 
and survival performance traits. J. Anim. Sci. 69: 3494.
Source for Experiment 4:
Roberts, J.D., and S.D. Lukefahr. 1992. Evaluation of Californian, Champagne d’Argent, New Zealand White and 
Palomino as potential sire breeds. I. Postweaning litter traits. J. Appl. Rabbit Res. 15: 274.
Source for Experiment 5:
Medellin, M.F., and S.D. Lukefahr. 1999. Crossbreeding parameter estimates for growth and litter traits in commercial 
rabbits. J. Anim. Sci. 77(Suppl. 1): 132–133.

strengths and in utilizing hybrid vigor to 
 optimize herd productivity and profitability. 
Of course, this generally has been the ration-
ale behind developing a new breed through 
crossbreeding - to combine desirable charac-
teristics from two or more breeds that are not 
all found in any one breed. In time, animals of 
a breed or line become mildly inbred, since 
their  pedigrees trace back to the same 

 ancestral foundation. Random  mating simply 
maintains genetic variation that exists in a 
rabbit population. It is important for each rab-
bit breeder to use his or her knowledge of 
genetics to recognize when a change in the 
currently practiced breeding system is needed 
and decide how best to pursue improvement 
and/or maintenance of the genetic integrity 
of the stock in future generations.
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Fig. 14.9. A two-breed terminal cross. (Courtesy of OSU Rabbit Research Center)
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Genetic Selection for Herd Improvement

The economic success of a rabbit business 
depends to a large extent on the genetic 
quality of the herd. To improve the herd 
genetically, careful selection of young stock 
is critically important. The adage “Select the 
best and cull the rest” conveys the basic prin-
ciple of selection. This sounds simple, but 
the challenge is to identify what is truly 
“best.” To achieve genetic improvement, 
specific objectives must be defined. For a 
commercial meat herd this might be “To 
focus on rapid growth performance” or for 
an Angora herd “To increase average wool 
yield.” The trait(s) to be improved should 
be genetically transmissible (heritable) and 
should be ones that can be accurately meas-
ured. Selection can then be effectively pur-
sued over several generations to genetically 
improve the desired traits and total herd 
 output or productivity.

Traits or characteristics can be classi fied 
as either qualitative or quantitative. Qualitative 
traits, such as fur color, dwarfism, wool, and 
yellow fat, are influenced by one or only a 
few pairs of genes. Quantitative traits, such 
as milk production, growth rate, and carcass 
yield, are influenced by many pairs of genes. 
For some quantitative traits, hundreds of 
genes may be involved.

Selection for Qualitative Traits

Selection for desirable genes

Selection for a qualitative trait is a simpler and 
shorter process than selection for a quantita-
tive trait. For example, white fur can easily be 
incorporated and maintained in a colored herd 
or line through the introduction of a white 
buck. The albino white buck (genetically cc) is 
mated to several homozygous colored does 
(genetically CC), where c is recessive for 
absence of color pigmentation (albinism) and C 
is dominant for full color expression. All prog-
eny from these matings are heterozygous (Cc) 
and are colored. (If white progeny appear in a 
litter from this first cross (F1), then the dam is 
heterozygous for albinism.) If all F1 progeny 
are heterozygous, Cc, matings between these 
rabbits or rabbits from similar litters will result 
in progeny of which an average of 25 percent 
will be albino white (cc) (Fig. 15.1). Thereafter, 
mating albinos to albinos should always result 
in albino progeny. The qualitative trait has thus 
become fixed in the herd in only two genera-
tions of planned matings involving selection for 
white fur. This same process could also be 
applied for producing dwarf, satin, or woolly 
varieties of rabbits.
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If a rabbit raiser desires to apply selection 
for a simply inherited qualitative trait, it is rec-
ommended that several unrelated breeding ani-
mals with the preferred trait (e.g., albinism) be 
introduced into the herd to avoid inbreeding 
and subsequent depression of reproductive, 
health, and growth traits in later generations. 
For the same reason, matings of offspring 
should be from different litters.

Selection against an undesirable gene

Qualitative traits are generally discrete in 
expression. A discrete trait occurs when a 
“yes” or “no” condition arises, usually with no 
intermediates. In other words, a rabbit is either 
colored or non-colored (albino), dwarfed or 
non-dwarfed, buck-toothed or normal-toothed, 
etc. One undesirable qualitative trait, hydro-
cephalus (“water on the brain”), affects new-
born rabbits. Hydrocephalus is characterized 
by enlargement of the head due to excess fluid 
accumulation (Figs 7.4 and 15.2) and by death. 
Newborn rabbits can easily be scored as nor-
mal or hydrocephalic; there are no intermedi-
ates. The genetic cause of hydrocephalus is a 
simple recessive gene (hy). To select against 
this undesirable gene (“to weed the genetic 
garden”), breeders can use proven carriers 
(Hyhy) as test animals and mate them to sus-
pected carriers (Fig. 15.3). If a known carrier 
(test) doe is mated to a suspect carrier buck and 
no kits with hydrocephalus appear (out of at 
least eight young born in the litter), it is highly 
probable (about 90 percent) that the suspect 
buck does not carry this lethal gene and has 
the HyHy genotype instead. This is shown on 
the right side of Fig. 15.3. If the suspect buck 
is a heterozygous carrier of hydrocephalus, as 

shown on the left side of Fig. 15.3, 25 percent 
of the kits in the litter, for example, two kits 
from a litter of eight, should, on average, have 
the disorder (hyhy).

It should be stressed that hydrocephalus is 
not always a genetic defect. It can occur when 
pregnant does are fed a diet having too little or 
too much vitamin A. Diets that contain moder-
ate (20 percent or more) levels of alfalfa or that 
are supplemented with vitamin A should be 
adequate in vitamin A status to prevent hydro-
cephalus. This is discussed in more detail in 
Chapter 7.
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Fig. 15.1. Illustration of the incorporation of a qualitative, simply inherited trait into a herd. (Courtesy of 
OSU Rabbit Research Center)

Fig. 15.2. Hydrocephalus in a rabbit kit. (Left, side 
view) (Courtesy of S.D . Lukefahr)



194 Chapter 15

Selection for Quantitative Traits

The concept of heritability

Quantitative traits are non-discrete (continu-
ous) and may show many levels of expression. 
For example, 56-day market weights in a single 
litter may be 1.8, 1.9, 2.0, 2.1, and 2.3 kg. 
Quantitative traits include such economically 
important characteristics as fertility, disease 
resistance, growth rate, feed efficiency, milk 
production, density of fur, and carcass quality. 
Since quantitative traits are expressed in a con-
tinuous manner, graphing, for example, the 
56-day weights of many rabbit fryers in a herd 
should portray a characteristic bell-shaped 
curve (Fig. 15.4).

The vertical line in the center of the curve 
shows that the average weight of all the rabbits 
weighed was 1.5 kg. The curve itself represents 
the percentage of the fryers expected at each 
of the weights between 0.9 and 2.2 kg. 
Quantitative traits are continuously (normally) 
distributed because their expression is a func-
tion of many genes with small cumulative 
effects. This type of gene expression is called 

additive gene action. To illustrate additive gene 
action, suppose that one arbitrarily assumes 
that 100 genes influence 56-day body weight. 
If each gene contributes a potential for 0.02 kg 
of growth, cumulatively 0.02 kg times 100 
genes results in a 2.0 kg rabbit.

Heritability (h2) is the proportion of total 
observed variation of a trait within a herd that 
is due to the expression of genes with additive 
effects. If a trait is 100 percent heritable, all 
observed variation measured among rabbits in 
a herd would be due solely to genetic  expression 
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with no environmental influences. Any 
observed difference between rabbits for the 
same trait would be due only to genetic differ-
ences. If a trait is 50 percent heritable, one-half 
of the observed differences between individuals 
for that trait are due to genetics, and the other 
one-half are due to environmental factors. 
Degree of heritability does not reflect the 
number of genes involved in the expression of 
the trait or the degree that genes are transmit-
ted from parents to offspring.

Heritabilities reported from the literature 
for a number of economically important traits 
are shown in Table 15.1. In general, traits 
related to fertility and disease resistance are 
lowly heritable (h2 < 15 percent), growth and 
feed efficiency traits are moderately heritable 
(h2 = 15 to 40 percent), and carcass traits 
tend to be highly heritable (h2 > 40 percent). 
These same trends exist in other livestock 
species.

Heritability is a function of additive genetic 
variation present in the herd or population for 
the trait of interest. Fertility traits are lowly herit-
able presumably because natural selection in the 
wild has favored rabbits that were above aver-
age genetically for fertility. After centuries of 
natural selection for fertility traits, genetic varia-
tion has probably been reduced. Alternatively, 
natural selection has given little or no advantage 
to rabbits with above or below average dressing 
percentage. Because of little intervention from 
natural selection, genetic variation for carcass 

traits is generally considerable and may be 
exploited through artificial selection by breed-
ers. The higher the heritability of a trait, the 
greater the opportunity to make genetic progress 
in response to selection.

Indirect selection for lowly heritable traits

To improve herd performance for traits of low 
heritability, providing a good management sys-
tem (proper housing design, high quality diet, 
artificial barn lighting, sanitation, etc.) may be 
much more effective than selection alone. 
However, if only environmental conditions are 
improved, a herd genetically inferior for a lowly 
heritable trait (e.g., litter size born) won’t sur-
pass the performance of a well-managed, 
genetically superior herd for the same trait.

Despite the economic value of litter size 
traits, there is little justification for attempting 
to improve herd performance by selecting for 
litter size. A small litter size at birth is just as 
undesirable as an excessively large litter size. 
A statement such as “I save offspring only from 
does that give birth to at least 10 young and 
wean at least 8 young in each litter” is unsound 
from a genetic standpoint because of the very 
small influence of genetics on litter size and 
because of the disregard for other important 
traits that are more heritable, such as milk pro-
duction and growth. Such a poor practice 
would result in little if any genetic progress.

Improvement of lowly heritable traits of 
economic importance should be achieved by 
establishing culling levels rather than by direct 
selection. This breeding practice is referred to 
as the independent culling method. The breeder 
decides on the culling levels to use. For exam-
ple, does may be culled if they have two con-
secutive missed conceptions and/or if the 
average litter size born alive drops below six 
kits or the average number of kits weaned 
drops below four. The culling levels will vary 
according to herd fertility and individual prefer-
ence. Litter size born alive is a reflection of 
both the doe’s fertility and mothering ability in 
producing live kits at kindling. Litter size 
weaned is largely determined by the ability of 
the doe to construct a good nest and to nourish 
her litter with an abundant milk supply. Bear in 
mind again that mothering ability traits are 

Table 15.1. Heritabilities (h2) of quantitative traits 
in rabbits.a

Trait-related Heritability (%)

Reproduction
Litter size 0–15
Milk production 27

Health
Enteritis and pneumonia 
 deaths

12

Survival to 56 days  6
Growth

Body weights 17–23
Feed efficiency 29–34

Carcass
Dressing percent 50
Meat-to-bone ratio 45–50

aRange of figures from rabbit genetics literature sources.
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 primarily influenced by environmental condi-
tions rather than by the genetics of the doe.

To provide a more accurate basis for deter-
mining real producing ability, it is important to 
average the litter records of each doe rather than 
focus on single exceptional records. If a doe’s 
average litter size at birth falls below the culling 
level of six young, the breeder should soon sell 
the doe for meat, and no offspring from the doe 
should be saved as replacements. An example is 
provided below on how to use the independent 
culling method employing averages of doe per-
formance trait records (Table 15.2).

For average litter size born alive and 
weaned, the breeder might set culling levels at 
six and four young, respectively. Doe A falls 
below the minimum level of four weaned young, 
so this doe should be culled. Does B and C 
meet the criteria and should be retained.

Use of the independent culling method 
can also be applied to herd bucks.

If a buck’s average fertility rate falls below 
a set minimum level (for example, 70 percent 
pregnancy rate), the buck may be culled from the 
herd, regardless of the buck’s merit for other 
traits. Culling levels for litter size traits for herd 
bucks is inappropriate because the size of the 
litter is determined by the number of eggs ovu-
lated by the doe. As long as the buck is fertile, he 
has little influence on litter size born.

The long-term genetic consequence of use 
of the independent culling method for a lowly 
heritable trait, such as litter size, is to at least 
maintain (even possibly slowly improve) the 
herd average for that trait.

Direct selection for moderately to 
highly heritable traits

As previously noted, genetic progress for a 
trait is determined by the heritability and by 

how rigorously the young rabbits are selected. 
The formula that expresses this concept is

G = h2 × S

where G is genetic response to selec-
tion, h2 is heritability, and S is the selection 
differential. Selection differential is the dif-
ference between the average of the selected 
animals and the herd average for the trait of 
interest. As an example, suppose one hun-
dred 56-day-old fryers in a herd have been 
weighed in a week, with an average weight 
of 1.6 kg. The breeder needs to save 10 
replacements (5 bucks and 5 does). The 10 
replacements selected weigh an average of 
2.2 kg. The selection differential is 0.6 kg i.e. 
the select group average (2.2 kg) minus 
the herd average (1.6 kg). If heritability for 
this trait is 0.20, the predicted genetic 
response (G) for the offspring would be G = 
0.20 ×0.6 kg or 0.12 kg. The predicted 
average performance of the offspring from 
the 10 selected parents would therefore be 
1.6 (herd average) plus 0.12 (G), or 1.72 kg. 
On the other hand, if all 100 rabbits had 
been saved for breeding, the selection 
 differential would have been zero (i.e., 
1.6 − 1.6 = 0). Hence, the genetic response 
due to selection (G) would likewise be zero, 
since there was actually no selection at all. 
From this example it can be appreciated that 
the higher the heritability and the more 
intense the selection, the more rapid the 
expected rate of genetic progress.

Commercial meat rabbit breeders, to 
increase profits, should aim at selection prac-
tices that will result in rapid genetic improve-
ment of economically important traits. Among 
important commercial traits are fertility, includ-
ing libido (sex drive); disease resistance; litter 
size born; growth rate to market age; and car-
cass quality. The independent culling method 
should be used for fertility- and health-related 
traits, as discussed earlier, whereas direct selec-
tion should be applied for the moderately to 
highly heritable economic traits.

Feed efficiency (units of feed required for 
units of body gain) is a commercially important 
trait that is moderately heritable. However, 
because of the labor involved in weighing and 
feeding individually caged rabbits, and because 
of a positive genetic correlation that exists 

Table 15.2. Litter records.

Doe
No. of 

records

Average 
litter size 

born

Average 
litter size 
weaned

A 2 6.0 3.5
B 5 9.2 7.3
C 3 7.5 7.0
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between feed efficiency and rate of growth 
(many of the same genes that improve feed 
efficiency also increase growth rate), selection 
of rabbits with heavy market weights is the 
most practical means of genetically improving 
feed efficiency.

Economically important traits for which to 
select are milk production and market weight 
at 56 days. Since kits generally consume only 
milk until 21 days of age, weight of the litter at 
21 days is an excellent indicator of doe milk 
production. Weight at 56 days is mainly influ-
enced by genetics and the number of rabbits in 
the litter. It is well known that the heavier fryers 
at 56 days are more likely to be from small lit-
ters, because of increased milk consumption by 
fewer kits during the pre-weaning period. To 
circumvent this association, it is advised that 
the best dams with several litter records be first 
identified, based on average milk production 
records and average 56-day market weight of 
their offspring. The best herd sires can also be 
identified on the basis of litter records that 
demonstrate the heaviest average 56-day 

 market weight. Records from a minimum of 
30 litters should be averaged for each sire to 
improve selection accuracy. Sire and dam 
record sheets suitable for recording these data 
are shown in Figs 15.5 and 15.6. After select-
ing the elite parents, the breeder should select 
the heaviest rabbit(s) at 56 days from within 
each litter produced by these elite sires and 
dams. This strategy reflects both family and 
within-family selection. Finally, all prospective 
replacements should be carefully inspected for 
physical soundness, such as thick foot pads, 
dense fur with good texture, good meat-type 
conformation, and normal teeth. Of course, 
only the best young stock should be selected, 
since their genes will determine the rate of 
genetic improvement realized in the next gen-
eration. This, in turn, will relate to increased 
business profits.

Herd dam and sire averages can be 
updated whenever new litters with total 21-day 
and average 56-day weights become available. 
It is a good practice to establish and know, in 
particular, the present rank of herd sires for 

Doe Breeding Record

Cage Location

SireEar #

Born

Breed

Dam

Doe Performance

Fertility

Buck
Service

Date
Conception

Score*
Date

Kindled
Litter

Size Born
Litter Size
Born Alive

Litter Size
Weaned

Total 21-Day
Litter Weight

Average 56-Day
Litter Weight

*Conception score: 0 = infertile mating; 1 = fertile mating.

Litter Growth

Fig. 15.5. A sample doe performance record sheet. (Courtesy of S.D. Lukefahr)
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their genetic merit for average 56-day market 
weight. Similar rankings can also be done on 
the basis of average milk production (21-day 
litter weights) of daughters from senior herd 
bucks.

The labor required to accurately measure 
and record 56-day market weight is more than 
justified when genetic progress results. 
Computer programs are now available that can 
rapidly calculate individual dam and sire trait 
averages based on litter records. This greatly 
reduces the time it would take to perform so 
many hand calculations.

Fostering kits between litters should not 
substantially interfere with accuracy of selec-
tion. Fostered kits should be identified by some 
permanent mark (e.g., ear tag, tattoo, chick 
toe punch mark in ear) if replacements are 
to be chosen from the litter. If 56-day individ-
ual weights are to be used as a basis of selec-
tion, weights of fostered kits should not be 
included.

Buck Breeding Record

Cage Location

SireEar #

Born

Breed

Dam

Buck Performance

Fertility Mortality

Doe
Cage

Location
Conception

Score*
Date of
Service

Number
Born

Number
Born Alive

Litter Size
at 56 Days

Number of Kits
That Died from
1 to 56 Days

Average Litter
Weight at

56 Days of Age

*Conception score: 0 = infertile mating; 1 = fertile mating.

Litter Growth

Fig. 15.6. A sample buck performance record sheet. (Courtesy of S.D. Lukefahr)

Selection practices for fanciers

Fancy rabbit breeders achieve genetic progress 
in two ways: (1) among-herd selection and (2) 
within-herd selection. Among-herd selection 
occurs when stock is acquired from a reputable 
breeder with impressive show winnings to 
establish a line or to outcross with an existing 
one for the improvement of a particular show 
characteristic. The same reputable breeder 
more than likely obtained his or her stock from 
yet another reputable show rabbit breeder. This 
popular “trading-hands” selective approach is 
often more effective than waiting to achieve 
the same level of genetic improvement follow-
ing several generations of within-herd selection. 
This is because show type and conformation 
traits are influenced to a good extent by genet-
ics and also by environmental factors (e.g., age, 
diet, management, and season). A breeder may 
simply desire to increase, say, shoulder width, 
by purchasing a rabbit that presumably has 
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genes for outstanding width of shoulder. This is 
called corrective breeding. Further, it is not an 
uncommon practice among fanciers to cross 
their own line to that of another breed to 
accomplish the same genetic objective of more 
rapidly improving a specific show trait or 
characteristic.

Another reason for effectiveness of 
among-herd selection practices is that most 
fancy herds are small (less than 10 does of the 
same variety or breed), so it is not possible for 
the breeder to be very rigorous in selecting 
young stock. Being too selective in a small, 
closed herd (without regular introduction of 
stock from other herds) often puts the stock at 
risk of the adverse effects of inbreeding, unless 
it is accompanied by accurate selection and 
also strict culling decisions. To reduce inbreed-
ing and ensure genetic diversity, it is also 
important that animals of the same variety or 
breed be purchased from (and sold to) a number 
of breeders. Some dog breeds have been dev-
astated by over limiting of the gene pool and 
uncontrolled breedings.

In other words, within-herd selection is 
effective only when the herd size is adequate 
and when superior genes for qualitative and 
quantitative show traits become concentrated 
in the line. As discussed in Chapter 14, this is 
usually through careful linebreeding practices 
that emphasize the contribution of outstanding 
common ancestors being highlighted through 
pedigree selection.

The secret for genetic success of show 
stock development is that the “best” stock is 
first acquired from one or more reputable 
breeders to establish a quality base line. Then, 
through sound within-herd selection practices 
involving several generations, “best” eventually 
becomes even better!

Selection practices for Angora breeders

Angora rabbit breeders primarily focus their 
breeding program on improving wool yield and 
quality traits. Heritabilities for wool yield and 
density characteristics tend to be moderate 
(Table 15.3). Hence, an opportunity exists to 
make rapid genetic progress through selection. 
Since heritability is moderate, genetic progress 
for wool traits will largely be determined by 

how rigorously the breeder selects. This will in 
turn depend, in part, on the size of the herd. If 
the herd consists, for example, of only 2 bucks 
and 10 does, the breeder cannot practice 
intense selection because there will not be 
many offspring from which to select, despite 
the high degree of genetic influence for wool 
traits. This is as opposed to large offspring 
numbers produced in a 20 buck and 200-doe 
operation, where only 20 young bucks would 
need to be selected annually from at least 2000 
total young bucks being produced in the same 
herd.

Perhaps the most effective strategy for 
breeders of small herds is to purchase bucks 
for breeding from large operations where 
good wool production records are being used 
to identify genetically superior rabbits. In addi-
tion, if the primary trait of interest is wool 
yield, the breeder can place considerably more 
confidence in a rabbit with a high average 
wool yield based on several harvest records, 
as opposed to a rabbit with only one wool 
yield record.

Another strategy would be for small breed-
ers to form cooperatives or associations 
wherein uniform standards of feeding, man-
agement, and trait recording procedures are 
consistently met. This approach should reward 

Table 15.3. Heritabilities (h2) for wool 
characteristics in Angora rabbits.

Trait Heritability (h2)

Wool yield:
1st and 2nd harvest1 0.20–0.23
1st through 5th harvest2 0.19–0.33
3rd or later harvest3 0.23

Wool characteristics3

Back bristle length 0.25
Back down length 0.16
Haunch bristle length 0.25
Haunch down length 0.15

1Garcia, F.X. and J.C. Magofke. 1982. Genetic parameters 
for the production of fleeces and body weight in Angora 
rabbits. (In Spanish.) Avances en Produccion Animal, 7: 81.
2Magoflke, S.J., F.X. Garcia and N.M. Arinoviche.1995. 
Genetic parameters of Angora rabbits. Anim. Breed. 
Abstr. 63: 42.
3Allain, D.H., Rochambeau, R.G. Thebault and J.L. Vrillion. 
1996. Angora Rabbit wool production. The inheritance of 
wool quality and different fleece characteristics in adult 
does. Proc. 6th World Rabbit Congress, Toulouse, France. 
1:313–319.



200 Chapter 15

participating members through more accurate 
among-herd as well as within-herd genetic 
selection to target wool trait improvement.

Record Keeping

Systematic use of records of average herd pro-
duction and individual rabbit performance is 
essential in developing a profitable business. 
Surprisingly, many producers are either una-
ware of the importance of herd production 
records or they are simply reluctant to main-
tain records. It takes a lot of time and diligence 
to keep good records, especially if litter weights 
are being recorded. It is possible, too, to get so 
carried away with the details of recordkeeping 
that other important management activities, 
such as sanitation and marketing, are neglected. 
Good records, from a genetic perspective, 
serve as a management tool for accurate stock 
selection to improve breeding stock quality and 
enhance rabbit business security.

There are several types of records com-
mercially available to rabbit producers. Doe 
cage or hutch cards are popularly used in 
recording service dates, fertility success or fail-
ure, litter survival (total number born, alive or 
dead; fostered; and weaned), and litter weights 
at specific ages. Hutch cards can get lost or 
damaged, and performance information is also 
lost. This defeats the purpose of long-term 
recordkeeping. From the genetic selection 
standpoint, many manufactured hutch cards 
over-emphasize lowly heritable litter size traits. 
A better system is to highlight the more impor-
tant litter weight traits (21- and 56-day litter 
weights) as measures of doe milk production 
and fryer growing ability.

Easily accessible permanent record sheets 
for all breeding stock are necessary in monitor-
ing and projecting herd performance. An 
organized recordkeeping system may also be 
an asset when bank loans are sought. 
Permanent record sheet forms for herd and 
individual rabbit productivity are also commer-
cially available. The record sheets can be kept 
together in a notebook or filed on computer 
for convenience. Preparation of monthly and 
annual herd average summaries is a sound 
business practice. For example, total feed costs 

and sales of fryers can be summarized at the 
end of each month to determine present herd 
output, feed efficiency, and net business 
returns. Over time, herd genetic performance, 
seasonal trends, and profit trends can be closely 
monitored to aid the producer in determining 
present herd quality level, in determining cash-
flow status, and in making future business 
projections.

Pedigree records are a must for all breed-
ing animals in the herd. Some hutch and per-
manent record forms include space for sire and 
dam identification, or even for three full gen-
erations. The commercial producer should use 
pedigree information, supplemented with per-
formance records, as a tool in making wise 
replacement stock selection decisions and in 
avoiding closely related matings that might 
result in inbreeding depression of the litter. The 
seedstock or fancy breeder will closely adhere 
to pedigree records in planning linebred mat-
ings to concentrate desirable genes from com-
mon ancestors or in planning test matings to 
screen youngstock that are suspect carriers of 
undesirable recessive genes. A buyer of breed-
ing stock should request pedigree records from 
the seller.

Computers as an Aid 
to Genetic Selection

The challenge of maintaining a system of 
accurate and useful recordkeeping is not a 
simple one. Commercial producers with as 
few as 50 breeding does can usually justify 
the use of a computer as an accurate, labor- 
saving tool.

Computer packages programmed for uti-
lization in rabbit production enterprises, aid 
in making more accurate evaluation of breed-
ing stock, and in substantially less time. The 
same computer program package can be 
used to print daily work sheets (e.g., matings 
to make, nest box entries, palpations, litters 
to be weighed, etc.) in a matter of just a few 
seconds.

A personal computer (Fig. 15.7) generally 
will pay for itself even in a small herd opera-
tion by reducing errors (e.g., forgetting to put 
in nest boxes) and by allowing the  producer to 
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spend more time looking after rabbits and less 
time keeping records. For fancy breeders, 
software packages are available that store and 
print pedigrees. Some even predict coat color 
outcome from specific  matings involving 

breeds with many color varieties! These 
 programs are regularly advertised in rabbit 
magazines, such as Domestic Rabbits, the 
magazine of the American Rabbit Breeders 
Association, Inc.

Fig. 15.7. A personal computer can provide a daily chore sheet, aid in genetic selection, and provide 
periodic financial statements. (Courtesy of J.I. McNitt)
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Coat Color Genetics of Rabbits

An appreciation of genetic variation can be 
gained by attending a rabbit show. For many, 
their first rabbit show remains a vivid memory. 
Besides the remarkable variation seen among 
breeds in such characteristics as body size, con-
formation, and behavior, perhaps the most 
intriguing feature is the splendid array in coat 
color. Discrete colors of black, chocolate, blue, 
red, and white and the subtle shades of beige, 
lilac, sable, seal, and silver are seen. In addition 
to color, the diverse color patterns found in 
many breeds - agouti banding, brindling or har-
lequin markings, Dutch and English spotting, 
and tanning - further exemplify the array of 
combinations of coat color and color patterns 
that have been developed. Furthermore, the 
structure, texture, and type of fur – e.g., 
angora, normal, rex, satin, and waved or ast-
rex – provide greater dimension to the genetic 
variation in color and pattern of the coat.

Prior to domestication, rabbits were all of 
the agouti or wild-type color pattern, character-
ized by alternating bands of black and red color 
on the hair shaft. This color condition was pref-
erentially maintained in nature, because it visu-
ally blended into the rabbits’ environment. 
Other colors arose in the wild, through genetic 
mutation undoubtedly, but being conspicuous 
to predators, including humans, such deviants 
had little chance of  survival. It was not until 
domestication of  rabbits occurred in the seven-
teenth century in monasteries throughout 

Western Europe that  preservation and selective 
breeding of mutant colors began. The following 
is a brief history of the genetic discovery of vari-
ous colors,  patterns, and types of fur.

•  By 1700: albino, black non-agouti, blue 
dilution, brown, Dutch spotting, red, and 
silver;

•  1700–1850: angora, English spotting, 
and Himalayan;

• 1850–1900: harlequin, steel, and tan; and
•  1900–1950: blue-eyed white, chinchilla, 

dominant black, rex, satin, waved, and 
wide band.

It is interesting to note that over 250 years 
have passed since the rabbit was domesticated, 
but only about 20 color genes have emerged 
through mutation. This illustrates the low rate 
at which genetic mutations generally occur.

Classification of Major Coat 
Color Genes

The vast majority of genes that affect coat color 
are located on only four pairs of chromosomes. 
These genes have been categorized into a sys-
tem referred to as the coat color series and are 
labeled A to E (agouti, brown, color, dilution, 
and extension). On one  chromosome pair the 
genes of the A series exist, where A stands for 
agouti coloration. On another chromosome 
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pair the genes of the B and C series are found, 
where B and C stand for brown and color, 
respectively. Because two sets of genes of the B 
and C series are located on the same chromo-
some, a condition called linkage exists. This is 
one of only three firmly established cases of 
linkage that involve major coat color genes. 
The other cases involve the Dutch and English 
spotting genes and the agouti and wide-band 
genes. On another chromosome pair the genes 
of the D series are present, where D stands for 
dilution of color, and on another pair of chro-
mosomes the genes of the E series are found, 
where E stands for extension of black color.

At each of these five major chromosomal 
locations of the coat color series, a gene that 
produces agouti coloration may be present. 
Since the agouti gene is dominant, a rabbit that 
possesses at least one agouti gene at each of 
the A through E locations will have agouti col-
oration. However, different versions of a gene, 
referred to as alleles, may exist in place of the 
dominant agouti gene. Over the course of many 
generations the agouti gene has given rise to 
numerous mutations, mostly recessive. At the A 
location (“locus”) there are three alleles, at the B 
locus two alleles, at the C locus six alleles, at the 
D locus two alleles, and at the E locus five alleles 
(Table 16.1). An individual rabbit can have only 
two alleles present at each major gene location, 
one on each of the chromosomes inherited 
from each parent. The two alleles may either be 
duplicates of the same gene (homozygous) or be 
dissimilar (heterozygous).

A series

There are three alleles of the A series: A, at, 
and a. An allele with dominant gene action is 
symbolized with a capital letter: A for agouti. 
Recessive alleles are symbolized with lower-case 
letters: at for tan and a for non-agouti. Three 
homozygous conditions are possible in a popu-
lation of rabbits in which these three alleles are 
found: AA, atat, and aa, respectively. The letter-
ing system denotes the genotypes of three dif-
ferent classes of rabbits. The respective agouti, 
tan, and non-agouti color patterns observed are 
called the phenotypes. The genotype of a 
rabbit is ascertained by observing either its own 
phenotype or that of its offspring, or both. 

Three heterozygous conditions are possible for 
the same population: Aat, Aa, and ata. A rabbit 
with the Aat or Aa genotype will have the agouti 
phenotype, because agouti is dominant. 
Although both at and a are recessives, at geneti-
cally prevails over a, producing a tan pheno-
type. With the homozygous recessive genotype 
aa, a rabbit will have the non-agouti or self-
phenotype. Coat color genotypes of American 
breeds of rabbits are provided in Table 16.2.

The agouti phenotype is the result of black 
pigments (eumelanin) being distributed in the 
terminal band region, red pigments (pheomel-
anin) being distributed in the sub-terminal or 
intermediate band region, and black pigments 
being sparsely distributed in the base of the 
hair shaft. Agouti markings predominate 
throughout the head, back, and sides of the 
body coat, while the eye circles, under-jaw, 
nape of the neck, belly, and undersurface of 
the feet and tail are white or cream in color. 
Three types of hairs comprise the coat: pri-
mary guard hairs, secondary guard hairs, and 
underfur. Primary and secondary guard hairs 
are long and coarse. The underfur, or down, is 
relatively shorter and finer. It is the secondary 
guard hair that displays typical agouti charac-
teristics involving terminal, sub-terminal, and 
base color bands, as found in many breeds.

The recessive at allele is responsible for 
producing a black dorsal coat lacking agouti 

Table 16.1. Major coat color series of the rabbit.

Series Genes Colors

A-Agouti A Agouti
at Tan
a Non-agouti

B-Brown B Agouti
b Brown or chocolate

C-Color C Agouti
cchd Dark chinchilla
cchm Medium chinchilla
cchl Light chinchilla
ch Himalayan
c Albino

D-Dilution D Agouti
d Blue dilution

E-Extension Ed Black agouti
Es Steel agouti
E Agouti
ej Japanese
e Red
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Table 16.2. Coat color genotypes of American breeds of rabbit.

