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Abstract. This study investigated geographic variation in a suite of reproductive behavioral traits in Hyalinobatrachium
fleischmanni across several sites in Mexico and Ecuador. We made observations on the frequency of egg-mass brooding behavior
and compared brooding encounter rates between wet and dry forest types. Brooding encounter rates were significantly higher
in the drier region, suggesting a potential relationship between paternal care and climatic conditions. We also compared calling
and oviposition sites between geographic regions and tested for associations with the distributional range of the frog-eating bat,
Trachops cirrhosus. In regions where H. fleischmanni and T. cirrhosus co-occur, both calling males and egg masses were more
frequently found on ‘less exposed’ lower surfaces of leaves, where risk of attack from aerial predators may be reduced. We also
provide novel information on brooding behavior and clutch guarding, and discuss the implications of our results in the framework
of existing information on the reproductive biology of this species.
Keywords. parental care; geographic variation; behavioral plasticity; reproductive behavior; Amphibia; Centrolenidae;
Hyalinobatrachium fleischmanni; Trachops cirrhosus.

Introduction
Throughout the humid Neotropics from southern
Mexico to northwestern Ecuador, Hyalinobatrachi‑
um fleischmanni (Boettger, 1893) is a commonly-encountered arboreal anuran in many riparian habitats
(McDiarmid, 1983; Villa, 1984; Hayes, 1991; Savage, 2002). Like other species of centrolenid frogs,
H. fleischmanni frequents stream-side vegetation
during their reproductive season, where territorial
males can be observed calling for mates and caring
for eggs deposited on leaves above streams (McDiarmid and Alder, 1974; Clark, 1981; Jacobson, 1983;
Hayes, 1991). This species is noted for occurring in
high densities during reproductive periods, reaching
1 male territory per 1‑2 m of stream-side habitat in
Central America (Greer and Wells, 1980; Villa, 1984;
Jacobson, 1985; Hayes, 1991; Pounds et al., 1997).
These high densities, along with easily-observable
reproductive behaviors, have led to several studies
on the reproductive ecology of this species (see Villa, 1977, 1978, 1984, Greer and Wells, 1980; Clark,
1981; Wells and Schwartz, 1982; Jacobson, 1983,
1985; Hayes, 1991).
Parental care behavior is an interesting aspect of the
Centrolenid reproductive biology. In H. fleischmanni

parental care in the form of egg-mass brooding behavior predominantly functions to hydrate embryos
exposed to moisture-limited conditions of arboreal
microhabitat (Hayes, 1991). This behavior appears to
be stimulated by temporal weather patterns, with a
noted increase of care on dry evenings (Hayes, 1991;
in H. valerioi see Vockenhuber et al., 2009). Considering that parental care in this species should theoretically serve to maintain optimal conditions for developing embryos in a variable environment, it seems
logical that the frequency of care would respond to
environmental heterogeneity on a larger geographic
scale. However, there is currently little information
on this topic. Another interesting feature of this species’ reproductive biology, as well as other species of
Hyalinobatrachium, is the use of the undersides of
leaves for calling and oviposition sites. As these locations may be low quality for sound propagation and
embryonic survivorship (Wells and Schwartz, 1982;
Hayes, 1991), it has been suggested that males may
select such sites to avoid potential predation (Greer
and Wells, 1980; Wells and Schwartz. 1982; Wells,
2007).
Herein we examine geographic variation of both
parental care and site-use, considering environmental and predator-prey interactions. The unique
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biogeography of montane southern Mexico, along
with the distinct semi-isolated ranges of the study
species, provides an interesting situation to compare
behavior between adjacent sites that vary greatly in
ecology. We analyzed data from several independent investigations in southern Mexico to compare:
(1) brooding encounter rates between wet and dry
forest types, and (2) calling and oviposition site use
between populations outside and within the distributional range of the frog-eating bat, Trachops cirrho‑
sus. We provide supporting observational data from
additional sites in Ecuador, and contribute novel information on parental care function in this species.
The extensive distributional range of H. fleischmanni
has led many authors to suggest that it likely represents multiple species (Goin, 1964; Starrett and Savage, 1973; Kubicki, 2007), a hypothesis which has

received some support in recent phylogenetic studies
(Guayasamin et al., 2008; Castroviejo-Fisher et al.,
2009). Although our observations of variation may be
attributed to multiple species, we use this opportunity
to speculate on possible relationships of evolutionary
interest.
Material and Methods
Fieldwork was carried out independently by each
author in their region of study. All observations were
made during visual encounter surveys (VES) along
riverine transects (Heyer et al., 1994) in several regions of Mexico and Ecuador. Depending on the investigator, objectives varied from site to site: Rene
Murrieta-Galindo (RM) compared herpetofaunal

