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Abstract

Reproduction in a gecko assemblage (Squamata: Phyllodactylidae) in the Marafion
Region (Peru) and comments on the largest gecko in the New World. Reproduction is
described for four phyllodactylid geckos, Phyllopezus maranjonensis, Phyllodactylus
delsolari, P. thompsoni and P. reissii from the upper Marafion Valley, Peru. Observations
were made between March and May 2010 and voucher specimens, already housed in the
Zoologisches Forschungsmuseum Alexander Koenig (ZFMK), were X-rayed to check for
gravid females. Gravid female P. maranjonensis, P. delsolari and P. reissii contain two
eggs, whereas P. thompsoni produces a single egg that is deposited in leaf litter or crevices
of stone walls. It is likely that females of all of these species produce multiple clutches in
one year; the reproductive period seems to be extended in at least two species. Furthermore,
measurements of numerous specimens of all four species are presented herein, revealing
that Phyllopezus maranjonensis is the largest species of New World geckos.

Keywords: Equatorial dry forest, gravid females, Marafion Valley, Phyllopezus
maranjonensis, Phyllodactylus delsolari, Phyllodactylus reissii, Phyllodactylus thompsoni,
reproductive cycle, X-ray.

Resumo

Reproduciao em uma taxocenose de lagartixas (Squamata: Phyllodactylidae) na regido de
Maraiion (Peru) e comentarios sobre a maior lagartixa do Novo Mundo. Descrevemos aqui a
reproducdo de quatro lagartixas da familia Phyllodactylidae, Phyllopezus maranjonensis,
Phyllodactylus delsolari, P. thompsoni e P. reissii, do Vale do Alto Marafion, Peru. As observagdes
foram feitas entre marco e maio de 2010, e os espécimes-testemunhos, depositados no Zoologisches
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Forschungsmuseum Alexander Koenig (ZFMK), foram radiografados para verificar a presenca de
fémeas ovigeras. As fémeas ovigeras de P. maranjonensis, P. delsolari e P. reissii portavam dois
ovos, enquanto P. thompsoni produz um unico ovo, que é depositado na serapilheira ou em frestas
de pareddes rochosos. As fémeas de todas as espécies sdo mais provavelmente capazes de produzir
desovas multiplas ao longo do ano; o periodo reprodutivo parece prolongado em pelo menos duas
espécies. Adicionalmente, medidas de diversos espécimes das quatro espécies sdo apresentadas aqui,
revelando que Phyllopezus maranjonensis é a maior espécie de lagartixa do Novo Mundo.

Palavras-chave: ciclo reprodutivo, Floresta Equatorial seca, fémeas ovigeras, Vale do Marafion,
Phyllopezus maranjonensis, Phyllodactylus delsolari, Phyllodactylus reissii, Phyllodactylus

thompsoni, raios-X.

Introduction

The two genera studied here, viz. Phyllo-
dactylus Gray, 1828 and Phyllopezus Peters,
1877, were recently grouped into the family
Phyllodactylidae (Gamble et al. 2008). At
present 134 species, belonging to 10 genera, are
recognized in the family.

The Neotropical genus Phyllodactylus is
composed of 52 species, including the recently
described P. delsolari Venegas, Townsend,
Koch and Bohme, 2008, P. leoni Torres-Carvajal,
Carvajal-Campos Barnes, Nicholls and Pozo-
Andrade, 2013, P. papenfussi Murphy, Blair and
De la Cruz, 2009, P. paralepis McCranie and
Hedges, 2013, and P. thompsoni Venegas,
Townsend, Koch and Bohme, 2008. With respect
to reproduction, a clutch size of a single egg
seems to be typical for most species within the
genus Phyllodactylus and communal egg-laying
in rock crevices seems to be a common habit
(Dixon and Huey 1970, Lopez-Victoria et al.
2013, Williams er al. 2015). Extended repro-
duction periods and multiple clutches are known
for several Phyllodactylus species, such as for
the Peruvian species P. kofordi Dixon & Huey
1970 and P. reissii Peters, 1862 (Dixon and
Huey 1970, Goldberg 2007, Murphy et al. 2009).