Breed Genotype1 Breed Genotype1

American Harlequin
Blue aa dd Japanese ejej

White cc Magpie cchdcchd ejej

American Fuzzy Lop2 ll Havana
American Sable aa cchlcchl Black aa
Angora2 ll Blue aa dd
Angora Giant2 ll Chocolate aa bb
Angora Satin2 ll Brokens Enen
Belgian Hare ww Himalayan
Beveren Black aa chch

Black aa Blue aa chch dd
Blue aa dd Chocolate aa bb chch

White vv Lilac aa bb chch dd
Britania Petite Holland Lop2 ll

Black aa Hotot duwduw EnEn aa
Black Otter atat Jersey Wooly2 ll
Chestnut Agouti Lilac aa bb dd
Ruby-eyed white cc Lop4

Sable Marten atat cchlcchl ee Mini Lop4

Californian aa chch Mini Rex4

Champagne D’Argent3 aa Mini Satin
Checkered Giant Chinchilla sasa cchdcchd

Black Enen aa Opal sasa dd
Blue Enen aa dd Red sasa ee

Chinchilla, American cchdcchd Siamese sasa aa cchlcchl ee
Chinchilla, Standard cchdcchd Ruby-eyed white SaSa cc
Cinnamon AA bb Netherland Dwarf4

Creme D’Argent3 ee New Zealand
Dutch dudduw aa Black aa

Black
Blue dudduw aa dd Broken Enen
Chocolate dudduw aa bb Red ee
Gray dudduw aa White cc
Steel dudduw aa EsE Palomino
Tortoise dudduw aa ee Golden ee

Dwarf Hotot duwduw EnEn aa Lynx bb dd
English Spot Polish

Black Enen aa Black aa
Blue Enen aa dd Blue aa dd
Chocolate Enen aa bb Blue-eyed white vv
Gold Enen ee Broken Enen
Gray Enen Chocolate aa bb
Lilac Enen aa bb dd Ruby-eyed white cc
Tortoise Enen aa ee Rex

Flemish Giant Amber rr bb ee
Black aa Black rr aa
Blue aa dd Blue rr aa dd
Fawn ee Broken rr Enen
Light Gray cchdcchd Californian rr aa chch

Sandy Castor rr
Steel Gray cchdcchd ESE Chinchilla rr cchdcchd

White cc Chocolate rr aa bb
Florida White cc Lilac rr aa bb dd

Continued
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coloration, while the eye circles, belly, and 
other undersurface regions remain light 
colored. In the Tan breed it is believed that 
additional genes, called modifying genes, are 
involved that cast a tan shade to these under- 
surface body regions.

The effect of the a allele, when in the 
homozygous state, is to obliterate the agouti 
condition by producing an entirely black coat. 
The black or self (solid-colored rabbit) pheno-
type is probably the most popular color variety 
in existence among present rabbit breeds.

B series

The dominant B allele codes for synthesis of 
normal agouti coloration. A rabbit with a bb 
genotype has brown rather than black color, 
because of a chemical change affecting the 
shape of the melanin pigment molecule. If a rab-
bit is an agouti (A_), the normally black ticking 
will be brown instead, as found in the Cinnamon 
breed. A tan marked rabbit will be a brown or 
chocolate tan with an atat bb genotype. A black 
non-agouti (aa) will be a chocolate self.

C series

Several alleles are members of the C series, 
probably the most influential series in terms of 
color shade. These alleles can conveniently be 
ordered according to dominance as follows:

C = full color; cchd = dark chinchilla; cchm = 
medium chinchilla; cchl = light chinchilla; ch = 
Himalayan; c = albino.

The C allele allows for full color expres-
sion in the agouti, tan, or non-agouti rabbit and 
is dominant to all other alleles of the C series. 
In contrast, a cchlcchl light chinchilla or sable (aa 
cchlcchl) rabbit will be of a still lighter shade if, 
instead, it is heterozygous cchlch or cchlc. Also, 
because of incomplete dominance, a chc 
Himalayan or Californian individual is a faded 
version of the chch homozygote which has dark 
points. The cc genotype produces an albino 
rabbit, fully devoid of coat and eye pigmenta-
tion. Since this condition is the result of a defi-
ciency of an enzyme involved in melanin 
synthesis, color expression is inhibited. This is 
true even though the albino rabbit possesses 
other normal genes for coat and eye color.

Table 16.2. Continued.

1Only relevant gene provided. (A blank represents agouti type.)
2See Table 16.6 for color genotypes of Angora varieties.
3Polygenic inheritance for silvering involved.
4See genotypes for Rex breed as a guide.

Breed Genotype1

White sasa cc
Silver3

Black aa
Brown
Fawn ee

Silver Fox3

Black aa
Blue aa dd

Silver Marten
Black atat cchdcchd

Blue atat cchdcchd dd
Chocolate atat bb cchdcchd

Sable atat cchl cchl ee
Tan

Black atat

Blue atat dd
Chocolate atat bb
Lilac atat bb dd

Thrianta ee

Breed Genotype1

Lynx rr bb dd
Opal rr dd
Otter rr atat

Red rr ee
Sable rr aa cchlcchl ee
Seal rr aa cchlcchl ee
White rr cc

Rhinelander
Black Enen aa ejej

Blue Enen aa dd ejej

Satin
Black sasa aa
Blue broken sasa Enen aa dd
Californian sasa aa chch

Chinchilla sasa cchdcchd

Chocolate sasa aa bb
Copper sasa
Otter sasa atat

Red sasa ee
Siamese sasa aa cchlcchl ee
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The true agouti has black ticked fur with 
an intermediate region of red pigmentation 
and a base of slate blue tone color. The effect 
of the cchd gene is to change the intermediate 
or sub-terminal region of the hair from red to 
pearl white, as well as to change the color of 
the eye circle, belly, and other under-surface 
regions from cream to white. This gene pre-
vents the synthesis of red color, as is true of the 
other recessive alleles of the C series. The 
Chinchilla is one of the more striking breeds, 
with its characteristic coat pattern being dis-
played in rings of color seen by blowing on the 
fur (Fig. 16.1). Lighter shades of the common 
dark chinchilla can be made upon substitution 
of the cchd allele with the cchm and cchl alleles in 
the homozygous state (Fig. 16.2). There is 
some speculation whether the cchm allele actu-
ally exists. Modifier genes may lighten the cchd 
or darken the cchl effects of these two prevalent 
genes. The cchl gene is prevalent among several 

of the subtle blends of sable, seal, and siamese 
color in combination with the aa non-agouti 
genotype. Combining the genes for the tan 
pattern with the chinchilla genes (atat cchdcchd 
and atat cchlcchl) produces the marten. Since the 
effect of the chinchilla gene is to inhibit red 
pigment coloration throughout the body, the 
marten still shows the tan pattern but simply 
lacks tan coloration. This condition exists in 
the Silver Marten and in color varieties of other 
popular breeds.

The ch gene restricts coat color pigmenta-
tion to the extremities or points of the body: 
the nose, ears, feet, and tail. This is because 
the body temperature at these distal points is 
slightly lower than for the rest of the body, 
allowing this temperature-dependent gene to 
be expressed. Californian and Himalayan kits, 
when chilled shortly after birth, may develop a 
gray coat because of this temperature- 
dependent condition. This can also occur in 
the adult when the skin surface is exposed to 
cold temperatures, such as through fur pulling 
or chewing (Fig. 5.17). Above a temperature 
of 25°C (79°F), production of color pigments 
declines and faded points result. In rather 
extreme cases of prolonged high temperatures, 
a pointed rabbit may be indistinguishable from 
a true albino rabbit. In fact, because Californian 
and Himalayan marked animals have, for the 
most part, a white coat and pink or ruby-
colored eyes, the term “pseudo-albino” is used 
to describe the false or mock albino condition.

D series

In the D series there are the dominant D and 
the recessive d alleles. As seen in the normal 
agouti coat, a rabbit with at least one D allele 
has the potential to exhibit dense color through-
out pigmented regions of the body coat.

In contrast, a dd recessive homozygote has 
diluted color throughout the pigmented regions 
of the body coat. This is because the hair pig-
ment granules are clumped and irregularly dis-
tributed, leaving much empty space. This leads 
to greatly decreased light absorption and causes 
an increase in white light, which dilutes the 
strength of color seen by the eye. The effect is 
that black appears blue, chocolate appears lilac, 
and red appears cream colored. An agouti 

Fig. 16.1. The coat of the chinchilla rabbit contains 
five rings of color, including black ticking that makes 
up the outermost ring. (Courtesy of S.D. Lukefahr)

Fig. 16.2. Left to right: rabbits displaying light 
(cchl), medium (cchm), and dark (cchd) chinchilla 
color patterns. (Courtesy of S.D. Lukefahr)
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 rabbit that possesses the dilution genes (geno-
type A_ B_ C_ dd) has blue ticked fur with a 
cream intermediate ring color and slate under-
color and is a blue agouti, also called an opal. If 
an agouti rabbit also possesses the recessive 
brown genes (genotype A_ bb C_ dd), the color 
is referred to as lynx, or more descriptively, a 
lilac agouti. Both the opal and lynx color varie-
ties occur in the Angora, Lop, Netherland 
Dwarf, and Rex breeds, while only the lynx 
variety is found in the Palomino breed.

Marten and Siamese varieties of smoke 
pearl result when the blue dilution dd genes are 
present in the same animal, as found in the 
Netherland Dwarf breed. Blue color varieties of 
Silver Martens and Tans have the dd dilution 
factor, and lilac color varieties have both bb 
brown and dd dilution factors. In the non-agouti 
self-rabbit, possession of the dd dilution factor 
produces an entire blue coat, while possession 
of both bb brown and dd dilution factors pro-
duces an entirely lilac coat. Because brown 
color pigments are irregularly dispersed 
throughout the hair follicle, the actual color 
usually detected is a bluish fawn or dove gray 
shade called lilac.

E series

Five alleles are common members of the E 
series, shown below in order of dominance:
Ed = dominant black agouti; Es = steel agouti; 
E = agouti; ej =Japanese brindling; e = red or 
yellow.

There are three dominant and two reces-
sive alleles in this series. The e allele is com-
pletely recessive to all other alleles of the series, 
while rather complicated interactions exist 
among the Es, E, and ej alleles. The Ed allele 
may cause black color ticking to extend com-
pletely into the intermediate agouti band of the 
hair, producing an entirely black coat, as also 
found in the non-agouti black rabbit (aa). More 
specifically, the otherwise normal agouti (geno-
type A_B_C_D_E_) that has at least one Ed 
allele displacing any of the other alleles of the 
E series will be black. The effect of the Es allele 
is to cause partial extension of the black pig-
ment into the intermediate agouti band. A nar-
row band of red or gray color in this hair zone 
is referred to as steel coloration and is seen in 

many breeds. However, EsEs homozygotes dis-
play only traces or no steel coloration and 
appear entirely black, similar to Ed individuals. 
It is the Es E heterozygote that is believed to be 
the genotype of the ideal steel (genotype 
A_B_C_D _Es  E). To make matters more com-
plicated, there may be separate genes for light 
versus dark belly color as seen in the agouti 
coat.

The most intriguing allele of the E series 
is ei, the Japanese brindling gene. It has two 
effects in the agouti (A_) in that it behaves as 
both Ed and e alleles. In a seemingly random 
manner, alternating patches of black and red 
color appear throughout the body. Ideally, 
according to the American Rabbit Breeders 
Association1 “The chest should be evenly 
divided with the black half chest and leg under 
the orange half face, and the orange half 
chest and leg under the black half face, 
thereby framing the face with its alternating 
color. The leg may be the same color as its 
side of the chest or alternate with the chest 
color… The rabbit which alternates the most 
frequently in color should have preference.” 
(American Rabbit Breeders Association, Inc. 
2011. Standard of Perfection 2011–2015.) 
On the other hand, certain individuals may 
show few “bands” or “bars” of alternating 
color and resemble either of the two extremes 
of black or red coat colors. The magpie harle-
quin has white instead of red-colored regions 
due to the action of the cchd gene, which inhib-
its red color expression. Blue, chocolate, and 
lilac harlequin varieties also involve b and/or 
d genes. Rabbits with an ee genotype have 
the basic agouti coat pattern, except for the 
absence of black surface ticking on the head 
and ears, back, and sides. In other words, the 
e gene inhibits extension of black color; thus, 
it is commonly referred to as the non- 
extension allele of the E series. The red color 
variety (also referred to as cream, fawn, gold, 
or orange) is present within the Angora, 
Creme D’Argent, Dutch, English Spot, 
Flemish Giant, New Zealand, Palomino, 
Satin, and Silver breeds (Table 16.2). In A_ ee 
agouti rabbits, appealing shades of chocolate, 
blue, and lilac fawns can be developed by 
incorporating the bb and/or dd genes. 
Paradoxically, A_ ee rabbits that also have 
chinchilla genes (cchd, cchm, and cchl) have a 
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white coat. This is because the chinchilla gene 
prevents red  coloration, while the non-exten-
sion red gene prevents black or dark colora-
tion, thereby resulting in no color expression. 
This is sometimes called white chinchilla.
Combining the non-agouti aa with the ee 
genes produces a red self rabbit with black 
points and underline, commonly called a tor-
toise-shell. Therefore, in the otherwise non-
agouti black animal, the action of the e gene 
is incomplete in restricting all black pigmenta-
tion from the body. Chocolate, blue, and lilac 
tortoise-shells can easily be produced by select-
ing for the relevant genes, b and d. By com-
bining the chinchilla and the non-extension 
red genes in the non-agouti black animal 
(genotype aaB_cchd_D_ee), the pearl color is 
produced. The pearl, also known as a sable 
point or chinchillated tortoiseshell by some 
fanciers, has a white body coat laced with 
sooty dark ticking that intensifies at the points. 
As described above, chinchilla genes are inca-
pable of producing red color, while the e gene 
is not fully capable of eliminating black color. 
Combining these genes in the non-agouti rab-
bit results in delicately shaded pearl colora-
tion. A lighter version of the pearl color exists 
in a rabbit that has the cchl (light chinchilla) 
allele rather than the darker cchd allele (dark 
chinchilla). This lighter animal, presumably 
with the genotype aaB_cchl_D_ee, is better 
known as the siamese and the sable point. An 
interesting condition, called the mock albino, 
can be synthesized by combining the 
Himalayan gene ch with the non-extension 
red gene e in the agouti rabbit (genotype A_ 
chch ee). The action of the e gene is to prevent 
expression of dark coloration at the body 
points, producing an animal with a white coat 
that also happens to have pink eyes. In the 
non-agouti rabbit, the mock albino condition 
(genotype aa chch ee) may appear as well. 
However, upon close observation of the body 
points, it usually becomes apparent that some 
dark ticked fur is present in such a mock 
albino. Furthermore, mating a true albino (cc) 
that is known to possess any of the dominant 
alleles of the E series (Ed, Es, or E) to a mock 
albino should result in colored offspring. 
Mating true albino stock will result in only 
albino offspring. Other possible versions of 
mock albino may involve the A_cchl_ee and aa 

cchl_ee genotypes. A comprehensive list of 
coat color genetic combinations involving the 
five major A–E series and using two common 
alleles per locus in agouti and non-agouti vari-
eties is presented in Table 16.3.

Coat Pattern Genes

In addition to the primary genes of the major 
A-E coat color series, other well-recognized 
genes exist that also exert pronounced effects 
on the coat color pattern. Moreover, there are 
many minor (modifier) genes that, in a cumula-
tive manner, tend to modify the expression of 
the major coat pattern genes.

Dutch white spotting

A list of coat color patterns is provided in 
Table 16.4. The first set of genes is for Dutch 
spotting. The inheritance of Dutch spotting is 
quite complicated because both primary major 
and secondary minor genes are involved. The 
most widely accepted hypothesis is that there 
are three major alleles that belong to the 
Dutch spotting locus, one dominant and two 
recessives. The dominant allele (Du) produces 
no Dutch markings on the body coat. The 
re cessives (dud and duw) impart the Dutch spot-
ting. Allele dud expresses minimal white 
spotting, while duw expresses substantial white 
spotting. The degrees of Dutch white spotting 
have been graded according to the action of 
these three alleles in homozygous and hetero-
zygous forms (Fig. 16.3).

The dominant allele, Du, is actually incom-
pletely dominant over both recessives and pro-
duces rabbits with little or no Dutch white 
spotting (grades 0–3). The white spotting that 
does occur is usually restricted to the nose, 
face, and/or feet. The heterozygous combina-
tion of the dark and white recessive Dutch al -
leles yields a rabbit with nearly ideal Dutch 
markings (grades 6–9). Unfortunately, hetero-
zygotes do not breed true. However, some 
Dutch breeders have the reputation for con-
sistently producing uniform ideal grade stock. 
The best explanation of this is that selection 
for modifier genes with favorable effects on 
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Table 16.3. Coat color genotypes for agouti and non-agouti varieties.

Agouti Version Color Description Non-agouti Version Color Description

A_ B_ C_ D_ E_ Agouti aa B_ C_ D_ E_ Black
A_ B_ C_ D_ ee Red (Fawn) aa B_ C_ D_ ee Tortoise-shell
A_ B_ C_ dd E_ Blue agouti (Opal) aa B_ C_ dd E_ Blue
A_ B_ C_ dd ee Blue Fawn aa B_ C_ dd ee Blue tortoise-shell
A_ B_ cchdcchd D_ E_ Chinchilla aa B_ cchdcchd D_ E_ Seal1
A_ B_ cchdcchd D_ ee White chinchilla aa B_ cchdcchd D_ ee Black pearl2
A_ B_ cchdcchd dd E_ Blue chinchilla (Squirrel) aa B_ cchdcchd dd E_ Blue seal
A_ B_ cchdcchd dd ee White chinchilla aa B_ cchdcchd dd ee Blue pearl
A_ bb C_ D_ E_ Chocolate agouti (Cinnamon) aa bb C_ D_ E_ Chocolate
A_ bb C_ D_ ee Chocolate fawn aa bb C_ D_ ee Chocolate tortoise-shell
A_ bb C_ dd E_ Lilac agouti (Lynx) aa bb C_ dd E_ Lilac
A_ bb C_ dd ee Lilac fawn aa bb C_ dd ee Lilac tortoise-shell
A_ bb cchdcchd D_ E_ Chocolate chinchilla aa bb cchdcchd D_ E_ Chocolate seal
A_ bb cchdcchd D_ ee White chinchilla aa bb cchdcchd D_ ee Chocolate pearl
A_ bb cchdcchd dd E_ Lilac chinchilla aa bb cchdcchd dd E_ Lilac seal
A_ bb cchdcchd dd ee White chinchilla aa bb cchdcchd dd ee Lilac pearl
1The genotype of the seal is not conclusively verified. Studies indicate that one or more of the genotypes aa, aa cchdcchd, 
and aa cchlcchl are involved.
2A paler version of the pearl is produced by substituting the cchdcchd (dark chinchilla factor) for the cchlcchl (light 
chinchilla factor) genes, which gives the siamese and sable point.

Table 16.4. Major coat pattern genes in addition 
to the A–E series.

Locus Alleles Color of Color Pattern

Du – Dutch Du Normal,
Dud Dark Dutch, minimal 

spotting
duw White Dutch, 

excessive spotting
En – English En English spotting

en Normal
si – Silver1 Si Normal

si Silver coat surface
A – Viennese 

White
V Normal

v White coat, blue eyes
w – Wide Band W Normal agouti band

w Wide agouti band

1 Although si (silver) is reported in the literature as a 
recessive, silvering is more likely a polygenic trait.

expression of superior Dutch markings in 
recessive homozygotes (duddud and duwduw) has 
produced a herd near the ideal type usually 
found in the dudduw heterozygote. Response of 
the modifier genes to selection is relatively 
rapid and consistent with the breeder’s objec-

tive. Other major genes found at other loci 
(besides the du locus) may as well be involved in 
influencing Dutch spotting.

English white spotting

The dominant English white spotting gene, En, 
gets its name from the English Spot breed. The 
same gene is found in the Checkered Giant, 
Blanc De Hotot, Lop, Rex, Satin, and 
Rhinelander breeds and their varieties. The 
Rhinelander possesses genes for English spot-
ting as well as for Japanese harlequin brindling, 
producing a tri-colored animal of white, red, 
and black. The inheritance of English spotting 
is simpler than Dutch spotting, as illustrated in 
Fig. 16.4. The preferred phenotypes of the 
English Spot and the Checkered Giant breeds 
also result from the heterozygous genotype 
Enen. The Enen heterozygote with the ideal 
phenotype (grades 5–7) will not breed true. 
Dominant homozygous rabbits, EnEn, are 
mostly white and are called Charlies (grades 
8–12). The occurrence of grade 12 Charlies is 
particularly rare. At the other extreme, reces-
sive homozygotes, enen, have no white spot-
ting on the body (grade 0).



210 Chapter 16

The number, size, and placement of spots 
is determined during fetal development, when 
color pigment-forming cells migrate from the 
spinal region (neural crest) to the head and 
down the sides of the body. Modifier genes are 
also believed to be involved in these spotting 
characteristics. Some studies in other species, 
such as mice and cattle, indicate that size and 
number of spots on the coat are quite heritable 
and could thus respond to selection. It is inter-
esting that there appears to be an association 
between migration of pigment-forming cells 
from the neural crest and the nerve supply to 
the digestive tract. The dominant homozygous 
rabbits, EnEn, seem to be more susceptible to 
cecal impaction, presumably because of low-
ered gut motility and lack of nerve cell function 
in the gut wall. They also have higher mortality 
and very large, moist fecal pellets, which tend 
to adhere to the cage floor.

A unique genetic situation exists for 
coat color in the Blanc de Hotot breed. 
Rabbits have a completely white coat except 
for a  circle of black color around each eye. 

The genotype for this breed is aa duwduw 
EnEn. Genes for excessive Dutch and English 
white spotting are combined in the same ani-
mal. Eye color is usually brown, although blue 
or mosaic eyes may be seen on occasion in 
some Hotots. Some individuals display only 
one eye circle and are referred to as boxers. 
This is believed to be a random non-genetic 
event that occurs during early fetal develop-
ment. On the other hand, width of the eye 
circle is probably influenced by modifier 
genes. Of academic interest, the Dutch and 
English spotting genes are located in very 
close proximity on the same chromosome 
and therefore are said to be tightly linked (dis-
tance of 1.2 map units). The significance of 
such tight linkage lies in the great difficulty in 
producing desired recombinants (duwduw 
EnEn) in subsequent generations from, say, 
Dutch x English Spot matings. In other words, 
the genes of relevance tend to be transmitted 
as a common unit rather than as separate 
entities. A rare English–Dutch spotted rabbit 
is shown in Fig. 16.5.
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Fig. 16.3. Grades of Dutch white spotting. (Robinson, R. 1978. Colour Inheritance in Small Livestock, Fur 
and Feather, Idle, Bradford, UK Courtesy of Fur and Feather)
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Silvering

The recessive silvering gene, si, is responsible 
for producing a preponderance of silver hairs 
throughout the body coat, such as found in the 
Champagne D’Argent breed. In the absence of 
the silvering gene(s), the Champagne would 
instead be a non-agouti black-colored rabbit. 

It has been demonstrated that pigment- 
producing cells are physically stripped from the 
secondary guard hairs upon growth of the sec-
ond coat. This action leaves silver hairs, a phe-
nomenon somewhat similar to the aging 
process in humans. It has not been conclusively 
verified whether silvering is inherited as a  simple 
recessive or is polygenic (involves many genes). 
Other breeds that display silvering include 
the Creme D’Argent, the Silver, and the Silver 
Fox. It probably would require only a minor 
breeding effort to develop new color varieties 
within the silver breeds through introducing the 
desired color by initial crossbreeding.

Viennese white

A common variety in the Beveren, Netherland 
Dwarf, and Polish breeds is the blue-eyed white. 
This condition is due to the presence of the 
Viennese white gene, v, in the homozygous 
state. One intriguing feature of this gene is 
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Fig. 16.4. Expression and inheritance of English white spotting (Robinson, R. 1978. Colour Inheritance in 
Small Livestock, Fur and Feather, Idle, Bradford, UK. Courtesy of Fur and Feather)

Fig. 16.5. Dutch–English spotted rabbit from 
Ghana, West Africa. (Courtesy of S.D. Lukefahr)
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revealed in the heterozygote (Vv) in which the 
Dutch spotting characteristics of a white facial 
blaze, white paws, and a white shoulder belt are 
exhibited. Thus, in the heterozygous state, gene 
v behaves as an incomplete dominant, which 
is an unusual condition of gene expression. 
A form of mock albinism exists when a rabbit 
possesses both ch and v genes in the homo-
zygous state. In the otherwise normal-appearing 
Himalayan marked animal, the v gene restricts 
pigmentation from occurring at the points of 
the body. The coat becomes entirely white, and 
the eyes remain pink, making the animal resem-
ble a true albino rabbit (cc).

Wide band

A recessive gene that causes an increase in the 
width of the sub-terminal agouti band of the 
hair shaft is called the wide-band gene (w). It is 
found in the Belgian Hare and possibly in cer-
tain varieties of the Rex, Silver, and Tan breeds. 
The effect of the gene is to make the sub- 
terminal band colors more visible with less dark 
surface color. Largely due to modifier genes, 
the extent of wide-band gene expression is 
variable from animal to animal. At the two 
extremes, for example, an animal could resem-
ble a true agouti or could resemble a red agouti 
(AA ee) with no ticking shown. Similarly, 
Chinchilla rabbits that possess the wide-band 
gene (genotype AA cchdcchdww) may show no 
black surface color. These are called ghost 
chinchillas because of excessive white pearling 
throughout the hair shaft. The base or under-
color remains a slate blue. Some Tan breeders 
contend that the w gene may be involved in 
yielding a prevalence of tan-tipped hairs in the 
coats of high quality stock. This could also be 
the case in tan-patterned varieties of other 
breeds.

Modifier Genes

The role of modifier genes is, in many instances, 
critical in the phenotypic expression of coat 
color. Each modifier gene by itself has a rela-
tively insignificant effect on color. On a cumula-
tive basis, however, modifier genes can make 

the difference between a poorly marked Dutch 
or one with ideal marking qualities. Other exam-
ples of their effects include the deep chestnut-
red color found in the Belgian Hare, the definition 
of ring color in the Chinchilla, the degree of 
steeling in steel gray varieties, the extent of 
 silvering in the Champagne D’Argent and Silver, 
and the dark bluing of the Blue Vienna. Since 
modifier genes behave in a cumulative or addi-
tive manner, directional selection can be prac-
ticed. For example, New Zealand Reds can be 
selected in one direction to produce animals 
with weak, light yellow coats or can be selected 
in the opposite direction to produce animals 
with rich, dark red coats. Selection for an inter-
mediate red coat condition, called stabilized 
selection, can also be applied. Genetic progress 
achieved through directional or stabilized selec-
tion for modifier genes influencing coat color 
should be fairly rapid.

Modifier genes are analogous to minus 
genes (−) and plus genes (+). Minus genes 
lighten, while plus genes darken color. In the 
New Zealand Red, animals that possess a 
majority of minus genes (−−−−+−) will have 
light yellow coats, while animals that possess a 
majority of plus genes (+ + +−+ +) will have 
dark red coats. Animals with a near equal com-
bination of minus and plus genes (−+−+−+) 
will have medium red coats. This concept can 
be applied to Dutch markings as well. Dutch 
rabbits with a preponderance of minus genes 
display more white spotting characteristics 
than those with a preponderance of plus genes. 
Selection toward increased white spotting 
should thus result in an increase in the pres-
ence of minus genes. As another example, 
selection applied at the modifier gene level in 
Lilac rabbits should produce either of the two 
extremes of blue or chocolate colors. This 
minus and plus gene action can apply to most 
forms of color expression influenced by modi-
fier genes.

Coat Structural Genes

Other genes affect hair coat structure 
(Table 16.5). The five genes presented –  furless, 
angora, rex, satin, and waved – are all inher-
ited as simple recessives.
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Furless

Furless, f, was discovered in Russia and was 
reported as a condition in which “furless” rab-
bits (Fig. 16.6) apparently lack the soft, short 
underfur of the coat, possessing predominantly 
guard hairs. Furless rabbits rarely appear in 
herds and therefore are of minor concern. 
A rare population of furless rabbits was main-
tained at Texas A&M University-Kingsville. 
Several years of research were conducted in 
summers to compare performance of furred 
and furless littermates from matings of parents 
that were heterozygous (carriers of the reces-
sive furless gene). The studies revealed that fur-
less rabbits ate more feed and had faster growth 
rates than their furred littermates. Also, furless 
rabbits had better performance because they 
were apparently less stressed by the heat, tak-
ing fewer breaths and having fewer heart beats 
per minute (indicators of better heat resist-
ance). The potential exists for furless rabbits to 
be raised in hot climates where they would be 
more suitable for meat production.

Angora

The long-hair, angora wool gene, l, has been 
known for well over 100 years. Since the 
occurrence of this remarkable mutation, a 
thriving international angora wool industry has 
developed (see Chapter 23). The hair of the 
angora rabbit grows continually in length, so 

the animal requires periodic clipping. Wool 
characteristics involving modifier genes, such 
as rate of growth, density of coat, and texture, 
are generally considered highly heritable, so 
they respond well to selection. Many varieties 
exist within the Angora breeds (Table 16.6).

In commercial meat breeds of rabbits, the 
occurrence of offspring with long, thin hair 
(called woollies) has been a nuisance. The fre-
quency of incidence of the l gene can be 
reduced by mating woolly-type tester animals 
to suspect l carriers and culling confirmed car-
rier stock.

Rex

Three sets of rex genes (r1, r2, and r3) have 
been discovered. Each of these paired sets 
exists on a separate locus, or chromosome 
location. The French rex gene, r1, is the most 
common, prevalent in many of the American 
and European Rex breeds. The second rex 
gene, r2, is sometimes referred to as the 
German short-hair gene and is virtually indis-
tinguishable from r1. Both of these genes, r1 
and r2, have been demonstrated to be located 
on the same chromosome and are therefore 
linked. The third rex gene, r3, has been called 
the Normandy rex gene and is quite indistin-
guishable from r1 and r2 in expression.

Table 16.5. Selected genes for coat structure in 
rabbits.

Locus Alleles Hair structure

f – Furless F Normal
f Furless

l – Angora L Normal
l Hair long, wool

r – Rex R Normal
r Hair short, rex1

sa – Satin Sa Normal
sa Hair thin, satin

wa – Waved Wa Normal
wa Hair waved, 

astrex

1Three pairs of rex genes found on different loci have 
been reported.

Fig. 16.6. A furless rabbit, resulting from a 
homozygous condition of the furless gene, f 
(Courtesy of S.D. Lukefahr)
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Table 16.6. Standard coat color genotypes of the 
Angora rabbit.

Agouti Varieties

Agouti AABBCCDDEE
Chinchilla AABBcchdcchdDDEE
Cinnamon AAbb CC DDEE
Cream AA BB CC dd ee
Ermine Silver1 AA BB cchdcchd DD ee
Fawn2 AA BB CC DD ee
Lynx AA bb CC dd EE
Opal AA BB CC dd EE

Squirrel AA BB cchdcchd dd EE
Steel AA BB CC DO EsE

Non-agouti Varieties
Black aa BB CC DO EE
Blue aa BB CC dd EE
Chocolate aa bb CC DD EE

Himalayan
Black aa BB chch DO EE
Blue aa BB chch DO EE
Chocolate aa bb chch dd EE
Lilac aa bb chch dd EE

Lilac aa bb CC dd EE
Marten

Black a1a1 BB cchdcchd DO EE
Blue a1a1 BB cchdcchd dd EE
Chocolate a'a' bb cchdcchd DD EE
Lilac a'a' bb cchlcchl dd EE
Sable a1a1 BB cchlcchl DD EE

Sable3 aa BB cchlcchl DD ee
Siamese Sable3 aa BB cchlcchl DD ee
Smoke Pearl aa BB cchlcchl dd EE
Tan

Black atat BB CC DD EE
Blue atat BB CC dd EE
Chocolate atat bb CC DD EE
Lilac atat bb CC dd EE

Tortoise-shell
Blue cream aa BB CC dd ee
Bronze aa bb CC DD ee
Lilac aa bb CC dd ee
Sooty aa BB CC DD ee

White Varieties
Blue eyed white __ CC__vv4

Red eyed white __ cc __

1There are two eye-color versions. Rabbits with cchdcchd 
have marbled blue irises; those with cchlcchl and the cchdcchl 
heterozygote have brown irises.
2The genotype AAbbCCDDee also gives fawn color. This 
is generally considered to be a superior, more consistent 
coat color than that arising from AABBCCDDee.
3The coat color difference is due to modifier genes.
4Recessive gene for Viennese white color.
Source: Lukefahr, S.D.1986. Basic inheritance of coat 
color in rabbits. J. Appl. Rabbit Res. 9: 168–174.

