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A B S T R A C T

White rhinoceroses (Ceratotherium simum) and black rhinoceroses (Diceros bicornis) maintained under human care 
complement in situ conservation efforts by safeguarding genetic diversity and providing opportunities to study 
their biology. Prolactin (PRL), a pituitary hormone, could augment our understanding of rhino reproduction and 
physiology beyond what steroid hormone monitoring alone provides. The goals of this study were to characterize 
circulating PRL concentrations and evaluate associations with age, reproductive status, and season in adult, non- 
pregnant female white (n = 27) and black (n = 15) rhinoceroses. A previously validated PRL assay was utilized to 
measure serum samples collected monthly over a year. Reproductive status was determined by progesterone 
monitoring. Of the individuals with sufficient data; 15 white rhinos were classified as reproductively active and 6 
as inactive. Additionally, 9 black rhinos were classified as reproductively active and none as inactive. In 
reproductively active cohorts, circulating PRL was lower in white (19.3 ± 3.4 ng/mL) compared to black 
rhinoceroses (40.0 ± 7.3 ng/mL; p = 0.0030). Variation in PRL concentrations was not associated with age in 
either white or black rhinoceroses (p = 0.3065; p = 0.7833, respectively). Within white rhinoceroses, repro
ductively active females had higher circulating PRL than inactive females (20.7 ± 4.8 ng/mL vs 7.6 ± 2.6 ng/mL, 
respectively, p = 0.0306) and PRL varied by season with lower concentrations in the winter compared to spring, 
summer, and fall (p = 0.0002). In black rhinoceroses, PRL did not vary significantly across seasons (p = 0.1033). 
These findings provide baseline data for non-pregnant white and black rhinoceroses and suggest that both 
reproductive status and season are associated with PRL variation in white rhinoceroses.

1. Introduction

White rhinoceros (Ceratotherium simum) and black rhinoceros 
(Diceros bicornis) populations are conservation priorities due to persis
tent threats from habitat loss and poaching [1,2]. Populations main
tained under human care complement in situ conservation efforts by 
safeguarding genetic diversity and providing opportunities to study 
rhinoceros biology. Advances in endocrine monitoring, assisted repro
ductive technologies, and coordinated population management have 
greatly improved our ability to support the propagation of these species 
[3]. Analyses of progesterone and its metabolites in serum and feces 
have provided critical insight into estrous cycle lengths and pregnancy 
duration in rhinoceroses (henceforth referred to as rhinos) [4–8]. 
However, these steroid profiles largely represent ovarian activity; 
expanding endocrine assessments to include pituitary hormones may 
provide deeper insight into reproductive function/dysfunction, meta
bolism, and health.

One pituitary signal of particular interest is prolactin (PRL), a 
multifunctional protein hormone involved in over 300 physiological 
processes including its namesake function in lactation induction, as well 
as immune modulation and metabolic regulation [9]. Within the 
reproductive axis, PRL influences ovarian activity and seasonality [9, 
10]. Although PRL has not been extensively studied in rhinoceroses 
there are several papers reporting preliminary data that set a foundation 
for this work [5,11,12], and research in other species provides addi
tional important context.

Many PRL-mediated responses appear to require concentrations 
within an optimal physiological range [13–15]. PRL deficiency has been 
associated with suppressed reproductive processes, including impaired 
implantation, inhibited mammary gland development, and reduced 
maternal behavior [9,16–20], while excessive PRL concentrations 
(hyperprolactinemia) have been associated with anovulation, amenor
rhea, and galactorrhea across multiple species [9,21–24]. Evidence from 
African elephants (Loxodonta africana) further illustrates the importance 
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of maintaining PRL within an appropriate physiological range. 
Approximately half of acyclic females in North American zoos exhibit 
elevated circulating PRL, whereas others display persistently low PRL 
concentrations, and both conditions are associated with ovarian inac
tivity and lack of reproductive success [25,26]. Together, these findings 
suggest a potential association between PRL dysregulation and impaired 
reproductive activity in large pachyderms.