Figure 1. Map of the known range of Hyalinobatrachium fleischmanni, showing our study sites, and mean annual precipitation, which
emphasize differences in forest type. Mean annual precipitation values were extracted from WORLDCLIM 1.4 database (Hijmans et al.,
2005; www.worldclim.org) and used to make the mean annual precipitation layer. The red polygons join known localities, based on
specimens in collection, and indicate this species extent of occurrence (shapefiles downloaded from IUCN, 2009; www.iucnredlist.org).
Black dots denote our sample localities that occur in: region 1 of Mexico (1) Xico, (2) and (3) Huatusco, (4) Cuautlapan, (5) Vista Hermosa,
and (6) Chajul; region 2 of Mexico (7) Candelaria, (8) San Gabriel Mixtepec, and (9) Arroyo Camaron; and in Ecuador (10) Rio Mompiche,
(11) Rio Bogotá, and (12) Hacienda La Joya.
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Table 1. A list of study sites of Hyalinobatrachium fleischmanni and corresponding regions, with GPS coordinates, mean annual
precipitation (extracted from the WORLDCLIM 1.4 database), and forest-type classification (according to Holdridge, 1967).
Site
1. Xico, Sierra Madre Oriental, Veracruz
2 and 3. Huatusco, Sierra Madre Oriental, Veracruz
Mexico
Region 1

4. Cuautlalpan, Sierra Madre Oriental, Veracruz
5. Vista Hermosa, Sierra de Juarez, Oaxaca
6. Chajul, Reserva de la Biosfera Lacantun, Chiapas
7. Candelaria Loxica, Sierra de Miahuatlan, Oaxaca

Mexico
Region 2

8. San Gabriel Mixtepec, Sierra de Miahuatlan, Oaxaca
9. Arroyo Camaron, Sierra de Miahuatlan, Oaxaca
10. Rio Mompiche, Esmeraldas

Ecuador

11. Rio Bogota, Esmeraldas
12. Hacienda La Joya, Pichincha

assemblages between undisturbed and altered forests
(coffee plantations) at three sites in central Veracruz,
Mexico (Fig. 1, localities 1‑3), during June and July
2005, 2006, and 2008; Jesse Delia (JD) and Jonathan Whitney (JW) investigated the occurrence and
natural history of montane stream-breeding frogs in
Veracruz and Oaxaca, Mexico (Fig. 1, localities 4, 5,
and 7), during June and July 2007; in July and August
2009, JD was investigating the behavioral ecology of
this species at two streams near San Gabriel Mixtepec, Oaxaca, and Chajul, Chiapas, Mexico (Fig. 1,
localities 6, 8, and 9); and Diego F. Cisneros-Heredia
(DC) observed the species at three sites in western
Ecuador (Fig. 1, localities 10‑12), some of which he
has visited since 1998. Geographic coordinates were
obtained using GPS devices. Sites were classified according to criteria defined by Holdridge (1967) using
bioclim data from WORLDCLIM 1.4 database (Hijmans et al., 2005) extracted from GPS points in an
ARC GIS environment, along with other published
information (Stuart, 1966; Caldwell, 1974; Breedlove, 1981; Janzen, 1983; Lips et al., 2004).
In southern Mexico, this species occurs in distinct
semi-isolated ranges that correspond exclusively with
the Gulf or Pacific slopes and lowlands of southern
Mexico’s principle mountain ranges. These distinct
ranges are separated from each other by arid interior

Geographic coordinates Annual precipitation
19°25’22”N, 97°00’35”W;
1901 mm
1300 m
19°13’02”N, 96°58’18”W;
2004 mm
1300 m
18°52’22”N, 97°01’23”W;
2281 mm
1100 m
17°43’63”N, 96°19’57”W;
3535 mm
700 m
16°07’00”N, 90°55’00”W;
3080 mm
548 m
15°55’30”N, 96°28’50”W;
1291 mm
450 m
16°05’10”N, 97°04’46”W;
1435 mm
685 m
16°02’16”N, 97°04’00”W;
1482 mm
554 m
00°30’20”N, 80°01’22”W;
2010 mm
25 m
01°03’N, 78°37’W;
3222 mm
300 m
00°05’N, 78°59’W;
3047 mm
70‑800 m

Forest type
LWF
LWF
LWF
PWF
TMF
PMF
PMF
PMF
TMF
TMF
TMF

valleys and mountain ranges. All analyses consider
this distributional pattern and we group study sites
accordingly into two distinct regions in southern
Mexico: 6 sites in region 1, which occurs along the
Gulf lowlands, slopes of the northern escarpment of
Oaxaca and Chiapas, and the Sierra Madre Oriental
of Veracruz (Fig. 1, Tab. 1, localities 1‑6). Sites in
this region are primarily mildly seasonal broadleaf
evergreen forests classified as Tropical Moist (TMF),
Premontane Wet (PWF), and Lower Montane Wet
Forest (LWF) (Stuart, 1966; Caldwell, 1974; Breedlove, 1981). Region 2 includes three sites along the
Pacific slopes of the Sierra Madre del Sur of Oaxaca
(Fig. 1, Tab. 1, localities 7‑9). In this region, the forest is comparatively drier, strongly seasonal, 30% deciduous, and classified as Premontane Moist Forest
(PMF) (Stuart, 1966; Caldwell, 1974). The region 1
sites occur within the distributional range of a frogspecialist bat, Trachops cirrhosus; whereas region 2
sites fall outside of its range, which terminates east/
southeast of region 2 at the Isthmus de Tehuantepec
(Emmons, 1997; Medellín et al., 2008).
To develop preliminary insights on care intensity
we recorded brooding encounter rates as the number
of males encountered brooding along a transect. In
each region, we calculated brooding encounter rates
(no. of males found brooding / no. of males with
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calling sites observed) and compared them between
regions using a chi-square test of independence. To
examine microhabitat use we recorded the location
of egg deposition and calling sites, as on the upper
or lower leaf surfaces, along transects. Any calling or
oviposition sites on vertical surfaces where excluded
from analyses. We used a chi-square test of independence to examine differences in the ratio of leaf surface use (lower: upper) for both oviposition and calling site locations between region 1 and region 2 study
sites. Due to inconsistencies in personal objectives,
we lack data for some parameters (specifically calling
site location and brooding encounter rates) at certain
sites. Considering that behavioral observations were
opportunistic and infrequent, we present descriptive
data on particular observations.

