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Nyctimantis rugiceps parental care

Deposition and fate of fertilized egg clutches: Once 
a male had selected an artificial tree hole, he called from 
there with only the head above the water surface for several 
hours almost every night. A female ready to mate would 
enter the tree hole about three to five hours after the lights 
were switched off at 20:30 h. The male would clasp the fe-
male, holding her with his hands on the proximal parts of 
her upper arms or on the body above the arm insertions 
(Fig. 4). Egg were laid during the second half of the night, 
the latest observation occurring between 8:04 and 8:07 h 
in the morning. The pair would dive with the heads low-
est and the cloacae at about the water surface, the female’s 
cloaca touching the wall. As the eggs started to be extrud-
ed, the female would move to the right or left in the same 
position, the pair keeping their cloacae as high as before. 
In this manner, the clutch was spread over 1–3 patches and 
affixed to the wall slightly above or under the water line 
(Fig. 4). Egg deposition took 2–3 minutes. Eleven fertilized 

clutches comprised between 206 and 553 (mean = 357) eggs 
(Tab. 2) that were arranged in single or partly double lay-
ers. Ten eggs measured had diameters of 1.11–1.13 (mean = 
1.12) mm and were light grey with large white vegetal poles, 
subsequently turning grey with further cleavages (Fig. 5). 
After deposition, the male would release the amplexus. In 
some cases, the female stayed within the “tree hole” for at 
least another hour, but both frogs would leave in the early 

Figure 3. Inside of a bamboo internode calling site, 80 mm in 
diameter, 4.97 m above the ground (Site 2): on the left with wa-
ter removed; note the dragonfly larva, 28 mm long, a potential 
predator of tadpoles. Inset: The water surface before removal, 
with detritus, arthropod remains, and culicid pupa.

Figure 4. A pair of N. rugiceps depositing eggs (arrows) above 
the water surface.

Figure 5. Fertilized egg clutches of N. rugiceps: (a) a fresh clutch 
with about one third of the eggs submerged; (b) a clutch about 
10 h old, slightly above the water surface. Not to scale.
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morning. Thereafter, the males did not return to the sites. 
They were usually found calling from an another, unoccu-
pied site 2–3 nights later. Only a few tadpoles (9–75, mean 
= 24.1, n = 11) hatched after 80–86 hours at a TL of 5–6 mm, 
exhibiting small external gills, and clung to the water sur-
face soon after hatching.

Nutritive egg clutches, larval behaviour, and female–lar-
vae interactions: Upon depositing a fertile clutch females 
returned to their respective breeding sites after 3–5 days 
(mean = 4.5, n = 8) during the night and deposited clumps 
of new eggs without raising the cloaca above the water 
line. Eggs of nutritive clutches could not always be counted 
precisely, because especially older larvae consumed them 
rapidly. My impression was, however, that first nutritive 
clutches, when larvae were still small and had probably 
eaten no more than one egg each, were about the same size 
as fertilized ones. Hatchlings consumed the nutritive eggs 
by first destroying the gelatinous layer and then ingest-
ing the contents. When they received eggs a second time, 
they were already able to ingest 2–4 of them whole. Old-
er larvae were full of eggs (Fig. 6b). Females returned to 
deposit nutritive clutches every 2–9 days (mean = 5.1, n = 
81). Juveniles (n = 23) completed metamorphosis after 79–
112 (mean = 93.4) days when they had received eggs 18-22 
times. Larger numbers of tadpoles per site required longer 
periods of time to reach metamorphosis. In four reproduc-

tive periods observed, 3–9 tadpoles (mean = 5.8, n = 23) 
reached metamorphosis; details are given in Table 2.

Tadpoles exclusively ate eggs. Attempts at feeding older 
larvae (Stages 30–36) with commercial fish food flakes, cu-
licid or psychodid fly larvae (dead or alive) failed. Tadpoles 
never attacked one another, not even if a female failed to 
return after four nutritive clutches, as happened in Repro-
ductive Period 2 (Table 2).

During the female’s presence, tadpoles swam round her 
closely, especially close to her cloacal area, often touch-
ing her with their mouths. At least sometimes they bit her. 
Larger tadpoles were then vigorously wiped off by her with 
one of her hind feet. A female never deposited any more 
eggs after the last juvenile had left the water. Since tactile 
interactions of old tadpoles were intense, missing touches 
probably indicated to her the absence of larvae after they 
had completed metamorphosis.

Agonistic behaviour

Defending territories is a common trait in anurans, es-
pecially when they include breeding sites that constitute 
limited resources (in hylid frogs; e.g., Lutz 1960, Kluge 
1981, Weygoldt 1981, Martins 1993, Martins et al. 1998, 
Schiesari et al. 2003). 