The genus Phyllopezus contains four spe-
cies—P. maranjonensis Koch, Venegas and
Bohme, 2006, P. periosus Rodrigues, 1986, P.
pollicaris (Spix, 1825) and the former Bogertia
lutzae Loveridge, 1941, which recently was

placed in the genus Phyllopezus (Gamble et al.
2012). Vitt (1986) collected gravid female P.
pollicaris from a population of the Caatinga in
Pernambuco, Brazil, during several different
months of the year. Each of these females either
contained two oviductal eggs or enlarged
vitellogenic follicles, suggesting a nearly cont-
inuous reproductive cycle for this species. In
contrast, in their study of the reproductive
ecology of a population of P. pollicaris from a
montane environment in Minas Gerais, Brazil,
Righi et al. (2012) only found reproductive
females between August and December,
suggesting a cyclical reproduction of about 5
mo. Each of the six gravid females they examined
contained two shelled oviductal eggs; the
estimated time to produce a clutch was 3 mo.
Between the end of January and early February
2008, Recoder et al. (2012) conducted an
investigation of a population of P. pollicaris
from the Cerrado of central Brazil and suggested
cyclical reproduction in Cerrado populations.
According to Vitt (1986), P. pollicaris pollicaris
deposits its eggs in rock crevices, in groups of
2-6 eggs produced by 1-3 females. The only
information about reproduction in P. periosus is
from Lima et al. (2011) who observed a clutch
of eight eggs in a rock crevice in the Caatinga of
Ceard, Brazil, on 21 February 2009, suggesting
communal oviposition for this species as well.
During our research on the herpetofauna of
the Balsas Region in the upper Marafion Valley,
Peru, we investigated a gecko assemblage of
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four syntopic species—Phyllopezus maranjo-
nensis, Phyllodactylus reissii, P. delsolari, and
P. thompsoni. Three of these species were
described recently; thus, almost no information
exists on their reproduction, except for mea-
surements of eggs of three gravid P. delsolari
(Venegas et al. 2008). Herein, we add information
about their reproductive biology, and present
morphological data for each of the four species.

Materials and Methods

The study was conducted in the region of
Balsas (06°49' S, 78°00" W, 850 m a.s.l.) and
other parts of the upper Marafion Valley, which
forms part of the Equatorial Dry Forest Ecoregion
(Brack 1986). The Rio Marafion Valley lies
between the Cordillera Central and Codillera
Occidental, and forms the border between the
Cajamarca and Amazonas regions in this area.
The vegetation of this arid habitat is a thorn
forest with various cacti (Cereus, Opuntia,
Lemaireocereus) and drought-resistant trees
(Acacia, Bursera, Capparis) predominating
(Duellman and Pramuk 1999, Koch er al. 2006).
Solid vertical rock faces edge the roads in this
region and the river-bed of the "Quebrada
Honda,” a tributary of the Rio Marafion.

The study was carried out during five weeks
in March, April, and May 2010 (26 March-18
April, and 20 May-29 May). Lizards were
collected from six different localities around
Balsas. Temperature and humidity were mea-
sured every day at 3 pm and 7 pm with a digital
thermo-hygrometer (Extech) with an external
Sensor.

Lizards were monitored and collected during
their nocturnal activity period, from just after
sunset (approx. 19:00 h) to midnight or shortly
after midnight (not later than 02:00 h). Geckos
were located by means of headlights on rock
faces, walls, in crevices of rocks or walls, and
amidst shrubs. Individuals were captured by
hand by grabbing them between the head and
forelimbs. Each gecko was sexed, weighed
(Pesola, to the nearest 0.25 g); the following
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measurements were made with a tape measure
(rounded to the nearest 1 mm) or a digital
calipers, rounded to the nearest | mm: snout—
vent length (SVL), head length (HL), head width
(HW), forelimb length (FLL) and hind-limb
length (HLL). All females were palpated manually
to determine whether they contained eggs.