Early work in free-ranging black rhinos revealed that PRL concen
trations were largely undetectable when measured using a radioimmu
noassay developed for human (Homo sapiens) prolactin [11]. Subsequent 
studies employing equine (Equus ferus caballus) PRL assays have detec
ted measurable concentrations in rhino serum. In a Sumatran rhino 
(Dicerorhinus sumatrensis), circulating PRL increased at the end of 
gestation and into the early postpartum period [5]. More recent results 
from our laboratory using a different equine PRL assay validated for 
rhino serum suggested that PRL concentrations may differ across sex and 
reproductive states of managed black and white rhinos [12]. However, 
there are other factors that could impact such comparative PRL results. 
In many mammals, PRL secretion varies with photoperiod, even in 
species that do not exhibit a defined breeding season [9,27–29]. Addi
tionally in humans and laboratory mice (Mus musculus), serum PRL 
declines with advancing age [30,31]. The primary objective of the 
present study was to utilize the validated equine PRL assay to evaluate 
circulating PRL in relation to reproductive status, as defined by pro
gesterone profiles, in non-pregnant black and white rhinos. Additional 
analyses were performed to assess the potential effects of season or 
rhino’s age on circulating PRL concentrations. Establishing the presence 
or absence of these associations is a necessary first step toward deter
mining whether PRL monitoring alongside other hormone monitoring 
could inform management decisions for rhinos in human care.

2. Materials and methods

2.1. Animals

This study was conducted as part of a larger collaborative effort 
under the American Institute of Rhinoceros Science (AIRS) initiative and 
focused on samples voluntarily collected from non-pregnant female 
black (n = 15) and white (n = 27) rhinos managed across 25 institutions 
in the United States and eastern Canada (range 1–4 rhinos per institu
tion; Table 1). Females that were determined to be pregnant at the time 
of sample collection (based on progesterone concentrations and/or 
parturition records), or that had received contraceptive treatment were 
excluded from the study. Information regarding other hormonal treat
ments or reproductive medications was not systematically collected 
across institutions and could not be accounted for in this study. Daily 
management and husbandry practices varied by facility but followed the 
general guidelines described in the Rhinoceros Husbandry Manual [32]. 
Ages ranged from 5.2 -49.6 years in white rhinos and 3.3–29.2 years in 
black rhinos (Table 1). Institutional Animal Care and Use Committee 
approval was obtained from the Center for Conservation & Research of 
Endangered Wildlife (CREW) of the Cincinnati Zoo & Botanical Garden 
(#22–173), and George Mason University (#1833567–1).

2.2. Sample collection

All animals were trained for voluntary blood collection according to 
each institution’s established protocols. The specific timing of sample 
collection relative to feeding, exercise, or other husbandry activities was 
at the discretion of each institution and was not recorded. Institutions 
were asked to collect blood samples approximately once per month (± 3 
days) for 12 months, using a standardized protocol provided by the AIRS 
team. Whole blood was collected into additive-free serum tubes without 
gel separator (provided by AIRS), allowed to clot at ambient tempera
ture for 30–60 min or under refrigeration for up to 4 h, then centrifuged 
to separate serum from blood cells. The serum portion was transferred 

into cryovials and stored at − 20◦C until shipment. Samples were ship
ped overnight on dry ice to CREW for analysis. Upon arrival at CREW, 
samples were maintained at − 20◦C and thawed only immediately before 
analysis to minimize freeze/thaw cycles. Across individuals, 259 serum 
samples were analyzed from white rhinos and 170 from black rhinos, 
with 2–16 samples per individual for white rhinos and 6–15 samples per 
individual for black rhinos (Table 1).

2.3. Reproductive status determination

Reproductive status was assigned based on evidence of ovarian ac
tivity during the study period, as determined by longitudinal proges
terone monitoring (Table 1). In addition to the monthly serum samples, 
participating institutions conducted more intensive sampling during two 
approximately 12-week windows as part of the broader AIRS repro
ductive assessment effort. Progesterone profiles were derived from fecal 
progesterone values (2–3 samples per week; obtained as described in 
Windle et al., 2026 [33] and/or serum progesterone values (1 sample 
per week; collected as described above). Each institution self-selected 
collection windows to align with local management seasonality, typi
cally one winter and one summer 12-week period. Rhinos with pro
gesterone concentrations that increased above baseline, were classified 
as reproductively active regardless of cycle regularity (n = 15 white 
rhinos; n = 9 black rhinos). Individuals with persistently low proges
terone concentrations across all samples were considered reproductively 
inactive (n = 6 white rhinos; n = 0 black rhinos). Individuals without 
sufficient progesterone data were excluded from analyses involving 
reproductive status (not assigned [NA]; n = 6 white rhinos; n = 6 black 
rhinos).

