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Abstract
The body mass of zoo animals is a strong indication of the life conditions they receive under human 
care and how they adapt to them. Hippopotamuses (Hippos) in zoos are often considered overweight, 
but a comparison between the body mass of wild populations and the zoo population has never been 
done before. Here, we analysed the records of adult body mass of the global zoo populations of hippos 
(Hippopotamus amphibius and Choeropsis liberiensis) and compared them with available field data 
from wild populations found in the literature. Furthermore, we analysed trends in body mass with 
age and seasonality. Zoo hippos of both species are on average heavier than their wild counterparts. 
This disparity is of greater extent in pygmy hippos than in common hippos, and it can be visually 
attested when comparing body condition on photographs of zoo and free-ranging individuals. Both 
zoo populations display sexual body mass dimorphism, with adult males being on average heavier 
than adult females. For common hippos, this sexual dimorphism is much more prominent in the zoo 
population than in wild populations, possibly due to males having the full nutritional potential to grow 
to larger sizes in zoos. Neither species displays consistent seasonal fluctuations in body mass, contrary 
to what is described for common hippos in the wild due to fluctuations in the availability of resources. 
While no immediate population-level health problems seem to be prevalent in either species due to 
overweight, it nevertheless might hinder the management and breeding of these two endangered 
species due to high infant mortality and earlier puberty. Changes in zoo hippo nutrition should aim 
to adjust body mass and body condition to values similar to those observed in wild populations by 
offering them an appropriate diet and monitoring body condition. Our results also demonstrate that 
efforts to improve nutrition in the last decade have yielded a positive trend of body mass reduction in 
pygmy hippos in zoos.  

Introduction

Zoo-housed animals are frequently described as being larger 
and heavier than their free-ranging counterparts (Schwitzer 
and Kaumanns 2001; Garand et al. 2024) and obesity is a 
common pathology (Videan et al. 2007). This problem is linked 
to the overfeeding of individuals with energy-dense and often 
inappropriate foods (Clauss et al. 2009; Heidegger et al. 2016) 
and lack of activity (Tang et al. 2023). Furthermore, obesity 
in zoo animals has been linked to health problems such as 
cardiovascular diseases (Ely et al. 2013), diabetes (Kuhar et al. 
2013), musculoskeletal problems (Heidegger et al. 2016) and 

even impaired reproductive function (Freeman et al. 2009; 
Edwards et al. 2015; Morfeld and Brown 2016).

Hippopotamuses (hereafter termed hippo(s)) are large 
semi-aquatic herbivores from the riverine habitats of sub-
Saharan Africa. The diet of the common hippo Hippopotamus 
amphibius consists mainly of grasses, with only a rare inclusion 
of fruits, woody vegetation, aquatic plants, and even less 
frequently meat obtained from scavenging (Bere 1959; Dudley 
et al. 2016; Voysey et al. 2023). Wild populations of common 
hippos are often exposed to large seasonal variations in food 
availability, impacting their body condition (Chomba 2013). 
Pygmy hippo Choeropsis liberiensis feeding habits have been 
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scarcely studied in the wild, but they have been described as 
intermediate generalist herbivores, feeding from a wide range 
of plant species, mostly grasses but including shrubs and ferns 
(Hendier et al. 2021). 

In zoos, it has been described that hippos are prone to suffer 
from excessive weight (Schwarm et al. 2006; Taylor et al. 2013; 
Miller et al. 2014). This issue is attributed to the oversupply 
of a nutrient-dense diet, comparatively low metabolic rates 
(Schwarm et al. 2006), and the lack of exercise in zoos (Tennant 
et al. 2018). Nevertheless, so far, no comparative data exist on the 
body weights of wild hippo populations and zoo hippos. Weight 
management and monitoring have become a fundamental pillar 
of zoo animal nutrition, health, and welfare (Clavadetscher et 
al. 2021). Assessing the body mass of free-ranging populations 
provides a range of reference values that can be seen as acceptable 
for the biology and health of the species. By comparing the body 
mass of zoo animals with these reference values, an appropriate 
weight management plan can be defined for those individuals 
who deviate from the reference values.

In order to assess the extent to which the body mass of zoo-
managed hippos deviates from that reported for their free-ranging 
conspecifics, we compared data collected from the global zoo 
community via the Species360 database with published literature 
reports. 

