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Introduction

Abstract

Giraffes Giraffa camelopardalis spp. feed mainly on browse in the wild. The logistical challenges,
especially in temperate climates, to provide these animals with fresh browse year-round have resulted
in zoos resorting to alternative feeds. Amongst these, high-sugar or high-starch concentrates can lead to
pathologies which may, in part, be recognised by a reduced body condition score (BCS). Questionnaire
data were obtained from 125 European and North American zoos with information on the animal’s
identity, health status, husbandry conditions and diet. The feed was summarised by season and
compared to the animals’ BCS assessed from photographs. There were no relationships between BCS
and group size, enclosure size or feeding frequency. Over 80% of zoos offered browse (fresh, dry, frozen
or silage) to giraffes in summer and winter, but the amount varied from a small branch daily per animal
to feeding for ad libitum consumption. In most zoos, lucerne was offered as hay or fresh, and was fed
for ad libitum consumption in 66% of facilities. 98% of zoos offered a high-fibre pelleted feed, but only
6% provided this feed for ad libitum consumption. Cereals and low-fibre pellets were fed in varying
quantities in 50% of zoos, and their use was negatively related to BCS. Offering higher amounts of a
high-fibre pelleted diet had an optimising effect on the BCS, especially in senescent animals. Together
with browse and lucerne, high-fibre herbivore pellets should form the continuously available staple
diet of zoo-housed giraffes to maintain an optimal body condition score.

green leafy vegetables. The pelleted mix should be lucerne
meal-based and contain around 18% protein, 5% fat, 40%

As exclusive browsers, Giraffa camelopardalis spp. present a
logistical and financial challenge to zoo nutritionists (Clauss
and Dierenfeld 2008). Seasonal and regional availability, and
difficulties in storing leaves and branches resulted in zoos
historically using grass hay and concentrates as the mainstay
of giraffe feeding rations (Hummel et al. 2006). The current
feeding recommendation outlined in the 2006 EAZA (European
Association of Zoos and Aquaria) husbandry guidelines consists
of 50% alfalfa hay, 10% browse, 30% pelleted compound and
the remaining 10% made up of linseed extraction chips and
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neutral detergent fibre and little starch. Energy requirements
for giraffes are only roughly defined, especially concerning
additional requirements during pregnancy, lactation, or cold
spells (Gussek et al. 2017). A negative energy balance can
have detrimental consequences and could eventually result in
serous fat atrophy (Potter and Clauss 2005). More than half of
the giraffe deaths seen over two years in zoos in the United
States and Canada were related to cold conditions (Gage 2013),
emphasizing giraffes’ potential susceptibility to cold stress
(Clauss et al. 1999). While the diet on offer may be particularly
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important for the energy balance of giraffes, the impact of
husbandry-related factors should not be overlooked. Keeper
experience, social stress and underlying medical conditions such
as hoof and limb disease could lead to a negative energy balance
(Gage 2019).

Monitoring the animals’ body condition is a practical approach
to assess the energy status of and has been validated across
many domestic (Dorsten and Cooper 2004; Kristensen et al.
2006; Dugdale et al. 2012) and non-domestic species (Reuter and
Adcock 1998; Ezenwa et al. 2009; Schiffmann et al. 2018; Shirane
et al. 2020). A method for photographic body condition scoring
(BCS) has been developed as the first part of the present study
(Clavadetscher et al. 2021), which compared scores between free-
ranging and zoo-housed giraffes: The BCS of zoo-housed giraffes
were generally higher than those of their wild counterparts at the
end of the dry season, and also — though less distinctively — at
the end of the wet season. Nevertheless, zoo giraffes are rarely
reported to be obese, and BCS suggesting obesity were not
recorded (Clavadetscher et al. 2021). This is in contrast with many
other zoo animals in which obesity is considered prevalent (Cocks
2007; Heidegger et al. 2016; Schiffmann et al. 2017). Therefore,
given the historical propensity of zoo giraffes for a negative energy
balance and the absence of evidence for obesity, BCS in the upper
range of the current scoring system (from 1-7) are considered
positive.

While we expect zoos to continuously improve their husbandry,
especially when compared to historical practices, this is rarely
documented. As a rough indicator of husbandry success,
survivorship of various zoo animals has been shown to increase
over historical time (Wich et al. 2009; Jett and Ventre 2015;
Havercampetal.2019; Rolleretal.2021; Schereretal. 2023; Tidiére
et al. 2023; Wittwer et al. 2023), including in giraffes (Scherer et al.
2024). While one may assume a historical improvement in feeding
practices in many zoo animal species (Fens and Clauss 2024;
Figueroa et al. 2024), this has been documented in the European
zoo giraffe population using surveys of two different decades
(Hummel et al. 2006; Gussek et al. 2018). One aim of the present
study was to assess whether the trend of improving giraffe diets to
better represent current feeding recommendations is continuing.
The second aim was to relate results on individual animals’ BCS
to the feeding and husbandry practices of their respective zoo in
an exploratory manner, to identify potential factors that might
contribute to improving the body condition of zoo giraffes.

Methods

With the support of the EEP (EAZA Ex situ program) studbook
coordinator and the EAZA Antelope and Giraffid TAG research
advisors, an electronic survey was sent out in 2019 to European
and North American zoos with giraffes in their collections. The
survey asked for general information on the animals (sex, age,
reproductive status and medical history), on husbandry (enclosure
size, outdoor access, ambient temperatures in summer and
winter), and nutrition in summer and winter (amount per animal
and frequency of feeding of hay and fresh greens, browse, and
concentrates and produce). Additional questions were asked for
details about feeding management, such as the number of feeders
and the feed presentation. Information on body condition (scored
according to Kearney and Ball (2001)) was asked for in a separate
section in the survey, as well as medical records, pathology data
and morphological data — where available. The complete survey
is provided as supplementary material. The study complies with
relevant guidelines for data handling and privacy.

While we received data on more than 500 animals from 125
European and North American institutions, the dataset for this
analysis was restricted to 223 animals for which a photographic

BCS hip (ranging from 1-7) could be established as presented in
Clavadetscher et al. (2021). The photographic BCS of the hip region
(i.e., the score based on the visual appearance of the hip area as
viewed from behind the animal) yielded the best differentiation,
so only these scores from Clavadetscher et al. (2021) were used
in the present study. The age categories (juvenile, subadult, adult
and senescent) from the previous study were adopted, but since
juvenile animals are less dependent in terms of their BCS on
husbandry and feeding management until weaning at around one
year of age (Miho et al. 2020), the animals in that age class all
were excluded from the analysis (n = 12).