2.4. Prolactin immunoassay

Prior to use, serum samples were vortexed to ensure thorough mixing 
and then centrifuged briefly to pellet any cellular debris. The superna
tant was analyzed in duplicate with the equine PRL ELISA (CSB- 
EL018724HO, Cusabio, Houston, TX, USA) according to manufacturer’s 
instructions. This assay was previously validated for use on rhino serum, 
including dilutional linearity, parallelism with the standard curve, and 
biological validation [12]. Black rhino serum samples were run neat. 
White rhino serum samples repeatedly produced high coefficients of 
variance (CV) between neat duplicates (>15%). Therefore, following the 
manufacturer’s recommendation, white rhino serum samples were 
diluted 1:1 with phosphate-buffered saline (PBS) to improve assay pre
cision. Despite this effort, a portion of the samples still had duplicate CV 
values greater than 15% and could not be included in the study (n = 26). 
The intra-assay precision was calculated by averaging the coefficient of 
variation across duplicate wells for all accepted samples; mean CV 
= 6.1% for white rhinos (n = 259 samples) and 5.4% for black rhinos 
(n = 170 samples). Inter-assay precision was monitored by including a 
serum sample, previously evaluated in an earlier study [12], on every 
plate; the inter-assay CV was 17% (n = 20 plates). If a value fell outside 
of the standard curve, the sample was diluted as needed and re-analyzed. 
Samples falling below the limit of the standard curve were assigned a 
value of 1.25 ng/mL, calculated as one-half the lower limit of detection 
(2.5 ng/mL) as recommended by Hornung and Reed (1990; [34]); 
n = 15 white rhino samples and n = 0 black rhino samples.

2.5. Statistical analyses

Analyses were conducted in R (ver4.6.1; R Foundation for Statistical 
Computing, Vienna, Austria) using a structured internal R workflow 
built upon publicly available packages. Linear mixed-effects models 
were fit using the lme4 package (ver2.0.6), with Kenward-Roger- 
adjusted Type III F-tests implemented via lmerTest (ver3.2.1). Model 
diagnostics, including assessment of normality, homogeneity of vari
ance, influential observations, and model fit, were conducted using 
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Table 1 
Individual demographic, reproductive, and progesterone summary information for female rhinoceros included in this study.

Rhino 
ID

Inst 
ID

# 
Samples*

Species Avg Age 
(years)

Avg PRL 
(ng/mL)

SD 
PRL

Repro 
Status**

Serum P4 range 
(ng/mL)

Fecal P4 range 
(ng/g)

