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Abstract: Giant pandas (Ailuropoda melanoleuca) are specialized bamboo (Bambusoideae) eaters
with a simple, carnivorous digestive system. They are known to employ diet switching (i.e., selecting
different parts and species of bamboo depending on season and reproductive status). Our objective was
to explore whether seasonality or changes in reproductive hormone concentrations had a significant
effect on diet switching in captive giant pandas. We determined the mass and nutrient intake of each
plant part ingested by one male and one female panda held at River Safari (Singapore). We classified
the plant parts as young and old selections of leaves and shoots. Each panda was offered a combination
of 3 species of locally raised bamboo. We analyzed the reproductive metabolites of our female panda
to determine whether an interaction of estrus and season may affect seasonal diet switching. Ingestion
of young leaves, mature leaves, and stems were significantly affected by season. Stalks, however, were
ingested year-round in similar proportions. When grouped together, leaves and stems were also ingested
according to season. We did not detect any effect of hormones on the nutrient intake of the one female
panda. Selection was entirely based on plant parts, and not nutrient content. Therefore, diet switching
may not be a good behavioral tool to use in assessing onset of the mating season. However, the large
amount of concentrated feeds in our panda’s diet may have prevented any significant nutrient changes
throughout the year.
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Giant pandas (Ailuropoda melanoleuca) are special-
ized bamboo (Bambusoideae) eaters with a simple, car-
nivorous digestive system (Schaller et al. 1985). The lack
of fermentation chambers within their digestive tract does
not allow for efficient digestion of a bamboo diet, with
wild animals digesting only 12.7–17.2% of dry matter
(Long et al. 2004). Therefore, they must ingest a large
amount of bamboo to meet their energy requirements.
In an effort to deal with a low-quality diet, pandas em-
ploy diet switching (i.e., alternating between a largely
leaf diet to a stem [also known as culm] diet [Christian
et al. 2015]). This has been observed both in the wild
(Schaller et al. 1985, 1989; Nie et al. 2014) and in cap-
tivity (Hansen et al. 2010). The change in plant part se-
lection by wild pandas coincides with breeding periods
and seasons (Schaller et al. 1985, Nie et al. 2014). Zoos
closely monitor the estrogen and progesterone output of
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female pandas to track their monoestrous ovarian cycle
(Czekala et al. 2003). As estrogen peaks closer to ovu-
lation, or progesterone increases after fertilization, they
may change food selection (Zhu et al. 2001, 2011).

Quantifying the exact diet intake of wild pandas has not
been possible in the field, and estimates are being widely
used. Researchers have relied on observational proxies
and comparison of gross nutritional values of plant parts
(Edwards et al. 2006, Hansen et al. 2010). Generally,
stems have less fat and protein than leaves and are signif-
icantly higher in fiber (Edwards et al. 2006). The same
is true for shoots, although protein levels are not as low
as stems, and fiber is comparable to mature leaves (Ed-
wards et al. 2006, Christian et al. 2015). As plant parts
age, all nutrients are expected to be less concentrated, ex-
cept for fiber fractions, which should increase (Christian
et al. 2015).

The accepted practice in captivity is to provide pandas
a concentrate feed (in the form of pellets, gruel, cakes),
some produce, and bamboo species available seasonally
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2 DIET SWITCHING IN CAPTIVE GIANT PANDAS � Cabana et al.

or year-round in the zoo’s location (Dierenfeld et al. 1995,
Hansen et al. 2010). The amount of concentrated foods
offered to pandas affects overall digestibility of the diet,
gut microbiota, and bamboo intake, which may explain
contrasting results from captive studies (Dierenfeld et al.
1995; Williams et al. 2013, 2016).

There is a lack of information on the reason for changes
in feeding behaviors of pandas, with hypotheses being
nutrient balancing (Nie et al. 2014), seasonality (Hansen
et al. 2010, energy maximization (Christian et al. 2015),
reproductive–hormonal (Cai et al. 2017), or bamboo phe-
nology and availability (Tarou et al. 2005). We aimed
to explore whether seasonality in temperature and day
length and reproductive–hormonal concentrations had a
significant effect on diet switching in captive pandas.

