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Abstract

Pangolins are the most trafficked wild mammals, with their scales in high demand. Scales are often
the only part of the animal confiscated from the trade, but they represent accessible material for
forensic investigations, including for sexing. This study aimed to develop a sexing tool for
Temminck’s pangolin, using scales for hormone quantification. Scales from males and females were
liquidised using keratinase and the resulting suspension analysed for progestagen and androgen
metabolite (scPM and scAM) concentrations. Scale PM and scAM concentrations were compared
between sexes, while overall median values for scPM and scAM, as well as a ratio of sScPM to scAM
(P/A) were used as boundary values for sex identification. Neither scPM nor scAM concentrations
were significantly different between the sexes and concentrations of a juvenile and sub-adult male
overlapped with females, possibly indicating later sexual maturity in males. Boundary values for
scAM concentrations and the P/A ratio predicted sex with 100% accuracy for females and 78% for
males, while the accuracies for the scPM boundary value were lower. When only adult individuals
are considered, scAM and P/A ratio boundaries are 100% accurate for both sexes. Therefore, scale
hormone ratios show promise as a sex identification tool for Temminck’s pangolin, particularly

applicable in forensic investigations on the pangolin trade.
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1. Introduction

The increasing global wildlife trade causes significant losses to biodiversity and includes around 18%
of extant terrestrial vertebrate species, with mammals and their skin derivatives and appendages
being the most commonly traded items (Alacs et al., 2010; Roe, 2008; Rosen and Smith, 2010;
Scheffers et al., 2019). One mitigation tool is wildlife forensics, which is used to aid with enforcement
against wildlife criminals (Ahlers et al., 2017; Gupta, 2018). Genetic analysis forms a major part of
wildlife forensics and is used to determine species identity, geographic origin, individual identity,
parentage, and sex of traded wildlife (Ahlers et al., 2017; Alacs et al., 2010; Johnson et al., 2014,
UNODC, 2016). Sex identification can aid in elucidating demographic differences between sexes,
but also in monitoring trade presence of the sexes (Alacs et al., 2010; Tawichasri et al., 2017).
Although sex determination is often conducted through genetic analysis, endocrine analysis may
serve as an alternative approach, where gonadal hormones are used to identify sex. This approach
has been successfully used in various species of reptiles (Gregory and Schmid, 2001; Morris et al.,
1996), fish (Mola et al., 2011; Wheeler et al., 2016), anurans (Germano et al., 2009; Graham et al.,
2016), and birds (Bautista et al., 2013; Bercovitz et al., 1978). However, this technique is less popular
for sexing mammals, with limited examples including wolves (Barja et al., 2008; Velloso et al., 1998),
brown bears (Ursus arctos) (Cattet et al., 2017), Canada lynx (Lynx canadensis) (Terwissen et al.,

2014), and domestic cats (Felis catus) (Terwissen et al., 2014).

Although hormones and their metabolites are most often quantified in blood and excreta, hair and
feathers are becoming increasingly popular matrices (e.g. Carlitz et al., 2015; Cattet et al., 2018;
Lattin et al., 2011; Romero and Fairhurst, 2016). Keratinous materials can be stored immediately
after collection and hormones and their metabolites appear to be stable and remain detectable even
after long storage times, which is an advantage over excreta and blood (Hunt et al., 2014). Moreover,
it is suggested that keratins accumulate steroid metabolites during their continuous growth, thereby
representing hormone activity over the growth period of the material (Bortolotti et al., 2008; Kersey

and Dehnhard, 2014; Palme, 2012; Sheriff et al., 2011). However,

SCAM — scale androgen metabolite
scDW — scale dry weight
scPM — scale progestagen metabolite



contrasting studies argue that steroids may diffuse through keratins like hair and are thus more likely
to reflect recent and not past events (Colding-Jgrgensen et al., 2020; Kalliokoski et al., 2019). Even
though more research is needed on the deposition of hormones into keratin-based matrices, it
presents an easily accessible sampling material. In most cases, keratin materials are pulverised
before hormone extraction (e.g. Baxter-Gilbert et al., 2014; Davenport et al., 2006; Hunt et al., 2014).
However, a commercial keratinase enzyme generally used in the feed and fertiliser industry, in
detergents and cleaning products, for recycling of keratinous wastes, for cosmetic treatments, and
in various biomedical treatments (Brandelli et al., 2010; De Oliveira Martinez et al., 2020; Gupta and
Ramnani, 2006; ul Haq and Akram, 2018), has already been used to successfully degrade and

extract hormone metabolites from chicken feathers (Alba et al., 2019).