Last Partuition 
(years)ꝉ

DB-2 Inst-1 13 White 
Rhino

26.92 6.14 1.27 Inactive .03 − .13 8.79–136.47 -

DB-3 Inst-1 11 White 
Rhino

28.00 2.48 1.65 Inactive .03 − .10 13.61–66.46 -

DB-4 Inst-1 12 White 
Rhino

26.92 1.89 1.19 Inactive .03 − .11 10.18–84.50 -

DB-9 Inst- 
10

4 White 
Rhino

28.42 6.67 1.28 Active .03–4.26 16.24–1634.34 12.4

DB-12 Inst- 
10

10 White 
Rhino

7.50 16.37 7.11 Active .11–1.55 33.63–230.90 -

DB-16 Inst- 
14

11 Black 
Rhino

12.67 29.54 14.65 Active .32–1.03 33.66–163.42 1.8

DB-17 Inst- 
15

11 Black 
Rhino

29.17 16.27 12.86 NA - - 4.5

DB-19 Inst- 
15

12 Black 
Rhino

19.5 27.23 20.83 NA - - 0.6

DB-26 Inst- 
18

12 White 
Rhino

23.58 21.12 17.86 Active - 21.12–475.77 2.0

DB-27 Inst- 
18

11 White 
Rhino

26.42 9.59 3.16 Active .17–1.75 10.20–633.77 1.1

DB-28 Inst- 
18

11 White 
Rhino

12.75 10.13 3.27 Active - 18.13–550.99 1.0

DB-29 Inst- 
18

12 White 
Rhino

7.67 9.98 1.29 Active .03 − .39 25.00–697.81 -

DB-32 Inst- 
19

12 Black 
Rhino

25.83 87.42 39.82 Active .028–2.59 22.43–214.11 -

DB-33 Inst- 
19

13 Black 
Rhino

23 64.67 24.64 Active .07–2.21 24.33–123.00 10.7

DB-36 Inst- 
19

12 White 
Rhino

23.25 23.53 9.71 Active .14–1.42 21.89–200.00 -

DB-40 Inst- 
19

3 White 
Rhino

5.17 41.02 18.18 Active - 61.76–20,000 -

DB-46 Inst- 
21

13 Black 
Rhino

25.08 25.30 16.56 Active .15–1.36 21.67–265.10 6.1

DB-48 Inst- 
22

11 White 
Rhino

27.17 12.44 2.55 Inactive .03 − .33 9.76–55.86 -

DB-55 Inst- 
24

11 Black 
Rhino

18.67 81.13 44.65 NA - - -

DB-59 Inst- 
25

8 Black 
Rhino

17.5 34.26 28.86 Active .82–4.86 - 3.7

DB-61 Inst- 
26

10 White 
Rhino

25.92 58.76 45.80 Active .03–2.76 - -

DB-65 Inst- 
26

12 White 
Rhino

13.58 24.80 12.31 Active .03–2.91 - -

DB-80 Inst-3 12 White 
Rhino

36.83 12.41 3.71 Active - 10.80–320.02 25.9

DB-114 Inst- 
40

15 Black 
Rhino

14.92 64.18 31.59 Active .41–3.60 48.13–288.35 2.7

DB-115 Inst- 
41

6 Black 
Rhino

22.5 76.81 15.40 Active 1.02–3.02 33.78–239.71 -

DB-121 Inst- 
43

7 White 
Rhino

5.17 10.41 0.70 Inactive - 12.12–545.54 -

DB-130 Inst- 
47

10 White 
Rhino

7.42 48.64 35.19 Active .03–2.71 13.42–816.18 -

DB-134 Inst- 
50

9 Black 
Rhino

24.42 37.44 22.27 Active .20–2.19 27.34–293.63 1.3

DB-140 Inst- 
52

12 White 
Rhino

11.08 14.16 2.73 Inactive - 14.98–35.75 -

DB-118 Inst- 
52

7 White 
Rhino

49.58 13.89 4.73 NA - - -

DB-150 Inst- 
54

16 White 
Rhino

8.50 43.39 36.13 Active .13–2.85 29.60–563.49 -

DB-155 Inst- 
55

8 White 
Rhino

10.25 13.56 12.32 NA - - 1.3

DB-156 Inst- 
55

10 White 
Rhino

11.42 27.39 10.88 NA - - 2.9

DB-157 Inst- 
55

10 White 
Rhino

11.42 18.30 5.84 NA - - -

DB-160 Inst- 
56

8 White 
Rhino

7.25 35.83 29.69 Active .09–2.26 16.77–300.14 -

DB-162 Inst- 
56

6 White 
Rhino

7.42 41.17 34.62 Active .03–2.48 16.60–365.13 -

(continued on next page)
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performance (ver0.18.2) and car (ver3.1.5) packages.
For all models examined, individual rhino nested within institution 

was included as the random effect to account for repeated measures and 
potential institution-level variation. PRL concentrations were log- 
transformed prior to analysis to improve conformity with model as
sumptions of normally distributed residuals and homogeneity of vari
ance. Model-adjusted means and standard errors, as well as pairwise 
comparisons, were generated using the emmeans package (ver 1.10.6) on 
the log-transformed values. Pairwise comparisons were conducted using 
Fisher's protected LSD, where mean separations were only interpreted 
when the overall F-test was significant at p ≤ 0.05. Results are reported 
as F statistics with Kenward-Roger-adjusted numerator and denomina
tor degrees of freedom (e.g., F1,21.3 = 11.2) alongside exact p-values. For 
data presentation, model-adjusted means were back-transformed to the 
original scale by exponentiation, and standard errors were approxi
mated using the delta method.

Initial analysis compared PRL concentrations between species (fixed 
effect); because all black rhinos were categorized as reproductively 
active, this comparison was limited to reproductively active females 
from both species. Given the observed species difference and the pos
sibility of differential antibody cross-reactivity, all subsequent analyses 
were conducted within species. For white rhinos, three separate models 
were evaluated with reproductive status (active vs inactive), meteoro
logical season (winter, spring, summer, fall), or age (continuous) as a 
fixed effect. Reproductive status could not be evaluated in black rhinos 
as no individuals were reproductively inactive; therefore, only meteo
rological season and age were modeled individually as fixed effects. 
Season was defined using conventional North American definitions: 
Winter (December 1 – February 28), Spring (March 1 – May 31), Sum
mer (June 1 – August 31), and Fall (September 1 – November 30).

