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Parental care systems are shaped by costs and benefits to each sex of investing into current versus future progeny. Flexible com-
pensatory parental care is mainly known in biparental species, particularly where parental desertion or reduction of care by 1 parent 
is common. The other parent can then compensate this loss by either switching parental roles and/or by increasing its own parental 
effort. In uniparental species, desertion of the caregiver usually leads to total brood loss. In the poison frog, Allobates femoralis, oblig-
atory tadpole transport (TT) is generally performed by males, whereas females abandon their clutches after oviposition. Nevertheless, 
in a natural population we previously observed 7.8% of TT performed by females, which we could link to the absence of the respective 
fathers. In the following experiment, under laboratory conditions, all tested A. femoralis females flexibly took over parental duties, but 
only when their mates were removed. Our findings provide clear evidence for compensatory flexibility in a species with unisexual 
parental care. Contrary to the view of amphibian parental care as being stereotypical and fixed, these results demonstrate behavioral 
flexibility as an adaptive response to environmental and social uncertainty. Behavioral flexibility might actually represent a crucial 
step in the evolutionary transition from uniparental to biparental care in poison frogs. We suspect that across animal species flexible 
parental roles are much more common than previously thought and suggest the idea of a 3-dimensional continuum regarding flexibility, 
parental involvement, and timing, when thinking about the evolution of parental care.
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INTRODUCTION
In species, where one or both parents provide care for their off-
spring, the actual parental investment of  both sexes is shaped by 
the trade-off between current and future mating opportunities 
(Trivers 1972). Parental behavior of  males and females is expected 
to coevolve, as the behavior of  each sex impacts the fitness of  the 
other (Lessels 2012). When both parents are involved in brood care, 
males and females cooperate, often by exhibiting different parental 
roles. In several species, sex-specific parental roles are physiologi-
cally determined in one sex (e.g., female lactation in mammals, 
male brood pouches in sea horses) or may have become stabilized 
due to behavioral and environmental constraints over evolutionary 
time (Clutton-Brock 1991; Klug et  al. 2012). Otherwise, parental 

roles can also be negotiated between the partners after mating, up 
to the point where only one of  the partners is left to care for the 
offspring (i.e., amphisexual parental behavior sensu Simon 1983).

Theoretical models predict that a change in the intensity or fre-
quency of  parental care by 1 parent should lead to a behavioral 
change in the other parent at both evolutionary (Houston and 
Davies 1985) and behavioral timescales (McNamara et  al. 2003). 
Thus, in species where sex-specific parental roles have evolved, the 
loss of  one parent, either because of  active brood desertion or due 
to death, might lead to a spontaneous change of  the sex-specific 
caring behavior in the remaining parent. Such behavioral flexibility 
in parental care is currently known almost exclusively in biparental 
species, especially where parental desertion or care reduction by 1 
parent is relatively common. In several biparental fish, insects and 
birds, it has been shown that experimentally widowed parents are 
capable of  raising offspring alone, either by increasing their usual Address correspondence to E. Ringler. E-mail: eva.ringler@univie.ac.at
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parental activities or by altering their parental behavior (Itzkowitz 
et al. 2001; Harrison et al. 2009; Suzuki and Nagano 2009). These 
studies corroborate theoretical models suggesting that the roles 
displayed in biparental species may be flexible and depend on the 
presence and the behavior of  the other parent. Many studies of  
parental care have investigated variation in the behavior of  entire 
populations across environments, whereas little is known about 
behavioral flexibility within individuals (Royle et al. 2014).

A modified form of  parental flexibility is found in amphisexual 
species (Simon 1983), where parental care is provided by either the 
male or the female, but not by both. In these species, parental duties 
are not fixed, but instead are established directly after oviposition 
(see also Michiels 1998 for mating conflicts and sperm competition 
in hermaphrodites). Either sex may care for the offspring, depend-
ing on which parent manages to desert first in the attempt to remate 
and sire/lay another clutch. In the Penduline Tit (Remiz pendulinus), 
for example, the behavior of  females is affected by the male deci-
sion to desert or stay, immediately after oviposition, demonstrating 
that the female’s reproductive tactics are flexible (Czyż 2011). Similar 
behavior is also known in several frog species (Bourne 1998; Lehtinen 
2003). In contrast to amphisexual behavior where parental roles are 
engaged directly after oviposition, we consider “true” spontaneous 
flexibility as behavior that is employed only after the initial parental 
roles have been established, and at any given time during care.

In uniparental species, desertion or death of  the sole caregiver 
often leads to high or complete offspring mortality (Eggert et al. 1998, 
Lehtinen et al. 2014). Thus, one should expect major fitness benefits 
of  compensatory parental behavior for both sexes, increasing with 
the risk of  parental desertion and with decreasing costs of  care. 
However, spontaneous initiation of  parental care by the noncaring 
sex as a response to the loss of  the former caregiver is extremely rare 
(or at least little known) in species with unisexual parental care, and 
was so far only observed in some group-living arthropods that occur 
at rather high densities (e.g., assassin bugs: Beal and Tallamy 2006; 
harvestmen: Buzatto and Machado 2009). However, in these species, 
males and females form polygynous harems where the noncaring sex 
remains in very close proximity (e.g., inside the territory) to the care-
giver during the entire period of  parental care.