Table 16.7. Additional coat color varieties present 
in the Rex breed.

Color Genotype

Beige aa dd ee
Fawn dd ee
Harlequin ejej

Magpie cchdcchd ejej

Silver marten atat cchdcchd

Smoke pearl aa cchlcchl dd
Tortoise-shell aa ee
Tri-colored Enen ejej

The effect of the rex gene is to reduce the 
length of the guard hairs to approximately that 
of the underfur. Thus, the coat is composed of 
a short, plush fur of a luxuriantly soft quality. 
Certain pelt qualities involve modifier genes, 
such as age at which a prime pelt is first pro-
duced, fur density, length and texture, and size 
of the coat, are heritable to some extent and 
therefore can be improved through selection. 
In the past, the development of a Rex fur 
industry was pursued by various groups of Rex 
rabbit breeders (see Chapter 22).

Many coat color varieties occur in the 
Rex breed. Agouti, self, shaded, tan, tri-
colored, and white varieties are represented, 
although the dark colors - black, castor, chin-
chilla, chocolate, sable, and seal – are in high-
est demand by the Rex garment industry. 
Genotypes for these coat colors are provided 
in Table 16.2. These particular varieties, for 
the most part, involve alleles only from the A, 
B, and C major coat color series. There exist, 
in addition to ARBA-recognized color varie-
ties, various other colors of the breed 
(Table 16.7). Mating rabbits with common 
coat colors may combine genes to produce 
offspring with less common coat colors, e.g., 
red x blue to produce beige rabbits in the sec-
ond (F2) generation. The wide-band gene may 
be prevalent in the Rex breed and compen-
sate for the reduced hair length. Many modi-
fier genes also act to impart the preferred 
shade, tone, and pattern of color.

The Opossum Rex, a British breed, is 
the result of two-generation matings that ini-
tially involve the long-hair angora and short-
hair rex. Upon recombination of genes 
transmitted by the first cross generation (F1), 
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progeny in the second generation (F2) with 
the genotype llrr, will appear at the rate of 
1/16 probability. Although the F2 rabbit of 
Angora and Rex breeding may display a 
long, limp coat of fur that is susceptible to 
matting, through selection this has been 
bred out of the Opossum Rex so the hairs 
are more erect and coarse. In addition, the 
silvering gene was introduced during devel-
opment of the breed to mimic the true opos-
sum coat.

Satin

The first Satin rabbit appeared as a mutation 
in 1931 in a litter of chocolate Havanas. The 
satin gene, sa, is a simple recessive. The 
effect of the satin gene is to reduce the hair 
fiber diameter and to make the outer layer 
smoother, allowing for more light reflection, 
which results in the satin sheen quality. This 
change in the hair structure causes the coat 
to glisten and have a nearly transparent or 
glass-like appearance, which enhances the 
brilliancy of color. The degree of luster or 
sheen of the coat in the Satin depends on the 
condition of the animal and is also influenced 
by the cumulative effects of modifier genes. 
From the several varieties of coat color pres-
ently found in the Satin breed, it is possible 
through simple breeding strategies to pro-
duce many additional colors.

Waved

The wa gene, also a simple recessive, pro-
duces a wave-like effect in the Rex coat. 
The homozygous wawa rabbit is called an 
astrex. It is interesting that this gene elicits 
its effect in only the Rex breed. The wavy 
condition can occur only in the finer coated 
rex, and it may not be fully expressed until 
two years of age. The rate of wave structure 
development and the extent to which it 
occurs throughout the body coat are con-
sidered to be in part due to modifier genes. 
A photo of a rabbit with the wavy (Astrex) 
condition is shown in Fig. 16.7.

Coat Color Breeding Schemes

Using information about specific genes that influ-
ence color, pattern, and structure of the coat, 
appropriate breeding methods can be developed 
to introduce desired genes or gene combinations 
into the line, strain, or breed of rabbits. Breeding 
methods to introduce desired genes or gene 
combinations include: (1) simple gene intro-
duction, (2) multiple gene introduction, and 
(3) multiple gene recombination. Two consecu-
tive generations of matings are usually needed to 
realize the primary breeding objective.

Simple gene introduction

Suppose in a line of commercial castor Rex it is 
desired to change the color to black. Because 
this particular line of castors possesses excellent 
characteristics for body conformation and repro-
ductive performance (fertility and litter size), it is 
desired to make the simple black color introduc-
tion without displacing the entire line. The first 
step made by the breeder is to obtain a mini-
mum of two black Rex bucks with sound confor-
mation and proven records of good reproductive 
merit. Each black buck is then mated to several 
castor does. These matings are made at ran-
dom, and each doe should be a random sample 
from the line as a whole. This random process 
is imperative in maintaining the genetic variabil-
ity found in the line. The black bucks transmit 
the non-agouti black a gene. The castor does 

Fig. 16.7. A doe with the Astrex coat 
characteristic. (Courtesy of S.D. Lukefahr)



216 Chapter 16

transmit the agouti (castor) A gene. All offspring 
will therefore have the Aa genotype. Since it is 
assumed that all black and castor parents are 
homozygous for the agouti dominant genes 
found at the B, C, D, and E loci, only alleles at 
the A locus will be used here. All F1 (first-cross) 
offspring from the black x castor mating are het-
erozygous Aa and are castors since A is com-
pletely dominant. At this stage of the breeding 
strategy, two options exist to secure the line of 
black Rexes from an original castor base: back-
crossing or inter se (half brother–sister) matings. 
F1 castor does could be backcrossed to an unre-
lated set of black bucks to produce black-colored 
offspring; half castor and half black progeny 
would be the expected outcome. However, the 
progeny of this backcrossed generation would 
possess only 25 percent of the ancestry from 
the original castor line. The better option is to 
make inter se matings among F1 individuals, the 
progeny of which will maintain 50 percent of 
their castor line ancestry in the subsequent F2 
(second-cross) generation (Fig. 16.8). In the F2 
generation, one out of four offspring is expected 
to be black. The breeder retains black-colored 
individuals (aa) from the F2 generations of sev-
eral less related matings and has thus established 
the line of black Rexes. Further selection may 
be desired to continue to improve fur, body con-
formation, and production characteristics.

In the next example of simple gene intro-
duction into an established line, a dominant 
gene will be used. A breeder of French Lops 
decides to develop a line of broken (spotted) 
Lops. He has a line of solid-colored (self) rab-
bits - black, blue, and chocolate – and wishes to 
produce these same colors but as broken varie-
ties. To do so the breeder acquires several bro-
ken Lop bucks with outstanding coat pattern 
characteristics (more than one buck should be 
used to enhance genetic variation and prevent 
subsequent inbreeding) and mates each at ran-
dom to several of his self-Lop does. Since 
selection for coat pattern (broken) is the pri-
mary breeding objective, as opposed to color, 
per se, only one locus, En, is relevant. The 
English spotting gene, En, is the operative 
gene in the broken variety of Lops. It is the 
heterozygous form Enen that yields the ideal 
broken pattern, although modifier genes are of 
critical importance in determining the extent of 
white spotting. EnEn homozygotes exhibit 
excessive white spotting, while enen homozy-
gotes display no white spotting.

Figure 16.9 demonstrates the genetic 
results of broken x self matings within the Lop 
herd mentioned. Within each litter from a bro-
ken x self-mating, approximately half should 
be brokens and the other half selfs. The het-
erozygous broken progeny are retained from 
several litters to establish the new line of 
 broken Lops. Continual selection should be 
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 practiced within this new line to conform the 
modifier genes to the ideal broken pattern 
standards.

Multiple gene introduction

A fancier of Netherland Dwarf agouti varieties, 
e.g., opal, lynx, and squirrel, has observed a 
cinnamon-colored male and decides to develop 
an additional agouti variety – cinnamon – using 
this buck. (The cinnamon is more aptly 
described as a chocolate agouti; brown-tipped 
rather than black-tipped hairs are seen.)

The cinnamon-colored rabbit was the 
result of a chestnut agouti AA B_ DD x lynx 
AA bb dd parental mating. Since the stand-
ard cinnamon has an AA bb DD genotype, 
then the chestnut agouti parent was a carrier 
for the b chocolate gene. It is further known 
that the cinnamon rabbit in question is het-
erozygous at the D locus (Dd). The breeder 
has a good basic understanding of coat color 
genetics and plans to cross her cinnamon 
rabbit to her line of lynxes, since she has 
many more lynxes than chestnut agoutis, 
which will provide a broader genetic base. 
When the cinnamon buck approaches breed-
ing maturity, several lynx does will be ran-
domly chosen for mating. The expected 
results are shown in Fig. 16.10. The cinna-
mon-colored offspring will be retained from a 
number of litters. In the next generation of 
matings, cinnamon bucks and cinnamon does 
will be bred together. Each breeding pair will 

be from separate litters to minimize the rate 
of inbreeding. Half-sib matings will be 
involved. Results of these inter se matings 
are provided in Fig. 16.11. The cinnamons 
produced from inter se cinnamon matings 
will be homozygous or heterozygous at the D 
locus. The challenge now lies in the identifi-
cation of the desired homozygous rabbit 
(genotype AA bb DD), which will breed true. 
This can be achieved by test-mating the cin-
namons produced (genotype AA bb D?) 
with lynx, opal, or blue-colored rabbits, all 
of which are homozygous recessive dd. The 
breeder chooses to use her lynx bucks and 
does to test-mate with cinnamons for detec-
tion of DD homozygotes. A cinnamon 
homozygote is confirmed when no lynx off-
spring are observed in a litter of eight kits or 
more. If fewer than eight kits are produced, 
the mating should be repeated. A 50 percent 
probability exists that each offspring will be 
cinnamon (or lynx) colored when the cinna-
mon parent is a Dd heterozygote. The chance 
of producing four cinnamon kits in a litter of 
four from this last mating is 1 in 16, while the 
chance of producing eight cinnamon kits in a 
litter of eight is only 1 in 256. Once several 
confirmed cinnamon homozygotes have been 
identified, these animals can be retained to 
establish a true breeding cinnamon line of 
Netherland Dwarfs.
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Multiple gene recombination for 
producing new varieties

A breeder wants to develop a strain of Angora 
Rex rabbits (called the Opossum Rex breed in 
Britain). A random base sample of four black 
French Angora bucks (aallRR) and eight black 
Rex does (aaLLrr) was acquired. Each Angora 
buck was randomly mated with two Rex does. 
The F1 progeny produced in this mating are 
double heterozygous (aaLIRr) and have normal-
coated black fur. The genotype of the Opossum 

is aallrr, so a second generation (F2) is  necessary. 
Genetic results of F1 inter se matings are 
shown in Fig. 16.12.

Through the normal genetic processes of 
segregation, recombination, and independent 
assortment, four classes of phenotypes for 
coat structure – normal, Rex, Angora and 
Opossum - occur in a 9:3:3:1 ratio. Rex and 
Angora are the original parental breeds used, 
and the other two classes of normal and opos-
sum are the genetic recombinants. The 
breeder saves  opossum-type rabbits produced 
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from all 12 original grandparents. As a final 
color touch, the breeder decides to impart the 
effects of  silvering to the opossum coat by 
matings involving the Champagne D’Argent 
breed. This process will require F1 and F2 gen-
erations to recover the opossum coat condi-
tion with genes for silvering; hence, four 
generations and considerable patience are 
required.

An alternative method is to mate F1 
black, normal-coated rabbits directly with 
Champagne D’Argent rabbits. This will 
result in a generation of black, normal-
coated rabbits with some degree of silvering. 
Through inter se matings of these indi-
viduals, the same 9:3:3:1 phenotypic out-
come is expected as shown in Fig. 16.12). 
Considerable variation in silvering would 
be observed among rabbits of this genera-
tion. This alternative method also requires 
four generations of consecutive matings. 
Additional generations of refined selection 
to develop an erect, stiff hair coat with a 
suitable degree of silvering may be desired 
by the breeder.

The final example involves a breeder of 
English Spot rabbits who wishes to produce 
blue fawn (cream) and blue tortoise (beige) 
colored versions of the breed. The homozygous 
genotypes for the cream and beige colors are 
AABBCCddee and aaBBCCddee, respec-
tively. Phenotypically, the cream can be 
described as a red agouti with blue tick cast-
ing, while the beige can be described as a 
non-agouti blue-pointed tortoise. The breeder 
selects two English spot color varieties that 
collectively possess the genes of interest to 
produce creams and beiges (see Table 16.2). 
The gold variety has A, B, C, and e genes to 
contribute to the cream, and the blue or lilac 
has the needed d gene. The breeder decides 
first to cross gold and blue rabbits toward 
development of the cream version. Secondly, 
for producing the beige version, the breeder 
knows that matings involving gold × blue, 
gold × lilac, tortoise × blue, and tortoise × 
lilac could all eventually give rise to achieving 
this breeding goal. Because there are only a 
few English spots in the herd, the breeder 
chooses to make gold × blue matings, which 
will eventually yield both cream and beige. 
Gold bucks are mated with blue does, and 

vice versa. Initial results of this type of mating 
are given in Fig. 16.13. From this mating sev-
eral F1 bucks and does should be saved and 
inter-crossed to yield creams and beiges in 
the next generation. Close inbreeding should 
be avoided. Genetic and phenotypic out-
comes of this second round of matings are as 
shown in Fig. 16.14.

Of the 64 genetic outcomes possible in 
the above mating, the probability of produc-
ing a cream is 3 in 64 and of producing a 
beige is 1 in 64. Since a given cream rabbit 
could be heterozygous at the A locus, it would 
be wise to test-mate with a black  rabbit. 
A minimum of eight offspring should be 
scored for coat color. If all eight or more 
 offspring result in no selfs or siamese colors, 
then chances are excellent that the given 
cream in question is homozygous and will 
breed true. Similarly, confirmed cream 
homozygotes can be retained to establish the 
English spot cream version. Further refined 
selection in subsequent generations may 
be desired to standardize the degree of fawn 
blue shading of color. Since the beige is a tri-
ple recessive homozygote, it will invariably 
breed true when mated to another beige, so 
test-matings are unnecessary.

Several books and articles that provide 
useful supplementary information on coat 
color genetics are listed below. Those by 
Robinson and Searle are very comprehensive.

Gametes from
gold buck
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Fig. 16.13. Illustration of triple heterozygous 
agouti-colored offspring produced from a gold × 
blue English spot mating. (Courtesy of OSU Rabbit 
Research Center)
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blue, and beige-colored offspring produced from an F1 inter se mating involving agouti-colored parents. 
(Courtesy of OSU Rabbit Research Center)
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Rabbit Shows

Among rabbit shows are specialty club, local, 
state, national, those held at county or state fairs, 
and the American Rabbit Breeders Association 
Annual Convention Show (Fig. 17.1). All rabbit 
shows offer splendid opportunities for beginners 
and others interested in rabbit raising to acquaint 
themselves with the characteristics of the various 
breeds and varieties. They are especially benefi-
cial to established breeders because the shows 
make it possible for them to contact other rabbit 
raisers and compare their results with their own 
rabbit breeding operations.

At the shows, the meat classes bring 
together the commercial breeds and create 
much interest. Classes include single fryers, 
meat pens of three fryers, single roasters, and 
single stewers. Meat pens and single fryers may 
be butchered and the carcasses judged as well.

The fur classes place special emphasis on 
the texture, density and overall quality of the 
rabbit coat, and by carefully studying the win-
ning animals in these classes, breeders become 
familiar with the standards to reach for in their 
own operations. Exhibits of dressed skins, gar-
ments of rabbit fur and wool, and fur craft nov-
elties create interest and add variety.

Preparation of Rabbits for Shows

Probably the most important decision in 
 preparing show entries is the selection of 

 outstanding prospects for type, breed charac-
teristics, density and quality of fur, and proper 
age for the particular class in which each ani-
mal will be entered. When possible, choose 
several rabbits for each class to condition for 
the show, because some will not come up to 
expectations. The larger the number of quality 
rabbits you have available for making a final 
selection, the greater your chances for winning 
a class. Preparation of the animals for the show 
must be started in plenty of time so they will be 
properly developed, have firm flesh, and be at 
the peak of condition at judging time. The 
breeding date for the does should be regulated 
so that the resulting show entries will have full 
advantage of the age limit for the class.

Most breeders feed their show rabbits the 
ration that is fed to the herd at large, but in 
many instances it is also a good practice to 
feed small quantities of green feed, hay, or root 
crops daily to stimulate the appetite and to 
keep the digestive system in good tone. The 
quantity of all of the feeds should be regulated 
to meet each individual animal’s requirements. 
Natural grains and bread are excellent supple-
ments, especially for young rabbits that are 
being prepared for exhibition.

Primeness of pelt is always important in 
connection with show rabbits. However, it is a 
rather difficult problem to handle with mature 
rabbits, for at certain seasons of the year they 
are in various stages of molt. The judge may 
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overlook slight molting in an older rabbit if the 
individual animal is outstanding in other 
characteristics.

You must handle the prospective show 
rabbit to help it overcome any fright and to 
teach it to “pose” so it will show the breed 
characteristics to the best advantage. When the 
animal is alert, fresh, and well trained, it makes 
its best appearance (Fig. 17.2).

In some cases a rabbit may be handled as 
many as 20 or more times at a show. Therefore, 
it is especially important that the handling be 
done in such a manner that the skin over the 
shoulders and muscles will not be bruised and 
become tender to the touch. Bruising will cause 
the rabbit to flinch and not show to the best 
advantage when being examined by the judge 
(Fig. 17.3). Carriers at the show should be 
instructed to use every precaution to guard 
against such bruising.

Grooming the rabbit before the show and 
at the show by rubbing its coat with your hands, 
proceeding from the head to the tail, removes 
loose hair and gives the coat a good sheen. 
When the rabbit is shedding, moistening your 
hands will facilitate removal of the dead hairs.

Colored breeds should not be subjected to 
strong sunlight, because it has a tendency to 
fade the coat and to give it a dull appearance.

Hutch stains detract from the appearance 
of an animal. These can be removed from 

Fig. 17.1. American Rabbit Breeders Association Convention Show. (Courtesy of J.I. McNitt)

Fig. 17.2. A youth grooming her rabbit prior to 
showing. (Courtesy of the Webb Family)
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white rabbits and from the white spots on the 
spotted breeds with hydrogen peroxide or a 
similar bleaching agent. Small quantities of talc 
may also be used, but all animals must be free 
of foreign substances during competition.

Every possible means should be taken to 
protect show rabbits. Often they are subjected 
to a lot of jostling around in transit, to extreme 
fluctuations in temperature, and to sudden and 
radical changes in feed that cause them to go 
“off feed.” These factors may cause them to 
become listless and make a poor showing, so it 
is a good plan to have them arrive at the show 
in plenty of time to quiet down and become 
accustomed to their new surroundings before 
going on the show table. Exhibitors may wish 
to furnish a supply of the feed to which the 
animals have been accustomed for use during 
the time they are at the show.

A rabbit should never be shown if there is 
any symptom of disease, for subjecting the sick 
rabbit to changes in temperature, feed, etc., will 
lower its vitality and make it easily susceptible 
to additional infections. Sick animals will be dis-
qualified and will not be allowed to compete in 
the classes. In the meantime, they may expose 
other rabbits; and as a matter of fair play, it is 
not ethical to jeopardize the health of rabbits 

belonging to other exhibitors. Infections caused 
by Pasteurella or other microorganisms can be 
ruinous to a rabbit enterprise. All precautions 
should therefore be taken to avoid exposure.

Shipping Show Rabbits

Rabbits are transported to shows either in per-
sonal vehicles or, for long distances, as air cargo 
or excess baggage. In either case, the rabbits 
should be housed in carrying cages that allow 
them space to lie down and stretch out. Most 
cages have wire bottoms with pans underneath 
to collect urine and feces. If the rabbits are to be 
in the cages for some time, water bottles and 
some food should be supplied. When shipping 
rabbits by air, be sure to check in advance to 
determine the airline’s requirements.

Judging and Showing

Shows can be held in any facility that provides 
shelter from the weather and sun and has good 
lighting and ventilation. In larger shows, coop-
ing may be provided by the sponsors. For most 

Fig. 17.3. Judging rabbits at a youth show. (Courtesy of the Webb Family)
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one-day shows, the rabbits are kept in their 
carrying cages. Most shows are sponsored and 
run by local clubs affiliated with the ARBA or 
by fairs and agricultural expositions. The spon-
sors will provide the necessary equipment and 
will publish a show catalog describing the 
classes to be judged and the procedures to fol-
low for entering animals.

The table used for the judging should be 
covered with carpeting or burlap to prevent the 
rabbits from slipping and to make them feel 
secure. The holding cages should be con-
structed to make it possible for all the animals 
to be in full view of the judge. These cages 
should be secured to the table so that they may 
be opened and the rabbits easily brought out 
onto the table for inspection and comparisons. 
When moving rabbits from the cages to the 
judging table, it is preferable to support their 
body weight with an arm rather than to lift 
them by a fold of skin over the shoulders. The 
latter may cause bruising and spoil the fur 
condition.

Much pleasure and camaraderie can 
accompany participation in shows (Fig. 17.4). 
To facilitate this camaraderie, the opinions of 

the judges should be respected. The judges are 
selected because of their knowledge of the 
standard requirements for the different breeds 
and varieties, their aptitude for handling rab-
bits, their fairness in making decisions, their 
desire to be helpful to the exhibitors and to 
interested spectators, and their willingness to 
put in long hours to expedite the show. After a 
class has been placed, they take pleasure in 
answering questions and explaining their rea-
sons for making certain placings.

In the United States, almost all rabbit 
shows are sanctioned by the American Rabbit 
Breeders Association. The ARBA Standard of 
Perfection is the basis of the judging system. 
The standard for each ARBA recognized breed 
includes the minimum and maximum allowable 
weights and a system of points based on color, 
markings, body type, and so on. Animals are 
judged by comparison to find the one that 
comes closest to the ideals set forth in the 
Standard of Perfection.

Judging is performed by ARBA-licensed 
judges and registrars. An applicant for a regis-
trar’s license must have had at least three con-
secutive years’ experience as a rabbit breeder, 

Fig. 17.4. The rewards of showing rabbits include trophies for prize-winning animals. (Courtesy of D.J. Harris)
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must receive the endorsement of at least two 
registered judges, and must pass an examina-
tion. Any applicant for a judge’s license must 
have held a registrar’s license for at least two 
years, must have registered a certain number 
of animals, must have participated in a judge’s 
conference, must assist in judging at least eight 
shows, and must pass an examination.

Registering Rabbits

The American Rabbit Breeders Association 
maintains a registration and recording system. 
Purebred rabbits can be registered with the 
ARBA only by a licensed registrar of that asso-
ciation. The registrar examines the rabbit to be 
registered to make sure it is healthy and is free 
of all defects that would result in disqualifica-
tion if the animal were shown. The registrar 
also weighs the rabbit to be sure it is within the 
proper weight range for its breed. If, after 
checking, the registrar finds the animal is quali-
fied, he or she will fill in the registration appli-
cation blank, giving the breed, sex, variety, 
name of the rabbit, date of birth, and weight. 
The registrar will then add personal remarks, 
and fill in three generations of the pedigree 
and the names of the breeder and the owner. 
There is a number in the top right-hand corner 
of the registration blank that the registrar will 
tattoo into the rabbit’s right ear. Alternatively, 

the registrar may tattoo the symbol ® in the 
right ear to indicate that the animal has been 
registered. The left ear is reserved for private 
ear numbers supplied by the breeder.

The registration application blanks (Fig. 17.5) 
are in triplicate; the original is mailed to the ARBA 
by the registrar, the duplicate acts as a receipt and 
is given to the owner of the rabbit being regis-
tered, and the triplicate is kept by the registrar to 
be used in case the original becomes lost.

If the ARBA finds the application to be 
correct, it makes up a certificate of registra-
tion (Fig. 17.6), checks the registration 
number that appears on the pedigree, and 
affixes the proper merit seal. If the sire and 
dam are registered, a red seal is affixed; if the 
sire and dam and the grandsires and grand-
dams are registered, a red and white seal is 
affixed; if all 14 ancestors shown on the 
pedigree are registered, a red, white, and blue 
seal is affixed. This is the merit system and 
shows how many generations are purebred 
and free of defects.

On the back of each registration certifi-
cate are three spaces for use of the owner 
who wishes to transfer the ownership of an 
animal (Fig. 17.7). After the owner fills in the 
information called for, the certificate is mailed 
to the ARBA with a small fee. The office then 
records the transfer of ownership on the back 
of the original registration certificate and 
stamps it, transferring the original application 
officially.

Further Reading

American Rabbit Breeders Association, Inc. 1991. Official Guidebook to Rising Better Rabbits and Cavies. 
ARBA, Bloomington, IL.

American Rabbit Breeders Association, Inc. 2011. Standard of Perfection 2011–2015. ARBA, 
Bloomington, IL.
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Fig. 17.5. Application for registration. (Courtesy of the American Rabbit Breeders Association, Inc.)
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Fig. 17.6. Front of the rabbit registration certificate. (Courtesy of the American Rabbit Breeders 
Association, Inc.)
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Fig. 17.7. Registration transfer form on the back of the rabbit registration certificate. (Courtesy of the 
American Rabbit Breeders Association, Inc.)
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Pet Rabbits

Introduction

Rabbits can be very good pets under the right 
conditions. Rabbits are curious, highly social 
animals. When housed indoors in contact with 
humans and other pets, a rabbit’s unique per-
sonality appears, ranging from boisterous to 
affectionate to shy (Fig. 18.1). Unlike dogs, 
personality does not depend on breed and all 
rabbit breeds can make good pets, but because 
of their calmer dispositions, larger rabbits, such 
as New Zealands, are better suited for small 
children. Smaller breeds, such as Netherland 
Dwarfs, may be better suited for older people. 
However, each rabbit is an individual whose 
personality should be matched with the family’s 
lifestyle. Young children should be discouraged 
from picking up or carrying a rabbit as the 
struggling rabbit can scratch or nip, causing 
injury to the child or injury or possible death to 
the rabbit if it is dropped or squeezed too hard. 
It is very important to select only healthy rab-
bits as pets.

As babies, rabbits may like to be cuddled, 
but as they age, they may lose this desire and 
instead may nip or scratch when handled. For 
this reason, an adult rabbit makes a better pet 
than a young one. Its mature personality is 
known, and the new owner will not be sur-
prised by the behavioral changes that arrive 
with adolescence, a period from about three 
months to one year old. Most rabbits lose their 

aggressive behavior around eight months old, 
and a well-cared-for rabbit will live seven years 
or more. Thanks to their increased longevity, 
adult rabbits make fine new pets.

Pet rabbits seem to live longest when 
housed indoors. Many outdoor pet rabbits are 
not properly watched for health problems and 
are susceptible to predators and temperature 
extremes. In addition, they lack adequate 
socialization. Socialization is key if a rabbit is to 
be a successful family pet.

The rabbit’s cage should be large enough 
that the animal can fully stretch out. Most rab-
bits do best when given restricted freedom and 
should be caged when not supervised. Several 
hours of exercise each morning or evening are 
sufficient, because rabbits sleep at night and 
during midday. Only a very well trained rabbit 
should be given unlimited freedom and be pro-
vided an open cage as a home base. If children 
are present, the cage becomes an even more 
important retreat for the rabbit. Wire and 
wood-framed wire cages both work well. Do 
not use aquariums or other enclosures with 
solid walls, because these can trap heat and 
reduce air circulation. A wire-bottomed cage 
should have a board, a throw rug, or a towel to 
protect the animal’s feet. Cardboard can also 
be used. Large wire dog crates (42″ to 48″) or 
puppy exercise pens make excellent cages that 
are easily cleaned. Providing a wooden or 
 cardboard box with a hole cut into the side 
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gives the rabbit a place to hide inside or lounge 
on top. In all cases, playthings such as card-
board tubes or pieces of untreated pine wood 
should be provided to satisfy chewing needs. 
Rabbits may also enjoy playing with hard plas-
tic or metal baby, cat, or bird toys.

The rabbit’s run area must be protected to 
minimize chewing damage. Electrical cords 
should be pinned against a wall or wrapped 
with sturdy plastic protectors, and carpets 
should be protected by small throw rugs or 
woven-mat squares. Furniture chewing can be 
discouraged by polishing the wood with lemon 
oil containing hot peppers or rubbing plain 
soap on it. Various house plants, such as 
Dieffenbachia (Fig. 18.2) are toxic to rabbits. 
All plants should be placed where the rabbit 
cannot chew on them.

House Training

A rabbit can be easily litter trained. A cat litter 
pan can be located in one corner of the cage. 
Placing a small quantity of hay in the litterpan 
will reinforce good litterbox habits, as rabbits 
frequently eat and urinate in the same location. 
The litterpan should be large enough for the 
rabbit to fit comfortably and sufficiently tall to 
keep urine inside the litterpan when the rabbit 
lifts its tail to urinate. The litter pan should be 
changed often, as the rabbit will soil other 
places if the litter pan is too smelly. Cleaning 
the pan with vinegar eliminates white calcium 
buildup and reduces accumulated odors. 
Suitable litters include hardwood shavings, 
compressed sawdust pellets, and recycled 
paper pellets. Clay cat litter, wheat or oat hulls, 
or corncobs should not be used if the rabbit 
likes to eat the litter. Softwood shavings such 

as cedar and pine can cause liver dysfunction 
and should be avoided. A litter pan outside the 
cage may also be necessary.

Litter training is often more successful if 
the animal is spayed or neutered. Male pet rab-
bits should be neutered to prevent urine spray-
ing, reduce odors, and stop sexual behavior 
toward other animals. Female pet rabbits 
should be spayed because of their high suscep-
tibility to uterine cancer. Some studies find the 
incidence of such cancer to be as high as 78 
percent in female rabbits over six years old. 
The risk increases with age. Unspayed females 
can also be aggressive in defending their terri-
tory, boxing and biting hands that enter the 
cage. Spaying usually stops this problem. The 
operation should be performed by a veterinar-
ian experienced in rabbit medicine. The rising 
popularity of pet rabbits means that more vet-
erinarians now are trained in this surgery. Male 
rabbits can be neutered as young as three 
months old or when the testicles descend. 
Female rabbits can be spayed as young as four 
to six months old; it is important to remove 

Fig. 18.1. Rabbits can be good indoor pets if 
properly trained. (Courtesy of Susan Smith)

Fig. 18.2. Dieffenbachia, also known as dumb 
cane, is a poisonous houseplant to which rabbits 
should not have access. (Courtesy of Milagro 
Berhane)
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both the ovaries and the uterus to reduce the 
risk of uterine and breast cancer.

The best companion for a pet rabbit is a 
second rabbit (Fig. 18.3). Both partners must 
be neutered or spayed for pairing to succeed. 
Experience has shown that it is best for a rabbit 
to “select” its companion, due to issues of 
dominance. This need likely reflects the domes-
tic rabbit’s origins in the extensive warrens and 
social hierarchies of the ancestral European 
rabbit. Male–female pairs are easiest to match 
although male–male and female–female pairs 
are also successful. Size, age, and breed are 
seldom relevant. A rabbit will often experience 
“mourning” when its partner dies. Neutered 
rabbits often get along with other pets, such as 
cats or dogs. A cat that is not a hunter and a 
rabbit frequently become friends and spend 
time lounging together. Similarly, a rabbit and 
a dog get along well if the dog understands that 
the rabbit is part of its pack. However, a rabbit 
and a dog should never interact except under 
human supervision.

Nutrition

The nutritional requirements of pet rabbits are 
lower than those of production rabbits. Adult 
pet rabbits should be fed a maintenance diet 
rather than a diet designed for growth or 

 pregnancy. The major nutritional problems 
facing pet rabbits are obesity, gastroenteritis, 
and improper tooth growth. To reduce these 
risks, restricted amounts of commercial rabbit 
pellets should be fed to adults. Several feeds 
are now made especially to promote rabbit lon-
gevity in the home or laboratory setting. These 
pellets contain lower levels of protein (less than 
14 percent) and calcium (between 0.6 and 1.2 
percent) and are high in fiber (more than 20 
percent). Smaller rabbits need more calories 
per kilogram of body weight than larger rab-
bits. This is because their increased metabolism 
and shorter gut length reduce their efficiency in 
extracting nutrients from the diet. Feeding 
guidelines are shown in Table 18.1.