3. Results

Circulating concentrations of PRL were lower in reproductively 
active white rhinos (19.3 ± 3.4 ng/mL) compared to reproductively 
active black rhinos (40.0 ± 7.3 ng/mL; F1,21.3 = 11.2, p = 0.0030; 
Fig. 1). Species comparisons were conducted on reproductively active 
females only, as all black rhinos that could be assessed for reproductive 
status were considered active. Given the observed species difference in 
PRL concentrations and the possibility that assay antibody affinity may 
differ between species, all remaining analyses were conducted sepa
rately for black and white rhinos.

In white rhinos, PRL concentrations were not associated with 
increasing age (slope = − 0.01, F1,26.62 = 1.09, p = 0.3065). However, 
reproductively active females had higher circulating concentrations of 

PRL than inactive females (20.7 ± 4.8 ng/mL vs 7.6 ± 2.6 ng/mL, 
respectively, F1,11.3 = 6.1, p = 0.0306; Fig. 2). PRL also varied by season 
with concentrations lower in winter compared to other seasons (win
ter:12.5 ± 2.5 ng/mL, spring:18.0 ± 3.5 ng/mL, summer:17.1 
± 3.4 ng/mL, fall:18.6 ± 3.6 ng/mL; F3233.2 = 6.9, p = 0.0002; Fig. 3A).

Reproductive status association with PRL concentrations could not 
be evaluated in black rhinos because no individuals were classified as 
reproductively inactive. In black rhinos, circulating PRL concentrations 
were not affected by age (slope = − 0.005. F1,8.36 = 0.08, p = 0.7833). 
Additionally, PRL variation across the four seasons approached but did 
not reach the pre-established significance threshold (F3153.2 = 2.1, 
p = 0.1033). Mean PRL concentrations by season were: spring 30.4 
± 5.5 ng/mL, summer 33.6 ± 5.8 ng/mL, fall 42.0 ± 7.5 ng/mL, and 
winter 36.7 ± 6.5 ng/mL (Fig. 3B).

Table 1 (continued )

Rhino 
ID 

Inst 
ID 

# 
Samples* 

Species Avg Age 
(years) 

Avg PRL 
(ng/mL) 

SD 
PRL 

Repro 
Status** 

Serum P4 range 
(ng/mL) 

Fecal P4 range 
(ng/g) 

Last Partuition 
(years)ꝉ

DB-167 Inst- 
58

7 White 
Rhino

19.50 69.14 58.57 NA - - -

DB-174 Inst-6 12 Black 
Rhino

5.75 29.14 25.49 NA - - -

DB-175 Inst-6 12 Black 
Rhino

3.25 26.14 29.19 NA - - -

DB-176 Inst-6 12 Black 
Rhino

11.92 23.32 5.92 NA - - 3.2

DB-180 Inst-7 2 White 
Rhino

21.92 24.25 3.36 NA - - -

DB-184 Inst-8 13 Black 
Rhino

11.83 46.18 31.92 Active - 29.88–243.64 -

Abbreviations used: ID, identifier; Inst, institution; NA, not assigned; PRL, prolactin; P4, progesterone; Repro, reproductive; SD, standard deviation.
*Indicates the number of samples included in analysis from each rhinoceros; the final number analyzed may differ to sample exclusions as described in Methods.
**Reproductive status was determined from progesterone profiles. Individuals whose progesterone concentrations showed any evidence of elevation above baseline, 
regardless of cycle regularity, were classified as active. Individuals whose progesterone concentrations remained persistently low across all available monitoring were 
classified as inactive. Individuals with insufficient progesterone data were not assigned (NA).
ꝉ Indicates the number of years between the most recent calving event and the sample collection period. Nulliparous individuals are indicated with a dash.