Study area
We conducted our study between April 2016 and

April 2017 on 2 giant pandas housed at River Safari
(Singapore). The male (Studbook number 690) was born
on 14 September 2007 and the female (Studbook number
734) on 3 September 2008. Both were housed at River Sa-
fari since September 2012. They were housed separately
in an indoor climate-controlled enclosure, with access to
outdoor exhibits in the mornings from June to September.
At night, they were confined indoors in their off-exhibit
area. We varied the temperature and day length of the
indoor enclosure monthly to mimic Chengdu’s (China)
climate and simulate the seasons experienced by pandas
within their natural environment. During spring, temper-
ature and day length increased, whereas they decreased
during autumn (Table 1). We defined each season accord-
ing to daylight hours (labelled as day length): spring—
11 hours, increasing to 13 hours; summer—>13 hours;
autumn—13 hours, decreasing to 11 hours; and winter—
<11 hours.

Materials and methods
We offered each panda 25–35 kg of bamboo/day from

any combination of 3 species—sulphur bamboo (Phyl-
lostachys sulphurea), Thai bamboo (Thyrsostachys sia-
mensis), and Buddha’s belly bamboo (Bambusa ventri-
cosa). The bamboo was grown on site and fed within 3
days after harvesting. Freshly harvested bamboo was kept
in a misted cooler until offered to the pandas. The pandas
were also fed 900 g of primate leaf-eater pellets (Mazuri
Zoo Feeds, Richmond, Indiana, USA; and Marion Zoo-
logical, Inc., Plymouth, Minnesota, USA), 400 g of car-
rots, and 200 g of apples. The enclosure design, includ-

Table 1. Description of the simulated seasons within
the giant panda (Ailuropoda melanoleuca) exhibit at
River Safari, Singapore (Apr 2016 to Apr 2017), spec-
ifying day length (in hours and minutes) and temper-
ature (in °Celsius).

Season Date Day length Temp (°C)

Spring 18 Feb 11 hr 12 min 16±2
5 Mar 11 hr 39 min 18±2
20 Mar 12 hr 07 min 18±2
4 Apr 12 hr 35 min 20±2

20 Apr 13 hr 04 min 20±2
Summer 5 May 13 hr 28 min 20±2

21 May 13 hr 49 min 20±2
5 Jun 14 hr 03 min 22±2
21 Jun 14 hr 08 min 22±2
7 Jul 14 hr 02 min 24±2
22 Jul 13 hr 49 min 24±2
7 Aug 13 hr 28 min 24±2

Autumn 23 Aug 13 hr 02 min 24±2
7 Sep 12 hr 36 min 22±2
23 Sep 12 hr 06 min 22±2
8 Oct 11 hr 39 min 20±2

23 Oct 11 hr 12 min 20±2
Winter 7 Nov 10 hr 48 min 18±2

22 Nov 10 hr 27 min 18±2
7 Dec 10 hr 14 min 16±2
22 Dec 10 hr 09 min 16±2
5 Jan 10 hr 14 min 16±2
20 Jan 10 hr 28 min 16±2
4 Feb 10 hr 49 min 16±2

ing seasonal light and temperature fluctuations, were ap-
proved by the Chinese Panda Breeding Centre (Wu Long,
China).

Diet observations
We observed each panda in its exhibit on alternating

days during 4 feeding times (at approx. 1000, 1200, 1400,
and 1600 hr) for blocks of 15 minutes. We modified our
diet quantification methods from Hansen et al. (2010). We
counted each bamboo item consumed during the feeding
bout and categorized it as either young leaf (bright green
short leaves), old leaf (dark green long and worn), stalk
(branches with diameter <1 cm), stem (trunk of the bam-
boo), or shoot (cone-shaped young growths). We summed
these counts daily for each plant part and species. To esti-
mate the expected weight of each leaf eaten, we averaged
the weight of 100 young and 100 old leaves for each bam-
boo species. We then multiplied the average leaf weight
by the approximate number of leaves eaten each day to
estimate daily leaf intake weight. To quantify the weight
of stalks and stems eaten, we weighed 5–10 short samples
of individual stalks and stems from each species before
they were consumed by each panda. We then recorded

