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Abstract.-Stout Iguanas (Cyc!ura pinguis) remain one of the most critically endangered reptiles in the world. Factors 
contributing to that status include habitat loss, predation by introduced species, and competition with introduced 
herbivores. On Guana Island, British Virgin Islands, the presence of feral sheep (Ovis aries) has been a hypothesized 
detriment to iguanas. Using motion sensitive cameras, we documented the distribution of feral sheep on Guana Island 
in 2010. We also quantified the impact oHeral sheep on ground vegetation by comparing plant abundance at long
term sheep exclosures and areas where sheep were absent to areas where sheep were present. Finally, we compared sheep 
distribution to iguana distribution on the island. The co-occurrence of sheep and Stout Iguanas was less than expected, 
indicating possible competition. Although we detected no difference in vegetative cover between areas where sheep 
were present and absent, the long-term exclosures showed that the exclusion of sheep allowed the abundance of many 
plant species to increase. Our data support the hypothesis that feral sheep are altering the abundance of ground-level 
vegetation and limiting iguana distribution on the island. 

Five principal factors contribute to species endangerment: 
Natural causes, over-hunting, introduced predators, non

predatory invasives, and habitat alteration (Fisher et al. 1%9) . 
Hunting, predator introduction, and habitat alteration have 
received considerable attention in both the popular and sci
entific press. The more subtle but no less profound effects 
of non-predatory invasive species such as herbivores have 
received less attention . Introduced herbivores may outcom
pete native species for resources or negatively affect them by 
altering the habitat (Lowney et al. 2005). Herbivorous rep
tiles appear to be particularly sensitive to the effects of intro
duced herbivorous mammals. As an example, Cuban Ground 
Iguanas (Cyc!ura nubila) now compete with deer (Odocoileus 
spp.) and feral goats (Capra hircus) at Guantanamo Bay, Cuba 
(Roca and Sedaghatkish 1998). That competition forced igua
nas to move farther while foraging and juveniles to disperse 
greater distances and suffer greater mortality. Similarly, Stout 
Iguanas (c. pinguis) altered their diet and decl ined in num
bers in response to feral livestock grazing on Anegada Island, 
British Virgin Islands (BVI; Mitchell 1999). Feral livestock 

Copyrighl © 2013. Ben Sk ipper. All rights reserved. 7 

Fig.!. The distribution of Stout Iguanas (Cyci'll'fr pillgllis) and feral sheep on Guana 
Island (British Virgin Islands) is largely disjunct. Phomgraph by Robert Powell. 
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Fig. 2. Sampling efforr of: (A) Subdivision of Guana Island into 6 units; (B) locations of cameras traps (red dots) along the trail system (red ~ maintained 
trails, blue ~ non-maintained trails, light blue ~ 10 m buffer of all trails) ofGuana Island; (C) 2010 locations of encountered sheep (red dots), 2010 loca
tions of encountered iguanas (blue dots), 2004-2009 locations of iguanas; (0) location of Guana Island within the greater Caribbean region. Note: scale 
bar for figures A, B, and Conly. 
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Table 1. Ground cover composition at locations where sheep were and were not detected . "Green vegetation" represents pooling of all living 
plant material . 

Mean ± SD* 

Green Vegetation 1.05 ± 3.55 

Sheep Absent Liner 73.76 ± 18.56 

Rock and Soil 15 .60 ± 15.60 

Green Vegetation 2.93 ± 7.69 

Sheep Present Litter 73.64 ± 14.43 

Rock and Soil 7.32 ± 9.33 

* Mean ± SO of encounters of each ground cover type per 100 sample points. 

** Number of forest floor photos analyzed . Each photo had 100 sample points. 

*** Percentage of cover type with all samples pooled. 

also has been shown to be responsible for negative effects on 
other species of rock iguanas (Lemm and Alberts 2012). 

The Stout Iguana is listed as Critically Endangered and 
Endangered by the IUCN (2004) and the U.S . Fish and 
Wildlife Service (1999), respectively. By the 1980s, Stout 
Iguanas were known to occur only on Anegada Island, where 
they were in rapid decline (Mitchell 1999). Concern for the 
species' persistence prompted the translocation of eight indi
viduals from Anegada to Guana Island, BVI. A decade later, 
Goodyear and Lazell (1994) found that the Guana popula
tion (Fig. 1) was persisting, but had not achieved an island
wide distribution. Goodyear and Lazell (1994) suggested 
that competition with feral sheep (Ovis aries), still found on 
Guana Island despite several eradication attempts (Laze II 
2005), might have been the cause of the limited expansion by 
Stout Iguanas. The iguana population has grown considerably 
(Perry and Mitchell 2003), but a disjunction between Stout 
Iguana and sheep distributions appears to remain (Anderson 
et al. 2010). Further, previous researchers have noted the exis
tence of a browse line where sheep are common (G. Perry 
and C. Boal, pers . obs.) . Nonetheless, no concerted effort 
has previously been made to compare the distributions of the 
iguana and sheep on the island. We therefore sought to quan
tifY the distribution of both Stout Iguanas and feral sheep on 
Guana Island to determine if the two species' distributions are 
indeed non-overlapping. In addition, we sought to quantifY 
the impacts of sheep browsing on island vegetation. Effects of 
sheep on the vegetation would provide a mechanistic explana
tion to support the hypothesis that feral sheep are negatively 
influencing iguana distributions. 

Methods 
Guana Island is a privately owned 340-ha island located less 
than 1 km north ofTorrola, BVI (Fig. 20). The island func-
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n** 0/0*** 

25 4 

25 74 

25 22 

50 12 

50 74 

50 14 

tions as a resort, although much of it is undeveloped, mostly 
free of human distutbance, and covered in dry tropical for
est. Lazell (2005) provided a detailed overview of the island's 
natural history. 

We subdivided Guana Island into six units (Fig. 2A) 
using ArcGIS 9.2 (ESRI 2006, Redlands, California). Four of 
the six units (Bigelow Beach, Grand Ghut, Harris Ghut, and 
Palm Ghut) are natural watersheds. The Guana Resort was 
defined as the area of the island receiving heavy human traffic. 
The remainder of the island was pooled into the Muskmellon 
Bay unit. We created a digital model ofGuana Island consist
ing of 309 100 x 100-m grid cells (Fig. 3A). Steep terrain 
prevented us from sampling 168 of the 309 grid cells (Fig. 
3B), and we do not consider these areas further. Based on 
field observations (see below), each grid cell was coded as hav
ing sheep, iguanas, neither, or both. The amount of overlap 
between sheep and iguanas was determined by comparing the 
number of grid cells with occurrence of both species to what 
would be expected (i .e., joint probability) from the portion of 
cells occupied by sheep and by iguanas. 

We used seventeen motion sensitive cameras (Reconyx 
model RM30, Holmen, Wisconsin) to passively sample feral 
sheep and Stout Iguanas. In October 2010, within 10m of 
the existing trail system of the island (Fig. 2B), we used a ran
dom number generator to determine possible camera place
ments. The number of camera locations placed in each of the 
six pre-determined units was determined by the relative size 
of each unit: Bigelow Beach, Grand Ghut, and Muskmellon 
Bay each received four cameras, Palm Ghut received three 
cameras, and Harris Ghut received two cameras (Fig. 2B). 
We did not place any cameras within the Guana Resort unit, 
as island staff informed us that the level of human traffic 
precludes the occurrence of sheep. Cameras were attached 
to trees 1 m above ground, orientated to provide the least 

3 
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Fig. 3. (A) Subdivision ofGuana Island into 309 100 x 100 m cells; (B) sampled cells (green); (C) sampled cel ls containing sheep (red), iguanas (blue), and 
sheep and iguanas (purple). 

obstructed view, and programmed to record for three days. 
They then were moved to a new, pre-determined location . 
Additionally, we recorded the locations of chance encounters 
of sheep and iguanas during repeated hikes throughout the 
island. Indirect evidence of sheep presence, such as scat and 
sound, also were recorded. For iguana distributions, we incor
porated all 159 previously recorded (2004-2009) locations 
(G. Perry, unpubl. data). 

We assessed vegetation density by measuring vertical 
vegetative visual obstruction (hereafter, visual obstruction) 
at camera-trap locations. Using a I-m Robel pole (Robel et 
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al. 1970) segmented into 10-cm bands, we recorded visual 
obstruction at a distance of 1.8 m from the pole in each 
of the cardinal directions to the nearest 25%. To quantify 
ground cover, we took digital photographs of the forest floor 
at the pole location and 1.8 m from it in each of the cardi
nal directions. Photographs were taken from a height of 1 m. 
We analyzed photographs using SamplePoint (Booth et al. 
2006), which superimposes 100 regularly spaced points on 
each photograph. At each point we recorded the cover type: 
Vegetation, litter, or open soil/rock. Wet conditions, such 
as those experi enced by the BYI in the months just before 
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Table 2. Common plane species inside and outside of exclosures on Guana Island. 

Species* Common name** Family Growth habit*** 

AmJl'is elemiftra Sea Torchwood Rutaceae TRJSH 

Burse/'a simaruba Gumbo Limbo Burseraceae TRISH 

Capparis spp. Caper Capparaceae TRISH 

Eugenia spp. Myrtaceae TRJSH 

Guapira fi'agmns Black Mampoo Nyctaginaceae TRJSH 

Kl'ugiodendron fen'eum Leadwood Rhamnaceae TRJSH 

Macfodyena unguis-cati Catclaw Vine Bignoniaceae VI 

Opuntia repens Roving Pricklypear Cactaceae SS/SH 

Tmgia volubilis Fireman Euphorbiaceae VI/FB 

* Taxonomy from Lazell (2005) 

** Common names from USDA NRCS (2013) 

*** Growth habit from USDA, NRCS (2013). FB = forb/herb, SH = shrub, SS = subshrub, TR = tree, VI = vine 

our study (G. Perry, unpub\. data), can produce high plant 
densities regardless of browsing by feral sheep. Additionally, 
sheep are likely to be attracted to locations where vegetation 
is available. Thus, simple comparisons of locations with and 
withom sheep could provide uninformative results. We there
fore supplemented our findings with numbers obtained from 
two fenced sheep exclosures on the island and their paired, 
un-fenced control sites. These exclosures were established in 
1997-98 and the abundance of nine plant species was mea
sured following establishmen t and again in 2004 and 2010 
(Table 2). They thus provide a long-term comparison of how 
sheep could be affecting the vegetation. 

We used chi-square tests (Zar 2010) to examine differ
ences between ground cover where sheep were present and 
absent. To examine differences in visual obstruction, we used 
t-tests to compare values recorded at each 10-cm band of 
the Robel pole in areas where sheep were present to the cor
responding segment where sheep were absent. All statistical 
analyses were performed with R 2.13.0 (R Development Core 
Team 20 l l). 

Results 
Our cameras recorded sheep at five locations and a single 
iguana at one location (Fig. 2C). During hiking, we encoun
tered sheep and iguanas (Figs. 4-6) at 12 and 53 other loca
tions, respectively. Of the 168 grid cells sampled, we detected 
iguanas only in 28.6% (n = 48) of cells, we detected sheep 
only in 9.5% (n = 16) of cells, and we detected both iguanas 
and sheep in 1.2% (n = 2) of cells (Fig. 3C). Neither we nor 
previous researchers detected iguanas within the Grand Ghm 
watershed, which had the greatest number of sheep detections 
(Fig. 2C). The observed co-occurrence of iguanas and sheep 

II 

was less than half the value expected based on the probabili
ties of sighting either species (2.7% or 5 cells) . 

At camera-trap locations, ground cover differed signifi
cantly between areas where sheep were and were not detected 
(X2 = 187.16, df = 2, P < 0.001). The litter component of 
ground cover did not vary between areas where sheep were 
and were not detected, but the proportion of green vegeta
tion and rock and soil did, with a greater percentage of green 
vegetation being observed in areas where sheep were detected 
(Table 1). Visual obstruction did not significantly differ 
between locations where sheep were and were not detected by 
cameras (Fig. 7; p > 0.05 in all cases). 

Of the nine woody and herbaceous plants monitored in 
and outside of the exclosures, four species (Amyris elmifolia, 

Fig. 4. Feral sheep were most often detected by camera traps at night and 
only on the eastern side of [he island. 
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Fig. 5. Immature SroU( Iguanas were most commonly encountered near the Guana Resort. This individual was marked with white paint ro facilitate iden
tification during a concurrent study. Phorograph by Ben Skipper. 

Bursa·a simarubra, Capparis spp., and Tragia volubilis) clearly 
increased in abundance when sheep were excluded (Fig. 8). 
Two other species (Krugiodendron ferreum and MacJadyena 
unguis-cacti) displayed stronger increases in abundance inside 
exclosures compared to outside, although some overlap in 
standard deviations exists (Fig. 8). Eugenia spp. and Guapira 
fragrans abundance seemed less affected by the exclosures, 
although trends show both increasing inside the exclosures 
(Fig. 8). One species, Opuntia repens, remained approxi
mately stable over the 10-year observation period inside the 
exclosures, but declined sharply outside of exclosures. No 
monitored species declined in the exclosures when compared 
to control plots. 

Discussion 
Since their re-introduction almost 30 years ago, Stout Iguanas 
have established a self-sustaining population on Guana 

12 

Island (Goodyear and Lazell 1994, Perry and Mitchell 2003, 
Anderson et al. 2010) . However, prior researchers (Goodyear 
and Lazell 1994, Anderson et al. 2010) hypothesized that 
competition with feral sheep for available browse may limit 
iguana distribution on the island. Our data support this 
hypothesis. Iguanas and sheep are much less likely to co-occur 
than would be expected, suggesting that occurrence of sheep 
in some of the eastern portions of the island precludes iguana 
presence. We did encounter several iguanas (both adults and 
juveniles) at the eastern end of the island, where they had 
not previously been seen. We believe this represents a wider 
search effort, but it could represent an expansion of the popu
lation compared to the surveys of Goodyear and Lazell (1994) 
and Anderson et al. (2010) . 

A possible explanation for the lack of overlap between 
iguanas and sheep, consistent with Mitchell's (1999) observa
tions on Anegada and studies of other species in the genus 
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Fig. 6. Large, mature Stout Iguanas were rarely encoumered far from the Guana Resort. Photograph by Rebecca Perkins. 

Cyclura (Lemm and Alberts 2012), is reduction in available 
forage for iguanas due to browsing by feral sheep. Although 
previous researchers (W. Anderson, pers . comm.) have 
observed a prominent browse line in areas occupied by sheep, 
we detected no difference in visual obstruction between areas 
with and without sheep detections. Possibly, the 1.S-m dis-

90-100 
80-90 

E 
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60-70 (.) 

'-" 
50-60 -.c 

C> 40-50 'm 
I 30-40 

20-30 
20-10 
0-10 

0 10 20 30 40 50 

Mean % Visual Obstruction 
Fig. 7. Mean (± SO) percent visual obstruction measured of vegetation at 
camera trap locations, red bars indicate camera trap locations where sheep 
were detected; blue bars indicate areas where sheep were not detected. 
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tance from which we recorded visual obstruction was insuf
ficient to assess accurately the effects of browsing. More 
importantly, perhaps, Guana Island received above-average 
precipitation in the months before our study (G. Perry, pers. 
obs.), which could have allowed the vegetation to recover 
from browsing pressure. Guana Island experienced drought 
in 2009, which could have rendered the effects of browsing 
more pronounced, whereas in 2010, high rainfall may have 
rendered signs of browsing unobservable. Consistent with 
that inrerpretation, browse damage was obvious again in 
2011, another dry year (G. Perry, pers. comm.). 

We did not find differences in visual obstruction between 
camera-trap locations where sheep were and were not docu
mented. Somewhat counterintuitive is that camera-trap loca
tions where sheep were detected had a greater proportion of 
green vegetation than those where sheep were not detected. 
However, such differences might not be unexpected for two 
reasons. First, our study was conducted during a wet spell, 
when vegetation is relatively lush and regrowth is rapid. 
Second, sheep are likely to be attracted to available forage or 
avoid areas denuded of vegetation, and thus may preferen
tially be found at locations with more remaining vegetation. 
Our comparisons of sheep exclosures to un-enclosed control 
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plots provided further evidence. We saw marked increases in 
four plant species, weaker increasing trends in another four 
species, and no declines inside exclosures. 

Our study supports previous suspicions (Goodyear and 
Lazell 1994, Anderson et aI. 2010) that feral sheep limit the 
distribution of Stout Iguanas on Guana Island. This is a 
source of concern, as the Guana population is one of the larg
est populations of the species and its survival may be critical 
to the long-term existence of C. pinguis. Although our short
term assessment of vegetation (assessments at camera-trap 
locations) did not reveal clear differences in vegetative struc
ture in areas where sheep were and were not detected, assess
ments at the long-term exclosures did indicate that exclusion 
of sheep can have a positive effect on the vegetative commu
nity. Further exclusion of feral sheep through removal would 
likely be beneficial to Stout Iguanas by providing an opportu
nity for more complete expansion of the current distribution 
into the eastern half of the island. Sheep removal also could 
be of value to the island's vegetation, some of which is of sig-
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nificant conservation value (Procter and Fleming 1999, Lazell 
2005). Other species that depend on the vegetation, such as 
invertebrates and birds, also could be affected positively by 
such management practices. 
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Abstract 

Introduction 

Morphology affects many aspects of performance in Anolis lizards including 
running, jumping, biting and clinging (reviewed in Losos 2009). Previous studies of 
clinging performance in Anolis show a positive relationship between toepad size and 
clinging ability on smooth, flat surfaces (e.g., Irschick et al. 1996; Elstrott and 
Irschick 2004). Larger lamellae, the expanded subdigital scales that comprise the 
toepad, contain more setae, the microscopic structures that adhere to surfaces 
through van der Waals forces (Autumn and Peattie 2002; Autumn et al. 2002), and 
more setae generate more force. Because anoles in nature use substrates that vary 
in roughness and diameter, other aspects of morphology may influence clinging 
ability in addition to lamellae. Studies of other lizard species indicate claws, limbs, 
tendons, and toes also influence clinging performance (Zani 2000; Tulli et al. 2009, 
2011). For example, in a diverse group of 68 species of New World lizards including 
some Anolis species, Zani (2000) found wider toes and more lamellae increased 
clinging performance on smooth surfaces, whereas thinker claws and shorter toes 
were better suited for rough substrates. How aspects of morphology other than 
toepads affect clinging ability in Anolis warrants further study. 

In Anolis lizards, limb length shows a strong relationship with locomotor 
performance with longer-limbed species running faster on broad substrates (Losos 
2009). This relationship changes across perch diameters with sprint speed 
decreaSing on narrower perches for most species and longer-limbed species 
showing a greater decrease in sprint speed (Losos and Sinervo 1989; Spezzano and 
Jayne). As with locomotor performance, clinging ability likely varies with perch 
diameter and hindlimb length. Anolis species that use broader diameter perches 
tend to have larger toepads (Macrini et al. 2003). A better understanding of this 
morphology-performance relationship is critical for evaluating the functional 
significance of morphological variation (Losos 1990; Wainwright 1994; citations). 
Trait variation must translate into performance variation for natural selection to 
operate, and ecologically relevant measures of performance are important for 
evaluating adaptive hypotheses (Arnold; Irschick 2003). 

1 

10 



In this study, we measure clinging performance of three Anolis species on 
using an ecologically relevant, whole-organism approach. Given the relationship 
between limb length and locomotor performance in Anolis lizards (e.g., Losos and 
Sinervo 1989; Macrini and Irschick 1998), we are interested if a similar relationship 
exists between limb length and clinging performance and if this relationship differs 
between perch diameters. We predict based on previous work in other lizards that 
clinging force will increase on narrower perches (Losos et al. 1993) and for longer 
hindlimbs (citations). An understanding of how variation in a trait affects multiple 
measures of performance, and therefore multiple potential avenues of natural 
selection, is critical to interpreting adaptive hypotheses. 

Methods 

Study System 

We collected three species of Anolis lizards for this study on Guana Island, 
British Virgin Islands, in October 2012. All three species are distributed throughout 
the Greater Puerto Rican Bank from mainland Puerto Rico to the U.S. and British 
Virgin Islands. On Guana Island, these species occur in natural forest and disturbed 
areas, such as gardens, orchards, and landscaping around buildings and trails (Lazell 
2005). They are diurnally active and mostly insectivorous lizards. Anolis crista tell us 
is a small to medium sized arboreal lizard in the 'trunk-ground' ecomorph category 
(Williams 1983; Losos 2009). It is typically active on the ground and on tree trunks 
up to 2 m high, and shows strong sexual size dimorphism with males being larger 
than females (Butler). Anolis stratulus is a 'trunk-crown' ecomorph and on average 
perches higher on trunks than A. cristatellus. This species is smaller than A. 
cristatellus and sexual size dimorphism is weak with males and females of similar 
body size. Anolis pulchellus is a 'grass-bush' ecomorph that perches somewhat 
lower than the other two species often using denser vegetation. Males and females 
are similar in body size. Both A. cristatellus and A. pulchellus have relatively long 
limbs for their body size compared to the shorter limbed A. stratulus (Losos 2009). 

Habitat use and Morphology 

Most lizards encountered during this study were perched on vegetation, 
although all species were observed on the ground at times. Based on their 
ecomorph category, we predicted these three species would differ in their structural 
habitat use with A. stratulus using the highest and A. pulchellus the lowest perches, 
respectively, and A. pulchellus using narrower perches compared to both A. 
cristatellus and A. stratulus. We measured perch height and perch diameter for every 
undisturbed, adult lizard observed. 

For each individual used in the performance trials, we recorded species and 
sex, and measured hindlimb length and snout-vent length (SVL) with a ruler to the 
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nearest 0.5 mm. Hindlimbs were measured from the insertion of the limb into the 
body wall to the tip of the claw, and SVL from the tip ofthe snout to the cloaca. 

Performance 

We measured the force necessary to pull a lizard off of a perch. Field-caught 
lizards were fitted with a harness around their midsection located halfway between 
their fore - and hindlimbs. Lizards were positioned so their limbs were wrapped 
around the perch rather than held close to their body. This increased maximal 
clinging force in practice trials and likely better replicates the posture of a lizard 
attempting to hold on to a perch during a storm or a predation attempt. We 
attached the harnessed lizard to a digital force gauge (Extech Model 475040; 
accuracy 0.01 newtons), which we set on peak force mode. We then moved the 
perch and lizard at a constant speed away from the force gauge such that the perch 
and lizard were perpendicular to the sensing head of the force gauge. We tested 
each lizard on perches of two diameters using smooth dowels of 12 and 33 mm. 
Each lizard was tested at least three times on each diameter to determine maximal 
force. Trials in which lizards did not perform or clearly underperformed were 
discarded (Losos et al. 2002). The same person OIK) conducted all trials to maintain 
consistency. The highest force measurements on each of the two diameters were 
used in subsequent statistical analyses. 

Statistical analyses 

We did not include A. pulchellus in statistical analyses due to its small sample 
size (n=6). All variables were log-transformed prior to analyses. Perch height and 
diameter use differences between species, sexes, and their interaction were 
evaluated using separate ANOVAs. We tested for a difference in hindlimb length 
between species, sexes, and their interaction using analysis of covariance (ANCOVA) 
with SVL as a covariate. The three-way interaction involving species, sex, and SVL 
was nonsignificant and removed from the final model. Because we used the same 
individuals to measure clinging force on both 12 and 33 mm diameter dowels, we 
used repeated-measures ANCOVA with hindlimb length as a covariate. This model 
tested for between-subjects effects of species (A. cristatellus and A. stratulus) and 
sex (male and female) as well as their interaction, within-subject effects of diameter 
(12 and 33 mm), and interactions between diameter and species, sex, and species by 
sex. Interactions involving the covariate hindlimb length were nonsignificant and 
removed from the final model except for the diameter by hindlimb length 
interaction. 

We also conducted a size-adjusted analysis using the residuals from the 
hindlimb length-SVL regression to determine if relative hindlimb length (as opposed 
to overall size) affects clinging performance. Given differences between species and 
sexes in the relationship between hindlimb length and SVL (Tables 1 and 2), we 
calculated residuals separately for each species-sex combination. We used these 
residuals in separate repeated measures ANCOVAs to test for a within-subject effect 
of diameter (12 and 33 mm). 
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Results 

As predicted by their ecomorph category, A. stratulus perched higher than A. 
cristatellus, and within each species males perched higher than females (Tables 1 & 
2). Anolis stratulus perched on broader vegetation compared to A. cristatellus, but 
there was no difference in perch diameter between males and females (Tables 1 & 
2). Although not included in these statistical analyses, A. pulchellus used lower and 
narrower perches compared to the other two species, as expected for a grass-bush 
ecomorph species (Table 1). The relationship between hindlimb length and SVL 
varied between species and sexes, and A. cristatellus had relatively longer hindlimbs 
compared to A. stratulus and males had longer hindlimbs than females (Fig. 1, Table 
3). The few A. pulchellus sampled had relative hindlimb lengths similar to A. 
stratulus (Fig. 1). 

Clinging force differed significantly between species and diameters (Table 4). 
Across all species-sex combinations, lizards generated greater force when tested on 
the narrower 12-mm dowel. Furthermore, male A. cristatellus generated 
substantially greater clinging forces compared to the other species and female A. 
cristatellus (Fig. 2). The relationship between clinging force and hindlimb length 
differed between diameters, being more similar for all species-sex combinations at 
12 mm as compared to 33 mm (Table 4, Figs. 3-4). On the broader dowel diameter, 
clinging force remained relatively low up to a hindlimb length of approximately 40 
mm at which point the increase in clinging force per unit of hindlimb length 
increased substantially. Only male A. cristatellus had hindlimb lengths in this range. 
Significant diameter by species and diameter by sex interactions were also detected, 
supporting the large difference in clinging force found between male A. cristatellus 
and the other groups. Hindlimb length in these previous analyses could be an 
indicator of an overall size effect and not hindlimb length per se. Size-adjusted 
analyses showed a relationship between clinging force and relative hindlimb length 
for A. stratulus only, and the relationship between clinging force and relative 
hindlimb length differed by diameter for male A. stratulus (Table 5). 

Discussion 

Clinging force differs by diameter, hindlimb length, sex, and species for the 
Anolis lizards in this study. When on the 33-mm dowel, clinging force is reduced on 
average 31 % for male A. cristatellus, 46-48% for female A. cristatellus and A. 
stratulus, and 59-68% for A. pulchellus (Fig. 2). Clinging ability is greater in general 
with longer hindlimbs, for males, and for A. cristatellus (Figs 2-4), but these 
relationships are confounded. For example, male A. cristatellus have much longer 
hindlimbs compared to the other groups (Fig. 1). When adjusted for body size, 
relative hindlimb length significantly affects clinging force in A. stratulus only (Table 
5). Thus, the relationship between clinging force and hindlimb length in A. 
cristatellus may reflect variation in overall size or some unmeasured traits, such as 
toepad size or number of lamellae. 
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Most individuals experienced a reduction in clinging force on the broader 
diameter dowel (Fig. 2). It was only the largest male A. cristatellus that showed little 
difference in clinging ability between dowel diameters. When extrapolating to 
diameters larger than those used here and more similar to the perches used by 
these species in nature (Table 1), we would expect clinging ability to decrease 
further. But why then do lizards occupy such broad perches when clinging 
performance is so poor? There are at least two explanations. First, broad perches 
are mostly trees with rough bark in nature; thus, claws become a more important 
factor in clinging ability (Zani 2000). Most previous studies on Anolis isolate the 
performance of toepad lamellae on smooth surfaces (Irschick et al. 1996; Elstrott 
and Irschick 2004). Whether claws, and possibly lamellae, improve clinging 
performance on rough substrates that Anolis lizards typically use has not been 
tested directly. Second, locomotor performance may be more important than 
clinging ability when on broad perches. In contrast to clinging force, sprint speed 
increases with perch diameter (Losos and Sinervo 1989; Marcrini and Irschick 
1998). A similar trade-off exists between clinging ability and sprint speed with 
perch diameter in two species of chameleons (Losos et al. 1993). A better 
understanding is needed for how morphological variation affects these two 
measures of performance in Anolis lizards, and whether habitat use and behavior 
influence performance ability in nature (Irschick and Losos). The selective 
pressures influencing these morphology-performance-habitat use relationships are 
not well known (Elstrott and Irschick 2004; Losos 2009). Clinging ability could be 
related to numerous factors including aggressive interactions, predation pressure, 
risk of falling, use of smooth surfaces, and tropical storms. Disentangling these 
potential selective forces, and the contribution of morphological trait variation to 
clinging performance, is a challenging task. 

A previous study showed A. cristatellus had about twice the toepad area and 
clinging force of A. pulchellus, which had the weakest clinging ability out of the 12 
Anolis species in that study (Elstrott and Irschick 2004). Unfortunately, A. stratulus 
was not included in that study, but in this study, A. stratulus had greater clinging 
force compared to female A. cristatellus (Figs. 2 & 3) despite having relatively 
shorter hindlimbs over a similar range of body sizes (Fig. 1). Claws are unlikely to 
contribute substantially to clinging force on the smooth dowels used in this study, 
but larger toepads or more lamellae could account for the performance difference 
observed here. Toepad area data are not available for A. stratulus, but the other 
trunk-crown species on Puerto Rico, A. evermanni, has larger toepads and greater 
clinging ability compared to A. cristatellus (Elstrott and Irschick 2004). Future 
studies should evaluate the effect of multiple morphological traits on clinging 
performance. In fact, Irschick et al. (1996) found approximately 50% of the 
variation in clinging ability among diverse pad-bearing lizards remained 
unexplained after removing the effects of body size, indicating that factors in 
addition to toepad area influence clinging ability. 
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Clearly, studies are needed to simultaneously evaluate the contribution of 
toepad lamellae, toe and limb morphology, and claws to clinging performance, and if 
the relative importance of these morphological variables varies on different 
substrate types (e.g., roughness and diameter). Furthermore, traits may be subject 
to multiple selective forces that vary over time and space. Therefore, a thorough 
understanding of the multiple ways in which a trait functions in an ecological 
context is needed. 
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Table 1. Sample sizes and means (± SD) for morphological measurements and 
structural habitat use of the three Anolis species separated by sex. 

Hindlimb Perch Perch 
Species Sex N SVL Length N Height Diameter 

(mm) (mm) (cm) (mm) 
cristatell us Male 24 59.7±6.9 47.2±5.7 28 117.6±63.7 88.0±78.1 

~- --
cristatellus Female 32 45.2±5.2 33.8±3.8 38 65.6±38.3 58.3±55.0 
pulchellus Male 3 41.7±3.2 29.8±1.9 3 34.3±1.2 23.0±15.7 

~ -

pulchellus Female 3 40.3±2.1 27.8±1.3 3 18.7±15.4 6.7±2.9 
stratalas Male 24 45.9±2.4 30.3±1.3 24 127.9±59.5 121.2±75.8 
stratulus Female 20 41.8±1.4 27.0±1.0 10 122.6±79.4 99.1±52.9 

Table 2. Results of ANOVAs testing for differences between species and sexes in a) 
perch height and b) perch diameter for A. cristatellus and A. stratulus. 

Factor 
. a} Perch height (R2 = 0.1903) _ 

Species 
Sex 

. Specie?_by Sex 

b) Perch diameter (R2 = 0.1619) 
Species 
Sex 
Species by Sex 

F 

4.3571 
4.1640 
2.0636 

11.6193 
1.6473 
0.2728 

df 

1,62 
1,62 
1,62 

1,96 
1,96 
1,96 

p 

0.0410 
0.0456 
0.1559 

0.0010 
0.2024 
0.6026 

Table 3. Results of an ANCOVA using snout-vent length (SVL) as a covariate to 
explore factors affecting differences in hindlimb length for A. cristatellus and A. 
stratulus. 
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Factor F df P 
Species 161.41 1,88 < 0.0001 
Sex 46.77 1,88 < 0.0001 

: _ Species by Sex 3.34 1,88 0.0711 
-

SVL 43.83 1,88 < 0.0001 
-~.---------- ----

Species by SVL 10.90 1,88 0.0014 
Sex by SVL 4.94 1,88 0.0287 
Table 4. Results of a repeated-measures ANCOVA using hindlimb length as a 
covariate to explore factors affecting differences in clinging force at two perch 
diameters: 12 and 33 mm. 

Factor F df P 
- Between §ubjects:. _ 

Sp~cies 13.76 1,90 0.0004 . 
Sex 2.25 1,90 0.1375 

.. 

Species x Sex 3.30 J; 90 0.0724 
Hindlimb Length 77.30 . 1,95 < 0.0001 

• WithiI! subjects: ., - -_. " - --
Perch Diameter 20.33 l L 9? < 0.0001 

.-

Per ch Diameter ~ Species _ 11.48 1,95 0.0010 
Perch Diameter x Sex 4.73 1,95 0.0321 
Perch Diameter x Species x Sex 0.29 1,95 0.5929 
Perch Diameter x Hindlimb Length 16.59 1,95 < 0.0001 
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Table 5. Results of repeated-measures ANCOVAs using the residuals of hindlimb 
length by SVL regressions to test for a difference in clinging force between the two 
perch diameters (12 and 33 mm). We conducted separate analyses for each species
sex combination because species and sexes differed in their relationship between 
hindlimb length and SVL (Table 3). 