Methods

As part of Species360 research data use agreement # 84212, 
we received data on body masses of hippos recorded in the Zoo 
Information Management System (ZIMS) and stored by Species360 
in January 2022 (Table 1). The data was anonymised, indicating 
only the body mass entered by a zoo and the corresponding age 
of the animal, but not the identity or the latitude of the reporting 
zoo. Additionally, the data did not include an indication of the 
reproductive status of individuals (e.g., whether animals were 
pregnant), and an effect of pregnancy on potential body mass 
fluctuations therefore could not be controlled for. These raw 
data were provided with an indication of which data points were 
considered outliers by several automated correction procedures 
inspired by Garand et al. (2024). These included the automatic 
flagging of entries above 7000 kg, of outliers based on percentiles 
of a sliding window along the age for juveniles and adults, of 

outliers based on the residuals of generalized additive models for 
each individual trajectory with at least 7 measurements, and of 
outliers based on the residuals of a common generalized additive 
model for all growth trajectories. Based on visual judgement, these 
procedures removed the majority of outliers from the dataset. 
However, some evident outliers still remained (for example, if an 
outlier occurred in a sliding window with very few measurements 
and hence biologically implausibly wide percentiles), which were 
removed manually from the datasets.

For each species, for females and males separately, a Gompertz 
growth model was fitted to the data. This model yields an 
asymptotic weight which can be interpreted as the growth 
plateau (Zullinger et al. 1984). Note that Gompertz models need 
not necessarily be the best models to fit growth data (reviewed 
in Veylit et al. (2021)); here, we did not employ them to yield the 
most accurate data fit, but only to define the age at which animals 
typically reach adult size. The adequacy of the models was checked 
by inspecting the resulting model as graphed against the raw data 
(Figure S1). We defined the age from which on data would be 
included in the calculation of an adult average as that when 95% 
of this asymptotic mass was reached. The resulting parameter 
estimates and ages used as the cut-off to define adulthood size 
are given in Table 1.

Body mass was first averaged per individual (using only data 
above the adulthood cutoff), and then across the means of 
all individuals. After confirming the normal distribution of the 
sex-specific body mass data of males and females using the 
Shapiro-Wilk normality test, we tested for sexual dimorphism in 
the zoo population by an independent t-test in case p(Shapiro-
Wilk)>0.05, and otherwise by a Mann-Whitney-U test using 
python’s scipy package. Next, we calculated the average of all 
adult individuals weighed in a year and displayed the resulting 
averages for a pattern (increase or decrease) from the first year 
onwards for which data from at least 10 individuals were available. 
The average age of these animals was equally plotted to assess 
potential age-dependent effects. Additionally, two patterns were 
assessed visually by analysing the data for each individual animal 
separately: (i) regular, annual (i.e., seasonal) fluctuations in body 
mass, and (ii) a decrease in body mass towards later adult life. As 
a first step, only those individuals were selected for which at least 
three measurements in both, the first part of the expected lifetime 
as well as the second part of the expected lifetime were present. 

Table 1. Results of Gompertz model fit (according to y=A e-e-k(t-t
0

)) to the age-specific body mass data of females and males of hippo species kept in zoos, and 
the resulting threshold age for defining adulthood. A=asymptotic adult body mass; k=relative growth rate; t0=time until maximum growth.

Species Sex Asymptote mass 
(A; kg)

Time to maximum 
growth 
(t0, years)

Relative growth rate 
(k; d-1)

Threshold age (years)

Choeropsis liberiensis Female 248.3±0.75 2.74±0.06 0.82±0.02 4.83

Male 264.62±0.77 2.90±0.08 0.92±0.02 4.38

Hippopotamus 
amphibius

Female 1482.78±3.48 2.53±0.06 0.46±0.01 8.39

Male 1679.93±6.79 3.04±0.13 0.53±0.02 7.73
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To assess seasonal fluctuations, pairs of measurements between 
one winter and the subsequent summer (or vice versa) were 
used. All measurements per such a season were averaged and 
corrected for the age-trend. Afterwards, each pair was assigned 
a score (+1, 0, or -1) which signifies whether this corrected value 
was larger during summer, the same up to 0.5% between summer 
and winter, or larger during winter. The average over the scores 
per pair yields an intuitive measure of a seasonality strength (-1 
winter is larger than summer, 0 no difference, +1 summer is larger 
than winter). A seasonality effect was suspected if this absolute 
score exceeded 0.3 and the score was built on at least six summer/
winter pairs. Finally, the data of these pre-selected individuals 
were plotted and all inspected individually, assessing subjectively 
if the detected pattern was visually evident (then it was counted) 
or not (then it was not). An example of such an individual plot 
is given in Figure S2. Using this information, we determined the 
proportion of individuals that showed a seasonally fluctuating 
body mass. Similarly, we assessed whether there was a decline in 
body mass with progressing age late in adult life.