Ursus 31:article e4 (2020)
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DIET SWITCHING IN CAPTIVE GIANT PANDAS � Cabana et al. 3

the number of bites taken to consume each stalk or stem
and weighed the leftovers. We calculated the weight of
stems eaten and divided it by the number of bites taken
to consume that amount, to obtain an average weight of
stem per bite per panda. We then multiplied this num-
ber by the approximate number of bites of stalk or stem
taken each day to estimate the weight of daily stem intake.
We did not measure shoots because our pandas never con-
sumed them. We determined the intake of other food items
(apples, carrots, and pellets) by subtracting the weight of
these food items left over from the respective weights of
food items offered.

Nutrient analyses
We used fresh samples of the young leaves, old leaves,

stalks, and stems from each bamboo species, along with
apples and carrots, for nutritional analyses (Pacific Lab-
oratory, Singapore). We repeated nutritional analyses 4
times/year (Jan, Apr, Jul, and Oct) to control for any
seasonal changes in nutrient contents. For each sample,
we measured moisture, ash, crude protein, acid detergent
fiber (ADF), neutral detergent fiber (NDF), calcium (Ca),
and phosphorous (P). We calculated total nonstructural
carbohydrates (TNC) by subtracting the dry matter per-
centage of ash, crude protein, crude fat, and NDF from
100. For the 2 different kinds of pellets used in the panda
diets (leaf eater and browser), we used the manufacturer’s
nutritional information.

We calculated the daily dry matter (DM) intake for
each food type by multiplying the daily intake of each
food item (see above) by its moisture percentage minus
one. We then multiplied nutrient concentrations of each
respective plant part by the dry matter intake, resulting in
the weight of each nutrient ingested daily.

We plotted the average seasonal protein-to-
carbohydrate concentration (DM basis) ingested by
the male and female pandas in nutritional space (Simp-
son and Raubenheimer 2012). We also plotted the 2 food
items with the most extreme protein-to-carbohydrate
ratios of all their different ingredients eaten throughout
the year to represent the outermost nutritional rails. The
combination of any foods ingested would occur between
these 2 rails, as described by Simpson and Raubenheimer
(2012). This allowed us to see whether the pandas ate
certain food items to maintain certain nutrient ratios, or
to view any seasonal variation.

Hormone sample collection and processing
We obtained fresh urine samples (15 mL) from the

female panda’s den floor daily at 0900 hours via aspira-
tion with a plastic syringe. We centrifuged samples for

5 minutes at 2,500 revolutions/minute and stored the su-
pernatant frozen at −20°C until analysis. To account for
variations in water content, we quantified all urine sam-
ples for Creatinine (Cr), as described in Monfort et al.
(1990). Hormone concentrations in urine were indexed
by Cr values and expressed as hormone mass per unit of
Cr (ng/mg Cr).