between brooding bouts males were observed moving
through the vegetation, and appeared to be searching
for wet spots on leaves. Once a wet spot was located,
males would assume an adpressed position with their
arms and legs slightly spread and their entire ventral
surface pressed against the leaf. In several cases it
was evident that males were absorbing moisture, as
we could observe a noticeable decrease in the surface
area of the wet spot. Males were then seen returning to the egg mass and again performing brooding
behavior. This pattern was observed for males tending several egg masses, thus the vast majority of the
evening was spent brooding, locating and absorbing
moisture, and again returning to brood eggs.

Results

We observed a total of 61 calling males among
five sites in southern Mexico (region 1: n = 40; region 2: n = 21). Within region 1 (1.1‑1.3, 1.6), calling
males were encountered using the lower surface of
leaves (77.5%; 31/40) more frequently than the upper surface (22.5%; 9/40); and this difference was
found to be highly significant (χ2 = 11.03; df = 1;
n = 40; p < 0.001). In region 2 (1.8‑1.9), males called
from both sides of leaves with more or less equal frequency: 52.4% (11/21) on lower surfaces and 47.6%
(10/21) on upper surfaces (χ2 = 0.00; df = 1; n = 21;
p = 1.0). Between regions, the ratio of calling sites on
the upper leaf surface to lower leaf surface are significantly higher in region 2 (χ2 = 4.05; df = 1; n = 61;
p = 0.044). This indicates that calling behavior in
H. fleischmanni is altered in different geographic regions (Fig. 2). In addition, we noted temporal variation of calling site use at Rio Bogotá in Ecuador.
At dusk, multiple male H. fleischmanni at this site
were encountered calling from the upper surfaces of
leaves, however, shortly after dark they retreated to
the undersides and continued calling.

Egg Mass Tending Behavior
In Mexico we observed differences in encounter
rates of brooding males between wet sites in region 1
(1.4‑1.6) and dry sites in region 2 (1.7‑1.8). In region
1, we observed a total of 36 males with calling sites
(= territorial), of which only two were found brooding eggs. In region 2, we observed a total of 34 territorial males, of which 12 were found brooding eggs
(Table 2). Brooding encounter rates in the drier region
2 (35.3%) were significantly higher than in region 1
(5.6%; χ2 = 9.67; df = 1; n = 70; p = 0.002).
Though comparative data are lacking, in Ecuador
we observed a similar pattern. At Mompiche, the driest of our Ecuadorian sites, we occasionally monitored
three egg masses over a period of two weeks. During
this time, males were consistently encountered next to
eggs throughout the course of the evening (observations terminated at 01:00) and on successive nights.
In comparison, at Rio Bogotá, the wettest Ecuadorian
site, we monitored two egg masses for one week in August 2000, four egg masses during eight days in January 2002, and two egg masses over two weeks in January 2004, and only occasionally found caring males
(neither throughout the night nor on successive nights).
In addition to increased encounter rates of brooding males, in San Gabriel Mixtepec (region 2) we
also noted a marked increase in parental care intensity. During the nights of June 16 and 17, 2009, we
observed four males returning to brood eggs multiple
times in a single evening. These males brooded a given
egg mass three to five times during the same night. In

Calling sites

Egg Mass Locations
We observed a total of 88 egg masses among all of
our sites in southern Mexico (region 1: n = 48; region
2: n = 40). We compared oviposition site use (upper
vs. lower surface of leaves) between both regions
(Fig. 3). In region 1, egg masses were almost exclusively located on the lower surfaces of leaves (97.9%;
47/48), with only one egg mass (2.1%; 1/48) located
on the upper surface of a leaf. On the Pacific slope
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Table 2. Encounter rates of egg mass brooding behavior of Hyalinobatrachium fleischmanni at various sites throughout two regions of
southern Mexico. Encounter rates are described as proportion of all males observed that were found brooding egg masses.
Region

Site

1
1
1
2
2
TOTALS

Vista Hermosa
Cuautlapan
Chajul
Candelaria
San Gabriel
Region 1
Region 2
Region 1
Region 2

MEANS
(± sd)

Total number of male
territories observed
7
23
6
10
24
36
34
12.0
± 9.5
17.0
± 9.9

Number of males encountered
brooding
1
1
0
3
9
2
12
0.67
± 0.58
6.0
± 4.2

Brooding Encounter Rate
14.3%
4.3%
0.0%
30.0%
37.5%
5.6%
35.3%
6.2%
33.8%

± 7.3%
± 5.3%

Figure 2. Comparisons of calling sites (upper vs. lower surfaces
of leaves) of Hyalinobatrachium fleischmanni observed in two
regions of Mexico. Data are presented as the percentage of males
observed calling on upper versus lower surfaces of leaves in each
region. Region 1 (n = 40) includes Chajul, Huatusco, and Xico,
and is within the range of the frog-eating bat Trachops cirrhosus
in TMF/LWF; Region 2 (n = 21) includes San Gabriel Mixtepec
and Arroyo Camarón on the Pacific slope of Oaxaca in PMF and
is outside the range of T. cirrhosus.