The general feeding practices of the surveyed institutions
were summarised to allow for comparison with surveys from
previous years (Bashaw et al. 2001; Hummel et al. 2006; Sullivan
et al. 2010; Berthomieu 2017; Gussek et al. 2017). The daily food
intake per animal was estimated as follows. Feed quantities were
transformed from a reported portion per animal or group into
kilogram dry matter intake per kilogram metabolic body weight
per day (kg DM/kg MBW/day). The dry matter content was either
extracted from commercial labels, previous literature (Gussek
2016), or data collections on animal feeds (Agroscope 2023). As
outlined by Clauss and Hummel (2017), first the metabolic body
weight was calculated for each animal; subsequently, the MBW of
all animals for which an amount of food had been reported was
summed up, and then the amount of food was divided by the total
MBW of all animals. To summarise the feeding ration, ‘appropriate
food’ was defined as the normal ration without high carbohydrate
items such as cereals or low-fibre pellets (grouped together in
results for simplicity), root vegetables and fruit. Dried grass and
lucerne (‘hay’) were summarised as roughages in contrast to
browse. All pelleted diets with a crude fibre content > 20% (as fed;
according to the manufacturer’s labelling) were defined as high-
fibre pellets; other pellets were classified as ‘low-fibre’. To estimate
the proportion of roughages in the overall diet, we followed the
approach of Flores-Miyamoto et al. (2005): The assumed daily dry
matter intake (DMI) was set to 60 g DM/kg MBW/d based on an
estimation from a detailed feed study of giraffes in German zoos
(Gussek et al. 2018). The DMI that was not covered by pelleted
feeds, cereals or fruit and vegetables (allocated to an individual
as explained above) was assumed to be filled by roughages. This
assumed amount was then also used to calculate the proportion
of roughage in the overall diet.

Statistical analysis was performed in R Studio (Version
2022.12.0+353). Due to the non-parametric nature of BCS, they
were summarised as median and quartiles. However, means and
standard deviations are additionally reported for the convenience
of the reader. Data were analysed using Spearman correlation
for continuous variables (reported as rho and p) and, where
applicable, Chi-square testing (reported as chi-square and P)
for categorical variables. A P-value below 0.05 was considered
significant; some P-values slightly above this threshold (between
0.05 and 0.07) are mentioned specifically in the results. Because
of the exploratory nature of the study, no correction for multiple
testing was applied.

Results

General husbandry

In total, 211 animals from 89 institutions were included,
representing 13% and 52% of individual giraffes and zoos keeping
giraffes, respectively, in North American and Europe in 2019. The
study population consisted of animals from European (n=152) and
Northern American zoos (n=59), and we received data for more
female animals (n=129) than males (n=82). The photographic
BCS divided by age category are summarised in Figure S1 and
presented in detail in Clavadetscher et al. (2021). The most
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common subspecies reported was Giraffa c. rothschildi (37%),
followed by G. c. reticulata (34%), hybrid animals (9%), G. c.
tippelskirchi(7%), G. c. camelopardalis (5%), G. c. antiquorum (4%),
and 1% each for G. c. angolensis, G. c. giraffa and non-specified
subspecies. Subspecies did not differ in BCS (X?=46.79, P=0.282;
Table 1; Figure S1). The BCS did not show any sex differences, but
among the adult female animals, reproductive status was linked to
the BCS, with nulliparous animals having the highest and lactating
animals the lowest BCS (X?=29.55, P=0.013; Figure S1). Overall, the
photographic BCS correlated significantly with the BCS given by
the institutions in the survey (rho= 0.32, P<0.001; Table 1; Figure
S1); however, this was not the case for subadult animals and
adult males (Table 1). It must be noted that the correlation only
occurred because of extreme animals; in the photographic BCS
range of 4-7, the survey BCS had a median value of 5, indicating
a lower degree of resolution in the survey answers (rho=0.14,
P=0.084, Figure S1). The answers regarding the animals’ medical
conditions were very varied: in summary, this part was filled out
for only 52 animals. Most mentioned were hoof abnormalities and
conditions related to the gastrointestinal tract. The BCS for animals
with any reported medical condition (3.8+1.5) were lower than for
the putatively healthy animals (4.0+1.5; X? =2.59, P<0.001). While
the 16 animals with reported hoof overgrowth had a numerically
higher BCS (4.2+1.2) than the reference group of putatively healthy
animals, the 16 animals with endoparasites or an abnormal faecal
consistency had a similar BCS (4.0+1.4) to the reference animals,
and the 8 animals with oral pathologies incl. dental disease had
a lower BCS (3.611.6). Whether these findings were due to the
medical condition, feeding and husbandry practices or age was
beyond the scope of this study.

Over 76% of animals were kept in institutions with 20 or more
years of experience keeping giraffes, and group size ranged from

1 to 13 animals (mean 5.6+3.2 animals). The indoor enclosures
ranged from 59 m?to 2153 m? (mean 338+313 m?). Totalling indoor
and outdoor enclosures, most animals (n=207) had access to an
area larger than 10000 m? (mean 40596+127824 m?). Indoor and
total area correlated to the group size (indoor: rho=0.53, P<0.001;
total: rho=0.63, P<0.001, Table 2). Most institutions reported
temperature ranges, but the mean barn temperature in winter
was 17.8+3.1°C (Table 2). Housing giraffes in a mixed exhibit with
other African species was very common (74% of institutions). The
ten most mentioned species were zebra Equus spp. (40%), ostrich
Struthio camelus (31%), eland Taurotragus oryx (17%), guinea
fowl Numidae spp. (10%), oryx Oryx spp., (10%), impala Aepyceros
melampus (6%), gazelle Gazella spp. (5%), nyala Tragelaphus
angasii (4%), roan antelope Hippotragus equinus (2%), and addax
Addax nasomaculatus (2%).

The BCS did not vary with institutional experience (X*= 0.07,
P=0.877; Table 2), group size (rho= 0.11 P=0.109; Table 2; Figure
S1), other species on exhibit (X?=8.22, P=0.387; Table 2), enclosure
size (indoor: rho=0.06, P=0.328; total: rho=0.12, P=0.076; Table 2)
or mean barn winter temperatures (rho=0.04, P= 0.574; Table 2).
The number of feeders and the daily feedings did not correlate
with the body condition of the animals, although there was a
close-to-significant, positive correlation between the number of
feeders and the BCS of senescent animals (rho=0.47, P=0.057;
Table 2, Figure 1A).

Feeding regime

The feeding practices are summarised in Table 3 and show that
93% of zoos feed browse in the summer season, which decreased
to 84% in the winter season. Over 90% of zoos offered lucerne as
hay or fresh forage to the animals, and less than 35% provided
grass (or the giraffes had access to fresh grass in the enclosure).

Table 1. Correlation of basic animal information (continent, subspecies, age, sex, reproductive status (for females only) and the body condition as scored
by the institution) with the photographic BCS developed by Clavadetscher et al. (2021). The data are summarised for the whole survey population and
displayed separately for subadult (less than 4 years old), adult females or males as well as senescent (over 20 years old) animals. The correlation is given

as X? for categorical data and rho for quantitative data.