Figure 6. (a, b) Lateral and ventral views of a larva of N. rugiceps at Stage 40, 50 mm TL, 21 mm head–body length, three days after 
egg consumption; (c) recent metamorph, 25 mm SVL.
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Experiments using two male N. rugiceps in one terrar-
ium with one “tree hole” regularly ended up in fights be-
tween them. When one was inside the cavity, he tried to 
block the competitors’s way in with its head. When both 
were inside, one of them would try to dive beneath the 
other frog and push it out with his head. Once outside, 
wrestling began with opponents trying to clasp each oth-
er wherever possible, sometimes in an amplexus-like grip, 
venter-to-venter (Fig. 7), or one would hold the other’s leg 
with one or both hands until the latter fled. Usually, the 
winner then pursued the opponent over 40–50 cm away 
from the cavity and then returned.

Discussion
Possible heterospecific egg parasitism

Among the 15 tadpoles of N. rugiceps found in the second 
bamboo internode in the field (see above) we found one 

tadpole of the lowland morph of Ranitomeya variabilis 
(taxonomy fide Brown et al. 2011). Larvae of the latter are 
commonly transported on the father’s back to phytotelmes 
(Brown et al. 2008a). These tadpoles are cannibalistic and 
eat conspecific eggs and younger tadpoles if they get hold 
of them (Summers 1999, Poelman & Dicke 2007). Adults 
can detect tadpoles, both con- and heterospecific, by 
means of chemical cues in phytotelmes and avoid deposit-
ing their larvae in pools where a conspecific larva is already 
present. In contrast, they show a high preference for pools 
containing heterospecific tadpoles, because these represent 
a possible source of food for their own larvae (Schulte et 
al. 2011, Schulte & Lötters 2014). Tadpoles of R. varia­
bilis consumed heterospecific larvae in field experiments 
(Schulte & Lötters 2014), but also under natural condi-
tions, e.g., those of the phytotelme-breeding hylid Osteo­
cephalus planiceps (Haugen 2002). 

In the bamboo internode at the study site both species 
appeared to coexist. The N. rugiceps larvae were much larg-
er than the R. variabilis larva and did not exhibit any bite 
marks or other injuries. Although the N. rugiceps larvae 
varied in size, neither they nor the R. variabilis larva ap-
peared to be undernourished. The N. rugiceps larvae were 
at Stage 27 and later, while the R. variabilis one already was 
at Stage 40. Nonetheless, the former most likely were older, 
not only because of their larger sizes, but also because the 
lab-raised tadpoles of similar group size took much longer 
to metamorphosis (Reproductive Period 11 with nine met-
amorphosing larvae took 88–112 days, see Table 2) than a 
Ranitomeya larva does. Field data on larval development 
periods in R. variabilis are not available, but a single tad-
pole of a related species that also lives in bamboo inter-
nodes, R. sirensis, is known to have taken 58 days to com-
plete metamorphosis (Waldram 2008). Most likely, the 
R.  variabilis tadpole was deposited there by a male frog 
when the N. rugiceps larvae were already present, but too 
large to be eaten. The good shape the larva was in can best 
be explained by assuming that it fed on the N. rugiceps eggs 
regularly provided by the female. Apparently, R.  variabi­
lis larvae not only cannibalize heterospecific tadpoles, but 
also parasitize nutritive eggs. 

Table 2. Reproductive periods of captive N. rugiceps.

Period 1 2 3 4 5 6 7 8 9 10 11 mean

Number of eggs in fertilized clutches 235 219 355 206 452 337   553   488 372 357.4
Number of hatched larvae 75 9 22 10 46 14     12 12 17 24.1
Number of nutritive egg clutches 8 5   18 3 6       20 22  
Number of eggs in first nutritive clutch 211     344 878 293       412 388 446.6
Intervals between clutches (d) (n=8) (n=4)   (n=18) (n=3) (n=6)       (n=20) (n=22) (n=81)

range 2–5 4–6   4–7 2–5 4–9       3–7 4–7 2–9
mean 4.1 4.8   5.2 4 5.8       5.1 5.3 5.1

Number of metamorphosed frogs       4     3     7 9  
Metamorphosis after (d)                        

range       84–92     79–97     83–104 88–112 79–112
mean       88     88     93 98 93.4

Figure 7. Two male N. rugiceps fighting. The upper individual 
had already driven its competitor out of the artificial tree hole, 
but then followed it for about 30 cm, engaging it in another fight 
before the subdued male could escape.
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Observations of skin secretions