Twenty-one specimens of each of Phyllopezus
maranjonensis, Phyllodactylus delsolari and P.
thompsoni and eight specimens of P. reissii were
collected as vouchers. The lizards were eutha-
nized by a lethal injection of the anesthetic T61,
fixed in a 10% formalin solution, and are stored
in 70% ethanol in the herpetological collections
of the Centro de Ornitologia y Biodiversidad,
Lima, Peru (CORBIDI) and the Zoologisches
Forschungsmuseum Alexander Koenig, Bonn,
Germany (ZFMK). We painted a number on the
base of the tail of other lizards that we collected
with an Edding 40 marker with waterbased ink
before releasing them . Successive numbers were
used to re-identify the specimens later on.

All voucher specimens collected during this
study were dissected to probe for reproductive
output in females. If females were gravid, the
eggs were removed, counted, and their widths
and lengths recorded. In addition, 20 specimens
of Phyllopezus maranjonensis, 22 Phyllodactylus
delsolari, 23 P. thompsoni, and 9 P. reissii,
already housed in the collections of the ZFMK,
CORBIDI and the Museo de Historia Natural de
la Universidad Nacional Mayor de San Marcos
(MUSM) were measured. Females housed in the
ZFMK were X-rayed (Faxitron X-ray LX60) to
check for gravidity (Appendix I), but autopsies
were not performed on these specimens.
Juveniles were identified by the absence of
features that indicate sexual maturity.

Results
Body Size
Morphological data for adults of the four

species are shown in Table 1. Mean SVL of
Phyllopezus maranjonensis is 109.3 = 9.3 mm in
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adult males (N = 42) and 110.4 + 8.8 mm in
adult females (N = 41), and the maximum SVL
is 128 mm for males and females. Mean SVL of
Phyllodactylus delsolari is 75.1 £ 5.2 mm in
adult males (N = 33) and 75.6 = 5.9 mm in adult
females (N = 44), and the maximum SVL in
males is 84 mm and 89 mm in females. Mean
SVL of P. reissii is 74.1 = 3.7 mm in adult males
(N=7)and 73.6 = 4.7 mm in adult females (N =
7), and the maximum SVL is 78 mm in males
and 80 mm in females. Mean SVL of P.
thompsoni is 39.0 £ 2.4 mm in adult males (N =
63) and 39.2 + 3.5 mm in adult females (N = 68),
and the maximum SVL is 45 mm in males and
46 mm in females.

Reproduction

Gravid females and juveniles were found of
all four species during the study period (Table
2). In addition, X-rays (Figure 1) of females
indicated that female P. reissii (ZFMK 88739,
88744, 88745, 90876, 90898) and P. thompsoni
(ZFMK 91741, 91744, 91752) were also gravid
in at other times during the year (Table 2).

Snout—vent length of juveniles are as follow:
Phyllopezus maranjonensis, 64.0-79.5 mm;
Phyllodactylus delsolari, 40.0-60.0 mm; P.
reissii, 46.0-58.0 mm; and P. thompsoni, 21.0-
30.0 mm.

Each gravid female Phyllopezus maranjo-
nensis dissected contained two oviductal eggs,
ranging from 1.5-19.5 mm long and 1.5-15.0
mm wide (N = 7; Figure 2, Table 3). Mean egg
size was not calculated because the reproductive
stages of the females varied. Each of the four
dissected gravid Phyllodactylus delsolari (COR-
BIDI 7703, CORBIDI 7707, ZFMK 91714,
ZFMK 91717) contained two eggs, as did the
one gravid P. reissii (ZFMK 91725) examined.
Of five dissected gravid P. thompsoni, four
contained a single oviductal egg (CORBIDI
7717, ZFMK 91732, ZFMK 91735, ZFMK
91738); two of those eggs were measured, with
the following sizes: 9.5 x 4.0 mm and 3.4 x 2.8
mm. One female had two eggs (ZFMK 91730),
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Figure 1. X-ray of a gravid female Phyllodactylus reissii (ZFMK 88739).

with one being quite large and the other being
rather small: 9.5 x 5.8 mm versus 1.5 x 1.5 mm.