Overall Subadult Adult female Adult male Senescent

n 211 27 99 68 17
Continent X? 10.92 9.85 3.35 9.14 6.30

P 0.091 0.0431 0.655 0.104 0.391
Subspecies X? 46.79 23.61 46.08 24.58 33.90

P 0.282 0.260 0.100 0.906 0.285
Age rho -0.41 -0.46 -0.33 -0.10 -0.02

P <0.001 0.017 <0.001 0.439 0.939
Sex X? 3.98 0.70 2.96 1.95

P 0.680 0.953 0.706 0.922
Reproductive status X? na na 29.546 na na

P 0.0132
Survey BCS rho 0.32 0.10 0.42 0.02 0.80

P <0.001 0.653 <0.001 0.857 <0.001

na: not applicable or sample size <10
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Table 2. Correlation of exhibit information (experience of the institution, group size, housing in mixed exhibit, size of indoor enclosure and enclosure in
total, average barn temperature in winter, number of feeders per animal, and the number of feedings per day) with the photographic BCS developed by
Clavadetscher et al. (2021). The data are summarised for the whole survey population and displayed separately for subadult (less than 4 years old), adult
females or males as well as senescent (over 20 years old) animals. The correlation is given as X? for categorical data and rho for quantitative data. The
meanzstandard deviation is given for enclosure size and barn temperature only.

Overall Subadult Adult female Adult male Senescent
211 27 99 68 17
Experience X? 0.073 15.176 22.726 18.647 na
P 0.877 0.232 0.090 0.545
Group size rho 0.1107 0.2298 0.1359 0.0391 -0.3962
p 0.109 0.249 0.180 0.752 0.115
Mixed exhibit X? 8.224 6.687 6.244 3.528 5.991
P 0.222 0.153 0.283 0.619 0.424
Exhibit size indoors rho 0.0638 -0.199 0.090 0.0276 -0.1317
2
(m?] P 0.328 0.320 0.432 0.826 0.627
mean+SD Europe: 307+218 North America: 422+480
Exhibit size total rho 0.1232 0.0001 0.1137 0.058 -0.2641
2
(m?] P 0.076 0.998 0.265 0.639 0.323
mean+SD Europe: 2844+81612 North America: 73500+203269
Barn temperature in rho 0.0392 -0.0146 0.0531 0.0216 0.1955
winter [°C] P 0.574 0.942 0.602 0.863 0.452
mean+SD 18+3
Feeders per animal rho -0.1333 -0.1954 -0.1463 -0.0765 0.4699
P 0.053 0.3286 0.148 0.535 0.057
Number of daily feedings rho -0.0194 0.1554 0.0203 -0.0506 -0.1891
P 0.779 0.439 0.842 0.682 0.467
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Figure 1. Boxplots summarizing the photographic BCS of zoo-housed giraffes (Clavadetscher et al. 2021) dependent on the number of feeder per animal
and the percentage of appropriate food in the summer or winter feeding ration. Appropriate food is defined as ration without high carbohydrate items
such as cereals, low-fibre pellets, root vegetables and fruit. The data are given separately for the senescent animals over 20 years of age for which the BCS
showed a positive correlation for all parameters displayed here (see also Table 2 and 4).
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Table 3. Feeding practices for zoo-housed giraffes summarised by different surveys throughout the years. The percentage indicates the percentage of
institutions feeding a certain diet item. Where available the data are split up into summer and winter feeding plans. For the current survey, the percentage
of institutions feeding certain items for ad libitum consumption is given in square brackets.

Bashaw et al. Sullivan et al. Hummel et al. Gussek et al. Bertomieu Current study
(2001)? (2010) (2006) (2017) (2017) [ad lib.]
Survey year 2001 2004 2004 2013 2016 2019
Geographical reach North America North America Europe Europe Europe Europe and
North America
Number of institutions 49 41 70 81 63 89
Browse S 92% 65% 84% 96% 98% 93%
(fresh, dry, frozen or silage) [4%]
W 53% 86% 84%
Lucerne S 100% 100% 81% 89% (hay) 81% 90%
(hay or fresh) [66%]
W 43% 94%
[67%]
Grass S n.s (fresh) 53% 29% (hay) 60% 35%
(hay or fresh?) [28%]
w n.s 22%
[15%]
High fibre pellets S n.s. n.s. n.s. 41% 80% 98%
(6%]
W 98%
[7%]
Cereals/low fibre pellets S 32% n.s 28% 52%
W 50%
Fresh green vegetables S 63% n.s n.s 85% 11% 48%
W 52%
Root vegetables and fruits S 67%
W 66%

lincluding grazing opportunity, 2Data including okapi Okapia johnstoni and giraffes (giraffes: n=214; okapi: n=29), S: summer, W: winter, n.s. not specified.

Most zoos offered the giraffes a specially formulated browser
pellet, and 6% provided these pellets for ad libitum consumption.
High starch concentrates (‘cereals’) were fed by 52% of zoos, and
more than half additionally fed a defined amount of fruits and
vegetables.

The percentage of appropriate food (= no cereals, no root/
tuber vegetables, no fruit) was positively correlated to the BCS of
senescent animals (summer: rho=0.54, P=0.026; winter: rho=0.58,
P=0.014; Table 4; Figure 1) but not for the overall population. The
amount of roughage (lucerne or grass hay) putatively ingested
had a negative association with the BCS of the animals (summer:
rho= -0.18, P=0.007; winter: rho=-0.11 P=0.102; Table 4; Figure
S2), whereas the amount of browse showed a positive correlation
with BCS in adult female giraffes in summer (rho=0.24, P=0.019;
Table 4; Figure 2). The amount of high-fibre pellets was positively
correlated to the BCS in both summer and winter (summer:
rho=0.23, P<0.001; winter: rho=0.19, P=0.005; Table 4; Figure 2),
whereas the amount of high starch concentrates (‘cereals’) was
negatively related to the BCS in the giraffes (summer: rho=-0.16,
P<0.019; winter: rho=-0.16, P=0.021; Table 4; Figure S2), especially
in senescent animals (rho =-0.70, P=0.002; Table 4; Figure S2).
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Discussion

The survey data from over 200 zoo-housed giraffes showed that
the photographic body condition score correlates with some
individual-related parameters (age, reproductive status) and with
feeding practices, but not with any of the recorded husbandry
parameters. The results do not question the fundamentality
of providing lucerne hay to giraffes on an ad libitum basis with
permanent access, and they support the concept that high-fibre
pellets, roughages, browse and green leafy vegetables represent
appropriate giraffe diet items, whereas high-starch products,
commercial fruit and root/tuber vegetables do not. In particular,
feeding giraffes high amounts of browse and high-fibre pellets is
beneficial for the BCS, whereas the restriction of high-fibre pelleted
feed (with a resulting calculated higher intake of roughages), and
the use of cereals and other high starch products including cereal-
based pellets, is associated with poorer body condition.