Numerous species in the tribe Lophyohylini, to which 
N. rugiceps belongs, under stress excrete toxic substances 
from serous glands (reviewed by Blotto et al. 2000). The 
white secretions are sometimes so obvious that one spe-
cies, Trachycephalus typhonius, is locally known as rana 
lechera (“milk frog”). At least two species in the genus 
Nyctimantis are exceedingly toxic. The skin secretion of 
Nyctimantis brunoi is known to be 25 times more lethal 
than Bothrops venom, and the frog is able to deliver its 
toxin from skin glands by means of cranial spines to po-
tential predators (Jared et al. 2015). Toxicity is known in 
N. rugiceps as well. Camargo de Souza et al. (2018), after 
having handled an individual and passing the hand across 
the forehead, described a sensation that felt like receiving 
a strong blow with a hard object, making tears and mucus 
flow, and continuous pain for two days. I inadvertently 
killed three Pristimantis sp. when I placed them in a plas-
tic bag with an individual of N.  rugiceps for two hours. 
The latter species, despite its cranial co-ossification, does 
not have any spines to actively deliver any venom. Skin 
glands are not visible upon superficial inspection and 
their location is unknown. But an observation of a cap-
tive specimen indicates that toxin might be secreted from 
various parts of the body, when a six-year-old individual 
was found dying in a terrarium. It obviously was in agony, 
for its lungs were inflated and it did not exhibit its nor-
mal light dorsal coloration, but was tan, and hardly able 
to move. When it was dead two hours later (without heart 
and lymph heart beats), it was immersed in 70% ethanol. 
During the next minutes the frog released a whitish sub-
stance in fine hair-like strands, especially from the poste-
rolateral areas of the throat, from the posttympanic area 
to above the arm insertion, in the interorbital and occipi-
tal areas, mid- and posterior area of the dorsum, and the 
dorsal surfaces of lower arm, shank, and tarsus (Fig. 8). I 
assume that this substance represented the toxin released 
under stress.

Evolutionary and adaptive aspects

Cranial hyper-ossification: Blotto et al. (2020) dis-
cussed in detail cranial hyper-ossification and phragmo-
sis, the behaviour of closing a shelter with the head, in the 
Lophyohylini. Evaluating existing literature, they found 
that the adaptive significance of both was the reduction 
of evaporative water loss and antipredator behaviour. 
While the former most likely is of little importance to a 
frog living in a moist habitat as in the case of N. rugi­
ceps, closing up a retreat by means of lowering the head, 
especially in combination with the capability of excret-
ing toxin (see above), may be an effective defence mecha-
nism. Unfortunately, we know nothing about the diurnal 
retreats of N. rugiceps in the wild, but it is obvious that its 
co-ossified skull is advantageous for several purposes. It 
is a valuable tool in fights between males and also in the 

search for suitable breeding sites, in particular those with 
narrow entrances to phytotelmes such as bamboo inter-
nodes.

Male and female SVL: In general, female frogs are larg-
er than males (Shine 1979, Monnet & Cherry 2002), 
especially when females produce large amounts of eggs 
(Nali et al. 2014). Selection may favour smaller females 
(not larger than males) in species that deposit only small 
numbers of eggs per clutch, especially in small water bod-
ies, such as Triprion spinosus (Duellman 2001) and some 
phytotelme-breeding dendrobatid frogs like Oophaga spp. 
(Silverstone 1975) or Ranitomeya summersi (Brown et 
al. 2008b), whose sexes are more or less the same size. 
Larger-sized males may benefit from a competitive advan-
tage when defending space for oviposition against conspe-
cific males, as in the nest-building hylid Gladiator Frogs 
Boana faber (Lutz 1960, Martins 1993) or B. rosenbergi 
(Kluge 1981), but also in non-hylid frogs (e.g., Shine 1979, 
Emerson 1992, Katsikaros & Shine 1997). Both adapta-
tions may be represented in N. rugiceps: clutches are small, 
not so much with respect to fecundity, but to the extremely 
small size of the eggs, and large sizes in males are advan-
tageous in defending a breeding site against conspecific 
males.

Adaptations to breeding in phytotelmes: phytotelme-
breeding frogs exhibit numerous adaptations at different 
degrees to their breeding sites. In N. rugiceps, apart from 
the co-ossified skull and unusual sexual size dimensions 
(see above), a moderately distensible vocal sac in calling 
males (pers. obs., but see Duellman & Trueb 1976, who 
noted a large vocal sac) may be an adaptive advantage in 
a confined space such as a phytotelme. Some other, both 
morphological and behavioural features demonstrate that 
the parental care of N. rugiceps is highly evolved in com-
parison to other phytotelme-breeding frogs of the family 
Hylidae.

Figure 8. Hair-like skin secretions, possibly toxin, emanating 
from a freshly dead specimen in preservative.
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