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Abstract

In science, conclusions are only as reliable as the data they are based on. As such, methodologies that can improve both
the reliability and the ease of securing such data must be disseminated to the scientific community to be used and measured
for viability. Here I present a descriptive methodology for Vocal Slit Expression (VSE) as a form of sex determination for
Dendrobatid anurans, specifically those from the subfamily Dendrobatinae. This clade was selected for this work due to
their presence in the pet trade in the USA where they are readily available to be investigated to test the viability of this
method. I present the history of similar techniques in the literature among the eight member genera and discuss examples
of less described but more prevalent methods of sex determination. I provide photographic examples of VSE in some of
the species within Dendrobatinae and discuss pitfalls and difficulties associated with the process as well as limitations
for application in the field or in the lab. All species examined had readily identifiable bilateral vocal slits in adult males
despite some reports in the literature about vocal slits being unilateral. This procedure allows for a quick and definitive

identification of the sex of a specimen.
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Introduction

In any investigation, the process of data collection and the
quality of the resulting information can define the trajec-
tory of both the current project and future works that look to
build off of it. This can be especially true in categorical data
that must be clearly and decisively recorded to ensure that
proper conclusions are made. Innovation in data collection
could therefore be vital in improving the downstream effects
of information stemming from an investigation. In Anuran
amphibian species lacking obvious sexual dimorphism or
external genitalia, determining the sex of an individual
may lead to using other unique identifiers that could hint
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at the sex of an animal which may be simple to assess but
not always definitive. In such species, the development of
a method to definitively determine the sex of an individual
could prove exceedingly valuable; especially if this method
reduces the time that an animal is manipulated and can be
quickly released. Reduction of time spent handling can alle-
viate several deleterious effects associated with excessive
handling such as increased glucocorticoid levels or even
seizures (Alworth and Harvey 2007; Bliley and Woodley
2012; Lentini 2025).

In the highly diverse new world subfamily Dendrobati-
nae, specimens can be loosely sexed via secondary char-
acteristics such as toe shape in Dendrobates (Lipke 2008),
body shape in various member genera (Guyer and Donnelly
2023; Silverstone 1976), and throat discoloration in Qoph-
aga (Donnelly 1989b). However, these methods can be mis-
leading and outright incorrect in some instances. While it
is a reliable methodology to observe for calling behavior
from male specimens (Prohl 2002), this may not be feasible
for certain investigations or experiments that require a quick
method of sex determination. With 26 of the 60 species
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within Dendrobatinae being listed as either threatened,
endangered, or critically endangered (AmphibiaWeb 2024),
there is a need to improve data collection methodologies to
assist with conservation actions. Being able to definitively
determine the sex of a specimen, whether in-situ or ex-sifu,
enables studies into population structure to be accomplished
without waiting for behaviors, using secondary characters,
or sacrificing individuals to inspect internal anatomy.

Here 1 describe the step-by-step process of vocal slit
expression (VSE) in the species within the subfamily Den-
drobatinae to determine the sex of an individual as well as
investigating the viability of this process in regard to rep-
resentative species. Dendrobatinae was selected to be the
focal clade of this work because of the ready access to spe-
cies of the member genera when compared to the much
more diverse full Family Dendrobatidae. Nearly all species
within Dendrobatinae have bilateral vocal slits confirmed
and the vocal slits are relatively large when compared to
body size (Elias-Costa and Faivovich 2025). Inspecting for
vocal slits to determine sex is not a new idea and has been
used for this purpose for many years. There are several proj-
ects that use this method once the specimen expires (Barrio-
Amoros et al. 2010; Donnelly 1989a; Rueda-Almonacid et
al. 2006) while a few others have been able to inspect the
mouth while the specimen is alive (Betancourth-Cundar
and Palacios-Rodriguez 2022). What is missing for those
that might desire to use this method is how to handle a live
specimen in a manner that is effective enough to succeed
in expressing the vocal slits while being delicate enough
to not cause structural damage or other injury. Because a
technique like this will be needed most in species that are
threatened, it must also be considered that the necessity to
access information must not be done at the expense of the
overall health of the specimen.

