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10 Timber Trail
Rye, NY
Dear Henry:

Apologies for the lateness of this report. As you know, we were in China until 8 May and
didn’t get back to Rhode Island until late June. The two-plus year China project is completed and I
have been able to refocus on Guana.

Our month in 2006 was early, as in 2005. Without that last week of October we get less
zood stuff -- especially insects and migrating birds. We are happy to be rescheduled for all October
in 2007

Here is a sketch of what follows:

Cover Story - The second New World record for this big dragontly and a record year for all

Odonata. More details and an annotated list of all the species appears betow
Birds - Another excellent season for the Boal team with rare residents like the Virgin Islands Yellow

Warbler and rare migrants like the Black-throated Warbler ....................... ... p.2

Turtle - Just like the introduced "red-eared slider" of the universal pet trade, but now a Tortola
TESIANL. ... o p. 15

Stout Iguana - Are Guana’s bigger and faster growing? Looks that way. Can we ever prove the

geographic origin of iguana bones? Dr. Sam Turvey hasaplan .................... p. 17
Grass Anole - Nectivory published ... ... . e, DTS p. 30
Comparison to Little St. James, USVI ... p. 31

A Jéz’cyzf[.ﬁ?t Avrn 7&3/'{%?/ (7)0/#0/'(2/1‘0@ e Gontribotions Tar-deductible: - SRS 05 ~-O592995



I'he Common Snake - Aquatic activity . S A

Ceneral natural history . . . L n 3o
Canmbalbisn .0 . O o I =
Conservation of BVI Amphibians and Reptiles .. .. . . ... . . p 448
Invasive Species ... .. .o e p.OS

Soldier Crab - Often called "hermit crab." which is more northern and aquatic, our big fellows live
onlsland ... ... . ... . . i.....Dp T4

Dragonflies - Our amazing diversity ... ... P TS

Drasophilia Fruit Flies and Wolbachia Bacteria - From out of the past comes a view of cutting

edge high tech research . ... . BSOSO p. 78
Clusiid Fly - Our new species In Context ... oo P 97
Bat Flies and a Bat Bug - A {ollow-up on 2005 bat research: Their ectoparasites ... ... p. 101
New Longhorn Beetle - The list growson ... .. U p. 104
Insects in General - The Valentine Report ... U p. 112
Archeology - The Righter Report ... ... .. . . .. .. p 119

That's it for now. See you in October

All the best,
Sl g

James Lazell. Ph.D.



CovER SToRY

AFRICAN VAGRANT EMPLEROR

No, not [aile Selassie reincarnate, but a magnificent big dragontly
(Henuanax

ephippiger). Jill Silsby, in her book Dragonflics of the World, says: "This
species oceurs throughout Africa, breeding in any suitable water from the
Cape

to the Mediterrancan coast; its movements appear to be complexly related
to

weather systems and seasons. It quite regularly crosses the Mediterranean
into

Lurope and Asia..."

It is the only dragonfly known to have reached leeland. 1owever, there
was

only one lonely record of its ever reaching the New World: One was found
on

Guadcloupe, French West Indies, in January, 2006.

Fred Sibley got the second one on Guana this October. It has made the
rounds

ol experts for verification, and it took this long to be absolutely certain
just what 1t was,

When I wrote the bool, there were ten species of dragonflies and
damselflies

known from Guana. Three of those were only caught by Fred in the weird
El Nino

vear of 1997, and we suspected they had been blown eastward from their
regular

migratory route through the Greater Antilles. Fred got all thrree again this
vear - with no El Nino effect at all. Remind anyone of our miigratory bird

records?
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ORNITHOLOGICAL RESEARCH AND MONITORING ON GUANA ISLAND, BRITISH
VIRGIN ISLANDS: PROJECT REPORT 2006

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

INTRODUCTION

In terms of ornithclogical repoerts, the Virgin Islands, especially the British Virgin Islands
(BVI), have received very little attention compared to the rest of the West Indies (Wiley
2000). Thus, ornithclogical weork on Guana Island makes substantive contributions
toward a better understanding of the Virgin Islands as stop-over habitat for migrant birds
and the basic ecology of Caribbean birds. A key component of the avian research on
Guana Island is the annual mist-netting and banding of neotropical songbirds that
migrate through the Caribbean region during the autumn migration. This activity alone
has increased the scientific understanding of neotropical migrant use of the BVI and led
to documentation of previously unknown migrants in the BVI (McNair et al. 2002, Boal et
al. 2006, Boal and Estabrook 2007).

in the 2005 annual report (Boal 2006), objectives for avian research during the 2006

Science Month on Guana Island were identified as:

« Continuation of annual mist-netting of neotropical migrants.

« Initiation of annual surveys to develop an understanding of bird species distributions
and relative abundances across Guana island, and how these parameters change in
relation to environmental events.

= Continuation of a color-banding program to facilitate an ongoing study of population
ecology of Bananaguits.

e Continuation of a Mangrove Cuckoo study.

All of these objectives were satisfactorily met during the 2006 Science Month. Here |
provide data and discussion of the Results of the 20086 field season, a review of research
productivity stemming frem avian research on Guana Istand, and pians for the 2007
Science Month.