The dendrobatid frog Allobates femoralis is a small ground-living 
rainforest frog whose behavior, population genetics, ecology, and 
biogeography are well studied (Roithmair 1992; Narins et al. 2005; 
Simões et  al. 2008; Amézquita et  al. 2009; Ursprung et  al. 2011; 
Ringler et al. 2013). During the reproductive season, males call from 
elevated structures like logs or roots on the forest floor to announce 
territory possession to male competitors and to attract females, who 
stay at perches up to 20 m outside the males’ territories and show 

nonaggressive site fidelity (Ringler et al. 2009, 2012). Pair formation, 
courtship, and mating without amplexus (i.e., the male cannot force 
the female to mate by clasping her), take place inside the males’ 
territories, where externally fertilized clutches of  approximately 20 
eggs are laid in the leaf  litter. After oviposition females immediately 
abandon the clutch and return to their perches outside the males’ 
territories (Roithmair 1992; Ringler et  al. 2009; Montanarin et  al. 
2011; Ringler et  al. 2012). Under optimal conditions, females can 
ovulate and produce a clutch every 8 days (Weygoldt 1980, in cap-
tivity). Thus, during the 3 weeks of  larval development of  a clutch 
females may have produced up to 3 further clutches. Usually, these 
clutches are sired by different males (Ringler et  al. 2012), as both 
sexes are highly polygamous during the prolonged reproductive 
periods (Ursprung et al. 2011). Males were observed to attend to up 
to 5 clutches simultaneously (Ursprung et al. 2011).

The only known expression of  parental care in this species is the 
obligate transport of  tadpoles to water after 15–20 days of  larval 
development, which is generally performed by the father. Tadpoles 
that are not transported cannot finish their development inside the 
clutch and die (Weygoldt 1980; Ringler et  al. 2013; E Ringler, M 
Ringler unpublished data). Sporadic observations of  females with 
larvae on their back (Crump 1974; Silverstone 1976; Caldwell and 
Araújo 2005) have led previous authors to describe A.  femoralis as 
biparental (cf. Grant et al. 2006; Wells 2007). However, this conjec-
ture was based purely on anecdotal reports and was never investi-
gated systematically. A recent study on patterns of  tadpole transport 
(TT), conducted over 5 years in a natural population of  A. femoralis 
in French Guiana, reported 7.8% of  TT (10 out of  129) by females 
(Ringler et al. 2013, Figure 1). Here, we hypothesize that A. femoralis 
actually is a uniparental species with general male care and that 
occasional female TT has evolved as a flexible compensation of  lost 
male care to insure against total offspring loss.

METHODS
We performed a spatio-temporal reanalysis of  5  years of  field 
data and parentage assignments from the study of  Ringler et  al. 
(2013) on TT in a natural population of  A.  femoralis. Monitoring 
took place in a natural A.  femoralis population located near the 
field camp “Saut Pararè” (4°02′N, 52°41′W) in the nature reserve 
“Les Nourages,” French Guiana during their reproductive period 
from 2008 to 2012. We aimed at a total sampling with estimated 
sampling coverages of  on average 76.83% and 56.38% for males 
and females, respectively, in the study plot (cf. Ringler et al. 2015). 
We recorded the precise spatial locations of  all frogs in the field 
on a digital map (cf. Ringler et  al. 2014) and added behavioral 

(a) (b)

Figure 1
TT of  Allobates femoralis in the field. (a) male, (b) female.
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observations, such as notes on TT activity and courtship. For this 
study, we reanalyzed the entire capture histories of  those fathers 
whose tadpoles were sampled during transport (by females and by 
males). We checked if  the males were observed (i.e., sampled by us) 
1) at least once within 3 weeks prior to TT, 2) after TT, 3) before 
and afterward, or 4) if  their only capture occurred during TT. We 
then tested whether inferred fathers of  the tadpoles which had been 
transported by females disappeared significantly more often from 
the sample than fathers that had carried the tadpoles themselves. 
Based on the individual capture histories, we assessed which fathers 
disappeared after the transport, 3 weeks prior to TT, and which 
fathers had just been recorded during TT. We used a 2-proportions 
Z-test to determine whether the difference between the ratios of  
fathers that disappeared was significant between groups.

In a second step, we tested experimentally whether female TT 
behavior is elicited by male absence. Therefore, we performed a 
behavioral experiment under controlled laboratory conditions from 
October 2012 to October 2013 in the animal care facilities at the 
University of  Vienna with wild-caught A.  femoralis from French 
Guiana. Permissions for sampling and exportation of  animals were 
obtained from the responsible French authorities (DIREN: Arrete 
n° 82 du 10 August 2012 & Arrete n° 4 du 14 January 2013). We 
used standard glass terraria of  equal size (60 cm × 40 cm × 40 cm) 
with identical equipment and furnishings. The floor was filled with 
pebbles of  expanded clay, back and side walls were covered with 
Xaxim (tree fern stems) mats in the lower and cork in the upper 
half  to prevent visual contact between terraria. Half  a coconut 
shell, a small plant, and a branch provided standardized shelter 
and elevated calling positions. We provided oak leaves as substrate 
for oviposition, and a small glass bowl of  10-cm diameter filled 
with water for tadpole deposition. An automatic raining, heating, 
and lighting system ensured standardized climatic conditions with 
equal parameters to the natural conditions in French Guiana, in 
all terraria. Prior to our experiments, all males and females were 
arbitrarily kept in pairs during several months, and had already 
produced multiple clutches with multiple partners. During this 
time, we only observed males performing TT and not a single case 
of  TT by females.