Fig. 1. Circulating prolactin (PRL) concentrations in reproductively active 
black and white non-pregnant female rhinos. Red diamonds indicate back- 
transformed, model-adjusted means with standard error bars; means differed 
between species (F1,21.3 = 11.2). Individual points represent the overall mean 
PRL concentration for each rhino (n = number of rhinos per species). Boxplots 
depict the distribution of all individual samples with outliers shown 
as diamonds.
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4. Discussion

This work significantly expands on our earlier study of rhino PRL 
[12] by employing the same validated assay to characterize PRL con
centrations in non-pregnant black and white rhinos and evaluate how 
PRL varies with reproductive status, age, and season. Circulating PRL 
concentrations differed between the two rhino species, with higher 
concentrations observed in black rhinos than in white rhinos. Similar 
species differences have been reported in other large mammals, 

including Asian elephants (Elephas maximus) and African elephants [35], 
reinforcing that physiological baselines may differ substantially be
tween closely related species [36]. However, even when amino acid 
sequences are highly conserved between species [12], post-translational 
modifications such as glycosylation can alter epitope presentation and 
assay behavior [37]. Thus, we cannot rule out the possibility that the 
observed species difference reflects differential antibody recognition 
rather than a true difference in circulating concentrations. These find
ings highlight the importance of evaluating each rhino species inde
pendently when assessing endocrine function.

In white rhinos, reproductively inactive females exhibited lower PRL 
concentrations than reproductively active individuals, which contrasts 
with early studies in elephants that reported hyperprolactinemia was 
often associated with reproductive acyclicity [35]. More recent pub
lished work indicates that reproductive dysfunction in elephants can 
happen in females with both high and low PRL [26,38,39]. Our data 
demonstrate a range in PRL concentrations among individual rhinos that 
may be expected with natural biological variation, but there are no 
existing rhino PRL reference values for comparison. Regardless, no in
dividual’s mean PRL concentration fell outside two standard deviations 
of the population mean, and although the range in concentrations was 
smaller for reproductively inactive females, there was overlap with 
concentrations measured in reproductively active individuals. There
fore, study findings provide no evidence of abnormal PRL concentra
tions in white rhinos regardless of their reproductive status.

Factors potentially contributing to the lower mean PRL concentra
tions found in reproductively inactive white rhinos were considered. It 
was noted that all six females were nulliparous. In African elephants, 
females that have produced at least one calf are more likely to exhibit 
normal ovarian cycles and prolactin profiles [26] suggesting that 
reproductive history may be a relevant factor associated with PRL 
function and regulation in large pachyderms. However, there were also 
nulliparous female white rhinos in the reproductively active group of 
this study, and they were producing higher PRL than most individuals in 
their cohort (Table 1). In fact, the highest mean PRL was recorded for a 
nulliparous, reproductively active individual (58.76 ng/mL; Table 1). 
Furthermore, for rhinos in human care, parity is contingent with 

Fig. 2. Serum prolactin (PRL) concentrations in non-pregnant female white 
rhinos by reproductive status. Red diamonds indicate back-transformed, model- 
adjusted means with standard error bars; means differed between reproduc
tively active and inactive females (F1,11.3 = 6.1). Individual points represent the 
overall mean PRL concentration for each rhino (n = rhinos per reproductive 
status). Boxplots depict the distribution of all individual samples, with outliers 
shown as diamonds.

Fig. 3. Seasonal variation in serum prolactin (PRL) concentrations in white (A) and black (B) non-pregnant female rhinos. Red diamonds indicate back-transformed, 
model-adjusted means with standard error bars. Letters in panel A denote mean separation results (F3233.2 = 6.9), groups sharing the same letter did not differ. 
Individual points represent the mean PRL concentration for each rhino, colored by reproductive status (active, inactive, not assigned). Boxplots depict the distri
bution of all individual samples, with outliers shown as diamonds. Sample sizes (n) indicate the number of rhinos contributing observations per season.
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management strategies.
Age was another consideration since four of the six reproductively 

inactive white rhinos were > 26 years old, and lower PRL concentrations 
have been reported in older women and mice [30,31]. Furthermore, 
increasing age is negatively associated with normal prolactin status in 
elephants [26]. However, three of the older rhinos (>23 years of age) in 
the reproductively active cohort had individual mean PRL concentra
tions greater than the inactive group average (21.1–58.7 ng/mL vs. 
5.7 ng/mL, respectively), including one female almost 26 years of age 
who had the highest mean PRL of all the white rhinos in the study 
(Table 1).