RESULTS AND DISCUSSION

Mist-Nelting

| operated mist-nets from 29 September through 20 October 2006 for a total of 400 net
hours. | captured 209 new birds of 24 species in 2006. This included several
hummingbirds (n = 9) which were released at the point of capture and not banded, and a
Scaly-naped Pigeon {n = 1) for which | did not have the correct band size. | recaptured 9
birds from 2006, and 56 birds banded pnor to 2006. | also captured and euthanized 10
Pearly-eyed Thrashers for stomach contents analysis. Therefore, | captured and
removed 284 birds from nets during the 2006 netting operation (Table 1). This was
considerable fewer hirds, but 3 more species, than the banner year of 2005 during which
| captured of 428 birds. This difference is primarily due to the migrant fallout, which was
huge in 2005 and only slightly better than average in 2006. However, | captured more
birds in 2006 than in 2003 or 2004. My capture rate of 0.71 birds per net hour ir 2006
was the lowest | have experienced since | began mist-netting operations on Guana
Island in 2003 (Table 2), but not unexpected given the inconsistent pattern of migrant
fallouts on the island.
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Compared to 2005, when | banded 176 Blackpall Warblers and 26 Swainson’s
Thrushes, 2006 was not nearly as productive in terms of nectropical migrants. However,
} still captured a large number of Blackpol!l Warblers (n = 63), and some infrequent
migrants such as Hooded Warblers, Black-and-white Warblers, Gray-cheeked Thrush,
and Indigo Buntings. More unusual was the capture of an American Redstart and a
Black-throated Blue Warbler, which are rare on Guana island.

Of substantive interest from an ornithological conservation perspective is my capture of
3 Yellow Warblers. This species had apparently disappeared from Guana island after
1955, was observed once in 1976, and then again but sporadically since 1993 (Lazell
2005) with an active nest found in June 2005 (Lazell, pers. comm.). In addition to the
captures, severa!l individuals were observed in the wooded areas around the flat and sait
pond. However, it remained unknown as to the residency status of the species on
Guana Island. Based on wing measurements, the Yellow Warblers captured were the
Caribbean resident form {Dendroica petechia cruziana) and not the North American
continental form and migrant (D. p. petechia). | suspect they are resident to Guana
Isiand and are again present as a breeding bird.

An item for consideration is the timing of bird captures during mist-netting activities.
Science month has been starting during the last 8-10 days of September and ending
approximately 20-23 October. When examining 2005 and 2006, two of the biggest years
in terms of number of migrants, it becomes apparent that migrants do not start arriving in
any substantial numbers until after the 15" of October. n fact, over 80% of neotropical
migrants captured where captured during the 16-20 of October (Fig. 1). This is not an
artifact of when the nets are open, we are engaged in mist-netting throughout Science
Month. Efforts toward capturing neotropical migrants wouid be facilitated by shifting
Science Month into late October. Given the past schedules, | suspect the majority of
migrants arnved after Science Month was not completed.

Surveys

In 2006 i initiated an island wide bird survey that | anticipate conducting annually. This
is important in documenting changes in species abundance and distribution over time.
The methodological approach was a replication of that used by Arendt (1995) and
Wunderle (2001) during previous surveys on Guana Island. The only difference is that
there are no permanent records of their survey points, so neither survey can be exactly
replicated. Instead, | developed 53 survey points assorted among dry forest, ghut forest,
the hotel area and the flat. To facilitate time efficiency, | followed Wunderle's (2001)
example and used the existing trail system to assign survey points. | conducted surveys
along the Pyramid, Snake Transect, Lao Wei Ping, Long Man Point, Monkey Point, and
Sugar Loaf trails, and in the vicinity of the Hotel and the Flat.

| found both simitarities and differences among surveys of 1994 (Arendt 1995), 2001
(Wunderle 2001) and my surveys (Table 3). Whereas Arendt (1895) and Wunderle
{2001) detected similar numbers of Scaly-naped Pigeons and Bridled Quail-doves, |
found more of the former and none of the latter. It is important to note, however, that |
believe Bridled Quail-doves were generally abundant in 2006, as | saw them in several
locations. However, they were not calling or visually detected during surveys. In
contrast, Arendt {1985) found more Common Ground-doves and Zenaida Doves than
did | or Wunderle (2001). Arendt {1995} also detected mare crested hummingbirds than
Wunderle (2001) or myself, and | detected far fewer caribs. However, | detected several
hummingbirds that | could not identify; when | pooled all hummingbirds, the detection
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rate was simitar to that of Arendt (19895) and Wunderie (2001) for caribs. | suspect there
was not a real difference in detection of hummingbirds, anly in my ability to discern their
identity by sound.

An item of potential concern is the status of Caribbean Elaenias. Arendt (1995) detected
0.43 per 25m survey plot in 1994. Seven years later, Wunderte (2001) detected only
0.23 per 25m plot in 2001, and five years later in 2006, | detected only 0.08 per 25m
plot. Detections may be influenced by activity such as breeding and territoriality, which
may have varied among survey years. Stiil, this species is not difficuit to detect, and |
and my assistants observed very few elaenias during our other research activities. Due
to the dramatic decrease in detections, | will place special emphasis on evaluating
elaenias during the next field season to better assess any changes in population.