In preliminary trials, we permitted pairs (N = 9) to mate and pro-
duce 1 clutch. After oviposition, males were experimentally removed 
(approximately 5 days after oviposition), and we observed whether 
the females performed TT to the water body available inside the 
terrarium. We then paired 15 A. femoralis males and females, respec-
tively, until each pair had produced at least 2 clutches. Both parents 
were initially left in the terrarium and we recorded which par-
ent transported the larvae of  the early clutch. Afterward, the first 
clutch got transported, the males were removed from the experi-
mental terraria and we recorded the subsequent behavior of  the 
females. Because in the preliminary trials, all females already car-
ried the tadpoles of  the “first” (and only) clutch after male removal, 
and in the main experiment they showed the same reliable behavior 
towards their “second” clutch (see Results), we ruled out that this 
behavior was actually an effect of  clutch order. We therefore did 
not perform an additional control with males not removed after the 
first TT.

Males and females were paired to optimize visual differentiation 
by means of  the individuals’ lateral coloration patterns in order to 
avoid captures for identification. In a few cases where the identifica-
tion was ambiguous, we captured the individual only when it was 
already carrying tadpoles on its back. As the whole process from 
tadpole uptake until release usually lasted several hours and tadpole 

deposition always occurred in the morning, hourly monitoring of  
transportation activity was sufficient to observe all transporting 
events.

RESULTS
In the natural population of  A. femoralis, we observed 119 TT events 
by males and 10 cases of  transport by females over 5 years (Ringler 
et al. 2013). After the transport, fathers of  the tadpoles which had 
been transported by females disappeared significantly more often 
from the sample than fathers that had carried the tadpoles them-
selves (2-proportions Z-test, Z  =  2.3605, P  =  0.018; Table  1). 
Furthermore, significantly more fathers of  tadpoles carried by 
females were not recorded during 3 weeks prior to TT (Z = 2.915, 
P = 0.004), not recorded before and after (Z = 2.314, P = 0.021), or 
not at all (Z = −3.138, P = 0.002).

In captivity, male and female A. femoralis showed behavior similar 
to prior observations in the field: males called from elevated posi-
tions; as soon as a female was close, her presence elicited courtship 
calls and initiated courting behavior; and clutches were deposited 
in the leaf  litter. Beside courtship and mating, there were no further 
apparent interactions between males and females, and especially 
no aggression between the partners. All TT was performed during 
morning hours.

In the preliminary trials, males were removed about 5  days 
after oviposition (mean ± SD  =  4.56 ± 1.71  days), and all 
females performed TT as soon as the tadpoles hatched (mean 
± SD  =  18.56 ± 2.87  days after oviposition). In the main experi-
ment, the time between first and second clutch was about 2 weeks 
(mean ± SD  =  16.93 ± 6.65  days). In all cases (N  =  15), the tad-
poles of  the first clutch were transported by the fathers (Figure 2a, 
Table 2), whereas the female was present in the terrarium. During 
the development of  the clutches, we did not observe females car-
ing for or checking the clutches. Males never reacted aggressively 
toward the females in the terraria. After males had been removed 
from the experimental terraria, in all cases the mothers trans-
ported the larvae of  the second clutch (N = 15, Figure 2b, Table 2). 
Overall, female TT took place on average 21  days after oviposi-
tion, and this delay was not significantly different between males 
and females (males: mean ± SD = 20.53 ± 2.07 days, females: mean 
± SD = 20.87 ± 3.54 days; t-test: t = −0.315, df = 28, P = 0.755).

DISCUSSION
Our findings provide clear evidence for compensatory flexibility 
in a uniparental species with generally fixed sex-specific parental 

Table 1
Presence of  fathers from tadpoles transported by males and 
females in the field

Father observed at least once

Transporting parent

Male (N = 119) Female (N = 10)

Three weeks before TT 79 (66.4%) 2 (20%)
After TT 80 (67.2%) 3 (30%)
Before and after TT 57 (47.9%) 1 (10%)
Never 15 (12.6%) 5 (50%)

TT: tadpole transport; “Never” includes fathers that were only observed 
during TT (male TT events) as well as fathers that were never sampled in 
the course of  our study (simulated paternal genotypes in female TT events); 
categories are not exclusive.
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roles. The spatio-temporal analysis of  the field data (Ringler et  al. 
2013) revealed that in 90% of  the cases of  female TT the respec-
tive father was not available for transporting at the time when the 
tadpoles had finished their intraclutch development approximately 
3 weeks after oviposition. Only one single father was recorded 
before and also after the transport, but he had performed a ter-
ritory shift the week before the observed female TT event. Based 
on the documented behavior of  A. femoralis females to abandon the 
clutch immediately after oviposition and to return to their resting 
sites which are up to 20 m distant from male territories, we pre-
clude negotiated amphisexual care sensu Simon (1983). In our 
study, the flexible compensatory behavior is not conducted imme-
diately after oviposition during the establishment of  parental roles, 
but instead is initiated much later and only in cases when the male 
disappears during the period of  clutch development, which takes 
about 3 weeks. We conclude that the rare observations of  female 
TT in A. femoralis in the field are the result of  flexible compensatory 
behavior in response to male absence and not a manifestation of  
general biparental care.