While these survey data offer valuable insight into the status
of giraffe nutrition and husbandry, some limitations compared
to experimental studies are evident: Survey data only represent
a snapshot in time. An animal’s body condition can change in
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Table 4. Correlation of estimated feeding ratio with the photographic BCS developed by Clavadetscher et al. (2021). The data are summarised for the whole
survey population and displayed separately for subadult (less than 4 years old), adult females or males as well as senescent (over 20 years old) animals.

91

Overall Subadult Adult female Adult male Senescent
211 27 99 68 17
Percentage appropriate food [%] S rho 0.12 0.13 0.04 0.04 0.54
EZ:'T]OS” without high carbohydrate P 0.073 0.510 0.705 0.777 0.026
w rho 0.1 0.01 0.01 0.04 0.58
P 0.109 0.964 0.930 0.742 0.014
Roughage S rho -0.19 -0.16 -0.21 -0.18 -0.47
[L':gc gr'::'e/ ';gn y:mwsls hay P 0.007 0.421 0.033 0.300 0.055
w rho  -0.11 -0.15 -0.09 -0.17 -0.35
P 0.103 0.442 0.356 0.174 0.174
Browse S rho 0.07 0.12 0.24 -0.02 -0.14
(kg DM/kg MBW] P 0.284 0.540 0.019 0.866 0.604
w rho 001 0.02 0.09 -0.01 -0.02
P 0.985 0.939 0.381 0.990 0.929
High fibre pellets S rho 0.23 0.13 0.15 0.26 0.49
kg DM/kg MBW] P <0.001 0.505 0.126 0.035 0.047
w rho  0.19 0.16 0.07 0.27 0.47
P 0.005 0.426 0.475 0.028 0.056
Fresh greens S rho 0.06 0.06 0.03 0.14 0.10
[Fkrisa'\l"!ckfn':’:glss and leafy P 0.400 0.783 0.756 0.262 0.714
vegetables w rho 0.08 0.12 0.09 0.12 0.11
P 0.237 0.551 0.364 0.340 0.688
Cereals and low-fibre pellets S rho -0.16 -0.54 -0.04 -0.10 -0.60
(kg DM/kg MBW] P 0.019 0.003 0.674 0.434 0.011
w rho  -0.16 -0.26 -0.06 -0.10 -0.70
P 0.021 0.193 0.562 0.400 0.002
Root vegetables and S rho -0.05 0.21 0.02 -0.04 -0.11
IL‘;"SM ke MBW] P 0.478 0.295 0.853 0.733 0.664
w rho 001 0.042 0.09 -0.01 0.07
P 0.996 0.835 0.353 0.976 0.785

°such as cereals, low-fibre pellets, root vegetables and fruit, S: summer, W: winter, kg DM/kg MBW: kilogram dry matter per kilogram metabolic body

weight (max. 0.06)

the short term due to higher (i.e., disease, stress, pregnancy)
or lower (i.e., confinement) energy requirements, but it usually
develops over a more extended period. Determining the actual
food intake of a single herbivorous animal of the size of a giraffe
is a very time-consuming and work-intensive undertaking. It
requires single-housing a social, stress-sensitive species, and
weighing large quantities of supplied and discarded food (Clauss
et al. 2001; Hatt et al. 2005; Gussek et al. 2018; Kearney et al.
2024). Some assumptions are made when transforming survey
answers to kilograms of diet fed per metabolic weight: here,
the feeds offered are presumed to be consumed in toto by the

animals. For feed items provided for ad libitum consumption, it
was hypothesised that giraffes would first eat the browse (Hatt et
al. 2005), then cereal concentrates and any fruit and vegetables,
followed by high-fibre pellets, lucerne hay and grass hay (Hummel
and Clauss 2006). Bulk items such as vegetables and fruits were
transformed into weight quantities after weighing representative
samples of the corresponding items, assuming some uniformity.
As mentioned earlier, these assumptions are standard practice
(Flores-Miyamoto et al. 2005; Schiffmann et al. 2018) when
analysing feeding rations but reduce the accuracy of the actual
feed consumed by an individual giraffe.
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Figure 2. Boxplots summarizing the photographic BCS of zoo-housed giraffes (Clavadetscher et al. 2021) dependent on the estimated intake of high fibre
pellets or browse per metabolic weight of the animal in summer and winter. See Table 4 for statistical analysis.

The photographic BCS did not correlate with any of the
husbandry parameters analysed, such as keeper experience, group
size, enclosure size, environmental temperatures, or number of
daily feedings. The only exception was the (weak) association
between the BCS and the number of feeders available for senescent
animals. This is conveniently explained by speculating that older
animals may be more easily kept from feeding stations by animals
in prime age and hence benefit particularly from a higher number
of possible feeding stations. Looking at the specific example of
barn temperatures in winter, the husbandry manual recommends
barn temperatures to be maintained around 20°C and with a
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minimum of 18°C (EAZA Giraffid EEP 2006). Lower temperatures
are considered a significant risk factor for increased mortalities
due to the fast depletion of energy reservoirs based on the high
surface-to-volume ratio in giraffes (Potter and Clauss 2005; Gage
2013), and free access to warm indoor quarters is suggested as one
cornerstone of zoo giraffe welfare (Rose 2023). Some giraffes were
housed below the recommended temperature range according to
the survey results, but the mean barn temperature in this study
was 18°C. While current husbandry parameters did not influence
the BCS, they can still cause detrimental effects on other aspects
of giraffe health, such as hoof overgrowth or malformation due
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to pivoting in small spaces or inadequate substrate (Dadone et
al. 2019), or oral stereotypies depending on the number, daily
refilling and complexity of feeding stations (Fernandez et al. 2008;
Depauw et al. 2023; Walldén 2023).