A cup of pellets weighs about 125 g. The 
actual amount necessary depends on the indi-
vidual rabbit’s metabolism, level of activity, and 
the pellet’s caloric content.

Fresh vegetables are important and low in 
calories. For each kg of body weight, pet rab-
bits can be fed 1/2 cup daily of mixed vege-
tables, such as radish leaves, parsley, basil, 
carrots and carrot tops, broccoli stems and 
flowers, mustard or turnip greens, dandelion 
greens, dark green lettuce, chopped celery, 
kale, and spinach. High starch vegetables (e.g., 
corn, peas, and beans) should be avoided 
because they can cause overgrowth of cecal 
bacteria and cause enteritis. Leaf crops with a 
high moisture content and low fiber can cause 
diarrhea, so they should be fed in limited 
amounts. Iceberg lettuce is especially bad in 
this respect. Treats or pellets containing seeds, 
nuts, dried corn, or beans should be avoided 
because they are too calorie-rich and because 
their poor digestibility can lead to cecal impac-
tion. Healthy treats include small amounts of 
fresh fruit (especially bananas and apples), rai-
sins, dried cranberries or blueberries, or dried 
rolled oats. Treats can be used to monitor 

Fig. 18.3. Rabbits are social animals and enjoy 
the companionship of a partner. Size and breed do 
not matter, but both must be neutered for pairing to 
succeed. (Courtesy of Susan Smith)

Table 18.1. Daily feed allowances for pet rabbits 
(Courtesy of Susan Smith).

Body weight (kg) Daily allowance (teacup)

1–2 ¼
2–3 ½
3.0–4.5 ½–¾
4.5–6.0 ¾–1
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appetite and to reward good behavior. 
Nutritional supplements, such as vitamins and 
salt blocks, are usually unnecessary for pet rab-
bits. Fresh water should always be available. 
Open, heavy ceramic crocks are preferred to 
water bottles as they encourage drinking and 
flushing of urinary calcium.

Plenty of grass hay is essential for good 
pet rabbit health. Hay propels fur through the 
gut and thus reduces the risk of cecal impac-
tion and gastroenteritis. Rabbits chew hay 
using a side-to-side grinding motion. Because 
the molars grow constantly, this motion keeps 
the molar surfaces in correct alignment and 
reduces the risk for molar overgrowth. Hay 
also satisfies the rabbit’s need to chew and 
helps in litter training. Grass hays, such as tim-
othy, brome, orchard, and seedless oat, should 
be fed. Mixed grass hays give the rabbit a 
chance to “forage” and help prevent fussiness 
over food. Legume hays, such as alfalfa and 
clover, should be avoided for pet rabbits 
because these are too rich in protein and cal-
cium. The high protein can lead to problems 
with overproduction of cecotropes, which in 
turn leads to growth of undesirable bacteria in 
the cecum. The excess calcium can cause uri-
nary bladder sludge. However, because hay is 
so important for stabilizing the gut flora, feed-
ing a clover-based hay is preferable to feeding 
no hay at all. Straw is not a good substitute for 
grass hay because of its poor nutrient content 
and low digestibility.

Health

More pet rabbit owners are investing in veteri-
nary care to treat disease, and new treatments 
are being discovered for common health prob-
lems. Upper respiratory infections frequently 
respond to antibiotic therapy following a cul-
ture and a sensitivity assay by a veterinarian. 
Fluroquinolone antibiotics have proven their 
usefulness in treating such infections. Oral 
penicillins and cephalosporins should be 
avoided because of problems with enterotox-
emia induced by Clostridia. Wry neck (torticol-
lis, head tilt) often responds to antibiotic 
therapy but can require up to a month of treat-
ment before remission occurs. The same signs 

as those of wry neck can be seen in a variety of 
parasitic infections, so a differential diagnosis 
is necessary before treatment is started.

Gastrointestinal stasis is common in pet 
rabbits but can be treated when caught early. 
A constant supply of hay is the best way to reduce 
risk. Problems are most frequently caused by 
overgrowth of undesirable microbes within the 
cecum. This can be caused by a poor diet, or 
can be a secondary response to an underlying 
health condition. Rarely, it is caused by physical 
blockage of the gut with fur or other ingested 
matter such as carpet fibers. Rabbits ingest fur 
while grooming but, unlike cats, cannot cough 
up the fur. Ingested fur must be expelled through 
the intestinal tract. The long fibers of hay can 
help ingested fur to exit the digestive tract. The 
occasional use of a flavored petroleum laxative 
can help expel fur, especially during a heavy 
molt. Pet rabbits should be groomed frequently 
to minimize the amount of fur ingested and to 
reduce fur within the house.

An early symptom of gut stasis is small, 
hard fecal pellets. Eventually the rabbit stops 
eating and defecation ceases. A rabbit reach-
ing this stage can die in as little as 24 hours. 
Immediate veterinary care is essential. Radio-
graphs are recommended to aid diagnosis. An 
impacted cecum can sometimes be felt by pal-
pation. Gastrointestinal stasis, with the associ-
ated gas buildup, can be heard by listening with 
a stethoscope. Loud gurgles mean excessive 
gas buildup. Total lack of sound can mean 
complete stasis. Treatment may include oral or 
intravenous fluids and electrolytes to rehydrate 
the gut, drugs to induce gut motility, and heat 
lamps or an incubator to treat for shock. Force-
feeding of moistened, ground pellets or vegeta-
ble mash may be helpful if the blockage is not 
complete. Mechanical agents that break foam 
into bigger gas pockets may alleviate some 
symptoms. Proteolytic enzymes, such as 
papain, may break up the mucus holding the 
blockage together, allowing the fur to pass 
through the gut. However, the proteolytic 
enzymes cannot digest the fur itself. They will 
not help if the stasis is not caused by a block-
age. Some drugs, such as oral cholestyramine, 
may prove helpful in absorbing the microbial 
toxins associated with enterotoxemia before 
the toxins are absorbed into the body. As a last 
resort, surgery can be performed to remove 
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the impacted material. However, surgery can-
not be used to treat gastrointestinal stasis when 
there is no blockage to remove.

Rabbits that have recurring bouts of gut 
stasis or enterotoxemia should be tested for 
intestinal parasites and for conditions such as 
Tyzzer’s disease, Encephalitozoon cuniculi, 
and coccidia. Rabbits that are homozygous 
dominant for the English spotting white gene 
(EnEn) may produce soft, enlarged feces and 
have recurring bouts of gut stasis due to a 
hereditary loss of gut nerve function. All these 
conditions may benefit also from the dietary 
changes mentioned below.

Another digestive problem is overproduc-
tion of cecotropes (night feces). This can lead 
to fecal smearing on the legs and perianal 
region and to a need to bathe the rabbit fre-
quently. As stated earlier, this overproduction 
is often due to an excess of dietary protein, 
which in turn leads to growth of undesirable 
bacteria in the cecum. Reducing dietary pro-
tein by switching or withholding commercial 
pellets or by eliminating leguminous hays often 
solves the problem. Some rabbits exhibit a 
similar sensitivity to carbohydrates in the diet, 
and removal of high carbohydrate foods, such 
as carrots, will help. Replacing all feeds with 
plain straw or hay for three days also will help 
restabilize the cecal flora, as will feeding the 
rabbit cecal pellets from a healthy rabbit. Diet-
linked enterotoxemia is more readily prevented 
and treated in pet rabbits than in production 
situations because of the lower nutrient needs 
and the ability to individualize treatments.

The greater longevity of pet rabbits has 
led to an increased incidence of urinary and 
kidney problems. Kidney or bladder stones can 
occur because rabbits excrete most of their 
excess calcium through the urine. The basic 
pH of rabbit urine causes calcium salts - calcium 
carbonate and phosphate – to precipitate in 
the bladder or kidneys. The salts can be seen 
as cloudiness in the urine, or the precipitates 
can be detected by X-ray. The precipitate can 
be flushed from the kidney and bladder by 
administering subcutaneous fluids. In severe 
cases, stones can be surgically removed. Rabbits 
with high urinary calcium or a history of kidney 
problems should be fed a low calcium diet (no 
leguminous hays, reduced or no commercial 
pellets) to lessen the kidney burden. The calcium 

intake should never drop below the minimum 
requirement of 0.6%. Bacterial bladder infec-
tions or Encephalitozoon cuniculi damage 
to kidneys may aggravate the problem 
and underlying infections should be treated 
appropriately.

Pet rabbits can also have problems with 
calcium deficiency. They are often fed rabbit 
foods from pet stores that include a mixture of 
pelleted feeds, rolled grains, breakfast cereal, 
dried fruit, and other “treats.” Rabbits are 
selective eaters and may consume the treats 
and ignore the pellets. In this way, they may 
select a low calcium diet. Recent reports show 
a widespread incidence of poorly calcified teeth 
and bones in pet rabbits caused by their selec-
tive eating habits in which they select palatable 
but low calcium ingredients (e.g., seeds and 
dried fruits) from feed mixes. To overcome this, 
pet rabbits should be given small portions to 
encourage consumption of all the ingredients, 
and be provided greens and good quality hay. 
If the diet is inadequate in vitamin D, there 
should be daily exposure to natural daylight to 
ensure provision of vitamin D.

In the United States, pet rabbits do not 
need vaccinations. In regions or countries 
where myxomatosis and viral hemorrhagic dis-
ease are endemic, vaccinating companion rab-
bits against these diseases may be prudent. No 
vaccines against myxomatosis or viral hemor-
rhagic disease are approved for use in the 
United States.

All pet rabbits should receive a yearly vet-
erinary checkup, which ought to include exam-
ination of the ears, eyes, gastrointestinal tract, 
and teeth. The rabbit may require mild anesthe-
sia to properly view the rear molars for spurs 
and overgrowths which can cause eating or 
digestion problems or even a complete cessa-
tion of eating. Older rabbits should also be 
given a blood test to assess liver and kidney 
function.

For rabbits with malocclusions (buck 
teeth), front teeth can be trimmed periodically 
using a dental drill or removed surgically in 
extreme cases. Drooling may indicate spurs or 
mismatch of the molars. The molars can be 
easily smoothed using dental drills under mild 
anesthesia. Clippers should never be used 
because they can crack the tooth and create an 
avenue for oral infection by cecal microbes.
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Toenails should be checked for trimming 
bimonthly.

Many veterinarians are uncomfortable in 
treating rabbits, but references to experienced 
pet rabbit veterinarians can be obtained from 
the many pet rabbit specialty lists that are 
active on the Internet.

While the increasing interest in rabbits 
kept as pets has led to advances in their 
health and nutrition, it has also led to many 
rabbits being purchased by people who do 

not understand their pets’ special needs. 
Each year, thousands of rabbits are aban-
doned at animal shelters across the United 
States. With companion rabbits now living 
seven years or more, it is important that 
every pet owner receive adequate informa-
tion about his or her new housemate. Armed 
with such knowledge, the owner will be 
rewarded with a mischievous personality that 
will provide many years of affection and 
pleasure.

Further Reading

Anon. “Caring for Your Pet Rabbit.” American Rabbit Breeders Association, Bloomington, IL.
Harriman, Marinell. House Rabbit Handbook, How to Live with an Urban Rabbit. 2005. 4th ed. 

Drollery Press, Alameda, CA.
House Rabbit Society, 148 Broadway, Richmond, CA 94804–1912, Telephone (510) 970–7575. HRS 

maintains an informative website at http://www.rabbit.org and publishes the quarterly House Rabbit 
Newsletter.

http://www.rabbit.org
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Animal Welfare

In the past decade, there has been increasing 
concern by the general public for the welfare 
or rights of animals used for production pur-
poses, kept as pets, or used in research. 
A number of groups have been formed with 
various objectives ranging from ensuring that 
animals are kept in suitable situations to the 
extreme of trying to block all animal use for 
food, pets, or research. There are several 
objectives of the animal rights movement, and 
several modes of action. Some of the major 
issues involved include the raising of animals in 
confinement, “factory farming,” vegetarian-
ism, and “animal rights” of the same type as 
human rights, including the right not to be 
killed. The modes of action of activists include 
non-violent activities, such as picketing live-
stock meetings and rabbit seminars, becoming 
vegetarians, and writing letters to newspapers 
and magazines (Fig. 19.1). Unfortunately, vio-
lent activities have also occurred, including 
attacking confinement livestock enterprises, 
releasing the animals, and burning or other-
wise destroying the facilities; and threatening 
to inject meat and eggs in stores with cyanide 
and other poisons (and actually doing it in a 
few cases) to stop people from consuming ani-
mal products. These criminal activities repre-
sent a serious threat to the livestock industry, 
including commercial rabbit production. The 
annual American Rabbit Breeders Association 
Convention has been picketed by animal rights 

demonstrators, protesting against various 
aspects of rabbit raising, including keeping and 
transporting rabbits in cages.

It has been suggested by some people 
that modern techniques of animal husbandry 
are cruel and inhumane. Confinement raising 
of livestock (beef cattle in feedlots, poultry in 
cages, etc.), particularly where large numbers 
of animals are kept, has been called “factory 
farming,” with the animals used as machines. 
Rabbit raising has been criticized because rab-
bits are kept in cages. Large-scale commercial 
rabbitries have been the subject of criticism, 
with claims that the rabbits are used as “meat 
machines” with no regard for the quality of 
life that the animals experience. As with any 
issue, there are two sides. Technically, it is 
true that commercial rabbits are “meat 
machines.” The function of a commercial rab-
bitry is to produce meat (or wool or fur) as 
efficiently as possible, with the idea of gener-
ating a profit from this activity. The animals 
are not pets, and they are subject to the nor-
mal processes of culling and removal from the 
herd because of poor productivity. This does 
not mean that commercial rabbit production 
is inhumane.

Two issues specific to rabbits are the 
charges that keeping rabbits in cages is inhu-
mane and that intensive or post-partum breed-
ing, in which does are kept in a continual state 
of pregnancy, is inhumane or cruel.
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There is a tendency for some people, par-
ticularly those with an urban background who 
may not have had much contact with animals, 
to think that animals are just like people. This 
is anthropomorphism. Anthropomorphism 
refers to ascribing to animals the same feelings 
and sensations experienced by humans. Since 
a human would not want to spend his or her 
life in a cage, it might be assumed that a rabbit 
might not want to either. It is possible, how-
ever, that a rabbit is content to be in a cage, 
free from the need to be concerned about 
predators, availability of food, etc. How does 
one determine whether a rabbit is content or 
not in a cage? This is an area where objective 
techniques are needed to measure stress. 
Inhabiting a stressful environment causes 
changes in hormonal secretion, such as eleva-
tions in blood levels of adrenal hormones. 
There is much interest in such research to eval-
uate objectively how animal husbandry tech-
niques affect the quality of life of livestock.

The “Easter Bunny Syndrome” is an 
example of anthropomorphism. It is common 
for people to regard the rabbit as a cute, cud-
dly, inoffensive creature. However, rabbits are 
not little people, dressed up in little suits and 
having names like Flopsy, and Mopsy. R.M. 

Lockley, in his book The Private Life of the 
Rabbit, describes reactions of others to pets he 
had as a child. If he let his pet rat crawl out of 
his sleeve, his sisters would react with horror 
and disgust. If he brought out his pet rabbit, 
“There were oohs and ahs and a plea to be 
allowed to cuddle the animal.” Being cute by 
human standards does not make an animal any 
more or less desirable as an agricultural animal. 
If it is a legitimate activity to raise beef cattle, 
sheep, chickens, and pigs, it is also legitimate 
to raise rabbits.

Intensive breeding of rabbits, in which the 
doe is rebred within 48 hours of kindling, has 
been called cruel and inhumane by animal wel-
fare groups. This is another example of anthro-
pomorphism. Probably not many women 
would want to experience constant pregnancy 
and lactation! What about a rabbit? A female 
rabbit is genetically programmed to be in con-
stant gestation. The fertility of does is very high 
immediately after kindling. The normal sexual 
behavior of the wild rabbit is that the doe 
rebreeds within two days of giving birth. When 
her litter is about 28 days old, she abandons it 
and digs a new nest in the burrow, where she 
has her next litter a few days later. The process 
is repeated. If the repeated pregnancies 

Fig. 19.1. Animal rights advocates picketing a rabbit seminar. (Courtesy of Bill Cramer, The Daily 
Collegian, University Park, PA)
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become a stress, or if nutrition is inadequate, 
either conception fails or the litter is resorbed 
in utero. Thus, if a domestic rabbit is stressed 
by being bred post-partum, she will simply fail 
to conceive or will resorb the fetuses. Why 
should the normal breeding behavior of wild 
rabbits become cruel or inhumane when used 
with domestic rabbits?

A complete understanding of rabbit behav-
ior, along with objective means of assessing 
stress, will be necessary to ensure that our sys-
tems of rabbit husbandry are the best that can 
be provided to optimize both production and 
animal welfare. It is reasonable to assume that 
any system that adversely affects the animal’s 
welfare will also reduce its productivity.

Rabbit raisers must always bear in mind 
that they have a responsibility to their animals. 
They must provide all the needs of the rabbits, 
including suitable housing; clean, fresh feed in 
adequate amounts; clean, fresh water in clean 
containers; and freedom from disturbing out-
side influences and predation. Today’s rabbits 
are very different from their wild ancestors 
and, because of selective breeding by farmers, 
are often unable to exist without human care. 
Since humans have created this dependence, it 

is their responsibility to provide proper care. In 
some cases, such care may in itself be distress-
ful. For instance, rabbits are tattooed for iden-
tification, calves are castrated to prevent 
injuries from fighting, chickens are dubbed to 
prevent other birds from picking at their combs, 
and pigs are docked to prevent other pigs from 
biting at them. The operations are distressful 
but often less so than the consequences if they 
are not carried out.

When such distressful procedures are to 
be done, care must be taken to help reduce the 
effects on the animals and their subsequent 
production. First of all, livestock producers 
should aim to reduce the stress on the animals 
and the workers as much as possible. They 
should also ensure that the procedures are car-
ried out in such a manner that neither the ani-
mals nor the workers are injured. This entails 
knowing how to do the job and having the 
proper equipment to confine the animals, and 
doing the job as smoothly and quickly as 
possible.

It is also important in day-to-day manage-
ment to ensure that conditions in the rabbitry 
are as non-stressing as possible (Fig. 19.2). In 
some rabbitries, the rabbits become highly 

Fig. 19.2. The natural role of prolific small animals, such as rabbits and field mice, is to serve as a food 
source for animals higher in the food chain. Domestic rabbits have a much less stressful life than wild 
rabbits, which are constantly under threat of attack by predators. (Courtesy of D.J. Harris)
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excited and nervous when people enter, in oth-
ers there is little response, and in some the rab-
bits come to the front of their cages to see 
what is going on. The rabbits in the last group 
are the ones that are likely to be most produc-
tive and least stressed. How do they get this 
way? It is basically due to good livestock pro-
duction skills. These are very hard to define or 
to teach, but it is easy to tell whether people 
are good livestock producers when they are 
working with their animals. Do they view their 
animals as just objects without personalities or 
do they talk to them and treat them as individu-
als? This does not mean that their animals are 
pets, but it does mean that they work with 
them as individuals and are concerned for their 
individual welfare as well as for their productiv-
ity. In fact, the two go together, as productivity 
is generally increased in those rabbitries oper-
ated by good livestock producers.

The animal rights issue is not likely to go 
away in the near future. Those interested in 

raising rabbits should give serious  consideration 
to the charges of the animal rights activists and 
ensure that their animal housing and manage-
ment systems are consistent with the welfare of 
their animals. They should be prepared to pro-
vide the other side of the story to the news 
media. Activists are often well educated and 
articulate and create a good impression in 
interviews on TV and with the press.

It is important that representatives of the 
rabbit industry be articulate and present their 
side in a rational manner. There are three gen-
eral responses that could be made to the animal 
rights movement. The first is to take no action 
and hope that the issue will go away. The sec-
ond is to become indignant and to shout coun-
terclaims and to ridicule the activists. The third, 
and probably most promising, is to respond 
with positive, reasoned educational programs 
to extol the virtues of meat and animal produc-
tion and the positive aspects of the relation-
ships between farmers and their animals.

Further Reading

Budiansky, S. 1992. The Covenant of the Wild: Why Animals Chose Domestication. William Morrow 
and Co., Inc., New York.

Lockley, R.M. 1974. The Private Life of the Rabbit. Avon Books, New York.
Rollin, B.E. 1995. Farm Animal Welfare: Social, Bioethical, and Research Issues. Iowa State University 

Press, Ames.
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Rabbits for Family and 
Small Farm Development

In these times when we often hear reference to 
“family values” and “food safety” the rabbit 
can make a positive contribution. From a fam-
ily development standpoint, small-scale rabbit 
production offers many advantages. The space 
required to operate a small-scale rabbit unit 
(fewer than 10 does and 1 buck) is small 
(Fig. 4.4). This makes production possible on a 
farm or in the backyard of a home located 
within city limits (if no animal restriction ordi-
nances exist). A typical cage is only 30 inches 
wide and 30 inches deep. At the outset, the 
goal of the rabbit operation should be clearly 
established (e.g., meat, show, or pets). The 
entire family can share in the daily responsibili-
ties, such as feeding, management, record 
keeping, butchering, and marketing. If meat 
production is the main enterprise goal, the 
team approach can make this a rewarding 
activity - for example, when nutritious and 
healthy homegrown meat is served on the fam-
ily dinner table (Fig. 20.1). Today, many fami-
lies are concerned about the safety of the food 
that they purchase for consumption.

Rabbit raising is an excellent learning or 
educational activity for children. Home lessons 
in rabbit biology (e.g., behavior, reproduction, 
and growth and development) can attract a 
child’s keen interest (Fig. 20.2). Parents often 
like rabbits because they are easy to handle, 
they do not make noise, they stay clean and 
relatively odorless, and they are not a large 

drain on the family budget. Moreover, a child 
learns responsibility and basic animal care 
skills. This is especially true when litters are 
born on a regular basis. Children who learn 
responsibility and who are actively engaged in 
such meaningful life skill projects are less likely 
to turn into couch potatoes! FFA, 4-H, and 
other youth projects involving rabbits may 
effectively enhance community development 
as well. Farm-fresh rabbit meat is becoming 
more popular at local farmers’ markets.

Senior family members can likewise play a 
special role. For example, Grandpa can take 
pride in sharpening his skinning knife and in 
telling old rabbit hunting tales while demonstrat-
ing traditional skills in dressing out fryers for din-
ner. Grandma can prepare and serve her favorite 
family recipe, such as Brunswick stew or 
Hasenpfeffer. In addition, in both small and 
large operations, rabbit raising offers opportuni-
ties for occupational, psychological, or physical 
therapy for persons with disabilities, for conva-
lescent patients, and for the elderly. Simply 
owning a pet rabbit may achieve this purpose.

In small-scale operations, production costs 
are usually lower. This means that rabbit meat 
may be less expensive to produce for family 
consumption. Productivity is usually higher and 
mortality lower on small farms because of bet-
ter ventilation, higher quality animal care, and 
superior management because rabbits receive 
more individual attention. Cost reducing 
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other agricultural activities, such as organic 
gardening, worm production (vermiculture), 
and ornamental or nursery plant production. 
Small-scale operations can be easily diversified 
to increase family income. Skins can be tanned, 
feet made into lucky rabbit’s foot charms, 
manure bagged as “natural fertilizer,” etc. In 
addition, real opportunities exist to develop 
local markets (e.g., farmers’ markets, restau-
rants, stores, nurseries, and fish bait shops) for 
rabbits and their products. These and other 
economic opportunities will be described in 
more detail in this chapter.

The purpose of this chapter is to identify 
various applications of small-scale rabbit pro-
duction that can favorably impact family and 
community development and small farm 
profitability.

Rabbits as a Family Activity

Family food production

Keep the following in mind when considering 
rabbits as a food production activity for the 
entire family. One obvious risk is that certain 
family members (usually children) may become 
attached to young rabbits destined for the din-
ner table. The family should agree to the meat 
production goal before purchasing breeding 
stock. Once the first litters are produced, avoid 
giving names to the young rabbits, as this will 
only make it more difficult later to harvest the 
fryers. Also, avoid emotive words, such as “babies” 
and “bunnies,” for the same reason. A young 
rabbit still with the doe is called a kit. After 
weaning, it is a fryer. A compromise is to name 
only the mature breeding rabbits, with the 
understanding that the family will not eat them.

We often hear stories in which children 
were served what they thought was chicken, 
only later to be emotionally devastated to find 
their rabbit (“Flopsy”) was missing from its 
cage. Such strategies are counterproductive. 
Before purchasing breeding stock, buy rabbit 
meat from a store or breeder and use it for a 
family meal. If the family enjoys the meal, this 
will emphasize the meat production goal.

Another suggestion is to obtain colored 
rabbits as breeding stock. A nest box  containing 

Fig. 20.1. A family enjoying a tasty and nutritious 
rabbit meal. (Courtesy of S.D. Lukefahr)

Fig. 20.2. Rabbits are easily handled by children. 
(Courtesy of S.D. Lukefahr)

 measures include feeding homegrown forages 
and garden and kitchen “wastes”; using an 
existing shed, salvaged cages, and simple feed-
ers and waterers; and sharing labor among 
family members (as opposed to hiring labor).

As a family farm-based unit, small-scale 
rabbit production can also be integrated into 
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kits that display a variety of colors is more 
likely to attract and maintain the interest of 
children (Fig. 20.3). This may involve the 
acquisition of either crossbred rabbits of differ-
ent colors or purebred rabbits of different color 
varieties. Chapters 3 and 16 provide further 
information on breeds of rabbits and on coat 
color genetics.

The number of breeding rabbits to pur-
chase for home meat consumption depends, in 
part, on the size of the family, the desired fre-
quency of rabbit meals, and the breed of rabbit 
used. Medium size breeds are recommended 
because they tend to produce larger litters and 
faster growing fryers with larger carcasses than 
the small breeds. They consume less feed and 
require less cage space than the giant breeds. 
Purchase breeding stock from a reputable 
breeder of commercial meat rabbits. Avoid 
obtaining rabbits from pet stores, flea markets, 
and fancy breeders.

A 1.8 to 2.3 kg live fryer (usually 8 to 10 
weeks of age), when dressed, will provide a 
meal for a family of four to six. Let us assume 
that a family wants to consume rabbit meat 
once a week. For backyard production, one 
breeding cage will accommodate a doe that can 

produce six litters in a year. Average litter size 
at market age is five fryers. Thus, total annual 
production is 30 fryers. The family will there-
fore need two does to produce 60 fryers per 
year. (Of course, a larger family will need more 
fryers and require more does.) Since there is 
little need to keep a buck for only two does, it is 
advised that a buck be borrowed from a local 
source. If a two-doe operation is maintained, 
only two additional cages will be needed to 
accommodate growing fryers and an occasional 
doe replacement. Under backyard conditions, a 
doe will produce for 2 or 3 years.

The family will have to decide how to 
divide the various chores involved in rabbit rais-
ing. One approach is for all family members to 
participate in all activities. Another approach is 
for children to take turns in feeding and clean-
ing (e.g., brushing cages and sanitizing feeders 
and waterers).

A parent should supervise critical activi-
ties, such as matings, recording of breeding 
and kindling dates, nest box placement and 
early litter care, and harvesting. Very young 
children should probably not be present 
 during butchering. The word “harvesting” is 
currently being used with all species to make 

Fig. 20.3. Eight rabbits from a single litter all with different coat colors. (Courtesy of S.D. Lukefahr)
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the process less repugnant to children and 
other sensitive people.

A freshly dressed carcass should be rinsed 
thoroughly and properly bagged or wrapped 
for freezing unless the meat is for immediate 
consumption. Rabbit meat should be stored in 
a freezer no longer than six months.

Youth development

Perhaps the greatest potential and reward for 
rabbit production as a family activity is in youth 
development. FFA and 4-H youth projects 
involving rabbits are very popular. The 
American Rabbit Breeders Association also 
has many youth activities. In some states, a 
4-H rabbit project is one of the most popular 
activities among younger club members, mainly 
because rabbits are easier to handle and less 
expensive to raise than most other livestock 
species. A rabbit project is ideal for youth living 
in rural and periurban areas. The children learn 
basic responsibility and animal management 
skills that can lead to other projects and be 
applied to other life situations. Children also 
learn how to participate in meetings and in 
meaningful community events, demonstrate 
leadership, keep useful records, follow rules, 
and practice proper skills and etiquette in 
showing their animals.

At the community level, families usually 
cooperate to organize rabbit shows. Youth gain 
knowledge from the valuable comments the 
judge makes about their rabbits. Business lead-
ers may also show their support by purchasing 
meat rabbits from children who earned top 
placings. In many cases, the family deposits 
the show earnings into a college account, and 
does so for several years. Such project experi-
ences are made even more rewarding when 
rabbits are raised at home on a year-round 
basis. For more information, interested fami-
lies can contact their local extension agent.

Rabbits have also often been used as bio-
logical models for youth science projects. For 
example, one recent project involved four lit-
ters in which individual kits were weighed just 
before and after nursing. This intervention was 
possible because litters can easily be separated 
from their does and allowed to nurse only once 

in 24 hours (which is normal doe behavior). 
The student reviewed the literature on the sub-
ject, took photographs, and made charts show-
ing growth curves for individual kits from does 
that reared small or large litters and from does 
that were excellent or poor milkers. The rabbit 
science project took top honors. Before start-
ing such projects, leaders should check with 
science fair organizers to be sure that animal 
welfare requirements involved with using live 
animals are met.

Other benefits

In numerous cases, rabbit operations have bene-
fited persons with disabilities, convalescent 
patients, and the elderly as a source of occu-
pational, psychological, or physical therapy. 
Some cases have simply involved individuals 
enjoying the comfort and company of pet rab-
bits. Other cases have involved individuals who, 
because of disabilities or health reasons, can-
not operate equipment or machines, do any 
major lifting, or stand for long periods. Such 
individuals have raised rabbits with great pleas-
ure as a hobby or even as a business. While 
certain management activities (e.g., feeding 
and litter inspection) need to be done daily, the 
schedule is flexible, allowing the work to be 
carried out throughout the day. Other activi-
ties, such as matings and nest box placement, 
could, with a breeding management schedule, 
be distributed throughout the week.

However, as stated elsewhere in this 
book, persons considering rabbit production 
as a business after retirement should proceed 
with extreme caution. Some commercial 
advertisements have lured retired individuals 
into raising rabbits as a “get rich quick” busi-
ness. Unfortunately, some people have lost 
their entire life savings as a result of deceptive 
promotions.

Integrating Rabbit Production 
on the Family Farm

Integration involves the combination of rabbit 
production with other farm enterprises. 
A small-scale rabbit enterprise fits easily into 
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small farm management, increasing both food 
supply and income. There are many examples 
of rabbit integration that can benefit small farm 
families. One simple model of integration 
would be the combination of rabbit raising with 
gardening. Integration would involve the recy-
cling of manure from the rabbits into the gar-
den soil, while vegetable “wastes” from the 
garden would be fed to the rabbits. Reduced 
costs would result from less use of chemical fer-
tilizer and commercial rabbit feed. In fact, this 
model has been used in the United States and 
in developing countries to directly engage poor 
families in the battle against hunger and pov-
erty. Rabbits and gardens complement each 
other because they do not compete for the 
same limited farm or natural resources, such as 
land, feed, water, and sunlight.

The basic goal of integration is to increase 
food yields while minimizing costs. Some 
examples of integrative models are rabbit pro-
duction with production or cultivation of fish, 
honeybees, fruits and vegetables, trees, and 
worms. Another advantage of integration is 
that general agriculturists, field workers, and/
or extension agents who have basic knowledge 
in food production and experience in rural 
agricultural development can provide valuable 
assistance to small farm families. Models 
described in this section will focus on produc-
tion methods that are suitable for small farms, 
not just in the United States, but also around 
the world. The models will emphasize those 
practices that enhance and safeguard the 
environment.