Mechanisms of female care compensation

In our experiment, all tested A. femoralis females refrained from per-
forming TT whenever the males were present, but in all cases they 
flexibly took over parental duties when the males were removed. 
Females were not prevented from approaching the clutches by the 
fathers, and males with clutches either acted indifferently toward 
females or kept on courting them to acquire further clutches. This 
contrasts seemingly similar reports of  compensatory female care in 
species with general male care, where females showed a strong ten-
dency to stay with or return to the clutch, but were forced away by 

their mates (Myers and Daly 1983; Bourne 1998). Our field obser-
vations on male presence/absence and female TT strongly suggest 
that the findings from captive animals will generalize to behavior in 
the wild.

Considering only the previous field observations, TT by females 
could have multiple alternative explanations: 1)  females routinely 
return to their clutch sites 3 weeks after oviposition—or slightly 
later—and take up the tadpoles in case the male has not yet trans-
ported the clutch; 2)  some females have similar hormonal states 
as males and therefore act like males regarding parental care; 
3)  some females occasionally stay inside the male’s territory and 
do not return to their resting site and then also perform TT; (4) 
females transport any/all hatched tadpoles they discover by chance. 
Previous studies as well as our present experiment, however, dem-
onstrate that temporal patterns of  TT were not significantly differ-
ent between males and females and that female presence did not 
deter males from transporting the tadpoles. We elicited TT in all 
tested A.  femoralis females, but only as a response to male removal. 
We therefore argue that this behavior is unlikely to be the result 
of  exceptional hormonal states or unusual spatial behavior of  
specific females. In A.  femoralis, females do not stay close or rou-
tinely return to a clutch a few days after oviposition (Roithmair 
1992; Montanarin et  al. 2011; Ringler et  al. 2013), so chances are 
low for them to accidentally encounter clutches ready to be trans-
ported. In the natural A. femoralis population studies by Ringler et al. 
(2013), maternity was assigned in all cases to the carrying female. 
In our experiment, females did not transport clutches as long as the 
male was present, although the fathers did not hinder them from 
approaching the clutches. This excludes the alternative explanation 
that females might transport any clutch they encounter (including 
unrelated ones).

One of  the fundamental prerequisites for behavioral flexibility 
is to properly detect, identify, and adequately respond to changes 
in the environment. Our finding that females flexibly take over 
TT raises the question of  how they detect the absence of  their 
former mating partners under natural conditions, over consider-
able distances, typically up to 20 m (Ringler et  al. 2012), in dense 
rainforest. As vocal communication plays a key role in social 
interactions, such as courtship, mating, and territorial defense in 
amphibians, we hypothesize that acoustic cues enable females to 

Table 2
TT behavior during the male-removal experiment

TT Males Females

First clutch 15/15 0/15
Second clutch n/a 15/15

First clutch: male and female present inside the terrarium; Second clutch: 
female present, male removed. n/a, not applicable.

Female home range Female home range
1

2

3

(a) (b)

Male territory Male territory

Figure 2
TT in A. femoralis. (a) Regular pattern of  male TT: females approach a nearby calling male, eggs are laid inside the male territory, females home back to their 
resting sites, after about 3 weeks of  larval development males carry the tadpoles to water pools. In our experiments, males performed TT in all cases (N = 15) 
where both parents were present inside the terrarium. (b) Flexible compensation of  missing paternal care by females: when the male was experimentally 
removed after oviposition from the terrarium, all tested females (N = 15) spontaneously performed TT. Numbers indicate the sequence of  female movement.
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monitor the presence of  males. Male A. femoralis typically broadcast 
their prominent advertisement call over several hours throughout 
the day (Hödl 1983), in order to repel rivals as well as to attract 
mates. Consequently, females may take advantage of  this high male 
calling activity to acoustically monitor male presence at the calling 
site. Ceased advertisement calls of  a male over a longer period of  
time could be the result of  the male’s death, a territory take-over by 
another male or brood desertion for unknown reasons. As a com-
pensatory response, females might initiate TT behavior in order to 
avoid total clutch loss.

To perform TT, females need to remember the exact location 
of  clutches laid about 3 weeks before, which strongly suggests the 
existence of  long-term spatial memory. This is consistent with 
the results of  telemetry studies in the field which revealed sophis-
ticated orientation behavior in A.  femoralis males (Pašukonis et  al. 
(2014a)), but only when they were translocated within familiar areas 
(Pašukonis et al. (2014b)). Given that females can ovulate and pro-
duce a clutch every 8  days (Weygoldt 1980, in captivity) and lar-
val developmental time inside clutches is approximately 3 weeks, 
females may have to simultaneously remember and monitor up to 4 
clutch locations and males, respectively. Further experimental stud-
ies are needed to identify which cues are actually used by females to 
initiate their flexible parental behavior.