Three recaptured marked females of Phyllo-
dactylus thompsoni did not contain oviductal
eggs when first captured, but were gravid (one
egg) when recaptured. When two of the three
females were recaptured after 15 days, they had
gained a third of their original weight (1.5-2.0 g).
The third female was recaptured after 5 days had
not gained any weight. Eggshells and a clutch
consisting of one intact egg, presumably belon-

ging to P. thompsoni, were found in the crevices
of a coarse stone wall and in leaf litter at the
base of the same wall. Phyllodactylus thompsoni
was the only species found in this area. The
single egg that was measured is 12.0 x 8.0 mm.
Another egg, from which a juvenile had already
hatched, was still intact apart from the opening
and had the same dimensions. The opening
measured 7.0 x 6.0 mm (Figure 3).

No eggshells or clutches were found of the
other three studied species.

Table 2. Presence (+) of gravid females () and juveniles (juv) per month, including X-rayed females and data from
Goldberg (2007) (*); — indicates that no data were collected on this species during the respective month.
Jan . Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 _ _ _ _ _ _ _
Phyllopezus ® " *
maranjonensis juv _ _ + i + _ _ _ _ _
Phyllodactylus ? - * - - - - -
delsolari juv _ " " " _ _ _ _ _
Phyllodactylus ? a - * * * - * B a - - +*
reissii juv B _ + + + B _ _ _ 4
Phyllodactylus ¥ * - * * * a - B * - B
thompsoni juv _ o o o _ _ _ _ _
Phyllomedusa - 14(1), June 2015
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Discussion
Body Size

The largest individuals we measured of the
recently described and little-known species
Phyllopezus maranjonensis were a female
(ZFMK 91703) and a male (released after
measuring), both of which were 128 mm long;
thus, this species is 2 mm longer than
Thecadactylus rapicauda (Vitt et al. 2008).
Hence, our data reveal that P. maranjonensis
represents the largest known gecko species in the
New World.

Formerly studied Peruvian populations of
Phyllodactylus reissii from Bayovar and Tumbes
had a mean SVL of 57.7 + 2.7 mm (Huey 1979)
and 67.95 £ 8.01 mm (Jorddn 2006), respectively,
and voucher specimens of the Natural History
Museum of Los Angeles County (LACM) from
Amazonas, Cajamarca, Lambayeque, Piura, and
Tumbes have a mean SVL of 56.7 = 4.7 mm
(Goldberg 2007). Thus, the population we
studied from the Marafion Region seems to be
distinctly larger, with a mean SVL of 74.1 + 3.7
mm and 73.6 + 4.7 mm for males and females,
respectively. These high values might have
resulted from the elimination of juveniles from

Figure 2. Gravid female of Phyllopezus maranjonensis
containing two eggs.

our calculations; nonetheless, the largest
individual captured from Balsas has a SVL of 80
mm and hence is 13 mm larger than the largest
specimen of P. reissii reported by Goldberg
(2007).

Figure 3. Eggs presumably deposited by Phyllodactylus thompsoni. (A) Egg (12.0 x 8.0 mm) from which a juvenile had
hatched. (B) Egg (12.0 x 8.0 mm) from which the juvenile had not yet hatched.
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Table 3. Size of eggs contained by female Phyllopezus maranjonensis.

