Preprints

PREPRINT

Author-formatted, not peer-reviewed document posted on 29/09/2026

DOI: https://doi.org/10.3897/arphapreprints.e217301

Female cloacal gland secretions may function as sexual
signals that deter males during the breeding season in
Japanese rat snake (Elaphe climacophora) (Chordata,

Reptilia, Squamata, Colubridae)

Hiroki Akimoto, Masaki Hoso

Disclaimer on biological nomenclature and use of preprints

The preprints are preliminary versions of works accessible electronically in advance of publication of the final version. They are not issued for purposes of
botanical, mycological or zoological nomenclature and are not effectively/validly published in the meaning of the Codes Therefore, nomenclatural
novelties (new names) or other nomenclatural acts (designations of type, choices of priority between names, choices between orthographic variants, or choices
of gender of names) should NOT be posted in preprints. The following provisions in the Codes of Nomenclature define their status:

International Code of Nomenclature for algae, fungi, and plants (ICNafp)

Article 30.2: “An electronic publication is not effectively published if there is evidence within or associated with the publication that its content is merely
preliminary and was, or is to be, replaced by content that the publisher considers final, in which case only the version with that final content is effectively
published.” In order to be validly published, a nomenclatural novelty must be effectively published (Art. 32.1(a)); in order to take effect, other nomenclatural acts
must be effectively published (Art. 7.10, 11.5, 53.5, 61.3, and 62.3).

International Code of Zoological Nomenclature (ICZN)

Article: 21.8.3: "Some works are accessible online in preliminary versions before the publication date of the final version. Such advance electronic access does
not advance the date of publication of a work, as preliminary versions are not published (Article 9.9)".


https://doi.org/10.3897/arphapreprints.e217301
https://orcid.org/0000-0002-5518-309X

— ARPHAPreprints Author-formatted, not peer-reviewed document posted on 29/09/2026 DOI: https://doi.org/10.3897/arphapreprints.e217301

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Title

Female cloacal gland secretions may function as sexual signals that deter males during the br
eeding season in Japanese rat snake (Elaphe climacophora) (Chordata, Reptilia, Squamata, C
olubridae) [Scent gland secretions in Elaphe climacophora]

Hiroki Akimoto!*, Masaki Hoso!?

!Graduate School of Advanced Science and Engineering, Waseda University, Tokyo, Japan

2Faculty of Education and Integrated Arts and Sciences, Waseda University, Tokyo, Japan

*Corresponding author: Hiroki Akimoto (autumnorigin@akane.waseda.jp)

Abstract

Although the odor of cloacal secretions in snakes is obvious, their function remains unclear.
We tested whether cloacal secretions are involved in sexual communication. Thus, male Japa
nese rat snakes (Elaphe climacophora), but not females, would avoid female cloacal secretion
s during the breeding season, with little or no avoidance outside this period. The T-maze trial
s did not provide clear evidence for a sex-by-season interaction in scent-arm choice. However
, the observed choice rates followed the predicted pattern: males chose the scented arm less of
ten during the breeding season (4/15 trials, 27%) than during the non-breeding season (9/15 tr
ials, 60%), whereas females showed the same choice rate in both seasons (8/12 trials, 67% in
each). Comparing male arm-choice and courtship responses to secretions from females at diff

erent reproductive stages would help clarify the role of these secretions in mate rejection.
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Introduction

Chemical communication is a major facet of reptilian life that mediates social and reproducti
ve behaviors (Mason and Parker 2010). Snakes, in particular, rely heavily on chemical cues f
or sex recognition, trail-following, and courtship; for example, male snakes often follow che
mical trails deposited by females during the breeding season to locate mates (Kroll et al. 1971
; Heller and Halpern 1981; Ford 1986; Wilmes et al. 2012). Some chemical cues originate fro
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m sources such as skin lipids and secretions from cloacal scent glands (cloacal secretions) (M
ason and Parker 2010). Cloacal secretions have been assumed to mediate intraspecific chemic
al communication in snakes (Darwin 1874; Brisbin 1968; Graves and Duvall 1988). Greene a
nd Mason (2000, 2003) reported that female cloacal secretions modulate reproductive interact
ions through pheromonal inhibition of male courtship in Boiga irregularis (Colubridae). Such
inhibition may allow females to reject potential mates (Greene and Mason 2003). These findi

ngs raise the question of whether female cloacal secretions also elicit spatial avoidance. More
over, although the conditions of the senders and receivers of sexual signals change between b
reeding and non-breeding seasons (Mason et al. 1987; LeMaster et al. 2001), direct seasonal ¢

omparisons of cloacal secretion effects remain scarce.