Figure 3. Comparisons of oviposition sites (upper vs. lower leaf
surface) of Hyalinobatrachium fleischmanni egg masses observed
in two regions of Mexico. Data are presented as the percentage of
total egg masses observed per region. Region 1 (n = 48) includes 6
sites from the Gulf slopes of Chiapas, Oaxaca, and Veracruz (see
Fig. 1, localities 1‑6), and is within the range of the frog-eating
bat, Trachops cirrhosus, in TMF/PWF/LWF; Region 2 (n = 40)
includes 3 sites from the Pacific slope of Oaxaca (see Fig. 1,
localities 7‑9) and is outside the range of T. cirrhosus in PMF.

(region 2), oviposition sites were also more frequently
located on the lower sides of leaves (77.5%; 31/40),
however upper sides were used more often than in region 1 (22.5% vs. 2.1%). Differences in the frequency
of upper leaf surface use were significantly higher in
region 2 (χ2 = 9.84; df = 1; n = 88; p < 0.002).

each encounter, when the insect predators came into
contact with the jelly of the eggs, the male kicked the
intruder with his hind legs knocking the insect off of
the leaf. The egg mass attacked by the katydid was
observed on subsequent days in a healthy state. However, the eggs attacked by the wasp were predated the
following day, presumably by a wasp since the egg
jellies were intact and only the developing embryos
had been pulled out (see McDiarmid, 1978).

Egg Mass Defense Behavior
At Mompiche, two males were observed defending their eggs from predatory insects during nighttime
surveys: a katydid and a predatory wasp. The first
male was brooding an egg mass, while the second
male was next to the eggs on the same leaf. During

Discussion
Egg-attendance behavior has been reported in numerous species from several centrolenid genera (i.e.,
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Centrolene, Ikakogi, and members of the Hyalinobatrachinae), yet there is little published information
confirming the benefit of this behavior to offspring
survivorship. In some cases, it is possible that the
presence of attending males may be nothing more
than site fidelity, resulting from male occupancy of
high-quality calling/oviposition sites. However, in
other cases egg mass tending behavior has been directly examined, and is thought to serve two primary
functions: (1) guarding behavior or active defense by
the parent against possible egg-predators (Fig. 4D),
and/or (2) egg-brooding behavior to hydrate eggs and
alleviate desiccation-related mortality (Fig. 6).
To date, evidence demonstrating the beneficial
function of parental care in this family exists for just
three species (McDiarmid, 1978; Jacobson, 1985;
Hayes, 1991; Vockenhuber et al., 2008, 2009), with
only two investigations utilizing a rigorous experimental approach (Hayes, 1991; Vockenhuber et al.,
2009). McDiarmid (1978) attributed higher offspring
survivorship in Hyalinobatrachium valerioi compared to H. colymbiphyllum to increased tending behavior in the former, in which males spend 24 hrs next
to egg masses compared to only nocturnal attendance
in H. colymbiphyllum. Though experimental evidence

was lacking, he speculated that guarding had a specific anti-predator function, because diurnal predators
accounted for the higher rates of embryonic mortality
in H. colymbiphyllum. Through comparing embryonic survivorship in a male removal experiment, Vockenhuber et al. (2009) addressed parental care function
in H. valerioi, finding that guarding behavior enhances embryonic survivorship. Their results support McDiarmid (1978), as they found a significantly higher
mortality rate in egg masses where the guarding male
was removed and noted that arthropod predation accounted for the majority of mortality in this treatment.
Active defense against embryonic predators has been
reported in H. colymbiphyllum (Drake and Ranvestel, 2005), H. valerioi (Vockenhuber et al., 2008), and
H. fleischmanni (this work), thus guarding behavior
appears widespread within the Hyalinobatrachinae.
Egg-brooding behavior in Hyalinobatrachium has
been studied by Hayes (1991) in H. fleischmanni and
by Vockenhuber et al. (2008, 2009) in H. valerioi.
Hayes (1991) implemented an experimental approach
and clearly demonstrated that ventral-contact-brooding behavior functions primarily in the hydration of
the egg masses to limit desiccation-related embryonic mortality. Brooding behavior in H. valerioi also

Figure 4. Examples of calling and oviposition sites of Hyalinobatrachium fleischmanni: upper (A and B) and lower (C and D) leaf surfaces
from Candelaria (B) in 2007 and San Gabriel (A, C, and D) in 2009. Red arrow in (B) indicates the location of a second egg mass attached
to the upper surface of a leaf just above a male calling while brooding. The male in (D) was often seen calling next to his egg throughout
development, which may provide some guarding function.