Pangolins (Pholidota, Manidae) are unique among mammals as they are covered in keratin scales,
making up almost 20% of their body weight (Liu et al., 2016). The scales are highly sought after in
the illegal international pangolin trade for use in various traditional medicine practices and other
cultural rituals (Bréautigam et al., 1994; Hua et al., 2015; Soewu and Sodeinde, 2015). This demand
has led to drastic population declines of all eight extant pangolin species and the classification of
pangolins as the most trafficked wild mammal on earth (Challender et al., 2014; Challender et al.,
2020; IUCN, 2020). Despite this, they remain understudied due to their elusive nature (Challender

et al., 2014).

Temminck’s pangolin (Smutsia temminckii) is the only pangolin species found in southern Africa
(Heath, 1992; Skinner and Chimimba, 2005). Most of the research on this species has focussed on
their ecology (Heath and Coulson, 1997b; Pietersen et al., 2014), diet and feeding behaviour
(Pietersen et al., 2016; Richer et al., 1997; Swart et al., 1999), as well as translocation success
(Heath and Coulson, 1997a). In contrast, little is known about their general and reproductive
physiology. It is rare for confiscations within the illegal wildlife trade to include living pangolin
individuals, but rather entire carcasses most often scales; the latter two, however, allow for easy
sample collection compared to living individuals. Occasionally, whole pangolin carcasses are seized
and morphological sexing is possible, but generally, only scales and parts of carcasses are available

and genetic analysis must be employed (du Toit et al., 2020; Luczon et al., 2016; Mwale et al., 2016).



The development of new forensic techniques will aid investigations into the illegal pangolin trade.
For example, knowing ratios of males and females present in the trade may elucidate whether the
trade is biased towards one sex of this species and in future allow improved law enforcement to
protect valuable individuals such as breeding females. As such, the current study was the first to
employ an endocrine approach and investigate the suitability of pangolin scales for sex steroid

analyses as a sexing method.

2. Material and methods

2.1 Scale collection

Scales were obtained from Temminck’s pangolin carcasses, confiscated from the illegal wildlife
trade, and stored at a secure facility within South Africa. A total of five females (two adults, one sub-
adult, and two juveniles) and nine males (six adults, two sub-adults, and one juvenile) were sampled.
Sex was determined morphologically (presence of male or female genitals), while division into age
classes was done based on weight. Individuals weighing less than 3.50 kg were classified as
juveniles, those weighing between 3.50 and 6.50 kg as sub-adults, and individuals with a weight
greater than 6.50 kg were classified as adults (R Jansen, African Pangolin Working Group, pers.
comm.). From each carcass, one scale was cut from four body regions: top of the tail base, the
middle of the head, and the right and left sides of the body (Fig.1A). From two of the carcasses (one
adult female and one adult male), only three scales were collected as the head had been removed.
All sampling was approved by the University of Pretoria Animal Ethics Committee (NAS078/2019)
and the South African National Biodiversity Institute (SANBI) Research Ethics and Scientific

Committee (NZG/RES/P18/06).

2.2 Degradation of scales with keratinase

Scales were submerged in ultrapure water overnight to soften and facilitate easy removal of residual
tissues on the scales. The base section (area where the scale was attached to the epidermis of the
pangolin) of each scale was then cut (Fig. 1B), with resulting pieces (0.30 - 0.42 g) being used for

hormone extraction. If a scale had a mass of less than 0.40 g, the whole scale was utilised (5 out of



54 scales). Scale degradation was based on a protocol first developed by Alba et al. (2019) for
chicken feathers and validated for Temminck’s pangolin scales by Blecher et al. (2021). In brief,
scale samples were washed in 100% isopropanol for 30 seconds, using a toothbrush, to remove
surface contaminants. For degradation, each sample was mixed with 15 ml of keratinase solution (1
g enzyme (Cibenza IND900, Novus International, Inc., Missouri) in 30 ml phosphate-buffered saline
(pH = 9.00)) and incubated at 45 °C for four days, stirred every 24 hours. Resulting suspensions

were stored frozen at -20 °C until hormone analysis.