Factor F df P 
a) cristatellus - female 
Between subjects: 

Relative Hindlimb Length 2.41 1,27 0.1324 
Within subjects: 

Perch Diameter 100.49 1,27 < 0.0001 
P~rch Diam<::t<::r b)' Relative HiI2<!I.i_J!lb Length 0.65 1,27 0.4285 

i'" . . . 
.. -

b) cristatellus - male 
.. Between subjects: 

Relative Hindlimb Length 0.03 1,22 0.8598 
Within subjects: 

Perch Diameter 28.10 1, 22 < 0.0001 
Perch Di~meter by Relative Hindlimb.Length 0.12 1,22 0.6846 

c) stratulus - female 
Between subjects: 

Relative Hindlhnb Length 8.18 1,) 8 0.0104 --- _.- . - .. - ... 

Within subjects: 
Perch Diameter 42.67 1,18 < 0.0001 
Perch piameter by Relative Hindlimb Length 0.01 1, 18 0.9560 

d) stratulus - male 
Between subjects: 

Relative Hindlimb Length 1.84 1,20 0.1900 
. Within ~ubjects: 

Perch Diameter 106.63 1,20 < 0.0001 
Perch Diameter by Relative Hindlimb Length 4.81 .1,20 0.0403 
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Figure Legends 

Figure 1. The relationship between snout-vent length and hindlimb length for three 
species of Anolis lizards. Lines on the plot indicate significant linear relationships 
calculated separately for each species-sex combination. 

Figure 2. Differences in mean (± SD) clinging force by species, sex and dowel 
diameter. See Table 2 for statistical results. 

Figure 3. The relationship between hindlimb length and clinging force on two dowel 
diameters: a) 12-mm and b) 33-mm. Lines on the plot indicate significant linear 
relationships calculated separately for each species-sex combination. 
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Proposal - Guana Island 2013 

Based on preliminary results (see Table 1 and enclosed manuscript), I propose to 
continue the two projects initiated in 201 2. First, sampling for the phylogeographic 
analysis of the three common Anolis lizard species (A. cristatellus, A. stratulus, A. 
pulchellus) found on the Greater Puerto Rican bank. Anolis cristatellus and A. stratulus 
are well sampled on a few islands (e.g., Guana), but A. pulchellus is not well sampled on 
any island. Molecular genetic data will be collected for this project in collaboration with 
colleagues at Harvard University and the University of Massachusetts-Boston. Second, I 
propose to expand the project on clinging force, which found a positive relationship 
between clinging force and hindlimb length and an effect of substrate diameter on 
clinging force. I will test how different aspects of morphology (lamellae, claws, limbs) 
contribute to clinging performance on different substrates (substrate diameter and 
roughness). 

Table 1. Tissue samples collected for three Anolis lizard species by island and site in the 
British Virgin Islands in October 2012. 

Island Anegada Beef Cooper Guana Guana Guana Guana lost Little 
Van Thatch 
D~ke 

Site Garden Long Orchard Palm 
of Man's Ghut 

Species 
Eden Point 

cristatellus 5 6 7 39 7 29 5 6 7 
stratulus 0 0 1 38 3 15 4 1 2 
pulchellus 2 0 0 5 0 5 0 0 0 

Island Moskito Norman Peter Salt Scrub Tortola Tortola Tortola Virgin Total 
Gorda 

Site Sage Road West 
Mt. Town End 

Species 
cristatellus 7 12 5 7 4 11 7 1 1 166 
stratulus 1 4 2 0 0 0 6 0 1 78 
pulchellus 0 0 0 0 0 0 0 0 0 12 
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Sea level, topography and island diversity: 
phylogeography of the Puerto Rican Red-eyed Coqui, 
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Abstract 

Quaternary climatic oscillations caused changes in sea level that altered the size, num
ber and degree of isolation of islands, particularly in land-bridge archipelagoes. Eluci
dating the demographic effects of these oscillations increases our understanding of the 
role of climate change in shaping evolutionary processes in archipelagoes. The Puerto 
Rican Bank (PRB) (Puerto Rico and the Eastern Islands, which comprise Vieques, 
Culebra, the Virgin Islands and associated islets) in the eastern Caribbean Sea periodi
cally coalesced during glaciations and fragmented during interglacial periods of the 
quaternary. To explore population-level consequences of sea level changes, we studied 
the phylogeography of the frog Elelltlzerodactyllls alltillellsis across the archipelago. 
We tested hypotheses encompassing vicariance and dispersal narratives by sequencing 
mtDNA (C. 552 bp) of 285 individuals from 58 localities, and four nuDNA introns 
(totalling c. 1633 bp) from 173 of these individuals. We found low support for a 
hypothesis of divergence of the Eastern Islands populations prior to the start of the 
penultimate interglacial c. 250 kya, and higher support for a hypothesis of colonization 
of the Eas tern Islands from sources in eas tern Puerto Rico during the penultimate and 
last glacial period, when a land bridge united the PRB. The Rio Grande de Loiza Basin 
in eastern Puerto Rico delineates a phylogeographic break. Haplotypes shared between 
the PRB and St. Croix (an island c. 105 km south-east of this archipelago) likely repre
sent human-mediated introductions. Our findings illustrate how varying degrees of 
connectivity and isolation influence the evolution of tropical island organisms. 

Keywords: Caribbean Sea, gene flow, human-mediated introductions, island biogeography, 
isolation, phylogeography, Puerto Rican Bank, quaternary, West Indies 
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Introduction 

Ecological and evolutionary studies of island biotas 
provide fund amental perspectives on speciation, adap
tive radia tion, community assembly and biogeography 

Correspondence: Brittany S. Barker, Fax: 520 621 91 90; 
E-mail : barkerbr@emai l.arizona.ed u 
'Present address: Department of Ecology and Evolutionary 
Biology, University of Ari zona, Tucson, AZ 85721, USA 

© 2012 Blackwell Publishing Ltd 

(Losos & Ricklefs 2009). Factors such as isolation, topog
raphy, island area and island age contribute to biogeo
graphic patterns (MacArthur & Wilson 1967; Triantis 
et al. 2008; Whittaker et al . 2008), with historical fluctua
tions of sea level hypothesized to play an important 
role in shaping insular biomes (e.g. Heatwole & Mac
Kenzie 1967; Carine 2005). Quaternary (2.6 mya- pres
ent) climatic oscillations changed eustatic sea levels 
more than 100 m (Waelbroeck et al . 2002; Bintanja et al. 
2005; van Daele et al. 2011 ), altering the size, number 
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and degree of isolation of islands worldwide. During 
interglacial periods, rising sea levels fragmented and 
reduced the size of terrestrial habitats, leading to popu
lation isolation and smaller population sizes, which 
facilitated evolutionary divergence or local extirpation 
(Pregill & Olson 1981). As sea levels lowered during 
glacial periods, terrestrial areas expanded, potentially 
connecting previously isolated populations and allow
ing colonization of new areas. Although some studies 
detected high levels of gene flow (e.g. Malone et al. 
2003; Heaney et al . 2005) and low levels of endemism 
(e.g. Heatwole & MacKenzie 1967; Rand 1969) in tropi
cal archipelagoes with a history of land-bridge connec
tions, others inferred absence of gene flow between 
populations and high endemism, despite opportunities 
for dispersal (e.g. Esselstyn & Brown 2009; Lim et al. 
2011). This contrast implies that the role of fluctuating 
sea levels on diversification in tropical insular systems 
is complex. 

We explore the genetic consequences of cyclical sea 
level fluctuations in the Puerto Rican Bank (hereafter 
PRB), an archipelago in the eastern Caribbean Sea 
(Fig. la, b) comprised of the main island of Puerto Rico 
(8768 km2

; maximum elevation 1338 m) and the 'East
ern Islands' (east of 65.6°W; c. 340 km2

; maximum ele
vation 500 m), which include Vieques, Culebra, the 
Virgin Islands (St. Thomas, St. John, Tortola, Virgin 
Gorda and Anegada) and more than 180 associated 
small cays. Whereas low sea level during glacial peri
ods led to a land bridge between Puerto Rico and the 
Eastern Islands, higher sea level during interglacial 
periods separated the Eastern Islands from each other 
and from Puerto Rico (Heatwole & MacKenzie 1967; 
Renken et al. 2002) . Indeed, Puerto Rico and the Eastern 

66'O'W 

Islands form distinctive biogeographic clusters (Hedges 
1999), suggesting limited gene flow between these 
regions, despite the periodic emergence of a land-bridge 
connection. 

Distinctive phylogeographic patterns inferred for spe
cies in Puerto Rico and the Eastern Islands suggest dis
parate evolutionary histories. Previous mtDNA studies 
inferred long-term persistence and diversification in 
topographically diverse Puerto Rico (e.g. Velo-Anton 
et al. 2007; Rodriguez-Robles et al. 2008, 2010; Jezkova 
et al. 2009; Barker et al. 2011), with sea level fluctuations 
promoting speciation in the Eastern Islands (Brandley & 

de Queiroz 2004; Oneal et al. 2010). However, those 
studies did not examine population-level responses 
across the archipelago. We herein use multiple loci to 
examine demographic phenomena (Edwards & Beerli 
2000; Hudson & Turelli 2003) and assess the effect of 
inundations on PRB populations of the Red-eyed Coquf, 
Elclltilerodactyills antil/ellsis (Anura: Eleutherodactylidae) 
Reinhardt and U.i.tken 1863. This widespread (sea level 
to 1220 m), predominantly arboreal frog occurs in most 
larger islands of the PRB (except for Anegada; Hender
son & Powell 1999) and is ideal for testing alternative 
biogeographic scenarios . Because anurans are intolerant 
of saltwater (Balinsky 1981; Duellman & Trueb 1994), 
dispersal of E. antil/ellsis among islands during high sea 
level stands has probably been limited, although there 
are reported instances of frogs crossing salt-water barri
ers via rafting (Measey et al. 2007). 

We formulate and test hvo competing hypotheses to 
elucidate the relative roles of persistence and dispersal 
in structuring genetic diversity in a widespread species 
across a climatically dynamic tropical archipelago. The 
'Ancient Eastern Islands Isolation Hypothesis' proposes 

Eastern Islands 

50 Km la'O'N 

;:;:=;=:;:::;:~' (c) St. Croix 
l...---___ ----J ~ 

Low: -120 

Fig. 1 Map of the Puerto Rican Bank (a and b) and St. Croix (c) illustrating the topography of the islands and the approximate geo
graphic location of the sampling localities of Elellfilerodacfyills allfillcllSis (see Table 51, Supporting Information, for specific locality 
data). The outermost line in n, band c indicates the approximate land configuration at maximum sea level (- 120 m; Siddall cf al. 
2003) lowering during the Lnst Glacial Maxil11till1 (c. 26.5- 19 kya), and the thicker line depicts the current extent of land area. 
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that E. al1tillensis persisted in isolation in the Eastern 
Islands since before the start of the penultimate inter
glacial c. 250 kya (Dutton et al. 2009), despite the emer
gence of a land-bridge connection uniting the PRB 
during glacial periods between the penultimate intergla
cial (190- 245 kya; Dutton et al. 2009), last interglacial 
(119- 130 kya; Siddall et al. 2003; Hearty et al. 2007; van 
Daele et al. 2011) and Holocene interglacial 
(c. 0- 12 kya; Waelbroeck et al. 2002; Siddall et al. 2003; 
van Daele et al. 2011). This hypothesis, which predicts 
deep divergence between populations in the Eastern 
Islands and Puerto Rico, is based on previous work 
suggesting that vicariance due to Pliocene or Pleistocene 
changes in sea level promoted speciation between 
Puerto Rican and Eastern Islands taxa (Brand ley & de 
Queiroz 2004; Oneal et al. 2010). In contrast, the 'Eastern 
Dispersal Hypothesis' proposes that E. alltillellsis colo
nized the Eastern Islands from sources in eastern Puerto 
Rico subsequent to the penultimate interglacial via a 
land bridge. This hypothesis is based on the premise 
that in Caribbean land-bridge archipelagoes, topo
graphically complex islands may have lower extinction 
rates than smaller, lower-elevation islands and act as 
sources of migrants to these areas during periods of 
low sea level (Rand 1969; Losos 1996). The Eastern Dis
persal Hypothesis predicts relatively recent gene flow 
(shallow divergence) from populations in eastern Puerto 
Rico (the putative source area) towards the Eastern 
Islands populations, with Eastern Islands' samples nest
ing within clades from eastern Puerto Rico. Prevailing 
east-to-west ocean currents in the PRB region would 
have hindered eastward dispersal to the Eastern Islands 
during brief periods (c. 11- 18 kyrs; Hearty et al. 2007; 
Dutton et al. 2009) of high sea level during at least three 
interglacial periods since c. 250 kya, but comparatively 
long periods of low sea level (Siddall et al. 2003; Dutton 
et al. 2009; Rohling et al . 2009) produced a land bridge 
between eastern Puerto Rico and the Eastern Islands 
that would have facilitated eastward dispersal. We 
focus on how sea level fluctuations during the last two 
glacial- interglacial periods shaped genetic diversity in 
E. alltillellsis, because these events may have produced 
changes in the size, configuration and isolation of ter
restrial habitats (Siddall et al. 2003; Dutton et al. 2009; 
van Daele et al. 2011) that impacted the connectivity of 
populations in the PRB (Heatwole & MacKenzie 1967). 

We also assess the presence of E. al1ti/lellsis on St. 
Croix, an island c. 105 km southeast of the PRB (Fig. lc) 
that has never had a direct land connection with this 
archipelago (Gill et al. 1989). Although St. Croix has a 
relatively high proportion of endemics (Heatwole & 

MacKenzie 1967; Brandley & de Queiroz 2004), several 
species on this island became established following 
unintentional human-mediated introductions from 

© 2012 Blackwell Publishing Ltd 

sources in the PRB (Platenberg 2007). We test the 
hypothesis that the E. alltillensis population on St. Croix 
originated from a recent human-mediated introduction 
to this island (Grant & Beatty 1944). Because the 
Ancient Eastern Islands Isolation Hypothesis and the 
Eastern Dispersal Hypothesis address natural historical 
processes in the PRB, understanding the extent to 
which human transport may have shaped the distribu
tion of E. alltillensis is critical. 

Materials and methods 

Sampling, DNA sequencing, haplotype phasing and 
sequence alignment 

We sampled 285 individuals from 58 localities (avg. 4.6 
individuals per locality, range 2- 5; Fig. la-c; Table Sl, 
Supporting Information) at elevations of 0-981 m from 
12 of the 13 islands where Elelltherodactyills alltillellsis 
occurs (the exception being Great Thatch). A subset of 
specimens at each locality (except for Virgin Islands 
National Park, St. John) was euthanized and deposited 
at the Museum of Southwestern Biology (MSB), Univer
sity of New Mexico, Albuquerque, or the Museum of 
Vertebrate Zoology (MVZ), University of California, 
Berkeley. Tissue samples (liver, thigh muscle and/or 
toe clips) are from the Division of Genomic Resources, 
MSB, and the Rodrfguez-Robles laboratory at the Uni
versity of Nevada, Las Vegas. 

We included 285 E. antillensis in analyses of the 
mitochondrial (mtDNA) control region (CR) (c. 552 bp). 
Nucleotide sequences from the nuclear DNA (nuDNA) 
intron-spanning loci ~-crystallin (intron 1; CRYBA, c. 
192 bp), myosin heavy chain (putative flanking intron 
of exon 36; MYH, 463 bp), rhodopsin (intron 1; RHl, 
596 bp) and ribosomal protein L9 (intron 4; RPL9int4, 
382 bp) were obtained from 173 specimens represent
ing three randomly chosen individuals from each of 
the 58 localities (except for Great Camanoe, from 
which only two samples were available). DNA was 
extracted in a total volume of 30 ~IL using a modified 
CTAB/PVP (cetyl trimethylammonium bromide/poly
vinylpyrrolidone)--chlorofonn/isoamyl alcohol DNA 
extraction technique (Stewart & Via 1993; M. Perdue, 
unpublished data). Polymerase chain reactions (PCRs) 
contained c. 50 ng of template DNA, 10 flM of each pri
mer, 10 mM dNTP, 25 mM MgCI:u 2 flL of lOx poly
merase reaction buffer and 0.20 units of AmpliTaq 
Gold Taq polymerase (Applied Biosystems, Foster City, 
CA, USA) and were adjusted to a final volume of 
15 ~IL with ddH20. Sequencing reactions were con
ducted using the BigDye Terminator v3.1 Cycle 
Sequencing Kit (Applied Biosystems) and cleaned with 
ethanol precipitation. Primer descriptions and PCR 
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conditions are provided in the Supporting Information 
(Table S2, Supporting Information) . 

We edited sequences using SEQUENCHER 4.5 (Gene
Codes) and deposited them in GenBank (accession 
numbers JN385299- JN38696; Table S1, Supporting 
Information) . For heterozygote individuals polymorphic 
at more than one position, the gametic phase was 
inferred using PHASE 2.1 (Stephens et Ill. 2001; Stephens 
& Donnelly 2003). We collapsed multi-base insertion
deletions (indels) in RPL9int4 into single-base polymor
phisms for phasing analyses. Five independent runs 
from different starting seeds were run for 1000 itera
tions, with a single thinning interval and 100 burn-in 
iterations. When PHASE could not reconstruct haplotypes 
with a posterior probability of :::: 0.85, PCR fragments 
were cloned for a minimum of five clones per sample 
using the pGEM-T-Easy Vector Systems kit (Promega). 
Finally, we repeated the PHASE analyses using known 
haplotypes. We aligned sequences in MAFFT 6 (Katoh 
et Ill . 2002, http://mafft.cbrc.jp/alignment/server/). To 
avoid disproportionate weighting of multi-base indels, 
we collapsed multi-base indels in the RPL9int4 align
ment into single-base polymorph isms for analyses in 
which indels were included (see below). Alignments 
were deposited in DRYAD (doi:10.5061 / dryad.hc257) . 

Neutmlitl), recombination and genetic diversity in 
Eleutherodactylus antillensis 

We assessed selective neutrality of each locus with the 
Hudson-Kreitman- Aguade (HKA) test (Hudson et Ill. 

1987), with 10 000 coalescent simulations in HKA (J . Hey, 
http:// genfaculty.rutgers.edu/hey /software), and by 
using Fu's Fs test (Fu 1997) with 10 000 coalescent sim
ulations in ARLEQUIN 3.1 (Excoffier et Ill. 2005). To investi
gate recombination in nuDNA loci, we conducted RDP 
(Martin et Ill. 2005), Bootscan (Salminen et Ill. 1995; Mar
tin et Ill. 2005), Geneconv (Padidam et Il l . 1999), Chi
maera (Posada & Crandall 2001), MaxChi (Maynard 
Smith 1992) and SiScan (Gibbs et Ill. 2000) tests in RDP 3 
(Martin et Ill . 2010). Recombination was also inferred by 
calculating the pairwise homoplasy index [<1",,] (Bruen 
et Ill. 2006) in SPLITSTREE 4.11.3 (Huson & Bryant 2006). 
We estimated percentage of fragment length containing 
segregating sites [S(%)] and nucleotide (rc) diversity for 
each locus in ARLEQUIN. Indels were included in these 
analyses. 

Phylogenetic and network analyses 

To test predictions of group structure in Puerto Rico 
and the Eastern Islands, we performed maximum 
parsimony, maximum likelihood and Bayesian analyses 
of CR haplotypes and each nuDNA locus separately. 

Phylogenies for CR, CRYBA and MYH were rooted 
with the closely related Elelltilerodllctyills brittol1i and 
E. cocilranlle (Hedges et Ill. 2008). We lacked RHl and 
RPL9int4 sequences for E. brittoni, and therefore used 
EleutiJerodllctyllls portoricellsis as the second outgroup for 
these data sets. Because CR evolves rapidly and diver
gent outgroups can confound phylogenetic analysis due 
to homoplasy (Brand ley et Ill. 2009), we also used mid
point rooting (Hess & De Moraes Russo 2007) for this 
locus. We constructed parsimony trees and generated 
non parametric bootstrap values using PHYLIP 3.68 (Fel
senstein 1993). Nodal support was evaluated using 1000 
bootstrap replicates, and we used CONSENSE (Felsen
stein 1993) to obtain a 50% majority rule consensus tree. 
Phylogenetic trees were constructed with MEGA 5.05 
(Tamura et Ill. 2011) using the maximum likelihood 
method with 1000 bootstrap replicates and applying the 
model of nucleotide substitution (CR- GTR + r; CRY
BA-HKY; MYH-HKY; RH1-HKY; RPL9int4-HKY 
+ I + r) for the data that encompasses the model cho
sen by AIC in MODELTEST 3.7 (Posada & Crandall 1998). 
We employed a Bayesian approach to phylogenetic 
reconstruction implemented in MRBAYES 3.1.2 (Huelsen
beck & Ronquist 2001) using these same models of 
nucleotide substitution. We ran four chains for 
20 000 000 generations each, with default parameters as 
starting values and sampling every 1000 generations, 
and repeated the analysis twice to ensure consistency. 
We discarded the first 5000 trees as burn-in, and 
checked for stationarity and convergence of the chains 
with the software TRACER 1.5 (Rambaut & Drummond 
2007) . Bayesian posterior probabilities (BPP) were 
obtained from the 50% majority rule consensus of the 
remaining trees. Indels were included in the maximum 
parsimony analysis, but excluded in the maximum like
lihood and Bayesian analyses. We generated a maxi
mum parsimony network for CR haplotypes with 
NETWORK 4.2 (http://www.fIuxus-technology.com) and 
created geographic visualizations of nuDNA haplotypes 
using PHYLOGEOVIZ 2.4.4 (Tsai 2011). Indels were 
included in the NETWORK and PHYLOGEOVIZ analyses. 

Genetic structure 

To assess genetic structuring in E. Ilntillensis, we esti
mated the number of populations (K) and incorporated 
sampling locality data in a spatially explicit framework 
to infer the location of genetic discontinuities among 
those populations. MtDNA has a higher mutation rate 
and faster coalescence time than nuDNA introns, and 
thus we analysed these two marker classes separately 
to compare patterns of spatial structure inferred from 
each. To define groups for additional hypothesis test
ing procedures using MIGRATE and DIYABC (see below), 
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we analysed the five loci together. Indels were 
included in these analyses. To explore spatial genetic 
structure in CR, we conducted a spatial analysis of 
molecular variance (SAMOVA) in SAMOVA 1.0, which 
defines groups of populations that are geographically 
homogenous and maximally differentiated from each 
other (Dupanloup et al. 2002). Using GENELAND 3.2.4, 
we inferred groups of E. antil/ellsis based on nuDNA, 
and on mtDNA and nuDNA combined, with and 
without a spatially explicit model (Guillot et al. 2005b, 
2008), and thus conducted four different analyses. 
GENELAND infers the number of populations using indi
vidual multilocus genotypes and, when provided with 
coordinates, the spatial location of genetic discontinu
ities among those populations (Guillot et al. 2005a). For 
nuDNA, each variable site was encoded as an allele. 
Including mtDNA in GENELAND analyses violates 
assumptions of Hardy- Weinberg equilibrium within 
populations and linkage equilibrium between loci, but 
encoding each mtDNA sequence as a single haplotype 
is not statistically problematic (G. Guillot, personal 
communication). For each of the four GENELAND analy
ses, we examined K = 1- 10 distinct groups (five repli
cates each), with 250 000 Metropolis-coupled Markov 
chain Monte Carlo iterations recorded every hundredth 
step after an initial 10% burn-in, and applied the un
correlated allele frequency model. We accepted the 
modal K value from the posterior distribution as the 
most probable number of groups (Guillot et al. 2005b). 
To assess diversity across the range of E. al1til/eI1sis, we 
used spatial group assignments from GENELAND (see 
Results; Fig. 2) and estimated the number of haplo
types (II), haplotype diversity (Hrl ), nucleotide diversity 
(n) and Fu's Fs (Fu 1997) with 10000 coalescent sin1U
lations for each group using AllLEQUIN. Indels were 
included in these analyses . 

25 SOK", 
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Rio Grande 

Testing alternative models of gene flow 

We constructed gene flow models in accordance with 
predictions of a priori hypotheses and assessed the 
models using Bayesian inference in MIGRATE 3.2.7 (Beerli 
& Felsenstein 2001; Beerli 2006). The model selection 
procedure inferred parameters using coalescent theory 
(Kingman 1982), and then ordered models by their 
Bayes factors (Beerli & Palczewski 2010). We evaluated 
two models that differed in migration rates between 
populations in Puerto Rico and the Eastern Islands 
(Table 1). The Ancient Eastern Islands Isolation Hypoth
esis predicts an absence of gene flow between popula
tions in Puerto Rico and the Eastern Islands (Modell), 
whereas the Eastern Dispersal Hypothesis predicts gene 
flow from populations in eastern Puerto Rico towards 
Eastern Islands populations (Model 2). The sampling 
sites from the PRB were pooled into three groups (wes
tern Puerto Rico, eastern Puerto Rico and Eastern 
Islands) based on results of the GENELAND analyses of all 
loci (see Results; Fig. 2). We allowed for gene flow in 
either direction between western and eastern Puerto 
Rico in the two models. Indels were excluded from 
these analyses. 

Settings in MIGRATE were specified to promote conver
gence and efficiently sample search space. We applied 
Felsenstein's (1984) model of nucleotide substitution, 
with mutation rates estimated from the data and 
allowed to vary. To promote convergence, we applied 
uniform prior distributions for 8 and M and used slice 
sampling. Prior distributions of 8 (mean = 0.08 and 
range 0- 0.8) and M (mean = 50 000 and range 
0- 100000) were selected after conducting preliminary 
runs with broad prior distributions (P. Beerli, personal 
communication), and then modifying the priors in 
subsequent runs if posterior distributions were not 
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Fig. 2 Results of the GENELAND analysis of Elellfilerodncfyllls nllfillellsis based on all loci (mtDNA control region and four nuDNA 
introns). A map of estimated group membership, indicated by different shades of grey (left panel), and a histogram of posterior 
probability values for each value of K (number of populations; right panel) is presented. Groups correspond to those indicated in 
Fig. 3 and Tables 1- 5 as follows: western Puerto Rico (black), eastern Puerto Rico (grey) and Eastern Islands (white). The location of 
the Rio Grande de Loiza in eastern Puerto Rico is indicated. 
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Table 1 Models of gene flow used for testing the Ancient Eastern Islands Isolation Hypothesis and the Eastern Dispersal Hypothesis 
in MIGRATE 3.2.7 

Ancient Eastern Islands 
Isolation Hypothesis 
Modell 

Eastern Dispersal Hypothesis 
Model 2 

~8 ~ 
All samples 

Bezier-corrected log marginal likelihood 
Log Bayes factor 
Rank of model 

Excluding potentially introduced samples 
Bezier-corrected log marginal likelihood 
Log Bayes factor 
Rank of model 

- 5180 
- 194 

2 

-4932 
- 159 

2 

- 4986 
o 

- 4773 
o 

The Bezier-corrected log marginal likelihood, log Bayes factor and rank of each model are indicated. WPR, western Puerto Rico, EPR, 
eastern Puerto Rico, EIS, Eastern Islands. 

contained within the bounds of the prior distribution. 
After a burn-in period of 100 000 generations, we sam
pled every 100 steps from one long chain (50 000 steps). 
To calculate Bezier-corrected log marginal likelihoods, 
we applied thermodynamic integration under a static 
heating scheme (Beerli & Felsenstein 2001) of four 
chains (temperatures 1.0, 1.5, 3.0, 104

). To efficiently 
sample search space when calculating parameters, we 
applied the randomtree index, set the replicate index to 
20 and combined chains from all replicates. This sin1U
lation was repeated five times to ensure consistency. In 
subsequent runs, we changed the random number seed 
and used Bayesian estimates of e and M from the pre
vious run as starting values (Beerli & Felsenstein 2001). 
We calculated the natural log Bayes factor following Be
erli & Palczewski (2010). 

Testing n/ternn tive models of divergence 

Using DIYABC 1.0.4.46 (Cornuet et al. 2010), we per
formed coalescent simulations (Hudson 1990) in an 
approximate Bayesian computation (ABC) framework 
to explore the history of divergence in populations of 
E. anfillensis in the PRB. We generated a divergence 
model for each hypothesis. Both models of divergence 
included eastern and western Puerto Rican groups (see 
GENELAND Results; Fig. 2), and only differed in the tim
ing of divergence of the Eastern Islands group (Fig. 3). 
Indels were excluded from these analyses. 

The priors for all demographic parameters had 
uniform distributions that were bound by specified 
minimum and maximum values (Table 2). Each model 
incorporated an ancestral effective population size (No, 

prior distribution: 10- 1 000 000) and an effective 

population size for populations in western Puerto Rico 
(HI, prior distribution: 10-6 000 000), eastern Puerto 
Rico (N2, prior distribution: 10- 5 000 000) and the East
ern Islands (N3 and N4 ). We set the prior distribution 
for the effective population size of Eastern Islands pop
ulations lower in the divergence model for the Eastern 
Dispersal Hypothesis (N4, prior distribution: 10-
2 000 000) than in the divergence model for the Ancient 
Eastern Islands Isolation Hypothesis (N3, prior distribu
tion: 0-4 000 000), because spatial expansion into the 
Eastern Islands by a small number of founder individu
als may have lowered the effective population size 
there. We adjusted the upper boundary for the prior 
distribution for effective population size parameters to 
the geographic size of eastern Puerto Rico and the East
ern Islands relative to western Puerto Rico because 
genetic variation may be lower in smaller populations 
(Frankham 1996), and the values are reasonable with 
respect to the estimated density of adult male E. allti
lIensis per hectare on Guana Island (Ovaska 2005) and 
the large effective population sizes attained by other 
eleutherodactyline frogs (Crawford 2003a; Barker et al. 
2011) . The divergence model for the Ancient Eastern 
Islands Isolation Hypothesis depicts the Eastern Islands 
group diverging from western and eastern Puerto Rican 
groups between the start of the penultimate interglacial 
and the early middle Pleistocene U1, prior distribution: 
250 000-500 000 generations), and the western and 
eastern Puerto Rican groups diverging between the 
Holocene interglacial and the early middle Pleistocene 
U2, prior distribution: 1- 500 000 generations; Fig. 3) . 
We used the 'set condition' option to impose the rule that 
f1 > f2 because the Ancient Eastern Islands Hypothesis 
predicts deep divergence between Puerto Rican and 
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Ancient Eastern Islands Eastern Dispersal 
Isolation Hypothesis Hypothesis 
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Fig. 3 The two models of divergence for Elclliherodnclyills nllliUellsis tested in DIYABC 1.0.4.46 differ in the estimated divergence time 
for Puerto Rican and Eastern Islands populations and the effective population size of the Eastern Islands populations. The divergence 
model for the Ancient Eastern Islands Isolation Hypothesis depicts the Eastern Islands group diverging from western and eastern 
Puerto Rican groups between the start of the penultimate interglacial and the early middle Pleistocene (II prior distribu
tion = 250 000- 500 000 generations), despite the emergence of a land-bridge connection between this region and Puerto Rico during 
the penultimate and last glacial periods. The divergence model for the Eastern Dispersal Hypothesis depicts relatively shallow diver
gence (13 prior dish'ibution: 1- 250 000 generations) between Eastern Islands and Puerto Rican groups due to colonization of the East
ern Islands from populations in eastern Puerto Rico (the putative source area) during the penultimate and last glacial periods, which 
resulted in a sma ll effective population size in the Eastern Islands. In both models, the eastern and western Puerto Rican groups 
began diverging between the Holocene interglacial and the early middle Pleistocene (12 prior distribution: 1- 500 000 generations). 
Time is number of genera tions, with a generation length of 1 year. Sn 1 comprises samples from western Puerto Rico (WPR); Sn 2 
comprises samples h'om eastern Puerto Rico (EPR); and Sn 3 comprises samples from the Eastern Islands (EIS), based on the GENE

LAND analysis. The ancestral effective population size (No) and effective population size for WPR (N , ), EPR (N2) and EIS (N3 and N 4 ) 

groups are indicated. Times and population sizes are not to scale. 

Eastern Islands populations. In contrast, the divergence 
model for the Eastern Dispersal Hypothesis depicts the 
western Puerto Rican group diverging from the eastern 
Puerto Rican group between the Holocene interglacial 
and the early middle Pleistocene (t2), and the Eastern 
Islands and eastern Puerto Rican groups diverging after 
E. alllillellsis colonized the Eastern Islands via a land 
bridge between the Holocene interglacial and the penulti
mate interglacial (13, prior distribution: 1- 250 000 genera
tions). We imposed the rule that t2 > 13 for this model 
because the Eastern Dispersal Hypothesis predicts shal
low divergence between eastern Puerto Rican and East
ern Islands populations. Time was number of 
generations, with a generation length of 1 year, based on 
observations that E. alllillellsis may reach reproductive 
maturity in the subsequent wet season after ha tching 
(Ovaska 2005), and on studies of the closely related 
Puerto Rican Coquf, Elelliherodaclyills coqlli (Stewart & 

Woolbright 1996). We conducted preliminary runs with 
broad prior distributions and modified the priors in sub
sequent runs if posterior distributions were not contained 
within the bounds of the prior distribution. 