Delia, J. et al.

appears to provide a hydrating function as embryonic-desiccation related mortalities were only observed
in egg masses where the caring male was removed
(Vockenhuber et al., 2009).
In H. fleischmanni, males brood eggs immediately
following oviposition (Fig. 7C) and during occasional nocturnal bouts throughout development (Clark,
1981; Jacobson, 1983, 1985; Hayes, 1991). Hayes
(1991) concluded that this behavior is an infrequent
form of parental care, with males brooding eggs only
12‑20% of the nights throughout development. This
degree of care appears intermediate in comparison to
those species that, throughout embryonic development, guard eggs for up to 24 hours a day and perform
brooding behavior (e.g., H. valerioi). Though guarding behavior does not seem as intense in H. fleis‑
chmanni, periods marked with frequent bouts of
brooding are certainly energy demanding with males
searching for and providing offspring with an important resource that maintains the embryonic environment. We observed males returning to brood the same
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egg masses up to 5 times in a single evening. Between
brooding bouts males where seen searching for and
absorbing moisture, then returning to again brood
the egg mass. This pattern was observed in multiple
males, each of which was tending several egg masses.
In these instances, males were spending the majority
of the evening caring for offspring.
It is difficult to determine a relative degree of parental care without considering environmental relationships. As egg mass brooding appears to alleviate
the risk of embryo desiccation, climatic differences
between sites should affect the frequency of brooding
behavior. Hayes (1991) demonstrated that weather
can influence brooding activity, with a significant increase in brooding on drier and/or windier nights and
during drier intervals. In addition, Vockenhuber et al.
(2008) observed a higher rate of brooding behavior in
H. valerioi during drier evenings. Our observations
on variation of brooding-frequency in H. fleischman‑
ni support Hayes (1991), and suggest a geographic
pattern that could potentially be related to climatic

Figure 5. Male-male combat behavior in Hyalinobatrachium fleischmanni from San Gabriel in 2009, where males appeared to try and pin
(A) and/or remove (B and C) the other male from the leaf. Note venter-to-venter combat in (C), which started with both males dangling
upside down while holding vegetation with their hind limbs (see Bolivar et al., 1999; Guayasamin and Barrio-Amoros, 2005) and lasting
for ca. 20 min till one frog was knocked from the leaf.
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regimes. Our preliminary results suggest increased
brooding behavior in populations from comparatively drier forest types. However, our interpretations

are limited to brief sample periods that did not consider current weather conditions nor the intense malemonitoring needed to determine if and when eggs are

Figure 6. Brooding behavior (A and B) in male Hyalinobatrachium fleischmanni from San Gabriel Mixtepec in 2009.

Figure 7. Examples of reproductive behavior in Hyalinobatrachium fleischmanni from San Gabriel in 2009: Male-female interactions (A),
where females appear to “inspect” male territories (see Greer and Wells, 1980). A pair in amplexus (B), this male successfully attracted a
female while brooding an egg mass, during which time the female initiated amplexus, removing the caring male from his eggs. Oviposition
brooding behavior (C), where just following oviposition the female moves forward while the male remains on the eggs to perform an
obligatory bout of brooding (see Hayes, 1991). And (D), a male sleeping next to eggs during the daytime at San Gabriel. Reports of diurnal
bouts of care in H. fleischmanni are extremely rare and limited to heavy overcast days (specifically brooding behavior; see Hayes, 1991).
Note that in this photo the male is sleeping and not in an alert position as described in H. valerioi by McDiarmid (1978) and Vockenhuber
et al. (2008). Though an infrequent event during our studies, this behavior of sleeping next to clutches may have led to diurnal forms of
guarding behavior we see in other Hyalinobatrachium.

Delia, J. et al.