Size (mm)

Female

Right egg Left egg
CORBIDI 7692 18.0x11.5 17.5x10.0
CORBIDI 7693 16.0x12.0 17.5x10.0
CORBIDI 7694 8.0 x6.0 8.0x7.0
ZFMK 91703 19.0 x 13.0 19.5 x15.0
ZFMK 91704 3.5%x3.0 1.5x15
ZFMK 91705 12.0x12.0 12.0x11.0
ZFMK 91721 15.0 x 10.0 14.0 x9.0

Reproduction (1.7 = 047, N = 27). All gravid females of

Until the discovery of Phyllodactylus del-
solari, P. reissii was the only Peruvian leaf-toed
gecko species with a clutch size of two eggs
(Dixon and Huey 1970, Schliiter 2002). All other
species of Phyllodactylus from Peru, including
P. angustidigitus, P. gerrhopygus, P. inaequalis,
P. interandinus, P. kofordi, P. lepidopygus, P.
microphyllus and P. johnwrighti (no data
available on the reproduction of P. clinatus and
P. sentosus) produce a single egg. According to
our data, P. thompsoni is an additional species
that produces only one egg. The small clutch
size in most species of Phyllodactylus may
represent a derived trait reflecting a tradeoff
between small female body size and selection for
relatively large offspring size by producing a
single, relatively large egg.

In the description of Phyllodactylus delsolari,
Venegas et al. (2008) reported that two of three
specimens contained two eggs and the other one
contained only one egg. All of the gravid females
of P. delsolari that we examined had two eggs;
thus, we conclude that females of this species
usually produce two eggs. According to Goldberg
(2007), P. reissii has similar reproductive
pattern, with clutch sizes varying between one
and two, with two being more frequent than one
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Phyllopezus maranjonensis that we examined
had two eggs, as did P. pollicaris (Vitt 1986,
Righi et al. 2012). The pattern of the production
of one or two eggs by each species fits with
previous observations on gekkonid lizards (Vitt
and Caldwell 2009).

Although Phyllodactylus thompsoni is the
only species of the four having a clutch size of
one, it nonetheless is the most abundant and
therefore apparently the most successful species
in this area (Aurich ef al. 2011). This might be
because it has an extended reproductive period
and a relatively short reproductive cycle, as
evidenced by those females that were not gravid
at the time of their first capture, but contained a
relatively large egg when recaptured only two
weeks later. Goldberg (2007) found reproducti-
vely active females of P. reissii in November,
December, and May, and neonates in November
and May; he concluded that the species has a
prolonged reproductive period. All species of
Phyllodactylus from sufficiently warm environ-
ments seem to have an extended all-year long
reproductive period (Fitch 1970). The dry forest
valley of the Marafion and its tributaries provides
such climatic conditions. The presence of gravid
females and juveniles of the species of Phyllo-
dactylus in this study in various months of the
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year (Table 2) suggest that at least two of these
species (P. reissii and P. thompsoni) seem to
have an extended reproductive period. The
reproductive period might be continuous; howe-
ver, we lack data for several months. Female P.
thompsoni with two eggs in different stages may
indicate a short reproductive cycle. Further, the
size difference of the two eggs indicates either
that they derived from one mating event, with
the female retaining sperm, or from two mating
events. The ability of females to retain sperm
was demonstrated for some species of geckos
(Kluge 1967), including the phyllodactylid
Haemodracon riebeckii (Rosler and Wranik
2007). In May, gravid female Phyllopezus
maranjonensis were found in two different
reproductive stages. Two females were captured
on successive days; one contained large eggs
(19.0 x 13.0 and 19.5 x 15.0 mm) and the other
small ones (3.5 x 3.0 and 1.5 x 1.5 mm),
indicating that reproduction is not synchronous
and extends for at least some months.

Egg clutches of Phyllopezus maranjonensis
were not found during this study. However,
because the primary habitat of the species is rock
faces (Aurich et al. 2011), it seems plausible that
P. marajonensis might deposit eggs in rock
crevices, as observed in P. pollicaris and P.
periosus. In contrast, female Phyllodactylus
reissii deposit their eggs in leaf litter or in dead
cactus stems (Schliiter 1997, 2002), in a manner
similar to that of P. thompsoni.

Annual reproductive data are lacking for
these four species of geckos. Further investigation
is necessary to determine all aspects of the
reproduction and oviposition of this gecko
assemblage.
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Appendix L. Specimens examined.