2.3 Enzyme Immunoassays (EIAS)

Immunoreactive scale progestagen metabolite (scPM) and scale androgen metabolite (SCAM)
concentrations were measured directly in the digested sample suspensions using a progestagen
(Schwarzenberger et al., 1996, antisera raised in rabbits against 5B-pregnane-3a-ol-20-one-
2HS:BSA) and androgen (Palme and Mdstl, 1994, antisera raised in rabbits against testosterone-3-
CMO:BSA) enzyme-immunoassay (EIA), respectively. EIAs were performed following established
protocols (Ganswindt et al., 2002), directly on digested scale suspensions. In brief, 50 pl of either
standards, quality controls, or digested sample suspension were added in duplicates to pre-coated
96-well microtiter plate wells. Next, 50 pl of biotin-labelled steroid, as well as antibody solution, were
added to each well before plates were incubated at 4 °C overnight. The liquid was then discarded
and the plate washed four times, after which 150 pl of streptavidin- POD solution was added to every
well and the plate incubated with gentle shaking at 4 °C for 45 min. Subsequently, all liquid was
again discarded and the plate washed four times before 150 pl of substrate solution was added to
every well and incubated with gentle shaking at 4 °C, until the optical density reached ~1.0 for
maximal binding. Finally, the enzymatic reaction was terminated by adding 50 pl H2SO4 (2 M) to the
wells and optical density was determined at 450 nm and 620 nm and results calculated using a best-

fit curve.

Both EIAs were biologically validated in Blecher et al. (2021) and their sensitivities were 12 ng/g
scale dry weight (scDW) for the progestagen and 1.50 ng/g scDW for the androgen assay. Serial
dilutions of scale extracts gave displacement curves that were parallel to respective standard curves

(relative variation of the slope of the trend lines was < 1% for the progestagen and < 2 % for the



androgen EIA). Intra-assay coefficient of variations (CV), determined by repeated measurements of
high and low value quality controls, were 5.64 % and 6.12 % for the progestagen, and 5.22 % and
6.82 % for the androgen EIA, respectively. Similarly determined inter-assay CVs were 12.33 % and
14.19 % for the progestagen, and 11.27 % and 13.14 % for the androgen EIA, respectively. All

assays were performed at the Endocrine Research Laboratory, University of Pretoria.

2.4 Statistical analyses

Differences in scPM and scAM between body regions were previously investigated and found to not
differ significantly (Blecher et al., 2021), thus median scPM and scAM concentrations were
calculated for each individual. Additionally, a unit-less ratio of scPM to scAM concentration (P/A) was
calculated for each individual by division of scPM by scAM concentration, similar to previous studies
(Barja et al., 2008; Rolland et al., 2005). Normality was tested using a Shapiro-Wilk normality test
and homogeneity of variances was evaluated using Levene’s test (R package ‘car (Fox and
Weisberg, 2011)). Non-parametric Wilcoxon rank-sum tests were used to compare scPM and scAM
concentrations between sexes, as medians more accurately represented the centre of the

distribution of the data.

To investigate accuracy of sex prediction using scPM concentration, overall individual median scPM
concentrations were calculated for females and males and the median of these two values was used
as boundary value. Scales with scPM concentrations above this value were classified as female,
while scales with concentrations below this value were classified as male. Similarly, overall individual
median scAM concentrations were determined for females and males, and the median of these two
concentrations was used as a boundary value. Scales with scAM concentrations above this
boundary value were classified as male, while those below were classified as female. For sex
prediction with the P/A ratio, the boundary value was calculated by dividing the previously calculated
scPM boundary concentration with the scAM boundary concentration, and scales with a ratio values
above this were classified as female and below this value as male. Accuracies were calculated as a
percentage and all data analysis was conducted using RStudio (R Core Team, 2020), while

significance was taken at p < 0.05.