We used a double-antibody enzyme immunoassay
(EIA) to measure urinary estrogen and progestogen
metabolites. In brief, we diluted secondary anti-rabbit
and anti-mouse antibody (Cat. No. A009 for rabbit and
A008 for mouse; Arbor Assays, Ann Arbor, Michigan,
USA; 10 µg/mL) in coating buffer (Cat. No. X108, 20X;
Arbor Assays) and added it to each well (150 µL) of a 96-
well microtiter plate (Cat. No. 439454; Fisher Scientific,
Pittsburgh, Pennsylvania, USA), followed by incubation
at room temperature (RT) for 15–24 hours. We emptied
the contents of the wells; subsequently, we blotted dry
the plates, added blocking solution (Cat. No. X109, 10X;
Arbor Assays) to each well (250 µL), and then incubated
it for 15–24 hours at RT. Following incubation, we emp-
tied the contents of the wells; we then blotted the plates
and dried them at RT in a dry cabinet with loose desic-
cant in the bottom. After drying plates (humidity <20%),
we then heat-sealed plates in a foil bag with a 1-g desic-
cant packet and stored them at 4°C until use. The Estrone
Conjugate (EC) antibody cross-reacts 100% with estrone-
3-glucuronide, 66.6% estrone-3-sulfate, 23.8% estrone,
7.8% estradiol-17β, 3.8% estradiol-3-glucuronide, 3.3%
estradiol-3-sulfate, and <1% of all other tested steroids
(Munro et al. 1991). The P4 antibody cross-reacts
100% with progesterone (4-pregnen-3,20-dione), 188%
4-pregnen-3α-ol-20-one, 172% 4-pregnen-3β-ol-20-one,
147% 4-pregnen-11α-ol-3,20-dione, 94% 5α-pregnen11-
3β-ol-20-one, 64% 5α-pregnan-3α-ol-20-one, 55% 5α-
pregnane-3,20-dione, 12.5% 5β-pregnane-3β-ol-20-one,
and <10% for all other tested steroids (Graham et al.
2001).

We evaluated urine samples for excreted estrogen and
progesterone metabolites through an EIA analysis, us-
ing antibodies against the EC (EC-R522-2; C. Munro,
University of California Davis, USA) and progesterone
(CL425; C. Munro), respectively. We added 50µL diluted
urine, appropriate standards and assay controls to each
well, followed by 25 µL hormone conjugate and 25 µL
primary antibody. We covered the plates, incubated them
for 2 hours on an orbital shaker at RT, then emptied them,
rinsed them 4 times with wash solution (Cat. No. X007,
20X; Arbor Assays), and blotted them dry. We added 100
µL freshly prepared substrate solution (phosphate–citrate
buffer [Sigma P4922], 3,3’,5,5’-tetramethylbenzidine
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dihydrochloride tablet [Sigma T3405]) to all wells to de-
termine the binding of hormone conjugate to antibodies.
We stopped the assay development after 30 minutes by
adding 50 µL 1N HCl to all wells, and measured opti-
cal density generated from each well at 450 nm with a
microplate absorbance reader (Tecan Instruments, Read-
ing, England, UK). For all assays, inter-assay coefficients
of variation (CV) for both high and low controls were
�15%, and intra-assay CVs were �10%. We validated
estrogen and progesterone assays by demonstrating paral-
lelism between serial dilutions of giant panda urine sam-
ples and the respective estrogen and progesterone stan-
dard curves. We determined the baseline estrogen and
progesterone concentrations using an iterative process,
as previously described in Brown et al. (1994). We cal-
culated the mean and standard deviation (SD) for each
hormone, and removed values that exceeded the mean
value ± 2 SD. We recalculated the average, repeating the
same process until no values exceeded the mean ± 2 SD.

Statistics
In order to detect any seasonal preference of plant part

or nutrient, we performed a Multivariate General Linear
Model Analysis (GLM) using SPSS version 23 (Inter-
national Business Machines Corporation, Armonk, New
York, USA; Ho 2013). For each species, we used daily in-
takes (as fed) of each plant part, daily crude protein, crude
fat, NDF, calcium, and phosphorous intake as response
variables. We did not use the variable TNC because it
was strongly correlated with crude protein. Our available
fixed factors (nominal data) were season, month, and sex;
and available covariates (scale data) were estrogen con-
centration and progesterone concentration. There was no
multi-collinearity (R2 > 0.700) between our covariates.
We set our limit of significance at 0.05. In addition to
this, we conducted a second GLM analysis with only the
female’s dependent data and the covariates estrogen and
progesterone to determine whether hormones influenced
seasonal diet switching. We included no fixed factors in
this GLM. Although the nutrients we used for the statis-
tics were the total daily amounts ingested in grams (i.e.,
including bamboo, produce, and pellets), we did not in-
clude weight of produce or weight of pellets consumed
into the analysis because these were always entirely con-
sumed.