Literature review

Inspection of the mouth for vocal slits is not a new process,
with several articles referencing it as the method of choice
for definitively determining sex. The vast majority of these
reports perform this inspection post-mortem which elimi-
nates the necessity for handling and careful manipulation of
the animal to innocuously probe the floor of the mouth for
vocal slits. However, there are a few articles that perform
an oral inspection in living specimens. What is key to this
work are the genera where vocal slit presence has been used
as a means to determine sex. Here we will break down the
species within Dendrobatinae represented in the literature
as having been sexed by using vocal slits both post-mortem
and in life. This historical review was done to support the
validity of finding vocal slits to sex the specimen and is not
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meant to be a list of species with vocal slits. For a list of
species with vocal slits please see Elias-Costa and Faivov-
ich (2025). The monotypic genus Minyobates has been left
out because very little has been researched on the current
sole member M. steyermarki which represents a prospect for
future investigation.

Adelphobates, Grant et al. (2006)

This genus of frogs comprised of just three species found
in the lowlands of Peru and Brazil (AmphibiaWeb 2024)
and is uncommon but present in the US pet trade (Edmonds
2021) with questionable legality (CITES 2015). Two inves-
tigations that sexed species in this genus via vocal slits; both
occurring before the genus Adelphobates was created when
the member species were still members of the genus Den-
drobates (Grant et al. 2021). Caldwell and Myers (1990)
investigated specimens from the “quinquevittatus-group” in
a publication that separated A. castaneoticus from A. quin-
quevittatus. Here, they investigated the type series for a new
species, 4 castaneoticus, where they were sexed using vocal
slit presence. They note that it was not uncommon for males
of this species to have a vocal slit fully developed on only
one side in adult males. When looking at 4. quinquevittatus,
Caldwell and Myers found that two adult males had paired
vocal slits while three males had “undeveloped” vocal slits.
These males were thought to be subadults and were con-
firmed males via dissection. This lack of vocal slits has been
seconded in a report by Manfred Aichinger (1991) who
stated that while calling males from the genera Colostethus
(Cope 1866) and Epipedobates (Myers 1985) had distinct
vocal slits, A. quinquevittatus did not and so dissection was
the only method for sex determination.

It should be noted that in another article by Myers and
Daly (1983), he found that two thirds of adult male 4. quin-
quevittatus (then D. quinquevittatus) were completely lack-
ing vocal slits. However, in this publication, a Ranitomeya
spp. was listed as D. quinquevittatus two separate times
(Figs. 1A, 7B). Therefore, it might be attributable to the
Ranitomeya, but should not be considered valid for Adel-
phobates. This will be covered in the section on Ranitomeya
below.

Andinobates, Myers and Daly (1979)

The genus Andinobates has 16 current member species
and inhabit rainforests and cloud forests from Panama into
Colombia and Ecuador on the western side of the Cordillera
Oriental. The first instance of Andinobates being sexed via
vocal slit presence took place on the critically endangered
Andinobates abditus. This came from the species description
of A. abditus by Myers and Daly (1979) before the genus
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Fig. 1 Bilateral vocal slits
(encircled) in a male Oophaga
lehmanni in full color (A) and
black and white to show the vocal
slits more definitively (B). Photo
credit: C. Buttermore

Fig. 2 VSE done on female Phyllobates terribilis (A) and Oophaga spp. (B). With the probe gently pressed on the sublingual tissue in females
reveals a continuous floor of the mouth with the absence of the vocal slits. Photo credit: C. Buttermore

