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Table 1 Characteristics and main food of the study animals.

Species Zoo/aquarium” Number of n? Age” Sex Frequency of  Taxon Main food”
individuals feeding per week

guinea pig 1 6 48 2-5 M F 7 mammal pellet for guinea pig, timothy hay

(Cavia porcellus)

Southern tamandua 3 3 24 1-4 M, F 7 mammal banana, yogurt, canned cat food, avocado, mango, papaya, pellet for

(Tamandua tetradactyla ) herbivorous animal, powder cat milk, grapefruit, ant

Shiba goat 1 1 8 4 M 7 mammal timothy hay, pellet for herbivorous animal, Chinese cabbage, Japanese

(Capra hircus ) mustard spinach, cabbage, apple, orange, tomato, cucumber, Japanese
persimmonx)

spotted hyene 3 2 16 1 F 7 mammal horse meat, ground chicken (including bone), chicken breast, beef

(Crocuta crocuta) liver, sausage

ringtailed coati 5 5 35 2-4 M, F 7 mammal pellet for bear, dog food, banana, apple, boiled egg, chicken

(Nasua nasua') tenderloin, cricket, chicken head, horse meat, quail head

European rabbit 1 3 24 1-4 M, F 7 mammal pellet for rabbit

(Oryetolagus cuniculus )

Japanese giant flying squirrel 1 1 8 19 M 7 mammal apple, carrot, orange, bread, Japanese mustard spinach, sunflower,

(Petaurista leucogenys ) acornx), peanutg’, Japanese chestnut®, strawberrys), Japanese

. ) ) 2 ) 8

persimmon”’, loquat ™, bayberry”, grape”, sand pear

lesser panda 3 2 14 6,9 MF 7 mammal pellet for herbivorous animal, apple, sweet potato

(Ailurus fulgens )

small clawed otter 3 4 32 5-13 M, F 7 mammal horse mackerel, pond smelt, canned cat food, squid

(Amblonyx cinereus )

cape clawless otter 3 1 8 8% M 7 mammal horse mackerel, pond smelt, canned cat food, squid

(Aonex capensis))

American beaver 3 3 18 6139 M, F 7 mammal apple, sweet potato, carrot, cabbage, Japanese mustard spinach,

(Castor canadensis ) Chinese cabbage, pellet for herbivorous animal, pellet for giraffe,
bread, orange, acorn, pressured barley, soybean, dried sardine, honey

Eurasian river otter 3 2 16 1 F 7 mammal horse mackerel, rainbow trout, pond smelt, chicken breast, squid

(Lutra lutra)

sea otter 5 1 12 18 F 7 mammal squid (including entrails), chum salomn, horse mackerel, Atka

(Enhydra lutris mackerel, Atlantic capelin (male)

Steller's sea lion 2 1 3 3 F 7 mammal horse mackerel, Atka mackerel, Pacific saury

(Eumetopias jubatus)

spotted seal 2 2 6 8,13 M, F 7 mammal horse mackerel, mackerel, Atka mackerel, sand launce

{(Phoca largha )

spotted seal 5 8 93 2—359 M, F 7 mammal mackerel, Atlantic capelin (male), horse mackerel, Atka mackerel

{(Phoca largha )

California sea lion 2 5 8 2-27 M, F 7 mammal mackerel, Pacific saury, mackerel, Atka mackerel

(Zalophus californianus )

California sea lion 3 7 50 3-25 M, F 7 mammal horse mackerel

(Zalophus californianus )

California sea lion 5 8 80 2-28 M, F 7 mammal horse mackerel, mackerel, Atlantic capelin (male), Atka mackerel

(Zalophus californianus)

Pacific white-sided dolphin 5 6 25 4—30% M, F 7 mammal mackerel, Atlantic capelin (male)

(Lagenorhynchus obliquidens )

bottlenose dolphin 2 1 6 18% M 7 mammal horse mackerel, mackerel, Pacific saury, Atka mackerel

(Tursiops truncatus )

shoebill 3 2 7 unknown M 7 bird horse mackerel, commeon carp, golden carp

(Balaeniceps rex)

black kite 1 1 8 4 unknown 5 bird horse meat, horse liver, pond smelt

(Milvus migrans )

call duck 1 3 24 unknown M, F 7 bird Chinese cabbage, Japanese mustard spinach, pellet for waterfowl,

(4nas platyrhynchos ) pellet for flamingo, pet food for bird, krill, apple, tomato, orange

rockhopper penguin 5 17 186 3-30 M, F 7 bird Atlantic capelin (male)

(Eudyptes chrysocome’)

humboldt penguin 3 15 104 0-30 M, F 7 bird horse mackerel

(Spheniscus humboldlti )

king penguin 5 26 272 1-26 M, F 7 bird Atlantic capelin (male), horse mackerel, Atka mackerel

(Aptenodytes patagonicus)

adelie penguin 5 11 90 0-13 M, F 7 bird Atlantic cepelin (male), horse mackerel, Atka mackerel

(Pygoscelis adeliae )

gentoo penguin 3 6 41 1-10 M, F 7 bird horse mackerel, krill

(Pygoscelis papua)

gentoo penguin 5 14 133 0-27 M, F 7 bird Atlantic cepelin (male), horse mackerel, Atka mackerel

(Pygoscelis papua)