Aquaculture is the production or farming 
of fish. In some countries, rabbits or other live-
stock have been raised in sheds, pens, or 
hutches (made of inexpensive building materi-
als) placed either adjacent to or directly over 
fish ponds (Fig. 20.4). Animal manure drains 
or falls into the water and fertilizes the ponds, 
increasing algae and other microbial produc-
tion. Many species of fish, such as tilapia 
(“tropical perch”), subsist on algae as their 
main food source. Some studies involving sim-
ple animal manure fertilization have shown 
that fish harvest yields are more than doubled 
at little or no cost. A recommended stocking 
rate is 10 to 15 mature rabbits per 100 square 
meters of pond area. This stocking rate will 
provide 10 kilograms of rabbit manure per 

week. An integrated rabbit–fish enterprise could 
increase family income, especially if local mar-
kets exist for fish.

Apiculture is the cultivation of honeybees. 
When bees are managed and honey is har-
vested (using basic equipment and proper 
safety measures), beekeeping can be a fascinat-
ing activity for the family. Certain strains of 
bees (e.g., Italian) are more docile than other 
commercial strains. Increased plant pollination 
activity by bees results in increased fruit and 
vegetable yields. When plants are pollinated by 
bees and fertilized with rabbit manure, the 
yields can be even greater. More food is pro-
duced at lower cost for family consumption, 
and more income is generated. Information on 
getting started with bees and on markets for 
honey may be obtained from your local agricul-
ture extension office or from a member of a 
local bee club or association.

Part of horticulture involves food plant 
production (e.g., fruits and vegetables). 
Horticulture can also include the production of 
flowering plants that can be grown in combina-
tion with rabbit production to further increase 
farm income (Fig. 12.2). As previously men-
tioned, the combination of rabbit raising and 
gardening is a popular practice on small family 
farms. Rabbit manure helps to improve the 
condition of clay and sandy soils by enhancing 
water-holding capacity, providing a medium 
that aids in rapid plant growth, and minimizing 
runoff and erosion. Plant yields can be further 

Fig. 20.4. A rabbitry constructed over a fish pond 
in Africa. The rabbit manure fertilizes the pond, 
producing growth of algae and other 
microorganisms that feed the tilapia fish. (Courtesy 
of S.D. Lukefahr)
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increased if compost from rabbit manure is 
applied, especially if it has been converted into 
humus by red worms. This type of functional 
integration is illustrated in Fig. 20.5.

Fresh produce for which rabbit manure 
was used as compost may attract customers 
because it was “naturally grown.” One study 
conducted in New Mexico demonstrated the 
integration of rabbits, catfish, red worms, and 
vegetables in greenhouses. The rabbits’ diet 
was supplemented with greens from vegeta-
bles, and rabbit manure was either used for 
growing worms that were fed to catfish or used 
as compost for growing vegetables. Production 
costs were reduced, and profits were increased. 
If surplus rabbit manure is available, it can be 
bagged and sold.

An alternative to feeding rabbits in con-
ventional cages is allowing rabbits to graze for-
age. Rabbits raised in this way are called 
pastured rabbits. One method involves raising 

rabbits in bottomless wire pens that are 
 regularly moved after the grass or grass-legume 
forage has been sufficiently grazed and before 
digging or burrowing activity occurs (Fig. 20.6). 
Feeders (supplying a supplement, such as com-
mercial pellets) and waterers are typically 
placed inside the grazing pens. The penned 
rabbits are usually fryers, which are less likely 
to mate or to display aggressive behaviors, 
such as fighting and fur chewing. One benefit 
is that the forage is fertilized as the rabbits 
graze. One obvious risk is predation. Consumers 
may be attracted to the more “naturally” pro-
duced meat.

Rabbit production can be integrated with 
the growing and harvesting of trees. Rabbit 
manure made into compost has been used by 
plant nursery and greenhouse businesses. 
Rabbit manure and collected urine has also 
been directly applied around tree bases. Besides 
fertilization and erosion prevention, one 

RABBITS
FISH

EARTHWORMS

BEES

VEGETABLES, TREES, and FLOWERS

Fig. 20.5. Functional integration. Note that each unit complements the others by increasing food 
production on a small farm. (Courtesy of S.D. Lukefahr)
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 advantage is that rabbit manure, which is rela-
tively odorless, does not support maggot 
growth when applied to well-drained or sandy 
soils. Trees that have forage suitable for rabbit 
feed (for example, Leucaena, Mulberry (Morus) 
and Gliricidium) can be grown near the rabbi-
try, and the manure can be used to grow the 
trees that feed the rabbits.

Vermiculture is the raising of worms. An 
older child might show an interest in the man-
agement and harvesting of red worms grown in 
rabbit manure as an alternative or supplemen-
tal allowance activity. Generally, worms require 
higher moisture levels than the rabbits, so it is 
preferable to rear the worms in special beds 
outside the rabbitry. Initially, the worms can be 
obtained from other rabbitries or commercial 
red worm farms. The red worms can be counted 
or weighed, placed in containers with peat 
moss, and sold to fishers or fishing bait stores. 
Basic business and entrepreneurship skills are 
learned through this experience. As with any 
new business, it is important to start small and 
expand as the demand grows. Red worms have 
also been fed to other livestock as a protein 
source. In Colombia, one study observed satis-
factory growth performance in broiler chicks 
fed diets in which soybean meal was partially 
substituted by live red worms. Although live red 
worms could be fed to poultry or swine, they 

would need to be processed into dried worm 
meal before being fed to other livestock. A use-
ful book on worm production is by Mays (see 
reference at the end of this chapter).

Diversifying Rabbit Production 
on the Family Farm

Diversification involves the utilization of rabbit 
by-products (e.g., skins, feet, and manure). In a 
small-scale rabbit enterprise, diversification 
increases economic opportunities. In other 
words, while meat may be considered the main 
product, various by-products can be developed 
and sold to generate additional family income. 
The main limitation for diversification is time, 
but this is where family labor comes in. 
Diversification produces a more intensive rab-
bit production enterprise because more labor is 
involved. However, in many cases, the opera-
tion may consist of fewer than 20 does. The 
key is usually to start small and stay small. 
Overproduction has been the cause of many 
failed family businesses.

As stated previously, colored rabbit breeding 
stock is recommended to enhance youth interest. 
Tanned colored hides or items such as rabbit’s 
foot charms, toys, dolls, quilts, blankets, and 

Fig. 20.6. Pastured rabbits grazing grass as forage. (Courtesy of J.I. McNitt)
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 garments have sales potential. Markets include 
curio, hobby, and souvenir shops and fairs, 
bazaars, and fund raisers (Fig. 20.7). Fresh hides 
are usually salted and dried on wood or wire 
stretchers and then stored until tanned. A number 
of tanning methods or recipes may be used, as 
described in Chapter 24 and in other books, such 
as Tan Your Hide! by Hobson (see reference at 
the end of this chapter). Be aware that some 
methods will remove the fur from the skin. The 
preferred method is a simple one that yields sat-
isfactory results with minimal costs and labor.

Manure from rabbits is popular for use in 
gardens and flower beds. The manure can 
either be made into compost or be mixed with 
potting soil. Your local county extension agent 
can provide specific information about proper 
composting methods. Some families have sold 
bagged rabbit compost as “natural fertilizer” to 
their neighbors or even to greenhouse or nurs-
ery businesses. Others have made sales by 
advertising commercially.

One advantage of rabbit manure is that it 
can be directly applied to soil supporting grow-
ing plants without the undesirable “burning” 
effect observed with poultry and other manures. 
However, it should be emphasized that rabbit 
manure, like all animal manures, has low ferti-
lizer value in comparison to commercial chemi-
cal fertilizers that are far more concentrated in 
certain critical elements (e.g., nitrogen, phos-
phorus, and potassium). Nonetheless, rabbit 
manure does contribute important organic 
matter and some elements that can improve 
soil properties such as water-holding capacity 
and permeability for root growth. At the same 
time, it provides a medium that supports ben-
eficial microorganisms, worms, and insects.

Manure can be collected in pits beneath 
rabbit cages to culture worms – a practice 
known as vermiculture (Figs 20.8 and 26.7). 
Typically, the worms are commercial red 
worms (red wigglers), which reproduce and 
grow well in the rabbit manure. Besides the 
manure, the worms require adequate shade, 
moisture, and protection from predators (e.g., 
fire ants). Many rabbit producers have had 
higher gross sales from worms sold as fishing 
bait than from meat rabbits. Families can get 
started in vermiculture by contacting a rabbit 
raiser who has worms for sale. A rabbit–red 
worm enterprise is also an example of integra-
tion, which was covered in more detail in the 
previous section.

Market Development

In small-scale operations, opportunities exist 
for “cottage industry” market development and 
economic benefits. In some European coun-
tries, the rabbit meat industry continues to be 
dominated by traditional small-scale subsist-
ence producers who maintain fewer than 50 
breeding does. Consumers usually drive to a 
farm or a farmers’ market to buy rabbit meat 
directly from the farmer. Because of favorable 
economies of scale, small-scale rabbit produc-
tion is a popular micro-enterprise. To some 
extent, similar scenarios are found in the 
United States.

Local farmers’ markets should be devel-
oped to sell surplus meat and by-products from 
small-scale operations. As opposed to sales 
from commercial operations, sales from local 
small-scale rabbit operations can be more com-
petitive. This is because of lower production, 
processing, and transportation costs (especially 
in states with no rabbit meat inspection laws). 
The 1978 Yearbook of Agriculture recom-
mended that small producers establish their 
own local markets if they live more than 150 
miles from a processor. This would surely 
include the majority of U.S. rabbit producers 
and would explain the prevalence of small 
(fewer-than-50-does) operations. There are 
marketing advantages as well, such as elimi-
nating intermediate marketing stages and low-
ering transportation costs for local and niche 
marketing of rabbit fryers.

Fig. 20.7. Rabbit skins made into quality garments 
and handbags. (Courtesy of S.D. Lukefahr)
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Fig. 20.9. Promoting rabbit meat at a local 
business. (Courtesy of S.D. Lukefahr)

Fig. 20.8. Commercial red worms cultured in rabbit manure. (Courtesy of D.J. Harris)

Markets should be created and expanded 
gradually. Contact your state department of 
agriculture for information about any meat 
inspection laws that might pertain to rabbits. 
If existing restrictions or regulations do not 
pose a barrier, the local marketing strategy 
might first be developed to involve, for exam-
ple, meat sales to neighbors. Later this could 
be expanded to involve sales to community 
stores and restaurants (Fig. 20.9). Alternative 
markets, such as auctions and farmers’ mar-
kets, might also be pursued. A good market-
ing tool for the family business is to supply 
rabbit recipe and nutrition information sheets 
and free meat samples to customers (see 
Chapters 23 and 24).

Another justification for the local market 
development approach is the extreme difficulty 
in making commercial inroads into the meat 
marketplace. Despite the nutritional qualities 
and health attributes of rabbit meat, this difficulty 
exists because of the highly competitive nature 
of the food business. The poultry and swine 
industries continue to expand and integrate to 
minimize production costs. This limits the pros-
pect of rabbit meat becoming a competitive 
commodity. Moreover, American consumers’ 
demand for meat has stabilized. This stimulates 
even greater competition among the beef, goat, 
sheep, pork, and poultry industries and makes 
market entry by a new commodity very difficult.
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According to the USDA, the 1995 pro-
duction cost for market beef was 26¢ per kg; 
for broiler chickens and turkeys, 15¢ and 19¢ 
per kg; and for hogs, 19¢ per kg. By compari-
son, the production cost for fryer rabbits was 
44¢ per kg (based on $333 per metric ton of 
feed and 10 hours of labor per doe per year). 
These figures account for labor costs. The 44¢ 
per kg figure for rabbits (excluding processing 
and shipping costs) explains the high retail costs 
of rabbit meat in food stores and in “white table 
cloth” restaurants. It also explains the categori-
zation of rabbit meat as a specialty or luxury 
product.

In addition, major businesses demand con-
tracts for large, regular meat supplies, and 
many smaller rabbit processors simply cannot 
meet the terms. In addition, the irregularity of 
the fryer supply (due to seasonal and organiza-
tional inconsistencies) has been a major prob-
lem for the commercial rabbit industry.

As demand increases, sales can expand to 
other areas or regional businesses. It should be 
emphasized that the rabbit enterprise should 
be expanded gradually only in proportion to 
the increased market demand and in relation to 
the willingness of the family members to take 
on further responsibilities.
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Rabbit Production in 
Developing Countries

In recent years, rabbit production has made 
a favorable impact in developing countries. 
Rabbits are raised in small numbers (fewer 
than 10 does) in simple, inexpensive, easily 
constructed cages and provide a family with 
a source of fresh meat on a year-round 
basis. They are raised on forages, such as 
roadside grasses, legumes, weeds, and tree 
leaves; waste fruits and vegetables; and by-
products, such as corn bran and rice bran. 
Much of the labor for feed collection and 
care is provided by children. Because of 
their small size, a few rabbits don’t require 
much feed. On the other hand, buying and 
feeding a beef animal might be prohibitively 
expensive. The small carcass of the rabbit is 
consumed in one or two meals, so meat 
storage isn’t required. There are few reli-
gious prohibitions against the consumption 
of rabbit meat.

Rabbit production fits in well with the 
integrated small farming systems common 
in many developing countries. Typically, a 
village family might have a small tract of land 
available for a garden and a plot of rice or 
corn and might raise a few animals, including 
chickens, goats, and perhaps rabbits (Fig. 
21.1). The animal manure is used in the gar-
den or grain field, while the crop by-products 
and plant residues left over from harvest are 
fed to the animals. Rabbits can be a very use-
ful component of such a system. Most of the 

world’s population is fed by the output of 
small farms such as just described. With 
the rapidly increasing human populations of 
most developing countries, there is less and 
less land available per family, and the need 
for intensive, efficient production increases. 
Labor is usually abundant, so the high 
labor intensity of rabbit production is not a 
detriment.

Most of the general procedures of rabbit 
production are the same, regardless of where 
the animals are raised, so only aspects unique 
to developing countries will be discussed in this 
chapter.

Cages and Equipment

Most people in developing countries who 
might advantageously raise rabbits as a source 
of protein do not have much money. 
Therefore, it is very important that the equip-
ment be simple, be easily constructed, and 
involve few if any purchased materials. Simple 
rabbit hutches or cages can be constructed of 
local materials, such as clay or concrete 
blocks, wooden boards, split bamboo, and 
raffia palm (Fig. 21.2). Bamboo cages are in 
some respects superior to wire cages. A bam-
boo floor gives more support to the feet than 
a wire cage bottom, so problems with sore 
hocks are minimized (Fig. 21.3a, b). Feeders 
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where large amounts of greens are fed, less 
drinking water may be required, but it is a 
good practice to always provide water. In 
some countries (e.g., Cameroon, Haiti, and 
Vietnam), it is a common practice not to 
 provide any water when diets composed of 
freshly harvested greens are fed (Fig. 21.4).

Feeding and Management

Generally, rabbits raised for home meat con-
sumption in developing countries, especially 
in tropical regions, will be fed a forage-based 
diet supplemented with by-products, such 
as rice bran. A wide variety of forages may 
be used, varying from country to country 
depending upon local crops and vegetation 
available. Crop residues, such as cassava 
and peanut leaves and sweet potato vines, 
are quite suitable, as are leaves from legumi-
nous trees, such as Leucaena. The compo-
sition of some typical tropical feeds is given 
in Table 21.1. In countries where rabbit 
 production is being seriously explored and 

can be constructed from clay or from a large 
stem of bamboo. Cans, tins, glass bottles, 
and other items can be used as well. Mangers 
for forage feeding can also be made from 
local materials, such as bamboo, clay, or 
wood, and can be incor porated into the struc-
ture of the cages. Watering crocks can be 
made of clay or concrete. In many cases, 

Fig. 21.1. A typical village rabbitry in Indonesia 
constructed of bamboo. The rabbits are fed green 
forage. (Courtesy of S.D. Lukefahr)

Fig. 21.2. A backyard rabbitry in Poland constructed from a variety of discarded materials. (Courtesy 
of S.D. Lukefahr)
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promoted, one of the first priorities should 
be the evaluation of local forages. In most 
cases, forages alone will not be adequate 
as the total diet. According to the table, 
many forages have high moisture content. 
Wilting or drying of harvested forage in open 
sunlight for  several days reduces the mois-
ture content. For  example, in studies con-
ducted at Texas A&M University-Kingsville, 
drying sweet potato leaves and vines for 
four days reduced the moisture content from 
about 90 to only 10%, thus increasing the 

nutrient intake for rabbits since they can 
consume more feed that has a lower mois-
ture content.

Supplementary feed, such as a moist 
mash prepared from rice and corn bran, 
cottonseed and palm kernel meal, bean 
curd, or other by-products, should be used. 
Kitchen or table scraps can also be fed if 
available. The addition of molasses pro-
motes palatability, provides energy, and 
retards feed spoilage. The level of produc-
tion that can be achieved with this type of 
a feeding system in arid or tropical envi-
ronments is about half of what is achieved 
in temperate countries with rabbits fed com-
mercial pelleted diets. However, this level is 
econo mically justified and makes a mean-
ingful contribution to food production.

Many tropical forages are deficient in 
minerals. Those minerals most likely to be 
lacking are calcium, phosphorus, sodium, 
cobalt, copper, iodine, selenium, and zinc. 
Fluorine, manganese, and selenium are some-
times present in toxic amounts. Tropical 
soils are often highly leached, infertile, and 
acid. These conditions tend to result in low 
mineral levels. The use of trace mineralized 
salt and calcium–phosphorus supplements in 

Fig. 21.4. A traditional practice in Vietnam is not to 
provide water to rabbits on a fresh forage-based 
diet. (Courtesy of S.D. Lukefahr)

Fig. 21.3. The raffia palm (a) grows in West Africa. It is used for building rabbit hutches and cages (b) in 
many African countries. (Courtesy of S.D. Lukefahr)

(a) (b)



252 Chapter 21

Table 21.1. Composition of selected tropical feedstuffs (wet weight or “as fed” basis1)

Feedstuff Dry Matter (%) Crude Protein (%) Crude Fiber (%)

Arachis hypogaea (peanut)
-fresh forage 37 4.4 8.6
-hay 91 10.6 23.7
-seeds with shells 93 22.0 19.6
-seeds without shells 95 28.4 2.8

Artocarpus heterophyllus (jack fruit)
-fresh leaves 16 2.0 3.2

Brachiaria decumbens 17 1.8 6.0
Cajanus cajan (pigeon pea)

-fresh forage 23 5.0 6.5
-seeds 86 18.9 7.6

Cenchrus ciliaris (buffel grass) 20 2.2 6.4
Centrosema pubescens 

(butterfly pea)
-fresh forage 20 4.6 6.2

Chloris gayana (Rhodes grass) 20 2.0 6.4
Coconut meal (copra) 88 22.7 12.3
Desmodium intortum (tick clover) 17 2.8 5.0
Digitaria decumbens
Dolichos lablab
Gliricidia sepium
Ipomoea batatas (sweet potato) 18 2.0 5.8

-tubers 19 4.9 4.9
-foliage 25 6.4 3.3

Leucaena leucocephala
Manihot spp. (cassava)

-tubers 31 1.7 1.3
-foliage 22 2.8 5.9

Melinus minutiflora (molasses grass) 29 6.5 4.2
-fresh forage

Musa spp. (banana)
-fresh fruit 35 1.6 1.3
-skins (peelings) 26 5.2 5.5
-leaves 33 1.4 12.9

24 1.1 0.5
Oryza sativa (rice)

-rice bran 16 1.0 1.6
-rice hulls 16 1.0 3.8

Panicum maximum (guinea grass) 86 11.9 10.0
Pennisetum purpureum (napier 

grass, elephant grass)
86 3.3 37.2

Pueraria phaseoloides 
(tropical kudzu)

24 2.1 8.0

Saccharum officinarum 
(sugarcane)

Sesbania grandiflora 17 4.3 3.0
Setaria sphacelata 20 1.9 6.3
Stylosanthes guianesis 24 3.7 7.5
Tripsacum laxum (Guatemala grass) 27 1.7 8.9

1To convert the values in Table 21.1 from the “as fed” basis to the dry matter basis, multiply the protein or fiber contents 
by 100, and divide by the percent dry matter. For example, for Musa fruit (banana), the protein content on a dry matter 
basis is: %CP = (1.1 × 100) ÷ 24 = 4.58%
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 rabbit feeding is recommended. At the vil-
lage level, this may be somewhat difficult to 
achieve and may call for extension programs 
and other forms of assistance in making these 
supplements available to subsistence farm-
ers. Some farmers used dried and ground 
bone meal.

In many situations, it may be possible for 
farmers to use commercially prepared chicken, 
pig, or cattle feed (called “mash” or “concen-
trate”, which is not pelleted) supplemented 
with green feeds as their rabbit diet. As long as 
adequate fiber from forage is provided, this is 
an adequate feeding program when rapid gains 
are not required. Commercially prepared rab-
bit feeds are very uncommon in developing 
countries, whereas rations formulated for other 
more major types of animals are more readily 
available. The cost of purchased feed can be 
justified only when strong markets for rabbit 
meat exist.

In many arid and tropical countries, rab-
bits have been raised for a long time. The local 
rabbits are usually small, colored, have a slow 
growth rates (20 instead of 40 grams per day), 
and have low reproductive rates (4 instead of 
8 litters per doe per year). It is reasonable to 
expect that they might be better adapted to the 
arid and tropical environments than imported 
breeds, such as the New Zealand White. Genetic 
studies are urgently needed to assess breed dif-
ferences in adaptability and the potential for 
using crossbreeding programs involving local 
and imported breeds. In many cases, local 
breeds or crosses are the most appropriate 
stock for small farm families under subsistence 
(poor) conditions.

Special Problems in Tropical 
Rabbit Production

Heat stress

An obvious problem for rabbit production in 
the tropics is heat stress. Rabbits have a 
Mediterranean origin and are not particularly 
well adapted to areas with hot, arid, or humid 
conditions. Nevertheless, they have been suc-
cessfully raised in areas with these conditions. 
Several procedures can be used to minimize 

heat stress. In a hot environment, rabbits 
should be provided with an unlimited supply 
of clean, cool water. In large rabbitries, build-
ings can be constructed to gain a “chimney 
effect” (Fig. 21.5) to provide cooling. A rab-
bitry can be situated under the shade of 
trees and located to maximize air movement. 
The area around the cages can be soaked 
with water during the hottest part of the day 
for the evaporative cooling effects. The use 
of indoor/outdoor units as described in 
Chapter 4, “The Rabbitry and Its Equipment,” 
might be a way of providing a cooler micro-
climate. In arid countries, such as Egypt and 
Tunisia, rabbits are sometimes kept in deep, 
underground tunnels, where the temperature 
is considerably lower (Fig. 21.6). In many 
tropical countries, there are regions of higher 
elevations (highlands) where the temperatures 
are quite moderate and ideal for rabbit pro-
duction. Breeding and selection programs 
and the incorporation of local breeds into the 
gene pool should be a feasible means of 
increasing the adaptability of the animals to 
arid or tropical conditions.

Zoonoses

A zoonosis is a disease of animals that can be 
transmitted to humans. When rabbit raising is 

Fig. 21.5. A rabbitry in Louisiana constructed with 
roof vents to aid air movement by the “chimney 
effect.” (Courtesy of J.I. McNitt)
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proposed in areas where it has not been prac-
ticed, the question of potential zoonoses is 
often raised. Tularemia is the disease most 
often mentioned. It is named for Tulare, a 
county in California where the disease was first 
described. Tularemia is a disease of rodents 
and lagomorphs and is transmitted by the 
bites of fleas, flies, ticks, and lice. It may be 
acquired by humans from handling infected 
animals. The disease, caused by a bacterium 
called Francisella tularensis, is characterized 
by inflammation of the lymph glands, head-
ache, chills, and a high fever. The disease has 
been contracted by people handling infected 
wild rabbits. However, it has not been a signifi-
cant hazard with domestic rabbits and should 
not be a matter of concern. Of course, rabbits, 
like any mammalian species, can carry rabies.

Tsetse fly

In many African countries, the tsetse fly 
(Glossina palpalis and G. morsitans) is a 
severe impediment to livestock production 
(Fig. 21.7). This fly bites animals and sucks 
blood, causing irritation. It is a carrier of a pro-
tozoan of the genus Trypanosoma, which 
causes the disease trypanosomiasis. The initial 
stages of the disease in humans involve fever, 
chills, headaches, and vomiting, followed by 
enlargement of the lymph glands and anemia. 

Later the central nervous system is involved, 
producing sleeping sickness, characterized by 
lethargy and prolonged sleeping, and finally 
causing death. Domestic animals, including 
rabbits, also contract the disease. In rabbits, 
infection causes poor growth and poor feed 
utilization. An experiment in Nigeria indicated 
that feeding infected rabbits a diet containing 
250 parts per million copper sulfate virtually 
eliminated the detrimental effects of the para-
site and reduced the parasite count in the 
blood. Thus, by the use of copper sulfate as a 
feed additive, the tsetse fly problem in rabbits 
can apparently be overcome. Another method 
of avoiding the problem would be to cover the 
rabbit cages with mosquito netting. Because of 
their small size and confinement housing, rab-
bits would be easier to protect from the tsetse 
fly than grazing animals, such as cattle, and 
thus could become an important source of 
meat in tsetse-infested areas.

Rabbits as Pests

There has been some concern that if rabbit 
raising is introduced into a country as an agri-
cultural activity, some animals may escape and 
become pests. The well-known example of 
Australia is always cited. Wild rabbits have 
caused tremendous damage in Australia 
(Fig. 21.8). It is well to bear in mind that these 
are wild rabbits - European wild rabbits – and 
not domestic rabbits. The domestic rabbit has 

Fig. 21.6. Rabbits in Tunisia in a pit 2 m 
underground. The rabbits dig tunnels laterally from 
the bottom. To harvest the rabbits, a small boy is 
lowered into the tunnel with some grass. When the 
rabbits come out to eat, he catches them. 
(Courtesy of A. Finzi)

Fig. 21.7. A female tsetse fly (Glossina morsitans 
centralis) feeding on the ear of a rabbit. Tsetse flies 
are vectors for the Trypanosoma protozoan, which 
causes sleeping sickness. (Courtesy of J.S. Scott)
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not become feral and a pest anywhere, except 
on a few small islands where there were no 
predators. The domestic rabbit is an easy tar-
get for predators. Domestic rabbits are usually 
completely or partially white, making them 
more conspicuous to predators than wild rab-
bits. They are more compact and less agile, 
making them less likely than wild rabbits to be 
able to evade or escape from predators. When 
domestic rabbits are chased, they tend to squat 
down and hide rather than run away. Wild rab-
bits have never made a foothold in the tropical 
areas of Australia. There is virtually no likeli-
hood of domestic rabbits becoming pests in 
tropical countries. The abundance of preda-
tors, the high human population density in 

many areas (with the resultant decimation of 
wildlife from overhunting), and the basic limita-
tions of the adaptability of rabbits to hot, humid 
environments are all impediments to success of 
the domestic rabbit in the wild.

Agencies Involved in International 
Development of Rabbit Production

The potential and recent impact of rabbits and 
other “microlivestock” in developing countries 
has been widely recognized. A number of agen-
cies involved in international development 
have incorporated rabbit raising into their pro-
grams. Some of the American agencies include 
the Peace Corps, CARE, Heifer International, 
World Neighbors, and a variety of church 
organizations. Volunteers working for the 
Peace Corps live with villagers in developing 
countries, providing assistance and training in 
food production, water supply, energy devel-
opment, nutrition and health education, and 
reforestation. Many of the Peace Corps and 
CARE projects include rabbit raising for food. 
Heifer International is a private organization, 
based in Little Rock, Arkansas, that promotes 
community development through sustainable 
livestock production and small farming in 
developing countries. As one of its first major 
projects, the organization provided heifers, 
donated by Americans, to farmers in Europe 
following World War II. The program has been 
expanded to encompass all types of livestock 
as well as gardening, crop and forestry produc-
tion in about 125 countries. Rabbit production 
and guinea pig production are of increasing 
interest to Heifer International. Many churches 
have aid programs and have missionaries 
located in developing countries. Increasingly, 
rabbit production is being encouraged for 
home food production.

Many other countries have programs that 
incorporate rabbit production. France has pro-
grams in Africa, the Caribbean, and Mexico. 
The Food and Agriculture Organization (FAO) 
of the United Nations has a rabbit program. 
Germany has rabbit projects in such countries 
as China, Kenya, and Thailand. Australia sup-
ports work in Indonesia. The Tropical 
Development and Research Institute of Great 

Fig. 21.8. One of the rare instances in which 
domestic rabbits have become pests. European 
rabbits (Oryctolagus cuniculus) were introduced by 
sailors as a source of food on the isolated 
Macquarie Island off the coast of Australia. The 
rabbits have since completely denuded it, causing 
serious erosion losses. Note the exposed roots of 
the tree. (Courtesy of W.R. Sobey)
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Britain has been prominently involved in rabbit 
production. There are many others. Professional 
journals that promote rabbit research activities 
in developing countries include Livestock 
Research for Rural Development and World 
Rabbit Science.

It is increasingly evident to these develop-
ment agencies and to government officials in 
developing countries that small animals, such 
as rabbits, may have much to offer in the race 
to match food production with human popula-
tion expansion. The success or failure of rabbit 
production schemes hinges on several factors. 
For success, it is very important that there be 
strong support from the government of the 
country. In some countries, such as Ghana 
and China, strong government support has 
been given. It is important to work with, rather 
than bypass, existing institutions, such as 
extension services, research centers, and gov-
ernment programs. Unless the local agencies 
are directly involved and supportive, they may 
react negatively and sabotage a project to 
make it fail, or the project will not be actively 
supported after the development agency 
leaves. Success of a program of which they 
are not a part can be construed as a failure for 
them or a threat to them. Local protocols and 
chains of command must be recognized and 
respected.

Ultimately, the success of a project hinges 
on the involvement of the farmers. If they’re 
not interested, failure is assured. Unfortunately, 
improving the nutritional status of one’s family 
is not usually considered of sufficient impor-
tance to get involved in something new. Village 
farmers in developing countries, like people 
everywhere, are interested in making money so 
that they can buy consumer goods to improve 
their standard of living. For an American, this 
often means a home in the suburbs, many elec-
trical appliances, one or more automobiles, and 
so on. For a villager in one of the developing 
countries, it may mean a cell phone, transistor 
radio and a motorbike. For a rabbit project to 
succeed, rabbit raising must put money in the 
farmers’ pockets. Coincidentally, but of course 
importantly, rabbit raising also provides meat 
for the table and improved nutrition. Programs 
based solely on the idea that you should raise 
rabbits because they are good for you and your 
family are unlikely to succeed.

It is important that adequate training and 
supervision be provided. This requires a project 
leader or coordinator with a sound basic knowl-
edge of rabbit production and with considera-
ble practical experience. Many rabbit projects 
in developing countries have failed because a 
qualified rabbit expert was not involved. 
Production, disease, or nutritional problems 
may develop during the early part of a project, 
the rabbits may die, and the project may be 
abandoned, whereas if adequate expertise had 
been available, the problems might have been 
readily overcome. A rabbit production expert 
who has had experience in an environment 
similar to that of the project should be involved 
early in the design stage of the project. The 
focus should be to seek out and train rabbit 
farmer leadership at the village level. A year or 
more of close supervision will be required to 
adequately train these village leaders, who can 
then take on the responsibility of training other 
farmers in the village. Once a core of well-
trained and experienced rabbit raisers has 
been established, the project becomes self- 
perpetuating as other villagers learn from the 
successful rabbit raisers. People should be 
trained not only how to raise rabbits but also 
how to use them to improve small farms.

A very important part of the training pro-
gram should be the provision of instruction on 
slaughtering rabbits and preparing dishes for 
home consumption. A good way to begin a 
program in a village is to prepare some rabbit 
meat using recipes for local meat dishes and 
have a party. Once the people have consumed 
rabbits, they generally are eager to begin rais-
ing them. Too often, rabbit development 
schemes have failed because the people have 
not learned how to butcher and cook rabbits. 
The method of preparation of rabbit dishes 
reflects specific cultural habits of different parts 
of the world. In Africa, for instance, it is com-
mon to cook “bush meat.” This refers to a vari-
ety of small animals hunted in the “bush,” 
which are then eviscerated and cooked over an 
open fire (Fig. 21.9a, b). The hide is left on. 
The fire burns off the hair, but the skin remains 
as part of the cooked meat.