3. Results

The scPM concentration was not significantly different (W = 36, p = 0.08, n = 14) between females
(median = 441.73 ng/g scDW; range: 348.23 - 481.06 ng/g scDW) and males (median = 316.23 ng/g
scDW; range: 270.88 - 512.15 ng/g scDW). Similarly, there was no significant difference (W =9, p =
0.08, n = 14) in scAM concentration between males (median = 134.73 ng/g scDW; range: 63.16 -

219.67 ng/g scDW) and females (median = 85.56 ng/g scDW; range: 77.04 - 100.99 ng/g scDW).

When using scPM concentration to predict sex (boundary value = 379 ng/g scDW), 80% of females
(4/5) and 67% of males (6/9) were correctly assigned (Fig. 2). In contrast, the scAM value (boundary
value = 110 ng/g scDW) correctly predicted 78% of males (7/9) and 100% of females (5/5) (Fig. 2).
For sex prediction with the P/A ratio (boundary value = 3.44), sex was predicted with 100% accuracy
for females (5/5) and 78% for males (7/9). Furthermore, there was a distinction into two groups (one
male and one female) when scPM and scAM concentrations are plotted, except for two outlier males
that fall into the female group (Fig. 2). These two males consist of one sub-adult, with the highest

scPM concentration, and a juvenile male with the lowest scAM concentration of all animals.

We also investigated whether sex prediction accuracies increased if only adults are considered. For
scPM concentrations (new boundary value = 388 ng/g scDW) sex prediction was 100% for females
(2/2) and 83% for males (5/6), while both scAM concentration (new boundary value = 122 ng/g
scDW) and the P/A ratio (new boundary value = 3.18) allowed sex determination to 100% for both

adult females (2/2) and males (6/6).

4. Discussion

This is the first study to implement an established method for determining sex hormone
concentrations in scales of Temminck’s pangolin. Results indicated that scPM and scAM levels differ
considerably between the sexes, though a large degree of individual variation was also observed.
This is in line with findings from previous studies on other species where similar variation in
reproductive steroid concentrations have been shown between individuals and sexes. (e.g.

Germano et al., 2012; Guarniero et al., 2017; Oates et al., 2002; Terwissen et al., 2014). Although



sex prediction was more accurate using the scAM boundary compared to the scPM boundary,
neither achieved 100% accuracy for both sexes. Similar results have been reported for loggerhead
turtles (Caretta caretta) (Gross et al., 1995) and dusky gopher frogs (Lithobates sevosa) (Graham et
al., 2016) when employing endocrine monitoring. As individual hormone metabolite values are
variable and often not accurate for sex prediction, the hormone ratio method may be more useful.
However, sex prediction accuracies with the P/A ratio were equal to those of the scAM boundary.
Some studies have shown that use of a sex steroid ratio is more accurate for sex prediction than the
use of single sex steroids (e.g. Graham et al., 2016; Gross et al., 1995; Wasser and Hunt, 2005),
while others demonstrated that only single sex steroids concentrations are needed for accurate
sexing (e.g. Germano et al., 2012; Germano et al., 2009). Therefore, in Temminck’s pangolins, both

may be suitable for use.

Individual median hormone values placed within a scatterplot indicated a male and a female cluster.
This was also observed in Iberian wolves (Canis lupus signatus) (Barja et al., 2008) and great
bustards (Otis tarda) (Bautista et al., 2013). Moreover, this scatterplot revealed two males that
plotted within the female group, which lead to the lower accuracies of males in comparison to females
with both the scAM and the P/A ratio boundaries. Such ‘outlier’ males were similarly found in bell
frogs (Litoria raniformis) (Germano et al., 2009) and dusky gopher frogs (Graham et al., 2016). As
the outliers in the present study consisted of non-adult individuals, these individuals possibly had not
reached sexual maturity. Both male and female Temminck’s pangolins are thought to reach sexual
maturity around the age of two years, however, males often take longer to establish home ranges
and potentially only start breeding at the age of six or seven (Pietersen, 2013; Pietersen et al., 2020).
Therefore, the rise in androgen levels often accompanying the onset of breeding in male mammals,
may only occur once a home range is established and cycling females are encountered. Such a
proposed delay in maturation may thus be responsible for the comparatively low scAM
concentrations observed in these two males. The other sub-adult male fell within the male group and
had possibly already started breeding. This individual may also have been an underweight breeding
adult and was incorrectly classified as a sub-adult, as the ages of the pangolins in the present study