Obtaining meaningful estimates of historical demo
graphic parameters (e.g. gene flow, divergence times, 
effective population size) depends in part on the accuracy 
of estimates of mutation rates for individual loci (Hey & 

Nielson 2004). The lower boundary for the CR mutation 

© 2012 Blackwell Publishing Ltd 

rate was set to F = 0.96 X 10- 8 nucleotide substitutions 
per site per year (sub/s/y), based on estimates for nucleo
tide substitution rates for mtDNA in eleutherodactyline 
frogs (Crawford et al. 2007). Because this rate was esti
mated from coding regions of mtDNA, which may evolve 
more slowly than CR, we estimated an upper boundary 
for CR by inferring its rate relative to a coding mtDNA 
locus, cytochrome b (cyt b), using sequences collected 
from E. porloricellsis (Barker eI al. 2011) (cyt b accession 
numbers-HM229960- HM229995; CR accession numbers 
-HM229817, HM229820, HM229826, HM229828, HM22-
9832, HM229838, HM229845, HM229846, HM229849, 
HM229857, HM229860, HM229862, HM229870, HM22-
9871, HM229876, HM229881, HM229884, HM229885, 
HM229896, HM229898, HM229899, HM229910, HM22-
9911, HM229919, HM229923, HM229926, HM229931-
HM229933, HM229935, HM229938, HM229940, HM22-
9941, HM229944, HM229945, HM229955). Mutation rates 
of a particular marker can vary across species (Nabholz 
et al. 2009; Lanfear el al. 2010), but we did not collect a 
comprehensive cyt b data set for E. alllillensis because pre
liminary work indicated that CR had higher levels of vari
ation. We compared the overall mean mtDNA CR and cyt 
b genetic distances (p-distances) among individuals of 
E. porloricellsis using MEGA 5.05 and determined that the 
nucleotide substitution rate of mtDNA CR was c. 4.2 
times that of cyt b. Based on an estima ted coding mtDNA 
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Table 2 Prior distributions used for the coalescent simulations (performed in DIYABC 1.0.4.46) of models of genetic divergence for 
Eiellfileroriactyi lls al/fillel/sis groups in western Puerto Rico (WPR), eastern Puerto Rico (EPR) and the Eastern Islands (ElS) 

Symbol 

Demographic parameters 
Na 
N, 
Nz 
N3 

Description 

Ancestral effective population size 
Effective population size of WPR group 
Effective population size of EPR group 
Effective population size of EIS group 

in divergence model for Ancient 
Eastern Islands Isolation Hypothesis 

Effective population size of EIS group 

Prior distribution 

Uniform (10, 1 x 106
) 

Uniform (10, 6 x 106
) 

Uniform (10,5 x 106
) 

Uniform (10, 4 x 106
) 

Uniform (10, 2 x 106
) 

in divergence model for Eastern Dispersal Hypothesis 
Divergence time between the start of Uniform (250.0, 500.0) 

the penultimate interglacial and the 
early middle Pleistocene 

12 Divergence time between the Holocene 
interglacial and the early middle Pleistocene 

Divergence time between the Holocene 
interglacial and the penultimate interglacial 

Uniform (0.001, 500.0) 

Uniform (0.001, 250.0) 

Mutation rate parameters 
,I, mitochondrial DNA Mean mutation rate (per site per generation) 

Individual locus mutation rate (per site per generation) 
Uniform (0.96 x 10-8,4.1 x lO- B

) 

Gamma (0.96 x 10-8,4.1 x 10- 8) 

Hasegawa, Kishino and Yano (HKY) model, 

,I, autosomal 
diploid DNA 

Mean mutation rate (per site per generation) 
Individual locus mutation rate (per site per generation) 

% invariant sites = 83, shape of gamma = 0.73 
Uniform (6.0 x 10- 10,4 .1 x 10- 9) 

Gamma (6.0 x 10- 10,4.1 x 10- 9
) 

Hasegawa, Kishino and Yano (HKY) model, 
% invariant sites = 0, shape of gamma = 2 

We used uniform prior distributions for demographic parameters. Divergence time is in thousands of generations. We used the 'set 
condition' option to impose the rule that II > 12 for the model of genetic divergence based on the Ancient Eastern Islands Isolation 
Hypothesis, because this hypothesis predicts deep divergence between Puerto RiCall and Eastern Islands populations. In contrast, we 
imposed the rule that 12 > to for the model of genetic divergence for the Eastern Dispersal Hypothesis, because this hypothesis pre
dicts shallow divergence between eastern Puerto Rican and Eastern Islands populations. Prior distributions for the mutation rate (p) 
were drawn from a uniform distribution across loci, and individual locus mutation rates were then drawn from a gamma dish'ibu
tion to allow for rate heterogeneity across sites. Models of nucleotide substitution are provided. 

rate of 0.96 x 10- 8 sub/sly, we estimated that CR 
evolves at a rate of 4.1 x 10-8 sub/sly per lineage. This 
estimate is refined from an earlier study of genetic diver
sification in E. portoricellsis (Barker et al. 2011). In two 
E. alltillellsis individuals for which both CR and cyt b 
sequences were available, CR had approximately three 
times as much variation as cyt b, and therefore we believe 
that a rate of 4.1 x 10-8 sub/sly for CR is appropriate for 
this species. The minimum (6.0 x 10- 10 sub/sly) and 
maximum (4.1 x 10- 9 sub/sly) values of p for the 
nuDNA introns were based on a lower bowldary estimate 
of anuran nuDNA (Crawford 2003a), and a tenfold slower 
rate than our upper boundary for mtDNA (Sheldon et al. 
2000; Crawford 2003b), respectively. 

We simulated 1 000 000 data sets for the Ancient East
ern Islands Isolation Hypothesis and the Eastern Dis
persal Hypothesis and used the number of haplotypes, 
number of segregating sites, average number of pairwise 
differences and Tajima's 0 as summary statistics to 

compare observed and simulated data sets. We selected 
these summary statistics based on their performance in 
previous ABC studies (Hickerson et al. 2006; Beaumont 
2008). The 1000 and 10 000 simulated data sets with 
summary statistics most similar to the observed data 
were identified through the direct and logistic regres
sion rejection steps of the ABC algorithm and used for 
ABC estimation of parameters. 

We evaluated the appropriateness of each model of 
genetic divergence and its associated parameters and 
performed model-checking computations as empirical 
verifications of the performance of the ABC procedure. 
To check that at least one combination of and priors 
produced simulated data sets similar to our observed 
data, we used the 'Pre-evaluate scenario-prior combina
tions' option in D1YABC that involved a principal compo
nent analysis (PCA) of the first 100 000 simulated data 
sets (Cornuet et al. 2010) . As part of the model-checking 
procedure, we conducted PCA on test quantities 

© 2012 Blackwell Publishing Ltd 
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obtained with the model-posterior combination from 
the most strongly supported model, together with 
10 000 pseudo-observed data sets (Cornuet et Ill. 2010). 

We evaluated the 'goodness-of-fit' of each model by 
using the 'Confidence in scenario choice' option in DI

YABC and simulated 500 data sets per model with 
parameter values drawn from the same prior distribu
tions as the models. From these results, we calculated 
the proportion of times that the most strongly sup
ported model did not have the highest posterior proba
bility when it was the true model (type I error), as well 
as the proportion of times that the least supported 
model had the highest posterior probability when it 
was not the true model (type II error). Because these 
error rates are computed from Bayesian posterior prob
abilities, they are not strict type I and type II errors in a 
classical frequentist framework, whereby the null 
hypothesis is only completely rejected or completely 
supported (Bertorelle et Ill. 2010). 

Results 

Neutrality, recol11bil1ation and genetic diversity in 
Eleutherodactylus antillensis 

Nucleotide variation in the five loci was consistent with 
neutral expectations (HKA test, X2 

= 6.64, d.f. = 4, 
P = 0.16), but significantly negative values of Fu's Fs for 
CR (Fs = -25.66, P = 0.0002) and RPL9int4 
(Fs = - 23.16, P = 0.0002) indicate selection or recent 
population expansion (Fu 1997). We did not detect 
recombination in the nuDNA data sets. The mtDNA CR 
data set contained 98 haplotypes with 49 variable posi
tions; seven were single-base pair indels. The four 
nuDNA loci totalled c. 1633 bp and exhibited varying 
levels of polymorphism (Table 3), with CRYBA the least 
variable (five variable positions; one a single-base pair 
indel), and RPL9int4 the most variable (22 variable posi
tions; two sillgle-base pair indels and one-five-base pair 
indel). MYH and RHl did not contain indels. 

Phylogel1etic and network analyses 

Phylogenetic analyses of CR revealed a shallow, largely 
unresolved topology. We present the results of the phy
logeny rooted with outgroup taxa (Fig. Sl, Supporting 
Information) because it was not appreciably different 
from the mid-point rooted phylogeny. Only a single 
clade (which contained three haplotypes) was well 
supported across maximum parsimony, maximum 
likelihood and Bayesian analyses, and therefore most 
CR haplotypes form a basal polytomy. Phylogenetic 
analyses of nuDNA loci showed varying degrees of res
olution, but each indicated that most genetic structuring 

© 2012 Blackwell Publishing Ltd 
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Fig. 4 (a) MaximWl1 parsimony network representing the relationships among haplotypes of the mtDNA conh'ol region (CR) of 285 
individuals of Elclllhcrodnclyills nllli l/cllsis (inset image; photograph by David DeIUlis). Indels were included in this analysis. Circles 
represent unique haplotypes; hatch marks depict single mutations; empty squares indicate missing (i.e. extant unsampled or extinct 
ancestral) haplotypes. Circle size is proportional to haplotype frequency, and the colour of each circle indicates the individual island 
from which the haplotype was sampled, except for Puerto Rico, where circles are coloured according to SAMOVA results. NWllbers 
designating haplotypes correspond to those in Table S1 and Fig. S1 (Supporting Information). (b) Genetic partitions of populations of 
E. alllil/cllsis identified by the SAMOVA analysis of the mtDNA CR for K = 6, where K is the number of predefined groups. Groups are 
depicted with dashed lines. When K = 6, the first group comprises all but 10 localities west of the Rio Grande de Loiza in Puerto 
Rico (Western); the second group contains four localities in south-eastern Puerto Rico (Southeast); the third group consists of 12 east
ern Puerto Rican localities (Eastern Lowlands), SI. Croix and all Eastern Islands, except Culebra, Beef and Guana; the fourth group is 
made up of two localities in the Luquillo Mountains region (Luquillo Mountains 1); the fifth group comprises two localities in the 
Luquillo Mountains region (Luquillo Mountains 2) and Culebra; and the sixth group contains populations from Beef and Guana. 

in E. Illltillellsis occurs within Puerto Rico (Fig. 52, 
Supporting Information). Most Eastern Islands samples 
fall within an unresolved polytomy (CRYBA) and/or 
within clades that also contain Puerto Rican samples 
(MYH, RHl, RPL9int4), although most of these clades 
were not well supported across all three analyses. The 

MYH and RHI phylogenies recovered a well-supported 
clade containing three or fewer Eastern Islands samples 
across all three analyses. 

The maximum parsimony network revealed that 
three CR haplotypes are shared between Puerto Rico 
and the Eastern Islands (HI4, H31, H35; Fig. 4a) . We 

© 2012 Blackwell Publishing Ltd 
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ran a MIGRATE and DIYADC analysis that excluded samples 
with these CR haplotypes to account for the possibility 
of human transport of E. nl1tillel1sis in the PRB (see Dis
cussion). Most Eastern Islands populations contain shal
lowly differentiated private CR haplotypes. All three 
CR haplotypes in St. Croix (H35, H78, and H79) are 
shared with populations from Virgin Gorda, Puerto 
Rico, St. Thomas, and/or Tortola. Three CRYBA haplo
types, five MYH haplotypes, four RH1 haplotypes and 
nine RPL9int4 haplotypes occur in the Eastern Islands, 
but fewer than half of those are endemic to the region. 
Endemic nuDNA haplotypes are usually restricted to a 
single-island population (e.g. CRYBA, MYH, RH1; Fig. 
S3, Supporting Information) and occur at low frequen
cies. There are no unique nuDNA haplotypes in St. 
Croix. 

Genetic structure 

Spatial genetic structure inferred from CR, nuDNA loci 
and all five loci combined identified a distinctive 
group of E. nlltillel1sis in western Puerto Rico, but var
ied with respect to eastern Puerto Rico and the Eastern 
Islands. SAMOV A analyses of CR did not identify the 
precise number of populations (K) displaying the high
est differentiation among groups (FCT), because FCT 

values increased as K increased. Some groups con
tained a single population when K ;:: 7, indicating 
that group structure was declining, and thus we pres
ent results for K = 6 (c.f. Heuertz et nl. 2004; Fig. 4b). 
GENELAND analyses with and without a spatially explicit 
model inferred three groups (K = 3) for nuDNA and 
for the loci combined. The spatial location of genetic 
discontinuities among populations was identical in 
analyses of nuDNA and the combined five loci and 
depicted one group located west of the Rio Grande de 
Lofza in Puerto Rico, a second one comprising all but 
three sites east of the Rio Grande de Lofza, and a 

third one occurring in the Eastern Islands and St. 
Croix (Fig. 2). 

Genetic parameters for populations in western Puerto 
Rico, eastern Puerto Rico and the Eastern Islands varied 
across loci. For CR, populations from eastern Puerto 

. Rico had fewer private haplotypes than those from wes
tern Puerto Rico and the Eastern Islands (Table 3). Pop
ulations from all three groups had significantly negative 
values of Fu's Fs for CR. For the four nuDNA loci, indi
viduals from the Eastern Islands had fewer haplotypes 
than those from eastern Puerto Rico (Table 3). Popula
tions in eastern Puerto Rico had significantly negative 
values of Fu's Fs for RPL9int4, whereas populations in 
western Puerto Rico had significantly negative values of 
Fu's Fs for MYH. 

Assessing alternative models of gene flow and 
divergence 

MIGRATE produced consistent parameter estimates across 
replicates and provided stronger support for the East
ern Dispersal Hypothesis (Model 2) than for the 
Ancient Eastern Islands Isolation Hypothesis (Modell; 
Table 1). The migration rate (M) of E. nl1tillel1sis from 
populations in eastern Puerto Rico into Eastern Islands 
populations was significantly larger than zero, and the 
scaled effective population size (8) of the eastern 
Puerto Rican group was significantly larger than that of 
the western Puerto Rican and Eastern Islands groups 
(Table 4). Overlapping 95% confidence intervals (CIs) 
indicated that differences in the median M of the 
groups were not significant. Analyses excluding poten
tially introduced samples produced similar results. 

The DIYABC analysis supported the Eastern Dispersal 
Hypothesis (posterior probability = 0.97; 95% CI: 0.95-
0.98), with estimated divergence dates of 52.4 kya 
(95% CI: 2.7- 207.0 kya) between eastern Puerto Rican 
and Eastern Islands groups, and of 89.4 kya (95% CI: 

Table 4 Scaled effective population sizes (8) and scaled migration rates (M) estimated from the Bayesian MIGRATE 3.2.7 analysis 
(Model 2) for all loci of western Puerto Rican (WPR), eastern Puerto Rican (EPR) and Eastern Islands (EIS) populations of Eleuthero
dactylus alltillellsis 

All samples 
Excluding 
potentially 
introduced 
sa mples 

8 

WPR 

0.0061 (0- 0.0112) 
0.0059 (0-D.0108) 

EPR 

0.0500 (O .0204--D.0754) 
0.0707 (0.0372-0.0828) 

EIS 

0.0077 (0.0008-D.0142) 
0.0143 (0.0044--D.0254) 

M 

EPR to WPR WPR to ErR 

383 (0-1100) 
417 (0-1200) 

983 (0- 1867) 
2217 (633-3933) 

EPR to EIS 

1583 (300- 2833) 
1283 (133-2300) 

Values are presented as the median of 20 replicate MIGI{ATE runs per data set, with the 95% confidence intervals in parentheses. 
8 = Nc~l for mtDNA and 4N, J.l for nuclear DNA, where N, = effective population size, alld J.l = mutation rate per site per generation. 
M = IIl / p, where III = immigration rate. 

© 2012 Blackwell Publishing Ltd 
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Table 5 Posterior probabilities (PP [(95% cm and parameter estimates of models of genetic divergence for Eleulherodactylus anlillensis in Puerto Rico and the Eastern Islands 
tested in DIYABC 1.0.4.46 

Demographic parameters Mutation parameters 

Mitochondrial Autosomal 
Hypothesis PP No N1 Nz N3 N4 11 Iz 13 DNA 11 diploid DNA 11 

Ancient Eastern 
Islands Isolation 
All data 0.03 4.3 x 105 2.8 X 106 3.4 X 106 2.2 X 106 270.0 208.0 1.1 x 10- 8 7.4 x 10- 10 

(0.02--D.05) (1.3 x 105 (1.3 X 106 (1.6 X 106 (1.0 X 106 (251.0 -428.0) (13.0-418.0) (9.7 x 10- 9 (6.0 X 10- 10 

-8.8 X 105
) -4.9 X 106

) -4.8 X 106
) -3.6 X 106

) - 2.2 x 10- 8) - 2.9 x 10- 9
) 

Excluding potentially 0.10 4.0 x 105 1.2 X 106 1.2 X 106 4.4 X 105 347.0 282.0 1.1 x 10- 8 1.5 X 10- 9 

introduced samples (O.06--D.13) (8.9 x 104 (4.6 X 105 (4.0 X 105 (1.6 X 105 (254.0-489.0) (31.4-461.0) (9.7 x 10- 9 (6.0 X 10- 10 

-8.8 X 105
) - 2.6 X 106

) -3.2 X 106
) - 1.4 X 106

) -2.4 x 10- 8) -4.0 x 10-9
) 

Eastern Dispersal 
All data 0.97 2.5 x 105 2.5 X 106 3.6 X 106 1.3 X 106 89.4 52.4 2.3 x 10- 8 2.1 X 10-9 

(0.95--D.98) (7.4 x 104 (9.2 X 105 (1.7 X 106 (4.8 X 105 (19.2- 311.0) (2.7-207.0) (9.7 x 10- 9 (6.0 X 10-10 

- 7.2 X 105
) - 5.4 X 106

) -4.9 X 106
) - 2.0 X 106

) -3.8 x 10- 8) -4.0 x 10 - 9
) 

Excluding potentially 0.90 3.5 x 105 2.1 X 106 2.0 X 106 4.7 X 105 220.0 114.0 1.3 x 10- 8 1.4 X 10- 9 

introduced samples (O.87--D.94) (1.0 x 105 (7.7 X 105 (7.2 X 105 (9.8 X 104 (30.4-473.0) (0.&-241.0) (9.7 x 10- 9 (6.0 X 10-10 

-8.4 X 105
) - 5.3 X 106

) -4.7 x 106
) -1.7 x 106

) - 2.9 x 10- 8) - 3.9 x 10- 9
) 

Median parameter estimates (95% CD for the following demographic parameters are given below for each model: ancestral effective population size (No); effective population 
size for western Puerto Rican (N1), eastern Puerto Rican (Nz) and Eastern Islands (N3 and N 4 ) groups; 11 = divergence time (in thousands of generations) between the start of the 
penultimate interglacial and early middle Pleistocene; Iz = divergence time (in thousands of generations) between the Holocene interglacial and the early middle Pleistocene; and 
13 = divergence time (in thousands of generations) between the Holocene interglacial and the penultimate interglacial. Median parameter estimates for mutation rate (11) parame
ters are also provided. 
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19.2- 311 .0 kya) for the split between western and 
eastern Puerto Rican groups (Table 5). The eastern 
Puerto Rican group had a larger estimated effective 
population size (N2) than those in western Puerto 
Rico (N1) and the Eastern Islands (N4), but the over
lapping 95% CIs indicated that these differences were 
not significant. The Ancient Eastern Islands Isolation 
Hypothesis had much lower support (posterior proba
bility = 0.03; 95% CI: 0.02- 0.05). Pre-evaluation of 
models showed that the observed data set was sur
rounded by simulated data sets for each model, indi
cating that the simulations produced data sets similar 
to the observed one (Fig. S4, Supporting Information) . 
Additionally, the observed data set was surrounded 
by many simulated pseudo-observed data sets of the 
Eastern Dispersal Hypothesis model (Fig. S5, Support
ing Information), reflecting a good fit of the model
posterior combination to the pseudo-observed data set 
(Cornuet ct al. 2010). In assessing the goodness-of-fit of 
models, the type I error rate was 0.24, and the type II 
error rate was 0.26. Analyses excluding potentially intro
duced samples had higher support for the Eastern Dis
persal Hypothesis (posterior probability = 0.90; 95% CI: 
0.87-0.94) than for the Ancient Eastern Islands Isolation 
Hypothesis (posterior probability = 0.10; 95% CI: 0.06-
0.13) and produced estimated divergence dates deeper 
than those inferred in the analysis with all samples 
(Table 5) . When we analysed the Eastern Dispersal 
Hypothesis model with a larger upper boundary for the 
prior distribution of divergence time parameters (10- 1 
000 000 generations), the estimated divergence between 
eastern Puerto Rican and Eastern Islands groups was 
48.4 kya (results not shown). This finding demonstrated 
that prior distribution of divergence time parameters 
used for hypothesis testing was sufficiently large, and 
provided further support for a scenario in which E. all
tillellsis populations in the Eastern Islands began diverg
ing from those in eastern Puerto Rico during the last 
glacial period. 

Discussion 

Sea level changes and colonization of the Eastern 
Islands by Eleutherodactylus antillensis 

The dynamic history of the PRB left an indelible mark on 
its biota (Heatwole & MacKenzie 1967). Sea level changes 
significantly altered the size and degree of isolation of 
terrestrial habitats in this archipelago (Heatwole & Mac
Kenzie 1967; Renken et al. 2002). Brief periods (c. 11-
18 kyr) of high sea level stands fragmented the Eastern 
Islands region to an extent similar to its current configu
ration (Fig. 1 b) at least three times in the past 
250000 years (Dutton et al. 2009; Muhs ct al. 2011). 

© 2012 Blackwell Publishing Ltd 

Longer periods of low sea level stands predominated 
during the past five glacial periods (Rohling et al. 2009), 
uniting the PRB into a single landmass. The hypotheses 
that motivated this study represent competing models 
for population-level responses to sea level changes. The 
Ancient Eastern Islands Isolation Hypothesis predicts 
deep divergence between populations of E. antillellsis in 
the Eastern Islands and Puerto Rico, because effectively 
no migration occurred between these regions when a 
land bridge united the PRB during the penultimate and 
last glacial periods. In contrast, the Eastern Dispersal 
Hypothesis predicts relatively shallow divergence 
between populations in eastern Puerto Rico (the .putative 
source area) and those in the Eastern Islands, because 
individuals from Puerto Rico colonized the Eastern 
Islands via a land-bridge connection between these 
regions during the penultimate and last glacial periods. 

Our multilocus phylogeographic analysis of E. alltillell
sis revealed genetic signatures largely supporting the 
Eastern Dispersal Hypothesis. These signatures include: 
(i) Eastern Islands populations share some CR haplotypes 
with those in eastern Puerto Rico (Fig. 4a); (ii) Eastern 
Islands populations group with several eastern Puerto 
Rican populations in SAMOVA analyses of CR (Fig. 4b); 
(iii) Eastern Islands populations share most nuDNA 
haplotypes with Puerto Rican populations (Table 3 and 
Fig. S3, Supporting Information); (iv) highest support for 
a model where gene flow occurs from populations in 
eastern Puerto Rico towards Eastern Islands populations 
(Table 1); and (v) highest support for a model in which 
eastern Puerto Rican and Eastern Islands populations 
diverged subsequent to the start of the penultimate inter
glacial c. 250 kya (Table 5). Absence of a divergent East
ern Islands clade in phylogenies inferred from mtDNA 
and nuDNA loci (Figs S1 and S2, Supporting Infonna
tion), low support for a model in which gene flow does 
not occur between eastern Puerto Rico and Eastern 
Islands populations of E. antillensis and low support for a 
model in which eastern Puerto Rican and Eastern Islands 
populations diverged prior to the start of the penultimate 
interglacial do not support the Ancient Eastern Islands 
Isolation Hypothesis. However, we cannot rule out the 
possibility that E. alltillcnsis was present in the Eastern 
Islands prior to the penultimate interglacial. These popu
lations may have become ex tinct, and the region recolo
nized by founders from eastern Puerto Rico. 
Alternatively, Eastern Islands populations may have per
sisted in isolation prior to the penultimate interglacial, 
and experienced gene flow with eastern Puerto Rican 
populations across the land bridge during the last two 
glacial periods. We did not find strong evidence for 
admixture in Eastern Islands populations, such as ele
vated genetic variation and strong differentiation (Kolbe 
et nl. 2004). However, inferring admixture events for 
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weakly differentiated populations by relying on a limited 
marker set can be challenging (Corander & Marttinen 
2006) . 

The phylogenies constructed from mtDNA and 
nuDNA lacked detailed resolution, but did not conform 
to predictions of the Eastern Dispersal Hypothesis. Low 
levels of sequence divergence probably explain why 
most CR haplotypes and individual samples for each 
nuDNA locus form a basal polytomy. In phylogenies 
inferred from MYH, RH1 and RPL9int4, many Eastern 
Islands samples nested in Puerto Rican clades, but those 
clades were not well supported across all three analyses 
and they contained individuals from both eastern and 
western Puerto Rico (Fig. S2, Supporting Information). 
This lack of resolution likely indicates shallow levels of 
isolation across the PRB. 

Our estimated divergence date of 52.4 kya (95% CI: 
2.7-207.0 kya) between eastern Puerto Rican and East
ern Islands populations suggests that isolation occurred 
during the last glacial period. Lower sea level during 
the last glacial period c. 118-12 kya (Waelbroeck ct Ill. 

2002; Siddall ct Ill. 2003; van Daele ct Ill. 2011) united 
Puerto Rico and the Eastern Islands. However, increas
ingly xeric environments in the coastal lowlands (Ren
ken ct Ill. 2002) could have promoted isolation of 
E. 1l1ltillcllSis following establishment in the Eastern 
Islands . Small, arid islands in the PRB do not support 
populations of E. Ill1til/cl1sis, and drought is associated 
with lower population densities of these frogs (Ovaska 
2005). Sediment records from lowland Guatemala pro
vide evidence for a moist climate c. 200- 85 kya (Mueller 
ct Ill. 2010) that shifted towards drier conditions 
c. 48 ± 23 kya (Hodell et al. 2008), and a high-resolution 
pollen record from north-eastern Venezuela suggests 
that dry forests and savanna predominated in Carib
bean lowlands c. 28-68 kya (Gonzalez ct Ill. 2008; Hess
ler ct al. 2010). Data for the PRB are lacking for these 
time periods, but an analysis of eolianite deposits from 
the lowlands of the PRB indicates aridity during the 
Last Glacial Maximum c. 26.5- 19 kya (Renken ct Ill. 

2002). In the Greater Antilles (Cuba, Hispaniola, 
Jamaica, Puerto Rico) and in the PRB in general (Higu
era-Gundy ct Ill. 1999; Renken ct Ill. 2002; Hodell ct Ill. 

2008), increasing rainfall following the Last Glacial 
Maximum led to an expansion of mesic forests that 
may have increased population connectivity, although a 
concomitant rise in sea level (Peltier 2002) would have 
reduced dispersal opportunities in the PRB. Large confi
dence intervals surrounding the estimated divergence 
between eastern Puerto Rican and Eastern Islands 
groups prevent us from inferring whether xeric condi
tions during glacial periods, or salt-water barriers dur
ing interglacials, were primarily responsible for 
initiating population divergence in E. Ilntil/cllsis. 

Spatial expansion of E. Illltil/cnsis into the Eastern 
Islands may have left a signature of lower genetic 
diversity and a smaller effective population size in the 
founder populations, but estimates of these parameters 
were either inconsistent across loci, or the differences 
between them were not significant. For the four nuDNA 
markers, individuals from the Eastern Islands had 
fewer haplotypes than those from eastern Puerto Rico, 
but a similar result was not inferred for CR. A higher 
mutation rate and faster coalescence time of mtDNA, 
combined with increased isolation of populations in the 
Eastern Islands since sea levels rose c. 14--11 kya 
(Heatwole & MacKenzie 1967), may explain the large 
number of CR haplotypes in this region. The establish
ment of populations from independent source popula
tions (Kolbe ct Ill. 2004) and/or a high population 
growth rate following a founder event(s) may also limit 
the loss of genetic diversity following spatial expansion 
(Austerlitz ct Ill. 1997). Eastern Islands populations of 
E. Ill1til/CIlSis have a smaller scaled effective population 
size (8) than populations in eastern Puerto Rico 
(Table 4), a finding that is consistent with a history of 
spatial expansion. DlYABC estimated the effective popula
tion size of the Eastern Islands group (N4 ) to be smaller 
than that of the eastern Puerto Rican group (Nz), but 
the slightly overlapping 95% CIs suggest that these dif
ferences may not be significant (Table 5). Our ability to 
distinguish between complex population genetic models 
(e.g. incorporating admixture or changes in population 
size), and to reduce error rates associated with measur
ing confidence in scenario choice, and with the variance 
of divergence times, effective population size and 
migration rates may improve with additional indepen
dent loci (Beerli & Palczewski 2010; Cornuet ct Ill. 2010; 

Robert ct Ill. 2011). 

In the GENELAND analyses of nuDNA and of all loci, 
populations of E. Ill1til/CIlSis in the Eastern Islands 
formed a distinctive group (Fig. 2), a finding consistent 
with previous work showing that species in this region 
form distinctive biogeographic clusters (Hedges 1999). 
Nevertheless, levels of differentiation between Puerto 
Rican and Eastern Islands groups of E. Ilntil/cl1sis are 
shallower than in the codistributed lizard Anolis cristll

tCl/lIS (Brandley & de Queiroz 2004) and in species of 
AlllpilillCIIStll ground crickets (Oneal ct Ill. 2010). The lat
ter likely persisted in isolation in the Eastern Islands 
over several glacial- interglacial cycles. Indeed, endemic 
species of plants (e.g. SOIIlIlIlIll cOlloCllrp"lII; Acevedo
Rodriguez 1996), frogs (Elclltilcrodilctyills Icntlls and 
E. schwll rtzi; Henderson & Powell 1999), lizards 
(e.g. Allolis cmstwil/illlllsi, A. rooscvclti, SphllCrodllChjllls 

pllrthcnopioll and Mllbllyll III1lc/CllIli; Lazell 1983; Hender
son & Powell 1999; Mayer & Lazell 2000), amphisbae
nians (e.g. AlIlpilisbllcllnll fCl1cstmtll; Henderson & Powell 
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1999) and snakes (e.g. Typhlops riclwrdii; Henderson & 

Powell 1999) survived in the Eastern Islands throughout 
multiple glacial- interglacial cycles. Despite this high 
endemism in the Eastern Islands region, most species 
occur on multiple islands, and therefore single-island 
endemism is low (Heatwole & MacKenzie 1967). 

Diversification of Eleutherodactylus antillensis 
within Puerto Rico 

Larger patches of suitable habitat, greater topographic 
and ecological diversity (Ewel & Whitmore 1973), and 
less pronounced inundations potentially lowered extinc
tion rates in Puerto Rico relative to the Eastern Islands, 
and/or promoted diversification in multiple isolated 
populations on this large island (Rand 1969; Losos 1996). 
In fact, Puerto Rico contains the highest species richness 
(Figueroa Colon 1996) and largest proportion of endem
ics in the PRB (Heatwole & MacKenzie 1967; Hedges 
1999). Mountainous regions in Puerto Rico harbour dis
tinctive phylogroups of frogs and lizards (Velo-Anton 
et at. 2007; Rodriguez-Robles el at. 2010; Barker el at. 
2011), and likely shaped genetic diversity in E. antillel/sis 
by providing mesic refugia during particularly arid gla
cial periods. Most well-supported clades in the E. anlill
el/sis nuDNA phylogenies are comprised of individuals 
from Puerto Rico (Fig. 52, Supporting Information), 
where group structure is highest (Figs 2 and 4b). 

Our analyses of group structure suggest that a his
torical dispersal barrier for E. anlillensis occurs in the 
lowlands west of the Rio Grande de Loiza in Puerto 
Rico (Figs 2 and 4b) . Eastern Puerto Rican and wes
tern Puerto Rican populations began diverging 
89.4 kya (95% CI: 19.2- 311.0 kya), coinciding with a 
shift in Caribbean climate to drier hydrologic condi
tions and the onset of wet-dry oscillations (Hodell 
el at. 2008; Mueller el al . 2010). In addition to promot
ing isolation between eastern Puerto Rican and East
ern Islands populations, xerophytic vegetation in the 
lowlands of the PRB during at least some portions of 
the last glacial period may have also inhibited dis
persal between populations in eastern and western 
Puerto Rico. First proposed as a barrier to westward 
dispersal of the mesophilic Locust Coquf, Elellihero
dactyl liS IOC/lstlls (Rivero & Mayorga 1963), and the 
Golden Coqui, Elelltherodactyills jasperi (Drewry & 

Jones 1976), the Rio Grande de Loiza Basin marks 
genetic discontinuities in Elelliherodaclyills coqlli (Velo
Anton el at. 2007) and the Mountain Garden Lizard, 
AI/olis kl'llgi (Rodriguez-Robles el al. 2010). In combina
tion with strong, cool winds during the last glacial 
period (Hod ell et al. 2008), increased aridity in the 
highlands connecting the Cayey Mountains (in the 
south-eastern region of Puerto Rico) to the Central 
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Mountains (Fig. la) could have limited dispersal of 
E. alllillel/sis through higher elevation areas as well. 
The lowlands of western Puerto Rico receive less rain
fall than those in eastern Puerto Rico (Daly et al . 2003) 
and may have been particularly xeric during the last 
glacial period (Renken et at. 2002), which may explain 
why scaled effective population size of E. antillensis is 
significantly smaller in western Puerto Rico than in 
the eastern part of the island. 