Parental strategies of males and females

Theories on parental decision making suggest that such compensa-
tory behavior by A.  femoralis females could be exploited by males 
through clutch desertion (cf. Székely et al. 1996, Barta et al. 2002). 
Sexual conflict is a central driver in the evolution of  parental 
care (Trivers 1972, Parker 1979, Gross and Sargent 1985, Gross 
2005) and has led to various antagonistic or cooperative behav-
iors between the sexes (Chapman et al. 2003). In general, each sex 
should prefer that the other provide (more) care, in order to be 
able to reduce own parental efforts (Westneat and Sargent 1996, 
Royle et al. 2002). Males could coerce females into performing TT 
in several different ways. On one hand, they could leave the clutch 
and their territory to settle somewhere else. However, this would 
mean abandoning a “good” territory—one in which they already 
obtained at least one successful mating. Given the high male ter-
ritoriality and iteroparity in A.  femoralis throughout the prolonged 
reproductive period (Ursprung et  al. 2011), the costs of  establish-
ing a new territory after every clutch are likely to greatly exceed 
the costs of  parental care. By the same logic, an attempt to “trick” 
females into care by ceasing calling activity would entail abandon-
ing the territory, given the prominent role of  vocalization in terri-
tory defense. If  the male simply failed to transport the tadpoles, the 
female would have to actively check the presence of  the male her-
self  repeatedly to detect the coercion—a behavior never observed 
so far. All these potential strategies thus are likely to be detrimen-
tal to male fitness in terms of  lost mating opportunities and/or 
reduced offspring survival; costs which will not be outweighed by 
the reduced costs of  less care.

Considering the high degree of  male territoriality and the iter-
oparity in this species, we suggest that male parental care may be 
an evolutionarily stable strategy in A. femoralis. Similar factors have 
probably driven the evolution of  male-only care in fish, which is a 
common form of  parental care in this large taxon (cf. Gross 2005). 
For female A.  femoralis, in turn, the optimal strategy is more likely 
to be a mixed one (cf. Maynard Smith and Parker 1976), where 
they typically leave parental care to males and only initiate parental 
behavior in cases of  mate loss in order to avoid total clutch loss. 

Consequently, we regard the observed flexibility not as a behavioral 
response to “active” male desertion, but rather as an evolutionary 
“backup” to partner loss.

Costs and benefits of care compensation

In A.  femoralis, the direct costs of  TT, such as energy expenditure 
and predation risk, are presumably similar for males and females. 
However, the overall costs of  TT might be lower for females than 
for males, given that females do not defend territories and thus do 
not risk losing a territory during their absence. Female oviposition 
is not restricted to a narrow time frame because the breeding sea-
son lasts for several months and females produce multiple clutches 
during this period. Consequently, we suspect that occasional TT 
events should not severely reduce mating opportunities for A. femo-
ralis females. Therefore, we conclude that females can gain substan-
tial fitness benefits by performing parental care to compensate for 
mate loss and suggest that the flexibility documented here repre-
sents an evolved and adaptive response to environmental and social 
uncertainty.

The findings of  the present study are likely to generalize to other 
animal taxa. By flexibly compensating for reduced or lost parental 
care, individuals can assure the further survival of  an entire clutch 
in which they already invested substantial time and energy. This is 
particularly relevant to species where parental care is obligate for 
offspring survival and to short-lived species where each success-
ful clutch substantially contributes to an individual’s reproductive 
success. Together with an increasing risk of  lost parental care and 
decreasing costs of  care this will favor the evolution of  compensa-
tory parental flexibility, even in species where typically only one sex 
performs care. Based on our findings, we strongly encourage theo-
retical biologists to model the evolution of  compensatory behavior 
in parental care.

Behavioral flexibility in amphibian parental care

Previous studies on behavioral flexibility mainly focused on mam-
mals and birds (Kappeler and Kraus 2010), despite some evi-
dence for behavioral flexibility in other animal taxa, including 
fish (Itzkowitz et  al. 2001), reptiles (Wilkinson and Huber 2012), 
insects (Suzuki and Nagano 2009), and mollusks (Finn et al. 2009). 
Herpetologists have long appreciated the flexibility and context-
dependent nature of  amphibian behavior (e.g., see Chapters 6–11, 
and 12 in Wells 2007 and citations therein). However, many non-
specialists still consider frogs to be rather instinct-bound and dis-
playing stereotypic behavior. This view is gradually changing as 
a result of  more recent behavioral and neurophysiological studies 
(Dicke and Roth 2009; Burghardt 2013), and our results will con-
tribute to this trend. Poison frogs show a remarkable complexity 
and diversity in spatial behavior and parental care (Wells 2007) 
and are a promising taxon for research on behavioral flexibility. 
However, little is known about such processes and abilities in this 
family, or indeed for amphibians in general.

Parental care in poison frogs

The emergence of  behavioral flexibility as observed in our study 
could constitute a step in the evolutionary transition from uniparen-
tal to biparental care in poison frogs by integrating females into a 
previously uniparental paternal care system. Male TT without any 
provisioning or attendance is proposed to be the ancestral form of  
parental care in dendrobatid frogs (Weygoldt 1987; Summers and 
Tumulty 2014). Due to the fact that clutches are laid inside male 