On a positive note, Guana Island had an incredible number of White-cheeked Pintails
this year. Although numbers have been increasing each year, it was surprising to count
84 individuals one afternoon. Similarly, but iess quantitatively, the Bridled Quail-doves
appear to be doing well. Although they were not calling, we had numerous visual
detections, especially in the vicinity of the workshop where | counted 7 one morning. |
also encountered a flock of at least 4 near Sugar Loaf peak.

The two most common birds on Guana Island are probably the Pearly-eyed Thrasher
and the Bananaquit. My thrasher detections were lower and Bananaquit detections
were higher than previous surveys (Table 3). Even though detections of thrashers were
low compared to previous surveys, more thrashers were mist-netted in 2006 than in the
3 previous years. | suspect Bananaquit detections are a reasonably accurate
representation of reality; Bananaquits were quite abundant in general in 2008. These
data, however, are indicative of the potential variability of conducting bird surveys in the
tropics. During breeding periods, many species are more vocal and active and, hence,
more easily detected. Most of these species breed year-round but breeding is related to
rainfall patterns. Thus, variability in detections may be related to vagaries of local
climate patterns rather than a real change in populations. | anticipate attempting to build
in weather variables, and breeding information for future modeling of population trends
based on survey data.

Bananaquit Demography

Similar to previous years, the most commonly captured resident bird species was the
Bananaquit, both in terms of new captures (n = 63) and recaptures of birds banded in
previous years {Table 1). | am currently examining patterns of annual survival based on
mark-recapture analysis, and annual variation in age and sex composition of the
Bananaquit population on Guana Island. These parameters will be included in a model
examining the influences of weather patterns on the Bananaquit population. To expand
on this, | am also investigating behavioral ecology and dispersal of the species. To do
this, | banded 69 Bananaquits in 2005 with color bands, and another 40 Bananaquits in
2006. This involves placing a silver metal band on one leg and a combination of two
plastic colored bands on the other leg (Fig. 2). This allows the identification of
individuals without having to recapture them, and allows identification of mated pairs of
birds and breeding territories, pair and site fidelity over time, and dispersal across the
island.

The Bananaquit can be viewed as a representative of other island resident bird species,
and information | collect and resuiting analysis may be extrapolated to those other
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species and, possibly, other islands. These are important data in context of assessing
the probable impacts of global climate change.

Mangrove Cuckoo Ecology

The lead field investigator for this project is Tracy S. Estabrook (M.S.). The Mangrove
Cuckoo is one of the least-studied North American birds and baseline population
estimates and habitat requirements have beer identified as among the most important
research needs for the species. In 2005 we initiated a standardized call-playback survey
along trails on Guana to establish baseline information on minimum number of individual
cuckoos, pairs, and/or family groups present. A call-playback survey consists of
broadcasting the cali of the species over a loudspeaker. If an individual of the species is
present, it may interpret the broadcast as the vocalization of a territorial intruder, and
respond by approaching the surveyor while caliing in response.

We established survey points ~100 m apart along established trails on Guana Island. At
each survey point we played a pre-recorded Mangrove Cuckoo vocalization 3 times,
spaced 1 minute apart, and recorded number, estimated distance, and estimated
compass direction of visual and audio responses from Mangrove Cuckoos in the area.

In 2006, we surveyed 110 points for Mangrove Cuckoos between 27 September and 20
October. We modified the survey points from 2005 by dropping 12 points and adding 18
new points on new routes to better survey the island. We obtained responses from
cuckoos at 35 (32%) of survey points. We had 7 points in which we could not be certain
the responding cuckoo was not the same bird from a previous point. We will attempt to
resolve this detection issue in 2007. Additionally, at 13 of the 35 points (37%) in which
cuckoos responded, muitiple cuckoos were detected. At one point, there were at ieast 8
cuckoos detected. It remains unknown if these were multiple unrelated individuals,
adjacent pairs, of adjacent family groups responding.

On 16 October we had the opportunity to conduct surveys on Necker Istand. We
conducted broadcast surveys at 12 points and obtained responses at 4 points (33%).
However, at two points we could not be certain that the responding bird was a new
detection and not the same bird from a previous point. Also, we detected no more than
one cuckoo at any point.

In subsequent field seasons we hope to refine this technigue to establish a more robust
survey protocot and distnbution data set, and repeat surveys to record potential changes
in Mangrove Cuckoo numbers and distribution on Guana Island over time. We
anticipate expanding these surveys to other islands in the BVi. The relevancy of this
study, in addition to acquinng basic biological information for the species, is the utility of
it as a tool for conservation of Mangrove Cuckoos. The species is suspected of being
substantially impacted by habitat loss and degradation due to conversion of low lying
vegetation areas on islands o urbanization, resorts, and agricuitural production.
Refinement of our survey protocol may enable detection, monitoring, and enhanced
conservation of Mangrove Cuckoos not just in the Caribbean, but in coastal areas of
North America.