Human-mediated introductions of Eleutherodactylus 
antillensis 

Failure to identify a single unique E. antillcllsis haplo
type on St. Croix, an island that has never had a direct 
land connection with the PRB (Gill et al. 1989), supports 
anecdotal evidence of a recent (1937) human-mediated 
introduction to St. Croix (Grant & Beatty 1944). The GENE

LAND analysis revealed that St. Croix populations most 
likely originated from Eastern Islands sources (Fig. 2) . 
Although our data support the natural occurrence of 
E. al/lillcl1sis in the Eastern Islands, three CR haplotypes 
(HI4, H31, H35; Fig. 4a), all occurring in eastern Puerto 
Rico, are shared with distant Eastern Islands (St. John, 
Tortola, Guana, Beef and Virgin Gorda). Incomplete line
age sorting resulting from recent divergence and rapid 
spatial expansion from eastern Puerto Rico may account 
for this observation, but these particular shared haplo
types occur within 11 km of a shipping port in Puerto 
Rico. A nearly ubiquitous presence of E. alltillcnsis in 
residential gardens and plant nurseries, and frequent 
transport of horticultural materials in the PRB (Platen
berg 2007), supports possible accidental transport of 
individuals and/or eggs in potted plants between 
islands. Multiple introductions of E. coqlli and the Cuban 
Tree Frog, Osteopillls septel/trionalis, to various Eastern 
Islands (MacLean 1982; Owen et at. 2005) suggest the 
possibility of human transport of E. antillellsis in the 
PRB. The estimated divergence dates between eastern 
Puerto Rican and Eastern Islands groups, and between 
western and eastern Puerto Rican groups, are deeper 
when potentially introduced samples are excluded 
(Table 5), raising the possibility that human transport of 
E. (lIIlillensis has complicated our historical inferences. 

In conclusion, environmental change over the past 
two glacial- interglacial cycles shaped genetic diversity 
in E. al/lillcllsis by providing opportunities for coloniza
tion via land-bridge connections during periods of low 
sea level, as well as by creating habitat barriers that 
promoted isolation between populations in eastern 
Puerto Rico and the Eastern Islands, and between popu
lations in eastern and western Puerto Rico. Our results 
support anecdotal evidence of a human-mediated intro
duction of E. al1tillensis to St. Croix, and therefore also 
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illustra te the role of recent events in shaping phylogeo
graphic patterns in this species. Collectively, our find
ings are consistent with previous studies indicating that 
glacial land connections promoted dispersal in other 
Caribbean land-bridge archipelagoes, including the 
Great Bahama Bank (Malone et al. 2003) and the Turks 
and Caicos Banks (Reynolds et al. 2011). Sea level rise 
of up to 2 m by 2100 (Pfeffer et al. 2008) may reduce 
populations in small, low-elevation islands, increasing 
their risk of extirpation through demographic stochas
ticity, environmental stochasticity and catastrophes, loss 
of genetic heterozygosity and rare alleles, edge effects, 
and /or human disturbance (Burkey 1995). Because colo
nization success by over-water dispersal is low for ter
restrial species in the Caribbean (Losos 1996), exploring 
the geographic distribution of distinct lineages in these 
dynamic insular systems contributes fundamental infor
mation for conservation management strategies. 
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ORNITHOLOGICAL RESEARCH AND MONITORING ON GUANA ISLAND, BRITISH 
VIRGIN ISLANDS: PROJECT REPORT 2012 

Dr. Clint W. Boal, USGS Texas Cooperative Fish and Wildlife Research Unit, Texas Tech University, 
Lubbock, TX 79409-2120 

INTRODUCTION 

The Caribbean is both a biodiversity hotspot with a rich array of resident species, and an important 
region for neotropical migrant landbirds during their annual migration from North America to South 
America. While considerable research has been conducted on avian ecology in the western 
Caribbean, comparatively little has been conducted in the Virgin Islands or east Caribbean. Thus, 
ornithological work on Guana Island makes substantive contributions toward a better understanding 
of the basic ecology and conservation needs resident Caribbean birds and neotropical migrants. 
Components of avian research on Guana Island are 1) mist-netting and banding neotropical 
songbirds that migrate through the Caribbean region during the autumn migration, and 2) specific 
studies focusing on species resident to the island. Here I provide an update and discussion of the 
results of the 2012 Science Month, a review of research productivity stemming from avian research 
on Guana Island, and plans for the 2013 Science Month. 

RESULTS AND DISCUSSION 
Mist-Netting and Migrant Ecology 
I operated mist-net activities between 7 and 24 October, 2012 for a total of 342 net hours. During 
netting, I captured a total of 113 new birds and recaptured 56 birds that had been previously banded 
for a total of 169 captures at a mean capture rate of 0.49 birds per net hour. I also captured and 
released several hummingbirds for which I do not have a permit to band. Despite this being similar in 
terms of net hours and capture effort, we only captured, this is the lowest capture rate since I took 
over the avian research program on Guana Island in 2003. The next lowest was in 2009 with 0.51 
birds per net hour. 

Of the birds captured only 29 were neotropical migrant landbirds. Blackpoll warblers accounted for 
86% of these, with other migrants being chestnut-sided warbler, a Swainson's thrush, and a barn 
swallow. We also captured one resident yellow warbler. Due to the low number of migrants, the 
majority of birds captured were bananaquits, pearly-eyed thrashers, and black-faced grassquits . 

Interesting captures were of one Caribbean elania that was originally banded in 2005, recaptured in 
2010, and then in 2012, making it at least 7 years old, the second oldest age record for the species 
on Guana Island and possibly elsewhere. More interesting was the recapture of a bridled quail-dove 
originally banded as an adult bird in 2007, making it at least 6 years old; this is likely an age record for 
the species. 

I have conducted a 10 year assessment of the data for blackpoll warbler captures, timing of arrival, 
age ratios, and conditions upon capture. These data have been analyzed and I have prepared a 
manuscript that is currently submitted to the journal Condor for consideration for publication. 

Bananaquit Demography 
Based on my intensive study of bananaquits, and an incredibly robust recapture data set, I and a 
colleague were able to develop a model to determine sex of the species even when not in a breeding 
condition. This was published in late 2012 (Bibles and Boal 2012 below). We are now using that 
model to estimate sex- and age-specific survival rates for the species and incorporate covariates of 
weather and climate factors to attempt to understand how global climate change may affect this 
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species. If bananaquits are a suitable surrogate for other Caribbean birds, this may also allow 
broader predictions of the impact of climate change on Caribbean birds in general. We will be working 
on this through the summer of 2013; I anticipate manuscript submission in late 2013. 

Mangrove Cuckoo Ecology 
The lead field investigator for this project is Tracy S. Estabrook (M.S.). She has conducted annual 
call-playback surveys for mangrove cuckoos each year for the last several years and we are not 
attempting to model occupancy and density using the software programs DISTANCE and 
PRESENCE. Our next step will be devising methods to capture and color-mark this intriguing species 
in order to monitor site fidelity and survival. Current capture methods of mist-nets are not effective 
with the species, but we have a new set of traps we will be experimenting with in 2013. 

Bridled Quail Doves 
Bridled quail doves are a species of substantial conservation concern, and Guana Island probably 
has the healthiest population of the species per area size of any island in the Caribbean. This makes 
Guana a very special location for studying the species. Since initiating a focused study on bridled 
quail doves, I have captured and banded 38 individuals. However, capturing and marking bridled 
quail doves requires a different approach than mist-netting , and it can be quite challenging . I have 
been color-banding the species and have been able to get visual recaptures on individuals in 
subsequent years to note movement patterns and start collecting information on survival. This is 
completely new information, as very little is known on the species in general. In 2013 I will be bringing 
a bow net to Guana Island which may allow substantial improvement in trapping success. As this line 
of research grows, I hope to pursue funding to expand research on the Geotrygon genus to include 
sites in other parts of the BVI, the USVI and Puerto Rico. 

Additionally, I continue to collect data to explore the apparent abnormality of the eyes of the bridled 
quail doves. When I started trapping them I noticed they all appeared to have an unusual iris with 
what looks like a erosion of the pigment of the iris forward from the pupil (see examples pictures 
below). This may be normal but previously unreported, or may be due to a genetic bottleneck or other 
genetic anomaly. My exploration of this phenomenon continues. 

Surveys 
I conducted an island-wide bird surveys in 2007 - 2009 and pooled it with data from surveys 
conducted on Guana Island by Arendt (1995) and Wunderle (2001). We have conducted an analysis 
to compare species presence and abundance among the different study period and have written a 
manuscript that is currently submitted to the journal Ornitologia Neotropica/. 

PROJECT PRODUCTIVITY 
Peer-Reviewed Papers 
2006 Boal , C.W., F. Sibley, T.S. Estabrook, and J.D. Lazell. 2006. Insular migrant species, 

longevity records, and new species records on Guana Island, British Virgin Islands. 
Wilson Journal of Ornithology 118:218-224. 

2007 Boal, C.W., and T.S. Estabrook. 2007. Occurrence and condition of migrant 
Swainson's thrushes in the British Virgin Islands. Wilson Journal of Ornithology 
119:716-720. 

2008 Boal, C. W . 2008. Observations of an Antillean crested hummingbird (Orthoryhncus 
cristatus) attacking saddled anoles (Anolis stratulus). Caribbean Journal of Ornithology 
21 :48-49. 
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2008 

2011 

2012 

Submitted 

Submitted 

Boal, C. W . 2008. Predation of a dwarf gecko (Sphaerodactylus macrolepis) by a 
bridled quail dove (Geotrygon mystacea). Caribbean Journal of Ornithology 21 :50-51 . 

Boal , C.W. 2011. Bridled Quail -Dove (Geotrygon mystacea) , Neotropical Birds Online 
(T.S. Schulenberg, Editor). Ithaca: Cornell Lab of Ornithology; retrieved from 
Neotropical Birds Online : 
http://neotropical. birds. cornell.edu/portal/species/overview?p _p_spp= 177941 

Bibles, B.D., and C.W. Boal. 2012. Morphometric-based sexual determination of 
bananaquits (Coereba f/aveola). Ornitologia Neotropica/23:507-515 . 

Boal , C.W . Timing and condition of en route migrant blackpoll warblers in the British 
Virgin Islands. Condor 

Boal, C.W. , J.M. Wunderle, Jr., and W.J. Arendt. Autumn monitoring of resident 
avifauna on Guana Island, B.v.I. Ornitologia Neotropical 

Peer-Reviewed Papers Produced as Part of Graduate Student Course 
Names with G indicate graduate student author. 

2010 

2013 

Accepted 

AndersonG, W .M. , G.E. SorensenG, J.D. Lloyd-StrovasG, R.J . ArroyoG, J.A. SosaG, S.J . 
WUlff', B.D. Bibles, C.W. Boal , and G. Perry. 2010. Distribution and Habitat Use by the 
Critically Endangered Stout Iguana (Cyclura pinguis) on Guana Island, British Virgin 
Islands. Reptiles and Amphibians 17:5-10. 

SkipperG, B., B. GrishamG, M. KalyvakiG, D. McGaugheyG, K. Mougel, L. NavarreteG, 
R. Rondeau , C. Boal , and G. Perry. 2013. Non-overlapping distributions of feral sheep 
(Ovis aries) and stout iguana (Cyclura pinguis) on Guana Island, British Virging 
Islands. IRCF Reptiles and Amphibians 20:7-15. 

NavaretteG, L., B. GrishamG, M. KalyvakiG, K. McGaugheyG, K. MougeyG, B. SkipperG, 
G. Perry, and C. Boal. Accepted. Diurnal activity patterns of black-necked stilts 
(Himantopus mexicanus) during the non-breeding season in the eastern Caribbean. 
Journal of Caribbean Ornithology: 

Papers Currently in Development 
1. Age and sex-specific survival of bananaquits 
2. Using cal l-playback to survey and monitor mangrove cuckoos 

Presentations 
2003 

2005 

2006 

Boal , C. W. 2003. Birds of prey in the British Virgin Islands. H. Levity Stoutt College, 
Roadtown , Tortola, British Virgin Islands. 

Boal , C. W . 2005. Avian research on Guana Island: a decade in review. H. Levity 
Stoutt College, Roadtown , Tortola, British Virgin Islands. 

Boal, C. W. 2006. New bird species in the British Virgin Islands: evidence for migration 
pattern changes? H. Levity Stoutt College, Roadtown , Tortola , British Virgin Islands. 
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2005 Estabrook, T. S. 2005. Mangrove cuckoos: where the heck are they and what the heck 
are they doing? H. Levity Stoutt College, Roadtown , Tortola, British Virgin Islands. 

2009 Boal , C. W. 2009. Timing and condition of autumn migrant Blackpoll Warblers in the 
British Virgin Islands. Annual Meeting of the Cooper Ornithological Society, Tucson , 
AZ, USA. 

Invited Seminars 
2013 Boal , C.W. 2013. Blackpoll Warblers: a 10 gram bird that is way tougher than you . 

ANRS Seminar Series, Texas Tech University, Lubbock, TX. 

FUTURE WORK 

Avian studies during Science Month in 2013: 
• Continuation of the banding station to study species diversity, abundance, and ecological 

aspects of neotropical migrant land birds using Guana Island during autumn migration. 

• Continuation and expansion of the mangrove cuckoo study. 
• In 2013 we will experiment with methods to capture mangrove cuckoos . Capturing this 

species is challenging , but we have designed some new traps that may prove 
effective. My increasing captures of the species we can color-band select individuals 
for long-term monitoring of site fidelity and survival. This would provide substantive 
new information for the very poorly understood species .. 

• Continuation of the focused study on ecology of bridled quail doves 
• Color-banding and annual monitoring of survival and site fidelity. 
• Expansion to use of short-term radio-transmitters to monitor daily movement patterns 

and home-range, habitat-use, and roosting locations and behavior. 
• Collection of samples (photographic and genetic samples) to examine possible 

inbreeding depression as evidenced by eye abnormalities. 
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Bananaquit. Adult being banded (lower left), weighed (lower right) and prior to release (top) . 
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Swainson's Thrush. 2012 was the first occurrence of this species in several years. 

Blackpoll Warbler. The most common neotropical migrant we capture on Guana Island. 
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Caribbean Elania. This bird is at least 7 years old. 

Tom Willard, an indispensable assistant, preparing to release a bridled quail dove. 
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Bridled Quail Dove. Two examples of the eye abnormality observed to be common if not ubiquitous 
among the species on Guana Island. 
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MORPHOMETRIC-BASED SEXUAL DETERMINATION OF 
BANANAQUITS (COEREBA FLAVEOLA) 

Brent D. Bibles1 & Clint W. Boal 2 

lUnity College, Unity, ME 04988, USA 

2U. S Geological Survey, Texas Cooperative Fish and Wildlife Research Unit, Texas Tech 
University, Lubbock, TX 79409, USA E-mail clint.boal@ttu.edu 

Resumen. - Morfometria basada en la determinacion sexual de la reinita comun (Coereba fla
veo/a). - La Reinita Comun (Coereba flaveo/a) es un passerino comlin en los tropicos y ha sido una 
especie conveniente para estudios ecologicos. Esta especie tiene un plumaje sexual mente monom6r
fico, y no se puede ser sexada, a men os que los individuos esten en condici6n reproductiva. Esto es 
problematico para estudios demograficos y comparativos que requieren una determinaci6n precisa de la 
edad y sexo de los individuos. Aunque los machos son mas grandes que las hem bras, existe traslape 
tanto en cuerda alar como en masa corporal. Usamos datos morfometricos colectados durante mas de 
ocho arios para desarrollar modelos predictivos, basados en una regresi6n logistica para asignar reinitas 
comunes adultas a sexo. Nuestra modelo ha clasificado 96'}'0 de individuos de validaci6n al sexo 
correcto. Sugerimos que este enfoque puede mejorar los estudios ecol6gicos de la especie, facilitando 
la determinaci6n correcta del sexo, independientemente de su estatus reproductivo. Creemos que nues· 
tra modelaci6n es aplicable en otras localidades, pero debido a que existen variaciones a traves de la 
distribuci6n de la especie, los modelos necesitan ser ajustado a las poblaciones locales. 

Abstract. - The Bananaquit (Coereba flaveo/a) is a common passerine throughout the tropics and has 
been a convenient species for ecologicai studies. This species has sexually monomorphic plumage and 
cannot be reliably sexed unless in breeding condition. This is problematic for demographic and compara· 
tive studies, which are contingent upon accurately aging and sexing individuals. Although male Banan· 
aquits are larger than females, there is overlap in both wing chord and mass. We used morphometric 
data collected over eight years to develop a predictive model based on logistic regression to assign adult 
Bananaquits to sex. Our model classified 96% of validation individuals to the correct sex. We suggest 
that this approach may enhance ecological studies of the species by facilitating correct sex determination 
independent of breeding status. We believe our modeling approach is applicable elsewhere but, because 
there may be geographical variation across the species distribution, models will need to be customized to 
local populations. Accepted 8 December 2012. 

Key words : Bananaquit , Coereba flaveo/a , monomorphic plumage, morphometry, sex determination , 
size dimorphism. 

INTRODUCTION 

Bananaquits (Cocreba j7{/veo/a) are an abundant 
passerine found throughout much of the new 
world tropics. Generally, they have small terri 
tories and occur at high densities on many 

Caribbean islands (\Vunderlc 1984). The diet 
of Bananaquits has made them an interes ting 
species for studies of sugar preferences and 
physiological aspects of nectarivory (i'data & 

Bosque 2004) and competition with other 
nectarivorous birds (Askins el aI. 1987) . The 
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species exhibits plumage polymorphi:;m in 

parts of its range, such as G renada, and has 
been closely studied in context of temporal 

shifts in the morph ratio cline (\.'V'underle 
198·1 a, 198"1 b, 1983; l\ lacColI & Stevenson 

2003). The extensive variation in plumage and 

other feature:; , including size, have prompted 
several studies to document and explain the 

variation (e.g. , Diamond 1973, Prys-Jones 

1982), and infer evolutionary history (Seutin 
e/ {/f. 1994, Bellemain e/ (/f. 2008). Despite its 

abundance and wide:;pread distribution, rela
tivel y few :;tudie:; have examined the basic 

biology (Biaggi 1955, Cross 1958, Wuncbic 
e/ {/f. 1987, Wundcrle e/ (/f. ·1992) and breecling 

ecology (Wunderle 1982, "1984) of Banan

alluits. 
Because they have sex uaU y monomorphic 

plumage, BananalJuits cannot be reliably 

sexed unics:; in breeding condition (i.e. , pres

cnce of brood patch or cloacal protuberance). 
Il 0wever, thi:; is contingent upon banding 

studies being conducted during the breeding 
season. 1\ [any studies in the tropics arc con

ducted during the migration or wintering 
season when most resident tropical birds are 

not in a breeding state (Faa borg e/ af. 1984, 

Murphy e/ aI. 2004, Boal e/ af. 2006). Sophisti 

cated modeling of survival and demography 

arc contingent upon accurately aging and 
sexing individuals in the marked sample. 

Failure to account for sex ratio, or removing 
unsexed individuals from samples, can lead to 

introduction of bias, weak inference, and 

erroneous conclusions. Wolfe e/ af. (2009) 
recently emphasized this need for better 
quantitative data on gender determination 

and other charactnistics. Here we address 

thesc needs for one of the most common 

Caribbean passerines by analyzing measurc

ments for Bananalluits captured on Guana 
Island, British Virgin Islands, to determine if 

the sexes of adult individuals can be differen

tiated using some standard morphological 

measurements. 
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I'"IETHODS 

\'V'e conducted bird surveys on Guana Island 

(18°30'N, 64°30'W), a small (3 kml island 
located approximately 0.5 km north of Tor

tola, British Virgin blands. The British Virgin 
Islands, along with the U. S. Virgin blands, 

arc a chain of approximately 76 islands and 
cays located roughly 150 km cast of Puerto 

Rico that, combined with Puerto Rico, consti
tute the Puerto Rican Bank (J ,azell 2005). 

Temperature in the British Virgin Islands nor

mally ranges from 28- 33°C, with an nual 
mean rainfaU for Cuana Island estimated at 

92 cm (l ,azeU 2005) . 

Guana Island is topographically rugged 
with elevation:; ranging from sea level to 246 

m. J t is privately owned and has undergone 

little development or fragmentation. i\ resort 

area occupies approximately 3% of the island; 

the remaindn of the island is a de facto 

nature preserve. The majority of the island is 

vegetated with subtropical dry fore st (90%) 
and mesic ghaut forest (5%) (Lazell 2005). 

The primary native vegetation on Guana 

Island includes T{/beblli{/ brlerop/!J'//a, Barsem 
sill/ambr/, Pisol/ia sl/bcord{//{/, COl/oCt/rpm eretills, 
Phlllle/i{/ alb{/, Arm.i{/ /)/II/ira/{/, and Corw/ob{/ 

II/lifem. Lfllmel/a /Cllcorepbe/{/ is common in dis 

turbed areas. Other introduced speCies 
inclucic COCOJ I/mijfm, T{/II/mil/d{/ iI/dim, and 

De/ollix regi{/ (Lazcll 2005) . 

\'V'e operated a banding station on Guana 

Island during each October of 2003-20"10. 
Altogether 12 32-mm mist nets were opened 

for an average of 422 (± 57 SE) h each year. 

r\1I nets were placed in subtropical dry forest 
and in human-altered areas near the island 

hotel. Nets wcre located in the same locat ions 
along a northeast-southwest ridge o n the 

west silk of the island at ca. 70 III a.s.1. each 

ycar. 

Captured Bananaquits were placcd in tem

porary holding bags and transported to a 

banding station for process ing. We recorded 



un flattened wing chord with a stopped wing 
ruler. \Ve measured mass with an electronic 
scale accura te to 0.1 g (Ohau, Model eS200). 
We aged each Bananaguit as adult or juvenile 
based on plumage (Raffaele et 01. 1998), and 
examined adults for evidence of breeding sta
tus (i.e. , brood patch, cloacal protuberance). 
To ensure consistency, one person performed 
all measurements and classifications. \Ve 
attached an aluminum leg band provided by 
the U. S. Geological Survey Bird Banding Lab
oratory and, beginning in 2005, we attached 
unique combinations of two plastic colored 
bands to adults. 

Preliminary examination of wing chord 
and mass of known sex Bananaquits led us to 
suspect we could usc these metrics to deter
mine sex of individuals with a high level of 
confidence. \X/e compared mass and wing 
chord of all adult Bananaquits, male only, and 
females o nly using linear regression. We used 
these individuals to calculate 95% confidence 
intervals on mass and wing chord for male 
and fema le Bananaquits. We used logistic 
regression to develop a predictive model for 
classification of individuals of unknown sex. 
The logis tic model was developed using indi
viduals captured from 2003-2010 for which 
sex was verified by presence of brood patch 
or cloacal protuberance. r\dult individuals 
classi fied as unknown sex were included if 
they were sexed at a later capture, wi th the 
measurements from the initial capture utilized 
for the analysis. Only one set of mem;ure
ments was included for each individual to 
avoid lack of independence of data. We ran
domly selected 50 known-sex adults, 25 of 
each sex, for removal from the dataset to use 
for model validation. Four logistic regression 
models wcrc run: 1) wing chord only, 2) mass 
only, 3) wing chord-mass additive model , and 
4) wing chord-mass interaction model. The 
model best fitting the data was chosen using 
r\ Ie (Burnham & Anderson 2002). Sex of val
idation individuals was predicted using the 

SE:-; DI '.T EI(,\ II N .. ITION O F nAN.-IN .. IQUITS 

best model with a predicted probability of 
being female = 0.5 indicating females. We 
then compared the assigned va lues with the 
known sex. The model was then applied to all 
unknown sex individual> for whom we had 
wing chord and mass measurements. 

RESULTS 

A total of 519 captures of adult Bananaquits 
from 2003-20 I 0 represented 304 individuals, 
of which 285 had both wing chord and mass 
measured. Of these, 222 birds were field
sexed ( 131 male, 91 female). \Ving chord for 
all individual s was 57.0 mm (S[ = 0.155 mm, 
range 5'1- 62 mm). Males had larger wing 
chords (mean = 59. 1 mm, SI': = 0.1 '14 mm, 
range 55-62 mm) than females (mean = 54.6 
Imll , SE = 0. 133 mm, range 5'1-58 mm) (t~~" 

= -25.523, P < 0.0001). l'dales a],;o were 
heavier (mean = 10.2 g, SI': = 0.063 g, range 
8.0-12.5 g) than females (mean = 9.4 g, S[ = 
0.086 g, range 6.4- 1"1.8 g) (t~2(1 = -8. 151 , P < 
0.000"1) Wing chord exhibited substantially 
less variation (male C:V = 2.2; female ev = 
2.3) than mass (male ev = 7.1; female ev = 
8.7). Unknowns generally exhibited the fu ll 
range of observed wing chords (mean = 56.0 
tTltll , SE = 0.324 mill , range 51-62 mm) and 
mass (mean = 9.3 g, SE = 0.086 g, range 6.4-
11.8). Overlap of sexes was observed with 
both metrics, with extensive overlap in mass 
and overlap in the 55-58 mm wing chord 
range (rig. 1) . In addition, average mass varied 
considerably between years , ranging frolll 9.8 
g in 2009 to 10.9 g in 2008 for males, and 
from 8.8 g in 2009 and 9.8 g in 2007 for 
females. Mass and wing chord exhibited a 
positive relationship for both sexes Qinear 
regression: male P = 0.0010; female P = 
0.0064), although the relationship was noisy 
and mass provided little explanation for varia
tion in wing chord (male R2 = 0.0815; female 
R2 = 0.0805). The relationship appeared to be 
additive, with no difference in slope of the 
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FIG I. Scatterplot illustrating ma>s (g) and wing chord (mm) of adult l3ananaquits, by SC', on G uana 
Island , 13VI , 2003-20 10. Data from 222 individuals (13 1 M,91 F). 

relationship between sexes (malc slope = 
0.516, 95% C I 10.214,0.817 1; female slope = 
0.439,95% Cl [0.1 27,0.75'1]), but males had a 

somewhat higher intcrcept (male intercept = 
5383, 95% C I [50.74, 56.9271; female inter

cept = 50.49, 95% CT [47.55, 53.42]). 
1'.lcasurements from 172 birds in Defini

ti ve plumage ("106 male, 66 female) were used 

to perform the logistic regressions. The best 
model was the Wing Chord + Mass additive 

model (,\ I C = 46.715), followed by Wing 

Chord only (ili\ JC = 1.47), and the Wing 

Chord * 1'. Iass interaction (6 [\ IC = 1.955) 

models ( rable '1). The IvIass only model per

formed poorly compared to the other models 
(6t\IC = 149.082). The best model provides 

the probability of the bird being female given 

the measurements by the equation: 
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Pr{Female 1 !'I lass, Wing Chord} = 
1 / [I + C 136 H+ ll . I)~47(\ bss) - :2 S749(\Villb ChonJ)] 

The 95% profile likelihood confidence inter

va l on the slope parameter for wing chord (= 
-2.5749) did not encompass zero (-3.8901,

L7311 ), but the confidence interval for mass 
did include zero (-0.0450, '1.9341 ), suggesting 

that wing chord has significant explanatory 

power in classifying sex. When applied to the 

va lidation samples, the model correctly classi
fied 100% of males and 92% of females. The 

95% confidence intervals on the probability 

included 0.5 for six (12%) of the classifica

tions, including one of the two misclassifica

tions. Censoring of individuals for which the 

95% confidence interval included any value 

between 0.4 and 0.6 resulted in "100% 
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TABLE I. Ranking of logi,tic mouel, for determining sex of adult Bananaquits based on measurements of 

mass (g) and wing chord (mm). N umber of parameter> (K), Aknike Information Criterion (A IC), differ

ence in l\IC (L'.A IC) , -2 * In likelihood (-2 In), and model (r\knike) weights (w;) are provided. 

i\'lodei K r\I C n r\ IC -2 1n Wi 

Wi ng Chord + i\lass 3 46.7 15 0000 40.715 0.539 
\'(ling Chord 2 48.185 1470 44.185 0.258 
\'(ling Chord * i\ la ss 4 48.670 1955 40.670 0.203 

l\Iass 2 195.797 149.082 191.797 0.000 

c1a"i fication succe", but required removal of 
nine ("18%) of the validation individuak In 

both failed c1a"ificatiom, the females had 

larger than average wing chords (both 57.0 
mm) and larger than average mass (9.6 and 

10.2 g, respectively). Based on this model , 

adult Bananaquits with wing chords < 55.0 
mm can be assumed female , and those with 

wing chords > 57.5 mm can be a"umed 
males. Within the 55.5-57.5 mm wi ng 

chord, mass becomes important with , 

counter- intuitively, larger mas:; individuals 

being females (Fig. 2). The model classified 

the 63 unknown sex individuals as 29 males 
and 34 females. Certainty of classification 

wa, similar to that for the validation test. 
Ninety-five percent confidence intervals on 

the probability of being female included 0.5 

for eight ("13%) individuals, and included 
a value between 0.4 and 0.6 for B (21%) indi
viduals. 

DISCUSSION 

Bananaquits ex hibit sexual dimorphism in 

wing chord although some overlap exists. 

Based on presence of breeding criteria, we 

observed adult males with wing chords as 

short as 55 mm, and adult females with wing 

chords as long a:; 58 tntn. This range of over

lap was supported by the results of our pre
dictive model. I n a wel l-developed guide for 

aging and sexing Bananaquits in jamaica, 

Susan Koenig (unpub. data) found individuals 

with wing chord < 52 mm can be reliably 

sexed as female , and those> 57 mm can be 
reliably sexed as male,. On Dominica, 89% of 

individual s with wing lengths less than a 
median of 62 mm showed evidence of brood 

patche" (PrY"-jones '1982). These data sugge:;t 
that sexing individuals based only on wing 

chord is questionable, and requires classifying 
individuals within the zone of overlap as 

unknowns, which may comprom.ise results of 

sub"clluen t demographic analyses. Other 
measurement" likely present the same prob

lem. \'(Ie found substantial overlap (62% of 

the observed range) in mass of males and 

female". 
The observed variation in size due to sex 

sugge,ts that ave raging morphometric" in 

ecological studies of 13anan:t'luits without 
accounting for sex may be problematic. Dia
mond (1973) found positive correlations 

betwcen eleva tion and several morphometries 
(i.e. , mass, wing length, and bill length) of 

unsexed 13ananaquits in jamaica. However, 

when museum specimens of known sex from 
Central and SOllth America were measured, 

the relationship was onl), significant for wing 

length and elevation in males (Diamond 

1973). I'r),s-Jones (1982) found a strong posi

tive correlation between wing length and mass 

of 13anan:t'luits in Dominica without account

ing for differences in sex. We observed a simi
lar relatiomhip although mass had little 

explanatory power for wing chord for either 
sex (male R2 = 0.0815, female R2 = 0.0805). 
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This weak relatio nship is probably due to 
high yearly va riation in mass. 

Determining sex based on morphomet
lics may be confounded by not only altitud i

nal va riation in size (Diamond "1973) but also 
va riance in sizes across the species d istribu

tion . For example, exam.ining data from dis

parate locations within the range of the 

Bananaquit reveals the potential for substan

tial spatial va riation in body size, even though 
direct comparison is difficult due to di ffer

ences in measurement technique. [n the 

South and Central America, flattened wing 

chord of male and female Bananaquit, ave r

aged 57.0 mm (N = 64, SI': = 0.378,5.30 C:V) 

and 54. 1 mm (N = 25, SE = 0.011 , 5.44 CV), 
respectively (Diamond 1973). In the north -
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cast region o f the Caribbean within the BVI , 

we fo und males had a much longer average 
un flattened wing chord of 59. 1 mm whereas 

females only had a slightly brger average wing 
cho rd of 54.6 mm than that of mainland 

females. Southward at the center of the Lesser 

,\ntilles, Prys-Jones ( 1982) reported an overa ll 

average wing chord for Bananaquits on 
D ominica as 60.6 mm (± 3.2 mm). However, 

Prys-Jones (1982) used maximum chord 

rather than un flattened chord . Converting 

un fl attened wing chord to maximum chord 

(Pyle 1997) sugges ts that average wing chord 
in the BVI is similar to that o n Dominica. 

Un flattened wing chord measurements used 

for sexing on Jamaica (male > 57 mm, female 

< 52 mm; Susan Koenig, unpub. data) sug-



ges ts that Bananaquits on Jamaica arc slmilar 
in size to mainland birds. 