1223



Behavioral Ecology

territories—probably to prevent secondary fertilizations by male 
opponents—and externally fertilized without amplexus, females 
can immediately desert and thereby ‘force’ males into parental care 
(Barta et  al. 2002; Lessels 2012). Nonetheless, exclusive female or 
biparental care has evolved in several species (Tumulty et al. 2014). 
Most species carry their larvae from terrestrial egg-deposition sites 
to waterbodies such as small streams, swamps, temporary ponds, 
or to phytotelmata in leaf  axils, bromeliads or tree holes. In some 
species, larvae even complete their entire development while being 
carried on the parent’s back (Wells 2007). Recent research on sev-
eral dendrobatid species has demonstrated the presence of  behav-
ioral plasticity in deposition strategies in regard to multiple factors, 
such as predator presence (McKeon and Summers 2013; Schulte 
and Lötters 2014), pool quality (Poelman et al. 2013) and seasonal 
variation of  desiccation risk (Schulte and Lötters 2013). Given 
several other anecdotal observations of  alleged biparental care in 
closely related dendrobatid species (listed in Wells 2007, Table 11.3, 
p.  524–526; Myers and Daly 1983), this specific compensatory 
behavioral flexibility is probably more widespread and might have 
deeper evolutionary roots in dendrobatid frogs (see also Killius and 
Dugas 2014, Tumulty et al. 2014). Contrary to the current view of  
patterns of  parental care in poison frogs as a stereotypic and stable 
result of  long-term evolutionary processes (Weygoldt 1987; Grant 
et  al. 2006; Lötters et  al. 2007; Summers and Tumulty 2014), our 
experiments show that individuals of  the noncaring sex are able to 
immediately compensate for a lack of  parental care by their part-
ner. This is of  major importance for studies that try to explain evo-
lutionary processes and phylogenies—not only in poison frogs—by 
comparing “defined” patterns of  parental care among species.

Classifying parental care systems

Previous classifications of  parental care systems are mainly based 
on whether and to what extent the male, the female, or both pro-
vide care. We feel that the established distinction between unipa-
rental and biparental care should be treated with caution, as it 
might be oversimplified for many animal species. We suspect that 
flexible parental roles might be much more common than previ-
ously thought, and in several species that are currently classified 
as biparental, actually uniparental care with flexible compensation 
might be the case. Flexibility in parental behavior—as opposed to 
invariable and fixed parental systems—is a more realistic expecta-
tion under often highly variable and unpredictable environmental 
and social circumstances. In this context, amphisexual care sensu 
Simon (1983) should be regarded as parental flexibility at the ear-
liest possible stage, thereby adding a temporal component to the 
classification of  parental care systems.

Furthermore, amphisexual care and likewise uniparental care 
with compensatory flexibility are special cases of  both uniparental 
care and biparental care. With the focus on the parent pair, both 
systems are rather uniparental, as at any given time only one of  
the partners is taking care of  the mutual offspring. However, on 
the species level, both systems can be seen as special cases of  bipa-
rental care, as overall a certain percentage of  care is performed by 
either of  the sexes. Accordingly, we want to endorse the idea of  a 
3-dimensional continuum—from fixed roles to flexibility, from uni-
parental to biparental care, and from early to late assumption of  
parental roles—when thinking about the evolution of  parental care.

FUNDING
This study was financed by the Austrian Science Fund (FWF) 
through the project P24788-B22 (PI Eva Ringler) and the doctoral 

program “Cognition and Communication” W1234-G17. The 
Nouragues Ecological Research Station is supported by the CNRS.

We thank P.  Gaucher who assisted with logistics and J.  Felling, 
M.  Fernandez, R.  Mangione, K.  Gymesi, and G.  Rainer who caught the 
frogs in French Guiana. Thanks to S. Böhm for planning and setting up the 
frog lab at the University of  Vienna. A. Christian, N. Kavcik, R. Mangione, 
M. Schiestl and I. Starnberger provided help with the animal care. Thanks 
to N. Kavcik who prepared Figure 2 and to G. Westphal-Fitch for language 
editing. J.  Rath, MJ.  Ryan, and S.  Tebbich were tremendously helpful in 
discussing various aspects of  this study. Two anonymous reviewers provided 
valuable comments that considerably improved the manuscript.

Handling editor: Johanna Mappes

REFERENCES
Amézquita A, Lima AP, Jehle R, Castellanos L, Ramos Ó, Crawford AJ, 

Gasser H, Hödl W. 2009. Calls, colours, shape, and genes: a multi-trait 
approach to the study of  geographic variation in the Amazonian frog 
Allobates femoralis. Biol J Linn Soc. 98:826–838.

Barta Z, Houston AI, McNamara JM, Szekely T, Barta Z, Székely T. 
2002. Sexual conflict about parental care: the role of  reserves. Am Nat. 
159:687–705.

Beal CA, Tallamy DW. 2006. A new record of  amphisexual care in an insect 
with exclusive paternal care: Rhynocoris tristis (Heteroptera: Reduviidae). J 
Ethol. 24:305–307.

Bourne GR. 1998. Amphisexual parental behavior of  a terrestrial breeding 
frog Eleutherodactylus johnstonei in Guyana. Behav Ecol. 9:1–7.

Burghardt GM. 2013. Environmental enrichment and cognitive complexity 
in reptiles and amphibians: concepts, review, and implications for captive 
populations. Appl Anim Behav Sci. 147:286–298.

Buzatto BA, Machado G. 2009. Amphisexual care in Acutisoma proximum 
(Arachnida, Opiliones), a neotropical harvestman with exclusive maternal 
care. Insect Soc. 56:106–108.

Caldwell JP, de Araújo MC. 2005. Amphibian faunas of  two eastern 
Amazonian rainforest sites in Pará, Brazil. Occasional Papers Sam Noble 
Oklahoma Mus Nat Hist. 16:1–41.

Chapman T, Arnqvist G, Bangham J, Rowe L. 2003. Sexual conflict. Trends 
Ecol Evol. 18:41–47.

Clutton-Brock TH. 1991. The evolution of  parental care. Princeton (NJ): 
Princeton University Press.

Crump ML. 1974. Reproductive strategies in a tropical anuran community. 
Lawrence (MA): University of  Kansas Printing Service.