Project Productivity

Avian research is of little value if not made available to both the scientific community and
the general public. Since engaging in avian research on Guana Island in 2003, | and my
colleagues have attempted to make our research on Guana Island available to the
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broader scientific and lay audiences. To dale, 3 manuscripts have been published or
are submitted, and 5 presentations have been made. Oiher papers and presentations
are anticipated as existing data are analyzed and new data are collected.

Publications

Boal, CW., 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. Wifson Journal of Omithology 118:218-224.

Boal, C.W., and T.S. Estabrook. 2007. Occurrence and condition of migrant Swainson's
Thrushes in the British Virgin Islands. Wilson Joumnal of Ornithology: In Press

Boal. C.W., B. Dankwa-Wiredu, J. Goldfarb, K. MacDocnald, J. Owen, L. Smythe, J. Tsai,
and G. Perry. Pearly-eyed thrasher and Anolis lizard population densities and
association with vegetation communities on Guana Island, BVI. /n revision.

Boal, C.W. Nest defense of Antillean Crested Hummingbird toward Anolis lizards.
Submitted — Caribbean Journal of Omithology

Boal, C.W. Nest attendance by Antillean Crested Hummingbird. /n prep.

Presentations:

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

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

Boai, C.W. 2006. New bird species in the British Virgin Islands: evidence for migration
pattern changes? H. Levity Stoutt Community College, Roadtown, Tortola,
Bntish Virgin Islands.

Estabrook, T.S. 2005. Mangrove Cuckoos: where the heck are they and what the heck
are they doing? H. Levity Stoutt Community College, Roadtown, Tortola, British
Virgin lslands.

FUTURE WORK
Avian study during Science Month in 2007 will essentiaiiy be continuation of the current
projects. These are:

1. Operation of the banding station to monitor species diversity and abundance of
Neotropical Migrant land birds using Guana Island during fall migration.

2. Conduct point count surveys at established locations to develop an
understanding of species distribution and abundances across Guana island, and
how these parameters change in relation to climate patterns.

3. Continuation of the color-banding mark-recapture program with Bananaquits.

4. Continuation, and possible expansion, of the Mangrove Cuckoo study.
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Table 1. Species captured, new captures, and recaptures of birds on Guana Island,
British Virgin lslands, 29 Sepiember — 20 October 2006.

pecies

American Kestrel
Yellow-billed Cuckoo
Common Ground-dove
Scaley-naped Pigeon™
Green-throated Carib**

Antillean Crested Hummingbird**

Gray Kingbird
Caribbean Elaenia
Pearly-eyed Thrasher
Gray-cheeked Thrush
Red-eyed Vireo

Indigo Bunting

QOvenbird

Bananaquit

American Redstart
Blackpoll Warbler
Black-throated Blue Warbler
Black-and-white Warbier
Hooded Warbler

Prairie Warbler

Yellow Warbler
Black-faced Grassqut
Barn Swallow

Belted Kingfisher

Totals

New Recaptures
captures of 2006
in 2006 birds

219

OO 200 20000000 0NMNOOOO0OQ0C—=0O

9

Recaptures of

pre-2006 Total
birds* birds
0 1
0 4
0 2
0 1
0 8
0 1
1 2
0 2
6 45
0 1
0 1
0 3
0 1
39 106
0 1
0 63
0 1
0 3
0 4
0 1
0 3
10 28
0 1
0 1
56 284

* May include muitiple recaptures of the same individuals.

** Not banded

Table 2. Comparison of mist-netting effort and capture rates at the Guana Island field
site, British Virgin Islands, 2003-2006.

Year Net hrs.
2003 184
2004 218
2005 403
2006 400

Birds
Captured

185
168
428
284

Birds
/net hr.

1.00
0.80
1.10
0.71

Species
Captured

25
20
21
24

O
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90 | OMigrant 2005

80  @Resident 2005
70| @ Migrant 2006

60 m Resident 2006
50
40
30
20
10

Percent Net Captures

1-5* 6-10 11-15 16-20
Days in October

Figure 1. Proportion of Migrant and Resident birds captured by 5 day intervals in
October of 2005 and 2006. Figure demonstrates most migrants do not start arriving until
the middle of October. *September 29 is included in days 1-5 for 2006.

Figure 2. Color-banded Bananaquit, identified as Silver - Red Yellow or, X-RY.

10
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DEVELOPMENT OF A NESTLING ANTILLEAN CRESTED HUMMINGBIRD

Iin 2006, many people on Guana Island enjoyed watching an Antilean Crested
Hummingbird raise a nestling in front of the White Bay Beach House. This is a selection
of images of different growth stages of nestling. Top left is approximately 1 day old.
Bottom right is at 20 days old and was taken the day the nestling fledged. For size
perspective, the inside of the nest cup is 3cm (just over 1 inch) across.