Comparing the current survey results with similar studies
performed over the years across EEP-guided giraffe facilities, the
feeding management has changed continuously (Table 3): The
existing literature agrees that browse should be the mainstay
of giraffe nutrition both for nutritional and behavioural benefits
(Bashaw et al. 2001; Hatt et al. 2005; Clauss et al. 2007; Clauss
and Dierenfeld 2008; Valdes and Schlegel 2012; Bertelsen 2015;
SchiBler et al. 2017). Offering browse in addition to a diet of
lucerne hay and a high-fibre pellet increased the voluntary energy
intake in zoo giraffe (Hatt et al. 2005), which corresponds to the
positive effect of browse provision on the body condition of adult
females in the present study. The results by institution reflect
the difficulties in obtaining browse, even though the percentage
of zoos offering browse to giraffes has increased over the years.
Differentiating between summer and winter, however, shows that
less zoos can provide browse to the giraffes in winter, and only
4% of institutions state that they feed their giraffes with browse
ad libitum in summer. To increase the availability of browse,
many options have been suggested (Fidgett 2023), from storing
fresh leaves as silage or hay to freezing branches (Hatt and Clauss
2006; Nijboer et al. 2006; Przybyto et al. 2020; Lasek et al. 2021).
Collaborating with public park management agencies or gardening
companies can also help to increase the supply while remaining
mindful of toxic plants (Valdes and Schlegel 2012). While it is a
common theme in communication within the zoo community that
acquiring browse is difficult (M. Clauss, pers. obs.), it should be
kept in mind that outside of this community, the decision to keep
a species in the absence of capacities to provide its most natural
food may be less easy to communicate.

With browse being limited, the main roughage on feeding
plans for giraffes is lucerne, whereas grass plays only a minor
role. The role of grass — fresh or dried — has been repeatedly
discussed in giraffe nutrition (Hummel and Clauss 2006). Some
of the chemical properties of grass, such as fibre components,
fermentation characteristics and secondary plant compounds,
are fundamentally different from browse (Clauss and Dierenfeld
2008). Grasses — including bamboo — are far higher in plant
silicates that act as powerful abrasives, regardless of whether they
are contained in fresh, ensiled or dried grass or other grass-related
products such as grass meal, bran or hulls of cereals as ingredients
in compound feed (Clauss et al. 2007; Muller et al. 2014; Martin
et al. 2019). These phytoliths have been suspected to cause the
abnormally high dental wear in zoo-housed giraffes compared to
their wild counterparts (Clauss et al. 2007). Compared to previous
surveys (Table 3), zoos seem to have adapted to these research
findings as the number of institutions feeding grass in any form
is markedly smaller. Hopefully, this number will further decrease
in the near future. However, the inclusion of grass products or
cereal hulls in pelleted compound feed marketed for giraffe is still
common practice (M. Clauss, pers. obs.), and it is recommended
that zoo managers base their choice of a pelleted product also on
the absence of these ingredients.

Although chemically different from browse, alfalfa and lucerne
more closely resemble browse regarding physical properties, and
these are included in the feeding plans for giraffes across many
institutions (Table 3), in accord with current recommendations
(Hummel and Clauss 2006; Valdes and Schlegel 2012; Rose 2023).
Feeding experiments, however, have suggested that giraffes
cannot reach their energy requirements on a lucerne-hay-only
diet (Hatt et al. 2005). This matches the observation of the present
study that a higher estimated intake of roughage was associated
with a reduced body condition overall (Table 4), with the evident

conclusion — stated repeatedly in the zoo giraffe literature — that
the additional provision of a pelleted compound feed is necessary
(Hatt et al. 2005; Hummel and Clauss 2006; Valdes and Schlegel
2012; Rose 2023). Historically, tuber and root vegetables as
well as fruits have been added to the diet plans of giraffe, even
though it has been known for a long time that these products do
not resemble natural diet items of this (or many other herbivore)
species (Oftedal and Allen 1996; Schmidt et al. 2005; Clauss and
Dierenfeld 2008; Schwitzer et al. 2009). For hoofstock like giraffes,
the feeding of commercial fruit is clearly not recommended
(Lintzenich and Ward 1997, Hummel and Clauss 2006). The
fact that more than half of the responding zoos are feeding
these items matches the observation of Fens and Clauss (2024)
that, in spite of an absence of proven benefits and a number of
nutritional, biological, didactic and financial reasons against the
use of commercial fruit, some unspecified, potentially cultural
motivation seems to induce many zoos to continue using these
items.

Historically, any pelleted compound feed has been labelled
‘concentrate’, and associated feeding recommendations of several
restricted, small portions distributed across the day reflect the
perception that these feeds represent a danger to the health of
the ruminant digestive system (e.g. Rose 2023). However, it is
important to treat this group of feeds in a differentiated manner,
which is why they were separated into high-fibre (and hence low-
starch) and low-fibre (and hence typically high-starch) products in
the present study.

Pelleted compound feeds consisting of mainly starchy
ingredients, reminiscent of production animal feed used in
agricultural settings, may be labelled ‘concentrates’, and warnings
against the inherent danger of triggering acidosis are justified
(Ritz et al. 2014). These energy-dense diets have been linked to
numerous health conditions in giraffes, from rumen acidosis
(Clauss et al. 2002) and laminitis (Hummel et al. 2006) to urolithiasis
(Sullivan et al. 2010). Therefore, the finding that about half of the
responding zoos still used this group of feeds and thus does not
conform to current feeding recommendations is remarkable. The
negative association of the proportion of this group of feeds with
the body condition would, on the one hand, match the expected
negative health effects; on the other hand, it might stem from the
attempt to provide animals whose body condition deteriorated for
other reasons with energy-dense feed. If this was the case, the
use of these feeds evidently did not compensate for the low body
condition across the population under study here.

By contrast, there has been a historical development of an
increasing variety of pelleted compound feeds specifically designed
for zoo herbivores, which are not based on starchy ingredients but
on high-fibre products such as lucerne meal (Clauss and Dierenfeld
2008). To call these feeds ‘concentrates’ appears counter-
productive, as they have been specifically designed to not have the
negative effects of ‘concentrates’. They contain high fibre levels
and hence a low energy density that cannot be reconciled with the
concept of a ‘concentrate’. These fibre levels should, theoretically,
preclude acidosis, and some of these feeds even contain a buffer
substance such as sodium bicarbonate that provides an additional
safety against acidosis (Clauss and Dierenfeld 2008). Due to their
high fibre content and low energy density, one would not assume
(nor want) a particularly eager consumption of these products,
but a balanced choice between them and the forages provided
in parallel. Therefore, rather than treating these compound
feeds as items to be offered in limited amounts at specific time
points (and hence make them ‘valuable’ to the animals), it might
be considered more prudent to offer them continuously for ad
libitum consumption and hence avoid a fast ingestion of large
amounts in a short time period. In the present study, the amount
of high-fibore compound feed offered was positively related
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to the giraffes’ body condition, providing tentative empirical
support for this feeding concept. Offering a high-fibre pelleted
compound feed continuously for ad libitum consumption appears
in contradiction with generic recommendations for the feeding
of hoof stock stating that only 30-40% of the total dietary intake
should consist of pellets (Lintzenich and Ward 1997); it must be
remembered, however, that these recommendations are based
on combinations of forages (hays) with a low-fibre, not a high-fibre
pellet. For herbivores like giraffe, in which low body condition and
difficulties in providing adequate forages are more relevant issues
than obesity, permanent access to a safety feed (such as a high-
fibre compound feed) appears a logical feeding approach. These
feeds should be provided in ways that the giraffes cannot ‘dip
in” their snouts and grab larger amounts with their lips, but have
to use their tongues to extract all of their food — not just some
‘enrichment items’ — from ‘slow feeders’ (Depauw et al. 2023;
Walldén 2023). This does not only increase the behavioural value
of the diet but also ensures an even food intake across the day.