Andinobates was separated from Dendrobates. Here they
describe A. abditus as having well developed vocal slits and
a shallow vocal sac that seems to indicate the need to inspect
the vocal slits instead of relying on exterior investigation
of the vocal sac. Myers and Daly described another Den-
drobates spp. that eventually became Andinobates bombetes
(Myers and Daly 1979). They note in the species description

that this species too had well developed vocal slits but note
additionally that one side failed to open after maturity in
40% (2/5) of the males captured in the study. They did not
speculate on why only one vocal slit would open versus two.
They also remark here that there is little to no external indi-
cation of the shallow vocal sac as was the case in A. abditus.
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Fig.3 VSE on males of the repre-
sentative genera of the subfamily
Dendrobatinae. A Phyllobates
terribilis, B Ranitomeya vanzo-
lini, C Dendrobates auratus, and
D Oophaga pumilio. Vocal slits
in each specimen indicated by
white arrows. Photo credit: C.
Buttermore

In 2006, Rueda-Almonacid et al. described both A.
daleswansoni and A. dorisswansoni as new species within
Dendrobates. Part of their methodology was to use vocal
slits to determine sex of the type specimens. Both of the
described species were found to have developed vocal slits
that made determination of sex of specimens easy. Sexing
of A. daleswansoni was also done by Duarte-Marin et al.
(2020). Andinobates cassidyhornae was described in 2013
by Amezquita et al. In the species description they note the
presence of vocal slits in the two males collected and again
remark on the absence of the externally apparent throat sac.
This species description occurred after the separation of
Andinobates by Grant et al. (2000). Andinobates geminisae
was described in 2014 by Batista et al. where the presence
of paired vocal slits in males, as well as their absence in
females, was documented in the 11 specimens collected.
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Dendrobates, Wagler (1830)

The genus Dendrobates is likely the most well-known of
all the Dendrobatid genera; represented in the pet trade and
zoos all over the world (Edmonds 2021). While practically
all of the species of the subfamily Dendrobatinae were once
members of this genus, it is now comprised of just five
species ranging from Nicaragua to Colombia, Venezuela
through the Guianas and into far northern Brazil. The most
common species of this genus in the pet trade (D. auratus,
D. leucomelas, and D. tinctorius) are supposed to be easily
sexed through secondary characters like body shape and toe
pad shape (Lipke 2008). Because of this, there are no clear
signs that these species have been investigated for vocal
slits as a determination of sex of a specimen.

However, the two less common species (D. nubeculosus
and D. truncatus) are represented in such a way. The first of
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the two comes from the species description of D. nubecu-
losus by Jungfer and Bohme (2004). The Holotype speci-
men for the species was an adult male that, upon inspection,
had paired vocal slits on the floor of the mouth. The second
article is from Vergara-Herrera et al. (2023) when investi-
gating the toe-tapping behavior common in Dendrobatid
anurans. They collected 19 adult D. truncatus that they then
attempted to sex using a probe to express the vocal slits
on live specimens. They were able to successfully sex the
specimens in the experimental groups using the vocal slits
and continue on to the experiment. This is one of the few
instances of the vocal slits to sex a live specimen and repre-
sents the closest description to date of the method described
in this work, although their method was not described.

Excidobates, Twomey and Brown (2008)

The Excidobates are today comprised of three species found
in lowland Peru and Ecuador. The sole example of a mem-
ber of this genus being investigated for vocal slits comes
from Twomey and Brown (2008) when E. captivus was then
considered to be a member of the genus Adelphobates. Here,
they investigated the rediscovery of 4. captivus after nearly
80 years, taking physical measurements, locality data, and
collecting type specimens. Although it is unknown whether
they expressed the vocal slits in animals that were alive or
deceased, they were able to positively identify vocal slits
or absence thereof to determine the sex of the specimens.
Based on the findings of this paper, they submitted to have
it moved from the genus Adelphobates and moved into
Excidobates.

Oophaga, Bauer (1994)

The Oophaga are a well-known and highly coveted genus
of Dendrobatid frogs for the pet trade. Twelve total species
consisting of a Northern Group of five species ranging from
Nicaragua to Panama and a South American Group of seven
species that inhabits the western edges of Colombia and
Ecuador. Within the Northern Group there is the charismatic
O. pumilio, or blue jean poison frog, highly associated with
exotic jungle fauna. The South American Group contains
the species within the histrionica-lehmanni species com-
plex, sometimes known as the Large Colombian Obligate
(LCO) in addition to the highly polymorphic O. sylvatica
and the extremely rare and isolated O. occultator.