Czyż B. 2011. Do female penduline tits Remiz pendulinus adjust parental 
decisions to their mates’ behaviour? Ardea. 99:27–32.

Dicke U, Roth G. 2009. Evolution of  the amphibian nervous system. In: 
Kaas JH, editor. Evolutionary neuroscience. Amsterdam: Elsevier. p. 
169–232.

Eggert AK, Reinking M, Muller JK. 1998. Parental care improves offspring 
survival and growth in burying beetles. Anim Behav. 55:97–107.

Finn JK, Tregenza T, Norman MD. 2009. Defensive tool use in a coconut-
carrying octopus. Curr Biol. 19:R1069–R1070.

Grant T, Frost DR, Caldwell JP, Gagliardo R, Haddad CFB, Kok PJR, 
Means DB, Noonan BP, Schargel WE, Wheeler WC. 2006. Phylogenetic 
systematics of  Dart-Poison Frogs and their relatives (Amphibia: 
Athesphatanura: Dendrobatidae). B Am Mus Nat Hist. 299:1–262.

Gross MR. 2005. The evolution of  parental care. Q Rev Biol. 80:37–45.
Gross MR, Sargent RC. 1985. The evolution of  male and female parental 

care in fishes. Am Zool. 25:807–822.
Harrison F, Barta Z, Cuthill I, Székely T. 2009. How is sexual conflict over 

parental care resolved? A meta-analysis. J Evol Biol. 22:1800–1812.
Hödl W. 1983. Phyllobates femoralis (Dendrobatidae): Rufverhalten und akust-

ische Orientierung der Männchen. Wiss Film. 30:12–19.
Houston AI, Davies NB. 1985. The evolution of  cooperation and life his-

tory in the dunnock, Prunella modularis. In: Sibly RM, Smith RH, editors. 
Behavioural ecology. Ecological consequences of  adaptive behaviour: 
the 25th Symposium of  the British Ecological Society, Reading 1984. 
Oxford: Blackwell. p. 471–487.

Itzkowitz M, Santangelo N, Richter M. 2001. Parental division of  labour 
and the shift from minimal to maximal role specializations: an examina-
tion using a biparental fish. Anim Behav. 61:1237–1245.

Kappeler PM, Kraus C. 2010. Levels and mechanisms of  behavioural 
variability. In: Kappeler PM, editor. Animal behaviour. Evolution and 

1224



Ringler et al. • Flexible compensation of  uniparental care

mechanisms: evolution and mechanisms. Berlin (Germany): Springer. p. 
655–684.

Killius AM, Dugas MB. 2014. Tadpole transport by male Oophaga pum-
ilio (Anura: Dendrobatidae): an observation and brief  review. Herpetol 
Notes. 7:747–749.

Klug H, Alonzo SH, Bonsall MB. 2012. Theoretical foundations of  paren-
tal care. In: Royle NJ, Smiseth PT, Kölliker M, editors. The evolution of  
parental care. Oxford: Oxford University Press. p. 21–39.

Lehtinen RM. 2003. Parental care and reproduction in two species of  
Mantidactylus (Anura: Mantellidae). J Herpetol. 37:766–768.

Lehtinen RM, Green SE, Pringle JL. 2014. Impacts of  paternal care and 
seasonal change on offspring survival: a multiseason experimental study 
of  a Caribbean frog. Ethology. 120:400–409.

Lessels CM. 2012. Sexual conflict. In: Royle NJ, Smiseth PT, Kölliker M, 
editors. The evolution of  parental care. Oxford: Oxford University Press. 
p. 150–170.

Lötters S, Jungfer K-H, Henkel FW, Schmidt W. 2007. Poison frogs. 
Heidelberg (Germany): Edition Chimaira.

Maynard Smith J, Parker GA. 1976. The logic of  asymmetric contests. 
Anim Behav. 24:159–175.

McKeon CS, Summers K. 2013. Predator driven reproductive behavior in 
a tropical frog. Evol Ecol. 27:725–737.

McNamara JM, Houston AI, Barta Z, Osorno JL. 2003. Should young ever 
be better off with one parent than with two? Behav Ecol. 14:301–310.

Michiels NK 1998. Mating conflicts and sperm competition in simultaneous 
hermaphrodites. In: Birkhead TR, Møller AP, editors. Sperm competi-
tion and sexual selection. London: Academic Press. p. 219–254.

Montanarin A, Kaefer IL, Lima AP. 2011. Courtship and mating behaviour 
of  the brilliant-thighed frog Allobates femoralis from Central Amazonia: 
implications for the study of  a species complex. Ethol Ecol Evol. 
23:141–150.

Myers CW, Daly JW. 1983. Dart-poison frogs. Sci Am. 248:120–133.
Narins PM, Grabul DS, Soma KK, Gaucher P, Hödl W. 2005. Cross-

modal integration in a dart-poison frog. Proc Natl Acad Sci U S A. 
102:2425–2429.

Parker GA. 1979. Sexual selection and sexual conflict. In: Blum MS, Blum 
NA, editors. Sexual selection and reproductive competition in insects. 
London: Academic Press. p. 123–166.

Pašukonis A, Loretto MC, Landler L, Ringler M, Hödl W. 2014a. Homing 
trajectories and initial orientation in a Neotropical territorial frog, 
Allobates femoralis (Dendrobatidae). Front Zool. 11:29.