Conclusions

Based on the findings of this study, continuous ad libitum access
to high-fibre pellets might be the most beneficial change alongside
maximising browse provision to increase the body condition
of giraffes in managed care. An inherent benefit of high-fibre
pellets is their year-round availability, standardised ingredients,
and nutrients. If they are lucerne-based and do not contain grass
products, bran or hulls of cereals, the dental abrasion should be
similar to that of lucerne hay or browse. Obviously, a change to
such a feeding regime should be slow and gradual, and should best
include close monitoring and documentation, not only of weight
and body condition changes but also of other welfare parameters.
It would also be a chance to revisit how pellets are offered and
instigate a feeding regime in which giraffe must use their tongue
continuously, and not only for selected enrichment items.

Acknowledgements

We thank all responding zoological facilities for their willingness to
participate in this study, the Antelope and Giraffid TAG Research
Advisor Karolina Brandlova, and studbook keeper Jorg Jebram for
supporting this study, and Laurie Bingaman Lackey for providing
additional data.

References

Agroscope (2023) The Swiss Feed Database, https://www?2.feedbase.ch/
index.php#, last accessed 09.02.2025.

Bashaw M.J., Tarou L.R., Maki T.S., Maple T.L. (2001) A survey assessment
of variables related to stereotypy in captive giraffe and okapi. Applied
Animal Behaviour Science 73(3): 235-247.

Bertelsen M.F. (2015) Giraffidae. In: Miller R.E., Fowler M.E. (eds.). Fowler’s
Zoo and Wild Animal Medicine, Volume 8. St Louis, MO: Elsevier 602—
610.

Berthomieu L. (2017) Contribution a I'étude du bien-étre des girafes en
captivité. Docteur veterinaire, Université Paul-Sabatier de Toulouse,
Toulouse.

Clauss M., Dierenfeld E.S. (2008) The nutrition of browsers. In: Fowler M.E.,
Miller R.E. (eds.). Zoo and Wild Animal Medicine: Current Therapy 6th
Edition. St Louis, MO: Elsevier, 444—454,

Clauss M., Franz-Odendaal T.A., Brasch J., Castell J.C., Kaiser T. (2007) Tooth
wear in captive giraffes (Giraffa camelopardalis): mesowear analysis
classifies free-ranging specimens as browsers but captive ones as
grazers. Journal of Zoo and Wildlife Medicine 38(3): 433-445. https://
doi.org/10.1638/06-032.1

Clauss M., Hummel J. (2017) Estimating food intake in group-fed animals
of heterogeneous body size. European Zoo Nutrition Conference vol.
9: 46.

Clauss M., Lechner-Doll M., Flach E.J., Tack C., Hatt J-M. (2001)
Comparative use of four different marker systems for the estimation of
digestibility and low food intake in a group of captive giraffes (Giraffa
camelopardalis). Zoo Biology 20(3): 315 —329. doi: 10.1002/z00.1031

Journal of Zoo and Aquarium Research 13(2) 2025
http://doi/org/10.19227/jzarv13i2.867

Clauss M., Lechner-Doll M., Flach E.J., Wisser J., Hatt J.-M. (2002) Digestive
tract pathology of captive giraffe: A unifying hypothesis. Proceedings
of the European Association of Zoo and Wildlife Veterinatians 4: 99
-107.

Clauss M., Suedmeyer W.K., Flach E.J. (1999) Susceptibility to cold in
captive giraffe (Giraffa camelopardalis). Proceedings of the American
Association of Zoo Veterinarians: 183 —186.

Clavadetscher I., Bond M., Martin L., Schiffmann C., Hatt J.-M., Clauss
M. (2021) Development of an image-based body condition score for
giraffes Giraffa camelopardalis and a comparison of zoo-housed and
free-ranging individuals. Journal of Zoo and Aquarium Research 9(3):
170 -185. doi: 10.19227/jzar.v9i3.615

Cocks L. (2007) Factors influencing the wellbeing and longevity of captive
female orangutans. International Journal of Primatology 28(2): 429
—440. doi: 10.1007/s10764-007-9117-9

DadonelL., Olea-PopelkaF., Stout E., FoxworthS., Klaphake E., Johnston M.S.,
Han S. Barrett M. (2019) Clinical conditions found radiographically in
the front feet of reticulated giraffe (Giraffa camelopardalis reticulata)
in a single zoo. Journal of Zoo and Wildlife Medicine 50(3): 528 —538.
doi: 10.1638/2018-0031

Depauw S., Verbist L., Stevens J.M.G., Salas M. (2023) Feeding management
of giraffe towards positive welfare. Journal of Zoo and Aquarium
Research 11(4): 400 —413.

Dorsten C.M., Cooper D.M. (2004) Use of body condition scoring to
manage body weight in dogs. Journal of the American Association for
Laboratory Animal Science 43(3): 34-37.

Dugdale A.H.A., Grove-White D., Curtis G.C., Harris PA., Argo C.M.
(2012) Body condition scoring as a predictor of body fat in horses
and ponies. The Veterinary Journal 194(2): 173-178. doi: 10.1016/j.
tvjl.2012.03.024

EAZA Giraffid EEP (2006) Husbandry and management guidelines: Giraffa
camelopardalis.

Ezenwa V.O., Jolles A.E., O’Brien M.P. (2009) A reliable body condition
scoring technique for estimating condition in African buffalo.
African Journal of Ecology 47(4): 476—481. doi: 10.1111/j.1365-
2028.2008.00960.x

Fens A., Clauss M. (2024) Nutrition as an integral part of behavioural
management of zoo animals. Journal of Zoo and Aquarium Research
12(4): 196-204. https://doi.org/10.19227/jzarv12i4.786

Fernandez L.T., Bashaw M.J., Sartor R.L., Bouwens N.R., Maki T.S. (2008)
Tongue twisters: feeding enrichment to reduce oral stereotypy in
giraffe. Zoo Biology 27(3): 200-212. doi: 10.1002/200.20180

Fidgett A.L. (2023) Browse selection and management. In: Miller E.,
Lamberski N., Calle P. (eds.). Fowler’ s Zoo and Wild Animal Medicine
Current Therapy, Volume 10, St Louis, MO: Elsevier, 239-242.