Species within this genus are commonly sexed by observ-
ing the skin of the throat for discoloration (Donnelly 1989b)
or by dangling specimens by the hind legs to elicit a distress
call from males. Because males control territories and call to
attract mates and ward off competitors, breeders will some-
times place a known male with an individual of unknown

sex to gauge the response of the male; be it aggressive or
interested. All three of these methods are insufficient and the
last two can be overly stressful for the specimen.

There are three examples in the literature of Oophaga
species being sexed by vocal slit presence. The first comes
from an investigation into the reproductive phenology and
age structure of a Costa Rican O. pumilio population in
by examining 468 individuals from La Selva Biological
Reserve (Donnelly 1989a). These individuals were collected
and euthanized and examined for reproductive anatomy and
physiology. Donnelly states that males had paired vocal slits
regardless of the maturity of the reproductive anatomy. This
doesn’t help to answer the age range when the state of the
vocal slits reaches maturity or are even detectable, simply
that they were present in all males. Donnelly does mention
that the minimum size of sexual maturity for both sexes is a
snout-vent length (svl) of 19 mm.

The other two examples of sexing via vocal slits to sex
Oophaga were performed on the critically endangered
Oophaga lehmanni which has benefited from focused aca-
demic investigations and multiorganizational efforts to
improve conservation outcomes (Gomez-Diaz et al. 2016).
Both instances were performed by Bethancourth-Cundar
(2020, 2022) and were done on live animals much in the
same way Vergara-Herrera et al. (2023) by opening and
inspecting the mouth although neither publication indicates
the methodology of the process such as: the handling of the
animal, how to safely open the mouth, or which instrument
was used to probe the floor of the mouth.

Phyllobates, Duméril and Bibron (1841)

The genus Phyllobates is made up of seven species rang-
ing from Nicaragua to Colombia (AmphibiaWeb 2024) and
contains the original “poison dart” frog species used by
the indigenous tribes of Western Colombia. The two most
well-known species within Phyllobates, P. bicolor and P.
terribilis, are also the most at-risk members of the genus
according to the [UCN (2017a, b) as well as the most toxic
(Myers et al. 1979). This genus has been studied extensively
for its toxin profile which is among the most powerful in
the world (Myers and Daly 1983). Several of the illuminat-
ing investigations into this species are in Spanish; those
that are in English are usually from the 1970’s or 1980’s
before the area along the Pacific Coast was engulfed in the
international drug trade. There is much about this genus
that remains unknown because of the restricted access to
their habitat in Colombia, although some great works do
exist such as the Marquez et al. (2020) breakdown of the
genus. The limitation of handling to look for vocal slits in
this genus is likely due to the sheer toxicity of its member
species.
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Several investigations simply attribute transportation of
larvae and vocalization to the males and use these variables
as an indicator of sex even though females are known to
transfer tadpoles as well (Myers and Daly 1983). Only one
report in either English or Spanish discussed sexing via
vocal slit presence. This example comes from Myers et al.
(1978) when they described Phyllobates terribilis. In an
examination of 412 individuals (393 paratypes, 18 living
individuals, and the holotype) they found that males have
well defined vocal slits that are usually paired but were
found to be unilateral in 18% of males. They also noted that
the presence of vocal slits was correlated with testicular
enlargement. Additionally, they make note of a case of an
immature male (~29.0 mm) with well-developed vocal slits.

Ranitomeya, Bauer, (1985)

The genus Ranitomeya is phenotypically similar to the Andi-
nobates to the point they were actually considered a single
genus (Twomey et al. 2011), with the Ranitomeya found
in the lowland Amazonian regions where the Andinobates
found in the higher altitude rainforests in the Andes Moun-
tains. This genus contains 16 species that are present from
Colombia to Peru and through Brazil to the Guiana Shield
(AmphibiaWeb 2024). The Ranitomeya can be particularly
difficult to sex because of their diminutive size and lack of
sexual dimorphism (Brown et al. 2008).