Results
Plant part intake

The selection of plant parts varied from month to month
for both pandas (Fig. 1). The most parsimonious model

identified by our GLM analysis revealed that young leaves
(F = 2.343, 99 df, P = 0.001), mature leaves (F = 2.390,
99 df, P = 0.001), and stems (F = 1.908, 99 df, P =
0.001) were chosen based on season. Stalks, however,
were not chosen according to season and were ingested
year-round in similar proportions (F = 0.864, 99 df, P =
0.673). When grouped together, intake of all leaves (F =
2.312, 99 df, P = 0.004), and stalks and stems combined
(F = 1.823, 99 df, P = 0.008) was also affected by season.
Hormone levels had no effect on proportion of plant part
eaten for the female (Table S1 in Supplemental Material).

Sex of the panda (or individual, because there was 1
panda/sex), had a significant effect on the intake of young
leaves (F = 57.230, 1 df, P = 0.001), all leaves (F =
70.916, 1 df, P = 0.001), and stalks and stems combined
(F = 4.704, 1 df, P = 0.009).

Nutrient intake
As expected, the different plant parts and species had

different nutrient concentrations (Table S2 in Supplemen-
tal Material). Season had a significant effect on the intake
of crude fat (F = 49.136, 99 df, P = 0.001), ADF (F =
2.104, 99 df, P = 0.001), calcium (F = 2.134, 99 df,
P = 0.001), and phosphorous F = 120.670, 99 df, P =
0.001). Hormone concentrations had no significant effect
on the nutrient intake of our pandas (Table S1). Crude
fat, calcium, and phosphorous concentrations were high-
est during the spring season (Table 2). Nutritional geom-
etry revealed that there was little variation in protein-to-
carbohydrate intake ratios between seasons; the pellets
we provided were an important food source, in terms of
protein, compared with bamboo (Fig. 2).

Reproductive metabolites
The estrogen and progesterone metabolite nonbreed-

ing baseline values of the female giant panda were 3.17
± 1.9 ng/mg Cr and 7.7 ± 4.54 ng/mg Cr, respectively. In
2016, the initial increase in urinary estrogen above base-
line level occurred in April. Estrogen levels rose rapidly
for 11 days, before peaking at 79.21 ng/mg Cr, and de-
clined rapidly to the baseline level at the presumptive
time of ovulation. Following ovulation, a primary luteal
phase with a mean progestagen concentration of 26.81 ±
11.75 ng/mg Cr was observed for 104 days. The distinct
secondary rise of urinary progestagens, which peaked at
235.47 ng/mg Cr, occurred again in July. Progestagen
levels declined back down to baseline in September. The
total length of the nonpregnant luteal phase in 2016 was
approximately 160 days. In 2017, estrus was observed
in March; and this was accompanied by a sharp rise of
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DIET SWITCHING IN CAPTIVE GIANT PANDAS � Cabana et al. 5

Fig. 1. Seasonal average proportion of bamboo plant parts ingested by the male and female giant pandas
(Ailuropoda melanoleuca) at River Safari (Singapore) between April 2016 and April 2017, showing seasonal
patterns in plant part selection.

urinary estrogens, which peaked at 91.28 ng/mg Cr, and
followed by a sudden drop back to the baseline.

Discussion
Geography and topography play an important role in

influencing the giant panda’s seasonal diet because both
factors dictate which food items and plant parts are avail-

able at different times of the year. Our 2 captive pandas
altered their diet throughout the year according to sea-
sonality, simulated within their enclosure by altered day
length and temperature. Young and mature leaves were
preferred in spring and summer and, when leaves became
less preferred in autumn and winter, stems then took their
place. Stalks were eaten throughout the year and were
never preferred. Our results are contrary to the current

Table 2. Average ingested nutrient concentration (± standard deviation [SD]) of a male and female giant
panda’s (Ailuropoda melanoleuca) complete diet during 4 simulated seasons at River Safari, Singapore (Apr
2016 to Apr 2017).