Here, we tested the responses of male and female snakes to female cloacal secretions in the Ja
panese rat snake Elaphe climacophora (Colubridae). Using a T-maze assay during breeding a
nd non-breeding seasons, we examined whether seasonal differences in responses to female ¢
loacal secretions depended on sex. We predicted that males would show avoidance of female
secretions during the breeding season, whereas females would show no such avoidance. In th

e non-breeding season, avoidance was expected to be weak or absent in both sexes.

Materials and methods

Study animals

Between 2022 and 2026, we collected 37 adults (18 males and 19 females) of E. climacophor
a on Honshu Island, Japan. All snakes were housed at 22 °C under a daily 12-h light/dark cyc
le. Snakes were fed once a week with thawed frozen mice or quails, and water was provided
ad libitum. The snakes were food-deprived for at least three days before each trial. Individual
s in premolt or those refusing food were excluded a priori from behavioral testing. All experi
ments were performed at the Center for Advanced Biomedical Sciences, TWIns, Waseda Uni

versity.

T-maze apparatus and odor stimuli

We assessed behavioral responses to cloacal secretions using a binary-choice T-maze. The ap
paratus consisted of a base arm and two choice arms made of transparent cylindrical acrylic t
ubes (60 mm inner diameter for all arms). The base arm was 300 mm long. Each choice arm

was first extended 300 mm from the junction, then turned 90° and extended for an additional

300 mm. The odor stimulus was placed at either distal end of the second segment. The 60-m
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m inner diameter allowed unobstructed forward movement of the snakes without excessive la
teral freedom, the 300-mm base arm provided a short neutral sampling zone before the juncti

on, and the 600-mm total distance from the junction to each odor source reduced immediate v
isual or contact-based influences and allowed the test snakes to orient themselves using airbor
ne odor cues. To further eliminate potential visual cues, an approximately 600-mm opaque sc
reen obscured the view of the initial segments of the choice arms until the test snake reached t
he junction. An electric air pump delivered gentle airflow equally to both distal ends of the ch

oice arms, minimizing odor mixing and backflow.

As an odor stimulus, we placed a Kimwipe tissue with freshly collected cloacal gland secretio
n at the end of one choice arm and a tissue with distilled water at the end of the other arm as a
control (Fukuda et al. 2022). Cloacal secretions were collected from female donor snakes im
mediately before each trial by gently pressing around the donor’s cloacal region and dabbing
the secretion onto the Kimwipe. Given that previous studies suggest that cloacal secretions ch
ange over time (Greene and Mason 2005), all collected samples were used within 10 min of ¢
ollection. Secretions were applied to cover an area approximately 1 cm in diameter on the tiss
ue. Donors were initially assigned to test snakes using random numbers, and trials proceeded
according to the availability of cloacal secretions. Female test snakes were never presented wi

th their own cloacal secretions.

Experimental procedure

We defined June—July as the breeding season, within the reported mating period of May—July
(Hondo et al. 1994), and August-December as the non-breeding season. Captive females con
sistently oviposited in early August, consistent with seasonal reproductive cycling under our

housing conditions.

For each trial, a single test snake was placed in the base arm of the T-maze and left undisturb
ed for 10 min, with a partition preventing access to the choice arms. The trial began when the
partition was removed. The experimenter left the room and monitored the trial remotely via v
ideo (FDR-AX30; Sony Corporation, Tokyo, Japan) to reduce the cues associated with the ex
perimenter’s presence. A “choice” was defined as the head crossing a landmark 300 mm from
the junction into a choice arm. The trials were conducted under housing temperature and hum
idity conditions. The apparatus was washed with unscented soap and air-dried between the tri

als. All odor donors were female snakes (n = 18), and male and female test snakes were teste


https://paperpile.com/c/wMSNrI9N/YDUG
https://paperpile.com/c/wMSNrI9N/9TgY
https://doi.org/10.1292/jvms.56.835

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

d in separate trials. The trials were conducted during the light phase of the daily cycle under s

tandard fluorescent room lighting.