brooded. Considering that Hayes (1991) documented
a significant increase of brooding frequency at his
drier site during the drier year, compared to the wetter site during the wetter year, it is likely that males
would spend more time watering eggs if forest types
had comparatively lower levels of humidity and rainfall. Detailed research is currently in progress to further evaluate this hypothesis.
Throughout its range, male H. fleischmanni predominantly call from the underside of leaves (Jacobson, 1985; Hayes, 1991; Kubicki, 2007). Results
from study regions in Mexico (region 1) add support,
as 77.5% of all calling sites observed were located
on the undersides of leaves (Fig. 4C). The most frequently observed oviposition site is also on the undersides of leaves (Greer and Wells, 1980; Jacobson,
1983; Villa, 1984; Hayes, 1991; Kubicki, 2007). For
example, during several years of intense fieldwork
monitoring 409 egg masses, Hayes (1991) found that
99% were attached to the undersides of leaves. Egg
mass location in populations from the Gulf side of
southern Mexico in region 1 strongly support this
trend, as 97.9% of observed egg masses were located
on the underside of leaves (Fig. 4D). Such reproductive characters appear to be derived in certain lineages of centrolenids (Cisneros-Heredia and McDiarmid,
2007).
Considering mating success and offspring survivorship, undersides of leaves could be low-quality locations. Wells and Schwartz (1982) demonstrated that
H. fleischmanni calling from the undersides of leaves
may be subject to a broadcasting disadvantage, since
vegetation increases attenuation and reflects much of
the sound energy towards the ground. However, this
disadvantage may be balanced by calling from high
sites as Greer and Wells (1980) found significantly
higher mating success for those males that called
from higher sites. Hayes (1991) concluded that eggs
located on lower surfaces are subject to significantly
higher risk of desiccation-induced embryonic mortality when the caring parent is removed, because eggs
are shielded from mist and rain. If males respond to
hydration conditions of the egg mass, than it is possible that eggs deposited on the lower surfaces instigate
brooding behavior due to their inability of directly
acquiring environmental moisture.
Several authors have speculated that this species’ bizarre habit of using the underside of leaves
may serve as an anti-predator behavior, by concealing males during periods of pronounced vulnerability, such as when they are calling or attending eggs
(Greer and Wells, 1980; Wells and Schwartz, 1982;
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Wells, 2007). Tuttle and Ryan (1981) found that the
bat Trachops cirrhosus is readily attracted to H. fleis‑
chmanni calls, and Hayes (1991) listed an unidentified bat as one of two of the most prominent predators
of adult H. fleischmanni at his sites in Costa Rica.
Wells and Schwartz (1982) consider that the presence
of this frog predator has prompted the use of lower
leaf surfaces, despite placing males at a signaling
disadvantage. It is clear that T. cirrhosus is less attracted to reduced calling rates, call complexity, and
call synchronization (e.g., Tuttle and Ryan, 1981;
Tuttle and Ryan, 1982). Although males calling from
the undersides of leaves suffer a broadcasting disadvantage, it is possible that H. fleischmanni may be
able to maintain optimum calling rates in the presence
of hunting bats by using these concealed sites. Such
adaptive strategies in signaling behavior may affect
other reproductive traits. For example, guarding behavior functions to protect embryos from potential
predators (McDiarmid, 1978; Drake and Ranvestel,
2005; Vockenhuber et al., 2008; this work). Therefore, maintaining calling and oviposition sites in
close proximity, on the same surfaces, would be advantageous for attracting mates while also caring for
offspring. Yet, eggs located on the undersides are at
a greater risk of desiccation, potentially requiring increased brooding behavior by males. In this theoretical situation, there is a tradeoff in maintaining calling
rate by altering signal sites to avoid aerial predation,
which may instigate increased parent care to combat
the resulting increased risk of embryonic desiccation.
Comparisons of calling and oviposition sites from
both populations inside and outside the range of Tra‑
chops cirrhosus suggest an interesting geographic
association. Trachops cirrhosus is widely distributed
throughout Central and South America and occurs
in sympatry with H. fleischmanni, except along the
Pacific versant of Guerrero and Oaxaca, Mexico, in
our region 2 (Fig. 1, localities 7‑9; Emmons, 1997;
Medellín et al., 2008). At sites within the bat’s range,
H. fleischmanni predominantly call from and almost
exclusively deposit eggs on the undersides of leaves
(Fig. 4C and D). However, outside of the range of
T. cirrhosus (in region 2), we found that calling and
oviposition sites were more frequently located on the
upper leaf surfaces (Fig. 4A and B). Though there
may be any number of factors contributing to siteuse variation, it is possible that male H. fleischmanni
take advantage of high-profile calling sites on the
upper surfaces of leaves in regions lacking aerial
predation pressures from T. cirrhosus. Further support comes from observations at Rio Bogotá (within
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range of T. cirrhosus), where male H. fleischmanni
were encountered calling from the upper leaf surfaces
at dusk, but shortly after dark they moved to the undersides of leaves and resumed calling. It is possible
that males are using the upper leaf surface for better broadcasting just prior to this predator’s activity
period, and subsequently move to safer sites during
periods of hunting activity, or when visual predator
detection by the frog may be more difficult. Eggs deposited on upper surfaces may be subjected to greater
opportunities for environmental hydration, which
would minimize the risk of embryonic desiccation,
and may ultimately reduce the benefit of brooding.
However, lack of pigmentation of the ovum may also
put early developing embryos at risk of solar radiation (see Hayes, 1991), resulting in deposition sites
on the inferior surfaces.
Though more detailed experiments are needed
to test such interactions, these results illustrate how
environmental factors may influence the frequency
and function of parental care behaviors in centrolenid frogs. We encourage further study on the subject,
as this group likely offers important information on
behavioral ecology and evolution. With some initiative, data on several important reproductive parameters can be easily gathered during even brief visits
to streams occupied by centrolenids. We refer the
reader to Cisneros-Heredia and McDiarmid (2007)
for important criteria needed on species’ reproductive biology. In many species, parental care is easily observed, yet some species do exhibit different
frequencies, kinds, and combinations of behaviors
that may require more than a single evening of observation to detect. Any specific details of clutch attendance, such as the parent sitting on or touching
eggs, are particularly relevant. Reporting the absence
of parental care along with the amount of time spent
making observations is extremely useful, as many
authors tend to report only when care is detected.
Only through such efforts will we gain some understanding of the ecological and behavioral diversity in
this important and interesting group of stream breeding frogs.
Resumen
Investigamos la variación geográfica de varias
características comportamentales reproductivas en
Hyalinobatrachium fleischmanni en diferentes sitios
en México y Ecuador. Realizamos observaciones
sobre la frecuencia de cuidado parental directo sobre

