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Abstract 

Diet and nutrition of captive hyenas was evaluated through a survey to document feeding 
practices. Survey results were compared to both the domestic cat and dog dietary 
recommendations. The 15 U.S. institutions surveyed fed 60 (33.27) spotted hyenas {Crocuta 
crocuta) 22 different weekly diets, an average of 11.75 + 9.16 kg of food weekly (amounts on an 
as-fed basis). Weekly diets provided calculated kcal ranging from 6,500 to 92,300 kcal 
(approximately 930 to 13,185 kcal daily). Average body mass of the hyenas was 53.15 + 9.6 kg 
(n=59). 

There was considerable variation in the diets offered between and within facilities. Frozen 
horsemeat-based diet was the main component of 14 diets fed at 11 institutions (75.09 + 
16.80%). Bone was the main component of two diets fed at two separate institutions (63.78% & 
73.94%). One diet was mainly comprised whole prey (67.03% of total ingredient weight, as-fed 
basis), and another diet's main component was dry dog food (45.16% of total weight). Three 
institutions fed a horsemeat-based mixture (53.93 + 0.72%) and bone (46.07 + 0.72%) as the two 
main components of the diet, and one fed a horsemeat-based mixture (39.48%) and poultry meat 
portions (44.74%) as the two main components. All of the institutions fed a commercially 
prepared horsemeat-based, nutritionally complete mixture for carnivores as some part of the total 
diet. 

On average, the composition of the diets offered were as follows: moisture: 54.5% (SD=12.9%), 
crude protein: 38.4% (SD=11.5%), crude fat: 26% (SD=5.6%), crude fiber: 5% (SD=1.9), ash: 
22% (SD=11.2%) and ME (kcal/g): 4.41 (SD=0.4) (all nutrients except water presented on a dry 
matter basis). The calculated nutrient content meets or exceeds known requirements of both 
felids and canids. Controlled studies are needed to assess whether cats or dogs are a more 
suitable physiologic model for Hyenaidae. 

Introduction 

Spotted hyenas {Crocuta crocuta) are the most common of the Hyenaidae family, which also 
includes striped hyena {Hyaena hyaena), brown hyena {Parahyaena brunnea), and the aardwolf 
{Proteles cristatus). Although hyenas are dog-like in appearance, they are more closely related 
evolutionarily to felids than canids, and are included in the suborder Feliformia. Current 
phylogenetic analyses of Feliformia are ambiguous on the evolutionary relationship among 
Felidae, Viverridae, and Hyaenidae families, so it is unclear whether hyenas are more closely 
related to Felidae, the "true cats," or to Viverridae, the genets, civets, and linsangs.4,12 

Spotted hyenas are the largest members of the hyaenids at 45-80 kg. Ranging throughout sub-
Saharan Africa, they are active predators that generally eat medium to large prey including zebra, 
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gemsbok, and wildebeest.5,6 They are social animals and will hunt larger prey cooperatively, but 
forage solitarily for smaller prey. Scavenging can consist of up to one third of their diet 
acquisition. Over a month long period in the Namib Desert, each spotted hyena ingested an 
average of 4 kg of carcass (including skin and bones) per day from hunting and scavenging. 
Bones may be an important part of the hyena's diet especially in times of low prey density—they 
have robust, muscular skulls that allow them to crush bone. In addition to large prey, they also 
eat vegetation, fruit, insects, birds, and fish.5,6'13,14 

Many studies have focused on diet preferences and feeding ecology of hyenas,2,5"10 but very few 
have focused on intake amounts or energy and nutrient requirements.6,7 With this in mind, it is 
not surprising that dietary requirements for hyaenids have not been determined. Additionally, it 
is unclear whether hyenas are related more closely to felids or canids from a nutritional 
physiology perspective. Institutions housing hyenas usually base target nutrient levels on those 
recommended for domestic carnivores. However, the potential for problems exist, since felids 
have higher requirements than other carnivores for many nutrients, including taurine, arginine, 
and arachidonic acid.16 

Methods 

Diet Survey & Analysis 
A survey was distributed in summer of 2005 to U.S. institutions that house hyenas, primarily 
requesting information on dietary components and quantities offered (kg/week) to individual 
animals. The survey also requested information on: 1) hyena species, 2) sex, 3) body mass and, 
4) other dietary concerns. In 2007, the responders to the 2005 survey were again contacted to 
verify/update their survey responses. Diet verification and updates received by May 30, 2007 
were included in the data. 