Each test snake was tested up to four times, but no more than twice within a single season, wi
th at least one day between trials. In total, 54 valid choice trials were conducted using 36 test

snakes (18 males and 18 females). Because the number of available test snakes was limited, s
ome individuals were tested more than once to increase the number of completed trials. Of th
e 36 test snakes, 23 were tested once, nine were tested twice, three were tested three times, an
d one was tested four times. Trial-level data, including test-snake and donor identities, are pro
vided in Suppl. material 1. Trials were terminated and excluded if no arm was chosen within

90 min (n = 2 trials). The side of scent presentation was counterbalanced within each sex—sea

son group.

Statistical analysis

We analyzed scent-arm choice (1 = scented, 0 = control) using binomial generalized linear mi
xed models (GLMMs) with a logit link. The primary model included sex, season, their interac
tion, and scent-arm side as fixed effects, with donor identity as a random intercept. An initial
model also included test-snake identity as a random intercept, but its variance was estimated
as zero; this term was therefore omitted from the primary model. We tested the sex-by-season
interaction by comparing the primary model with an otherwise identical model without the int
eraction using a likelihood-ratio test. We report odds ratios (ORs) with profile-likelihood 95
% confidence intervals (CIs). The interaction OR was defined as the breeding-versus-non-bre

eding OR in males divided by the corresponding OR in females.

To assess sensitivity to repeated testing of some test snakes, we refitted the primary model usi
ng only the first trial from each test snake (N = 36) and compared the interaction estimate and

its 95% CI with those from the primary analysis.

To explore whether the scent-arm choices of males during the breeding season were associate
d with body size, we conducted a post hoc analysis of test-snake and donor snout—vent length
(SVL). We fitted a Bayesian binomial GLMM with a logit link using the 50 trials with compl
ete SVL data, involving 32 test snakes and 17 donors. The model included sex—season group,
scent-arm side, test-snake SVL, and donor SVL, with random intercepts for test-snake and do

nor identities. For each SVL predictor, one slope was estimated for breeding-season males an
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d a second slope was shared by the remaining three sex—season groups. SVL was centered at

100 cm and scaled in 10-cm units, with linear effects assumed on the logit scale. We assigned
normal priors with a mean of zero and standard deviations of 1.5 for group-specific intercepts
and 1 for side and SVL coefficients, and half-normal priors with a scale of 1 for random-effec
t standard deviations. Four chains were run for 8,000 iterations each, including 4,000 warm-u
p iterations. Estimates are reported as posterior medians and 95% equal-tailed credible interv

als (Crls). Prior sensitivity was assessed using narrower and wider priors for the SVL coeffici
ents (Suppl. material 2). All Bayesian models showed satisfactory convergence (R < 1.01, eff
ective sample sizes > 3,000, and no post-warm-up divergences). Posterior predictive checks ¢

ompared observed and simulated scent-arm choice counts within each sex—season group.

Analyses were conducted in R 4.5.2 (R Core Team 2025) using Ime4 (Bates et al. 2015) and
brms 2.23.0 (Burkner 2017).

Ethics statement
All procedures involving animals were reviewed and approved by the Waseda University Co
mmittee for Animal Experiment (protocol nos. A22-020, A23-022, A24-035, and A25-028) a

nd were conducted in accordance with the relevant institutional guidelines and regulations.

Results

We analyzed 54 valid trials after excluding two no-choice trials. These comprised 27 breedin
g season trials and 27 non-breeding season trials, with 15 male and 12 female trials in the bre
eding season and 15 male and 12 female trials in the non-breeding season. Males chose the sc
ented arm in 4 of 15 trials (27%) during the breeding season and 9 of 15 trials (60%) during t
he non-breeding season. Females chose the scented arm in 8 of 12 trials (67%) during the bre
eding season and 8 of 12 trials (67%) during the non-breeding season (Fig. 1).

The primary analysis did not provide clear evidence for a sex-by-season interaction in scent-a
rm choice (likelihood-ratio test: y%(1) = 1.52, p = 0.218). The estimated interaction OR was 0.
20 (95% CI: 0.011-2.55).
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Figure 1.