There are at least three instances of vocal slits being used
to sex species from this genus. The first is actually from a
misidentification from Charles Myers in 1982 which focuses
on Dendrobates quinquevittatus, possibly talking about
Adelphobates quinquevittatus, but could be an adherence to
D. quinquevittatus sensu Silverstone. The figure that is ref-
erenced in Myers, 1982 depicts a Ranitomeya species from
the Loreto Department of Peru (Fig. 1A in Myers 1982).
In this article Myers describes the holotype of the species
R. vanzolini, which is described as an adult male owing to
the presence of vocal slits. He also describes the male para-
types as having well-defined vocal slits but little to no indi-
cation of a subgular vocal sac. Interestingly, he does point
out that in the inspection of 41 males of Ranitomeya reticu-
lata, which is also described in the article, none of them
had detectable vocal slits. This would be one of the only
cases that vocal slits have not been found in adult males.
The males in this case were identified by internal anatomy
and so were verifiably sexed. In the article, Myers found
that some Phyllobates had only one vocal slit, but states that
he has never seen vocal slits be absent. This represents an
obvious opportunity for further investigation.

The second instance where Ranifomeya species were
checked for the presence of vocal slits as a determination of
sex comes from an extensive work by Brown et al., 2008.

@ Springer

Here they revise the Ranitomeya fantastica species-complex
and describe two new species of Ranitomeya. The first spe-
cies they describe is Ranitomeya summersi which they state
in the description of the holotype, an adult male, as having
vocal slits on the floor of the mouth and as not possessing a
visible subgular pouch. The second species described in this
investigation is Ranitomeya benedicta which was found to
have “faint vocal slits” on the floor of the mouth and a semi-
expanded subgular vocal sac. In this paper they also go over
some specimens within the fantastica species-complex (that
is, current morphotypes of R. fantastica) where sex was
determined by presence or absence of vocal slits. They do
discuss that large body size was used to give an idea of sex
but say that this can only be supplemental.

The final example of a Ranitomeya species being sexed
by vocal slit presence was done with R. defleri in its spe-
cies description from near the Rio Apaporis in Colombia
(Twomey and Brown, 2009). Here they describe the holo-
type specimen of this new species as being an adult male
verified by the presence of vocal slits.

Materials and methods
Materials

The animals used in this investigation were from a private
collection and permitted on the basis of anonymity. This
procedure is meant to be a universally applicable process
able to be performed in labs, camps, and field-sites alike, so
the materials listed here will be only what is necessary for a
single person to perform the procedure in a safe and effec-
tive manner. This stripped-down list can be supplemented
in various ways but covers personal protective equipment
and tools needed to achieve vocal slit identification and
expression.

Nitrile gloves (Finitex) which must be powder-free to be
safe for use with amphibians are a necessity in the field and
recommended in the lab. In order to illuminate the mouth
of the specimens, which are generally a dark coloration, a
small flashlight or head lamp will be key. In order to verify
the presence or absence of the vocal slits by expressing
them, narrow dull probing tool should be used. Plastic ear
curettes (American Hospital Supply) can be shaved down to
an appropriate size and be made smooth to ensure that there
is no cutting within the delicate tissue of the mouth. Things
like a toothpick or a hypodermic needle have been used
effectively but present clear safety risks for the specimen.
Nail dotting tools (COYAHO) present another viable option
because of their handleability and smooth metal caps.
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Protocol

Here the detailed process for inspecting for the presence of
vocal slits in live specimens with high accuracy and low
stress will be discussed. The hand which will be used to
probe the mouth will be referred to here and in the follow-
ing sections as the functional hand (usually the person’s
dominant hand), while the other hand will be referred to as
the ofthand. This method is most easily broken up into six
stages to improve the focus of the investigator on the key
objectives within each stage. The first stage is preparation
for the procedure which is key to ensure that it can be done
as quickly and smoothly as possible. Second is Capture/
Positioning which covers the preparation of the individual
frog to begin the process. Third is opening the mouth which
for many people can require the most focus and physical
stress but is done in a way to maintain the delicate mandibu-
lar and maxillary bones of the specimen. Fourth is the vocal
slit inspection is using a probing item to investigate the floor
of the mouth to find if there are vocal slits. The fifth step is
the prep for release where the realigning of the specimen to
inspect for adverse effects to make sure the animal is cleared
for release. The final step is observing the animal for addi-
tional signs of stress or injury once released.