Ecological studies involving size should 
either avoid using unsexed individual s or cen

sor individuals of unknown sex . First, averag

ing morphometrics ming ul1$exed individuals 

relluires the assumption that comparison sam
ples have equivalent sex ratios. For example, 
when removing unknown sex individuals 

(22% o f 285 individuals), we observed a sex 

ratio of 0.59 (males vs females) and obtained 
an average wing cho rd of 57.3 mm. Us ing the 

averages for each sex and assuming a 50:50 
sex ratio results in a drop of 0.5 mm (56.8 
mm) in the estimated average, which is 5% of 

the overa ll range in observed measurements. 
Second , usc of threshold criteria that c rea te a 

zone of " unknown" create a bias by tending 

to censor larger individuals of the smaller 

sex , and vice versa, leading to an apparent 

larger difference between sexes than exists. 

In addition, this censoring leads to smaller 
variance estlmates than appropriate, increas

ing the probability of finding a non-existent 

difference (i.e., committing Type I error) . 

For example, we found that coeffi cients of 
va riation on wing cho rd for males and 

female s were 2.2 and 2.3%, respectivdy, when 

Bananaquits were sexed based on breeding 
characters. Ilad we used a wing chord criteria 

classifying individuals from 55.0-57.5 mm as 
unknown sex, the coefficients of variation for 

males and females would have been 1.7 and 

1.4% . respectivel y. 
i':rrors in class ifying sex using our modd 

could have deleterious efkcts on an analysis. 
However, we believe that the level of error is 

very low andunlikdy to have significant influ

ence, especially in comparison to the impact 
of censoring unknown sex individuals from 

the analys is. I n our classification of the 63 

imlividuals of unknown sex, classifying using 
the 55-57.5 wing chord criteria would have 

resulted in censoring 28 (44%) individuals 
from further analysis. Using the conservative 

sc, DETEIL\ IIN.\TION O F 1l.IN.·IN.IQU ITS 

approach of cemoring individuals in which 

the probability of being female was approach
ing 0.5 (e.g. , 0.4-0.6) would have o nly 
removed 13 individuals (2 1 %) from further 

consideration, resulting in substantially less 

b ias . We believe the model we have developed 

is a va lid, field-applicable approach fo r deter
mining sex of non-breeding adult Banana

lluits. We sugges t adult Bananaquits (i.e., 
those individuals in D efinitive plumage) 

should be sexed using breeding crite ria, if pos
sible, and then classifying th e remaining 

unknown sex individual s using our approach. 

This approach had a high success rate (96%) 
in classifying adult individuals that did not 

exhibit breeding characteristics, and has the 

potential to significantly reduce the analyss 
problems associated with hav ing unknown 

sex individuals within a dataset. We believe 

our current model is applicable to adult 

Rananaquits in the British and U. S. Virgin 

Islands, but have not yet tes ted it beyo nd our 
study island. However, we also suspect it will 

need to be modified to account for regiona l 

variance across the Bananalluit distribution, 

but sec no reason the approach we too k to 

developing morphometric-based sexing crite
ria could not be applied elsewhere. Develop

ment of localized model s using this approach 

and existing morphometric data is currently 
poss ible for many portions of the species' 
range. I n addition, incorporation o f o ther 

metrics, such as tail chord or exposed culmen, 

may benefit the model and should be 

explored. 
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Abstract 

Caribbean avifaunal biogeography has been mainly studied based on mitochondrial DNA. Here, we 

investigated both past and recent island differentiation and micro-evolutionary changes in the 

Zenaida Dove (Zenaida aurita) based on combined information from one mitochondrial and 13 

microsatellite markers and four morphological characters. This Caribbean endemic and abundant 

species has a large distribution, and two-subspecies are supposed to occur: Z. a. zenaida in the 

Greater Antilles (GA) and Z. a. aurita in the Lesser Antilles (LA). Doves were sampled on two GA 

islands (Puerto Rico and the British Virgin Islands) and six LA islands (Saint Barthelemy, Guadeloupe, 

Les Saintes, Martinique, Saint Lucia and Barbados). Although one mitochondrial DNA lineage was 

detected in GA and another in LA, their level of divergence was too moderate to corroborate the 

existence of two subspecies. Colonisation of the studied islands appeared to be a recent process. 

However, both phenotypic and microsatellite data suggest that differentiation is already under way 

between all of them, despite the existence of limited gene flow. No sex-biased dispersal or isolation 

by distance was observed. Differentiation for morphological traits was more pronounced than for 

neutral markers. These results suggest that despite recent colonisation, genetic drift and/or 

restricted gene flow are promoting differentiation for neutral markers . Variation in selective 

pressures between islands is also likely to be involved to explain phenotypic differentiation. Overall 

the results are suggestive of a re-expansion-early differentiation phase, thus providing for the first 

time evidence for the taxon cycling hypothesis in a non passerine Antillean bird . 
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Abstract 
Five new species of Paecus Hubner [I 818J related to Pa<etes arcigera (Guenee) (Puerto Rico, U.S. Vi rgin 

Islands, British Virgin Islands, Guadeloupe, Dominica, 51. Lucia, Trinidad) and I' wngiformis Pogue (Bra

zi l) are described: I' asper sp. n. (Florida, Bahamas, Cuba, Cayman Islands, Jamaica, Haiti , Dominican 

Republic, Puerto Rico, British Virgin Islands, U.S. Virgin Islands, Dominica, Colombia), I' medialba sp. 

n. (Asgentina), I' similis sp_ n. (Brazil), I' sinllosa sp. n. (Asgentina, Brazil, Paraguay), and I' tumida sp. n. 

(Colombia, Guyana, Suriname, French Guiana). Adults and genitalia are illustrated for al l species. Taxo

nom ic changes include the rev. stat. of I' nana (Walker) (Florida, Greater Anti lles, Mexico, Guatemala, 

Galapagos) as a valid species and revised synonyms I' indefotigabilis Schaus and I' isabel Schaus as junior 

synonyms of P. nana instead of P. arcigera. New host records for P. sz'nuosa and P. nana reared on Brazilian 

peppertree (Schinlls terebinthifolillS Roddi , Anocardiac""e) ore presenred. The holorype ond femole geniro

lia of I' obrotunda (Guenee) are illustrated. 

Keywords 
Taxonomy. new species. Braz il ian peppertree. Schz'nus terebinthifoiius. Anacardiaceae, invasive species, new 

host records 
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Introduction 

Specimens of a species described as Paectes longiformis Pogue were sent to me for iden
tification from scientists at the Biological Control Research and Containment Labo
ratory, University of Florida, Ft. Pierce, FL. This species is being tested for possible 
release as a biological control agent of the Brazilian peppertree (Schinus terebinthifolius 
Raddi, Anacardiaceae), an invasive species with severe economic impact. Specimens 
originated near the airport in Salvador, Bahia, Brazil. Originally thought to be Paectes 
obrottmda (Guenee) , it proved to be a new species (Manrique et a1. 2012). 

In the collection of the USNM there were over 250 specimens identified as P. 
obrottmda. The results of this study showed that these specimens consisted of rwo de
scribed species, Paectes arcigera (Guenee) and Paectes nana (Walker) and five additional 
new species that are described here. Taxonomic changes included the revised status of 
P. nana as a valid species and not a synonym of P. arcigera. Paectes burserae (Dyar) is 
a syn. n. of P. nana. Paectes indefotigabilis Schaus and P. isabel Schaus, both from the 
Galapagos Islands, Ecuador, are synonyms of P. nana and not P. arcigera as previously 
thought (Poole 1989; Roque-A1belo and Landry 2011). Paectes obrotunda (Guenee) is 
also referred to the Paectes arcigera group. 

The Paectes arcigera gtoUp includes only the species referred to in this paper. Spe
cies in this group can be recognized by the elongate free saccular extension in the male 
genitalia. Including the species in this revision there are 12 species of Paectes in North 
America and 40 species in the Neotropics. Two of these species, P. nana and P. asper 
Pogue, occur both in North America and the Neotfopics. 

Material and methods 

Repository abbreviations 

Specimens and images were examined from the following collections: 

BMNH 
LAN 
MGCL 

TDC 
UFPC 

USNM 
WSU 

The Natural History Museum, London, UK 
Peter J. Landolt collection, Yakima, WA, USA 
McGuire Center for Lepidoptera and Biodiversiry, Universiry of Florida, 
Gainesville, FL, USA 
Terhune S. Dickel Collection, Ocala, FL, USA 
Cole<;:ao Entomol6gica Padre Jesus Santiago Moure, Universidade Federal 
do Parana, Curitiba, BRAZIL 
National Museum of Natural History, Washington, DC, USA 
Washington State Universiry, Pullman, WA, USA 

Dissection of genitalia follows the method of Pogue (2002) except specimens were 
mounted in Euparal and stained exclusively in Mercurochrome. Male genital morphol-
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ogy follows Forbes (l954) and female morphology follows Lafontaine (2004) . Terms 
used in describing forewing morphology follow Lafontaine (2004) . Images of adult 
moths were taken with a Visionary Digital Imaging System using a Canon EOS 5D 
Mark II camera wi th a modified K2 long-distance lens and a pulsed xenon flash. Fore
wing length was measured using a calibrated ocular micrometer from the juncture of 
the thorax to the apex, including fringe. 

Distribution maps (Figs 48- 52) were generated using ESRf ArcMap - 10.0 (ESRI, 
Redland, CAl. Latitude and longitude coordinates were obtained from the label data 
or from a localities database that I maintain. The data points were entered into a File
Maker Pro 11.0 v 3 database and then directly assembled as a data layer onto a world 
map projection using a GCS-WGS-1984 Geographic Coordinate System. 

Key to species based on male genitalia 

Free saccular extension extending above costa (Fig. 29) 
Free saccular extension extending below costa (Fig. 31) 

2 Free saccular extension wide, apex enlarged (Fig. 29} .... ..... ........ . P. arcigera 
Free saccular extension narrow, apex not enlarged (Fig. 30) ........................ 3 

3 Setae on dorsal surface of valve hairlike, straight (Fig. 30) ...... P. longiformis 
Setae on dorsal surface of valve thick, curved (Fig. 32) ........... ......... ..... ..... .. 4 

4 Lateral margin of valve bearing wide, flat setae on sclerotized ridge (Fig. 32) 
P. nana 

Lateral margin of valve lacking wide flat setae ............................................. 5 
5 Free saccular extension sinuate; base covered with minute spicules (Fig. 35) .. . 

sinuosa 
Free saccular extension straight, curved near apex; base lacking minure spic-
ules (Fig. 33} ....... .................................. ... ..... .. .. .. ... .. .. .......... ..... ... .... P. asper 

6 Setae on dorsal surface of valve hairlike, straight; free saccular extension lack-
ing spicules (Fig. 3 1) ........ ... ....................... .................................... P. similis 
Setae on dorsal surface of valve thick, curved; free saccular extension covered 
with minute spicules 

7 Base of free saccular extension bulbous, more than twice width of arm below 
apex (Fig. 36} ...................... ............................. ....................... ...... P. tumida 
Base of free saccular extension gradually narrowing toward apex, not bulbous 
(Fig. 34) ................ ...... ... .. ... ..... ......... ...... ...... ... ....... ... .. ........ .... P. medialba 

Key to species based on female genitalia 

Lateral margin of 8th sternite produced into shorr, triangular projections 
(Fig. 
Lateral margin of 8th sternite smooth, lacking projections (Fig. 37) .......... . 6 
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2 Ductus bursae at juncture with appendix bursae approximately same width as 
juncture with corpus bursae (Fig. 38) 
Ductus bursae at juncture with appendix bursae narrow at juncture with appen-
dix bursae and widens at juncture with corpus bursae (Fig. 41) ..... . P. medialba 

3 Ostium bursae with a medial, curved, sclerotized bar (Fig. 43) ..... P. tumida 
Ostium bursae withour an obvious sclerotized structure (Fig. 38) .... .......... .4 

4 Lateral margin of 8th sternite not well developed, apex pointing laterally 
(Fig. 38} .............. ....... .. .......... ......... ..... ... ..... .............. .. ....... ... P. longiformis 
Lateral margin of 8th sternite well developed, apex pointing ventrally (Fig. 

5 Juncture of appendix bursae and ductus bursae just distal to ostium bursae 
(Fig. 40} ........... .. ... .. .. .... ........ .. .. ............. .. ....... ........... ........ .... .... ...... P. asper 
Juncture of appendix bursae at middle of ductus bursae (Fig. 42) ... P. sinuosa 

6 Ostium bursae a round circle (Fig. 39) .... .......................... ....... ..... .. P. nana 
Ostium bursae a sclerotized band or half-circle 

7 Ostium bursae a large, heavily sclerotized half-circle shape (Fig. 37) ... ... .... . . 
arcigera 

Ostium bursae a sclerotized band with narrowed lateral apices (Fig. 46) ...... . 

Descriptions 

Paectes arcigera (GueDl!e, 1852) 
http://species-id.net/wiki/Paectes_arcigera 
Figs 1-4,29,37,48 

Ingura arcigera Guenee in Boisduval and Guenee 1852: 312. 

obrotunda 

Type material. St. Thomas: lost. Neotype: Dominica. USNM, here designated. This is 
a confusing group of species that can only be identified reliably by genitalic characters, 
so to ensure the stability of the name, a male labeled "DOMINICA: Grande Savane, 1 
July 1964, O. S. Flint, Jr., genitalia slide male, USNM 135918 [green label]" is desig
nated as neotype for Ingura arcigera Guenee, 1852. 

Other material examined. All specimens in USNM unless noted (62 males, 

49 females) . BruTISH VIRGIN ISLANDS: Guana Island, 1-14 July 1984 (22 * 
males, 11 females), Genitalia slides m, USNM 135957, 1359980, 135991, 135993, 
136010, S.E. & P.M. Miller; Virgin Gorda Island, Virgin Gorda Peak, ca. 400 m, 
17- 19 July 1986 (4 males, 1 female), Genitalia slide m, USNM 135958, S.E. Miller 
& M.G. Pogue. DOMINICA: same data as neotype (1 male, 1 female), genitalia 
slide male, USNM 136004, 13 May 1964 (1 male), 14 June 1964 (I male), 28 Oct. 
1966 (2 males), E.L. Todd, 31 Oct. 1966 (2 males), genitalia USNM 136003, E.L. 
Todd, 1 Nov. 1966 (I male), E.L. Todd; Clarke Hall , 11 Jan. 1965 (I female), J. F. 
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Figures 1-8. Paeetes adults. I P. areigera 0, Virgin Gorda Peak, Virgin Gorda Island. British Virgin 

Islands. 17- 19 July 1986. S. E. Miller & M. G. Pogue 2 P areigera o. Grand Savane. Dominica. I July 

1964. O. S. Flint. Jr. 3 P. arcigera ,? Grand Savane. Dominica. 1 July 1964. O. S. Flint. Jr. 4 P. arcigera. 
Guana Island. British Virgin Islands. 1-14 July 1984. S. E. & P. M. Mi ller 5 PlongiformisO. Holotype. 

nr. Salvador Airport. Bahia. Brazil. March 2010. R. Diaz. V. Man rique & M. Vitorino 6 P. Iongifomlis 
'? nr. Salvador Ai rport. Bahia. Brazil . March 2010. R. Diaz. V. Manrique & M. Vitorino 7 P. simi/isO. 
Holotype. Pernambuco [Recife!. Pernambuco. Brazil. Pickel Coil. 8 P. nana O. nr. San Vicente. Hidalgo. 

Mexico. 2 July 1965. Flint & Ortiz. 
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G. Clarke & Thelma M . Clarke, 16 Jan. 1965 (1 male) , J. F. G. Clarke & Thelma M. 
Clarke; 2.2 mi E ofPom Casse, 7 May 1964, O. S. Flim, Jr. (1 male); Roseau, Nov. 
1967 (1 female), N.L.H . Krauss; S. Chiltern (1 female) , 8-10 Dec. 1964 (1 female), 
P.J . Spangler; no specific locality, May-June 1905 (1 male, 4 females), Genitalia slide 
m MGP 1325, E. A. Agar [BMNH], Oct. 1904 (1 male, 3 females) , Nov. 1904 (1 
female) , Apr. 1905 (1 male), E. A. Agar [BMNHJ, (2 males, 2 females), Genitalia 
slide m MGP 1324, E. A. Agar [BMNHJ, (2 males, 6 females) [BMNHJ; PortS
mouth, 8 Oct. 1956 (1 female), E. Hamblerc [BMNH] . GRENADA: St. George's 
Cave, July 18 (1 male, 1 female) , genitalia slide male MGP 1321 [BMNH]. GREN
ADINES: Union I., June 1905 (1 male), genitalia slide MGP 1322 [BMNH]. GUA
DELOUPE: Port de Jaray, 14 Sep. 1982 (1 male) , B. Lalanne-Cassou. PUERTO 
RICO: Bayam6n, 15 Jan. 1933 (1 female) , Anderson & Lesesny; Guanica, Fajardo, 
29 July 1913 (1 male), E. G. S. Collector; Maricao, Cemro Vacacional, Mome del 
Estado, nr. Maricao, 1-9 Mar. 1971 (1 male), c.P. Kimball; Puerto Rico, Mayaguez, 
3-4 Aug. 1955 (1 female), lA. Ramos; San Juan, June-July 1932 (1 male), Genitalia 
slide USNM 135929, c.G. Anderson. ST. LUCIA: no specific locality, (2 males, 4 
females) , Branch; (4 males, 3 females), Maj. Cowrie, (2 males, 1 female) [BMNH]; 1 
mi NW Soufriere, 18-23 Nov. 1975 (1 male), Genitalia slide USNM 135933, E.L. 
Todd. ST. VINCENT: Bequia I., Sep. 1903 (2 females); windward side, (1 male), 
H . H . Smith [BMNH]. TRINIDAD: No specific locality (1 female), A. Busck. U. 
S. VIRGIN ISLANDS: ST. CROIX: 1 mi W airport, 6-16 July 1967 (1 male), 
Genitalia slide USNM 42808; Christians ted, 19 Nov. 1941 (1 male) , H.A. Beatty; 
Gallows Poim, 9 July 1956 (1 female), genitalia slide USNM 136045, J.G. Coursis; 
Orangegrove, W . End, 6-16 July 1967 (1 male), E.L. Todd. 

Diagnosis. The only reliable way to distinguish P. arcigera from P. asper Pogue is 
by characters in the male and female genitalia. Male genital ia of P. arcigera consist of 
a reduced, fingerlike valve and costa, and a grearly expanded free saccular extension 
(Fig. 29) . In P. asper the valve is triangulate, the costa has a truncate apex, and the free 
saccular extension (F ig. 33) is approximately half the width as in P. arcigera. Female 
genitalia of P. arcigera have a large, half-round ostium bursae covered with thorn-like 
spines and the lateral apices of the eighth sternite are not produced (Fig. 37) . In P. 
asper, the ostium bursae is a crescem-shaped invagination covered with fine spicules 
and the lateral apices of the eighth sternite are produced (Fig. 40). 

Redescription. Adults. Sexes dimorphic. Male. Head - amenna broadly bi
pectinate to 3/5 length, then filiform; eyes large, globular; vertex with broad scales, 
cream colored, thin black lines adjacem ro scape; frons with broad scales, project
ing slightly beyond amerior eye margin, mostly cream colored with a few gray and 
ferruginous scales, two black dots along eye matgin, one vemral to amenna, other 
dorsal to palp; labial palp porrect, mixture of cream-colored, gray, and ferruginous 
scales, imernal surface white. Thorax - prothorax somewhat variable, well-marked 
specimens cream colored with medial ferruginous band, amerior margin a thin black 
line, posterior margin gray to black and not as well defined as amerior line; pata
gium with cream-colored hairlike scales mixed with ferruginous, gray, and black 
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with subterminal and terminal areas; reniform spot obscure, wirh only a few pale
ferruginous scales; postmedial line black, a double line from posterior margin ro vein 
M2 then single umil merging with black dash becween veins R5 and M1 that extends 
ro outer margin; apical spot white; subterminal area brown, veins gray, color extending 
on ro fringe; terminal line a series of black , shallow scalloped lines becween veins; fringe 
brown, gray patches from wing veins resulting in a somewhat checkered appearance; 
hind wing white, marginal shading dark gray, veins highlighted dark gray, anal fold 
a white and dark gray striped pattern. Abdomen - cream colored scattered with a few 
pale-ferruginous scales; male eighrh segmem membranous with a pair of short, sternal, 
sclerotized bars and a pair oflonger, wider, dorsal sclerotized bars; a pair oflateral core
mata bearing numerous, fine , elongate setae. Genitalia (Fig. 32) - Uncus triangulate, 
apex recurved and poimed; subscaphium longer than uncus, triangulate, decurved, 
apex poimed; valve membranous, elongate, narrowed distally, apex round, covered 
with many elongate setae, basal-dorsal margin sclerotized, with several wide, spine-like 
setae; costa of valve short, deeply curved, apex produced and rounded, densely covered 
with elongate setae; sacculus well developed, proximal half fused with valve, distal half 
free, elongate, curved inward, longer than valve, apex round; saccus triangulate; aedea
gus Straight, slightly bem at distal third, dorsum in distal third covered wirh minute 
spicules; base of vesica a short tube with one Rat, elongate cornutus with poimed apex 
directed posteriorly, vesica ovate, small round diverticulum just distal to Rat basal cor
nutus, apex of vesica with an irregular sclerotized area bearing a short, thumb-like 
cornutus. Female. As in male except: Head -amenna filiform; forewing length 9.4-9.9 
mm; ground color pale gray; amemedialline black, reduced ro a concave line from just 
below Cu vein ro anal vein connected ro a convex line from anal vein ro posterior mar
gin; basal spot absem; imerior of wing from base ro postmedial line pale gray with scat
tered white scales or scales tipped white and only slightly paler than subterminal and 
terminal areas; medial line black, faim, dentate from just below Cu vein ro posterior 
margin. Genitalia (Fig. 39) - Papillae anales truncate, soft, Reshy, covered with numer
ous setae; nimh sternite covered with minute spicules distally with spicules becom
ing larger and thicker closer ro ostium bursae; anterior apophyses fused with eighrh 
segmem; posterior apophyses presem; ostium bursae with sclerotized, crescem-shaped 
large dorsal and small vemral caps; base of ducrus bursae, as it emerges from ostium 
bursae, sclerotized then becomes membranous and striated, after splitting with appen
dix bursae, ductus bursae narrower and more heavily striated; appendix bursae ovate, 
membranous; corpus bursae ovate, covered imernally with numerous thornlike signa. 

Distribution and biology. Paectes nana is widespread from Florida rhrough rhe 
Greater Antilles, except for Puerto Rico, and from Mexico ro Costa Rica; in South 
America distributed from Venezuela, Colombia, and northern Ecuador (Fig. 50). Ie 
has been imroduced ro the Galapagos Islands (Roque-AIbeio and Landry 201l). 

Paectes nana is a native species from Florida that has been reared from Brazilian 
peppertree in several coumies, including Hernando, Lee, Levy, Monroe, and St. Lucie. 
Larvae that were collected in September and Ocrober had a pupal stage from 9-18 
days and larvae collected in January and February had a pupal stage from 11-15 days. 
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Adults probably Ryall year with recorded dates from January-March, June-July, Sep
tember-Ocrober, and December. Dyar (1901) stated that larvae of P. nana (referred 
ro as P. burserae) are common on gumbo-limbo (Bursera simaruba (L.) Sarg. , Burser
aceae). In Costa Rica P. nana collecting dates range from May through November and 
has been reared from B. simaruba and B. tomentosa Gacq.) Triana & Planch. 

Remarks. Paectes nana has cwo forms. A form that is easily confused with P. asper 
and a more boldly marked form where the amemedial and postmedial lines and mar
ginal dash are heavily marked with black and there are scattered black scales along the 
forewing posterior margin adjacem to the amemedialline. The holorype of P. nana is 
a heavily marked form. 

Paectes asper Pogue, sp. n. 
urn:lsid:zoobank.org:act: 16ED E70C-DOAF-4CF7 -A020-27E4EB09AF8F 
http://species-id. netl wi ki/Paectes_asper 
Figs 12-19,33,40,51 

Type material . Holotype male - CUBA: Santiago, Collection Wm. Schaus; HOLO-
TYPE I Paectes asper Pogue" [red label]. USNM. Pararypes - (134 males, 85 females). 
All from USNM unless noted. Same data as holorype (9 males, 9 females) genitalia 
slide male USNM 135978, genitalia slides female USNM 135977, 135981- 135983; 
(2 males), genitalia slide male MGP 1314 [BMNH]. BAHAMAS: no specific local-
ity (1 male, 1 female) [BMNHJ. ABACO ISLANDS: no specific locality, (2 males, 2 
females), Mar. 1902 (1 male), genitalia slide male MGP 1313, J .J. Bonhote [BMNH]. 
ANDROS: Andros Town, 27-29 Jan. 1965 (1 male), genitalia slide USNM 135927, 
leg. W U. R. Piath; Mangrove Cay, 11 Jan. 1902 (1 female), J.J. Bonhote [BMNH] . 
NEW PROVIDENCE: Nassau, (1 female), Col. Jacob Doll.; Nassau L, 8 July 1898 
(2 males, 1 female), 14 July 1898 (3 females), J.J. Bonhote [BMNH]. BRITISH VIR-
GIN ISLANDS: Great Camanoe Is., 113 mi ESE Cam Bay, 18 Mar. 1974 (1 male), 
c.L. Remington; Guana Island, North Bay, 0 m, 15-25 July 1986 (1 female), S.E. 
Miller & M.G. Pogue; Guana Island, 0-80 m, 13-26 July 1986 (1 male), genitalia slide 

USNM 135931, S.E. Miller & M.G. Pogue; Guana Island, 1-14 July 1984 (11 males, * 
8 females), Genitalia slides male USNM 135979, 135990, 135992, 136009, genitalia 
slides female 135998, 136005, 136006, 136007,9- 15 July 1985 (1 female), S.E. and 
P.M. Miller; Toreola, 14 May 1980 (1 female), 29 May 1980 (1 female), 28 July 1973 
(1 female), 23 Oct. 1972 (1 female), Oct. 1972 (3 males), genitalia slides MGP 1319, 
1320, 12 Nov. 1973 (1 male), 14 Nov. 1972, (1 female) , 18 Nov. 1972 (1 female), J. 
Lorimer, 5 June 1974 (1 female) [BMNH]. CAYMAN ISLANDS: CAYMAN BRAC: 
behind Stakes Bay, 20 May 1938 (3 females), 21 May 1938 (1 female), 22 May 1938 
(1 male), C.B . Lewis, G.H Thompson; N. coast of Stakes Bay, 20 May 1938 (1 male, 1 
female), 22 May 1938 (1 male), genitalia slide MGP 1318, C.B. Lewis, G.H Thomp-
son; west end of Cotton-tree Land., 19 May 1938 (1 male), 22 May 1938 (1 male), 
C.B. Lewis, G.H Thompson [BMNHJ. GRAND CAYMAN: east end of East End, 13 
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21 22 

Figures 17-24. Paectes adults. 17 P. asper 'i? , Grand Savane, Dominica, 14 June 1964, O. S. Flint, Jr. 

18 P. asper 'i?, I mi N Mahaut, Dominica, 12 June 1964, O. S. Flint, Jr. 19 P. asper 'i?, Haiti 20 P. medialba 
a, Holotype, T ucuman, Argentina, R. Schreiter 21 P. medialba 'i?, T ucuman, Argentina, Mar. 1905, E. 

Dinelli 22 P. sinllosa a, Salta, Argentina, Feb. [19]05,J. Steinbach 23 P. ,inllosa a, Suncho Corral, Santia

go del Estero, Argentina, J. Steinbach 24 P. sinllosa 'i?, Sara, Santa Cruz, Bolivia, 450 m, Jan., J. Steinbach. 

May 1938 (I male), 16 May 1938 (I female), C.B. Lewis, G.H Thompson; George
town, (2 males, 2 females), genitalia slide male MGP 1317, A.W. Cardinali; N. coast of 
North Side, 11 July 1938 (1 female), 14 July 1938 (1 female), 16 July 1938 (I female), 

142 Michael G. Poglle I ZooKeys 264: 125-163 (2013) 

C.B. Lewis, G.H Thompson; west end of Georgetown, 14 May 1938 (I female), C.B. 
Lewis, G.H Thompson [BMNH]. LITTLE CAYMAN: south coast of South Town, 
3 1 May 1938 (2 males), 2 June 1938 (I male, 1 female), 4 June 1938 (1 female), C.B. 
Lewis, G.H Thompson [BMNH]. COLOMBIA: SAN ADRES, PROVIDENCIA, 
AND SANTA CATALINA: San Andres, 300 ft., Apr. 1926 (2 males), genitalia slides 
MGP 1328, 1351, EW Jackson [BMNH]. CUBA: no specific locality, (10 males, 2 
females), genitalia slide male USNM 42806, genitalia slides female USNM 135962, 
135985, Coil. Wm. Schaus, (1 male), Dognin Coil.; no specific locality, (4 males, 
4 females) , genitalia slide male MGP 1315 [BMNH]. GUANTANAM0: Baracoa, 
(3 males, 1 female), Aug. Busck Collector, 12 Feb. 1958 (I male), Genitalia slide 
USNM 135955, B. Wright. HOLGUIN: Holguin, (2 males, 2 females), H.S. Parrish 
[BMNH]. LA HABANA: Cayamas, (I male), E.A. Schwarz. ORIENTE: Santiago, (1 
male, 1 female), genitalia slide male MGP 1314, W Schaus [BMNH], June 1902 (I 
male), Nov. 1902 (I male), W Schaus [BMNH]. DOMINICA: 1 mi N Mahaut, 12 
June 1964 (I female), genitalia slide USNM 136002, O.S. Flint, Jr.; Clarke Hall , 3 
June 1964 (I female), genitalia slide USNM 135984, O.S. Flint, Jr.; Grande Savane, 
13 May 1964 (1 female), genitalia slide USNM 135961,20 May 1964 (I male, 1 fe
male), genitalia slide male USNM 135975, genitalia slide female USNM 136057, 14 
June 1964 (1 female), genitalia slide USNM 135995,31 Oct. 1966 (I male, 1 female), 
genitalia slide male USNM 135994, genitalia slide female USNM 136008, 0.5. Flint, 
Jr.; Macoucheri, 1 Feb. 1965 (I male), genitalia slide USNM 136058, 12 Feb. 1965 (I 
male, 1 female) , genitalia slidefemale USNM 42810, 5 Mar. 1965 (1 male), J.EG. & 
Thelma Clarke. DOMINICAN REPUBLIC: San Cristobal, 8- 9 June 1969 (I male) , 
genitalia slide USNM 135986, Flint & Gomez. HAITI: No specific locality, (2 males, 
1 female), genitalia slide male USNM 135928; no specific locality, (2 males, 1 fe
male), genitalia slide male MGP 1322 [BMNH]. JAMAICA: no specific locality, (3 
males), genitalia slide male USNM 135930; no specific locality, (6 males, 6 females) 
[BMNH] . ST. ANDREW: Newcastle, (1 male) , genitalia slide MGP 1316 [BMNH] . 
ST. JAMES: Montego Bay, 24 Jan. 1924 (1 male, 1 female), Gillett; Up Camp (1 male) 
[BMNH]; Kingston, July 17, at electric light, several were taken, Cockerell (1 male) . 
TRELAWNY: Runaway Bay, 28 Mar. 1905 (1 male) [BMNH] . PUERTO RICO: no 
specific locality, (I male) , genitalia slide MGP 1331 [BMNH]. U.S.A.: FLORIDA: 
Miami-Dade Co., Biscayne Bay, (I male), Collection H.G. Dyar; Coconut Grove, 
Nov. 1897 (I male) , Roland Thaxter Coll. Florida City, 9 June 1937 (I female); Mi
ami, (5 males, 1 female), genitalia slide male USNM 136000, genitalia slide female 
USNM 136001. Monroe Co., Key Largo Key [sic], 13 Dec. 1968 (1 male), genitalia 
slide MGP 1285, Mrs. Spencer Kemp MGCL, 6 Jan. 1969 (1 female), genitalia slide 
USNM 136260, M rs. Spencer Kemp USNM; Bahia Honda State Park, 6 Jan. 1989 (1 
male), 17 Jan. 1990 (I male), 21 Jan. 1996 (1 male, 1 female), 12 Mar. 1989 (1 male), 
23 Mar. 1990 (I male), 29 Mar. 1990 (1 male) , 28 Oct. 1988 (I male) , 8 Nov. 1988 (1 
male), 29 Dec. 1989 (I male, 1 female) , T.S. Dickel TDC; Long Key State Park, 5 Feb. 
1986 (I male), 16 Feb. 1985 (I male), 4 Mar. 1994 (I male), 26 Dec. 1994 (I male), 
T.S. Dickel TDC; Key Largo Hammock Botanical State Park, 17 Jan. 1987 (1 male), 
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ABSTRACf. Neolropical mcmbcrs of four gcncr.J of Grapholilini arc treated : Etllclgada 
H EINRICH. OJotrlf.:na HEINRICH. Cya"ucyclw gen. n .. and Ml!toc)'ulO gen . n. Fi\ e spccies arc 
described as ncw: Etlrdgocfa c.\carc"goo! sp. n .. E. o,,(i'ucla sp. n .. E. s(J'frophro sp. n .. Ojorul.:no 
[m/rcflt'(! sp. n .. and M.:/{u:yciw polysl'w sp. n. 