To determine any trends in the type of dietary components offered by institutions, components 
were classified (based on percentage of diet on an as-fed basis) into main (45% to 100%), dual 
main (two components each equaling 35% to 55%), major (5% to 40%), and minor (<2%) 
components. 

Survey responses were entered into Zootrition diet analysis software (Zootrition Version 
2.6, Saint Louis Zoo, St. Louis, MO) as weekly diets. The software allowed determination of 
overall composition of the weekly diet, estimated metabolizable energy for carnivores, and total 
kcal offered. Due to a lack of information on composition of various bones, all bone types 
included in diet analysis were entered as horse shank. 

Results 

Data from the 15 institutions (of 23 institutions contacted, for a 65 % response rate) who replied 
to the survey in 2005 are included in this study. All of the institutions reported feeding spotted 
hyenas. Information was collected for 60 hyenas (33 male and 27 female) and 22 different diets. 
The average body mass was 53.15 + 9.6 kg. In 2007, some zoos reported changes in the diet. 
Most changes were minor such as offering different types of bones. One facility did report 
euthanasia of an animal. 
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1. Diet Components/Feeding Trends 
Dietary components are summarized in Table 1 as a percentage of the total weekly diet on an as 
fed basis. 

1.1. Horsemeat-based mixtures (frozen, nutritionally complete) 
All of the institutions fed a commercially prepared, nutritionally complete horsemeat-
based mixture: six fed a labeled "carnivore" diet, five fed a "canine" diet, and four fed a 
"feline" diet. Eleven institutions, describing 14 different diets, fed horsemeat-based 
mixtures as the main component (75.09 + 16.80% of diet). Additionally, three 
institutions fed horsemeat-based mixtures (53.93 + 0.72% of diet) and bone (46.07 + 
0.72% of diet) as the two main components of three diets, and one institution fed a 
horsemeat-based mixture (39.48% of diet) and poultry meat portions (44.74% of diet) as 
the two main components of the diet. The remaining four diets averaged 26.56 + 9.48% 
horsemeat-based mixture(s). 

1.2. Bone 
Bone (pork neck bones; ox-tails; and horse rib, shank and tail) was included in 16 diets 
from nine institutions. It was the main component of two diets at two separate 
institutions, making up 63.78% and 73.94% of the diets, respectively. As stated above in 
section 1.1, three additional institutions fed bone (46.07 + 0.72%) and horsemeat-based 
mixture (53.93 + 0.72%) as the two main components of their diet. Bone was a major 
component (21.50 + 9.51%) in ten diets at six institutions. One institution reported 
feeding bone, but did not report an amount—bone was excluded from this institution's 
dietary analysis. 

1.3. Whole Prey 
Seven institutions (nine described diets) fed whole prey, including poultry, rodents, and 
fish. One diet was mainly composed of whole prey (67.03%): it was the only 
diet/institution to feed multiple types of whole prey. Whole prey was a major component 
(9.90 + 5.21%) in seven diets offered at five different institutions. At two institutions, 
whole prey was a minor component at less than 1% of the diet (0.37% and 0.21%). 

1.4. Dog Food (commercial, dry) 
Dog food was included in four diets from three institutions. It was the main component 
of one diet (45.18%), and a major component (11.02 + 7.10%) of the other three. 

1.5. Meat (Not whole prey, Unsupplemented) 
Meat portions were included in five diets from four institutions. One institution feeds 
44.74% poultry meat as the main component. One diet fed poultry as a minor component 
(0.37%). One institution fed meat as a major component of two of its diets at 29.06% and 
29.91% (beef and deer 50/50 mixture, respectively). 