Male Female

Nutrient (%)a Spring Summer Autumn Winter Spring Summer Autumn Winter

Ash 6.36 ± 0.07 6.24 ± 0.14 6.23 ± 0.24 6.34 ± 0.18 6.62 ± 0.06 6.50 ± 0.05 6.48 ± 0.06 6.52 ± 0.03
Calcium 0.80 ± 0.03 0.75 ± 0.09 0.75 ± 0.07 0.77 ± 0.11 0.90 ± 0.02 0.85 ± 0.03 0.846 ± 0.11 0.87 ± 0.09
Crude fat 4.19 ± 0.13 3.95 ± 0.54 3.86 ± 0.74 4.00 ± 0.26 4.78 ± 0.13 4.50 ± 0.14 4.54 ± 0.84 4.63 ± 0.29
Crude protein 18.32 ± 0.37 17.64 ± 0.85 17.48 ± 0.67 17.90 ± 0.45 20.00 ± 0.36 19.33 ± 0.89 19.22 ± 1.01 19.52 ± 0.25
Phosphorous 0.42 ± 0.01 0.37 ± 0.03 0.36 ± 0.10 0.39 ± 0.09 0.49 ± 0.07 0.45 ± 0.08 0.45 ± 0.10 0.48 ± 0.19
ADF 16.76 ± 0.07 17.75 ± 0.11 17.40 ± 0.16 16.70 ± 0.25 16.53 ± 0.21 16.17 ± 0.45 16.63 ± 0.98 16.60 ± 0.74
NDF 26.88 ± 0.10 27.15 ± 0.08 27.10 ± 0.37 27.05 ± 0.07 25.88 ± 0.17 25.96 ± 0.67 26.26 ± 0.87 26.14 ± 1.04
TNC 44.25 ± 1.87 45.02 ± 2.03 45.33 ± 1.98 44.71 ± 2.73 42.72 ± 3.01 43.43 ± 2.83 43.5 ± 2.63 43.19 ± 4.36

aADF = Acid detergent fiber, NDF = neutral detergent fiber, TNC = Total non-structural fiber.
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6 DIET SWITCHING IN CAPTIVE GIANT PANDAS � Cabana et al.

Fig. 2. Average protein-to-carbohydrate concentration ingested by a male giant panda (Ailuropoda
melanoleuca; filled symbols) and female giant panda (open symbols) at the River Safari, Singapore, between
April 2016 and April 2017 during spring (triangle), summer (square), autumn (diamond), and winter (circle)
within nutritional space. Out of all foods available throughout the year, the 2 most extreme are represented by
the dashed lines; the one nearest the y-axis is the pellet and the one closest to the x-axis is the stem of the
sulphur bamboo (Phyllostachys sulphurea). Any combination of any other food ingredient would fall between
these 2 lines.

understanding of wild panda ecology. Wild pandas switch
from leaves in spring to focus on a diet of shoots (Long
et al. 2004, Nie et al. 2014), which our pandas did not eat.
Captive trials reveal that giant panda intake may be much
more variable under human care. Williams et al. (2013),
for example, observed high levels of leaf selection from
July to October, whereas Hansen et al. (2010) noted leaf
eating between June and December. Our pandas ate dif-
ferent plant parts every month and never focused on solely
one plant part.

We found that season (combination of day length and
temperature) was an important factor influencing intake
of young and mature leaves, leaves overall, stems, and
stalks and stems combined. This reflected selection by
the panda because phenology was constant and all plant
parts and species were available as a result of Singapore’s
tropical climate. On a yearly average, our pandas ingested
more leaves than stems, which is contrary to previous
studies showing that stems were roughly 57%, and leaves
43%, of the diet (Dierenfeld et al. 1982, Schaller et al.
1985, Mainka et al. 1989). Average stem and leaf con-
sumption for our pandas was 45% and 55%, respectively,
when other food items were excluded. There is variation

among captive studies, however—some did not observe
seasonal changes in leaf versus stem intake (Tarou et al.
2005).