[



The red-earcd slider, Trachemys scripta elegans, in the British
Virgin Islands

Gad Perry' 2, Jennifer L. Owen', Clive Petrovic?, James Lazell*, Jim Egclhoff?
y g

"Department of Natural Resource Management, Texas Tech University,

Box 42125, Lubbaock, Texas 79409-2125, USA
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TH. Lavity Stoutt Commmunity College, Tortola, British Virgin Islands

PThe Conservation Agency, 6 Swinburne S, Jamestawn, Rhode Island 02635, USA
TRV Pest Control, PO, Box 1109, Virgin Gorda, BV

Key data, Trechemys scripra elegans, Einydiday; red-cared slider; population; British Virgin Isfands.
Tortola; Road Town: pond in JR. Q'Neal Botanic Gardens (18725738"N, 64°37°22"W); 21 Qc-
tober 2003; collected by Fred Sibley; MCZ RI83688. Virgin Gorda; Spanish Town (18726'41"N
G4726'237W); 28 Octoher 2004, collected by Jinn Egelholl, MCZ RE84120. Both verilied by Joe
Martinez. Museum of Comparative Zoology, [Tarvard University.

These are the first records of this widely-distributed species from the British Virgin
[slands (BVI). The pond at the J. R, O’Neal Botanic Gardens in Road Town,

Tortola (<100 m”, <| m depth), was constructed in the early [980s. It is onc of

the few permunent bedies of fresh water in the BVE Adult sliders were first noted
there soun afler construction was completed, and excavations and nests were first
observed in the vegetation surrounding the pond in the mid-1990s. Hatehlings were
first sighted and captured in 1998, and the population grew to [5-20 adults by the
late 1990s (Arona DeWindt, pers. com.). Seining of the pond in 2003 produced 12
adults and approximately 20 juveniles. This indicates the presence of an established,
reproducing population on Tortola. Additional capture cfforts produced further
adults and juveniles in July and Qclober 2004, but were not sufficient to eradicate
the population. A sccond specics of freshwater turtle, Pseudemys nelsoni, has also
been found in the same pond (Owen et al., 2006).

Trachemys s. elegans has been introduced around the world, including the
Caribbean, as a result of its prevalence in the pet trade (Lever, 2003, Emer, 2004).
Staff at the O'Neal Botanic Gardens observe visitors releasing turtles into the pond
several times per year (A, DeWindt, pers. com.), and the chiefl source of these
animals is presumably the pet trade (the two pet stores on Tortola report importing

1 Koninklizke Brill NV, Leiden, 2007 APPLIED HERPETOLOGY 4 83-89
Also available online - www.brill.nliah
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baby sliders for at least the past 20 years). In addition o dircct releases by owners, al
least 10 turtles donated to the Humane Society on Tortola in recent vears have been
released at the Gardens (Tessa Gunter, pers. cont.; itis alse reponted that sliders are
accasionally “rcleased” into the sca).

No additional breeding populations are known from the BVI, and few suitable
habitats exist. The Virgin Garda specimen does not appeir to be part of a population,
but rather an cscaped pet. It might have originated on Tortola, cither bought at
a pet store or from the O'Neal Botanic Gardens, whose staff report that visitors
occasionally capture and remove juveniles, presumably for pets. At least one of
these is known to have escaped elsewhere on Tortola (A, DeWindt, pers. com.).
Additional turtles originating in pet stores in the British and US Virgin Islands
have been released on Jost Van Dyke, according to multiple residents mterviewed
in 2006, Unconfirmed reports of “pond turtles™ at the concrete freshwater retention
ponds near the airport at Beef Island probably reflect the presence of this species
there us well. We expect further spread into agricultural ponds and other artificial
waler bodics to eventually take place. However, scarcity of suitable habitat will
likely restrict range expansion of this specics in the BVI. Ecological impacts remain
unstudicd, bat are likely to be small because of the localized nature of the invasion
and the artificial nature of the habitat.

Acknowledgements., Financial support for this work was provided by The Con-
servation Agency through a grant from the Falconwood l'oundation, This s man-
useript T-9-1028 of the College of Agriculiral Sciences and Natural Resources,
Texas Tech University.
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Abstract-The stont iguana, Crefara pingwds (adso Known as the Anegaey iguana). survises
only in the British Virgin Islands and the total popualation is believed o bhe about 200
individuals, The sole renaining natueal population. on Ancgada. is declining in both numbers
and arey inhabited. Several extra-limital populations have been established. and here we
report on body size and timing of cga-laving in the Guana Island population. which is
thriving. Fge laving occurs in June and Jualye and hatehlings emerge in September and
October. For hatehlings, mean snont-vent fength was 198 mm. mean undamaged tail tength
was 197 mm oand mean mass owas 60 20 Growth ol hatehlings is rapid. Overall. the
relationship hetween log mass and log hody length is statistically significant. Comparison to
data published for Anceada animals shows that izuanas of similar length weigh more on
Ganna. snegesting possible food limitation in the Anegada population. Until progress is made
towards establishing a national park on Anegada, reintroduced populations, such as the one
on Guanmi constitute a critically importint precautionary measure Tor Cyelura pingis.
Morcover, we stronely recommend enhancing the Guana gene pool,

Keywords.--Caonservation. British Virgin Ishands, tizard, Iguanidae, Guana Island
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A mvanas ol the eenus Cvediea are constderad threeatened or enduneered upder the Warld
Copservation Umon (157CN) Red Listernteras Suli most remam poorly studied (Atheris, 2000
Pl stostt g O gt Galso knoswn as the Ancgada junanad, 1s thought to have oremally
inhabited the entire Gieater Puerto-Rico Bank (Preall, 198 ] Lazell, 2002, 2005), Today. however,