Figueroa R., Dadone L., Locklear T., Johnston M. (2024) A 30 year
(1991-2020) retrospective mortality review of giraffids (Giraffa spp.
and Okapia johnstoni) in managed care. Journal of Zoo and Wildlife
Medlicine 55(1): 13-21. doi: 10.1638/2023-0091

Flores-Miyamoto K., Clauss M., Ortmann S., Sainsbury A.W. (2005)
Nutrition of captive lowland anoa (Bubalus depressicornis): a study
on ingesta passage, intake, digestibility, and a diet survey. Zoo Biology
24(2): 125-134. doi: 10.1002/200.20036

Gage L.J. (2013) Medical and husbandry risk management in giraffes:
updates on improving giraffe welfare. Proceedings of the Annual
Conference of American Association of Zoo Veterinarians: 140-141

Gage L.J. (2019) Giraffe husbandry and welfare. In: Miller R.E., Lamberski
N., Calle P.P. (eds.). Fowler’s Zoo and Wild Animal Medicine Current
Therapy, Volume 9, St Louis, MO:Elsevier, 619-622.

Gussek I. (2016) Nutrition of giraffes (Giraffa camelopardalis) in captivity:
Evaluation of feeding practice and analysis of rations in European zoos.
Doktor der Agrarwissenschaften, Rheinsische Friedrich-Wilhelms
Universitat

Gussek 1., Grosse-Brinkhaus C., Sudekum K.H., Hummel J. (2018) Influence
of ration composition on nutritive and digestive variables in captive
giraffes (Giraffa camelopardalis) indicating the appropriateness of
feeding practice. Journal of Animal Physiology and Animal Nutrition
102(2): e513-e524. doi: 10.1111/jpn.12790

Gussek 1., Hirsch S., Hartmann M., Sidekum K.-H., Hummel J. (2017)
Feeding practices for captive giraffes (Giraffa camelopardalis) in
Europe: A survey in EEP zoos. Journal of Zoo and Aquarium Research
5(1): 62-70. doi: 10.19227/jzar.v5i1.152

Hatt J.-M., Schaub D., Wanner M., Wettstein H.R., Flach E.J., Tack C., Hassig
M., Ortmann S., Hummel J., Clauss, M. (2005) Energy and fibre intake
in a group of captive giraffe (Giraffa camelopardalis) offered increasing
amounts of browse. Journal of Veterinary Medicine Series A 52(10):
485-490.

94



Martin et al.

Hatt J.-M., Clauss M. (2006) Browse silage in zoo animal nutrition — feeding
enrichment of browsers during winter. In: Fidgett A., Clauss M.,
Eulenberger K., Hatt J.-M., Hume 1., Janssens G., Nijboer J. (eds.). Zoo
Animal Nutrition Vol. ll, Furth, DE: Filander Verlag, 201-204.

Havercamp K., Watanuki K., Tomonaga M., Matsuzawa T., Hirata S. (2019)
Longevity and mortality of captive chimpanzees in Japan from 1921 to
2018. Primates 60: 525-535. doi: 10.1007/s10329-019-00755-8

Heidegger E.M., von Houwald F., Steck B., Clauss M. (2016) Body condition
scoring system for greater one-horned rhino (Rhinoceros unicornis):
Development and application. Zoo Biology 35: 432-443. doi: 10.1002/
200.21307

HummelJ., Clauss M. (2006) Feeding. In: EAZA husbandry and management
guidelines for Giraffa camelopardalis, Arnhem, NL: Burger’s Zoo, 29—
61

Hummel J., Zimmermann W., Langenhorst T., Schleussner G., Damen M.,
Clauss M. (2006) Giraffe husbandry and feeding practices in Europe.
Results of an EEP survey. In: 6th Congress of the European Association
of Zoo and Wildlife Veterinarians, Budapest (Hungary), 24 May 2006 -
28 May 2006: 71-74

Jett J., Ventre J. (2015) Captive killer whale (Orcinus orca) survival. Marine
Mammal Science 31(4): 1362-1377. doi: 10.1111/mms.12225

Kearney C.C., Ball R.L. (2001) Body scoring system for captive giraffe.
Proceedings of the AAZV, AAWV, ARAV, NAZWV Joint Conference:
358-359.

Kearney C.C., Ball R.L., Hall M.B. (2024) Effects of altering diet carbohydrate
profile and physical form on zoo-housed giraffe Giraffa camelopardalis
reticulata. Journal of Animal Physiology and Animal Nutrition 108(4):
1119-1133. doi: 10.1111/jpn.13957

Kristensen E., Dueholm L., Vink D., Andersen J.E., Jakobsen E.B., lllum-
Nielsen S., Petersen F.A., Enevoldsen, C. (2006) Within- and across-
person uniformity of body condition scoring in Danish Holstein cattle.
Journal of Dairy Science 89(9): 3721-3728. doi: 10.3168/jds.S0022-
0302(06)72413-4

Lasek O., Rajtar P., Malec A., Bielatowicz W., Przybyto M. (2021) Ensiling
of maple leaves and its use in winter nutrition of mantled guereza
(Colobus guereza). Zoo Biology 40(5): 436—-443.

Lintzenich B.A., Ward A.M. (1997) Hay and pellet ratios: considerations in
feeding ungulates. Nutrition Advisory Group Handbook, Fact Sheet
006, Chicago, II: Chicago Zoological Society.

Martin L.F., Winkler D., Tutken T., Codron D., De Cuyper A., Hatt J.-M. Clauss
M. (2019) The way wear goes — phytolith-based wear on the dentine-
enamel system in guinea pigs (Cavia porcellus). Proceedings of the
Royal Society B 286(1912): 20191921

Miho S., Naoko T., Masayuki T., Yumi Y. (2020) Nighttime suckling behavior
in captive giraffe (Giraffa camelopardalis reticulata). Zoological
Science 37(1): 1-6. doi: 10.2108/2s190094

Miuiller J., Clauss M., Codron D., Schulz E., Hummel J., Fortelius M., Kircher
P., Hatt J.-M. (2014) Growth and wear of incisor and cheek teeth
in domestic rabbits (Oryctolagus cuniculus) fed diets of different
abrasiveness. Journal of Experimental Zoology 321(5): 283-298. doi:
10.1002/jez.1864

Nijboer J., Clauss M., Nobel J.J.L. (2006) Browse silage: the solution for
browsers in wintertime? In: Fidgett A., Clauss M., Eulenberger K., Hatt
J.-M., Hume 1., Janssens G., Nijboer J. (eds.). Zoo animal nutrition IlI,
Flrth, DE: Filander Verlag, 205-209.

Oftedal O.T.,, Allen M.E. (1996) The feeding and nutrition of omnivores
with emphasis on primates. In: Kleiman D.G., Allen M.E., Thompson
K.V., Lumpkin S. (eds.). Wild mammals in captivity. Principles and
techniques, Chicago, Il: University of Chicago Press 148-157.