1.6. Other 
One institution also included 9.29% Mazuri Exotic Feline-Large dry food (Purina Mills 
Inc., Saint Louis, MO). Another included 1.97% carrots, and 7.89% celery. 
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2. Composition 

On average, the diets were composed of the following nutrients, calculated from the nutritional 
composition of the ingredients; moisture: 54.5% (SD=12.9%), crude protein: 38.4% 
(SD=11.5%), crude fat: 26% (SD=5.6%), crude fiber: 5% (SD=1.9), ash: 22% (SD=11.2%) and 
ME for carnivores (kcal/g): 4.41 (SD=0.4) (all nutrients except water presented on a dry matter 
basis). Nutrient data of hyena diets are summarized and compared to domestic dog and cat 
nutrient requirements in Table 2. 

3. Dietary Concerns 

Most institutions reported no dietary concerns. However, two institutions reported 
hypothyroidism and resulting problems with obesity in some of their hyenas. 

3.1. Institution 2 
Institution 2 reported two females out of 34 hyenas (19 male and 15 female) with 
hypothyroidism and obesity issues. For both hyenas, they decreased the dietary intake by 
offering them a diet 2C (Table 7) providing 65649.20 kcal/week (9378.46 kcal/day), a 
decrease from earlier diets providing 75256.0 kcal/week (10750.86 kcal/day). The 
current body mass of their hyenas were 63.5kg and 67.5kg. The institution did not report 
on medications used or their satisfaction with the hyenas' current weights. 

3.2. Institution 8 
Institution 8 reported one female out of two hyenas (one male and one female) with 
hypothyroidism and obesity issues. In addition to treating her with thyroxine, they report 
incorporating Science Diet Canine R/D into the diet at 45.18% of the diet. This weight 
loss diet, diet 8B (Table 7), provides 17928.78 kcal/week (2561.25 kcal/day). Since 
treatment, her weight has decreased by 13.6 kg to stabilize at 64.1 kg. The institution is 
satisfied with her current weight. 

Discussion 

1. Trends 

Horsemeat-Based Mixture 
As of this survey, all of the institutions fed a horsemeat-based diet. No specific studies have 
evaluated the health implications of feeding a horsemeat-based versus beef-based diet to hyenas. 
However, horsemeat generally contains higher concentrations of essential amino acids, minerals, 
and polyunsaturated acids (e.g., linoleic and linolenic acids) and less fat as compared to 
"generic" beef carcass meat.1 These nutrient differences may affect hyena metabolism and 
health, the impacts of which require further investigation. 

Bones 
Hyenas have long been noted for being bone crushers in the wild, but the role of bone in the diet 
is usually only qualitatively mentioned as an important source of energy. Bones themselves 
were included in 16 diets from nine institutions, and in whole prey in nine diets from seven 
institutions. Three of these institutions (5 diets) fed both bone and whole prey. Only one 
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institution excluded both bones and whole prey. Reasons to include bone in the diet include: 
enrichment; stimulation of natural behavior; jaw development; and promotion of dental health. 

A preliminary study by the St. Louis Zoo revealed that average horse shank bone size fed to 
hyenas was 1.5 kg, providing approximately 4.15 kcal/g (dry matter (DM) basis). The bones 
contained 22.00% crude protein, 34.00% crude fat, 4.70% crude fiber, and 44.03% ash (DM 
basis) (unpublished data). Calcium (Ca) and phosphorus (P), that make up 16.98% and 6.88% of 
bone, respectively, were also of interest. Institutions had a tendency to report that bones were 
fed on "fast" days or as enrichment, but it is important to remember that bones can provide a 
significant energetic contribution to the diet, and should be included in any diet analysis.3 Based 
on these results, and the lack of nutritional compositional information about various types of 
bones, bones reported in the survey were analyzed as if their composition were the same as horse 
shank. It is understood that this assumption likely does not truly reflect the composition of other 
bones offered. Due to the fact that the analysis revealed a large percentage of fat in horse shank 
bones and potentially added a lot of previously unaccounted calories, there is certainly a need to 
analyze various bones offered to wildlife so their contribution to the diet may be determined. An 
investigation of bone digestion by hyenas has been conducted by Saint Louis Zoo, though results 
are pending. 

Composition of the diets that included bone (alone or in addition to whole prey) as a stated diet 
component had a higher percentage of ash (27.53 ± 7.88% vs. 9.50 ± 1.75%), Ca (8.94 + 3.95% 
vs. 1.60 + 0,48%), and P (3.95 + 1.39% vs. 1.30 + 0.36) compared to diets that did not contain 
these ingredients. In addition, the Ca:P ratio also increased slightly (2.3:1 vs. 1.24:1) in diets 
containing bone as a main ingredient. Diets that only include whole prey in the diet had an 
average composition that was very similar to the diets with no bones or whole prey. 