In the first-trial sensitivity analysis (N = 36), males chose the scented arm in 2 of 7 trials duri
ng the breeding season and 7 of 11 trials during the non-breeding season. Females chose the s
cented arm in 6 of 9 trials during the breeding season and 5 of 9 trials during the non-breedin
g season. The corresponding interaction odds ratio was 0.091 (95% CI: 0.0013-1.99) (Fig. 2).

OR (95% CI)

All trials 3
b ® : 0.20 (0.011-2.55)
(n =54) 1
First trial only 1
® 0.091 (0.0013-1.99)
(n =36) :
0.001 0.01 0.1 1 4
Sex x season interaction OR
Figure 2.

Among males in the breeding season, the estimated odds ratio for choosing the scented arm p
er 10-cm increase in test-snake SVL was 0.87 (95% Crl: 0.35-2.14). The corresponding odds
ratio for donor SVL was 2.19 (95% Crl: 0.70-7.62). Both estimates were imprecise, with cre

dible intervals spanning associations in either direction. Across the prior sensitivity analyses,
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the posterior median ORs ranged from 0.82 to 0.97 for test-snake SVL and from 1.48 to 2.63
for donor SVL; all corresponding 95% Crls included 1 (Suppl. material 2).

Discussion

The primary analysis did not provide clear evidence for the predicted sex-by-season interactio
n. Nevertheless, the observed choice rates followed the predicted pattern: males chose the sce
nted arm less often during the breeding season than during the non-breeding season, whereas

females showed similar choice rates in both seasons.

The experimental context may have influenced how males responded to female cloacal secret
ions in our assay. In B. irregularis, female cloacal secretions reduced the duration and intensi
ty of male courtship during interaction with a female (Greene and Mason 2003). Males nevert
heless continued to follow females after secretion release, even after courtship had largely cea
sed (Greene and Mason 2000), suggesting that different components of male behavior can res
pond differently to these secretions. Our T-maze assay presented secretions without a female

and measured arm choice rather than courtship. Comparing responses to female cloacal secret
ions across these contexts in E. climacophora would help determine whether the presence of

a female influences the behavioral response.

Variation in individual characteristics may also have contributed to differences in arm choice
among males during the breeding season. In red-sided garter snakes, male courtship response
s to female skin lipids vary with male body size (Shine et al. 2003), while female SVL is asso
ciated with variation in pheromone composition and male courtship responses (LeMaster and
Mason 2002). Our exploratory analysis did not resolve whether test-snake or donor SVL was
associated with scent-arm choice among males during the breeding season. The wide credible
intervals mean that substantial associations with either test-snake or donor SVL cannot be rul
ed out. Within-season variation in female reproductive state may also have contributed to diff
erences in arm choice among breeding-season male trials. In free-ranging northern watersnak
es (Nerodia sipedon), a surge in plasma estradiol in reproductive females coincided with shed
ding and male accompaniment (Jellen et al. 2014). If male responses to cloacal secretions dep
end on the reproductive state of female donors, grouping trials by season alone could obscure
such differences. Assessing donor reproductive state alongside body size would help evaluate

these potential sources of variation.
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The separate effects of donor season and test-snake season on arm choice cannot be estimated
from these data. All trials used freshly collected secretions, so secretion collection and behavi
oral testing always took place in the same season. These effects could be examined separately
by presenting secretions collected in each season to test snakes in both seasons. Chemical ana

lyses of the same samples could also test for seasonal differences in secretion composition.

Conclusions

By comparing responses across sexes and seasons, we tested whether female cloacal secretio
ns elicited male-specific avoidance during the breeding season in E. climacophora. Our arm-c
hoice data did not provide clear evidence for the predicted sex-by-season interaction, althoug
h the observed choice rates followed the predicted pattern. Comparing male arm-choice and ¢
ourtship responses to secretions from females of known reproductive state would help determ

ine whether these secretions contribute to mate rejection.
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Figure legends

Figure 1.

Scent-arm choice rate of Elaphe climacophora in T-maze trials with female cloacal secretions
versus distilled water during the non-breeding and breeding seasons. Female and male test sn
akes are indicated by the @ and & symbols, respectively. Bars show observed proportions of
scent-arm choices. The dashed horizontal line indicates equal choice probability (0.5). Numb

ers above bars denote scent-arm choices/total completed trials.