Asian forest tortoise 1 1 8 349 F 7 reptile Japanese mustard spinach, Chinese cabagge, tomato, carrot, red leaf

(Manouria entys) lettuce, cucumber, pellet for herbivorous turtle, Japanese radish leaf,
apple, orange

Dball python 1 1 3 119 1 reptile mouse (juvenile)

(Python regius)

ball python 3 2 10 7% M,F 02" reptile mouse (adult, juvenile)

(Python regius)

blue tongued skink 1 1 8 o0 o 1 reptile mouse (neonatal)

(Tiliqua scincoides )

green turtle 4 1 2 unknown unknown 35 reptile horse mackerel, squid

(Chelonia mydas )

Japanese giant salamander 1 1 2 24 F 1 amphibian  pond smelt, horse mackerel

(Andrias japonicus )

sunfish 5 9 16 unknown unknown 7 fish pellet for fish, squid (including entrails), horse mackerel, sea arrow,

(Mola mola’) tiger shrimp

‘whale shark 5 4 4 5—9% F 7 fish mysid shrimp, krill, sakura shrimp, whitebait, gel food for shark

(Rhincodon typus)

slender giant moray 4 1 3 unknown unknown 35 fish horse mackerel, squid

(Strophidon sathete )

chambered nautilus 4 3 11 unknown unknown 35 cephalopoda northern shrimp

(Nautilus pompilius )

" 1: Wanpark Kochi Animal Land, 2: Katsurahama Aquarium, 3: Noichi Zoological Park, 4: Ashizuri Kaiyoukan Aquarium, 5: Osaka

Aquarium Kaiyukan.

2 Number of individual monthly data.

9 Range of age as of November 30, 2014.
¥ The order of food was arranged according to weight.
% Including one castrated individual.

© Estimated.

? Calculated from monthly data.

9 Seasonal food.
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Figure 1 Relationships between total energy intake
and body mass based on species data. Plots
were categorized by taxon: mammals (closed
circles), birds (gray triangles), reptiles and
amphibians (open triangles), fish (open circles),
cephalopods (plus signs). Simple univariate
regression analysis was conducted for each
taxon between total energy intake (y) and body
mass (x): mammals (y = 130 x*%, # =092, F =

174.4, P < 0.01, thin line), birds (y = 124 x*”, /#

=0.72, F= 155, P < 0.01, gray line), reptiles and

amphibians (y = 0.81 x'”, # = 0.94, F = 450, P

< 0.01, broken line), fish (y = 3.35 x''%, # = 0.99,

F = 229.3, P = 0.04, dotted line), all species (y =

39.8 x>, # = 0.59, F = 46.8, P < 0.01, thick line)

A line of cephalopods was not included because

of scarcity of data.

1000

100

Mass-specific energy intake (kcal/kg)
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0.1 1 100 1000
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Figure 2 Relationships between mass-specific
energy intake and body mass based on species
data. Plots were categorized by taxon: mammals
(closed circles), birds (gray triangles), reptiles and
amphibians (open triangles), fish (open circles),
cephalopods (plus signs). Simple univariate
regression analysis was conducted for each
taxon between mass-specific energy intake (y)
and body mass (x): mammals (y = 130 x ", # =
0.26, F = 5.5, P = 0.03, thin line), birds (y = 124
x %% F =027 F=22 P = 0.19), reptiles and
amphibians (y = 0.81 x*”, # =074, F=85,P =
0.06), fish (y = 3.35 x*?, # = 0.73, F= 26, P =
0.35), all species (y = 39.8 x *”, #=0.0001, F =
0.004, P = 0.95).
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Figure 3 Ratios of food mass to body mass (black bars) and mass-specific energy intake (gray
bars) of 35 animal species, based on individual data (mean X SE). Species names were
arranged from left to right in the following order: mammals, birds, reptiles, amphibian, fish, and

cephalopod.
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Figure 4 Mass-specific energy intake (mean
*+ SE) and taxa based on species data:
mammals (n = 18), birds (n = 8), reptiles and
amphibians (n = 5), fish (n = 3). Cephalopods
were not included because of scarcity of
data. Differences in letters denote statistically
significant differences at P < 0.05.
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metabolism in relation to body mass: mammals
(thick black line), birds (thin black line), reptiles
and amphibians (thick gray line), fish (thin gray
line). The weight range of animals belonging to
each taxon in this study is indicated by a solid
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Summary

Basal metabolism and energy intake in relation to body mass have long been studied in domestic
animals; however, there are few studies on energy intake in captive wild animals. A total of 35 species
were studied, including a wide variety of body size ranging from black kite (approx. 0.7 kg) to whale
shark (approx. 1200 kg) kept at zoos and aquariums. Based on feeding contents, we here estimated the
energy intake of mammals, birds, reptiles, amphibians, fish and cephalopods. The ratios of food mass to
body mass were 7.5% and 12.9% in mammals and birds, respectively, whereas the ratios were smaller
than 1% in reptiles, amphibians, fish and cephalopods. The mass-specific energy intake took a value of
100 kcal/d in homeotherms (mammals and birds), whereas it took a value of smaller than 15kcal/d in
poikilotherms. The energy intake increased with body mass in a proportional manner, suggesting that
the energy intake of captive animals could be simply estimated from body mass.
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