-
Al

the specres survives auly o the British Nirgin Ishmds (B Binos, 200300 U nnl recentls s the only
surv iving popration existed on the islad of Anceada gapproximately 38 k) where introduced
herbivores. feral predators, and imcreasimg development greatly degraded conditions for the species
and catied aomgor population dechine (Carev, 19750 Ntchell 1999 Tazell 20021 Beeause the
species 15 o rares one dati are considerably less extensive than we would Tike Unfortunately,
snnlar probleas plague nmy species of Cartbbean tzaanis (coge Nhitehell et all 2002 for ¢
corieda 1 the Turks and Cancos),

After review me the cinrent situation i the wild, Lemm et al (2005) concluded that
conditions sty an ex-siu conseryaton progran s ssafeeuard agionst extinetion” for s
species Over the st twonty vears, O pingras has been anstocated to anumber of isTands i the
BAT fhazell 200201 Lazell uimpubl data). Of the translocated populations. the one on Guana
Ishand faos becen best stndied (eae Groodyear and Lazell 19940 Nitehell 19990 Perry et al., 2003)
and appears w be fourishing (Mitchelll 20007 Perry wnd Mitcheil, 20033 The population on Necker
Ishand 15 also expanding (Lazell 2600, Binns, 2003) However. the other reintroductions are (oo
recent for proper evaluation. Conservation elforts also mclude o headstarting facihity on Anegadi,
whiceh has Tately released 24 mdividuals back imto the wild (Binns, 2003 Bradley, 2004).

With onlvabout 250 mdividuals thought to remain o all extint wild populations, O prngiis
Is constdered erineally endangered (Alberts, 2000, 2604: Hudson and Alberts. 2004). The Ancgada
poptilation appears to be shrimking both i numbers and in geographic scope on the island (Grerber,

20041 This severe threat W the species” survival demands that detailed mlormation about its
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Padacy be shinned wbnplement successIul cotservation and restoratiog ¢llors. However, th
st nomber o renraning wimals wakes obtgnine sucloiiormarion diffiealt. especially on
Anezada where only o few [ree-ranging mdividuals remain, Probably the densest extant populaticon.
mimbering about 100 dividuals (Perry and Mitchiell 2003) imud conmmon enouch soch that 101s
Both Frequent by observed and veintegrated into the food chuing s the one restored o Guana BsTaid
CLeNermnge and Perry, 2003 Perry et al, 20030 TTowever little ts knawa ahout the T history of
thiseriucally endungered species anywhere, including Guana slancd. We Begim addressing this Lk
ol data by reportng on tinnng ol reproduction and body sizes two important aspects of the oo
of O pirzros on Cioana [shind,

Dt on tone of breeding activitios were taken fronn asurvey of the Hierature (see helow)
and mtervicws swoth BV T residentss Body size measuraments were obtaimed from systemabe
collection ¢forts conducted i October of 2003 and 20040 We sury eved the islimd on foot and wits
aovehivie and. using nooses, allempled (o capdure every tguana stelted, Captlure suceess was higl

for hatchilmes 73" of sighted wnnmals) bot mauch fower for adults ¢ 23900, Captored annnals
were measuied tsnout vent leneth [SN ] and il Tength [ TT] 1o the nearest nom. wetghed (Toy
hatchlimese - 1 gousine a Pesolscale: for adults, - 100 g, using & Pesola scale or the change
werght reported by o buthroony seale when an indsvidual pieked up the animal)., PIT tagged (ANID
[dentiication Systems e, Norco, CALUSAL and released at the site of caplure. Not ali
mcisurenents were obtmned for all mdividuals, Anumal-related procedures were caed out under
Texas Teeh Uhnversiy ACUC pormit 05006-01. Staustical analvses were conducied i SPSS usnig
two-taied probabilities, Whenever comparisons seere conducted betwean muasares representing
different dimensionality (e mass vs, lengthy, o dog transformation was used o lincanze the data.
Published data on timing ol repreduction i O pingnds are sparse bul consistent in twe

respects: oviposition ocetrs i June and Tuly and coes are deposited msandy arcas. On Guana.

20



A T2V LSS e e s sasiTre Al e Lt L awd o LAY Cermtde 1 Lbbe Ty whiched
B 0 20005 reporiedd il sepng Jennides were heas v cmsd in ate Tuly of 20020 Napart e the
st g Cllorts on Saiewdi, nests e located every sear indune aned duls(Gierber, 2000,

P thagion one G [shiond appears 1o take abont three months: sath hatchhnes appearmz i late
Sepember oy Octoher mul rapudiy dispersing into the higher ¢levations in the center oo the s
Foaveekha amd o Rrans (ers cont b found goama ezes that had been acerdentadly digs ap o Hie
o Island beach i Ll Sepiember or October 19910 These hatched three davs later. Rooe
Nudfer olso teports a larae nomber of hatehlmeshesng scon i fate Septermberol 2004, Our own
observanons wdeate that the prevalence of recently=latehed hatchlimgs on G oceurs m lute
Septeniher and Octaher of mast vears Flatehing on Anceada adso oceurs at that e (Gieiber.
20045 e e hase been nasighbnes of hatehling on Guama at any ather time of the vear.