KEY WORDS: Tortricidac. GraphoJil ini. Ncolropic. I1C\\ laxa. 

INTRODUCTION 

The systematics and distribution of Neotropical Grapholitini are poorly known. This paper 

is one of a series of papers dealing with materia l from Central and South America. 

The fau nistic data are based on co llections primarily from Costa Rica. Brazil and Ecuador. 

In the course of the studies that comprise this series of papers. new species have been fo und 

in almost all known genera. but a few new genera are necessary as well (further papers are 

in preparation). 

All the specimens were collected by the junior author: the types of the newly described 

species are depos ited in the Becker Collection. Camacan. and wi ll eventually be deposited 

in one of the Brazilian Museums. Some material has been kindly donated to the Institute of 

Systematics and Evolution of Animals , PAS. Krakow. 

The numbers cited from the labels of the type materia l refer to the numbers in Becker's 

register book. Abbreviation: GS - genitalia slide. 
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RESULTS 

Ellrc/goda HEINRICH, 1926 

Dire/gada was described for the single Nearctic species E. laafltma W ALS1NGHAM . 

According to the original description "the genus has hard ly a single character to detine it. 
yet on the sum of its characters it fits in none of the other genera." Externa lly, HEINRICH 

compared it with la/portia and stated that "on the male genitalia and abdominal characters 

it could go ill Graplrolifha" . Its female genitalia, "except for the two signa, are those of 

Dichrorantplra and its hind wing venation is that of IVcuJa" 

Descriplion 

Based on the present material we provide the followi ng summary of the genita l 

characters of the genus. 

Male genita li a. Socii plate-shaped. coalesced basa lly. hairless: sacculus angulate. 

rounded: ventra l incis ion of va lva large with straight or slightl y convex median part of 

proximal edge; cucullus rather small with ventral lobe larger than dorsal lobe and caudal 

edge somewhat convex: aedeagus simple. 

Female gen italia. Posterior part of sterigma weak ly convex, lateral parts extending. 

cOllnected with posterior. sha llow pocket-like parts of the subgenita l sterite: sclerite of 

antrum. median and prox imal parts of ductus bursae deve loped: signa pair . 

Comments 

At present the genus includes seven species (four described by RAzOWSKI (20 II) 

distributed from Texas to the Federal District in Brazil). It is close to Sereda HEINRICH. 

1926 showing some similarities in the shape of the va lva. On the other hand. it is related to 

QfalUlt!lIa HEINRICH, 1926. which has a similar sterigma-complex and onl y one signum 

(see the comments on Ojatulena). 

£thel:;oda le.xanalta (WALSINGHAM. 1879) 

Material examined 

Four males and one female from Chiapas, Mexico (Villa las Rosas. 1300 en. 27. VI. 1981 

[43483]): British Virgin Island (Guallo. X. 1989) alld Cuba (Samiago: Siboney. 23. VI. 1990). 
Comments ----

This species has been described from Texas. U.S.A. It is known from Florida. U.S.A .. 

Cuba and Jamaica. 
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The gen us Mesophleps Hubner (Lepidoptera: Gelechi idae) is revised; 54 avai lable names (including one unjustified 
emendation). one jun ior primary homonym and one unavailab le name were considered: type material of 44 previously 
desc ri bed nomi nal species was examined. Nine new species are described: M. acutunca sp. nov., M. bijidel/a sp. nov .. M. 
unguel/a sp. nov .. M. gigantel/a sp. nov .. M. eoffeae sp. nov .. M. parvel/a sp. nov .. M. asp ina sp. nov .. M. tnrncatel/a sp. 
nov. and M. undll/afella sp. nov. Two poss ibly new species are discussed but not fonnally named for lack of material. 
Twenty- fi ve new combinations are introduced: M. safranella (Legrand. 1965) comb. nov .. M. epichorda (Turner. 1919) 
comb. nov .. M. lobellafa (Meyrick. 19 13) comb. nov .. M. erocina (Meyrick. 1904) comb. nov .. M. ochracel/a (Turati. 
1926) comb. nov .. M geodes (Meyrick. 1929) comb. nov .. M catericto (Meyrick. 1927) comb. nov .. M tephrastis 
(Meyrick. 1904) comb. nov .. M. cycnobathra (Lower. 1898) comb. nov .. M. ferraehroa (Lower. 1898) comb. nov .. M. 
ochr%ma (Lower. 1901) comb. nov .. M. rriehombra (Lower. 1898) comb. nov .. M. mylieotis (Meyrick. 1904) comb. nov .. 
M. macrosemus (Lower. 1900) comb. nov .. M. open/heta (Turner. 1919) comb. nov .. M meliphanes (Lower. 1894) comb. 
nov .. M ehloranthes (Lower. 1900) comb. nov .. M centrothetis (Meyrick. 1904) comb. nov .. M. chlorisris (Meyrick. 
1904) comb. nov .. M argonora (Lower. 190 1) comb. nov .. Megacraspedus arnaldi (Turati & KrOger. 1936) comb. nov .. 
Aponoea einerellus (Turati. 1930) comb. nov .. Pyenobathra aerome/as (Turner. 1919) comb. nov .. Sarotorna mesoleuea 
(Lower. 1900) comb. nov .. S. dentata Meyrick. 1904. comb. nov. One species. NOlhris mesophracta Turner. 1919. is 
removed from Mesoph/eps but no current genus is avai lable. Fourteen new synonym ies (one genus. 13 species-group taxa) 
are established: Sueo/arella Meyrick. 1929. syn . nov. of Mesoph/eps Hubner. [1825]; Stipltrostola /onginqua Meyrick. 
1923. syn. nov. and Sraehyacma lIychoto Meyrick. 1929. syn. nov. of M. i%neha (Meyrick. 1905); Liparia erota/ariella 
Busck. 19 10. syn. nov. of M adlfstipenn;s (Walsingham. 1897); Braehyaema epiehorda Turner. 19 19. syn. nov. o f M. 
epiocltra (Meyrick. 1886); Mesophleps pudieel/us var. apicel/us Caradja. 1920. syn. nov. and Mesophleps silacel/us subsp. 
colaritanlls Amsel. 1939. syn. nov. of M silocello (Hubner. 1796): Mesoph/eps lala Agenjo. [196 1]. syn. nov. of M 
eorsieella (Herrich-SchafTer. 1856); Crossobela bOlysphena Meyrick. 1923. syn. nov. of M Irinolella Herrich·Schaffer. 
1856; Mesophleps orientel/a Nel & Nel. 2003. syn. n. and Mesophleps gollicel/a Varenne & Nel. 2011. syn. nov. of M. 
ochraeel/o (Turati. 1926); Nothris centrothelis Meyrick. 1904. syn. nov. and Nothris ehlorisris Meyrick. 1904. syn. nov. 
o f !vI ehlorantlles (Lower. 1900); Mesophleps cinerellus Turati . 1930. syn. nov. of Aponoea oblUsipa/pis Walsingham. 
1905. One genus and one species are reca lled from synonymy: Pycnobalhra Lower. 190 1. gen. rev .. and M. ioloncllo 
(Meyrick. 1905) sp. rev. Lectotypes are des ignated. in accordance with the Code. article 74.7.3. for 14 species: Gelechia 
pa/pigera Walsingham. 189 1; Paraspisres i%nella Meyrick. 1905 : Lathontogenus adustipennis Walsingham. 1897 : 
Braehyaemo epichorda Turner. 19 19; Norhris eroeina Meyrick. 1904; Norhris ochracel/a Turati. 1926; Notllris repllrastis 
Meyrick. 1904; Yps%phus oehroloma Lower. 190 I; Ypsolophus maerosenHiS Lower. 1900; NOlhris centro/helis Meyrick, 
1904; Nothris chloristis Meyrick. 1904; Ypsolophus argonOfa Lower. 1901; Mesophleps arnoldi Turati & Kruger. 1936. 
and Mesophleps einerel/us Turati. 1930. Mesophleps is a widely distributed Old World genus. except for one New World 
species. with seed-feeding larvae on Cupressaceae. Cistaceae. Cruciferae (Brassicaceae). Leguminosae (Fabaceae). 
Rubiaceae and doubtfully Dipterocarpaceae. 

Key words: Lepidoptera. Gelechiidae. Anacampsinae. Mesophleps. rev ision. new species. combination. synonym. 
species group. host-plant. world distribution 
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Introduction 

The genus Mesophleps (Gelechi idae. Anacampsinae) eompriscs 37 species recognized as valid in thi s paper. but 

our mate ri al indicatcs that further spec ies remain to be described. The adu lts are ave rage-sized Gelechiidae w ith a 

wingspan of abou t 10.0-25.0 mm. and their larvae. as far as the biology is known at all. arc seed fecde rs in the 
fru its and pods of several plant fam ilies but predominantly Leguminosac. Until 1990 (Park 1990) the non-European 

species were not assigned to Mesopltleps but to a number of different genera. the best known amongst them being 

Brachyacma. It is largely due to the exceptiona l va ri ation in the w ing venation and the scaling of the labial palpus, 

in conjunct ion with the almos t world-wide distribution. that the genus has been described more than once and now 

has a formidab le li st of synonyms. Charac ters of the venation and the labial palpi were. in the time preceding rou

tine exam ination of the reproducti ve organs, both considered to be of prime generi c importance. Mesoph/eps is 

cs tabl ished as monophyletic by a t least two synapomorphies: the transverse bands of microtrichia on the anterior 

margi n ofabdomi na ltergi tes IV-V II (VIII ) in bo th sexes and the 'double' gnathos in the male genita lia. It should 

be noted as a curiosity that Meyrick ( 1886: 278). who hardly ever considered the genitalia structures, noticed the 

uncus and the double gnathos, quite accuratcly refe rring to the latter in the origina l description of Brachyacma as 

'two short oblique lateral spines'. Once one has a mcntal picture of the genus it is quite easy to recognize a spccies 

as Mesophleps by its wi ng pattern and general aspect. Mesoph/eps is native to the temperate and tropical parts o f 

the Old World (F igs 23. 24). It remains unccrta in whether M. adllstipennis from southern North America. Central 

and South America (Fig. 25). usually recorded under the name Brachyacma palpigera. is a New World endemic or 
an inadvertent introduction from the Old World. 

In the past. 'Brachyacma palpigera (Walsingham)' has a ttracted some interest as it was recorded in several 

parts of the world as a loca ll y important pest of agricultural legumes such as pigeon pea (CajeUJlIs cajan). indigo 

(Indigo/era spp.). soya bean (Glycine max) and others. although we arc unaware of any reccnt reports of serious 

damage on a more than local scale. In the United States 'B. palpigera' is known as the soybean webwonn moth. 

Our study has now shown that more than one species is invo lved and that the New World species is Mesophlcps 

adustipennis (Walsi ngham). 

Materia l and methods 

This study is based primarily on the world co llec tion of Microlepidopterc.. at the BMNH, London. and extensive 

Chinese material in the co llection ofN KUM. Tianjin. All material studied is in BMNH. unless otherwise indica ted. 

We have exami ned type material (holotypes. lectotypes. syntypes or paratypes) of 44 of the 53 nominal species cur

rent ly placed in or previously assoc iated w ith the genus Mesophleps o r one of its synonyms. Type materi al of eight 

species could not be traced or was unavailable. The types of scvcra l Australian species were exami ned by KS in 

ANIC, Canberra. and SAM. Adelaide. Australia , but not dissec ted. 

In the absence ofa phylogcnetic analysis we have arranged the species-groups and species w ithin them accord

ing to morphological sim ilarities that can be expec ted to reflect in many instances true phylogenet ic re lationships. 

The majority of the Australian spec ies belong to a distinct species-group that fo r logistic reasons could not be dealt 

wi th in thc same detail as the non-Austmlian Nfesophleps. However. to provide at leas t a rough overview, the typcs 

in BMN H of the species described by Edward Meyrick were dissec ted. the genita li a illustrated and the spec ies like

w ise arranged according to morpho logical sim ilarities. 

Measurements at the beginning of each species description represent the wingspan. in millimetres. of the 

smallest and largest specimen exami ned. In several instances the number of avai lab le specimens was limited and 

the variation in the size of such species may be greater than is indicated by the recorded measurements. 

Preparation of the genitali a fo llowed the protocol of Robinson ( 1976). sta in ing was effected with Mercuro

chrome or C hlo razol Black E. For a better display of the abdom in al sc lerites a few abdomina wcre opened up later

ally by cutting wi th a pair of fine scissors along the spi racu lar line. In the males there is no need to detach one of 

the v inculum arms fo r employing the unrolling technique that was origi nally developed specifica lly for Geleehii

dae (Pi tk in 1986). Viewed laterally, tegumen/uncus and vinculum/saccus in Mesophleps overl ap each other and are 

hinged in such a way that they can be opened by 180 degrees so that the result looks as in Fig. 7 [slide no. 15833. 

ep;ochra] and displays all detail with the samc clarity as it would be seen after unroiling. The phallus is extracted. 

but as it is bulbous great care should be taken not to crush or dent it. It is then mounted in a la tera l position. 
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For the sake of uniformity and for a better v iew of the ent ire ductus bursae and the sclerot ized antrum. if pres

ent. the female gen italia of Gelechiidae should be separated from the abdomen by severing the intersegmenta l 

membrane between segments VII and VIII . unless the ost ium bursae opens in VII ra ther than the usual V III. The 

bursa copulatrix is then withdr.1wn from the abdomen and cleaned before the genitalia are permanently mounted on 

a g lass s lide in Eupara l or an equivalen t medium. It is highly undesirable to retain the abdomen and its appendages 

lo ng-tenn in fluid because of the great danger of loss. damage or confus ion in subsequent exam inations (Sattler 

1973). In the case of types and important voucher specimens the preservat ion in a pennanent medium on a slide is 

essential. 

The host-plants recorded are based on examined specimens. information taken from the litera ture is duly refe r

enced whilst dubious or incorrect records arc appropriately flagged and discussed. To maintain continuity with ear

lier literature we follow Robinson e t al. 200 1 (http ://www. nhm.ac.uk/research-curd tion/research/p rojectsI 
hostplants/index.htm l#5) in using the fa miliar fam ily names Cruciferae and Leguminosae in preference to the 

recent alternatives Brass icaeeae and Fabaceae. 

The spelling of loca li ty names primarily follows The Times Comprehensive Atlas 0/ the World (20 II ). unless 

there were compelling reasons to use other sources. If a modem spelling differs signi fica ntly from that on the spec

imen labe l, the latter is additionally ci ted in parentheses. for example Az Zuwaytinah (,Zuet ina·). When localities 

could o nly be traced wi th difficulty. detailed information is given. including the geographical coordinates. 

To sati sfy the condition of thc International Code o/Zoological Nomenclature (Edn 4), Art ic le 74.7.3. it is 

stated here that the 14 lectotypes des ignated in this revision are a ll established out of taxonomic necess ity and to 

contribute to the stab ility of the nomenclature. 

Abbreviations of institutions 

ANIC 

BMNH 

CAOU 

ETH 

MNCN 

MNHN 
MV 

NKUM 

SAM 

TM 

USNM 

VOB 

ZMUC 

Australian National Insect Collection. Division of Entomology. CS IRO, Canberra. Australia. 

British Museum (Natura l Histo ry). now Natural History Museum, London. UK. 

Entomological Laboratory, College of Agriculture, Osaka Prefecture University, Sakaishi, Osaka Pre

fecture, Japan. 

Eidgenossischc Technischc Hochschulc. Zurich. Switzerland. 

Musco Naeional de C iencias Naturales. Madrid. Spain. 

Museum national d'Histoirc naturelle. Paris. France. 

Museum of Victoria. Melbourne, Austra lia. 

College of Life Sciences, Nankai Universi ty, Tianjin, P.R. China. 

South Aus tralian Museum, Adelaide. Australia. 

Trdnsvaal Museum, Pretoria. South Africa. 

U,S, National Museum of Natural History. Washington. D.C .• U.S.A. 

Collec tion Vitor Becker, Camacan. Bahia. Brazil. 

Zoologisk Museum. Copcnhagen. Denmark. 

The systematic position of Mesoph/eps 

The current system of the Geleehi idae is st ili strong ly influenced by that fi rst introduced by Meyriek ( 1925). 

although a cons iderable numbcr of refi nements and modifications have been made since that time. Meyrick recog

nized nine groups of genera. each identified by the name of a characteri sti c genus and roughly equ ivalent to a cur

rent subfam ily or tribe. Groups 8 and 9 were subsequently removed from Gelechiidae s. str. and given family status 

(Symmoeidae. HoJcopogonidae - both currently subfam ilies of Autostichidae - Lecithoeeridae and Glyphidoceri

dae) whilst other groups were g iven formal rank as subfamilies (o r tribes. depending on au thor) Apatetrinae. Ano

mologinae (Ari stotel iinac) . Gelechiinae. Anaeampsinae (Palumbininae, Stomopteryginae), C helarii nae 

(Hypat iminae), and Dichomeridinae. leaving only Meyrick's almost exclusively Australian group 5 (ProlOlechia 

type) unaccoun ted for. It is most remarkable that Meyrick, whose class ification is based entire ly on wing venation 

and external charJcters, such as the vesti turc of the labial palpus. was able to identi fy morc or less correctly all cur-
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rcn tl y recognized fam ily-group taxa, except Pcxicopiinae (Hodges 1986: 7) which had escaped his noticc. Thc 

family Gelechiidae in thi s restricted sense, i. e. excluding the Lec ithoccridae. Symmocidae, Holcopogonidae and 

Glyphidoceridae, is genera lly accepted as monophyletic, supported by at least two autapomorphics: the laterally 
articulated gnathos anns in the male genitalia (Hodges 1999: 147) and the subradial retinaculum on the underside 
of the fema le forew ing (Braun 1924: 246). There is a lso broad agreement on the existence of more or less well

defi ned suprageneric groupings within the family: however. there is little agreement as to their appropriate leve l. 
For example. S inev ( 1992: 156) divided Gelechiidae into nine subfamilies (Gelechi inae. Anacampsinae. A ristoteli

inae. Mctznerii nae. Teleiodinae. Stomoptcryginae. Anomologinae (Apatetrinae), Braehmiinae, Dichomeridinae) 
whi lst Hodges ( 1999 : 147) recognized only four (Physoptilinae. Gclcchiinae. Dichomeridinac, Pcxicopiinae). 

In Meyrick's classi ficati on Mesoph/eps and most of its synonyms were placed in group 7 (Dichomeris type). 
probably because some species bear more or less pronounced scale tufts on segment 2 of the labial palpus. Th is 

placement was also maintained by Le Marchand ( 1947: 152. ' Dichomerinae ') and in the North American check list 
(Hodges 1983: 24. Brachyacma); however. w ithout its position ever hav ing been specifically discussed. consensus 

emerged in European check lists that Mesophleps was more appropria tely placed in Anacampsi nae (Brdd1cy 2000: 
28). sometimes as Gelcchii nae. Anacampsini (Karsholt & Riedl 1996: 120: Leraut 1997: 125). In the m os t recent 

arrangement by Ponomarenko (2009: 156- 168) the Gelechiidae are divided into the subfamilies Physoptilinae. 

Anomologinae (tribes Anomologini. Apa tetrini , Aris toteliini and Pexicopiin i) . Gelcchiinae (tribes Gelechiini , Gno
rimosehem ini and Litini ). Anacampsinac (tribes Anacampsini and Brachmiini). Dichomcridinae (tribes Dichomeri

dini . Che lariini and Anars iini). In hcr arrangemcnt Mesophleps is accommodatcd in Anacampsinac, tribe 
Anacampsini ; we concur with this placcment. 

Systematic part 

Mesophleps Hubner, 118251 

Mesophleps I-Hi bner. [1825]. Ver.:. bekaflfller Schmell.: 406. Type-species: Tinea silaeella 1-lObner. 1796. Samm/. eur. Schmell. 
8: 37. pI. 17. fig. 117. by subsequent des ignation: Meyrick. 1925: 168. 

Bracl~vaema Meyrick. 1886. Trans. enl. Soc. Lond. 1886: 278. Type-species: Bracl~vacma epiochra Meyrick. 1886. ibidem 
1886: 279. by monotypy. [Synonymized by Park. 1990: 136: Li & Zheng. 1995: 27. 33.) 

Lalhonlogenlls Walsingh:un. 1897. Proe. =001. Soe. Lond. 1897: 87. Type-species: Lalhonlogenus adtlslipennis Walsingham. 
1897 . ibidem 1897: 88. by origina l designation and monotypy. [Synonymized with Brachyacma Meyrick by Meyrick. 
1925: 168. and Mesophleps Hubner by Li & Zheng. 1995: 27. 33.) 

Parospisles Meyrick. 1905. J. Bombay nal. Hisl. Soc. 16: 600. Type-species: Poraspisles i%ncho Meyrick. 1905. ibidem 16: 
600. by monotypy. [Synonymizcd with Lalhon/ogenlls Walsingham by Walsingham. 1915: 408. BracJ~vaemo Meyrick by 
Mcyrick. 1925: 168. and Mesophieps I·Hibner by Li & Zheng. 1995: 27. 33.) 

Chrelienio Spuler. 19 10. Sehmell. Eur. 2: 359. Type-species: Ge/echio oxyeedrella Millicre. 1871.lconogl: Desa Chenilles 
Lepid. in<!dils 3: 177. t93. pI. 118. figs 1-6. by monotypy. [Synonymized by Park. t990: 136.) 

Lipalia Busck. 19 10. Bull. Dep. Agrie. Trin. 9: 243. Type-species: Lipalia crola/ariello Busck. 1910. ibidem 9: 244. fig .. by 
original designation and monotypy. [Synonymized with Lalhonlogenus Walsingham by Wals ingham. 1915: 408: Brachy
acmo Meyrick by Meyrick. 1925: 168: Mesophieps HObner by Li & Zhcng. 1995: 27. 33.] 

Sriphroslo/a Meyrick. 1923. Exol. Micro/epid. 3: 25. Type-species: Sfiphroslola /ollginqlJa Meyrick. t 923. ibidem 3: 25. by 
monotypy. [Synonymized by Park. 1990: 136. as Sliprofo/a. an incorrect subsequent spelling.] 

Crossobe/o Meyrick. 1923. E(Of. Microlepid. 3: 34. Type-species: Crossobe/a barysphena Meyrick. 1923. ibidem 3: 34. by 
original designation and monotypy. [Synonymized by Park. 1990: 136.] 

Xeromelra Meyrick. 1925. Genera inseci. 184: 18 (key]. 170. Type-species: NOfhris crocino Meyrick. 1904. Proc. Linll. Soc. 
N.S.W. 29: 42 1 [key). 423. by original dcsignotion. [Synonymized by Park. 1990: 136.) 

Gnosimaella Meyrick. 1927. Exol. Microlepid. 3: 354. Type-species: Gnosimocha calericlo Meyrick. 1927. ibidem 3: 354. by 
monotypy. [Synonymizcd by Park. 1990: 136.] 

Bue%reha Meyrick. 1929. E\;OI. Microlepid. 3: 515. Type-species: Suc%rella geodes Meyrick_ 1929. ibidem 3: 515. by 
monotypy. Syn. nov. 

Uncllslriodonfa Agcnjo. 1952. Faunu/o lepid. a/meriense: 87. Type-species: Mesophieps Irinolella I-Ienich-Schaffer. 1856. 
Neuc SellmclI. Ellr. ongren=enden Liindern ( I): 6. tig. 46. by original designation and monotypy. [Synonymized by Park. 
1990: 136. as Uncos fric/onfo. an incorrect subsequent spelling.] 

Uncoslridonlo Park. 1990. Korean J. oppl. Enl. 29: 136. an incorrect subsequent spel ling. 

REV IS ION OF M£SOPHLEPS Zooloxa 3373 © 20 12 Magnolia Press· 7 

costa 

. ~----temunal spots -sO;" ' .~ . ........". 
LOrnal SpOl 

fold 

TI 

FIGURE I. Adult of Mesophieps pa/pigera (Walsingham). 

labial pal pus discocellu lar spot 

disca l spot 
X,., ~~. plical spot 

Hcad. Frons cvenly convcx; ocellus absent; proboscis short. basa l half squamosc. Antcnna two-thirds to four-fifths 
Icngth of forcwi ng. scape without pecten (cxcept in M. catericta), ap ical segment often black. Labial pal pus 
va riable. recurved. typically segment 2 with dorsal scales raised o r fanned out towards apex. 3 shorter than 2. 
unremarkable: sometimes 2 with sub- triangular forward-directed brush (cater ieta. tephrasti s -group); exceptionally 
pal pus porrect, segment 2 with triangular dorsal brush. 3 very short (geodes). 

Wingspan 6.5-26.0 mm . Forewing yellow to yellowish brown. nt rely dark brown. grey-brown or grey, 
frequently w ith dark costa , particularly in di stal half, sometimes w ith small plica l. discal and discocellular spots 
(fig. I). Exceptionally wi ng distinctly markcd wi th largc plical spot, di scal obliquely ex tended to middle of costa, 

and pair of spots on distal fifth of costa and in tornus often fused to form transverse band (oxycedrella). Forewing 
narrow to broadly elongate-ovate, venation variable. Forewing cos ta wi th or wi thout pterostigma between Sc and 

R,; RJ free o r stalked w ith R-I_s ' common stalk of R4*s abou t as long as free R.j and Rs' rare ly much longer. M, 

approximated to. connate or stalked with RH • CuA , separate. approximatcd to or connate with MJ . Shape of hind 

wing variable: costa weakly sinuatc. cos tal and dorsal margins diverging, wing distally up to twice its w idth at 
base. lenncn moderately concave beneath apex: or costal and dorsal margins almost pa ra ll e l ~ costa gently arched, 

termcn strongly concave beneath sharply produced apex. R, absent or joining Sc ncar base: Rs + M, stalked. M} 

ari sing ncar CuA , or both vei ns connate (Figs 2-6: Weber 1948: 225. pI. 12. fi gs 5-7). Frenulum of female 

composed of three acan thae (in M. catericta sometimes only two). 
Pregenital abdomen. Scales on tcrgites TI-I1I of both sexes yellow, rJre ly ye llow colour restricted to T I and II. 

or all segments unicolourous; scale sockets on denuded TI, TIl and sometimes TIll. denser and bigger than on other 
segments (F ig. II ). Anterior margi ns of TrY-VII (IV- VIII in males of M. geodes and calericw) in both sexes with 

variable. narrow to broad, transverse band of densely set posteriorly-directed microtrichia (Figs 17-22); S II wi th 
pair of venulae and pair of short apodemcs, sensory setae small , fai rly scattered (Fig. II ). Segment VII in female. 
VIII in male a c losed ring, rare ly modified (males of corsicella, bifidello, gigantella and geodes) (f igs 14- 16). 

Genitalia d' (Figs 7, 8). Uncus variable, pointed, round, oval or sub-rectangu lar, rarely bilobed (bifidella. Fig. 
71) or otherwise modified, strongly sclerotized in many species. Gnathos composed of evenly curved transverse 
band bearing pair of a lways very strongly sclerotized posterior hooks; rarely gnathos hooks fused at base or merged 
to one (tephrastis -group). Tegumen unremarkable. usually as w ide as or s lightly wider than uncus. wi th anterior 
margin shallowly concave to triangularly exc ised; pedunculi variable. s imple and long, evenly curved, to distally 
broadened. forked. Diaphragma with groups of sensory setae. Valva narrow. simple. undivided, barely shorter than 
tegumen: small group oflong sensory setae si tuated at base. ncar j unction wi th vinculum and pedunculus. Sacculus 
and juxta merged w ith vi nculum. Anns of vi nculum narrow, distally broad. distal margin strongly sclero ti zed and 
turned ventrad. beneath exit hole of phallus often notched or excavated. Phallus usually shorter than vincu lum, in 
olbilinella-group distinctly longcr, basal half to two-thirds bulbous, ap ical half to one-third narrow; w ith short spur 
that articulates w ith juxta part of vinculum frame; ductus ejaculatorius en ters anteriorly; bulbus ejacu latorius 
slightly longer and wider than phallus. 
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Shlliian Hao) (NKUM): I d'. 3 ~~. Guizhou Province, Chishui. 240 m. 21, 23.ix.2000 (Haili YII) (NKU M); 3 d'd'. 

2 ~~ . Guizhou Province. Xishui. 500 m. 29-31.v.2000 (Yanli DII) (NKUM): I d'. I ~ ,Guizhou Province, Daozhen, 
Dashahe. 1450 m. 23. v.2004. 17. viii.2004 (Shlliian Hao. Yllnli Xiao) (NKUM); 2 d'd'. Guizhou Province. Jiangkou. 

Mt. Fanjing. 530 m. 600 m. 27.vii.2001. 2.vi.2002 (Hollhlln Li & Xinpll Wang) (NKUM): I d'. I ~ ,Shandong Prov
ince. Liangshan. Guanli . 12. 19.viii.1 995 (Shijin Li) (NKUM): 2 d'd'. I ~ ,Anhui Province, Yuexi Country. Wen
quan. 7. 22.viii. 1995 (Xiangfll HII) (N KUM): I d', I ~ . Hong Kong. Tai Po Kau, Forest Reserve, 200 m. vii i.1 993 
(Kent Li). Thailand: I d'. 3 ~~ . Khao Yai National Park, 750 m. 15-19.x.1990 (Bradley & Lewvanich): 2 ~~. 

dillo. headquarters. 720 m. 3 I.viii -.Q. ix. 1986. 2-4. xi. 1988 (Robinson: Bradley. Lewvanich & Fletcher): 4 ~ ~ dillo. 
1200 m. 22. viii.1986 (Allen): I ~ . Khao Soi Dao Wildlife Sanctuary, 300 m. 19- 2 I.ii . 1990 (Bradley. Fletcher & 
Lewvanich): I d'. 2 ~ ~ . Doi Suthcp-Pui National Park, 1200 m. 1500 m, 9- 10.iii.1988. 23-27.x.1990 (Bradley. 
Lewvanich & Boonkong; Bradley. Lewvanich & Kllroko): 2 ~~, Chiang Mai. 300 m. 750 m. 9. Il. xii. 1985 (Allen): 

I ~ . Chiang Mai. Doi Suthep-Pui. 1440 m. 22-23.ix. 1986 (Robinson): I ~ , Chi ang Mai, SamoenglHang Dong Rd. 
km 15.700 m, 5- 12 .vi.1988 (Calion & Kitching): I d'. Cha iyaphum. Phu Khieo Wildli fe Sanctuary, plateau 500 m 

N of HQ. 900 m. 5- 1 0.xi. 1991 (Kitching & COllon): 3 ~~ , Uthai Thani District, Khao Nang Rum. 400 m, 440 m. 
16- 18. i. I.iii . 22. viii . 1986. I.xi . 199 1 (Allen): I ~ . Uthai Thani District . Huai Kha Khaeng Wildlife Sanctuary, km 

16 HQ to Khao Nang Ram. I.xi.1991 (Kitching & Callan): I d'. 2 ~~. Kanehanaburi . Kwae Yai R .. 30 m. 8-
9. i. 1986 (Allen): I ~. Lam Sang National Park, ea 600 m. 22.x. 1990 (Bradley. Lewvanich & Kllroko): I ~ . Chula

phon Dam. 730 m. 12- 13. ii.1990 (Bradley. Fletcher & Lewvanich). Brunei: I d'. Kampong Kapok. 3 km WSW of 
Muara. edge of mangrove fo rest. 1 tn . i- ii.1992 (Classey) . Indonesia : I 0', I ~, Moluccas, Bacan (, Balian'), 

viii.1897 (Doherty). Nepal : I d'. Terai , Dharan. sal [robusta] & secondary forest. 30 m. 14- 15.xi. 1983 (Allen) . 
India: 2 d'd' . 2 ~~. Tamkil Nadu. Coimbatore. ex Indigo/era (' Indigo') pods, 5.iv. 18.viii. 7.ix.19 16 (Roo): I d', 

Karnataka. Kodagu ('Coorg '), Pollibetta. 24.x- 16.xi. 19 15. (Fletcher): I d', Bihar. Pusa, ex seeds of Parkinsonia 
Gel/leCl/a. 17.x ii .1927 (Rangi). Sri Lanka: I d'. Polonnaruwa District. Aralaganwila (7°46'N. 8 1° 10'E). ex Cajantls 

cajon ('p igeon pea'). 22.ii. 1990 (C/£): I d'. Puttalam. xi. 1904 (Pole). 

Mesoplt leps adllstipennis (Walsingham, 1897) 
(Figs 29. 30. 63. 92. 122) 

Lafhonfogentls adusfipennis Walsinghal11. 1897. Proc. =001. Soc. Lond. 1897: 88. LECTOTYPE rI. WEST INDIES. Grenada. 
windward side. Balthazar. 250 ft. 27. iv. (Smith) (Wnlsingham no. 6228: genitalia slide no. 3720. BMNI-I). here designnted 
[examined]. [Incorrectly synonymiZed withpalpigera by Walsinghnm. 1915: 409.J 

Lipalia crala/ariel/a Busek. 1910. Bul/. Dep. Agric. Trin. 9: 244. fi g. I-Iolotype !i! [abdomen missing]. Trinidad. ex Cratalaria. 
em. 21.v.1910 (Urich) (USN M) [examined]. [Incorrect ly synonymized withpalpigera by Busck 1914: 10.] Comb. nov., 
syn. nov. 