Stage 1: Preparation

The main goal of this whole procedure is to determine the
sex of the subject animal quickly and effectively. As such,
preparing the materials and area is key to reducing the stress
of the procedure on the animal. First, clean, powder-free
gloves should be put on so that they are tight with no loose
material on the fingertips. If the animals are ex situ a thor-
ough wash of the hands with RO water can be substituted.
Second is to make sure that the area is lit in a way that the
dark tissue on the inside of the mouth can be seen in detail.
This can be achieved with a headlamp or by having another
person hold a flashlight to illuminate the mouth of the frog.
[llumination is key to identifying the areas of the floor of
the mouth. Last is to make sure that the area is clear and will
allow for a smooth and safe procedure. It is key for the indi-
vidual performing VSE to be in a sustainable position that
will ensure that the procedure is as simple as possible. Once
these steps are taken, the next stage can begin.

Stage 2: Capture/positioning

In this stage the animal must first be secured. This is some-
times made easier by keeping the specimen in a smaller
container that will make it much harder to evade and will
thus reduce the time it is being pursued and handled. Once
the animal is secured, gain control of the forelimb with the

functional hand, holding just tight enough to keep the ani-
mal stable in case of a flight response. The next step is to
use the offhand to grab the body of the animal between the
thumb and index finger and finally to release the forelimb
from the functional hand.

Stage 3: Opening the mouth

When opening the mouth, it is important to not place axial
pressure on the delicate angulosplenial and dentary bones
that make up the mandible. Using the friction of the gloved
offhand thumb on the skin of the gular pouch the specimen’s
lower jaw can be gently and steadily pulled open. This may
take a few tries to create enough pressure to open the mouth
but can be done with an extremely low amount of physical
pressure. Once the mouth has been opened, you can use the
probe to keep it open and move to the next stage.

Stage 4: Inspection for vocal Slit

Stage Four begins with the mouth open and the probe in
place when the lighting allows for the floor of the mouth
to be observed in detail. When the mouth of the animal is
opened, the tongue is lifted up off the floor of the mouth and
it is the sublingual area of the mouth that must be probed to
inspect for the presence of the vocal sacs. Placing the probe
laterally to the base of the tongue, gently press down and
roll the probe side to side to find the opening of the vocal
sac. This should be easily done in mature specimens where
often the vocal slit is visible before physically searching for
it. The probe should enter the vocal slit and definitively con-
clude that the animal is a male. In females, the probe will
reach the base of the tongue with no sign of an entrance to
a vocal slit.

Stage 5: Verify condition and release

Once the result has been determined the probe can be
removed and the mouth of the animal can close. Observe for
any cuts or lesions that may affect the wellbeing of the ani-
mal. Once the condition of the frog is determined as stable,
shift the animal from the offhand back into the functional
hand and place the animal back into its enclosure.

Stage 6: Observation

The final stage is observing the animal to make sure that
there are no underlying issues with foraging behavior or
feeding dynamics. If the procedure is done without error, the
stress of capture should be the most detrimental part of the
experience for the animal and so observation can be done
ad libitum to ensure that the specimen is able to flee once
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Fig. 4 VSE in Epipedobates anthonyi (Subfamily Colostethinae).
Vocal slits indicated by white arrow. Photo credit: C. Buttermore

released. Although the author has not experienced error in
the performance of VSE, it is a delicate procedure that if
done haphazardly could lead to outcomes that affect the sur-
vival of the individual.