Phyllodactylus delsolari—PERU: Amazonas: Chachapoyas: Balsas (06°50" S, 78°00" W, 870-1290 m a.s.l.), CORBIDI
5671, 5674, 7700, 7702, 7703, 7705, 7706, MUSM 19566, ZFMK 85001, 85002, 90872-90874, 91714-91721, 91762;
Cajamarca: Celendin: Chacanto (06°50'26" S, 78°01'23.8" W, 890 m a.s.l.) CORBIDI 5672, 5673, 7699, 7707-7709, ZFMK
90871; La Libertad: Bambamarca: Calemar (07°31'34.2" S, 77°42'53.9" W, 1310 m a.s.l.) ZFMK 91755-91758; Pataz: Vijus
(07°43" S, 77°39' W, 1260-1315 m a.s.l.) CORBIDI 6912, 6913, 7656, ZFMK 91761; Tayabamba: Pias (Laguna) (07°53" S,
77°33' W, 1820-1870 m a.s.l.) ZFMK 91759, 91760.

Phyllodactylus reissii—PERU: Amazonas: Chachapoyas: Balsas (06°50'53" S, 78°01'30.8" W, 900 m a.s.l.) CORBIDI
7710-7712, ZFMK 90885, 91724, 91725; Cumba: Cumba (05°56' S, 78°39' W, 520-550 m a.s.l.) ZFMK 90898, 90902;
Utcubamba: Puerto Malleta (06°03'54.1" S, 78°36'0.9" W, 500 m a.s.l.) ZFMK 90893, 90895; Zapatalgo (06°03'43.6" S,
78°30'8.4" W, 910 m a.s.l.) ZFMK 90892; Cajamarca: Jaén: Gotas de Agua (05°41'2.9" S, 78°46'4.1" W, 708 m a.s.l.) ZFMK
88739; Santa Rosa (05°26'23.7" S, 78°33'17" W, 1247 m a.s.l.) ZFMK 88740; Pucara (06°02'23" S, 79°07'59.4" W, 901 m a.s.l.)
ZFMK 88744, 88745.

Phyllodactylus thompsoni—PERU: Amazonas: Chachapoyas: Balsas (06°50" S, 78°01' W, 900 m a.s.l.) CORBIDI 7713,
7714, 7718-7723, ZFMK 90914, 90915, 91729, 91730, 91732-91736; Cajamarca: Celendin: Chacanto (06°50" S, 78°02' W,
1130-1140 m a.s.l.) CORBIDI 7715-7717, ZFMK 90911-90913, 91737, 91738; La Libertad: Bambamarca: Calemar (07°32'S,
77°42" W, 1440-1690 m a.s.l.) ZEMK 91752-91754; Tayabamba: Chagual (07°50' S, 77°38' W, 1300-1360 m a.s.l.) ZFMK
91740-91742; Pias (07°53" S, 77°34' W, 1860-1870 m a.s.l.) ZFMK 91746-91748; Bolivar: San Vincente/Pusac (06°59' S,
77°55' W, 1430-1670 m a.s.l.) ZFMK 90917-90922; Pataz: Vijus (07°43'9.3" S, 77°39'47.4" W, 1290 m a.s.l.) ZFMK 91743—
91745.

Phyllopezus maranjonensis—PERU: Amazonas: Chachapoyas: Balsas (06°49' S, 78°00' W, 865-1258 m a.s.l.) CORBIDI
5659-5662, 7692, 7693, ZFMK 84995-84997, 90867, 90868, 91703-91709, MUSM 19553-19555; Cajamarca: Celendin:
Chacanto (06°51" S, 78°02' W, 866-901 m a.s.l.) CORBIDI 7594, ZFEMK 90869, 90870, 91712; La Libertad: Bambamarca:
Calemar (07°31' S, 77°43' W, 1227-1312 m a.s.l.) CORBIDI 7651-7653, ZEMK 91768-91770; Cajabamba: Santa Rosa
(Marcamachay) (07°21' S, 77°51' W, 1,076-1,128 m a.s.l.) CORBIDI 7647-7650, ZFMK 91765-91767.
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