were determined based on body weight. In addition to low scAM concentrations, these young males



also displayed high scPM concentrations. Some previous studies have shown that administered high
doses of progesterone or progestins suppress androgen-dependent sexual behaviours in various
mammals, birds and humans (Andersen and Tufik, 2006; Oettel and Mukhopadhyay, 2004; Wagner,
2006; Witt et al., 1994). While young male Temminck’s pangolins are in search of their new home
range, the high levels of progestagens may be contributing to the delay in sexual maturation
proposed here. The two juvenile females in the present study had lower scPM concentrations than
the sub-adult and adult females, again possibly indicating that they had not reached sexual maturity
and scPM concentrations had not yet increased, as they do in mammalian females upon sexual
maturity. While these explanations are speculative, sex steroid analysis in scales may be expanded

to investigate the unknown endocrine aspects of sexual maturity in Temminck’s pangolin.

Although sexing accuracies were high when the scAM or P/A ratio boundary were used, outliers are
possible and should be considered, as with all such techniques. Therefore, we investigated whether
accuracies improved if only adult individuals are considered. Accuracies using the scPM boundary
improved by 20% for females and 16% for males but did not reach 100% for both sexes. In contrast,
the scAM boundary and the P/A ratio boundary now predicted both sexes with 100% accuracy.
Ratios of sex steroid concentrations were previously found effective in sexing species including
Iberian wolves (Barja et al., 2008), Canada lynx (Terwissen et al., 2014), short-beaked echidnas
(Tachyglossus aculeatus) (Oates et al., 2002), two species of turtles (Gross et al., 1995; Xia et al.,

2011) and birds (Bercovitz et al., 1978; Wasser and Hunt, 2005).

The limited number of pangolin carcasses available in this study might have contributed to the lack
of a significant difference in scPM and scAM levels between sexes. Despite this, the results still
indicate that the use of P/A rations may be best suited to distinguish between males and females.
Whole carcasses are rarely retrieved from the illegal pangolin trade and whole scales are impossible
to be obtained from live individuals without hurting the animal. Therefore, a small sample size was
expected for this study and will most likely remain an issue for future studies on this and other
pangolin species. If a larger sample size could be achieved, significant differences in steroid
concentrations between the sexes may be observed. However, the trend of clustering into a male

and a female group, as well as the calculated P/A ratio and its associated boundary value are unlikely



to change substantially. Moreover, the small sample size in the present study should not take away
from the fact that sex steroid concentrations could be investigated, to our knowledge, for the first
time for Temminck’s pangolins. Sex steroids were also previously used to approximate age class
(e.g. Bautista et al., 2013; Cattet et al., 2018). In Temminck’s pangolins, morphological differentiation
between adult and juvenile scales based on size is difficult, as even large adults can have small
scales (on the head or close to the stomach) (A. Blecher, personal observation). While juveniles in
the present study differed from adults of the same sex, steroid concentrations overlapped between
sexes, suggesting that age estimation may be inaccurate, but the low availability of juvenile scales

warrants further investigation.

This study offers opportunities for further research including investigation of pangolin sexual maturity,
scPM analysis for determination of female reproductive state and application of the sexing method
for scales from other pangolin species. This is the first study to implement hormone quantification in
Temminck’s pangolin scales for assessing individual sex, where a ratio of scPM to scAM
concentration provides the most clarity and may be employed as a forensic tool. This sexing method

shows great potential for aiding forensic investigations of these trafficked mammals.
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Figure legends

Figure 1:

The body regions of a Temminck’s pangolin (Smutsia temminckii) from which scales were sampled
(A) and how a scale was cut (B). One scale was collected from each body region. From each scale,
the base section was cut off and then cut further to obtain samples of approximately 0.40 g from the
middle of the base section (indicated by the black box).Photograph of the Temminck’s pangolin taken

by Nigel Dennis.

Figure 2:
Median concentrations (ng/g scale dry weight (scDW)) of progestagen and androgen metabolites in
scales of male (blue) and female (pink) Temminck’s pangolins (Smutsia temminckii) of three age

classes: adult (circle), sub-adult (triangle) and juvenile (rectangle).
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