8racl~\lacma palpigera (Walsingham. 189 I): Forbes 1930: 123: Becker 1984: 50. 
Mesoph/eps adusfipellnis (Wnlsinghnm): Landry & Roque-A lbelo 2010: 739. figs 34. 74. 97. 

0'. ~. Wingspan 7.5- 18.0 mm. Labial palpus recurved. segment 2 in lateral view distally broader (about twice as 
wide as at base). dorsally with erectile sub-triangular tuft. dark brown to ochreous brown. distally with white ring, 

3 about one-half length of2. white with dark apex. Antenna with alternating brown and light rings. Forewing grey
ish white to yellowish brown. distal three-fifths of cos ta lined with dark brown stripe, stripc interrupted by oblique 

pale line running from distal fifth towards termen. dorsum often fuscous: black discal , discoeellular, plical and 
three tenninal spots present but often indistinct. ra rely also tornal spot: discocellular sometimes confluent with tor
nal to fonn large shadow. 

Genital ia cf (Fig. 63). Uncus rounded. almost circular. Gnathos band of moderate width, hooks strong. sepa
rated from each other by almost width of uncus. Tegumen with triangular antcrior cmargination; pedunculi broad. 
distally truncated or fo rked. Posterior margin of vinculum medially notched. Phallus with bulbous base and short 

stra ight di stal portion. 
Gen italia ~ (Figs 92. 122). Papillae analcs unremarkable, apophyses posteriores about twice length of apo

physes ante riores. Dorso-posterior margin of segment VlII strongly convex medially; ventro-anterior margin sinu
ous. medially concave. Subostial plate more or less trapezoid. caudal margin weakly concave at ostium bursae. 

anterior margin straight to very gently curved; sclerotized antrum broad. weak ly tapered distally, sometimes 
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slightly exceeding transverse anterior margin of subostial plate: ductus bursae thin. about twice length of apophy

ses antcriorcs. entering corpus bursae pastcro-Iate rally; corpus bursae elongate ovoid. an teriorly broad. about twice 
length of ductus bursae: ductus seminalis from cervix bursae. 

Remarks. M. adustipennis is ex ternally very similar to, and was incorrec tly synonymized with M. palp igera. 
Both species differ in segment 2 of the labial palpus which in adustipennis has a stronger dorsal tuft. in lateral view 
is triangular. in cross-section oval and is distally twice as wide as at the base whilst in polpigera it is round in cross
section and di stally not much thicker than at the base. 

In the male genitalia Odusfipennis differs from polpigero in the round uncus and shorter, stouter gnathos hooks. 
The female genitalia of odllsripennis are almost indistinguishable from those of polpigero; the ventro-anterior mar

gin of abdominal segment VIII tends to be more strongly sinuous in the fonner, but there is some variation in this 
as in other genitalic characters. No confusion is possible as long as adllsripennis remains the only Mesoph/eps spe

cies in the New World. In the African M. sa/ranel/o the uncus is s lightly more e longate and less evenly rounded, 
the gnathos hooks are sl ightly shorter and stouter and the di stal margin of the vinculum is evenly rounded towards 

a medial notch whilst in adustipennis the vinculum is distally truncated, often has a di stinct medial notch and lacks 
the broad protruding sclerotization that is present in so/rtmella. 

L. adllstipennis was described from an unspecificd number of spccimens of both sexes originating from the 

West Indian islands of St Croix, St Thomas (both fonm er Danish. now US Virgi n Islands) and Grenada. Labelling 
of material in the Walsingham collection indicates that in addition to two specimens marked as ' Type cf' and 'Type 
~ . (both from Grenada) there were cleven ' paratypcs', fi ve of which (one from St Croix and four from Grenada) 

arc now preserved in BMNH: a further female. St Thomas. Il.i i. 1894 (Hedemann), is preserved in ZMUC, Copen
hagen (Karsholt, pers. comm.). As no holotype was indicated in the original description. all specimens have the sta

tus of syntypes and we designate here as the lectotype the specimen originally labelled as the 'Type 0" 

(Walsingham no. 6228: genitalia sl ide no. 3720. BMNH). 

L. erotalariel/o was described from an unspecified number of specimens. sex not stated, from Trinidad (leg. 
Urich). and there is some slight uncertainty over the number of original specimens. The description mentioned the 
'type'. a 'cotype' and a third spec imen from Nassau. Providence I.. British West Indies. L. crotalariel/a was later 

synonymized with pa/pigera but is in fact a synonym of M. adustipennis. 

M. adllstipennis is the only Mesophleps found in the New World and it is not clear whether it really is an ele
ment of the native American fau na or an Old World introduction. It could have been inadvertently earried to the 

New World from India or Africa with some agricultural plant such as pigeon pea or Crora/aria. However, we have 
not been ablc to identi fy clear Old World adllstipennis. with the African sa/ranel/a perhaps being the closest to it. 

Biology. Host-plants: Cajanllscajan (pigeon pea) (Leonard & Mills 1931: 472). Crotalaria( Busek 1910: 244) 

(Leguminosae, Papilionoideae); Acacia (' Vachellia') /arnesiana (Bott imer 1926: 8 12), Pithecellobillm pollens 

(Grimm 1995: 32 1) (Leguminosae, Mimosoideae). The 'whitish' larva lives in the pods and feeds on the seeds; it 

pupates in a tough silken cocoon wi thin the pods. usually near one end. and the adult emerges after about ten days. 
In Puerto Rieo a high percentage of the dry pods of pigeon pea examined in June 1930 was infes ted. but many 
mature larvae were parasitized by an unidentified Copidosoma ('Paralitomastix') species (Hymenoptera: Chalci

do idea. Eneyrtidae) (Leonard & Mills 1931 : 472). In the Ga lapagos Islands the species has been reared from the 
frui ts of ProsopisjtlliJlora and from Lellcaena letlcocephala. the lead tree (Leguminosae. Mimosoideae) (Landry & 
Roque-Albelo 20 I 0: 740). 

Distribution. Mexico, Honduras. Costa Rica, Panama. Cuba, West Indies (Cayman Islands, Jamaica. Puerto 

Rico. Guana. St Thomas. St Croix, Anguilla. Dominica, Barbados, Grenada, Tobago, Trinidad) . Venezuela, Ecua
dor (Galapagos Islands), Peru. Brazi l (Rondonia, Amazonas, Maranhao, Minas Gerais. Espirito Santo. Sao Paulo). 
It is here assumed that all literature records of Brachyacma pa/pigera (and its fonner synonym crota/ariella) from 
western and southern parts of the USA. California (Rivers ide Co .. Yolo Co.) (Riehers 2004), Texas (Botti mer 1926: 

8 12). Mississ ippi (MaeGown 2004). Florida (Heppner 2004). as well as the Bahamas (New Providence) (Busek 

1910: 244), Puerto Rico (Leonard & Mills 193 1: 472) and Mexico (Grimm 1995: 32 1) apply to M. adllstipennis, 
the only Mesoph/eps species so far confirmed as occurring in the Western Hemisphere. 

Material examined (61 d'd', 49 ~~ . including 13 d'd', II ~ ~ genitalia preparations) 
Mexico: I ~ , Tamaulipas, San Fernando, 50 m. 16.viii. 1988 (Becker) (VOB), I ~. EI Ensino, 250 m, 4-

13.viii. 1988 (Becker) (VOB): I ~,Campeehe, Escarcega, 85 m, 17-2 1.vi. 198 1 (Becker) (VOB). Honduras: I d' . I 

~,i ii . 1935 (unspecified). Costa Rica: I ~, Turrialba. 600 m, v ii . 1981 (Becker) (VOB). Panama: I ~ , La Chorrera, 
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v. 19 12 (Bllsck). Cuba: 2 d'o" Santiago. Turquino. 470 m. 27-29.vii. 1990 (Becker) (VOS). West Indies: 19 d'd'. 

Cayman Islands. 17.iv- 26.viii.J938 (Lewis & Thompson) ; 2 dd'. 3 ~~. Jamaica. Runaway Bay, 27.ii . 24. iii. 1905 

(Wa/sing/wm): I d'. Puerto Rico, Guaniea, 160 m. 20.vi ii.1987 (Becker) (VOS). I d'. 4 ~~. Patillas. 590 m. 
viii.1987 (Becker) (VOS). I d'. I ~. Cayey. 450 m. 2.vi ii. 1987 (Becker) (VOS). I d'. I ~. Marieao, 770 m. 
12.viii.1987 (Becker) (VOS). 2 d'ci. Carite, 500 m. 17 .vi ii.1 987 (Becker) (VOS); II cici.6 H. Sritish Virgi n 
Islands. Guan,l!, 9- 23.vii.1987. x.1989 (Becker) (VOS); I ci. I ~ . US Vi rgin Islands. St Thomas. 300 m. 25-

30.vii.1987 (Becker) (VOS). I ci. ("Danish W Indies .) St Croix. 27.iv. 1894 (Glldmonn) (para lectotype of odllsti

penllis); I ci. 2 ~~. Anguilla. 15.v. 12. 26.viii.1980 (Parker): I ci. I ~. Dominica. 1984 (P/llmb/ey); I ~ , Sarbados. 
Husbands. ex dry pods of Cajanlls cajon. 4.vi.1973 (unspecified); I d, G renada. lectotype of L. adllslipennis (as 
above). 5 ~ ~. Grenada. windward side. Salthazar, 27.iv.[ 1894] (Smith) (paraleetotypcs of L. adllstipennis); I ci. 

Tobago. Marden House nr Scarborough, 9.i. 1982 (Cock); I ~ , Trinidad, holotype of L. crotoloriel/o (as above). I 
~. Trinidad. St. George Co .. Curepe. x i.198 1 (Cock). Venezuela: I ~. EI Avi la. Caraeas. 28.ix-3.x.1974 (Ridollt). 

Ecuador: 2 cio". 5 ~ ~. Galapagos Is lands, Santa Cruz (Indefatigable), v.1970 (Perry & Vries). Peru : I ci. Rio 

Napo. vi. I920 (Parish). Brazil : I ci. 2 ~ ~. Rondonia. Caeauhindia. 140 m. 15-18.x.1993. 13-3 I.xii.1997 (Becker) 

(VOS). I ~ . Vilhena. 600 m, I 0-13.iv. 1996 (Becker) (VOS); I ci, Amazonas, Tefe ('Teffe ') i.I920 (Parish); I ci. 

Matura. vi. I920 (Parish); I ~,Mamnhilo, Apiliindia, 150 m, 19-27.x i. 1990 (Becker) (VOS); I ~,Minas Gerais. 
Cara,a. 1300 m. 7- 1 0.v.1996 (Becker) (VOS), 3 ~ ~. Unai. 700 m, 7.xi. 1982. 3.xi. 1983 (Becker) (VOS). I ci. SeIT'd 

do Cipo. 17-19.iv.199 1 (Becker) (VOS). I ci. Corumba. 180 m. 23-25.iv. 1985 (Becker) (VOS). I ~. Corumba. 
600 m. 20-22.iv.1985 (Becker) (VOS); 6 cio", Espirito Santo. Linhares, 40 m. 16- 18.ix. 199 1, 20-29.ii. 1992. 

6.iii.1993 (Becker) (VOS); I ~, Sao Paulo, Sertioga. 5 cici. 15- 17.v.1 996 (Becker) (VOS). 

Mesoplz /eps safranella (Legrand, 1965) comb. nov. 
(Figs 17.31. 64, 93.123) 

Gelecltia sa/ranel/o Legrand. 1965. Mem. Mus. na/n. Hisl. nal. Paris (N. S.) (A)37: 74. pI. 5. fig. 4. Holotype 2. SEYCI-IEL
LES: Mahc. Beau Va llon. I. v.1959 (Legrand) (slide no. 8876_ Lcraut; MNHN. Paris) [examined]. 

0". !i! . Wingspan 11.5-14.0 mm. Labial pal pus recurved. segment 2 distally broadened by erect dorsal scales. dark 
brown to black with white distal ring; 3 shortcr than 2, w hite. Antenna w ith alternat ing dark and light brown rings. 

Forewing yellowish brown to ochreous brown, dorsum sometimes darker g reyish brown: costa basally with deli

cate blackish brown edge. distal three-fift hs w ith sl ight ly wider brown to blackish brown stripe interrupted by fa int 

obl ique whilC line mnning from distal quarter towards termen, blaek spots va riable. diseal and plical often sma ller 
than discoeellular. tomal small or shadowy; termen with small number of indistinct black spots. usually two or 
three ncar apex more distinct. 

Pregenital abdomen (Fig. 17). Anterior margi ns of TrV-VII with broad and straight, transverse band of 
densely set posteriorly-directed microtriehia. 

Genital ia d' (Fig. 64). Uncus short, rounded: gnathos band narrow. hooks short. robust. about one-half length 

of uncus: tegumen wi th triangula r to sub-triangular anterior emargination, peduncu li broad, distally fo rked: sclero
ti zed posterior margin of vinculum medially concave. sometimes notched. with broad protruding sclerotization. 

Phallus w ith bulbous base. more o r less evenly tapered towards narrow distal third. 
Genitalia !i! (Figs 93, 123). Dorso-postcrior margin of segment VIII slightly convex: ven tTo-anterior marg in 

weakly sinuous. Subostial plate relati vely broad. caudal margin concave at ostium bursae. ante rior margin straight: 
se lerotized antrum re latively broad. funnel-shaped. sometimes slightly exceedi ng transversc an teri or margin of 
subos tial plate: ductlls bursae thin. about twice length of apophyses anteriores, entering corpus bursae postero-Iat

erally: corpus bursae clongate ovoid, anteriorly broad, tapered posteriorly. about length of ductus bursae: ductus 
seminalis from cerv ix bursae. 

Remarks. M. sa/ranel/a can be distinguished wi th certainty from several other species of the pa/pigera-group 

only by the genitalia. T he male geni talia d iffer from thosc of pa/pigera. i%ncha and sub/utiana in the rounded 
rather than sub-rectangular uncus. T he uncus resembles most that of the Neotrop ical adllstipennis but in sa/ranel/a 

it is slightly more elongate and less evenly rounded. Moreover. in sa/ranel/a the gnathos band is narrower and the 

gnathos hooks arc stouter and s lightly shorter in rclation to the uncus. In the female the dorsa-posterior margin of 

segment V III is convex but less so than in pa/p;gera and adllslipenn;s. M. i%ncha differs from sa/ranella in the 
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morc elongate uncus and longer. s limmer gnathos hooks in the male genital ia and the large oval rather than posteri

orly tapered corpus bursae in the female. 

Biology. Host-p lants: Acacia sp .. Albi=ia lebbeck (Leguminosae, Mimosoideae). The larva lives in the pods. 
Dist ribution. Niger. Benin. Kenya. Malawi. Madagascar. Seychelles. 
Material examined (9 d'd', 8 ~~ . including 5 d'd', 3 ~~ genita lia preparations) 

Niger: I ci. Sorodarou. ex pod of IIcocio. 21.i.2000 (Po/as=ek & Ba!). Benin : I ~. Atcherigbe. ex pod of II/bi

=io /ebbeck. 18. i.2000 (Po/as=ek). Kenya : 2 cici. 4 ~~ , Kikuyu Ibea, Escarpment. 7500-8500 ft , ix-x. 1900 

(Doherty); 2 cio". 2 ~~. Coast. Mwabungu s. I.. 3.iv. 1999, 19.viii.2000 (llgossi=). Malawi ('Nyasaland'): 2 cio' [no 
locality], ex dry seeds of II/bi=io /ebbeck. l.iv.1933 (Lamborn). Madagascar: I 0". I ~, Diego Suarez. 24. 
25.viii. 1917 (Me/oil). Seychelles: I ci. holotype (as above). 

Mesoph/eps epioc"ra (Meyrick, 1886) comb. nov. 
(Figs 7. II. 18,32,94, 124) 

Brachyacma epioc/tra Meyrick, 1886. 1'1'0115. en!. Soc. Lond. 1886: 279. Holotype d', FIJI: (Lucas) [nol traced]. 
Brachyacma epichorda Turner. 1919. Proc. R. Soc. Qd 31: 163. LECTOTYPE 2 [not 0"]. AUSTRALIA: Queensland. Too

woomba. 31.i ii. 19 16 (Turner) (genitalia slide no. G 1618: ANIC). here designated [examined]. [Incorrect ly synonymized 
with B. palpigera by Mcyrick 1925: 169.} Comb. nov" syn. nov, 

d'. ~. Wingspan 8.0-20.0 mm. Labial palpus segment 2 sub-triangular, outcr surface ochreous brown. inner surface 

greyish white, dorsally with large scalc tuft. dista lly white, 3 about one-thi rd to two-thirds length of 2, white. apex 

da rk brown. Antenna greyish white. Forewing ochreous yellow. seattcred with ochreous brown scales and white
lipped brown sealcs especially in apical half; costa w ith basal two-fifths whitish brown. distal three-fifths ochreous 
brown. sometimes black, rarely interruptcd by oblique whitc line running from distal sixth towards term en, along 

term en with some faint dark spots; dark brown discoeellular and diseal spots present. dark brown plical spot short 
or long. 

Pregenital abdomen (Figs I I. 18). Scale soekets on denuded T I and Til denser and bigger than on other seg

ments. SII with pair of vcnulae and pair of short apodemcs. Ante rior margins of T IV-V II wi th s lightly si nuate 
transverse band of densely se t posteriorly-dirccted microtrichia. 

Genitalia d' (Fig. 7). Uncus round, basally constric ted, sometimes with short 'neck'; gnathos hooks w idely 

separated at base, slender, pointed. shorter than uncus: valva narrow. widest at middle: tegumen relatively narrow. 
not exceeding w idth of uncus; down turned distal part of vinculum about one-third total its length, se lcrotization of 

posterior margin relatively narrow. with disti nct median emargi nation; phallus w ith basal two-thirds bulbous, distal 
one-third abruptly narrowed. 

Genitalia ~ (Figs 94. 124). Ovipositor and segment VIII short. dorso-posterior margin of V III broadly and 

evenly convex: apophyses anteriores short, about one-half length of apophyses posteriores: sc lerotized antrum very 
short and broad. more or less trapezoid in outl ine caudal margin weakly concave; ductus bursae thin, very long, 

almost 10 times length of apophyses anteriores. enteri ng corpus bursae latero-posteriorly: corpus bursae ovoid, less 
than one-half length of ductus bursae: ductus scminalis thin. arising from cervix bursae. 

Remarks. M. epiochra is very close to M. adllslipennis. Both species are cxtremely variable in s ize, but in our 
samples adusfipennis lacks the rea lly big specimens as they are fou nd amongst our epiochra from New Caledonia 

and Tonga. The labial palpi of both spec ies arc more or less porrcet with a short upturned segment 3, but the dorsal 

brush of2 appears to be bigger in epiochra. However, it is difficult to compare this character because the palpi arc 
easily los t. thc do rsa l brush can be more or less worn down or the scales arc in a more or less creel state. In the mille 
the uncus of epiochra is bigger and, when a litt le flattened in a preparat ion. may even exceed the width of the tegu
men. whils t in adllsfipennis it is not broader. The gnathos hooks arc perhaps sl ight ly sl immer in epiochra and their 

apices reach the middle of the uncus whereas in adtlslipennis they arc stouter, blunter, and exceed the middle of the 
uncus. More convincing differences arc found in the females where the dorso-posterior margin of segment VII I is 

strongly convex medially in adllslipennis but moderately and evenly so in epiochra. and the ductus bursae. which 
in adusfipennis is abou t twice the length of the apophyses anteriores whilst it is many times that length in epiochra. 

B. epiochra was described from the male holotype that appears to be mi ss ing. It is not in BMNH and was not 

seen by KS in SAM. Adela ide, where the Lucas collection is now kept. The identity of epiochra is not in doubt as 
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FIGURES 26-33. Adu lts of Mesoplt/eps spp. 26. M pa/pigera (Wals inghaJ11). !J: . Gabon: 27. M. i%ncha (Meyriek). !J:. Java: 
28. M. Sub/Uliano (Park). !J: . Thailand; 29. M. aduslipennis (Walsingham). lectotype. d'. Grcnada: 30. M. adllslipennis 
(Walsingham). !J: . Galapagos Islands: 3 1. M. safranello (Legrand). d. Kenya: 32. M. epiochra (Meyrick). !J: . New Caledonia; 
33. M. label/ala (Meyrick). holotype. d . Indi3. 
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FIGURES 60-65. M3ie genita li a of Mesoph/eps spp. 60. M. pa/pigero (Walsingham). s li de no. 3090 1; 61. M. i%ncho (Mey
rick). slide no. 30866. a & b. variation in uncus. slidc nos.: 3. 30783. b. 30794; 62. M, Sub/uliano (P3rk). sl ide no. L03073; 63. 
M, aduslipennis (Waisingham). slide no. 30887: 64. M. safranella (Lcgr.:md). slide no . 30971: 65. M. label/ala (Meyrick). slide 
no. 8544. Clarke. 
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FIGURES 89- 94. Female genita lia of Mesophleps spp. 89, M. palpigera (Walsingham). slide no, 30902; 90. M. ioloncha 
(Mcyrick). slide no. 30883: 91. M. Slib/uliana (Park). slide no. 30802: 92. M. adllslipennis (Walsingham). slide no, 30877; 93, 
M. safranella (Legrand). sl ide no. 30970; 94. M. epiochra (Meyrick). slide no. 30978, 
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FIGURES 119-130. Female scgmcnl V III of Mesoplrleps spp. 119. M. palpigera (Wals ingham). sl ide no. 30902: 120. M. 
ioloflcha (Meyrick). slide no. 30883: 12 1. M. sub/uliano (Park). slide no. 30802: 122. M. adllsfipennis (Walsingham). slide no. 
30877: 123. M. safranello (Legrand). slide no. 30970: 124. M. epiochra (Meyrick). slide no. 30978: 125. M. aeu/unea sp. nov. 
par:Itype, s li de no. L03071; 126, M, "",cina (Meyriek), slide no. 30936; 127. M si/oeello (I'Wbner), slide no, 13 87 1: 128. M 
corsice/Jo (HeTTich-Schaffer). slide no. 13809: 129. M. oxycedrella (Millicrc). slide no. 30049; 130. M. Irinolel/a l-Icmch
Schaffer. slide no. 30925. 
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Abstract 

The New World and largely Neotropical genus Peckia Robineau· Desvoidy. 1830 is revised with a key to all species. Peckia 
is considered a senior synonym of Guanoxipha Lehrer. 2012, n. syn. and of Sorcodexia Townsend, 1892. n. syn., the first 
one under Sqllamatodes Curran and the latter maintained as a va lid subgenus, which here is redefined giving the new 
generic combinations Peckia (Sarcodexia) lombens (Wiedemann. 1830). n. comb. and P. (S) notOfa (Lopes. 1935). n . 
comb.; and the new subgeneric affil iat ions P. (S.) aequala (Wulp. 1895). P. (S.) ehirolheea (Hall. 1933). P. (s.) dominieana 
(Lopes. 1982). P. (S.)jlorellcioi (Prado & Fonseca. 1932). P. (s.) roppai (Lopes & Tib.na. 1982) and P. (S.) Iriden/ala (Hall. 
1937). Peckio virgo (Pape. 1994) is transferred from subgenus Euboeflcheria Townsend. 1927 to subgenus Sqllamatodes 
Curran. 1927. Sarcophaga adolenda Lopes. 1935 is transferred from its current position in Peckia to the genus 
Retrociromy ia Lopes. 1982. n. comb. A total of 67 species are recognized and grouped in the subgenera Euboettcheria. 
Pa ffonella Enderlein. 1928, Peckia Robineau-Desvoidy. 1830 (sensu stricto). Sarcodexio and Squamatodes. Nine new 
species are described. viz .. Peckia (Euboettcheria) santamariae n. sp. (Colombia). Peckio (Euboetlcheria) cacao n. sp. 
(Costa Rica). Peckia (Ellboetfcheria) calixloi n. sp. (Puerto Rico). Peckia (Euboellcheria) hernandosi n. sp. (Ecuador), 
Peckia (Pallonel/a) kladosoides n. sp. (Colombia), Peckia (Peckia) cocopex n. sp. (Costa Rica: Cocos Island). Peckia 
(Peckia) sarmien/oi n. sp. (Ecuador). Peckia (Peckio) rosalbae n. sp. (Colombia) and Peckia (Sarcodexia) cocos n. sp . 
(Costa Rica: Cocos Island). The following new synonymies are proposed as junior synonyms under their respective 
species: under Peckia (Euboeucheria) tridentata (Hall. 1937) is Ellboeucheria alvarengai Lopes & Tibana. 1982. n. syn.: 
under Peckia (Peckia) cI"ysos/oma (Wiedemann. 1830) is Poraphrissopoda hllgolopesiana Lehrer. 2006. n. syn.: under 
Peckia (Peckio) pexata (Wulp. 1895) are Sarcophaga concinnata Williston. 1896. n. syn .. Sarcophaga oliosa Williston. 
1896. n. syn. and Paraphrissopoda ca/iae Lehrer. 2006. n. syn.: under Peckia (Peckia) rubella (Wiedemann. 1830) is 
Sorcophaga copi/ata Aldrich, 1916. n. syn. and under Peckia (SquamafOdes) triviuata (Curran. 1927) is Squamatodes 
s /ahli Dodge. 1966. n. syn. Lectorypes are des ignated for Sarcophaga aequata Wulp. 1895. Sarcophaga concinnata 
Williston, 1896. Sarcophoga otiosa Williston. 1896 and Sorcophoga volucris Wulp. 1895, Poraphrissopoda alvesia 
Lehrer. 2006 is deemed an unavailable name as no depository was given for the putative type material. 

Key words: Diptera. Sarcophagidae, Euboeucheria. Pattonel/a. Peckia, Sarcodexia. Squama/odes. revision. systematics, 
Neotropical Region. 

Introduction 

Peckia Robineau-Desvoidy. 1830 is a New World genus of generally large-bodied flesh flies , many of whi ch breed 

in vertebrate excrement and carrion, including human corpses (Jiron e/ al. 1983; Salviano el 01. J 996; Carvalho et 

01.2000; Reeves et 01.2000). and for that reason the genus is considered offorcnsic and medical importance (Ji ron 

el 01. 1983; Moura el 01. 1997; Oliveira-da-Silva el 01. 2006; Barros el 01. 2008 ; Buenaventura el 01. 2009). 

The genus Peckia was dcscribcd by Robincau-Dcsvoidy ( 1830), who origi nally included five species 

(Evenhuis el 01.2010). and currently il eonlains 63 described species (Pape 1996; Pape & Andersson 2001 ). All of 
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phallic tube. as sclcrotized as the phallic tube. Juxtal lateral plate short with rounded apex in lateral view. 

DistiphalJus wi th a pair of lateral sty li strongly enlarged distal ly and appearing closed in ventral view. Vesica 
composed of two plate-like structures connected prox imall y. with the ven tral edge angled in lateral view and each 

with an acutc. hook-shaped apex . 
female. Unknown. 
Va riable reatures. The following di ffe rences were observed in thc para type with rcspcct to thc holotype: 

Chaetotaxy: dorsocentrals = 0 + 2. 

Taxonomic remarks. Peckia (Peckia) rosalbae is close to P. (Peckia) nephele, but differs by the lateral sty li 
appearing closed in ventral view and by the anteriorly acu te ves ica more sclerot ized and smaller than in P. (Peckia) 
nephele. Peckia (Peckia) rosalbae and P. (Peckia) nephele have lateral styl i strongly enlarged distally, whereas 
these structures are filamentous in other species of the genus. The usual colour pattern of the Sarcophaginae can 

change. exhibiting a shiny black spot on the thorax posteriorly and on the abdomen in the center. 
Biology. Unknown. 

Distri bution. NEOTROP ICAL- Colombia (Magdalena). 
Etymology. The specific epithet is given in honour of Rosalba Ruiz Molina. the mother of the first autho r. 

Holotype. Male. COLOMBIA, Magdalena. Santa Marta, Hacienda Victoria, 11 007'47.8"N 74°05'42.4"W. 

968m, 0 I. vi.2005 [no collector] ( ICN). 
Paratype. I male, same data as holotype (ZMUC). 

Peckia (Peckia) rubella (Wiedema nn ) 
(Figs. 3, 8 1. 82) (fig. 98 in Aldrich 1916, figs. 293-295 in Roback 1954) 

Sarcophaga rubella Wiedemann. 1830; 357. Antigua ["Antigoa"]. Holotypc male. in ZMUC (examined). 
Sarcophaga capitola A[drich. [916: 209. Puerto Rico. Mayaguez. Ho[orypc male. in USNM (examined). N. syn. 

Description. Male. Head. Ocellar setae equal to or shorter than postoculars. Outer vertical seta stronger than 

postoculars. Black orbi tal setae. Four frontal setae si tuated below the dorsal limi t of the lunule. Genal Setae black 

dorsally. yellow or white ventrally. Occipital setae white or yellow. Thorax. Chaetotaxy: acrostichals = 0 + L 
dorsocentrdls = 0 + 3 (anterior one shorter). intm-alars = I + 2 (anterior one shorter), supra-a lars = 2 + 3, basal scuteIIars 
= 3. Prosternum and posterior surface of hind coxa wi th black setae. Black antero-ventral scutellar sctae. Two 

kate pi sternal setae. Postalar wa ll wi th only black setae. Lower calypter with a central dark spot and a fringe of long 

hair-like setae along outer margin. ex tending to its posterior margin. Mid femur without a ctenidium. Antero-dorsal 
surface of mid tibia with I median seta and I ap ical seta. Hind tibia antero-dorsa lly with I seta in the basal third, I in the 

middle third and I prcapical. Abdomen. Postero-ventral scams between T3ff4 and T4ff5 pardllel. Mierotrichosity of 
the abdomen latemlly grey. ST I +3 with only black hai r-like setae. Two latcral setae on each side of T4. T5 with grey 

microtrichosity. Posterior seam ofTS not projected posteriorly and ventrJ lly, and normal setae in postero-ventral area 
directcd posteriorly. Terminalia. ST5 orange. Medial margin of ST5 n-shaped. Inner margins of ST5 anns straight. 
Inner margins of ST5 arms with a patch of short setae anteriorly and long hair-like setae posteriorly. Syntergostemite 

7+8 longer than high in lateral view, orange, without microtrichosity. Epandrium bright orange. Cercus orange 
proximally and brown or dark brown distally. Cercus in latenli view progressively narrowing towards the apex, with the 

dorsal margin curved. with a project ion at about midlength. Cercal apex aeute in laterdl view. Surstylus orange, 
triangular. with a rounded apex. with postero-distal surface less sclerotized (more smooth: lighter and more transparent 
colour) than the remaining surface. Pregonite triangular, becoming narrower towards the apex) eurved in lateral view, 

with a rounded apex. Postgonite elongated, with a hooked apex. Basi- and distiphallus connected by a desc1erotized 
strip. Juxta without demarcated connection with the phallic tube. as sclerotized as the phallic tube. Juxta with laterd l 

plate, long, convergent in apical view. with a truncated apex in lateral view. Dist iphallus with a pair of lateral styli 
separdted, each with a longitudinal cleft, visible in lateral and apical view. Vesica very large, composed of two pla tc-likc 

structures on each side connected proximally, with microtrichia dorsally. 
Dist ri bution. NEOTROPICAL- American Virgin Is .. Antigua, Brit ish Virgin Is. Panama. Puerto Rico. 

Material examined. Antigua : I male (Sarcophaga rubella Wiedemann. 1830. holotype) . Antigoa [Antigua}. 

Mus. Wcstenn. (ZMUC). British Virgin Is: I male, Guana Island, 0- 80m, 13- 26.vii.1986, S.E. Miller & M.G 

Poque (ZMUC). Puerto Rico: 4 ma les. Luquillo NatlFor. EI Verde. 04-17.xii.1968 (ZMUC): 3 males. Rio Grande. 
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EI Verde Station, 3. lkm WNW Pico EI Yunquc, Sierra de Luquillo. 18° 19' 15"N 65°49'I I"W. 355m, 03-06.vi.1996, 

C. Young. R. Davidson. M. Klingler, W. Zanol, S. Thompson & J. Rawlins (ZMUC): I male. Utuado. Bosque 
Estctal de Rio Abajo, 4.9km W Dos Bocas, 18° 19'59"N 66°43'00"W, 17.v i. 1996. C. Young, J. Rawlins. R. 
Davidson. W. Zanol. M. Klinger & S. Thompson (ZMUC). 

Peckia (Peckia) sarmientoi n. sp. 
(F igs. 63. 64) 

Description. Male. Length. 13.2 mm. Head. Ocellar setae equal to or smaller than postoculars. Outer vertical seta of 
same size as postoculars. Orbital setae black. Four frontal setae situated below the dorsal limit of the lunule in lateral 

view. Genal setae black dorsally, yellow or white ventrally. First two rows of occipi tal setae black. others yellow. 

Thorax. Chaetotaxy: acrostichals = 0 + I, dorsocentrals = 0 + 2 (anterior one shorter), intrd-alars = 1+2 (anterior one 
shorter), supra-alars = 2 + 3. basal scutellars = 3. Prosternum and posterior surface of hind coxa with black setae. 