Figure 2.

Sex-by-season interaction in scent-arm choice of Elaphe climacophora. Points and horizontal
bars show interaction ORs and profile-likelihood 95% Cls from binomial GLMMs fitted to al
| 54 trials or to the first trial from each of 36 test snakes. The interaction OR is the breeding-v
ersus-non-breeding OR in males divided by the corresponding OR in females. Both models a
djust for scent-arm side and include a donor random intercept. The horizontal axis is logarith

mic; the dashed line at OR = 1 indicates no sex-by-season interaction.
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Response to the editor and reviewer

Herpetozoa: original manuscript 195950

Manuscript title: Female cloacal gland secretions may function as sexual signals that deter males du
ring the breeding season in Japanese rat snake (Elaphe climacophora) (Chordata, Reptilia, Squamata,
Colubridae)

We thank the editor and reviewer for their comments. Our responses and the corresponding revisions

are provided below.

Response to the editor

Comment 1: “If you decide to follow the reviewers suggestion (most importantly increase your s

ample size), | will be very happy to reconsider your manuscript.”

Response: We conducted additional trials and reanalyzed the expanded dataset, which now comprise
s 54 completed choice trials involving 36 test snakes.

Locations: Experimental procedure; Results; Suppl. material 1.

Response to Reviewer 1

Comment 1: “My main concern is the sample size and the lack of division between estrous and n
on-estrous females during the mating period. Non-estrous females are "invisible™" to males even d

uring the mating period.”

Response: Female reproductive state was not directly assessed during testing. We expanded the Disc
ussion to address how within-season variation in female reproductive state could influence male resp
onses, drawing on Jellen et al. (2014). To examine body size as another potential source of variation i
n breeding-season male choices, we also added a post hoc analysis of test-snake and donor snout-ven
t length (SVL).

Locations: Results, SVL paragraph; Discussion, third paragraph; Suppl. material 2.

Comment 2: “Additionally, an N of 6 and 7 per season is not enough for me to trust the results.”

Response: We increased the number of trials to 15 for males and 12 for females in each season. We
now report effect estimates with 95% confidence intervals to quantify the uncertainty in these estimat
es.

Locations: Results; Discussion, opening paragraph.
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Comment 3: “If you collected 30 adults (17F:13M) why not use all females with all males. It's sta
ted that 8 snakes were tested more than once. That's fine, but why not test every possible combina

tion you could have.”

Response: Not all pairings were feasible: individuals in premolt or refusing food were withheld from
trials, and some died before experiments in subsequent years. These constraints limited the available
individuals, and some test snakes were used more than once.

Locations: Study animals; Experimental procedure.

Comment 4: “In the discussion section I find your argument of cloacal secretions during the mati
ng season only serving as an alarm pheromone or some kind of chemical deterrent tenuous. While
females typically are not as mobile as males during the mating season, shortly after ecdysis (the br
ief estrous period), female mean daily movement and mean movement frequency both greatly incr
ease correspondant to a substantial rise their sex-hormone conentrations compared to all other tim
es of the mating period. Examinig females is significiantly more challenging than males and their

reproductive state (above gravid/not gravid) must be taken in to account.”

Response: We have removed the proposed link between female movement, predation risk, and a sea
sonal alarm function from the Discussion. Our response to the reproductive-state concern is provided
in Response 1 above.

Locations: Discussion.

Comment 5: “I know how difficult it is to find additional snakes. If the secretions were frozen pe
rhaps you could re-use these samples to help augment sample size. | encourage you to increase yo

ur sample size, control for estrous in females, and resubmit.”

Response: To avoid potential effects of freezing and storage on secretion composition, we increased
the sample size through additional trials using only fresh cloacal secretions. Our response to the repr
oductive-state concern is provided in Response 1 above.

Locations: T-maze apparatus and odor stimuli; Experimental procedure.

References cited in this response

Jellen BC, Graham SP, Aldridge RD, Earley RL (2014) Oestrus in a secretive species: endogenous es
tradiol varies throughout the shed cycle and influences attractiveness in wild northern watersnakes (
Nerodia sipedon). Behaviour 151: 403-419. https://doi.org/10.1163/1568539X-00003127
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