1.3. Species Considerations 

Although all of the institutions that responded to our survey house spotted hyenas, brown 
and striped hyenas are also commonly housed in zoological facilities. With different 
feeding ecologies and potentially different nutritional physiologies, it is expected that 
dietary components might be different as well. For example, brown hyenas {Hyena 
brunnea) have a much more omnivorous tendency than spotted hyenas. Brown hyenas 
are primarily opportunistic, nocturnal scavengers of vertebrate remains, but will also 
forage for insects, birds' eggs, and plants. Being ineffective hunters, hunting is rare for 
the brown hyena; however, they will prey on small vertebrates.2,10 Brown hyenas also 
frequently eat bones, and their jaws are structured similar to spotted hyenas with teeth 
and skulls almost as massive. Striped Hyenas {Hyaena hyaena) also have more 
omnivorous habits, being solitary foragers of insects, small mammals, reptiles, fish, and 
fruits. They have also been known to scavenge and hunt.9 Striped hyenas are less reliant 
on bones than spotted and brown hyenas, and thus have smaller, less powerful jaws.9 

2. Diet Composition 

Diets fed to hyenas in this survey were all considerably higher in calories, fat, protein, calcium, 
and phosphorous than the Association of American Feed Control Officials (AAFCO) and 
National Research Council (NRC) nutrient guidelines for feeding either domestic felids or 
canids.1,11 Obesity was considered a health issue by some respondents; the lack of vegetable 
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material in most reported diets differs from natural feeding ecology and contributes to the high 
nutrient density of captive diets. The extremely high fat content of most raw diets in comparison 
with AAFCO recommendations for domestic dogs (5.0%) and cats (9.0%) also contributes to the 
obesity problem.1 

2.1 Feline vs. Canine Requirements 

There is a need for further investigation into the nutritional requirements of these animals 
before it can be determined which model (felid or canid) is most appropriate. The 
average calculated nutrient content of the diets fed meets or exceeds known requirements 
of both felids and canids. At this time, there are no known reports in the literature of 
health concerns that typically affect felids (taurine deficiency, stones, etc.) for hyenas. 
However, the lack of deficiencies or toxicities reported in the literature do not provide 
clues as to which model is more appropriate. Controlled studies are needed to assess 
whether cats or dogs are a more suitable physiologic model for Hyenaidae. 

3. Dietary Concerns 

Obesity and weight issues are common at many exotic animal institutions. The energy 
calculated as consumed by hyenas at these institutions ranged from 933.12 to 13185.46 kcal/day. 
For domestic carnivores weighing, on average, 53kg, expected caloric intake would be 1375 
kcal/day (generic eutharian equation). Thus it appears many of these institutions may be 
overfeeding (by ~950%), especially for a nocturnal carnivore with rather low activity in 
captivity, and some may be underfeeding (by -32%) though the actual caloric requirement for 
individual animals will depend on their body type, size, and metabolism. One management tool 
that is useful in evaluating diet efficacy is the use of a standardized body condition score (BCS). 
Even though an animal fits into a recommended range of body size, it may have a higher 
proportion of fat than recommended, or a small frame. BCS provide a standardized model of 
physical weight distribution on an animal, and provide keys to understanding if an animal is 
over- or underweight based on physical cues. Though the need for a hyena BCS is apparent, 
currently, there is no BCS available for any of the hyenas. Adult spotted hyena body masses are 
highly variable in the wild, ranging from 45-80kg with females tending to be about 10% larger 
than males. The average reported weight of the hyenas included in our survey was 53.15 + 9.6kg, 
well within the range of wild animals. However, both of the animals reported to suffer from 
hypothyroidism and obesity problems in our survey fit within this range as well. A BCS for 
hyenas would allow institutions to determine ideal weights for individual animals. 