las masas de huevos y comparamos las tasas de este
tipo de cuidado parental entre bosques húmedos y
secos. Las tasas de cuidado parental directo fueron
significativamente más altas en la región más seca,
sugiriendo una potencial relación entre el cuidado
parental y las condiciones climáticas. También
comparamos los sitios de llamada y oviposición entre
regiones geográficas y evaluamos su relación con
el rango de distribución del murciélago verrugoso
come-ranas, Trachops cirrhosus. En regiones donde
H. fleischmanni y T. cirrhosus son simpátricas, tanto
los machos cantores como las masas de huevos
fueron más frecuentes en el envés de las hojas, donde
el riesgo de ataque por un predador aéreo puede ser
reducido. También presentamos nueva información
sobre el comportamiento de cuidado parental
directo sobre las masas de huevos, discutiendo las
implicaciones de nuestros resultados en el marco de la
información existente sobre la biología reproductiva
de esta especie.
Acknowledgements
We are grateful to T. Burkhardt, A. F. Pezzolla, T. R. Loveless, A. Meyn, R. A. Murrieta Hernán, R. Avila-Flores, O. Rico
Chávez for assisting with fieldwork; to C. Tomoff, W. Anderson, and E. Boyer of Prescott College for their support of
JD’s and JW’s research in Mexico; to R. W. McDiarmid for his
contributions on centrolenid ecology, continuous support, important discussions, and meticulous comments on earlier versions of this manuscript; to E. Twomey and J. L. Brown for
generating a map of our study sites, important discussions, and
helpful editorial comments; to M. Martins and two anonymous
editors for detailed comments that significantly improved this
manuscript; to M. P. Hayes, R. A. Medellín, N. Simmons, S. K.
Jacobson, J. A. Campbell, B. Kubicki, M. Yánez-Muñoz, J.-M.
Touzet, M. Rada, and T. Burkhardt for useful discussions and
critiques of our hypotheses. JD and JW are grateful to M. S. Delia for providing them with the employment opportunity needed
to self-fund their research, as well as relentless critiques of
their work-ethic and productivity. JD is forever indebted to the
family of Don Rogeligo Cortes-Rojas of the Hotel San Gabriel
for providing access to study sites, housing, delicious meals,
chelas, and friendship. JD’s research in 2009 was funded by
Grant-In-Aid of Research from the National Academy of Science, administered by Sigma Xi, The Scientific Research Society and the American Society of Ichthyologists and Herpetologists Gaige Fund Award. RM’s research was supported by A.
González Romero, Consejo Nacional de Ciencia y Tecnología,
the Instituto de Ecología A. C., and the project BIOCAFE of Veracruz, Mexico. DC’s research was supported by M. E. Heredia
and L. Heredia, the Smithsonian Women’s Committee, the 2002
Research Training Program at the National Museum of Natural
History-Smithsonian Institution, King’s College London, Universidad San Francisco de Quito, Conservation International,
and the Russell E. Train Education for Nature Program of the
Word Wildlife Fund WWF.

Delia, J. et al.

Literature Cited
Bolivar-G. W., T. Grant, and L. A. Osorio. 1999. Combat
behavior in Centrolene buckleyi and other centrolenid frog.
Alytes, 16(3‑4):77‑83.
Breedlove, D. E. 1981. Flora of Chiapas: part 1. Introduction to
the flora of Chiapas. California Academy of Sciences: San
Francisco.
Caldwell, J. P. 1974. Tropical treefrog communities, patterns of
reproduction, size, and utilization of structural habitat. Ph.D.
dissertation. University of Kansas, Lawrence, K.S.
Castroviejo-Fisher, S., J. M. Padial, J. C. Chaparro, R. Aguayo,
and I. de la Riva. 2009. A new species of Hyalinobatrachium
(Anura: Centrolenidae) from the Amazonian slopes of the
central Andes, with comments on the diversity of the genus in
the area. Zootaxa, 2143:24‑44.
Cisneros-Heredia, D. C. and R. W. McDiarmid. 2007.
Revision of the characters of Centrolenidae (Amphibia:
Anura: Athesphatanura), with comments on its taxonomy
and the description of new taxa of glassfrogs. Zootaxa,
1572:1‑82.
Clark, M. 1981. Instinto parternal y comportamiento sexual
de Centrolenella fleischmanni (Anura, Centrolenidae).
Trabajo de graduación (Unpublished Senior Thesis), Escuela
de Biología, Facultad de Ciencias Naturales y Farmacia,
Universidad de Panamá, Panamá, Panamá.
Drake, D. L. and A. W. Ranvestel. 2005. Hyalinobatrachium
colymbiphyllum (Glass Frog) Egg mass defense.
Herpetological Review, 36(4):434.
Emmons, L. H. 1997. Neotropical Rainforest Mammals. A
Field Guide. 2nd Ed. University of Chicago Press, London,
England.
Goin, C. 1964. Distribution and synonymy of Centrolenella
fleischmanni in Northern South America. Herpetologica,
20(1):1‑8.
Greer, B. J. and K. D. Wells. 1980. Territorial and reproductive
behavior of the tropical American frog Centrolenella
fleischmanni. Herpetologica, 36(4):318‑326.
Guayasamin, J. M. and C. Barrio-Amoros. 2005. Combat
behavior in Centrolene andinum (Rivero, 1968) (Anura:
Centrolenidae). Salamandra, 41(3):153‑155.
Guayasamin, J. M., S. Castroviejo-Fisher, J. Ayarzagüena,
L. Trueb, and C. Vila. 2008. Phylogenetic relationships
of glassfrogs (Centrolenidae) based on mitochondrial and
nuclear genes. Molecular Phylogenetics and Evolution,
48:574‑595.
Hayes, M. P. 1991. A study of clutch attendance in the Neotropical
frog Centrolenella fleischmanni (Anura: Centrolenidae).
Ph.D. dissertation. University of Miami, Coral Gables,
Florida, USA.
Heyer, W. R., M. A. Donnelly, R. W. McDiarmid, L-A. C. Hayek,
and M. S. Foster (eds). 1994. Measuring and monitoring
biological diversity: Standard methods for amphibians.
Smithsonian Institution Press, Washington D.C
Hijmans, R. J., S. E. Cameron, J. L. Parra, P. G. Jones, and
A. Jarvis. 2005. Very high resolution interpolated climate
surfaces for global land areas. International Journal of
Climatology, 25:1965‑1978.
Holdridge, L. R. 1967. Life Zone Ecology. Rev ed. San Jose,
Costa Rica: Tropical Science Center.
Jacobson, S. K. 1983. Male selection and parental care in
glassfrogs (Centrolenidae). M. A. Thesis, University of
Florida, Gainesville, Florida, USA.