Data on the body mass of free-ranging hippos were taken from 
the scientific literature (Table 2). 

Results

Sources for the body weight of wild pygmy hippos are very scarce 
with only a few measurements cited by Flacke et al. (2015). Two 
adult female specimens were weighed in the Taï National Park 
with 165 and 170 kg, while one male shot in Nigeria had 204 kg 
(Table 2). 

Amongst wild adult common hippos, the mean body mass was 
1315.76 (±172.1) kg for females and 1354.19 (±246.8) kg for males, 
as derived from data collected by Richard Laws in the Queen 
Elizabeth Park, Uganda, between 1961 and 1966 (Shannon et al. 
2021) (Table 2). Note that in the dataset provided by Shannon et 
al. (2021), we considered that animals reached their adult size at 8 
years of age, according to the Gompertz Model we applied to our 
zoo hippo dataset (Table 1), while the authors considered adult 
size hippos from 10 years of age onwards. It is also worth noting 
that such a large sample size and age data like those of the wild 
common hippo dataset (Shannon et al. 2021) are not common in 
most cases of wild fauna field data. Shannon et al. (2021) found 
that adult (≥10 years old) males are 5% heavier on average than 
females. 

Bere (1959), also in the Queen Elizabeth Park, noted that the 
heaviest individual was a female above 2000 kg and that males 
were on average heavier than females (Table 2). However, Bere 
considered the hippos in this location to be lighter and slimmer 
than what is typical for common hippos: “Accurate comparative 
weights of hippos from other parts of Africa are not available to 
me, but the Queen Elizabeth Park hippos may well be lighter than 
average, a circumstance resulting from the poor grazing. Very few 
of the animals examined carried much sub-cutaneous fat” (Bere 
1959).

For the global zoo population of pygmy hippos, the manually 
corrected dataset contained 81 female and 57 male individuals 
(Table 3). The average body mass of zoo-kept animals was 240.44 
(±31.7) kg for females and 251.25 (±32.62) kg for males (Table 3). 
Males are significantly heavier than females (4.5% on average) - 

Table 2. Body mass records (in kg) for adult, free-ranging hippos in natural habitats

Source n minimum average maximum

Choeropsis liberiensis

Females

Heslop (1944) as cited by Flacke et al. (2015) 2 165 167.5±2.5 170

Males

Hentschel (1990) as cited by Flacke et al. (2015) 1 - 204 -

Hippopotamus amphibius

Females

Shannon et al. (2021) * (data from Laws in Queen  Elizabeth  Park, Uganda 1961-1966) 638 773 1316±172 1794

Bere (1959) (data from Longhurst in Queen  Elizabeth  Park, Uganda, 1958) 171 1362 2020

Males

Shannon et al. (2021) * (data from Laws in Queen  Elizabeth  Park, Uganda 1961-1966) 439 701 1354±247 2065

Bere (1959) (data from Longhurst in Queen  Elizabeth  Park, Uganda, 1958) 273 1477 1898

*Values here displayed are limited to the adult size age defined by the Gompertz growth model=8 years of age (Table 1). 
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Table 3. Body mass records (in kg) and patterns for adult, zoo-kept hippo species. Note that this selection of individuals is based on data availability and not 
necessarily representative for the current global zoo populations.

Sex n mean±SD (min, max) % seasonal fluctuations 
(of n)

% old age decline (of n)

Choeropsis liberiensis

Female 81 240.4±31.7A 
(153.3, 335.1)

12.5% 
(16)

84.6% 
(13)

Male 57 251.3±32.6B 
(181.4, 333.4)

0% 
(9)

100% 
(6)

Hippopotamus amphibius

Female 94 1461±253a 
(880, 2040)

0% 
(14)

54.5% 
(11)

Male 54 1750±351b 
(1015, 2845)

0% 
(6)

57.1% 
(7)

AB, ab indicate significant sexual dimorphism, as assessed by parametric t-test (A,B) or nonparametric U-test (a,b) in the case of not normally distributed data.