Antero-ventral scutellar setae black. Two katcpistemai setae. Postalar wall wi th only black setae. Lower calypter with 
a centrdl dark spot and a fringe oflong hair-like setae along outer margin. extending to its posterior margin. Mid femur 
without a ctenidium. Antero-dorsal surface of mid tibia wi th a median seta and I apical seta. Hind tibia antero

dorsally with I seta in the basal third. I in the middle third and I preapical. Abdomen. Postero-ventral seams between 
T3fT4 and T4/T5 parallel. Posterior scam of T5 not projected posteriorly and ventrally. T5 with golden 

mierotrichosity. Abdomen in lateral view with grey and golden microtrichosity. ST 1+3 with yellow and white setae. 
Two lateral setae on each side of T4. Terminalia. ST5 orange. Medial margin ofST5 n -shaped. Inner margins of ST5 
arms straight. Posterior margin of ST5 arms bent dorsally. Inner margins of ST5 arms with a patch of short setae on 

the median region. Syntergosternite 7+8 is longer than high in latera l view) or-lOge. with golden microtrichosity. 
Epandrium bright orange. Cercus orange proximally and brown or dark brown distally. Cercus in lateral view 

progressively narrowing towards the apex. dorsal margin with an undulation of the cuticle at about midlength, with an 
acute apex. Surstylus ordnge, triangular, wi th a rounded apex. Postero-distal surface less sc1erotized (more smooth: 
ligh ter and more transparent colour) than the remain ing surface. Pregonite tongue-shaped. curved with a rounded apex 

in latcral view. Postgonite elongated, wi th a hooked apex. Basi- and dist iphallus con nected by a desclerotized strip. 
Juxta wi thout demarcated connect ion with the phallic tube. as sclerot ized as the phallic tube. Juxta with lateral plate, 

long, straight wi th a rounded apex in apical view. Juxtallatcral plate with spinose outer margin. Distiphallus with a 
pair of lateral styli separated, each with a longitudinal cleft. visible in lateral view. Vesica composed of two plate-like 

structures on each side connected proximally. 

fema le. Unknown. 
Taxonomic remarks. Peckia (Peckia) sarmientoi has the juxtal lateral plate with outer margin spinose, a 

feature only found in this spec ies. 

Biology. Unknown. 
Distribution. NEOTROPICAL-Ecuador. 
Etymology. The specific epithet is given in honour of Carlos E. Sarmiento M. for hi s significant contributions 

in sys tematics that allowed the development of this study, and because his work on the systematics of wasps 

(Vespidac and Braconidae) and on the use of insects as a model for the study of macroevolut ionary pa tterns have 
been a source of inspimtion for many students. 

Holotype. Male. ECUADOR, Napo province, Yasun i National Park. Yasuni Research Stat ion) 76°36'W 

00038'S, 3- 20m, xi. 1998, T. Pape & B. Viklund (NRM). 

Peckia (Peckia) satanica Dodge 
(fig. 36 in Dodge 1965a) 

Peckia salanica Dodge, 1965a: 489. Bah::l1nas. Cat I. Holotype male. in AMN I-I (not examined). 

Description. Male. Head. Ocellar setae equal to or shorter than postoculars. Outer vertical seta stronger than 
postoculars. Black orbital setae. Four frontal setae si tuated below the dorsal limit of the lunule. Gena with only 

black setae. First row of occipi tal setae black) others ye llow. Thorax. Chaetotaxy: ac rost ichals = 0 + I, 
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yellow or light brown setae. Chactotaxy: acrostichals =:: 0 + I. dorsoccntrals = 0 + 2. intra-alars = I + 2 (anterior one 

shorter). supra-a lars = I + 3. basal seutellars = 3. White or yellow and black antero-ventral scutcllar setae. Two 

katepisternal setae. Postalar wall with white or yellow anterior setae. Lower ealypter with a cent ral dark spot, with 

black setae dorsally and a fringe of long hair-like setae along outer margin extending to its posterior margin. Mid 

femur without a ctenidium. Antero-dorsal surface of mid tibia with I median and 1 apical seta. Ventra l surface of 

hind femur with I row of setac. Hind tibia with 2 setae in the basal third, 2 in the middle th ird and I preapical on 

antero-dorsal surface. Abdomen. Postcro-ventral margins ofT3 and to a lesser extent T4 curved posteriorly. so that 

segment 3 and to a lesser extent segment 4 arc of near-equal length dorsally and ventrally. Posterior scam of T5 

projected posteriorly and ventrally. Microtrichosity of the abdomen laterally grey and golden. ST I+3 with yellow 

or light brown hair-like setae. Two lateral se tae on each s ide ofT4. T5 with grey microtrichosity. Posterior seam of 

T5 projected posteriorly and ventrally. Postero-Iateral area of T5 with setae directed towards the ventral body 

region. Terminalia. ST5 orange. Medial margin of ST5 A-shaped. Inner margins of ST5 anns straight. Inner 

margins of ST5 anns with a patch of short setae on the anterior region and long hair-like setae uniformly 

distributed. Syntergostemite 7+8 as long as high in lateral view, orange. with golden microtrichosity. Epandrium 

bright orange. Cercus orange proximally and brown or dark brown distally. Cercus in lateral view progressively 

narrowing towards the apex. with the dorsal margin angulated in lateral view. Cereal apex acute in lateral view. 

Surstylus orange, triangular, w ith an acute apex. Pregonite subqadrate. straight in lateral view, with an undulated 

apex. Postgonite elongated. with a hooked apex. Basi- and distiphallus connected by a desclerotized strip. Phallic 

tube short and straight. luxta with a demarcated connection with the phallic tube. Juxta without juxtal lateral plate. 

Juxta entire with a middle line dorsally forming a crest running the full juxtal length. Lateral styli fused and 

fonning only one broad tube. Vesica absent. 

Distribution. NEOTROPICAL-Argentina (Misiones). Brazil (Fedcra l District! Goias. Mato Grosso. Minas 

Gerais. Elmi. Sao Paulo). 
Material examined. Argentina : I female (Sqllamatodes stahli Dodge. 1966. holotype), Argentina, Misiones, 

Eldorado ["Kol. Eldorado. Misiones am Parana"] (ZSM). Brazil: I male. Distrieto Federal. Brazilia, xii. 1961. H.S. 

Lopes (ZMUC); I male, Minas Gerais, Lassance, 20- 3I.i. 1939, Martins, Lopes & Mangabeira (MNRJ); I male , 

Minas Gerais. Pirapora. Isca Galli na. 20- 29.xii .1 978, C.B. Carvalho (MNRJ); I male. Minas Gerais. Pirapora, 

09.ix- IO.x.1978. C.B. Carvalho (ZMUC): I male , Minas Gerais. Sierra do Cipo. 25.iii.1998, D. Yanega (ZMUC): 

I male. Para, Santarem, vi.1931. R.C. Shannon (ZMUC). 

Peckia (Squamatodes) virgo (Papc), new subgeneric affiliation 
(Fig. 116) (figs. 395-398 in Pape 1994) 

Blaesoxipha (Giganfotheca) virgo Pape. 1994: 40. British Virgin Islands. Necker L I-Iolotype male. in USNM (not examined). 

Description. Male. Hcad. Ocellar setae stronger than postoculars. Outer vertica l seta of same size as postoculars. 

Black orbital setae. Two frontal setae s ituated below the dorsal limit of the lunule. Genal setae black anteriorly, 

yellow or white posteriorly. Occipi tal setae white or yellow. Thorax. Chaetotaxy: ac rostichals = 0 + I, 
dorsocentrals = 0 + 3 (anterior one shorter), intra-alan; = I + 2 (anterior one shorter). supra-alars = 2 + 3, basal 

scutellars = 4. Prosternum and posterior surface of hind coxa with black setae. Black ante ro-vcntral scutellar setae. 

Three katepisternal setae. Postalar wall with only black setae. Lower calypter with a central dark spot and a fringe 

of long hair-like setae along outer margin. extending to its poste rior margin. Mid femur with a ctenidium. Hind 

femur with a row of antero-ventral and a row of postero-ventral setae. Abdomen. Postero-ventral margins of T3 

and to a lesser extent T4 curved posteriorly, so that segment 3 and to a lesser extent segment 4 are of ncar-equal 

length dorsally and ventmlly. Posterior seam of T5 projected posteriorly and ventrally. Microtrichosity of the 

abdomen laterally grey and golden. STI+3 with only black hair-like setae. T5 with grey microtrichosity. Posterior 

scam of T5 not projected posteriorly and ventrally. and nonnal setae in postero-ventral area directed posteriorly. 

Terminalia. ST5 orange. Media l margin of ST5 n-shaped. ST5 arms with acute apophyses anteriorly. Inner 

margins of ST5 anns straight. Syntergostemite 7+8 longer than high in latenll view. orange, with golden 

microtrichosity and a crown of setae. Epandrium bright orange. Cercus onlOge proximal ly and brown or dark 

brown distally. Cercus in lateral view progressively narrowing towards the apex. straight with a few setae dorsally. 
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Surstylus orange. triangular, with an acute apex. Pregonite elongated with a rounded apex. Postgonite elongated, 

with a hooked apex. Basi- and distiphallus connected by a desclerotized strip . Phallic tube short and straight. Juxta 

with a demarcated connection with the phallic tube. Juxta without juxtal lateral pla te. Juxta entire with a rounded 

protuberance. Lateral styli fused and fonning only one broad tube. Vesica absent. 

Distribution. NEOTROP ICAL-British Virgin Is. , Dominican Republic. , I? 
Material examined. British Virgin Is: I male, Necker Island. 21.vii.1987 (ZMUC); I male, Guana Island, ~ 

01-14.vii.1984. S.E. & P.M. Miller (ZMUC). Dominican Republic: I male, Peravia, 9km S San Jose de Oeoa, 

19.vii.1987, A.L. Norrbom (ZMUC). 

Unplaced species-group names 

The following names represent nominal species-group taxa that cannot be reliably placed in synonymy but arc not 

expected to represent additional species. 

Sarcophaga allribarbata Townsend. 1912: 357. Peru. Piura. Holotype fema le, in USNM (not examined). 

Considered by Aldrich (1930: 27) as synonymous with his Sarcophaga cotyledonea (= Peckia (Pallonella) 

inter/nlltans), but treated as a valid species of Paraphrissopoda (= Peckia sensu stricto) by Lopes (1969: 36). 

Sarcophaga inc-erta Walker, 1853: 324. Jamaica. According to the curator of BMNH , the holotype female is 

missing. Aldrich (\930) examined this holotype and mentioned that this species " runs to the vicinity of hillifera 
Aldrich", bu t he still considered himself unable to identify it further. Later. Dodge ( 1965b) received notes about 

this holotype from Oldroyd and commented about its poor condition. 
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Abstract 

The Caribbean genus Hoplocheifomo, which contains eight known species. is reviewed with the redescription of all named 
species and the description of the following new species: H. rlly/isma. H. dominica. H.jamaica and H. hispaniola. Hop
locheiloma nOlilipenne Cresson is synonymized with H. maculosum (Loew). H./abricii Steyskal is synonymized with H. 
torliana (Gmelin), and Gymnosphen macropyga Frey is transferred from Hoplocheiloma to Ca/osphel1. All Hop/ocheilo· 
fila species are keyed and illustrated. 

Key words: Caribbean, Cresson, Micropezidae. Hoplocheiloma 

Introduction 

I-Ioplochei/oma is a small and distinct ive gcn us of Taeniapterinae charac teri zed by prominent c lypcal setae (a 

unique fea ture not found elsewhere in the Micropczidae) , and a broadly tri angular and bare anal ce ll (CuP) intenne

diate in lcngth bctween the typical tapered anal cell of the Taeniapterini sensu Aczel ( 195 1) and the short ana l cell 

of most GraJl ipezini senSli Aczel ( 1951). The genus is Caribbean in di stribution. ranging from Florida and the 

Yucatan through the Antilles to Dominica. One species (/-I. to /liana (Gmel in)) was recorded from Brazil (as /-I. fas
ciaUl (Fabricius» on the basis ofa specimen in the Winthem co llection in Vienna (Hennig. 1935), but the specimen 

in question could not be relocated and the record is considered dubious. Another species, J-/. peljoralUm (Ender

lein) was desc ri bed on the basis ofa single specimen simply labeled "Brdsi l", but all other known specimens of this 

species are from the Dominican Republic. Other putative records from Central and South America are errors or 

probable e rrors. as discussed below. Endemic species a re fou nd on the islands of Hispanio la , Montserrat. Domi

nica. and Jamaica: fu rther narrowly distributed species will likely be found as other Caribbean islands a rc sur

veyed. This paper is based on specimens from the British Virgin Islands, (Guana Island) , Cuba. Dominica, 

Dominican Republic. Jamaica, Mexico (Yucatan). Montserrat. Puerto Rico. Saba, St. Kitts, Un ited States (Florida). 

St. Martin. St. Barthclemy and the United Sta tes Vi rgin Islands (St. Croix, St. Thomas. Tortola, Buck Island). 

This review was initially prompted by a request for identifi cations of specimens taken as part of a survey of 

Hispaniolan arth ropods (Pcrcz-Gelabcrt, 2008), which exposed the need for a full review of the genus to enable 

meaningful identifica tions. Perez-Gelabert (2008) li sts only I-1. notitipenne Cresson from Hispaniola; I-/, notit;

penne is here synonymized with J-J. macu/oslIm (Loew), and two fu rther spec ies, H. perjorafttm (Endcrlei n) and f-I. 

hispaniola n. sp .. a re here added to the Hispaniolan fauna. Three other new species H. dominica, H rhytisma. and 

j·l.jamaica, arc described from Dominica. Montserrat and Jamaica, respectively. 

Material and methods 

Notes on morphological terminology: The a rea of the head posterior to the ocelli is usually divided in to distinct 

regions, and C resson's ( J 930) tcnni nology is followed here in referring to the part of the postocciput bearing the 

ou ter vertical setae as the paracephalon. and in calli ng the area mesad of the paracephalon the epiccphalon (Fig. 
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5A). T he epicephalon bears the inner ve rti ca l sctae. The middle area posterior to the ocelli is the postoce llar part of 

the frontal vitta: Hoplocheiloma species lack setae (postoce lla r setae) in thi s area. Interpretation of the male tenni

nalia follows McA lpine ( 1998), with the entire visible phallus treated as a di stiphallus divided into basal and distal 

parts. McAlpine ( 1998) is also followed in naming the w ing bands, with the addition of the tcnn "distal band" fo r a 

band incorporating the prcapical and apica l bands. Size is given as body length from head (exclusive of antenna) to 

abdomi nal apex excluding deflexed structures. and as wing length: body length is approximate because of s hrink

age of dried specimens . 

Male and fc male tcnn inalia were c leared in hot potass ium hydroxidc and stained, where necessary. with lignin 

pink. Photographs of live specimens were taken with Nikon 35mm cameras with a 105mm macro lens; pinned 

specimen images were ei ther shot with the same equipment or compiled from images taken on a Visionary Digital 

photomieroscopc and stacked using Comb ineZ software, 

Sources of specimens and collection acronyms are given in the acknowledgments. 

Key to the species of Hoplocheiloma 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Wing disti nctly spotted, transverse bands broken up so the wing appears mostly infuseated. with 7 widely separated, clear, cir· 
cu lar patches (Fig. 7) . Head with only onc large seta (inner vertical), other setae reduced or absent (Fig. 6). 

. H. hi:o,paniola new spec ies. Domin ican RepUblic. 
Wing with a broad di sca l band crossing middle (Fig. 25). I-lead with three large setae (inner vertical. orbital and outer vertical. 
as in Fig. 22) . . ............. 2 
Norum most ly black. postpronorum contrasting ly reddish. Base of oviscape bare and shining dorsomedially (Fig. 21) . . .3 
Notum entirely orange to orange· brown. sometimes patterned with silvery grey areas. Pruinose area at base of ovisc3pe sur· 
round ing ovisca pe so therc is no dorsomedial Shin ing strip (Fig. 25)... . ................. 4 
Wing mostly infuseated. with discal and prcapical dark b3ncb separated by clear strips each made up of threc more or less 
c03lesccd clear circular areas. c ircu lar arcas usua lly separatcd by pigmentation along the wing veins but both clear and dark 
bands always reaching hind wing margin: apical infuscation distinct (F ig. 14). Anterior notoplcural seta at most half as long as 
posterior seta. Membranous parts of abdomen mostly palco fema le abdomen with pleural pigmentation mostly restrictcd to 
bands on dOTS3l half(Fig. 13). m3le 3bdomen with pigmentation of segment three circ ling abdomen and preceded 3nd followed 
by extcnsive pale areas. . ... . ... H. maclllosllm (Loew). Dominic:m Republic, Cuba. 
Wing bands separated from one another by stmight·sidcd clear strips: dark preapical band parallcl·sided. broadly separa ted 
from hind margin of wing: apica l infuscation indi stinct (Figs. 11 , 12). Notopleura l setae equa l in size . Abdominal membranes 
more extensively pigmented. ventral part of abdomen largely dark. . .. H jamaica new species 
Head and notum orange·brown. presutural part of scutum patterned with si lvery grey areas. Wing with three distinct pigmented 
bands and an in fuscated tip. outer margin of discal and preapical bands cone::lve at middle (Fig. 25). Hind femur dark at least 
on ba'ia l half. with 1-2 or.mge distal bands .................. H. pe/fora/llm Cresson. Dominican Republic. maybe Brazil. 
Head and norum orange, at least presurural part of scutum without silvery gray pattern . I'lind femur usually orange wi th narrow 
dark bands (sometimes unifonnly orange·brown). Outer m3rgins of di sca l band convex or more or less straight. preap ical band 
narrow and more or less straight·cdgcd (H. tofliana. Fig. 33) or coalesced with apic::ll infuscation to fonn ::l composite disu l 
band (H jerrllgatum. Fig. 5) . .5 
Wing with discal band somet imes broad but never re::lching hind margin of wing, distal band narrow but distinct from apical 
infuscation (Fig. 27). Epicephalon and puracephalon dull. panlcephalon not conspicuously bU lging. Main vertical row of 
katepistemal setae usua ll y darker than weaker anteri or go lden row. . .6 
Discal band very large. taking up most of wing. broadly reaching hind marg in of wing and separated from large apical infus· 
cated area (distal band coa lesced with apical infuscat ion. by a narrow transverse pale area (Fig. 5). Epicepha lon and par.lcepha· 
Ion Shining, par.lcephalon conspicuously bulging (Fig. 5). Main vertical row of katepistemal setae golden. same color as 
wcaker anterior golden row. . Hjerrugalllm !-I ennig. Mexico (Yucatan). 
Pleuron with two prominent dark p(ltchcs covered with si lvery pruinosity. one covering the posterior thi rd of the anepistcmum 
and a less distinct one on the upper katepistemum (Fig. 27). Disca l band more or less circu lar. widely separated from anterior 
wing margin and with distal face strong ly convex. R:'l ending far beyond plane of dm·eu (Figs. I. 27) .... .. ........... 7 

Pleuron unifonn ly orange. Disca l band with dista l face almost straight. anterior pan reaching wing margin (Fig. 33) . ~.j end· 

ing at or very sl ightly beyond plane of dm·cu H. /ofliana (Gmel in) (widely known as Hjabricii Steyskal) USA (Florida), 
Puerto Rico. SI. Thomas, Pueno Rico, Cuba, J3maic::l, St. Martin (Widespread in Antilles but not known from Hispaniola). 
Disca l spot of wing sm:ill.l ess than ha lfwing width :lOd not approaching R~'l (Fig. 4). Base ofarisI3 usually brown .. 

H dominica new species. Dominica 
Discal spot of wing large. at least ha lf wing width and tOUChing or crossing ~'J (Fig. 27). Base ofarista ye llow .. 

. H rhy fisma new species. Montserrat 
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Legs: Fore coxa silvery pruinose and densely covered with white mierosetulae on anterior surface. bare and 

reddish brown on most of posterior surface. Fore femur mostly brown with broad but sometimes di ffuse basal and 
prcapical yellow bands. Fore tibia black. tarsomerc one of foreleg white. other fore tarsomercs black; mid and hind 

femora mostly orange-brown with a narrow distal da rk band. mid and hind tibiae black. basal two thirds of first tar
somere of mid and hind legs white) tarsomeres otherwise black. 

Wing with a dist inct ci rcu lar diseal spot. a sma ller preapical band crossing R~_~ and M. and a small indistinct 

stigmatal spo t: otherwise clear (Fig. 27). R~.J endi ng far beyond plane of dm-cll. extending beyond dm-cu by 

approximately the length of the crossvein (Fig. 27). 

Abdomen: Abdominal pleuron of both sexes darkly pigmented except fo r pale mid ventral area and pale bulge 

on scgment two of male. Tergite one brown. othcr tergites black. tergites I and 2 fused but dclincated by a band of 
silvery microsetulae. Tergite I with long pale lateral and dorsolateral setae. other tergi tes with small black setulae 

onl y. 

Female abdomen: Tergite 7 with a promi nent central palc area. Oviscape shining except for basal si lvery white 

densely microsetulosc area that is penetrated by a dorsomedial shining strip. Single spennatheca vcry elongate on 
an elongate duct as long as the paired spennathecal duct: paired spennathecae small and spherical with a vcry long, 

muhiply convoluted base (Fig. 28). 
Male abdomen: Pleuron two wi th an elongate-oval setose pleural sac (Fig. 29). Epandrium yellow, contrast ing 

with black pregeni tal segments. Genital fork long and narrow) arms converging distally with enti re inner surface 

covered with short. stout spines: basal part of fo rk medially cari nate) cari na continuous with trough between fused 

basal halvcs of arms. Hypandrium with an terior anns fused into a scoop-shaped scleri te. Distiphallus with long. rel
atively broad base; distal part half as long as basal part. tapered to a point (F ig. 30). Apex ofaedeagal apodeme nar
row. 

Type material. HOLOTYPE (d', MTEC) and 3 paratypes (I d', 2~ , MTEC): MONTSERRAT: Cassava Ghau t. 

Beattie House. 16'45.91·N62'12.9S·W. 01 1-23.iii.2002. A. Krakower. u.v. light. OTHER PARATYPES: 

MONTSERRAT: Cassava Ghaut. Beattie House. 13-1 3.January.2002. at light. M. A. Ivie and K. Marske ( I d'. 

MTEC); Cedar Ghaut. 04.viii.200S. G Martinson. D. Hughley. yellow pan trap ( I ~. MTEC); Woodlands River

side HOllse. 140". 10-1 2.January.2002. Ivie. Marske. Puliafieo ( I ~. MTEC); Centre Hills N.E. of Fleming Spring 

Ghaut. 750'. 19.vi .2000. M. Ivie and K. Guerrero ( I ~ . MTEC). 
Comments. Hoplocheiloma rhyfisma can be distinguished from the closely related J-f. dominica (endemic to 

Domini ca) by its morc extensive discal wing spot) which extends to R~.3 ' 

Etymology. From the Greek rhytisma (n.) for "patch". referring to the silvery-grey patches on the katcpistc r

nurn and anepi stcmum. 

Hop/ocheiloma totliullQ Gmel in 
Fi gs. 3 1- 35 

Hoplocheiloma lot lianG Gmclin. 1790: 2850. nom. nov. for Musca fasciala Fabricius 1775 (preoccupied Meuller 1764; sec 
Thompson and Pont 1993). 

HoploclteilomaJabricii Steyska1. 1968: 9: 1775. nom. nov. for Muscajasciafa Fabricius 1775. New synonym. 
Hoploc/teilomajasciala (Fabricius). Hennig 1935: 55 (key. diagnosis) 

Body length 7- IOmm. Wi ng length 7-Smm. General colour: Most of head and thorax orange; face yellowish whi te; 
proepistemum with a transverse blaek band just above the long. golden ventral proepistcmal se tae. Abdominal 

tergite I brown. other tergi tes da rker: depression between fused tergites I and 2 black. 
Head: Frons unifonnly orange except dark brown or black ocellar triangle. frontal vitia broad, dull (microsetu

lose) and s lightly tapered anteriorly; orbi tal strips subshi ning; two small fronta l se tae. a la rger orbital and large 

inner vertical and outer ve rtical setae. Clypeus uni fonn ly pale orange laterally, middle part with two stout se tac and 
a few small setulae. lateral portions of clypeus covered with fi ne white setulae. Lunule wi th a fcw scattered black 

se tu lae. face weakly sclcrotized and pale except fo r dark lower margin (often formi ng a distinct narrow black trans
verse band). densely microsetulose. Palpi small. half as long as clypeus: almost para llcl-s ided, with evenly spaced 

small black se tae. Mentum strongly setose. 
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FIGURES 31-35. Hoplocheiloma lo/Iiana (Gmclin). 31. ma le temlinal ia: 32. spcnnathccac and ossoc iatcd stnleturcs; 33. live "lC 
fema le dorsal. Cuba: 34. fema le abdomina l apex to show dorsum ofoviscapc; 35. li ve female left lateral. Cuba. ~ . 

Thor{o,-: Pronotum orange except for two distinct black marks along an terior margin. Mesonotum orange with 

an indistinct presutural s ilvery tmnsverse band and two indistinct silvcry postsuturdl spots. Both sexes with a uni

fonn row of small acrostichal and dorsocentral setae. 1-3 an terior do rsoccntral setae usually enlarged. longer than 
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other setae but not conspicllously thickened. Notoplcuron with a single large posterior seta and a smaller anterior 

seta. One large prcscutcJlar dorsal seta only. Main vertical row of katcpistcrnai setae black or dark brown w ith a 

weaker anterior row of golden setae, ventral apex of katcpistcmum with two long thick setae and one or morc long 

thin seta. 
Legs: Fore coxa densely covered with white microsetulac on anterior surface, bare and reddish brown on most 

of posterior surface. Fore femur and tibia dark brown to black. tibia with dense white microsctulac ventrally in dis

tal third. larsomcrc one and basal halfoftarsornerc two of foreleg white. other fore tarsomcrcs black: mid and hind 

femora mostly yellowish brown (basal half varies from brown to yellowish brown) with a narrow distal dark 
preapical band and a dark apex; mid and hind tibiae brown, basal two thirds of first tarsomere of mid and hind legs 

whitc. tarsomcres otherwise black. 
Wing with a broad diseal band with a straight or convex distal edge and similar narrow, parallel-sided preapical 

and stigmatal bands (reaching anterior margin of wing and usually crossing enti re wing although weaker posteri

orly) and a very small infuscated apica l area; otherwise clear. R2"J ending at or very slightly beyond plane of dm-cu. 

Abdomen: Tergite one pale brown. other tergites darker. tergites I and 2 fused but delineated by a band of sil
very microsetulae. Tergite 2 weakly excavated along posterior margin. with dark posterolateral comers (dark pig

ment extending on to intersegmental membrane). Tergite three darker than other tergites. blue black at least 

basomedially. and nonnally elevated posteriorly and projecting over tergite 4. 

Tergite I with long pale lateral and dorsolateral setae, other tcrgitcs with small black setulae only. 
Female abdomen: Pleuran darkly pigmented on dorsal part of segments 2-4, dark area progressively more 

extensive posteriorly such that the pale area of segments 2-6 appears circular with the posterior margin of the 
sphere closed by a da rk segment 6 and the anterior portion mostly open (Fig. 35). Tergite 7 with a prominent cen

tral pale and depressed area. Oviscape shining except fo r basal silvery white densely microsetulose area broadly 
encircling base of oviscape (Fig. 34). Si ngle spermatheca with a very elongate body on a very short base separated 

from thick duct by a spherical swelling. Paircd spermatheeae cylindrical with bodies sli ghtly tapered and distinctly 

invaginated at apex: bases very elongate. thick. abruptly narrowed at junction with duct; duct thick. with an apical 

swelling between duct and constricted part of spennathecal base (Fig. 32). 
Male abdomen: Pleuron with dark areas of segment S cxtending continuously to genital fork. dark arcas of seg

mcnts 2 and 3 narrow. extcnding down from lcrgites and separated by wide palc areas (this pattern hard to discern 

on most pinned specimens). Pleuron without any conspicuous weakened areas or swellings (ie. bulging dome or 
pleural sac of segment two absent). Epandrium yellow, contrasting with black pregenital segments. Genital fork 

long and narrow. anns convergi ng distally with entire inner surface covered wi th short. stout spines: basal part of 
fork medially carinate, carina continuous with trough betwcen fused basal halves of arms. Hypandrial anns fused 
anteriorly to fonn a short bridgc. Distiphallus with basal part relativcly short and broad, distinctly shorter than dis

tal part: distal part with a broad. parallel-sided transparent shell abruptly endi ng just before narrow. pointed apex 

(Fig.3 1). 

Type material. The Fabricius type (type locality "West Indies) was not examined. Hennig's ( 1935) concept of 

this species seems unproblematic and was followed here. 
Other material examined. CUBA: Santiago de Cuba, Botanical Gardens. xi.200S. S.A. Marshall (2~. in 95% 

alcohol. DEBU): Gran Piedra. pan traps bchind biological station. 23.xi.2005. S.A. Marshall (I d', DEBU): nr. Vic· ~ 

toria de las Tunas, 18.vi. 1950. Berg and Link (I ~ , USNM).BR.ITlSH VIRGIN ISLANDS: Guan. Island, a-80m. -;r-
13- 26.vii.1986. SA Miller and M.G Pogue (I ~. USNM). JAMAICA: (two d', no further data, USNM); Try. Dun-

cans. 23.viii. 1966. Howden and Becker (one ~, CNCI). PUERTO RlCO: on human manure , August Busk (3 d'.2 

~. USNM): San Juan. 10.vii, 19.x and 26.vi.1953. B.B. Sugannan (4 d' , USNM): finca Ferguson, nr MI. EI 

Yunque, 4.iv.1972. L. Knutson ( I d', USNM). SABA: Booby Hill. 22.iii.1968. R.S . Miller ( I ~ , MTEC). SArNT 

BARTHELEMY: 29.vii.1981. R.S. Miller (I d', MTEC). SArNT MARTIN: Paradise Peak, lI.ii.1978, SA Mar-

shall (one ~ without an abdomen. CNCr. labeled ··f-I.Jabricii det Albuquerque" and "female 14". This is presum-

ably thc specimen used to illustrate H.fabricii female terminalia in Albuquerque (1986). returned to CNC without 

an abdomen). U. S. VIRGIN ISLANDS: Sai nt Thomas. 25.xi.1966, Tallia-Muncie ( I 0'. USNM): intercepted on 

plane from SI. Kitts. lI.x.I962 ( I d', USNM): Frenchman Bay Estate, a I and 25.v. 1978, 09.ix.1978, 10 and 

12.x.1978. M. Ivie (3 ~. MTEC): College of the VI.. M. Ivie (I ~ , MTEC). Buck Island ReefN.M., FIT, 340' , Z. 

Hillis (I ~. MTEC). TORTOLA: 18- 19.viii.1982. R.S. Miller (I ~ , MTEC). SAINT CROIX: 9.iv.1995. E. 

McCord. 75-6587 ( I ~ , USNM). UNlTED STATES: Florida. Collier Co. , Seminole State Park, 28.xii.1978, S.A. 

REVIEW OF HOPLOCNEILOMA ZOOIQXQ 2806 © 2011 Magnolia Press 21 

Marshall ( I d'. DEBU); Miami via San Juan, PR and Camaguey. Cuba. ex plane. 14.ii.1946 ( I d'. USNM): Royal 

Palm Park, 22.iv.1930, 28.iv.1930. A.L. Melander (I ~ , I d' USNM): 

Comments. f-Ioplocheiloma totliana is apparently widespread in the Caribbean basin, probably secondarily so 
bccause of synanthropic habits (it is associated with human dung and has twice been intercepted in airplanes). The 
orange body combined with the distinctive wing venation (a fat discal band between similar narrow stigmata I and 
preapical bands) render it distinctive despite considerable variation in size and thoracic chaetotaxy. Hcnnig (1935) 

recorded this species (as H. Jasciata) from Florida. Cuba. Jamaica and Brazil, with the latter record based on one 

specimen from the Winthem collection (Vienna). I have been unable to relocate that specimen and all recent 

records of H. IOlliana are Caribbean. 

Species excluded from Hoplocheiloma 

Hoplocheiloma macropyga (Frey) 

Hennig treated Gymnosphen Frey. a monotypic genus erected for G. macropyga Frey, as a synonym of Hoplochei

lama because he considered the generic descriptions used by Frey fo r Gymnosphen and by Cresson for Hoplochei

loma to be the same. In fact. the only reliable diagnostic featu re for the genus (the clypeal setae) is not mentioned in 

Frey's description of Gymno::,phen, and Hennig apparently did not see the type of Frey's species. He provides nei

ther diagnosis nor comments on the species. merely citing Frey and apparcntly including the species in his key to 
species on thc basis of Frey's description. 

Gymnosphen macropyga was described on the basis ofa unique specimen from Brazil, deposited in the Finnish 

Natuml History Museum, Helsinki. Photographs of the holotype. kindly provided by Dr. G Stahls. show very 

clearly that the clypeus lacks setae. This species is provisionally moved to Calosphen pending review of the Rain

ieria/Calosphen group of genera. 
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