11

Jacobson, S. K. 1985. Reproductive behavior and male mating
success in two species of glass frogs (Centrolenidae).
Herpetologica, 41(4):396‑404.
IUCN 2009. IUCN Red List of Threatened Species. Version
2009.1. Available online at: www.iucnredlist.org.
Downloaded 22 September 2009.
Janzen, D. H. 1983. Costa Rican Natural History. University of
Chicago Press, Chicago, Illinois.
Kubicki, B. 2007. Ranas de Vidrio de Costa Rica / Glass Frogs
of Costa Rica. Instituto Nacional de Biodiversidad (INBio),
Heredia, Costa Rica.
Lips, K. R., J. R. Mendelson, III, A. Munoz-Alonso, L. CansecoMarquez, L., and D. G. Mulcahy. 2004. Amphibian
population declines in montane southern Mexico: resurveys
of historical localities. Biology Conservation, 119:555‑564.
McDiarmid, R. W. 1978. Evolution of Parental Care; pp. 127‑147.
In: G. M. Burghardt, M. Bekoff (Eds), The Development of
Behavior: Comparative and Evolutionary Aspects. Garland
STPM Press, New York, New York.
McDiarmid, R. W. 1983. Centrolenella fleischmanni; p. 389‑399.
In: D. H. Janzen (Ed), Costa Rican Natural History. University
of Chicago Press, Chicago, Illinois.
McDiarmid, R. W. and K. Adler. 1974. Notes on territorial
and vocal behavior of Neotropical frogs of the genus
Centrolenella. Herpetologica, 30(1):75‑78.
Medellín, R. A., H. T. Arita, and O. Sánchez. 2008. Identificación
de los murciélagos de México, clave de campo, Segunda
Edición. Instituto de Ecología, UNAM-CONABIO, D.F.,
Mexico.
Pounds, J. A., M. P. Fogden, J. M. Savage, and G. C. Gorman.
1997. Test of null models for amphibian declines on a tropical
mountain. Conservation Biology, 11:1307‑13.
Savage, J. M. 2002. The Amphibians and Reptiles of Coast Rica.
A Herpetofauna Between Two Continents, and Two Seas. The
University of Chicago Press, Chicago, Illinois.
Starrett, P. H. and J. M. Savage. 1973. The systematic status and
distribution of Costa-Rican glass-frogs, genus Centrolenella
(Family Centrolenidae), with description of a new species.
Bulletin Southern California Academic Science, 72:57‑78.
Stuart, L. C. 1966. The environment of the Central American
Cold-Blooded Vertebrate Fauna. Copeia, 1966(4):684‑699.
Tuttle, M. D. and M. J. Ryan. 1981. Bat predation and the
evolution of frog vocalizations in the Neotropics. Science,
214:677‑678.
Tuttle, M. D. and M. J. Ryan. 1982. The role of synchronized
calling, ambient light, and ambient noise, in anti-bat-predator
behavior of a treefrog. Behavioral Ecology and Sociobiology,
11:125‑131.
Villa, J. 1977. A symbiotic relationship between frog (Amphibia,
Anura, Centrolenidae) and fly larvae (Drosophilidae). Journal
of Herpetology, 11:317‑322.
Villa, J. 1978. Symbiotic relationships of the developing
frog embryo, with special references to fly larvae. Ph.D.
dissertation, Cornell University, Ithaca, New York, USA.
Villa, J. 1984. Biology of Neotropical glass frog, Centrolenella
fleischmanni (Boettger), with special references to its frogfly
associates. Milwaukee Public Museum Contributions in
Biology and Geology, 21:1‑17.
Vockenhuber, E. A., W. Hödl, and U. Karpfen. 2008.
Reproductive behavior of the glass frog Hyalinobatrachium
valerioi (Anura: Centrolenidae) at the tropical stream
Quebradr Negra (La Gamba, Costa Rica). Stapfia,
88:335‑348.

12

Reproductive Behavior of Hyalinobatrachium fleischmanni

Vockenhuber, E. A., W, Hödl, and A. Amézquita. 2009. Glassy
fathers do matter: Egg attendance enhances embryonic
survivorship in the glass frog Hyalinobatrachium valerioi.
Journal of Herpetology, 43(2):340‑344.
Wells, K. D. 2007. The ecology and behavior of amphibians. The
University of Chicago Press, Chicago and London.

Wells, K. D. and J. Schwartz. 1982. The effect of vegetation on
the propagation of calls in the Neotropical frog Centrolenella
fleischmanni. Herpetologica, 38:449‑455.
Submitted 26 February 2009
Accepted 10 March 2010