Figure 1. Body mass data for zoo-kept hippo species (black dots) as compared to the literature data range of adult, free-ranging specimens (blue in C. 
liberiensis and orange in H. amphibius) (for sources, see Table 2). Note that this selection of individuals is based on data availability and not necessarily 
representative for the current global zoo populations.
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average body mass of zoo-kept animals was 1461.19 (±253.31) 
kg for females and 1750.2 (±351.06) kg for males (Table 3). With 
this difference between sexes being significant, adult males are 
almost 20% heavier on average than adult females (Table 3). Adult 
animals in zoos are 145 kg (11.1%) and 396 kg (29.2%) heavier 

the number of individuals and the descriptive statistics are given in 
Table 3. Averages for both sexes are well above the few recorded 
body masses of wild specimens (Figure 1).

For the common hippo zoo population, the manually corrected 
dataset contained 94 female and 54 male individuals (Table 3). The 

Figure 2. Historical trends (by year) in mean body mass (left) and age (right) of adult zoo-kept hippos. Medians were used from the first year where a 
minimum of 10 individuals were present in the dataset. Note that this selection of individuals is based on data availability (individuals weighed) and not 
necessarily representative of the current global zoo populations.
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on average than adult female and male animals in the wild, 
respectively (Figure 1). 

Regarding seasonal fluctuations of body mass, none of the 
two species consistently displayed a seasonal variation pattern in 
body mass (Table 3). Both species displayed a decline in mass with 
advanced age to variable extents. This is very marked in pygmy 
hippos, with almost all individuals displaying a decline with age 
(between 84.6 to 100% of the assessed individuals). In common 
hippos, only a small majority of animals (54.5 to 57.1%) have a 

consistent reduction in body mass over their later lifespan (Table 
3). 

Assessing the historical trend in the population’s body mass, we 
observe that, on average, pygmy hippos’ mass has declined in the 
last decade, and this was not due to an average increase in age in 
this population – on the contrary (Figure 2). Regarding common 
hippos, the body mass of the females has declined, and the body 
mass of males has risen over time while the average age of the 
weighed animals has slightly increased (Figure 2). 

Figure 3. Comparison of body condition between free-ranging (left column) and high body condition zoo (right column) pygmy hippos Choeropsis liberiensis.
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Discussion

Zoo animal nutrition has been receiving increasing attention in the 
last decades, as it has been linked to health and welfare issues 
and also to poor reproductive performance (Freeman et al. 2009; 
Edwards et al. 2015; Morfeld and Brown 2016; Fens and Clauss 
2024). These impacts are even more significant when referring to 
breeding programmes of endangered species and their long-term 
sustainability. Being threatened in the wild, the zoo populations of 
both hippo species can offer vast contributions to the conservation 
of wild populations (Farhadinia et al. 2020). Therefore, it is 
important to guarantee optimal health, welfare and breeding 
outcomes for the individuals. To the best of our knowledge, body 
condition has only been linked to breeding problems in pygmy 
hippos, and has not yet been reported for common hippos. The 
obesity of many breeding females may be influencing the number 
of stillbirths or other perinatal mortality causes, which are still 
considered too high in this species’ breeding programme (Flacke 
et al. 2016). 

For pygmy hippos, the discrepancy between the body mass 
observed in zoos and those recorded in the wild is large. Even a 
visual comparison of photographs from wild specimens with those 
from zoos often reveals that the body condition of zoo animals is 
very variable (Figures 3 and 4), with many individuals in zoos being 
too high in body condition (Taylor et al. 2013) (Figure 3). These 
findings raise concerns regarding the nutritional adequacy and 
composition of the diets provided to the species, and the extent 
to which enclosure design in zoos facilitates species-appropriate 
levels of physical activity.

Common hippos in zoos are on average heavier than their wild 
counterparts, but with a smaller discrepancy than that observed 
for pygmy hippos (Figure 1). Notably, Bere (1959) suspects that 
hippos in Queen Elizabeth Park were smaller and lighter than 
expected for the species - which might mean that an even smaller 
discrepancy between zoo and wild animals is possible. We do not 
have data to disclaim or support his statement. Nevertheless, 
there is a large overlap between body masses observed in zoo 

and free-ranging common hippos (Figure 1), suggesting that the 
frequency of overweight or obese animals in zoos is likely not as 
prevalent as for pygmy hippos. 

In our data, male zoo common hippos were considerably 
heavier than females. Common hippos in the wild show minor 
sexual dimorphism in their body mass, with only the weight 
of canines and jaws being considerably larger in males than in 
females (Shannon et al. 2021). Dinerstein (1991) also described 
a much larger difference between adult male and female Indian 
rhinoceros Rhinoceros unicornis in zoos than what he found in 
wild populations, with wild adult males being just slightly larger 
than females, and the only conspicuous differences in the size of 
the dental weaponry (lower outer incisors) and musculature of 
the neck and shoulders. Possibly, the high resource availability in 
zoos, where food is constantly available, allows males to grow to 
their full potential.