Potter J.S., Clauss M. (2005) Mortality of captive giraffe (Giraffa
camelopardalis) associated with serous fat atrophy: a review of five
cases at Auckland Zoo. Journal of Zoo and Wildlife Medicine 36(2):
301-307.

Przybyto M., Kazek S., Kloska A., Pys J.B., Gdrka P. (2020) Preference of
intake of different tree leaves preserved with drying and ensiling by
nyala antelope (Tragelaphus angasii). Zoo Biology 39(6): 436—442.

Reuter H.0., Adcock K. (1998) Standardised body condition scoring system
for black rhinoceros (Diceros bicornis). Pachyderm 26: 116-121.

Ritz J., Codron D., Wenger S., Rensch E., Hatt J.-M., Braun U., Clauss, M.
(2014) Ruminal pH in cattle (Bos primigenius f. taurus) and moose
(Alces alces) under different feeding conditions: a pilot investigation.
Journal of Zoo and Aquarium Research 2(2): 44-51.

95

Roller M., Miller D.W.H., Bertelsen M.F., Bingaman Lackey L., Hatt J.-M.,
Clauss M. (2021) The historical development of juvenile mortality and
adult longevity in zoo-kept carnivores. Zoo Biology 40(6):588-595. doi:
10.1002/200.21639

Rose P.E. (2023) Identifying essential elements of good giraffe welfare —
can we use knowledge of a species’ fundamental needs to develop
welfare-focussed husbandry? Journal of Zoological and Botanical
Gardens 4(3): 549-566.

Scherer L., Bingaman Lackey L., Clauss M., Gries K., Hagan D., Lawrenz
A., Miller D.W.H., Roller M., Schiffmann C., Oerke A.K. (2023) The
historical development of zoo elephant survivorship. Zoo Biology
42(2): 328-338. doi: 10.1002/200.21733

Scherer L., Bingaman Lackey L., Hahn-Klimroth M., Mdller D.W.H, Roller M.,
Bertelsen M.F., Jebram J., Dierkes P.W., Clauss M. (2024) Assessing zoo
giraffe survivorship: Methodological aspects, historical improvement
and a rapid demographic shift. Journal of Zoo and Aquarium Research
12: 88-101. http://doi/org/10.19227/jzarv12i2.798

Schiffmann C., Clauss M., Hoby S., Hatt J.-M. (2017) Visual body condition
scoring in zoo animals — composite, algorithm and overview
approaches. Journal of Zoo and Aquarium Research 5(1): 1-10. doi:
10.19227/jzar.v5i1.252

Schiffmann C., Clauss M., Pastorini J., Wendler P, Ertl N., Hoby S., Hatt
J.-M., Fernando P. (2018) Body condition scores in European zoo
elephants (Elephas maximus and Loxodonta africana) — Status quo
and influencing factors. Journal of Zoo and Aquarium Research 6(3):
91-103. doi: 10.19227/jzar.v6i3.355

Schmidt D.A., Kerley M.S., Porter J.H., Dempsey J.L. (2005) Structural
and nonstructural carbohydrate, fat, and protein composition of
commercially available, whole produce. Zoo Biology 24(4): 359- 373.

SchiRler D., Gurtler W.D., Keyser S., Greven H. (2017) Einfliisse des
Nahrungsangebotes auf Aktivitatsbudgets und mittlere PartikelgréRen
im Kot von Rothschildgiraffen (Giraffa camelopardalis rothschildi) in
der ZOOM Erlebniswelt Gelsenkirchen. Der Zoologische Garten 86(1—
6): 167-175.

Schwitzer C., Polowinsky S.Y., Solman C. (2009) Fruits as foods — common
misconceptions about frugivory. In: Clauss M., Fidgett A.L., Hatt J.-M.,
Huisman T., Hummel J., Janssen G., Nijboer J., Plowman A. (eds.). Zoo
Animal Nutrition IV, Flirth , DE: Filander Verlag, 131-168.

Shirane Y., Mori F., Yamanaka M., Nakanishi M., Ishinazaka T., Mano T,
Jimbo M., Sashika M., Tsubota T., Shimozuru M. (2020) Development
of a noninvasive photograph-based method for the evaluation of body
condition in free-ranging brown bears. PeerJ 8: €9982. doi: 10.7717/
peerj.9982

Sullivan K., van Heugten E., Ange-van Heugten K., Poore M.H., Dierenfeld
E.S., Wolfe B. (2010) Analysis of nutrient concentrations in the diet,
serum, and urine of giraffe from surveyed North American zoological
institutions. Zoo Biology 29(4): 457—-469. doi: 10.1002/200.20278

Tidiere M., Colchero F., Staerk J., Adkesson M.J., Andersen D.H., Bland
L., Boye M., Brando S., Clegg I., Cubaynes S., Cutting A. De Man D.,
Derocher A.E., Dorsey. C., Elgar W., Gaglione E., Anderson Hansen
K., Jungheim A., Kok J., Laule G., Lopez Goya A., Miller L., Monreal-
Pawlowsky T., Mucha K., Owen M.A., Petersen S.D., Pilfold N.,
Richardson D., Richardson E.S., Sabo D., Sato N., Shellabarger W.,
Skovlund C.R., Tomisawa K., Trautwein S.E., Van Bonn W., Van Elk C.,
Von Fersen L., Wahlberg M., Zhang P., Zhang X., Conde D.A. (2023)
Survival improvements of marine mammals in zoological institutions
mirror historical advances in human longevity. Proceedings of the
Royal Society B 290(2009): 20231895. doi: 10.1098/rspb.2023.1895

Valdes E.V., Schlegel M. (2012) Advances in Giraffe Nutrition. In: Miller R.E.,
Fowler M.E. (eds). Fowler’s Zoo and Wild Animal Medicine 7: Current
Therapy, St Louis, MO: Elsevier, 612—618.

Walldén W. (2023) Giraffe (Giraffa camelopardalis) feeding: how
stereotypies and other behaviours changed at Kolmarden Zoo in
Sweden. Journal of Zoo and Aquarium Research 11(4): 393-399.

Wich S.A., Shumaker R.W., Perkins L., de Vries H. (2009) Captive and wild
orangutan (Pongo sp.) survivorship: a comparison and the influence of
management. American Journal of Primatology 71(8): 680-686. doi:
10.1002/ajp.20704

Wittwer A., Roller M., Miller D.W.H., Bertelsen M.F., Lackey L.B., Steck B.,
Biddle R., Versteege L., Clauss, M. (2023) Historical development of
the survivorship of zoo rhinoceroses-A comparative historical analysis.
Zoo Biology 42(6): 797-810. doi: 10.1002/200.21793

Journal of Zoo and Aquarium Research 13(2) 2025

http://doi/org/10.19227/jzarv13i2.867