In many respects, the future of rabbit rais-
ing appears to be brightest in the developing 
countries, where maximum efficiency of food 
production is needed.
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Fig. 21.9. (a, b) In some parts of Africa, rabbits are cooked like “bush meat” over an open fire, with the 
hide left on. The hair is burned off, and the skin consumed as part of the meat. (Courtesy of J.I. McNitt)
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Rex Fur Production

The Rex rabbit originated in France in 1919, 
when a farmer observed a short-furred kit in a 
litter of common gray rabbits. A second kit was 
born in another litter a few months later. These 
two animals were the foundation of the Rex 
breed. A French priest, Father Gillet, contin-
ued the development of the breed and named 
it Castor Rex. The word “castor” referred to 
the beaver-like coloration (“castor” means 
“beaver” in French), and the word “Rex” 
referred to king (“Rex” is Latin for “reigning 
king”). In other breeds, the castor color is called 
agouti. In the 1920s, Rex rabbits were shown 
in several European exhibitions, and their pop-
ularity grew rapidly. In 1929 they were 
imported into the United States. They have 
been raised primarily by fanciers for showing. 
At various times, efforts have been made to 
establish a fur industry using the Rex pelt. The 
Rex fur is soft, dense, and of uniform length, 
and very attractive garments can be produced 
from it.

Hair Structure and Growth

The hairs of fur-bearing animals are of two 
main types: the guard hairs and the underfur. 
The guard hairs are the outer, longer, coarser 
hairs of the coat. Three structures - the sweat 
gland, the sebaceous gland, and the arrector 

pili muscle - are associated with the guard 
hairs. The hairs of the underfur do not gener-
ally have these three accessory structures. 
When the arrector pili muscle contracts, it 
changes the position of the hair so that it stands 
vertically when the animal is frightened or cold, 
and it also helps to constrict the superficial 
blood vessels of the skin. The sebaceous gland 
secretes a substance that gives gloss to the fur 
and helps maintain proper skin texture. The 
main difference between Rex fur and the hair 
of other breeds of rabbits is that in the Rex the 
guard hair is of the same length as the under-
fur, whereas in other breeds the guard hair is 
considerably longer. Also, the hair normally 
stands vertically in Rex rabbits regardless of 
environmental temperature.

The hair follicle is the sac-like structure in 
the skin which anchors the hair. All hair growth 
occurs in a highly vascular (blood laden) layer 
of the follicle called the papilla, which provides 
the growing hair with the nutrients necessary 
to form the hair shaft and its pigment. All hair 
growth occurs from the matrix plate of the hair 
bulb directly above the papilla. Above this 
region the hair cells gradually die, so the hair 
itself consists of dead cornified cells 
(Fig. 22.1).

The depth of the follicle in the skin changes 
with the hair growth cycle. While the hair is 
actively growing, the base of the follicle is deep 
within the skin, with the hair pigment in 
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melanocytes, which can be seen as dark-
colored areas on the leather side of an unprimed 
pelt. As the pelt becomes prime, the hair folli-
cle shortens until its base is located just below 
the sebaceous gland in the upper layer of the 
skin. The papilla atrophies and the bulb degen-
erates. At this point, the pelt is prime, and the 
leather side of the skin will be creamy white, 
since hairs in this phase are colorless at their 
root ends because the pigment has all been 
drawn up into the hair shaft.

Hair growth occurs in cycles in which peri-
ods of active growth alternate with resting 
 periods. A hair undergoes three distinct phases 
of growth, termed the anagen (period of growth), 
catagen (involutional stage), and telogen (period 
of rest) phases. During the anagen phase, the 
hair shaft grows. During the catagen phase, 
which is of very short duration, it passes from 
the growing to the resting state. The lower part 
of the follicle dries off and shortens up just below 
the sebaceous gland. The telogen, or resting, 
phase is when the hair is in prime. Following 
the resting stage, a new hair begins growth in 
the same follicle and forces out the prime hair, 
causing a molt or shedding (Fig. 22.2).

The Rex rabbit goes through three basic 
types of prime cycles. The baby prime cycle is 
from birth to 2½ months, the intermediate 
prime cycle is from 2½ months to 5 months, 
and the senior prime cycle occurs from 
5 months onward. Cycles of senior prime 
occur every 2 to 4 months. Hair is composed 
of a protein called keratin, which has a high 
content of the sulfur-containing amino acid 
cystine. Keratin consists of long polymer 
chains of amino acids that exist as helical 
coils. These coils can be stretched and will 
return to their original shape, giving the fiber 
elasticity. Chemical bonds between the cys-
tine molecules in the keratin are involved in 
this process. They are also responsible for the 
crimp or waviness of wool. A hair consists of 
a central core of cells, called the medulla, 
which is surrounded by the cortex. The cortex 
is covered with an outer layer of cells, called 
the cuticle. The cuticle cells overlap like scales, 
with their free edges pointing toward the tip, 
and provide water-repellent properties to the 
hair. The medulla contains air spaces between 
the cells. These spaces are very large in 
Angora rabbit wool. Both the medulla and 
the cortex contain pigments responsible for the 
hair color. These pigments are melanins, the 
brown-black pigments, and pheomelanins, 
the red-yellow pigments. The pigments are 
derived from the amino acid tyrosine. White 
hair results from both a lack of pigment and 
reflection of light off the intercellular air 
spaces. Apparent fur color is also influenced 
by whether the cuticle structure is smooth or 
rough and by the degree of gloss produced by 
sebaceous gland secretions. Because guard 
hair cuticle edges are folded tightly against the 
cortex while underfur cuticle margins are 
rough, the two types of hair differ in light 
reflection and luster.

In mink, a number of nutrient deficien-
cies adversely affect hair color. Iron deficiency 
produces “cotton fur,” in which the underfur 
is white. Biotin deficiency results in varying 
degrees of fur depigmentation and/or hair 
loss. Copper deficiency also causes graying. 
Interestingly, the use of high levels of copper 
sulfate in mink feed causes a darkening of the 
fur. Studies of this type have not yet been 
conducted with Rex rabbits. The hair becomes 
prime in a definite pattern. Generally the 

Legend

a

a. hair shaft
b. epidermis
c. dermis
d. follicle
e. sebaceous gland
f. arrector pili muscle
g. hair bulb or “root”
h. stratum germinativum
    or matrix plate
i. papilla

b

c

d

e

f

g
h

i

Fig. 22.1. Diagram of a hair and follicle. (Courtesy 
of W. Schlolaut, Neu-Ulrichstein, Germany)
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prime commences at the midpoint of the 
back and abdomen and progresses to the 
sides. In some cases priming seems to start 
on the sides and move to the midpoints of the 
back and abdomen. There are three stages of 
the prime cycle. In Stage I, the new hair 
growth is just starting and the tip of the hair 
shaft is flush with the surface skin. The skin 
will be discolored due to the presence of the 
pigmented tips of hair. In this stage, old hair 
is shedding and new hair is forming, and the 
pelt has a low fur density. In Stage II, the new 
hair protrudes about 0.3–1.3cm above the 
skin surface, giving a fuzzy appearance. In 
Stage III, the new hair can be seen on the 
surface of the fur and is called the prime 
ridge, created by the new, denser hair push-
ing up against the old hair. When the prime 
ridge has moved down the sides of the body 
to the belly, the entire pelt is in prime. When 
the fur is prime and fully grown out, there will 
be a lightly colored band about 0.3cm high at 
the base of the hair shaft. In mink, the pro-
duction of a prime pelt can be speeded up by 
the use of a hormone implant. Administration 
of the hormone melatonin (10 milligrams 
melatonin in a single implant) results in a 

prime pelt being produced six weeks earlier 
than in animals not so treated. The effective-
ness of this treatment in rabbits has not yet 
been investigated.

Checking for Prime Pelts

One of the major problems in Rex rabbit pro-
duction is assessing a prime pelt on the live 
animal. If part of the pelt is not in prime, then 
the skin is much reduced in value. The unprimed 
areas cannot be used in garment manufacture, 
because the hair sheds freely and the leather is 
thin and tears easily.

Two people are needed to check for prime - 
one to hold the rabbit (Fig. 22.3) and one to 
check the fur. All pelters over 5½ months of 
age should be checked weekly. Part the fur, 
either by blowing on it or by using a pencil and 
fingers, (Fig. 22.4) starting in the spinal area, 
on the shoulders, middle back, and rump. Then 
move down the sides looking for signs of an 
unprime pelt, such as dark skin, fuzzy hair, or a 
prime ridge. Check for good fly back by strok-
ing the fur from the tail to the head. If any signs 
of an unprime coat are encountered, return 

A B C D E

Fig. 22.2. Cycles of hair growth in the rabbit. The growth of the new hair, or the anagen phase (A), is 
followed by the catagen phase (B), in which the lower part of the follicle has dried off. The catagen phase 
is of short duration, leading to the telogen phase (C and D), in which the hair has an epithelial sac. At this 
point, the hair is prime. A new hair then begins in the same follicle, causing a molt, followed by a new 
anagen phase (E). (Courtesy of W. Schlolaut, Neu-Ulrichstein, Germany)
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the animal to its cage and check it again the 
next week. If no signs are seen, hold the rabbit 
by the back of the neck and examine the belly 
region. If there are no unprime signs on the 
belly, the rabbit is in full prime and should be 
pelted.

To produce high quality pelts, the pelters 
should be separated before they are 10 weeks 
old and placed into individual cages with solid 
dividers between the cages. The purpose of 
this is to reduce damage to the skin and hair 
from fur chewing, urine stains, etc. If a skin 
laceration occurs from biting or scratching, the 
skin is stimulated to produce a new growth of 
prime hair in the bald area. This will produce 
“nit marks” in the pelt, so the surface of the fur 
looks pitted. These render the pelt useless for 
garment making, so the animal has to be kept 
for an additional prime cycle.

Production of Rex Rabbits 
for Fur

Breeding stock for commercial Rex production 
should, in general, be purchased from com-
mercial producers rather than from fanciers. 
Show animals are selected for phenotypic 
characteristics, such as body conformation and 
type, and not for reproductive ability and com-
mercial fur qualities. The stock should be pure-
bred Rex, with no crosses with New Zealand 
White or other breeds in the ancestry. These 
crosses reduce fur quality. Breeding animals 
should be healthy, with no evidence of snuffles, 
and should have high quality fur. Animals with 
fur of inconsistent or poor color, low density, 
or coarse texture or those with thin belly fur 
should not be selected as breeders. The Rex 
breed has a genetic susceptibility to develop-
ment of sore hocks. No breeding stock should 
be maintained that has had sore hock prob-
lems. Sore hocks can be eliminated through 
selection for thicker hair on the foot pads.

There are many colors of Rex rabbits. For 
a viable commercial Rex fur industry to develop, 
it is desirable that only a limited number of 
colors be used commercially. Furriers require a 
large number of pelts of uniform color and 
quality for garment manufacture. The follow-
ing categories of Rex colors, classified accord-
ing to desirability for garment manufacture 
have been suggested.

1. Group 1, seal, black, chinchilla, chocolate, 
castor, and sable. These are dark colors, which 
are preferred by most women for coats. Dark 
colors tend to make a person look slimmer, are 

Fig. 22.3. Holding the rabbit to examine the sides 
and belly for signs of prime. (Courtesy of P.R. Cheeke)

Fig. 22.4. Examining the skin coloring and the 
color bands by separating the fur with a pencil to 
determine whether the pelt is prime. (Courtesy of 
P.R. Cheeke)
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conservative for evening wear, and comple-
ment most complexions. The dark colors are 
used in traditional fine fur garments. Seal, 
black, chocolate, and sable furs are similar to 
mink. Chinchilla Rex looks like the true chin-
chilla fur, and castor resembles coyote, bobcat, 
and beaver.
2. Group 2: blue, red, opal, beige, fawn, and 
otter. These are contemporary colors, some-
what sporty and particularly appropriate for 
young people.
3. Group 3: white, lynx, lilac, brokens, and tri-
colored. White is for very formal occasions. 
The other colors have limited use in 
sportswear.
4. Group 4: cinnamon, harlequin, magpie, 
Siamese, silver marten, smoked pearl, and tor-
toiseshell. These colors have extremely limited 
use and are not recommended for commercial 
production unless they are being produced for 
specific specialty items.

Management of Rex 
Rabbits

All production and management procedures 
should be oriented toward producing a high 
quality pelt. Sunlight will bleach fur, so both 
direct and reflected sunlight should be avoided.

Feeding

The feeding program is very important. The 
diet should contain adequate protein. There 
has been very little, if any, research to measure 
optimum protein requirements for Rex produc-
tion. Because fur is very high in protein, it is 
reasonable to believe that adequate dietary pro-
tein quantity and quality are important consid-
erations. A diet with 18 percent protein and a 
feeding level of 225 g per day to does with lit-
ters in the nest box, full feeding to weaning, 
and 115g per day to the pelters is recom-
mended. At five months of age, the feed for 
pelters is dropped to 55 g per day. Full feeding 
of pelters reduces the percentage of animals 
with fully primed pelts and causes large abdom-
inal fat deposits that interfere with pelting and 
reduce the quality of the pelt. Leaving fat on the 
raw skin causes patches of fur to fall out during 

the dressing process. Restriction of feed to 
about 75 percent of what would be consumed 
free choice gives the best results. Full feeding 
results in an accelerated fur growth cycle. The 
animals go through prime very quickly. 
Restricted feeding results in animals that remain 
in prime condition longer, production of a bet-
ter quality pelt, and reduced feed costs.

Castrating bucks

Castration of young male rabbits is desirable 
for both Rex fur and Angora wool production. 
Castrated bucks will produce a thinner skin and 
softer fur. With Rex animals, the castrated male 
will produce a better pelt with thinner leather, 
and if the rabbits are group-caged, there is less 
danger of fighting.

The operation is quite simple. Hold the tes-
ticles in the scrotum by placing a finger above 
each one, and make a small incision with a scal-
pel or razor blade on each side of the scrotum. 
The testicles will pop out of the incisions. Pull 
each testicle out so the cord can be seen. Sever 
the cord just above the testicle by scraping with 
a scalpel; don’t slice the cord or it may hemor-
rhage. The wound can be rinsed with hydrogen 
peroxide. Disinfecting your hands and your sur-
gical equipment will help prevent infection.

Another method is chemical castration. 
Inject 0.2 ml of a 10 percent calcium chloride 
solution into the bottom of each testicle. The 
calcium chloride is a desiccant that will dry up 
the testicle in a few days.

Manufacture of Rex Garments

The pelt must be harvested when the fur is 
prime so that the garment made from it does 
not shed hair. As soon as the pelt is removed 
from the carcass, it should be placed on a wire 
stretcher, flesh side out, (Fig. 22.5) and any 
fat adhering to the pelt removed. The pelt is 
air-dried and then cut down the middle of the 
belly. Dried, cut pelts may be stored in an 
 airtight fiber drum with some mothballs to 
 prevent insect damage. The dried pelts then 
may be sold to a fur broker or dresser.

Fur dressing is basically the tanning proc-
ess. Dressed furs are those that have been 
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Fig. 22.5. A prime pelt (right) showing an all-white 
skin. The center pelt has an unprime area on the 
belly, while the pelt on the left shows nit marks 
(dark spots of new, unprime hair growth). 
(Courtesy of P.R. Cheeke)

tanned and are ready for the furrier. Furriers 
buy the dressed skins and use them in the man-
ufacture of garments. Commonly, the pelts are 
“let out.” Letting out involves cutting a pelt in 
half along the ventral and dorsal midlines and 
then cutting each side into narrow diagonal 
strips (Fig. 22.6). These strips are then sewn 
together, with the top of one strip “slipped by” 
the bottom of the previous strip, leaving a 
 staircase-like edge which is subsequently cut off. 
The purpose of letting out is to make the pelt 
longer so it reaches the full length of the gar-
ment to avoid a blocking effect. This allows the 
manufacture of a garment using a skin of uni-
form color, instead of sewing two skins together 
and trying to get them to match (Fig. 22.7).

Economic Potentials of the Rex 
Industry

There is little doubt that high quality, attractive 
garments can be prepared from Rex rabbit 
pelts. Nevertheless, there is some question as 
to whether the production of the Rex rabbit 
can become a viable commercial activity. In 
some cases, more profit can made by bypass-
ing the furriers and manufacturing Rex gar-
ments as a business. Other fur-covered items, 
such as teddy bears, gloves, scarves, hats, rugs, 
pillows, and blankets, have all been marketed 
to a limited extent (Fig. 22.8).

Fig. 22.7. Close-up of a let-out skin (left) 
contrasted with a pelt not let out. The diagonal 
strips are visible, and narrowing and lengthening 
of the pelt are apparent. (Courtesy of P.R. Cheeke)

Fig. 22.6. “Letting out” a Rex pelt. It is cut into 
diagonal strips (top), which are sewn together 
(middle) so that the pelt is lengthened (bottom). 
(Courtesy of P.R. Cheeke)
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Fig. 22.8. Attractive, durable garments can be manufactured from the Rex pelt. (Courtesy of P.R. Cheeke)
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Angora Wool Production

Angora rabbits produce high quality wool that 
is used worldwide in garment manufacture. 
They are unique among rabbit breeds due to 
their ability to produce a renewable textile 
material that can be harvested without harm to 
the animal. Angora wool fiber has small diam-
eter and chambers (Fig. 23.1) that give the 
wool excellent insulation properties and warmth 
without much weight. The naturally insulating 
structure of angora fiber impedes the escape of 
body heat. It also readily transmits moisture so 
that garments feel dry.

These properties are especially useful in 
providing warmth and comfort to persons with 
joint diseases. Therapeutic clothing, such as 
elbow and wrist warmers, as well as angora 
blend undergarments, has been appreciated in 
Europe for many years (Fig. 23.2).

China is the main source of the raw angora 
wool in world commerce, providing about 
90 percent of the world production. Other 
major producers of angora wool have included 
India, Argentina, Chile, Germany, France and 
Hungary. An alternative strategy to large 
 volume raw wool operations has been the 
development of cottage industries run by either 
individuals or cooperative ventures. Angora 
growers harvest their own fiber, process it and 
offer value added goods from the farm gate 
directly to end use buyers. In this manner, they 
are able to control product quality while main-
taining respectable profit margins. Most of the 

angora wool produced in North America is 
either handspun, marketed to handspinners, or 
custom millspun. In 2004, I.A.G.A.R.B. 
(International Association of German Angora 
Rabbit Breeders) established a successful volun-
teer co-op that offers both yarn and finished 
goods.

Angora wool differs from sheep wool in 
several respects. The underwool component of 
angora rabbit fleeces, which comprises the 
bulk of the fiber, is very fine with an average 
diameter of about 8 to 10 microns. It has a low 
density of about 1.15 to 1.18 grams per cubic 
centimeter as compared to values of 1.33 for 
sheep wool and 1.50 for cotton. This gives 
angora garments a feeling of being very light 
but warm (Fig. 23.3).

The characteristic halo or fuzzy nap dis-
tinctive in garments made with a high percent-
age of Angora, is formed by the escape of 
guard and awn hairs, or “spike” from the twist 
of the yarn. Fashion industries prefer the 
drama created by the almost fur-like texture of 
hairy angora garments. By contrast, angora 
fiber with low hair content is a good choice for 
therapeutic and intimate apparel.

Raw angora wool will lose an average of 
7 to 9 percent of its weight to normal dirt and 
oils after washing. By contrast, the heavy lano-
lin content of a skirted Merino sheep fleece 
accounts for a loss of 50 percent of raw weight 
after it has been scoured.
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Compared with sheep fleece, the angora 
looks snowy white and feels clean to the touch. 
Handspun angora yarns and garments must be 
washed, however. During normal grooming, 
the rabbit deposits minute amounts of saliva on 
its wool coat. The saliva contains the antigen 
AG1, which causes allergic reactions in sus-
ceptible people.

Wool Growth

The recessive mutation, (ll), extends the nor-
mal coat length of 2 to 3 cm for short-haired 
rabbits to 10 cm for commercial varieties of 
angora rabbits. Selective breeding and special-
ized management of show rabbits have 
increased coat lengths to more than 20 cm.

The wool coat architecture of an Angora 
rabbit contains the same fiber types as nor-
mal short-haired rabbits. Hair fibers provide 
strength and structure to the coat while wool 
fibers create protective insulation. Intermediate 
fiber types transition between hair and wool. 
Primary follicles grow guard hairs. These fibers 
are the backbone of every lock of the wool 
coat. Guard hairs are the longest component 
of the wool coat and they have the largest 
diameter. By 90 days, the guard hairs are 
 commonly 9.5 cm long.

Surrounding each guard hair are special-
ized follicles, which produce the next layer of 
coat, the awn hairs. Awn hairs differ from 
guard hairs in their length and in their internal 
structure. If the guard hairs are 9.5 cm long, 
then the awn hairs would measure app-
roximately 8.75 cm. Awn hairs terminate in 
a flat tip. Typically awn hairs have a slight 

Fig. 23.2. Knee-warmers available for sale in Germany. (Courtesy of P.R. Cheeke)

Fig. 23.1. Angora rabbit wool showing (A) 
underwool with single rows of medullary cells, 
(B) guard hair with a thick cortex, and (C) an awn 
hair tip with a thin cortex and numerous 
medullary cells in series. (Courtesy of Dr. Robert 
Brusenbach)
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wave and thinner cortex compared to the 
straight guard hairs.

Clustered near each awn hair are groups 
of follicles, which produce awn wool and 
underwool fibers. The next layer of coat, at 
8 cm, is formed by awn wool fibers. These fib-
ers bridge between the hairy components that 
stand protectively above the bulk of the coat 
and the underwool. Like underwool, awn 
wool contains single medullary cells and is 
crimped. However, like awn hair, each awn 
wool fiber terminates with the characteristic 
flat awn tip.

The underwool, at 7.5 cm, is the softest 
and the most insulating portion of the rabbit’s 
coat. Together with the awn wool, underwool 
makes up approximately 70 to 90% of the 
weight of the fleece, depending on the angora 
breed.

Textile industry standards determine the 
length of the coat by measuring the underwool. 
The underwool length is referred to as the 
“staple”. Staple length is a vital factor defining 
the grade and value of Angora.

Wool production of Angora rabbits is influ-
enced by a variety of factors such as nutrition, 
water quality, and environmental temperature. 
Females produce about 20 percent more wool 
than males. Castrated males produce 10 to 12 
percent more than breeding bucks. Over a 
three-month harvest interval, the wool grows 
an average of 2.5 cm per month. Angoras 
reach their peak of wool production between 
18 and 36 months of age. After three years of 

age, wool yields and reproduction abilities 
begin a rapid decline. Heavy wool yields may 
cause heat stress on animals.

Wool Yields

Objective genetic selection is crucial in the 
improvement of wool density and texture. 
Angoras in Germany have been selected for 
high yields of usable wool for many years. An 
annual yield of 2232 grams of wool for a doe 
was recorded in 1990. Since then, many more 
rabbits have tested yields in excess of 2300.

Angora rabbit foundation stock was 
imported to North America from Germany, as 
well as other European sources, from the mid 
1980s to the early 2000s. Prior to 2003, gen-
erations of breeding stock out of the imported 
Angoras were selected on subjective criteria such 
as how thick a coat felt rather than the actual 
weight. Production fell from a high of 1745 
grams to an average of 1000 grams per year.

When Angoras from imported bloodlines 
were managed in a record keeping system simi-
lar to European models, wool yields improved. 
This has been attributed to a data based selection 
process and improved nutrition. Wool testing is 
also a valuable tool for evaluating the efficacy of 
different feed formulas. In 2008, I.A.G.A.R.B. 
performance tests set North American wool 
records at 2284 grams for albino wool and 2004 
grams in 2011 for black Angora wool.

Average annual yields for A.R.B.A, 
(American Rabbit Breeders Association) recog-
nized breeds, the French and English Angoras, 
range between 250 and 550 g. Wool production 
for the ARBA Giant Angora ranges between 
750 and 1200 g. Satin Angoras are genetically 
distinct from other Angoras. The combination of 
both the Angora and Satin genes results in a wool 
with an unmistakable silk-like luster. Annual yields 
tend to be precious at about 150 to 350 grams.

Management

For the most part, Angora rabbits are cared for 
the same manner as the normal coated breeds, 
but there are a few special considerations for 
optimal wool production.

Fig. 23.3. North American milled yarn, socks, 
and hand-knitted gloves. (Courtesy of I.A.G.A.R.B.)
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Although Angora rabbits will survive on 
regular rabbit's feeds, a good quality, corn free 
ration with enhanced levels of the amino acids 
methionine and cysteine will increase wool 
yields. Daily access to roughage like low pro-
tein grass hay will reduce the incidence of wool 
block. A daily ration of 225 ml (1 cup) is gener-
ally sufficient for an Angora rabbit. Check the 
condition of the rabbit and note the amount of 
flesh over the ribs and back. Adjust the ration 
accordingly.

Feed-to-wool conversion is an important 
issue for anyone concerned with the financial 
viability of an Angora rabbitry. Based on a daily 
volume of 225 ml or 170 grams by weight, 
in 90 days one Angora will have consumed 
15 kilos of feed. If an Angora produces 500 
grams of wool in one year, 120 kilos of feed 
will be needed grow 1 kilo of wool. An angora 
capable of a 2,000 gram annual yield will 
require 30 kilos of feed to produce 1 kilo of 
wool. Cost ratios can be calculated by dividing 
the price of three months of feed by the weight 
of the wool produced during that period. Values 
for graded wool can be compared to produc-
tion costs.

Angora rabbits have been selected for 
their wool-producing abilities, not their repro-
ductive capacities. Consequently, they tend to 
breed less readily, to kindle less successfully, 
and to lose condition to lactation more quickly 
than commercial meat rabbits. A litter size 
of six to eight kits is manageable for most 
Angoras.

It is a good practice to harvest the wool 
from a doe prior to breeding. The stimulation 
of handling, which occurs during wool 
removal, will increase the doe’s receptivity to 
the buck. By the time the doe kindles, her 
wool will have regrown about 2.5 cm. This 
short wool, which she will pull for her nest, is 
less apt to tangle around the necks or limbs of 
the kits than is the wool of a long-coated 
Angora rabbit. If the kindling doe has a coat 
longer than 4 cm, clip the nest wool into little 
bits and replace it in the nest. No matter the 
length of the doe’s coat when she kindles, it is 
advisable to re-clip her belly wool in order to 
improve access for the kits to her teats. Blood 
stained wool in the does vent area may attract 
flies. To prevent fly strike, clip or clean the 
doe’s vent postpartum.

Angoras will benefit from a cage size of 
72cm × 91cm (30”×36”) or larger. Extra space 
will help to maintain the health of the rabbit 
and the condition of the wool coat.

Wool Block

Wool block is the common term for a type of 
gastric stasis caused by the swallowing of coat 
fibers during normal grooming. The wool fib-
ers are indigestible and collect in the stomach. 
The accumulated fibers work like a net, which 
traps and combines with feed in the rabbit’s 
stomach. In time, the wool and food form a 
matted mass known as trichobezoar or hairball 
(Fig. 10.25) that is too large to move out of the 
stomach. Unlike cats, rabbits are not able to 
cough up hairballs. Wool block rarely develops 
in rabbits on a regular 90-day shearing sched-
ule. The risk of wool block increases with the 
length of time the coat is left on the rabbit. The 
first indication of blockage is that the rabbit will 
refuse to eat. A decrease in the size of drop-
pings is another sign of abnormal digestion. 
Droppings strung together by strands of wool 
are evidence that hairs are in the gut. A gentle 
palpation of the stomach just under the ribs will 
reveal the size the trichobezoar. A large wool 
block will feel firm and heavy. A smaller block-
age may feel like an irregular golf ball. In an 
advanced case, the rabbit will sit in a hunched 
position and become listless. As food cannot 
pass from the stomach into the intestines, the 
animal may die of starvation if immediate 
action to break down the hairball is not taken.

Pineapples contain a digestive enzyme called 
bromelain. Papayas contain papain. Either 
enzyme will help digest the feed caught in the 
trichobezoar. Oral administration of 4 ml of 
fresh pineapple or papaya juice twice a day will 
help to dissolve the blockage. Digestive enzyme 
tablets containing bromelain and papain may be 
crushed and mixed with water. These are often 
more effective than fresh juices and are more 
convenient as they are shelf stable. Offer hay or 
succulent green feeds like parsley or cilantro to 
push the hair through the rabbit’s system.

Surgical removal of a trichobezoar rarely 
has a good outcome as the rabbit is generally too 
weak and dehydrated to withstand anesthesia.



 Angora Wool Production 269

On occasion, a small blockage may become 
lodged in the intestine causing an infection and 
eventual necrosis of the surrounding tissue. By 
the time a diagnosis can be made, the condition 
of the rabbit is often too compromised for any 
successful intervention.

Prevention of wool block is much easier 
than its treatment. Timely wool removal is the 
best way to avoid this troublesome condition. 
Good grass hay and green foods like dandeli-
ons, carrot tops and parsley will provide cleans-
ing roughage. During the last month of a 
90-day harvest schedule, diligently watch the 
rabbit’s appetite and stools for changes.

Equipment for Grooming 
and Wool Harvesting

1. A table, waist high, with a 30 × 60 cm top. 
It should have casters so it can be turned easily, 
and it should be covered with carpeting to pre-
vent the rabbit from slipping.
2. A brush, or slicker brush with single steel 
bristles set in rubber for brushing and removing 
foreign material from the wool.
3. A pair of sharp scissors, similar to those 
used by barbers.
4. Electric clippers, especially if wool is to be 
removed from a large number of animals.
5. A ruler to measure the length of the wool.
6. A container for each grade, placed within 
easy reach so the wool may be graded at the 
time it is removed from the animal and put into 
the proper receptacle for storage.

The magic number for a wool harvest sched-
ule is 90 days. The fiber length at 90 days will 
reach an average of 9 to 10 cm. Coin cidentally, 
this is an ideal length for the construction of a 
stable, non-shedding yarn. Most Angoras will 
hold their coats for 90 days. Depending on 
 climate, management and genetics, some will 
continue to resist shedding up to 120 days, oth-
ers may “blow” their coats at 75 days. Because 
wool block is a potentially fatal condition, the 
appearance of loose wool on the rabbit and in its 
cage is always an indication of harvest time.

Healthy adult rabbits that are free of mites 
require little grooming, provided they are clean 
and the wool is removed every 90 days. If the 
coat is allowed to grow for a longer period 

some fibers will shed and fall back into the 
coat. These loose fibers tangle with the existing 
coat to form webs, which will later tighten into 
hard matts.

The presence of a waxy-feeling dandruff 
over the rump and hips of a rabbit is evidence 
of an infestation of Cheyletiella parasitivorax 
or fur mites. The feeding actions of these mites 
damage fibers and irritate the skin of the rab-
bit. In advanced cases, raised lesions will appear 
like colonies of scabby mounds on the back of 
the rabbit.

Harvesting wool from a rabbit with mites is 
time consuming for the manager. The oily wool, 
skin flakes and scabs will clog electric clipper 
blades. Plucking will cause bleeding to skin already 
damaged by the mites. Routine brushing of 
Angora rabbits with a mite-contaminated brush 
will distribute the parasites over the entire body of 
each animal groomed. A routine sub-cutaneous 
injection of Ivermectin™ will eliminate mites. 
For best results, every animal in the rabbitry 
should be treated at the same time. Regular 
washing and disinfecting of equipment will 
reduce the spread of mites.

Removal of Wool

Young Angoras should be sheared or clipped 
at weaning and subsequently every 90 days. 
Ideally, records of graded wool production 
would follow the performance of each rabbit 
over its lifetime.

There are two methods of removing wool 
from adult Angora rabbits: plucking or shear-
ing. Shearing employs electric clippers and or 
scissors. Plucking may be done with a plucking 
knife or simply by hand. The method of har-
vest will affect the regrowth of the coat to such 
an extent that the rabbitry manager may 
manipulate the texture of the replacement coat 
to a considerable degree. When a wool coat is 
removed by plucking, the next coat will regrow 
with a high percentage of hair type fibers. 
A shorn coat will replace itself with a high per-
centage of underwool. Because most of the 
coat pigment is carried in the hairs, a shorn 
wooly coat will appear lighter in color than will 
a hairy, plucked coat.

Through selective breeding, wool coat growth 
may occur in stages or in one synchronized 
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flush. This is a very important distinction as it 
determines the most appropriate method of 
wool removal, which in turn influences fiber 
end use and value. When an Angora grows its 
coat in non-synchronous stages, one will typi-
cally see one layer of coat that measures 3 cm, 
another layer at 6 cm and sometimes a third 
coat at 9 cm in length. The layers of coat are 
very easy to see in agouti Angoras as the awn 
tips, which define the top of each layer will be 
colored golden brown. When one blows into 
this type of coat, “rings” of gold will contrast 
with the blue-grey background of the fiber 
shafts. Wool coats that grow in stages are not 
suitable for shearing as the shortest and long-
est staple lengths will be mixed. This presents 
a significant grading problem as fibers less than 
3 cm in length will increase processing losses 
and shedding during garment wear.