In 2003 we ehtined bods sz data for 29 hatehlings and four adults, Data collected in
200 e dneded ES el and two aduliss one ofwhich was previoushy captared 1 2003, In
2003 we captyrad 13 oew hotehibinzs on Guana and recaptured s adull previousty measurad i
SIS e 200 N e hatellima SN swas TS non (81 TSm0 390 mean imeinaged 1l

lenth swas 197 i (S 29 mne N 25, and mcan mass was 00 ¢ (S1Y = 283 60 N 320, Lo

L

s sl copplere Lol SV L smd il Tength were directty velated (hnear regpession: Ll Jeneth
PAR0 A4SV LR 320N 20 008y OF the ammrads Tor which il measuramens
extsl Ll domage consisting of mssing tps Cheure 1y was noted  theees a rate comparable to tia
st o Ancgada (Gerher 20000400 Deerson ot al,, 2004, Table 13.8),

e relnonship between SV and mass was positve md sigmBicant Tor Cluang annmals
Clrsnre 20 soperes sl rearession e loear regresston: loetmass) <3213 © 2.340%log(S\ ), R

DO3N AL nan L Comparmye conrent Gruana size data to those eolleeted by Carey (1973

ard Mchell (1999 op Anecmda (henre 20 shows that the difference hetween the three stidies m

Al



s mnms el s stats=healiy st EANCON A ol Tes-translomied ddull
ottt s oot [preesant sty e Coart: Carex, 1973 and YHchedl 19899 o
Mcesilf b o SNV ] os the covanates B 43450 0 100200 Guana aonmals reacl sl
prisa =t shorter SV d Anewada antoads did oot Gve asowet! oyt Tate 19805 as thes dad e
decades carlier. Pus supports the s jow of Cargs CTH7S) and Matelell (1999 that Anegada 1gigings
e ronn toond laotatien dor o Tane period amd thian e condition ol Anezada animals
deterrated between the T900s (Carey. 19737 ad the Tae T9S0s (N tehell 1999),

Pt i Knosw ncabout arowth vates o the cenus Cvedera (versom et all, 200400 On Guana.
[Gitedthine SV E soas sicsiTeanthy and posiuvely eorrelated wath capruare date. The difference
Petween vears thivnre 3y was not statishcally sigmficant CANCON N of SNTOwoth vear as random
Fctarannd dhey soee swork began that vear as covintate: dave I o0 S3960p 0 00240 vear: |-
2ufiop Ay These s steeest that crowth occurred cvonwithin the relatis ey brief
saliplimie poeriod avarlable soous, However, the dali do pot imake it possible Lo estimate row il il
T el debonds s cach ol was ondy weasured once. A lincar regression of SV on din
mcasired prodieed o hehlv st ieant ot weakly predictive relationship (RT 020N S0 p
0T Baoth this and the reseression equation (SVE 102,60 - 438" dayv) sugeesy tha hatehiline:
srove v gliost O et day, Youne O pgus are Rnown Lo Face predation Trom feril cats
EVhchel L 20m0 0 spakees, d hivds (e ering and Porrye 2005) and may therelore e Jow
sty ol (vhiteheld 1999y Rapid wrowtly hias thos elear benedits and s 1o be expeeted af this
carly stiee. Data for captive animals edd me o beadstarting facility on Tatile Thateh Island provide
sonte ashdmional marzht Between October 2003 and 2004, one ammad] grew from 122 nun SV ond
s o T30 e 240 20 By Octaber 200310 measured 200 mm SN Toand 388 o From 2004 1o
2005 one fenmale fhadcled 1 2004 on Griana) grews from 02 nnm and 48 o to T30 o aned 169

anotlier ghatehed in 200% su Neckery crew from A2 mm and 129 2o 154 mm and 190 20 amd o
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ol tse b 200 e Cernab aress froro O o el 3002 400 Babagng il e The ale
il s ety bas @ repeated micasdremients s free-randing sulih feniile. mcasured at 370
SNV 2003 punsebnatele woih no dateony seiehit), 380 pma and 3000 wan 2004, ol 422
e meh 330000 g 2005 This syuocsts that females ofthat size rimgeare approaching the growih
asuinptale {Sumps cead o 190 perhaps as g resalt of most eneres bepmg msested 1 ey
oo

st captive Bushandiy ol € pragasc s Timallv enjosine modest suceess (Ro Dudsoc
pets e, bamm et ab, 2008y and the headstasting progrim on Ancgada has become successiut in
rbsie eeleasable animots tGerher, 2003y sorth Tiel survival rates (K. Bradley, pers. cont b Al e
sttt vume, there s heen Nittle progress mrestablishing protected habitat for €0 pengeds on Ancead)
CNTtchell et bl 2002y andacuana hobitat appears o be shrinking from ongomye dearadation by foval
v estoek (Cerher, 20040 Uinted progress (5 made i establishing o pational park on Anceada
retmbrealuced populatins, such as the one on Guana, funetion as erically impartan safery nets for
i spoeres Towever, all Cuma Istand tenanas are descended from only ciaht individuals ol cil
2002y and orher remeoduced populimions formn o subset of that already-hmited cenetie stock.
Pespate the Brdies of app ond Malone (200350 who Tound that a translocated population ol €