To our knowledge, there are no health issues associated with 
obesity in common hippos. However, body mass and puberty have 
been strongly linked in zoo common hippos (Wheaton et al. 2006). 
Increased body weight might trigger puberty in young female 
hippos earlier than expected, just as it happens with humans (Biro 
et al. 2012) and zoo elephants (Glaeser et al. 2012), resulting in 
undesired and early pregnancies. 

Neither zoo hippo species showed consistent seasonal 
fluctuations in body mass. Again, this is mostly likely due to the 
constant supply of food across the year. By contrast, common 
hippos in the wild experience seasonal fluctuations in body 
condition, reflecting the seasonal variations in the supply of 
pasture seen in tropical savannas (Chomba 2013). Hippos have 
been described as having low metabolic rates (Schwarm et al. 
2006). This is possibly an adaptation to their peculiar lifestyle, but 
it is the perfect recipe for obesity when living with a stable food 
supply and stable climatic conditions such as in zoos.

Age-related body mass senescence has been described in many 
mammal species - for instance, mice (Hamrick et al. 2006), lemurs 
(Hämäläinen et al. 2014), marmots (Tafani et al. 2013; Kroeger 
et al. 2018), ruminants (Weladji et al. 2010; Nussey et al. 2011; 

Figure 4. Zoo pygmy hippos Choeropsis liberiensis in “good” body condition
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Douhard et al. 2017) and humans (Forbes and Reina 1970). The 
reduction in body mass has been linked to loss of muscle (lean) 
mass in old age in a process called sarcopenia (Demontis et al. 
2013) and with a reduction in bone density due to a reduction of 
activity levels (Hamrick et al. 2006). Our results demonstrate that 
both hippos follow, to a different extent, a similar pattern of body 
mass decline with advancing age. Loss of body mass with age, 
however, increases the risk of obesity, since it is often followed by 
a decrease in muscle(lean):fat ratios, activity levels and reduced 
metabolic rate, as described for humans and dogs (Harper 1998). 
Thus, with advancing age, it becomes even more relevant to do a 
correct management and monitoring of body condition/mass and 
diet for hippos in zoos. 

We cannot tell if body mass senescence is unique to zoo hippos, 
but most certainly it also occurs in wild populations, since most 
of the examples in the literature (listed previously) refer to free-
ranging populations. The exception is Hämäläinen et al. (2014) 
which examined one captive and two wild populations of lemur 
Microcebus murinus. Their results showed that a decline in 
body mass with age was only observed in captive animals due 
to intrinsic factors such as reduced activity, loss of lean mass 
and bone density. They hypothesize that in the wild, lighter 
individuals are less fit and are the first ones to be removed from 
the population via predation – something that does not occur in 
the captive setting. 

Considerable modifications to pygmy hippo diets can improve 
the body condition of individuals considered obese (Taylor et 
al. 2013) and keeping individuals in acceptable body conditions 
is possible (Figure 4). In the case documented by Taylor et al. 
(2013), a male pygmy hippo was considered obese at about 280 
kg and stabilized after a diet change at 230-240 kg. Our results 
demonstrate that the average body mass of zoo pygmy hippos 
has decreased in the last 20 years of husbandry for this species 
at a very similar magnitude (Figure 2). This is mostly likely due to 
the increased collective effort in improving the husbandry for this 
species (Meireles et al. 2025), further supported by the regular 
publication of updated husbandry guidelines (von Houwald et al. 
2020).

The true paradigm in zoo animal nutrition is the urge to abandon 
outdated practices and adjust husbandry routines to those that 
more closely offer the animals the nutritional conditions they 
face in their natural environments (Fens and Clauss 2024). For 
hippos, this translates to the total elimination of any cultivated 
fruits, starchy vegetables or any highly digestible, high-starch 
pelleted feeds and instead the provision of high-quality roughage 
(Schwarm et al. 2006) as well as facilitating their feeding 
habits – nocturnal terrestrial grazing (Tennant et al. 2018). The 
development of body condition scores for each species facilitates 
the monitoring by the animal care staff when other tools are not 
easily available, namely a scale or if the animals are not trained 
for routine weighing (Clavadetscher et al. 2021). Published cases 
(Taylor et al. 2013) prove that improving hippo diets to achieve 
better body conditions is possible.
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