In order to remove only the longest layer, 
non-synchronous wool coats are best suited to 
plucking. When the entire coat grows at the 
same time, it has only one staple length. 
Synchronized coats are best removed by 
shearing.

Plucking

Plucking is a traditional harvest method still in 
use in France. In part, this harvest method is 
responsible for the dramatically spiky, fur-like 
quality associated with premium angora gar-
ments from France. The method for coat 
removal in France begins with a special ration 
containing Lagodendron™, a systemic depila-
tory, which is fed to the rabbit four days before 
plucking. In order to minimize stress on the rab-
bit, plucking sessions are spread out over a 
number of days. On the first day, all of the wool 
on the lower half of the flanks of the rabbit is 
removed by grasping a tuft of wool between the 
thumb and the edge of a plucking knife. The 
knife has dull, serrated edges, which help to 
grip the fibers. Because the depilatory has had 
time to cause a “break” in the coat, the fibers 
come away relatively easily. Over the period of 
a week, sections of wool are removed until only 
the top of the back is covered with a cap of 
protective wool. As soon as enough wool has 
regrown, the last of the coat is removed.

Something was lost in translation when 
plucking followed Angoras to the United States. 
The method has been promoted as a harmless 
acceleration of natural molting but no depila-
tory is used. Coats are often removed in one 
session by pulling tufts between the thumb and 
index finger. Theoretically, a shorter layer of 
coat should be present before the longest layer 
of coat is pulled from the rabbit. This is not 
always the case. The potential development of 
wool block can complicate a plucking sched-
ule. Whether or not plucking is inhumane for 
the rabbits remains a controversy in the United 
States. The repetitive action of pulling tufts of 
wool from the rabbit is particularly stressful 
to the wrist and thumb joints of the person 
 performing the task.

Shearing or clipping

The objective in shearing is to remove as much 
prime wool as possible as quickly as possible 
without degrading the quality of the fiber or 
injuring the rabbit.

There is no one right way to shear a rabbit. 
Every owner will have his or her preferred 
method. If you are using scissors, before clos-
ing the blades, turn them so that they are per-
pendicular to the skin of the rabbit. If the blades 
are parallel to the skin of the rabbits, there is a 
danger of catching the delicate skin and cutting 
it. As long as the blades are at right angles to 
the skin, it will not be possible to hurt the rab-
bit. Adjust the angle of the scissors with the 
contour of the rabbit’s body.

There are several methods for restraining 
the rabbit. Some people prefer to use a device 
for tying it, while other choose to hold that 
 animal in such a way that struggling can be 
prevented without tying. As you gain experi-
ence, you will become proficient and devise the 
method that works best for you. Eventually you 
should be able to remove the wool from a rab-
bit in 15 to 20 minutes.

To prepare a rabbit for either shearing 
with clippers or scissors, part the wool along 
the backbone (Fig. 23.4). Grasp the hind legs 
of the animal with one hand and begin remov-
ing the wool in narrow swaths from the rump 
to the head, following the contour of the body 
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table, and securely hold it by the ears and a fold 
of skin on the back of the neck to remove the 
coat on the thighs and on the belly (Fig. 23.6, 
lower). Care must be taken not to injure the 
teats. Figure 23.7 shows a rabbit shorn with 
electric clippers. In Fig. 23.8, a shorn rabbit sits 
above its graded wool from a 90-day clip.

Fig. 23.4. Preparing an Angora rabbit for shearing. 
(Courtesy of USDA)

Fig. 23.5. Shearing an Angora rabbit (see also 
Fig. 23.6). (Courtesy of USDA)

until all of the wool is removed from one side. 
(Fig. 23.5). Repeat the procedure on the 
other side.

For removing the wool from under the neck 
and from the forelegs, restrain the rabbit by 
 holding its ears and raising its body so that the 
front feet just touch the table (Fig. 23.6, upper). 
Then, turn the rabbit over on its back on the 

Fig. 23.6. Shearing an Angora rabbit (continued from 
Fig. 23.5). (Courtesy of USDA)

Fig. 23.7. An Angora rabbit being shorn with electric 
clippers. (Courtesy of P.R. Cheeke)



272 Chapter 23

Care of Shorn Rabbits

A shorn rabbit will need protection from tem-
peratures lower than 10 °C (50°F) until its coat 
is about 2 cm long. It is important to compen-
sate for the removal of the long, insulating 
angora coat to which the rabbit had become 
accustomed. Ideally, in regions where the win-
ters are especially severe, the shearing sched-
ule should be timed to avoid the harshest 
weather. Housing shorn rabbits in a warm 
room is the simplest way to protect them. In a 
large rabbitry, groups of Angoras can be shorn 
and rotated through the warm room.

If the temperature dips below 7°C, addi-
tional measures should be taken. A simple coat 
made of thick polar fleece can be fitted over 
the rabbit until 2 cm of wool has regrown. 
Warming electric lights can be placed on the 
top of the rabbit’s cage so the heat is directed 
at the rabbit. A cold rabbit will sit under the 
light, which will warm the blood in its ears. 
Cages should be stuffed with insulating mate-
rial such as clean straw. A wooden nest box 
lined with straw is another option.

Electric shears remove the wool just above 
the skin. Clipping with scissors, however, offers 
more control over the length of coat left on the 
rabbit. It is easy to leave 1 cm of wool on the 
rabbit when cutting against the natural grain of 
the coat. If you need to leave 2 or more cm on 
the rabbit, cut with the grain.

Pay attention to the rabbit. If it is sitting 
hunched and its ears are cold to the touch, 

Fig. 23.8. An Angora rabbit sits above its graded 90-day wool clip. (Courtesy of Leslie Samson)

help it. Continue to adjust its situation until the 
rabbit looks comfortable. It is often advisable to 
double the rations for newly shorn angoras 
until they regrow 2 to 3 cm of wool.

Grading and Storing Angora Wool

1. Prime Angora white or colored – staple 
length 6.5–9.0 cm. Prime wool is clean, free of 
all matts, dandruff and foreign matter. It is 
 suitable for either handspun or mill spun pre-
mium yarns.
2. Angora seconds white or colored – staple 
length 2.5–6.5 cm. Seconds are clean, free of 
all mats, dandruff and foreign matter. Seconds 
may be spun into yarn if enough sheep wool is 
included in the blend to hold the short angora 
in the twist of the yarn. Three-ply yarns are a 
good choice to secure this grade.
3. Angora shorts white or colored – staple 
length < 2.5 cm. Angora shorts have limited 
use as they are prone to processing fly (see 
page 273) and shedding. It can be useful to 
keep a supply of short angora in the rabbitry 
for replacement nest wool.
4. Clean webby or matted wool can be handspun 
into premium novelty yarns or used in felting.
5. All stained and unclean wool, free-falling or 
matted should be discarded.

Wool from rabbits less than 6 months old is 
considered “baby wool”. It is not generally con-
sidered acceptable for spinning, as its diameter 
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is so fine (3 to 6 microns) that it is prone to 
breaking, shedding and felting in knitted gar-
ments. While such a fine fiber is not ideal for 
yarn, its natural propensity to matt makes it a 
good choice for felted end uses.

The manner of storage will depend on the 
use for the wool. If the wool is intended for sale 
to handspinners, it should be stored in hard-
sided containers. Fiber kept in paper or plastic 
bags has a tendency to shift and tangle. Prime 
and seconds destined for a spinning mill can 
be tightly compacted for shipment because 
machine picking and carding will open and 
blend the fiber effortlessly.

Store angora wool, yarn, or finished goods 
in tightly covered containers with slices of soap 
made with essential lavender oils. Lavender is an 
effective alternative moth deterrent that will dis-
courage moths and create an attractive scent for 
most people. Mothballs or crystals are often sug-
gested, but they contain the insecticides naph-
thalene or paradichlorobenzene. These toxins 
create fumes poisonous for clothing moths. They 
are also an unpleasant addition to a material 
intended for wear or sale. Exposure to mothball 
vapors may cause nausea and headache.

Home-spinning of Angora Wool

Many people hand-spin the wool from their 
angora rabbits into yarn and then knit gar-
ments from it. (Fig. 23.9) Like the fleeces of 
any fiber animal, textures of angora wool vary 
over the body of the rabbit. A homogenous 
nap in the finished garment can be achieved by 
mixing all of the prime from a rabbit’s coat. 
For best results, card the blended wool and 
pre-draft before spinning.

Angora wool is often blended with other 
fibers to improve specific characteristics of a 
yarn. Because angora has little elasticity, the 
addition of sheep wool lends stretch and 

Fig. 23.9. Spinning Angora wool. (Courtesy of J.I. 
McNitt)

rebound to a garment. Silk adds a quality of 
shine. Including other natural fibers or synthet-
ics in the yarn design reduces the percentage 
of angora and production costs.

Because angora is a warm fiber to wear 
and relatively expensive to produce, it is advan-
tageous to spin single ply yarn to at least 185 
meters per 30 grams (200 yards per ounce). 
When two-plied, the finished yarn will meas-
ure 90 meters/30 grams (100 yards/ounce). 
During mill processing, angora wool is subject 
to fly, a spinnery term referring to nearly 
weightless fibers that escape the machinery 
and float away on air currents during the 
 normal manufacture of yarn. The higher 
the content of sheep wool in the blended yarn, 
the lower the production losses to fly will be. 
The staple length of angora fibers is also a 
determining factor in production losses to fly. 
The ideal length of fiber for spinning is 7 to 
9 cm. As the average fiber length decreases, 
the percentage of loss to fly increases. Angora 
wool, yarn and garments should be washed 
with a mild detergent or shampoo in warm 
water. Gently soak angora with as little agita-
tion as possible. Static may be eliminated with 
the addition of a hair conditioner in the rinse 
water. Rinse well and dry flat.

Further Reading

Kilfoyle, S. and L. Samson. 1992. Completely Angora (2nd ed.), Samson Angoras, Brantford, Ontario, Canada.
Spalding, K., and C. McLelland. 1991. Angora Handbook (2nd ed.). Northern California Angora Guild, Los 

Altos Hills, CA.
http://iagarb.com
http://extension.oregonstate.edu/catalog/pdf/pnw/pnw606-e.pdf

http://iagarb.com
http://extension.oregonstate.edu/catalog/pdf/pnw/pnw606-e.pdf
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Meat Production

Rabbits are raised throughout the world for 
meat, and the trend in commercial production 
is toward larger units. In the United States, rab-
bits are slaughtered when they have attained 
the desired market weight and condition with-
out regard to the primeness or value of the 
pelt. In other countries, where feed costs and 
labor conditions are quite different, rabbits are 
sometimes fed rations that will cause them to 
gain at a much slower rate, and each animal is 
kept until its combined value for carcass and 
pelt will bring the highest returns.

Fryers

Fryers comprise more than 85 percent of the 
rabbits marketed for meat. Those of the 
medium breeds that are properly developed 
and conditioned will average 1.7 to 2.0 kg 
when marketed at approximately two months 
of age. Carcass yield, or dressing percent, is 
determined by dividing the weight of the 
dressed carcass by the weight of the live rabbit. 
As an example, a 2 kg fryer yielding a carcass 
of 1.1 kg would give a dressing percent of 55% 
( (1.1 ÷ 2.0) × 100 = 55%). Fryer yields of car-
casses vary from 50 to 60 percent live weight, 
and 75 to 80 percent of such yields is edible.

There are several factors that affect the 
dressing percent. Those rabbits that are mature 

and that have been properly conditioned for 
market yield a higher dressing percent than 
younger ones. Those with well-sprung ribs and 
deep chest, carrying the width and depth of the 
body uniformly from the shoulders to the hips, 
give a higher carcass yield than narrow, rangy 
animals. A long, well-developed loin is desirable. 
When rabbits are properly finished for the mar-
ket, fat will be deposited over the ribs, along the 
backbone, in the flanks, and around the tailhead 
and the kidneys, increasing the dressing percent 
over that of thin rabbits. In Europe, the head 
and feet are left on the carcass, so dressing per-
centages are higher than in the United States. 
The amount of ingested material in the digestive 
tract also has a bearing on dressing percent. If 
the animal has been without food and water for 
several hours before being slaughtered, with a 
consequent smaller quantity of material in the 
digestive tract, the dressing percent will be 
higher. The breed of rabbit may also influence 
carcass quality. New Zealand Whites, in general, 
are superior to other breeds. Californians tend 
to finish out at a lighter weight than New Zealand 
Whites but produce a more compact carcass.

The Agricultural Marketing Service of the 
U.S. Department of Agriculture has established 
standards for quality of rabbit carcasses. These 
are published as AMS 70.300 et seq. - United 
States Classes, Standards and Grades for Rabbits. 
(Google “Standards and Grades for Rabbits”) 
The grades for ready-to-cook carcasses are 
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A, B, and C (Fig. 24.1). This system of grading 
should make it possible to obtain more per 
pound for the top grades and should act as an 
incentive for the rabbit producer to produce a 
superior quality product. In order to be graded, 
however, the carcasses must be inspected during 
the slaughter process by inspectors from the 
Food Safety and Inspection Service (FSIS) of 
the USDA. Rabbits are not classified as an 
 agricultural commodity, so inspection falls 
under rules established for  voluntary grading 
services (Title 9, Chapter III, Subchapter A, 
Code of Federal Regulations, Part 354-Voluntary 
Inspection of Rabbits and Edible Products 
Thereof) (Google “Voluntary Inspection of 
Rabbits”). Because this is a voluntary service, 
there is a charge for inspection that frequently is 
too expensive for the rabbit processor.

White pelts are usually worth more than 
colored pelts, so processors usually pay more 
for white animals. Also, colored rabbits are less 
valuable because dark hairs show up on the 
carcasses, whereas white hairs don’t, so more 
labor is required to produce acceptable fryer 
carcasses from colored rabbits. Thus, commer-
cial rabbit producers should raise a white breed, 
such as the New Zealand White.

When does and litters are full fed a well-
balanced ration, approximately 3 to 4 kg of 
feed will be required to produce a kilogram of 
weaned fryer at two months of age, counting 
all feed from when the doe is mated until the 
litter is weaned (Fig. 24.2). The type of ration 
has a direct bearing on the quantity needed to 
produce a pound of gain. The lower the energy 
content of the diet, the greater the amount of 
feed that will be required per unit of gain.

Current commercial practice when inten-
sive breeding is used is to wean the fryers at four 
or five weeks of age. This allows a period of 
recovery for the doe before the birth of her next 
litter. Milk production has begun to decline by 
this time (Fig. 11.7), and the feed is used more 
efficiently when it is consumed directly by the 
fryers than when converted to milk by the doe.

Stewers

Most rabbits of more than 3kg live weight are 
graded as stewers. In most markets, the price 

paid for these heavier rabbits is considerably 
less than for fryers. They may not require any 
conditioning when they are culled from the 
breeding herd at the end of their period of use-
fulness and should yield a carcass of 55 to 65 
percent of their live weight. Whether it is eco-
nomically sound to condition these larger 
culled rabbits that are not carrying the proper 
amount of flesh will depend on the cost of feed 
and the relative market value. Many producers 
prefer to market them as soon as they are 
culled from the herd, for it saves labor, cage 
space, and feed.

Nutritional Properties of Rabbit Meat

Rabbit meat is high in protein and low in fat. 
It has a low content of saturated fatty acids. It 
tends to have a low cholesterol content and a 
low sodium content. Thus, it is a highly nutri-
tious meat and is suitable for special diets, 
such as those for heart disease patients, diets 
for the aged, low sodium diets, weight reduc-
tion diets, etc.

Rao et al. (1979) published an extensive 
compilation of data on the composition of rab-
bit meat. The values are averages of the four 
major cuts (arms, ribs, loin, legs). Values for 
nutrients significant in human nutrition are 
shown in Table 24.1.

Fig. 24.1. Fryer carcasses: Grades A, B, and C. 
(Courtesy of USDA)
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To produce a
2 kg
Fryer

You will need
7 kg complete pellets

This includes feed for the doe from
breeding through lactation

Fig. 24.2. Feed needed to produce a 2 kg fryer using complete pellets. (Courtesy of USDA, with modifications 
by J.I. McNitt)

Alternative Systems of Commercial 
Rabbit Production

For the commercial rabbit industry to become 
more viable in the United States, it must be 
economically viable for growers and proces-
sors. Rabbit meat must be competitive in price 

with other meats. It is unlikely that a significant 
market based on high priced rabbit meat can 
be developed. For the industry to become more 
competitive, the costs of rabbit raising must be 
reduced. Reduction in disease losses, improve-
ments in feeding and genetic selection meth-
ods, and increased reproductive efficiency must 

Table 24.1. Nutrient composition of rabbit meat.

Nutrient Nutrient level Nutrient Nutrient level

Crude protein (%) 18.51 Minerals2

Fat (%) 7.41 Zinc (mg/kg) 54
Water (%) 171 Sodium (mg/kg) 393
Ash (%) 0.641 Potassium (g/kg) 2
Unsaturated fatty acids 

(% of total fatty acids)
63 Calcium (mg/kg)

Magnesium (mg/kg)
130
145

Cholesterol (mg/100g) 1362 Iron (mg/kg) 29
1642,3 Amino acids4

Vitamins2 Leucine 8.6
Thiamine (mg/100g) 0.11 Lysine 8.7
Riboflavin (mg/100g) 0.37 Histidine 2.4
Niacin (mg/kg) 21.2 Arginine 4.8
Pyridoxine (mg/kg) 0.27 Threonine 5.1
Pantothenic acid (mg/kg) 0.10 Valine 4.6
Vitamin B12 (μg/kg) 14.9 Methionine 2.6
Folic acid (μg/kg) 40.6 Isoleucine 4.0
Biotin (μg/kg) 2.8 Phenylalanine 3.2

1Wet weight basis
2Dry weight basis
3Lukefahr, S.D., C.V. Nwosu and D.R. Rao. 1989. Cholesterol level of rabbit meat and trait relationships among growth, 
carcass and lean yield performances. J. Anim. Sci. 67: 2009–2017.
4Amino acids expressed as percentage of protein.
Adapted from Rao, D.R et al. 1979. Nutritive value of rabbit meat. The Domestic Rabbit: Potential, Problems and Current 
Research. Oregon State University Rabbit Research Center, Corvallis
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be accomplished. The average number of fry-
ers marketed per doe per year is probably in 
the range of 30 to 35. In Europe, some pro-
ducers have achieved levels of 50 to 60 fryers 
per doe per year. Such levels of production in 
the United States would increase the likelihood 
of rabbit raising becoming profitable.

Some new systems of rabbit production 
might be considered. In Europe, breeding pro-
grams are much better developed than in the 
United States. There are several European com-
panies that produce hybrid breeding stock. 
Generally, a company develops several lines of 
animals. The foundation stock or seedstock 
farm provides a second unit, the multiplier, with 
breeding stock of different lines. The multiplier 
crosses these lines to produce hybrid breeding 
animals that are sold to rabbit farmers, along 
with a separate buck line. The farmers then pro-
duce rabbits for sale as fryers. They buy all the 
replacement bucks and does they need, ready to 
breed. The farmers and the multiplier can’t save 
their own replacements, because they don’t 
have the foundation stock. In this manner, the 
breeding program is tightly controlled, and the 
farmers have healthy, high quality does that 
produce uniform, rapidly growing fryers.

In large-scale commercial rabbitries, use 
of artificial insemination (AI) offers much 
potential. Advantages of AI include more 

extensive use of superior sires, labor savings, 
and the potential for use of cycled production. 
Disadvantages of AI include decreased concep-
tion when compared to natural mating done at 
the proper time, and increased costs. Breeding 
of does can be synchronized. On rabbit farms 
in Europe barns are filled with several hundred 
does, all bred on the same day. These does all 
kindle at approximately the same time. The lit-
ters are all weaned the same day. The does are 
removed and rebred to be used in another 
barn. The litters are kept in the same cages 
until market. At 8 to 10 weeks, all fryers are 
marketed. The empty building is fumigated, 
and then a new lot of synchronized-bred does 
is brought in. This is known as an “all-in, all-out” 
system. It offers advantages in management 
and disease control. Another system that may 
have potential is the fryer finisher. The opera-
tor, usually in close proximity to a processing 
plant, buys weanling rabbits and raises them to 
market age. The rabbit raiser concentrates on 
the doe herd and does not raise fryers. The 
finisher has a large number of fryers of the 
same size and so can feed a series of diets 
(starter, grower, and finisher) for maximum effi-
ciency. The rabbit raiser feeds only one diet, a 
doe lactation diet. This system offers the poten-
tial of improving the economic efficiency of 
rabbit production.
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Slaughtering and Preparation 
of Meat and Skins

The first step in slaughtering a rabbit is to 
render it unconscious. This should be done 
quickly in order to prevent suffering and strug-
gling. One of two methods is generally used - 
either stunning the animal or dislocating its 
neck. For the most part, the former method is 
used by persons with little experience and 
when speed is not as important as it would be 
if large numbers of rabbits were to be proc-
essed. It consists of grasping the rabbit across 
the loin with one hand and suspending it head 
down, then stunning it by a heavy blow at the 
base of the skull between the ears with the 
butt end of a skinning knife, a stick, or a small 
iron rod. In large commercial plants, the rab-
bits are stunned with an electric stunning 
knife. In the other method, you would hold 
the rabbit by its hind legs in one hand and 
place the thumb of the other hand on the 
neck just back of the ears, with the four fin-
gers extended under the chin; then, stretch 
the animal by pushing down on the neck with 
the hand. Press down with the thumb, and 
with a quick movement raise the animal’s 
head and dislocate the neck. This method is 
suitable only for small rabbits.

Immediately after stunning suspend the 
animal on a hook, and cleanly cut the jugular 
vein to ensure the heart keeps beating to pro-
vide thorough bleeding so the meat will have 
good color. A skinning knife with a 12 cm blade 
is a convenient size for dressing a rabbit.

Slaughtering and dressing out the first few 
rabbits will take the novice longer than it will 
after he or she has developed the technique 
through experience. Commercial butchers can 
catch the rabbits out of the holding pen, render 
them unconscious, hang them on hooks, bleed 
them, cut off the heads, and skin and eviscer-
ate them at the rate of 100 or more per hour.

In suspending a rabbit, insert the hook 
between the tendon and the bone of a hind leg, 
just above the hock. Remove the tail, and cut off 
the free hind leg at the hock joint. Cut off the 
front feet. Then, slit the skin just below the hock 
of the suspended leg. Insert the skinning knife 
under the skin on the inside of the leg, and open 
the skin up to the root of the tail. Continue to 
the hock of the other leg. Carefully separate the 
edges of the skin from the carcass, and pull the 
skin down over the animal, using the knife to 
separate the fat from the skin (Fig. 25.1) so the 
fat will be left on the carcass. When the skin is 
removed by this method, it is known as a cased 
skin. If it has commercial value and is to be sold, 
care must be taken to avoid cutting it, for even 
small cuts lower its value.

Meat

After skinning the rabbit, make a slit in the 
abdominal wall of the carcass along the midline 
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of the belly, cutting from the breastbone to the 
tail. Remove the bladder whole, and take out 
the entrails. Pinch or cut the gallbladder away 
from the liver, and leave the heart, liver, and 
kidneys intact. Spilling the contents of the blad-
der or gallbladder on the meat will cause bad 
flavors and may result in condemnation of the 
entire carcass.

The carcass will draw out of shape if left 
suspended on the hook. For it to have a more 
blocky and attractive appearance, it should be 
shaped up and chilled for 15 minutes and 
refrigerated for 24 hours before being cut up.

Particular care must be taken to prevent 
hairs from getting on the carcass, for in addi-
tion to being very difficult to remove, they 
detract from the appearance. Rinsing the car-
cass in cold water or soaking it in ice water 
will remove the hairs and blood and will 
cleanse and blanch the carcass. However, it 
should not be left in the water for more than 
15 minutes because prolonged soaking causes 
the meat to absorb water. This is considered 
an adulteration. If small blood clots have 
formed around the neck, they can usually be 
removed by brushing.

After chilling, carcasses should be refriger-
ated for 24 hours before being cut into pieces 
as shown in Chapter 26. This storage period 
allows the fat to harden and makes cutting 

easier. During storage, the carcasses should be 
wrapped or placed in plastic bags to prevent 
drying. The wrapping should not be sealed 
tightly or spoilage may occur.

All work in connection with rabbit car-
casses should be done in a sanitary manner. If 
the rabbit meat is to be marketed in cities 
where health regulations regarding the inspec-
tion of slaughtering plants and meat are in 
effect, or if the meat is to be moved into trade 
channels where city, county, state, or other 
inspection is required, the proper health 
authorities should be contacted for detailed 
information relative to such inspection.

Skins

Curing

While the skin is still warm, secure it on a 
stretcher, with the flesh side out (Fig. 25.2). 
A No. 9 galvanized wire can be shaped for a 
stretcher. Two sizes of stretchers should be 
available, a smaller one for fryer skins and a 
larger one for mature and medium size skins. 
Place the skin on the stretcher, with the two 
front legs on one side, and pull the ends of the 
skin down over the stretcher to remove all 

Fig. 25.1. Steps in skinning and removing the internal organs of a rabbit. (Courtesy of USDA)
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wrinkles without actually stretching the skin. 
Fasten the skin from the hind legs to the 
stretcher with clamp clothespins. Straighten 
out the folds in the neck skin. Lift up the skin 
on the front legs so it will not come in contact 
with the pelt and will dry more readily. Then, 
hang the skin up for drying. No salt or other 
preservative should be used in preparing the 
pelt for marketing. Hang the skin up to dry 
where it will be protected from sun, flies, and 
mice. The following day examine it to see that 
the edges are drying flat and that the skin on 
the front legs is straightened out. Remove any 
patches of fat, for it will cause the skin to burn 
and lower the value of the pelt. During periods 
of low temperature, some artificial heat will be 
required to dry out the skin. This is accom-
plished in large slaughtering plants by circula-
tion of warm air through the pelt-curing room.

Tanning skins for home use

Skins that are to be sold should not be tanned 
before shipment, because fur buyers prefer 

Fig. 25.2. Rabbit skins properly placed on 
stretchers. (Courtesy of P.R. Cheeke)

them in the raw state. If intended for home 
use, however, the skins may be tanned by the 
methods described below. They should not be 
expected to compare favorably in appearance 
and pliability with products of a tannery or fac-
tory equipped with modern machinery and 
operated by experienced workers.

The first step in tanning a skin is to get it 
thoroughly softened, clean, and free from flesh 
and grease. If it is cased or whole, slit the skin 
down the middle of the belly and soak it in clean, 
cool water. Change the water several times.

When the skin is soft, lay it over a pole or 
board, and work over the skin side with a 
coarse file or dull knife, breaking up and remov-
ing the adhering tissue, flesh, and fat and at the 
same time working the grease out of the skin. 
It is useless to start tanning until all the tissue 
and fat have been removed and the skin has 
been made uniformly soft and pliable.

The thickness and condition of the pelt 
determine the length of time a skin must be 
soaked. Some skins require two or three hours, 
and others longer. A skin should be soaked 
until it is soft, but it should not remain wet 
longer than necessary, as the hair may start to 
slip. When the skin has been thus treated and 
is somewhat softened, work it in lukewarm 
water containing 7 grams of soda or borax per 
liter of water. Soap added to the water is also 
helpful in cutting the grease and softening and 
cleansing the skin. After rinsing the skin thor-
oughly in lukewarm water, squeeze out the 
water, but do not wring the pelt. Finally, work 
the skin in a mild detergent solution, which 
should remove the last particles of dirt and 
grease. It is then ready for tanning.

There are several methods for tanning 
rabbit skins. Directions for using two of the 
more successful methods - the salt–acid and 
salt–alum processes - are given below.

Salt–acid process

The salt–acid formula calls for a solution made 
of 0.5 kg of common salt and 14g concen-
trated sulfuric acid to each 4 l of water. Dissolve 
the salt in the water, and carefully pour in the 
acid while stirring. Because of the strong acid, 
this tanning liquor should be made and used in 



 Slaughtering and Preparation of Meat and Skins 281

glass or earthen jars or wooden vessels, never 
in metal containers of any kind. When pouring 
in the acid, do not inhale the fumes. Be careful 
also not to get any of the strong acid on your 
skin or clothing. As soon as the salt-acid solu-
tion has cooled, it is ready for use.

Put the cleaned, softened skin into the 
solution so that it is entirely covered. Leave it 
in for one to three days, stirring it frequently. 
Then, remove it and rinse it in clean, cool 
water. Next, work the skin for about 10 min-
utes in a solution of 14 g of borax to 4 l of 
water. Rinse again in clean water, and squeeze 
(but do not wring) as dry as possible. Work the 
skin a few minutes in the hands by rubbing and 
pulling. Then, tack it out flat, flesh side up, and 
apply a thin coating of grease or oil and let it 
dry. Fresh butter, neat’s-foot oil, or olive oil will 
be good for this purpose.

When the pelt is nearly dry but still damp, 
begin to work it with the hands, stretching it in 
all directions, working the flesh side over the 
edge of a board and pulling it back and forth as 
if shining shoes with a cloth. If the skin is 
rough, you may smooth it by working it over a 
sandpaper block, which also helps to make it 
soft and pliable. Much of the success in produc-
ing a soft, pliable skin depends upon this 
repeated working, which must be done while 
the skin is drying out and not after it is dry. 
If the skin is not soft enough when dry, it should 
be dampened and worked again as before. 
A final cleaning, accomplished by working the 
skin in warm, dry hardwood sawdust, is beneficial 
and will add to the luster of the fur.

Salt–alum process

The salt–alum formula calls for ½ kg of ammo-
nia alum (ammonium aluminum sulfate) or pot-
ash alum (potassium aluminum sulfate) dissolved 
in 4 l of water; and 112 g of washing soda 
(crystallized sodium carbonate) and 224 g of 
common salt dissolved together in 2 l of water. 
Pour the soda-salt solution slowly into the alum 
solution while stirring vigorously. Mix the com-
bined solution, as used, with sufficient flour to 
make a thin paste, first mixing the flour with a 
little water to prevent lumps.

After cleaning and softening the skin as 
previously described, tack it out smoothly, flesh 
side up, on a board. Then, coat it about 3mm 
thick with the tanning paste, and protect it with 
paper or sacking laid on lightly so as not to 
come in close contact with the paste. The next 
day scrape off most of the paste, and give the 
skin another coating. At one-day intervals 
repeat this application two or three times, 
depending upon the thickness of the skin. Only 
thick skins from mature bucks will need as 
many as three applications. Leave the last 
coating on for three or four days. Finally, 
scrape off the paste, work the skin in borax 
water, rinse, and squeeze it. Stretch and work 
it over a board in the manner described for the 
salt-acid process.

The salt–alum process is widely used and 
is considered slightly better than the salt–acid 
tannage, although alum-tanned skins often 
come out stiff and hard and require much 
working to make them soft and pliable.
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Marketing Rabbits and Their Products

Rabbit Meat

In some areas rabbit meat is a well-established 
food served regularly at restaurants, hotels, 
clubs, and hospitals and available throughout 
the year in stores and meat markets. The gen-
eral marketing procedure in large rabbit raising 
centers is for collection trucks (Fig. 26.1) to 
cover regularly scheduled routes within a radius 
of 160 to 320 km, pick up the live animals at 
the rabbitries, and deliver them to a central 
processing plant. Some of these processing 
plants have a capacity of 2000 to 5000 rabbits 
per day (Fig. 26.2). Where there is no estab-
lished market or in small towns, a person may 
develop an outlet for the rabbit meat through 
sales to neighbors and friends. Very satisfactory 
roadside markets have also been established.

With any marketing system, the problems 
involved are dealing with supply and demand, 
producing a choice-quality product, merchandis-
ing it in a form that will appeal to the consumer, 
and using such methods of advertising as will be 
most effective in the immediate area where the 
product is to be offered. Under all circumstances, 
the rabbit meat should be handled in a sanitary 
manner. Contact the proper health authorities to 
determine whether there are any rules or laws 
covering the inspection of the slaughtering proc-
ess, the equipment, or the meat.

The 0.8 to 1.0 kg fryer carcass lends itself 
to quick preparation for the table. It may be cut 

into seven pieces (Fig. 26.3) to meet the 
requirements of the average family. The larger 
carcass can be made into 12 servings if the 
hind legs are cut into two pieces, the loins and 
back portion of the ribs into five pieces, and 
the front portion of the ribs and each of the 
front legs into one serving each.