Discussion

Vocal slit expression (VSE) functions as a reliable method
of sexual determination in the subfamily Dendrobatinae.
Here we presented a truncated history of the use of varia-
tions of this technique in member genera to the subfamily
Dendrobatinae to provide a foundation for the use of vocal
slit presence, often as the definitive method to determine
sex. We then provided examples of VSE on four of the
member genera of Dendrobatinae that were readily avail-
able in captive collections (Dendrobates, Oophaga, Phyl-
lobates, and Ranitomeya). VSE is also a reliable method of
sexing members of the Family Dendrobatidae that belong to
other subfamilies known to have vocal slits present (Lima
et al. 2014; Elias-Costa and Faivovich 2025) but those spe-
cies were not adequately available in the private market at a
sufficient enough level to fall into the scope of this work. In
lieu of inspection, various works have noted the presence of
vocal slits that were then used for determining sex in these
genera (Serrano-Rojas et al. 2017; Kok et al. 2006; Acosta-
Galvis and Vargas-Ramirez 2018; Grant and Bolivar-Garcia
2021). Additionally, we were able to inspect members of
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Fig. 5 Gular pouch analysis of physical differences on Oophaga syi-
vatica. The female A has no discoloration of the throat and no vocal
slit present C. The male B also shows no gular pouch discoloration and
does show a clear vocal slit upon examination D. Vocal slit indicated
by white arrow. Photo credit: C. Buttermore

the genus Epipedobates (Subfamily Colostethinae) and dis-
covered that VSE is just as effective a method to sex that
species as in Dendrobatinae (Fig. 4).

Additional methods of sex determination in this subfam-
ily rely on superficial details such as gular pouch discolor-
ation (Oophaga & Phyllobates), body shape (Ranitomeya),
toe disc shape (Dendrobates) or triggering distress call
(Oophaga). While these can be used as indicators of sex,
they are also left up to interpretation and may be outright
misleading. Gular pouch discoloration can occur in male
Oophaga species that are sexually mature, but it is not
present in all males. In Fig. 5 below, a reproductive pair of
Oophaga sylvatica are pictured ventrally to show condition
of the gular pouch as well as the result of the VSE. Experi-
enced keepers or researchers may be able to determine the
sex of a Dendrobatid frog by gular pouch coloration, but it
cannot be considered definitive method.

Body and toe-pad shape present a similar problem as
methodologies to determine sex in Dendrobatid anurans.
Toe pad shape has been used to great effect in the field by
seasoned researchers to sex Dendrobates tinctorius (Rojas
and Endler 2013), but in the end relies on a mean differ-
ence of 0.7 mm difference between the mean toe disc width
for males and females (2.81+0.24 and 2.11+0.20 respec-
tively). Body shape can likewise be used to determine sex



Zoomorphology (2025) 144:58

Page90of 10 58

in some genera but is subject to subtle differences that could
be misread by even the most trained researcher. For species
within the genus Oophaga, several tactics meant to elicit a
distress call from males are common to determine the sex of
an individual animal. Dangling, which describes the method
of holding the animal by the back legs and dangling them to
get a male to call held as a common practice. This method
is by no means definitive as males from some species rarely
call when exposed to this method. Additionally, the stress
experienced by longer durations of handling in this method
versus just a few seconds during VSE must be considered
(Lentini 2025).

Although we displayed the simplicity with which VSE
can be done and its broad applicability to the members of
the subfamily Dendrobatinae we were unable to investigate
individuals from Ranitomeya reticulata or Adelphobates
spp. which, as stated earlier, was documented as not having
vocal slits in mature males. This species is not as readily
available as some of its congeners or other subfamily mem-
bers that were inspected here but should be inspected as part
of a large sample size to test the validity of this claim. VSE,
as highlighted in the literature, is mostly effective once
the animals reach sexual maturity. The age at which these
vocal slits develop is not well understood but are also some-
thing to tackle in future investigations. While these myster-
ies remain, the VSE method as described here is a simple,
quick, and efficient method of definitively determining sex
in Dendrobatid anurans.
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