Offering carrots, apples, and pellets may have skewed
seasonal plant part selection because these food items
contain a larger concentration of energy and nutrients
than bamboo and were all voraciously eaten by our cap-
tive pandas. These more concentrated feeds comprised
between 55.4% and 94.6% of the dry matter ingested by
both pandas. Our nutritional geometric figure revealed
that pellets were dense enough to dominate the nutrient
intake, even when the diet switch was more to stems. If
plant parts were selected based on nutrients, then the bam-
boo selection would have been affected by the provision
of pellets and produce.

As expected, the 3 bamboo species we used in our
feeding trials, and their respective plant parts, all had dif-
ferent nutrient concentrations, which could allow for nu-
trient selection by the pandas. Stalks, according to our
definition, were higher in protein than leaves and were a
very important food source. Past studies did not differ-
entiate between stems based on diameter or age, perhaps
underestimating the seasonal changes in protein content.

Ursus 31:article e4 (2020)
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DIET SWITCHING IN CAPTIVE GIANT PANDAS � Cabana et al. 7

This may have been overlooked and contributed to the
unexplained observation of pandas ingesting highly indi-
gestible and less nutritious stalks and stems at the height
of their breeding season. In our study, nutrient intake var-
ied by season. Crude fat, calcium, and phosphorous were
ingested in more concentrated amounts during spring and
ADF in summer. Our pandas consumed a richer diet in
spring (Feb–May), prior to the mating season, perhaps
in preparation for reproduction. Our captive pandas were
not under the same constraints as wild pandas in terms of
breeding because of the constant availability of all bam-
boo plant parts, pellets, and produce. We may have seen
different nutrient selection had the female become preg-
nant.

Our male and female panda did not have identical diet
intakes, with essentially all variables being consumed in
different amounts, except for stalks. Our female always
ingested more crude protein, crude fat, calcium, and phos-
phorous; and our male always ingested more ADF and
NDF. Similar sex differences were also seen in Hansen
et al. (2010). This can be explained by our male’s higher
intake of leaves, which was particularly high in spring.

The female giant panda in WRS was seasonally mo-
noestrus, with a short period of estrus between March
and May every year. She also displayed a reproductive
hormone profile consistent with the ovulation profile of
other pandas in captivity around the world. Her hormone
profile was not related to the seasonal diet switching we
observed. Tay et al. (2018) proposed a link between sea-
sonal changes in day light and temperature and female
panda’s hormone cycle. Although based on a small sam-
ple size, our study also supports this notion that giant
pandas are sensitive to seasonal changes.

Implications to captive management
Although based on only 2 pandas, our study indicated

that ingestion of plant parts and nutrient intake may vary
depending on sex and the combination of day length and
temperature fluctuations. Our findings also suggested that
diet switching may be linked more to these abiotic factors
than to hormone profiles. Diet switching may, therefore,
not be a good behavioral tool to use in assessing onset of
the mating season. Lastly, the amount of concentrates in
our panda’s diet may have been large enough to prevent
any significant nutrient changes throughout the year.
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Supplemental material
Table S1. Statistical results of the most parsimo-

nious model identified by a multivariate general linear
model analysis on the plant part and nutrient intake
of 2 giant pandas (Ailuropoda melanoleuca) recorded
between April 2016 and April 2017 at River Safari,
Singapore, in relation to the season, day length, tem-
perature, sex, and reproductive metabolite concentra-
tion. The analysis using the reproductive parameters
was conducted separately.

Table S2. Average (± standard deviation [SD])
nutrient concentrations of giant panda (Ail-
uropoda melanoleuca) diet items at River Safari,
Singapore, between April 2016 and April 2017, in-
cluding 3 different bamboo species and 4 different
plant parts, produce, and pellets. All nutrients are
expressed as percentage of dry matter. Each bamboo
plant part was analyzed 4 times/year to control for
nutrient changes during the study. ADF = Acid
detergent fiber, NDF = Neutral detergent fiber, TNC
= Total non-structural carbohydrates.
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