Pašukonis A, Warrington I, Ringler M, Hödl W. 2014b. Poison frogs rely on 
experience to find the way home in the rainforest. Biol Lett. 10:20140642.

Poelman EH, Wijngaarden RAP, Raaijmakers CE. 2013. Amazon poi-
son frogs (Ranitomeya amazonica) use different phytotelm characteristics 
to determine their suitability for egg and tadpole deposition. Evol Ecol. 
27:661–674.

Ringler E, Pašukonis A, Hödl W, Ringler M. 2013. Tadpole transport logis-
tics in a Neotropical poison frog: indications for strategic planning and 
adaptive plasticity in anuran parental care. Front Zool. 10:67.

Ringler E, Ringler M, Jehle R, Hödl W. 2012. The female perspective of  
mating in A. femoralis, a territorial frog with paternal care–a spatial and 
genetic analysis. PLoS One. 7:e40237.

Ringler M, Hödl W, Ringler E. 2015. Populations, pools, and peccaries: 
simulating the impact of  ecosystem engineers on rainforest frogs. Behav 
Ecol. 26:340–349. 

Ringler M, Mangione R, Pašukonis A, Rainer G, Gyimesi K, Felling 
J, Kronaus H, Réjou-Méchain M, Chave J, Reiter K, et  al. 2014. 

High-resolution forest mapping for behavioural studies in the Nature 
Reserve ‘Les Nouragues’, French Guiana. J Maps. doi:10.1080/174456
47.2014.972995

Ringler M, Ursprung E, Hödl W. 2009. Site fidelity and patterns of  short- 
and long-term movement in the brilliant-thighed poison frog Allobates 
femoralis (Aromobatidae). Behav Ecol Sociobiol. 63:1281–1293.

Roithmair ME. 1992. Territoriality and male mating success in the dart-
poison frog, Epipedobates femoralis (Dendrobatidae, Anura). Ethology. 
92:331–343.

Royle NJ, Russell AF, Wilson AJ. 2014. The evolution of  flexible parenting. 
Science. 345:776–781.

Royle NJ, Hartley IR, Parker GA. 2002. Sexual conflict reduces offspring 
fitness in zebra finches. Nature. 416:733–736.

Schulte LM, Lötters S. 2013. The power of  the seasons: rainfall triggers 
parental care in poison frogs. Evol Ecol. 27:711–723.

Schulte LM, Lötters S. 2014. A danger foreseen is a danger avoided: how 
chemical cues of  different tadpoles influence parental decisions of  a 
Neotropical poison frog. Anim Cogn. 17:267–275.

Silverstone PA. 1976. A revision of  the poison-arrow frogs of  the genus 
Phyllobates Bibron in Sagra (Family Dendrobatidae). Nat Hist Mus Los 
Angeles Cty Sci Bull. 27:1–53.

Simões PI, Lima AP, Magnusson WE, Hödl W, Amézquita A. 2008. 
Acoustic and morphological differentiation in the frog Allobates femoralis: 
relationships with the upper Madeira River and other potential geologi-
cal barriers. Biotropica. 40:607–614.

Simon MP. 1983. The ecology of  parental care in a terrestrial breeding frog 
from New Guinea. Behav Ecol Sociobiol. 14:61–67.

Summers K, Tumulty J. 2014. Parental care, sexual selection, and mat-
ing systems in neotropical poison frogs. In: Machado G, Macedo RH, 
editors. Sexual selection. Perspectives and models from the neotropics. 
London: Academic Press. p. 289–320.

Suzuki S, Nagano M. 2009. To compensate or not? Caring parents respond 
differentially to mate removal and mate handicapping in the burying bee-
tle, Nicrophorus quadripunctatus. Ethology. 115:1–6.

Székely T, Webb JN, Houston AI, McNamara JM. 1996. An evolutionary 
approach to offspring desertion in birds. Curr Ornithol. 13:271–330.

Trivers RL. 1972. Parental investment and sexual selection. In: Campbell 
B, editor. Sexual selection and the descent of  man. 1871–1971. Chicago 
(IL): Aldine. p. 136–179.

Tumulty J, Morales V, Summers K. 2014. The biparental care hypothesis 
for the evolution of  monogamy: experimental evidence in an amphibian. 
Behav Ecol. 25:262–270.

Ursprung E, Ringler M, Jehle R, Hödl W. 2011. Strong male/male com-
petition allows for nonchoosy females: high levels of  polygynandry in a 
territorial frog with paternal care. Mol Ecol. 20:1759–1771.

Wells KD. 2007. The ecology and behavior of  amphibians. Chicago (IL): 
The University of  Chicago Press.

Westneat DF, Sargent RC. 1996. Sex and parenting: the effects of  sex-
ual conflict and parentage on parental strategies. Trends Ecol Evol. 
11:87–91.

Weygoldt P. 1980. Zur Fortpflanzungsbiologie von Phyllobates femoralis 
(Boulenger) im Terrarium. Salamandra. 16:215–226.

Weygoldt P. 1987. Evolution of  parental care in dart poison frogs (Amphibia: 
Anura: Dendrobatidae). Z Zool Syst Evol. 25:51–67.

Wilkinson A, Huber L. 2012. Cold-blooded cognition: reptilian cognitive 
abilities. In: Vonk J, Shackelford TK, editors. The Oxford handbook 
of  comparative evolutionary psychology. New York: Oxford University 
Press. p. 129–143.

1225