Ultimately, it appeared that lower PRL concentrations accompany, or 
reflect, reduced reproductive function in white rhinos. Experimental and 
clinical studies have demonstrated that insufficient PRL signaling can 
impair reproductive processes, including ovarian function and success
ful lactation [9,16,17]. However, we are not proposing that is happening 
in rhinos since this study was not designed to test cause and effect. A 
more likely explanation could be related to PRL’s close association with 
progesterone that was first demonstrated in a previous case study of a 
pregnant white rhino [12]. Although very preliminary, that pilot study 
also reported PRL concentrations in serum for a small number of rhinos 
in different reproductive states that suggested PRL fluctuated with 
reproductive activity. The highest PRL concentrations were associated 
with pregnancy, followed by sexually mature and/or luteal females, 
with lower concentrations measured in serum of sexually immature fe
males or males [12]. Data in this study further support the close asso
ciation of PRL and progesterone seen in the pilot study. Reproductively 
active white rhinos exhibited higher mean circulating PRL concentra
tions (Fig. 2), a wider range in values (Table 1), and greater standard 
deviations within individuals than reproductively inactive rhinos, sug
gesting that PRL varied with ovarian activity. A similar, and even more 
pronounced variation in PRL concentrations was noted in black rhinos, 
though a comparison to reproductively inactive black rhinos was not 
possible.

If PRL concentrations do mimic progesterone patterns, the lack of 
reproductive activity, ovulation, and luteal function in reproductively 
inactive females would be consistent with the persistently low PRL 
concentrations observed in this study. In contrast, more variable and 
higher mean PRL concentrations would occur in reproductively active 
rhinos. Cyclic patterns of PRL connected to ovarian activity have been 
reported in several species including mice, horses, and African elephants 
[30,31,36]. However, proof of this close connection between proges
terone and PRL in rhinos will require a sampling frequency greater than 
once monthly to reveal short-term fluctuations across estrous cycles or 
other reproductive transitions.

In addition to reproductive state, PRL secretion in many mammals is 
influenced by photoperiod, with concentrations typically increasing 
during periods of longer day length and declining during intervals of 
shorter day lengths [10,24,28]. Although neither black nor white rhinos 
are considered seasonal breeders, both natural history and management 
conditions may expose animals to seasonal environmental influences 
[40]. In the wild, breeding activity is often associated with periods of 
increased forage availability [29]. Rhinos maintained under human care 
typically do not experience substantial nutritional changes throughout 
the year, but are exposed to seasonal differences in housing, light 
exposure, and activity patterns [41]. The lower PRL concentrations 
observed during winter in white rhinos may therefore reflect responses 
to seasonal changes in light exposure experienced by animals housed in 
North America. In contrast, seasonal variation in black rhinos was not 
statistically supported, possibly due to the more limited statistical power 
available for this species. Although seasonal influences on PRL may 
differ between rhino species, the overall impact of the season appeared 
minor and could have been confounded by variation in latitudes, local 
light environments, or institution-specific management practices. The 
limited number of non-pregnant black rhinos available for analysis 
prohibited further evaluation of these factors.

Although this study substantially increases our knowledge of rhino 
PRL and builds on the preliminary information presented in the initial 
pilot study [12], there are limitations. Despite the relatively large 
number of rhinos included, there were a limited number of reproduc
tively inactive individuals in the analysis. Consequently, the lower PRL 
concentrations observed in inactive white rhinos should be viewed as an 
indication that PRL varies with reproductive state, rather than definitive 
evidence. Additionally white rhino serum exhibited high CVs when run 
neat necessitating dilution and indicating a potential matrix interference 
not experienced in black rhino serum. Also, the timing of sample 
collection relative to daily husbandry activities was not standardized 
across institutions, which may contribute to within-individual variation 
in measured PRL concentrations [9]. Furthermore, it is not known if 
black rhino PRL would vary similarly between reproductive states since 
no females in the study were considered reproductively inactive. Finally, 
PRL concentrations were evaluated using monthly serum samples 
collected over a single year, which provides only a snapshot of endocrine 
dynamics in a long-lived species.

5. Conclusion

There was no clear evidence of abnormal PRL concentrations within 
the study populations. However, in this study a few differences were 
noted. Black rhinos had higher PRL than white rhinos. PRL concentra
tions were higher in reproductively active white rhino females 
compared to reproductively inactive females, indicating an association 
with reproductive state. Seasonal influences on PRL appeared to vary 
between species, and were minimal. Continued longitudinal monitoring 
at greater frequencies across reproductive states, including pregnancy 
and cyclic activity, will be important for further clarifying how PRL 
dynamics could serve as a complementary tool for reproductive man
agement of rhinos in human care.
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