Conclusion 

Few detailed studies exist in hyena digestive physiology or anatomy. At this point, it is unknown 
if domestic dogs or cats are better physiological models. Although this report has identified what 
is commonly offered to hyenas in zoological institutions, the next step needs to be proximate 
analyses of these diets, accurately measuring what is actually consumed by each animal and its 
relationship with BW and BCS, and the execution of total tract nutrient digestibility studies. 
Calcium and phosphorus concentrations of offered foods are very high and could lead to severe 
imbalances, but imbalances depend on amount consumed and digestibility of these nutrients (see 
AAFCO dog recommendations - they are much higher than suggested). Body condition scoring 
system is also severely needed and should be another goal of future research. Finally, the new 
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NRC for dogs and cats (2006) may also be useful for estimating energy requirements that can be 
used to approximate feeding levels to decrease the incidence of obesity in hyenas. 
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Table 1. Components of diets fed to captive spotted hyenas {Crocuta crocuta) in North 
American institutions summarized as a percentage of total weekly diet on an as fed basis. 

Institution* 
1 
2A 
2B 
2C 
3 
4A 
4B 
4C 
5 

6 

7 
8A 
8B 
9 
10 
11 
12A 
12B 
13A 
13B 
14 
15 

Total 
Amount 

(kg/week) 
15170.69 
92298.20 
75237.20 
65649.20 
12784.00 
11172.67 
13111.25 
12141.96 
19054.23 

14476.00 

10106.70 
21465.91 
17928.78 
21261.35 
43820.52 
9730.25 

22418.98 
18867.78 
10015.27 
20030.53 
9947.50 
6531.86 

Commercial 
Frozen 

Horsemeat 
Bone Whole 

Prey 
Dry 
Dog 
Food 

Meat Other 

% of Total 
83.86 
70.62 
62.05 
54.61 
100.00 
36.22 
53.18 
54.00 
91.35 

100.00 

99.04 
58.97 
20.29 
72.59 
16.77 
56.35 
59.83 
58.12 
71.42 
71.42 
39.48 
32.97 

29.38 
37.95 
45.39 

63.78 
46.82 
46.00 

No 
Value 

14.60 
22.94 
27.41 
73.94 
31.03 
10.26 
12.82 
14.29 
14.29 

10.56 

0.21 

0.59 
7.38 
11.59 

12.62 

14.29 
14.29 
5.92 

67.03 

5.58 

8.44 

19.05 
45.18 

0.37 

29.91 
29.06 

44.74 

9.29 

9.86 

*Different letters within an institution indicated different diets fed. 
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Table 2. Average calculated nutrient composition (± SD) of diets fed to captive spotted hyenas 
{Crocuta crocuta) in North American institutions compared to AAFCO nutrient profiles (2007) 
and NRC nutrient recommended allowances (2006) for domestic carnivores. (Total Fed, Total 
Calories, and % Water are on an as-fed basis, all other values are on a dry matter basis.) 

Total Fed 
(Kg/week) 
Total Calories 
(Kcal/Week) 

Water, % 
Metabolizable 
Energy, kcal/g 

Crude Protein, % 

Crude Fat, % 

Crude Fiber, % 

Ash, % 

Calcium, % 

Phosphorus, % 

Ca:P 

All Institutions 

11.75 ±9.16 

24691.86 ± 
23237.62 

54.55 ± 12.89 

4.41 + 0.38 

38.39 ±11.47 

26.09 ± 5.60 

5.09 ±1.94 
(n=20) 

22.04 ±11.19 
(n=19) 

6.65 ±4.55 

3.26 ±1.69 
(n=19) 

2.04 

Domestic Domestic Domestic Domestic 
Cat 
(adult), 
AAFCO1 

4.00a 

26.00 

9.00 

0.60 

0.60 

NA 

Dog Cat 
(adult), (adult), 
AAFCO1 NRC11 

3.50" 

18.00 

5.00 

0.60 
(2.5 max) 

0.60 
(1.6 max) 

1:1 
(2:1 max) 

4.00a 

20.00 

9.00 

0.29 

0.26 

Dog 
(adult), 
NRC11 

4.00a 

10.00 

5.50 

0.40 

0.30 

aAssumes caloric density of 4.00 kcal/g (DM basis) and requires correction if > 4.50 kcal/g DM. 
Assumes caloric density of 3.50 kcal/g (DM basis) and requires correction if > 4.00 kcal/g DM. 
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