Presentation of meat products in the most 
convenient form for the consumer to use is 
rapidly gaining favor, with the cut-up rabbit 
carcass in the package becoming increasingly 
popular and usually bringing more per kilo-
gram than the whole carcass. The cuts, or 
other rabbit meat products, may be arranged 
on a pre-pack tray (Fig. 26.4) or be packaged 
in a plastic bag (Fig. 26.5). The packaging for 
fryers may be made more attractive by having 
a picture of cooked rabbit meat and recipes 
printed on them. Some producers include the 
name of their rabbitry or some other means of 
identification to stimulate repeat orders.

It is extremely important that the supply 
be kept in balance with the demand. If the con-
sumers make purchases and then are unable to 
find the product when they wish to use it again, 
they may discontinue asking or looking for it.

Whole rabbit carcasses have little appeal 
to the modern consumer, especially consider-
ing that most Americans have never eaten 
meat from domestic rabbits. To be more attrac-
tive and more competitive with other meats, 
rabbit carcasses should be further processed. 
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Examples of processed products include breaded 
nuggets, cutlets, filets or lean strips, rabbit fore-
legs (the rabbit equivalent of buffalo wings), 
cube steak, and barbecue packs.

Quick-freeze units may be placed in a 
store and packaged rabbits delivered once or 

twice a week, with the proprietor paying 
on the basis of the number sold. In contact-
ing a store, restaurant, or hotel, you may 
stimulate business by giving the proprietor 
a sample package of meat for his or her 
own use.

Fig. 26.1. A collection trailer used to haul fryers to market. Note the scales for weighing each cage 
of rabbits. (Courtesy of D.J. Harris)

Fig. 26.2. A large processing plant. (Courtesy of Richard Popik)



284 Chapter 26

Freezing dries out the meat and causes it 
to lose some of its flavor. Because of this, the 
pieces should be sealed in freezer wrap prior to 
being placed in a carton and frozen unless the 
carton is wrapped in a sheet of moisture proof, 
self-sealing freezer wrap. In either case, the 
package should be sealed in order to shut out 
the air. The liver, heart, and kidneys should be 
put into a small bag before being placed with 
the rest of the meat, for if these parts touch 
the other meat they may cause it to become 

Fig. 26.3. A method for cutting up fryers. 
(Courtesy of J.I. McNitt)

Fig. 26.4. Rabbit meat can be used to make sausage products. (Courtesy of J.I. McNitt)

discolored and unappealing. For home use, 
prepare the carcasses for freezing and storing 
by wrapping the pieces to keep them from 
sticking together and to prevent the meat from 
 drying out and losing flavor. Appropriate wrap-
pings include plastic freezer bags or tightly 
sealed freezer wrapping paper.

With self-service stores, no personal sales 
skills are involved. Consequently, each item is 
on its own, and rabbit meat is in competition 
with all other types of meat being offered for 
sale. If it is to be marketed to advantage, it 
must be presented in an attractive package and 
in a manner that will have eye appeal. A price 
that is too low will be unsatisfactory to the pro-
ducer; on the other hand, a price that is too 
high will deter the consumer from purchasing 
the meat. In many areas, daily newspapers 
give market reports, and generally in those 
regions where there are large rabbit popula-
tions, marketing services give market reports 
of the price for live rabbits and often include 
the retail and wholesale prices for the meat. In 
arriving at a price, it is a good plan to consider 
the price of beef, for it is often used as a meas-
uring stick for evaluating other kinds of meat.

When individual members of a rabbit club 
do not wish to devote the time and effort nec-
essary to market their products, an excellent 
opportunity is presented for starting a cooper-
ative similar to those that handle other agricul-
tural commodities. By pooling their products, 
the members of the club will have a larger sup-
ply of rabbit meat available for sale. Generally, 
arrangements can be made with one of the 
members to do the processing and selling for 
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all. If this person has time, he or she can pick 
up the rabbits from the individual rabbitries; 
otherwise, they can be delivered to the person. 
Many cooperatives that have begun on a mod-
est scale have developed into sizeable plants.

During the spring and early summer, when 
the supply exceeds the demand, the storing of 
rabbit carcasses may be a problem. Sometimes, 
arrangements may be made with a cold storage 
plant to store the surplus. Thus, it can be made 
available later in the year when the supply is 
more limited. You can overcome this problem 
of seasonal distribution by using management 
practices to ensure steady year-round produc-
tion and by promoting the demand for rabbit 
meat (e.g., for barbecues) during the summer, 
when production is highest.

Rabbit meat is in competition with other 
sources of meat in the market-place, and 
increasingly with non-meat sources of protein. 
The meat industry in the United States is 
“mature,” meaning that there is little yearly 
increase in demand. Any inroad made by rabbit 
meat into the market will be largely at the 
expense of some other form of meat. Therefore, 

Fig. 26.5. An attractive package of frozen rabbit. 
(Courtesy of J.I. McNitt)

if consumers are to buy rabbit instead of another 
meat product, it will have to offer them some 
significant advantage. Realistically, price is not 
apt to be an advantage. Rabbit meat, in all like-
lihood, will be more expensive than poultry and 
most of the red meats for the foreseeable future. 
The advantages that rabbit could offer are 
related to quality and nutritional properties. 
Because rabbits are fed high fiber, low energy 
diets based on alfalfa meal or other fibrous 
feedstuffs, rabbit meat is low in fat and perhaps 
is lower than most meats in cholesterol. Rabbits 
are grown without the use of feed additives, 
such as antibiotics and hormones. This is not 
usually for altruistic reasons, but because these 
additives are not approved by the FDA for use 
in rabbit feed. This is a potential advertising 
tool. Chickens and turkeys, for example, are 
fed quite a number of feed additives. While 
these are unlikely to be injurious to human 
health, a common perception is that they might 
be dangerous. Similarly, rabbits are raised on 
low grain diets, which is a desirable attribute to 
many people who don’t believe that animals 
should be fed grain that could be eaten by peo-
ple. Rabbit might thus be promoted as “the 
ecological meat,” produced using noncompeti-
tive feeds, or the “all-natural meat,” produced 
without the use of feed additives.

Another potential promotional strategy is 
to emphasize that rabbits are produced by family 
farmers. Poultry production in the United States, 
on the other hand, has become almost entirely 
consolidated into huge units controlled by indus-
trial concerns, using highly automated “factory 
farming” techniques. Rabbits are generally 
grown on small farms and managed by the own-
ers and their families. Some consumers might 
prefer to purchase a product grown in this man-
ner rather than products produced industrially.

Breeding Stock

The business of selling registered or commer-
cial stock requires substantial ability on the part 
of the producer, for the animals must be supe-
rior in type and production and must appeal to 
other breeders. It will be necessary to expend 
considerable time and money to build up a 
reputation by maintaining detailed records; 
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exhibiting rabbits at local, county, and state 
rabbit shows; and advertising in rabbit journals 
or farm periodicals.

Some rabbit raisers produce pedigreed 
stock, sell their best animals to other breeders, 
and depend on the meat market as an outlet for 
those individual rabbits that do not come up to 
breeding stock standards. The initial investment 
in pedigreed breeding stock is greater than that 
in non-pedigreed, and more time and labor are 
required to keep the breeding and production 
records, etc. However, the asking price for the 
pedigreed animals that are to be sold for breeding 
purposes may more than offset these extra costs.

Other commercial breeders devote their 
entire time and effort to producing meat for 
the market. For improving their herds they buy 
their breeding stock from those who have 
developed superior meat-producing animals. 
Adequate records and evidence of selection for 
performance traits are essential for the com-
mercial seedstock producer who raises these 
replacement animals. As the rabbit industry 
expands, superior hybrid breeding stock may 
be available to commercial producers, who 
would not raise their own replacements.

Laboratory Stock

Rabbits are used in a variety of medical research 
and scientific studies for the benefit of humanity. 
Many laboratories, hospitals, and universities 
use them for studying problems relating to 
nutrition, disease, inheritance of malforma-
tions, and effects of new drugs; for diagnosing 
medical problems; and for producing antisera. 
Anyone interested in selling rabbits to one of 
these institutions should contact the person in 
charge to determine the type of animal pre-
ferred, the number used, the prices paid, etc. 
The requirements will depend on the nature of 
the problem. For certain types of research 
work, a specific color of coat is preferred; when 
laboratory space is limited or the ration to be 
used is expensive, small breeds or young rabbits 
are generally desired. In producing antisera, the 
preference is for large breeds, because large 
quantities of blood are used. A few very special-
ized laboratory stock producers sell rabbits 
guaranteed to be free of specific pathogens 

(SPF), such as Pasteurella multocida, coccidia, 
etc. While lucrative, producing SPF rabbits 
requires very high standards of production and 
business management. As it usually is not eco-
nomical to ship live rabbits long distances, local 
institutions should be contacted. Medical 
research is carefully monitored to ensure that 
humane animal treatment is carried out. Most 
research and medical laboratories in the United 
States will buy rabbits only from producers who 
have a federal license. Licensing is provided by 
the Animal and Plant Health Inspection Service 
of the U.S. Department of Agriculture.

Skins

There is little market for rabbit skins. About 
85 percent of the rabbits marketed for meat 
are sold at two to three months of age, when 
the skins are small, the leather lacks strength, 
and the fur mats, appears flat, and has poor 
wearing qualities. As a result, these skins are 
often a liability to the processor rather than an 
asset. Limited local markets may be found for 
pelts from older rabbits.

If skins are to be stored prior to shipment, 
they should be kept in closed containers and 
protected with mothballs or moth crystals. 
Skins may also be salted for storage. Small 
shipments may be made by parcel post, larger 
ones by express or freight. The pelts should be 
thoroughly dried and then packaged flat in 
cardboard cartons or burlap.

The Rex rabbit produces a very attractive 
pelt. As discussed in Chapter 22, efforts have 
been made to develop a commercial industry 
to produce Rex furs of apparel quality.

Pharmaceuticals

Pharmaceuticals are by-products of rabbit 
processing, such as brains, blood, and eyes, that 
are used for research, testing, and teaching pur-
poses. There are very exacting standards for the 
animals from which these products are taken 
and for the techniques used for collection. As a 
result, prices are high and many people feel that 
the rabbit processors are getting rich from these 
by-products. The markets are very competitive 
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so unless a processor can produce a consistently 
top-quality product, often requiring specialized 
equipment and trained personnel, the buyers 
will go elsewhere. Furthermore, because the 
markets are so competitive, markets and sales 
outlets are not freely divulged, so finding new 
buyers may be very difficult. This is especially 
true for the new processor. The processor makes 
increased income from these products, but it fre-
quently barely covers the processing costs.

Angora Wool

In the preparation of Angora wool for ship-
ment by parcel post, express, or freight, each 
grade should be placed in a separate container. 
A paper bag about 30cm high will hold a kilo-
gram of wool without being packed too tightly. 
If the wool is to be stored for any length of 
time, mothballs or moth crystals in cloth sacks 
should be placed in the container.

Some rabbit breeders prefer to spin the 
wool that they produce, which can be made 
into yarn and knitted garments, either for their 
own use or for sale (Fig. 26.6). Others prefer 
to sell their Angora wool to organizations or 
individuals acting as agents and collecting large 
quantities to be sold to woolen mills. Some of 
these sell the wool on a commission basis. 
Cooperative organizations collect the wool 
from their members, grade it, and sell it to 
the mills. The movement of the product is 

somewhat seasonal. Some of these coopera-
tives make an advance when they receive the 
wool from the producer, and because this 
advance helps to pay the feed bill when Angora 
wool is not moving readily, the arrangement 
proves quite satisfactory. Individuals or groups 
may also send wool to mills for custom spin-
ning. The producers can then market the yarn 
or finished goods themselves.

Fur Crafts

Some people may have a knack for making 
various products from fur and skins and enjoy 
making coats, slippers, gloves, toys, such as 
balls, rabbits, and teddy bears; and a variety of 
novelties and articles from rabbit fur. This fur 
craft utilizes a variety of sizes and colors of 
normal-coated and Rex pelts and lends itself 
nicely to occupational therapy. It is especially 
attractive to individuals who enjoy sewing and 
working with patterns.

Fertilizers

Some rabbit breeders may be so located that 
they can market the manure from their rabbi-
tries to nurseries and to individuals for use as 
fertilizer on flowers, shrubs, fruit trees, lawns, 
etc. Rabbit manure is especially easy to incor-
porate into the soil, is relatively free of noxious 

Fig. 26.6. An Angora rabbit and lightweight, warm garments made from its wool. (Courtesy of USDA)
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weed seeds, and does not burn the plants. 
When large quantities are available, it is usually 
sold by the cubic meter or by the metric ton. 
For retail sale in small amounts, the clean ferti-
lizer is dried, ground or pulverized, and sacked. 
With attractive packaging, it may be profitably 
marketed in garden stores and supermarkets.

Rabbit manure contains about 3.7 percent 
nitrogen, 1.3 percent phosphorus, and 3.5 per-
cent potassium. The nutrient values of manure 
from three species are shown in Table 26.1. It 
should be recognized that these are not fixed val-
ues; the composition of manure depends more 
on the type of ration fed than on the type of 
animal. It should also be recognized that nutri-
ents in the manure are waste as far as the animal 
is concerned. The nitrogen in manure comes 
from dietary protein that the animal didn’t 

Table 26.1. Average composition of manure from 
domestic animals.

Animal
Nitrogen 

(%)
Phosphorus 

(%)
Potassium 

(%)

Cow 2.9 0.7 2.1
Poultry 4.7 1.6 1.0
Rabbit 3.7 1.3 3.5

Fig. 26.7. Worms growing in rabbit manure. (Courtesy of S.D. Lukefahr)

 utilize. For example, if a sample of rabbit manure 
has a high nitrogen content, there is something 
wrong with the ration, causing the rabbit to excrete 
excessive (and expensive) amounts of nitrogen. 
Poultry manure is high in nitrogen because 
chickens excrete uric acid, a very concentrated 
source of nitrogen. Rabbit manure is high in 
potassium because alfalfa, a major ingredient in 
rabbit rations, is very high in potassium.

Worms

Many rabbit raisers grow earthworms in beds of 
rabbit manure (Fig. 26.7). The sale of worms for 
use as fishing bait and sometimes for soil enrich-
ment is a way of supplementing the income of 
the rabbitry. The beds should not be located 
beneath the rabbit cages unless adequate ventila-
tion is provided, because digging to harvest 
worms will cause release of ammonia and other 
noxious gases into the rabbitry. The optimal 
moisture conditions for raising worms are quite 
different from those for raising rabbits. Therefore, 
it is not advisable to put the worm beds in the 
rabbit building. The high moisture required by 
the worms may raise the humidity of the rabbi-
try, causing increased Pasteurella problems.
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Glossary

Alleles - Two or more versions of a gene.
Amino acids - Basic units of proteins.
Anterior presentation - Normal birth. Front feet and head presented first.
Antibiotics - Compounds used as feed supplements and for combating disease. Produced by 

molds; inhibit the growth of bacteria.
Antisera - Sera (serums) that contain specific antibodies.
Artificial insemination (AI) - Artificial introduction of semen into the reproductive tract of the female.
Balanced ration - A ration that has the proper proportions of individual ingredients to provide for 

growth, production, and reproduction.
Barren period - The period during which a rabbit does not conceive.
Breech presentation - Normal birth with hind feet and rump presented first.
Buck - A mature male rabbit used for breeding.
Cannibalism – The practice of a doe eating her young.
Carcass yield - Dressing percent. Obtained by dividing the weight of the dressed carcass by the 

weight of the live rabbit.
Carrier - An animal carrying a gene for a specific characteristic that may be transmitted to off-

spring, although it may or may not be apparent in successive generations. Also, an animal 
with a subclinical level of disease; it may not show signs of disease but can infect others (e.g., 
a carrier of Pasteurella).

Cecotropes - The soft feces produced from the contents of the cecum and consumed directly 
from the anus.

Cecotropy - See Coprophagy.
Cecum - The blind gut at the head of the large intestine.
Chromosomes - The microscopic rod-shaped bodies in the egg and sperm cells that carry the 

hereditary factors (genes).
Concentrates - Grains, milled products, and supplements of protein, vitamins, and minerals in 

the ration.
Conception - The union of ovum and sperm.
Contagious disease - A disease that spreads from one individual to another. A disease that 

is catching.
Coprophagy - The practice of rabbits consuming some of the droppings (soft, night pellets) 

directly from the anus. Also called cecotropy.
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Cubic centimeter (cc) - See Milliliter.
Dam - Mother.
Dewlap - The pendulous fold of skin under a rabbit’s neck.
Doe - A mature female rabbit used for breeding.
Dominant characteristic - A characteristic of one parent (normal coat, white fat, etc.) that, when 

transmitted to offspring, masks a recessive characteristic.
Dressing percent - See Carcass yield.
Embryo - The developing rabbit from the time the fertilized egg is implanted in the uterus until 

all organs are formed.
Embryo transfer (ET) - A technique in which embryos from a donor animal are flushed from the 

reproductive tract and introduced into a recipient animal to grow to term.
Estrous cycle - The recurring 14- to 16-day cycle when a doe is more apt to conceive. Also called 

the heat period.
False pregnancy - See Pseudopregnancy.
Feed:gain ratio - The amount of feed required for one unit of gain.
Felting - The manufacturing of felts from furs of rabbits and other animals.
Fetus - The developing rabbit from the end of organ formation to kindling.
Finish - The desired condition of flesh and coat for market or show rabbits.
Fly back - The prompt and even flowing back of the fur when it is stroked from the tail toward 

the head of the animal.
Follicles - Small enlargements on the surface of the ovary that contain egg cells. Also the roots 

of the hair in the skin.
Fostering - Using a doe other than the dam to nurse and develop young.
Fryer - A rabbit kept for meat consumption before the age of 12 weeks.
Full feeding - Supplying a rabbit each day with all the feed it will consume.
Furrier - One who dresses furs or makes or sells fur garments.
Gene - The basic unit in inheritance.
Gestation period - The time from mating of the doe to kindling.
Glossy coat - Smooth, bright, lustrous fur.
Gram - A unit of weight in the metric system equal to about 1/28 ounce. 453.6 grams equal 

1 pound.
Grooming - Removing foreign material or loose fibers from the coat of a rabbit by brushing or 

rubbing its coat with the hands, proceeding from the head toward the tail.
Hand-feeding - Giving a rabbit the required amount of feed each day.
Heat period - See Estrous cycle.
Heredity - Characteristics inherited from ancestors.
Hopper feeding - Making available to a rabbit a sufficient quantity of feed for several days so the 

animal may eat as often as it wishes and not be limited to a certain amount.
Hybrid - The offspring of parents of different breeds, varieties, species, or genera.
Impaction - Lodgment of undigested food in the digestive tract.
Inbreeding - Mating closely related animals.
Infectious disease - A disease caused by germs. It may or may not be contagious.
Inter se mating – Brother–sister mating.
Juniors - Developing young from time of weaning until old enough to go into production.
Karyotype - Arrangement of the chromosomes of a single cell, typical of an individual or a species.
Kindling - See Parturition.
Kit (kitling) - A young rabbit from birth to weaning.
Lactation - The secretion of milk.
Limit feeding - Restricting a rabbit’s feed intake to an arbitrary level.
Linebreeding - Mating animals with a common ancestor within a breed.
Litter - A number of young born to a doe at one time.
Maintain - To keep an adult rabbit in good condition without its gaining or losing weight.
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Malocclusion - A deviation from the proper closing or meeting of the teeth.
Manger - A container for holding hays and roughages.
Mature - Fully developed; adult.
Milk line - The white band on the belly of kits that have just been nursed.
Milligram (mg) - A unit of weight in the metric system. 1000 milligrams equal 1 gram.
Milliliter (ml) - 1 cubic centimeter (cc). 5 milliliters approximate 1 teaspoonful.
Miss - See Pass.
Nick - A mating that produces offspring superior to either parent.
Night feces - Cecotropes. May be consumed at any time of day.
Palpate - To feel through the abdominal wall for developing young in the uterus, for hairballs, 

and for impaction.
Parity - The number of litters to which a doe has given birth.
Parturition - Kindling. The act of giving birth.
Pass - Failure to conceive and produce young. An infertile mating (a miss).
Pedigree - A record of ancestors.
Pheromone - A volatile hormone produced by one individual that is perceived by and stimulatory 

to another individual of the same species.
Posing - Placing a rabbit in the most advantageous posture for show.
Predator - A pillaging or destructive animal that kills, maims, or stresses rabbits.
Prepotency - An exceptional capacity to transmit certain genetic characteristics to offspring.
Pressure tank - A tank with a float valve, used with an automatic watering system.
Prime coat - A mature, glossy coat with good fly back and free of loose fur or patches of 

ingrowing fur.
Prolific - Fertile, reproducing freely, producing large litters.
Protein - A combination of amino acids. Essential in the diet.
Pseudopregnancy - A 17-day period during which a doe may not conceive. May be caused by 

sterile mating or by other sexual stimulation. The doe experiences physical symptoms and 
changes in hormonal balance simulating those in pregnancy. Also called false pregnancy.

Purebred - An animal that belongs to a recognized breed.
Rabbitry - A place where domestic rabbits are kept; also, a rabbit-raising enterprise.
Random mating - Mating without regard to ancestry.
Recessive characteristic - A characteristic of one parent (woolly coat, yellow fat, etc.) that, when 

transmitted to offspring, is subordinate to the dominant characteristic of the other parent.
Registration - The official record of a rabbit that has been approved by a licensed registrar.
Restrained mating - Forced mating in which a person holds the doe.
Roughage - Hay, grass, etc.
Scrabbling - Digging feed out of the feeder.
Self - Solid coat color, such as black or chocolate.
Settle – To conceive.
Sexing - Determining the sex of a rabbit.
Sheen - Shininess. See also Glossy coat.
Sire - Father.
Specialty club - A rabbit club that specializes in matters pertaining to one breed.
Standard - The characteristic for a breed of rabbits as set up and approved by a registering 

organization.
Sterile - Barren or infertile.
Succulent feed - Fresh, green, growing plants containing a large amount of moisture.
Suckling period - The time from birth to weaning.
Superovulation - Use of hormones to induce does to produce extraordinarily large numbers of ova.
Tan - To make into leather.
Tattoo - To make a permanent identification mark in the ear of a rabbit by using a perforating 

instrument and rubbing India ink into the perforations.
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Thermostat - An instrument for automatically controlling the turning on and off of water sprinklers, 
fans, etc.

Toxic - Poisonous.
Vector - A carrier, usually an insect, that transfers an infective agent from one host to another.
Vulva - The external opening of the female genital organs.
Warrens - Outside pens in which groups or colonies of rabbits may be kept.
Weaning – Removing the young from the doe’s milk.
Weanling (weaner) - A newly weaned rabbit, regardless of intended future use.
Wool - The coat of the Angora rabbit.
Wool block – An indigestible mass of wool swallowed by a rabbit.
Woolliness - A recessive characteristic transmitted to offspring, producing a hair coat that 

resembles wool.
Xanthophyll - A yellow compound found in plants, conducive to the development of yellow fat 

in susceptible animals.
Yellow fat - A recessive characteristic intensified in susceptible offspring by the feeding of green 

feeds.
Zoonosis - A disease of animals that may be transmitted to humans.
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feeding systems
cecal impaction 103
choice feeding 102, 103
limit feeding 102–103

grazing rabbits 103–104
non-nutritive feed additives

antibiotics 98
copper sulfate 99
enzyme preparations 100
FDA clearance 97
flavoring agents 99
pellet binders 99
prebiotics 99
probiotics 98
salt 99
yucca and quillaja 99–100

orphan litters 104
requirements 102
roughages 89–90

alfalfa 91, 93, 94
clovers 90–91
grasses 91
green feeds and succulents 91–93

show rabbits 104
storage 102

Fur crafts 287
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Genetics
gene expression

complete dominance 173
epistasis 174, 175
genotype 172–173
incomplete dominance 173–174
phenotype 173

genes
alleles 170–171
chromosomes 170, 171
mitosis and meiosis 171
mutations 171
nucleus 170
proteins and aminoacids 170
sex chromosomes 172

Mendelian genetics 171–172
sex linkage 172

Genetic selection
computer program package 200–201
qualitative traits

desirable gene selection 192–193
hydrocephalus testing 193–194

quantitative traits
angora breeders 199–200
fancy rabbit selection 198–199
heritability 194–195
highly heritable traits 196–198
lowly heritable traits 195–196

record keeping 200
Grains 96

buckwheat 94
bushel weight 93
cereals 93
corn 94, 95
oats 94
triticale 94

Hemagglutinins 107

Kindling 50
Knee-warmers 266

Marketing system
angora wool 287
breeding stock 285–286
fertilizers 287–288
fur crafts 287
laboratory stock 286
meat products

collection trailer 282, 283
feed additives 285
freezing and storing 283–284
fryer carcass 282, 285
marketing price 284

package of 282, 284–285
processed products 282–283
processing plant 282, 283
quality and nutritional 

properties 285
rabbit club members 284–285
sausage products 284
spring and early summer 285

pharmaceuticals 286–287
problems involved in 282
skins 286

Mating process 44–45
Meat production

commercial rabbit production 276–277
fryer carcasses

carcass yield 274
dressing percent 274
grading system 274–275
intensive breeding 275
milk production 275
well-balanced ration 275, 276
white ans colored pelts 275

nutrient composition 275, 276
stewers 275

Non-protein nitrogen (NPN) 109
Nutrient

carbohydrates 70
fats

cholesterol 71
fatty acids 70

feed analysis
crude fiber 83–84
crude protein 83
fat (ether extract) 83
feed manufacturers vs. 

rabbit raisers 86
feed tag 85
gross energy 84–85
nitrogen-free extract 84
total digestible nutrients (TDN) 85
water 84

minerals
calcium and phosphorus 71–72
cobalt 72
copper 72
iodine 73
iron 72
magnesium 72
manganese 72–73
potassium 72
selenium 73–74
sodium and chlorine 72
sulfur 72
trace elements 71
zinc 73
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Nutrient (continued)
proteins

amino acids 69
cereal grains 70
lysine and methionine 70

vitamins
biotin 78
choline 78
definition of 74
fat-soluble 75
folic acid (folacin) 78
international units 75
niacin 78
pantothenic acid 78
pyridoxine (vitamin B6) 78
riboflavin (vitamin B2) 77
thiamine (vitamin B1) 77
vitamin A 75–76
vitamin B12 78
vitamin C 78
vitamin D 76–77
vitamin E 77
vitamin K 77
water-soluble vitamins 77

water 78–79
Nutrient requirements

breed differences 89
National Research Council 88
trace element and vitamin 

requirements 90

Pet rabbits
cages 229–230
health

calcium deficiency 233
gastrointestinal stasis 232–233
gut stasis 233
malocclusions 233
myxomatosis and viral hemorrhagic 

disease 233
overproduction of cecotropes 233
upper respiratory infections 232
urinary and kidney problems 233
veterinarians 234

house training 230–231
nutritional requirements

daily feed allowances 231
fresh vegetables 231
grass hay 232

protection of 230
Pharmaceuticals 286–287
Protein supplements

animal origin 97
cottonseed meal 96
linseed meal 97
peanut meal 97

rapeseed (canola) meal 97
safflower meal 97
soybean meal 95
sunflower meal 96
synthetic amino acids 97

Rabbit management
age to breed 43
breeding

herd replacements 61
schedule 43–44

care of young litters 51–53
conception

physical condition 47
pseudopregnancy 47
retained fetus 48
sore hocks 47–48
sterility 46–47

environmental effects
light 60–61
temperature 59–60

fostering young 52, 53
fur chewing 56–57
gestation period 45–46
hair loss 57
handling 42, 43
herd records

buck record card 62, 63
cage cards 61–62
chore sheet 63
extended pedigrees 62
permanent records 62

hot weather 55–56
hypnosis 61
kindling 50
lactation 53–54
mating process 44–45
nest box management 51–52
number of bucks 42–43
pregnancy determination

fetal development 48–49
misdiagnosis, non-pregnant 49
palpation 48–50
uterus size and location 48, 49

sanitation
cage cleaning 57
calcium carbonate 

deposition 57, 58
fly control 57–59
hair removing 57, 58
white fungus 59

sex determination 54
shedding 59
tattooing and ear tags 54–55
weaning 54

Rabbit manure 287–288
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Rabbit production
Africa 17–18
Asia

China 16
India 17
Indonesia 17

Australia and New Zealand 17
in developing countries

bush meat 256, 257
cages and equipment 249–250
CARE projects 255
farmers involvement 256
feeding and management 250–253
Food and Agriculture 

Organization 255
Heifer International 255
local agencies 256
Peace Corps 255
pests 254–255
training and supervision 256
tropical rabbit production 253–254

Europe
France 13
Great Britain 14–15
meat production 14

future aspects 18
North and South America

California 15
Haiti 16
New Zealand White 16
United States 15–16

research study
Kingsville Rabbit Research and Teaching 

Program 20
Oregon State University Rabbit Research 

Center 19, 20
OSU Rabbit Research Center 18–19
world rabbit congresses 20
World Rabbit Science Association 19

Rabbits
domestication 3–4
fur production

Angora rabbit wool 6–7
fur garments and 

trimmings 6, 7
rex rabbit 6

genera of 3
hobbies and pets 7–8
laboratory use 8–9
lagomorphs

hares 2–3
pikas 1–2

meat production 4–5
origin and evolution 1
pharmaceuticals production 7
production, factors Iimiting 9–10
youth programs 7

Rabbit shows
American Rabbit Breeders Association 

Convention Show 221, 222
judging and showing

American Rabbit Breeders 
Association 224

licensed judges and registrars 224–225
pleasure and camaraderie 224
sponsors 223–224
table and holding cages 224

preparation of rabbits
feeding 221
grooming 222
hutch stains removal 222–223
primeness of pelt 221–222
protection 223
selection process 221

registration and recording system
application for 225, 226
rabbit registration certificate 

225, 227–228
shipping 223

Reproduction process
artificial insemination

advantage 154
cycled production 157
ejaculate volume 156
gonadotropin-releasing 

hormone 156–157
human chorionic 

gonadotropin 156
insemination 156
ovulatory drug 154
semen collection, artificial 

vagina 154–155
semen storage 156
spermatozoa determination 155–156

embryo transfer 158–159
female rabbit

cervices 148
estrus and ovulation 148–149
external genitalia 148
ovaries 147
oviducts 147–148
uterus 148
vagina 148

fertilization 150
implantation 150
lactation

colostrum 153–154
lactation curve 154, 155
mammary glands 152–153
milk composition 154
milk production 153

male rabbit
accessory sex glands 145
bucks 147
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Reproduction process (continued)
ducts 145
external genitalia 145
spermatozoa 145–147
testes 144–145

maternal care 151–152
parturition 150–151
pregnancy 150
pseudopregnancy 149
winter breeding depression syndrome

feed quality and quantity 158
lighting cycle 158
physiological evidence 157
seasonal effects 157–158

Rex fur production
castration 262
economic potentials 263–264
feeding program 262
hair structure and growth

anagen phase 259
catagen and telogen 

phase 259, 260
cuticle structure 259
guard hair 258
hair follicle 258, 259
keratin and medulla 259
nutrient deficiencies 259
pigments 259
prime cycles 259, 260
underfur 258

management of 262
prime pelt 260–261
production 261–262
rex garments manufacture

fur dressing 262–263
let-out skin close-up 263
letting out 263
pelt harvesting and 

drying 262, 263

Slaughtering and preparation
meat 278–279
skinning and organs 

removal 278, 279

skins
curing 279–280
tanning 280–281

stunning 278

Tanning skins
home use 280
salt-acid process 280–281
salt-alum processes 281

Therapeutic clothing 265, 266
Toxins in feeds

goitrogens 106
gossypol 107
herbal remedies 110
lectins 107
mimosine 107–108
mycotoxins 108
natural toxins 106
nitrate 108–109
oxalates 109
pesticides and herbicides 110–111
poisonous plants 110
pyrrolizidine alkaloids 109
saponins 109
trypsin inhibitors 109
urea 109

Tropical rabbit production
heat stress 253
Tsetse fly 254
zoonosis 253–254

Ulcerative pododermatitis 135–136
Urination 165

Venereal spirochetosis 133–134

Winter breeding depression syndrome
feed quality and quantity 158
lighting cycle 158
physiological evidence 157
seasonal effects 157–158
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