cve i tnoriet s dotie weelbdespite havime ongimated from ciehi foanders, we stronuy

oo med enlimerne the sene ool

A bencdeifaigear - We thank the sttt ol Guana Ishaned especially Lanford Cooper and Ruver
Nller fortechnical assi=tance. Tenry and Gloria Jarecki kindly allowed us sccess to G Island.
Ribehand Branson to NecRer Tshnil, wnd John and Sl Mavnard to Littke Thateh. A number of

poopiesespectaliy Clint Boal and Jacob Goldrarh, were helptud in capturing toaanas, A lisen
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Date Sent:. Friday, February 02, 2007 8:44 AM

i ’ ¥

L .,%yi'bm; "Samuel Turvey" <Samuel. Turvey@ioz.ac.uk>
d |, 3

r . To: wenhua

"

‘Subject: FWD: V_irgin Island iguanas

Hi Skip,

Sorry for not replying to your e-mails sconer — hope that things are going weli with you in China (and
that you're witnessing fewer large-scale extinction events than | was forced to on my recent trip).
Below is a message which |'ve just sent to Wolfgang Mueller, a stable isolope researcher based al
Royal Holloway, University of London, who does a lot of research on using stable isotopes to
ascertain geographical distributions and former migrations (he worked on Otzi the Iceman, for
example). Fingers crossed that we could do a really interesting project about pre-human iguana
distribution. ..

Cheers,
Sam

. Or Samuel Turvey

Institute of Zoology,
Zoological Society of London,
Regent's Park,

* London NW1 4RY

UK

----- Original Message-----
From: Samuel Turvey

Sent: 02 February 2007 13:42
To: 'w.mueller@gl.rhul.ac.uk'
Subject: Virgin Island iguanas

Dear Wolfgang,

lan Barnes tells me that he's talked to you about my suggestions for a research project looking at pre-
human iguana distribution in the Virgin Islands. The story is that today, Critically Endangered stout
iguanas (Cyclura pinguis) are only found on Anegada Island, a low-lying limestone island situated at
the easternmoslt end of the Virgin Islands. However, iguana remains referrable to this species have

' also been reported in quite large numbers from archaeological sites on other, geologically different

' islands further west in the Virgin Islands (e.g. St Thomas, St. John, Guana). Over the past few years,
. conservationists have carried out a successful series of translocations of iguanas from Anegada lo
various people suggesting that these translocationis don't represent re-introductions to areas of their
former range, but instead introductions to ecolegiizally unsuitable regions where the animals won't be
. able to persist. These critics suggest that the zoo.archaeological iguana remains present on many of
these islands might represent animals which were2 brought over from Anegada for Amerindian feasts,
" meaning that these islands don't in fact represent parls of thetr former range. My idea is, presumably
the stable isotopic composition of iguana material from different islands with different geologies would
reflect whether they had lived on these islands ail their lives, or whether they'd been transferred from
one island to another for food?

| was wondering whether you would be interested in exploring these questions as a slable isolope
research project? | should be able to access iguana samples from archaeoclogical sites fairly easily,
and should also be able to get hold of a few specimens from Anegada !sland which are in US
museum collections. Please let me know what youir thoughts are on this — | would be extremely
interested in using the stable isotope approach to investigate the prehistoric accurrence of these
endanegred animals to inform their appropriate conservation management.

Many thanks in advance,
Sam Turvey
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ANOLIS PULCHELLES (Grass Anole). NECTIVORY., Nectar
[eeding has previously been reported in anoes (e.o., Liner 1996,
Herpetol, Rew. 27:780. Perry and Laeedl 11997, Herpetol. Rey,
2R A0 8 growed that, though episodic, it is more common that
sy thought, and recent reports ¢ Camnplsel] 2000, Herpetal, Rev.
31:239; Fehwernachtetal. 2000, Herpetel, Rev. 31:173: Rios-Lopez,
2004, Herpetal, Reve 353500 Townsend 2004, Herpetol, Rev,
3514 1=142 support that view, Here we repost on another such
Cise,

On the afterncon o1 24 September 2005, we observed on udult
(ca. 4.5 cm SYLy made Anodis pulichellus hicking at o button-like
structere near the base of the leal of a small Lewcaena Teweocephala
tree {Lepuminosae )l The lizard was about 1y above the ground
und e behavior continued for about o manue, Although nectar
was 1ot upparent 1o the nuked eve, these structures wre known to
be extrufloral nectaries (Minu 1991, Acta Botapica Indica 19:49-
40

This s Bt the second report of lizards using extrafioral necta-
ries: the first 1R10s-Lapez 2004, Herpetol. Rev, 35:386) ocourmed
inu clesely relawed lizard specees of similar stze that also ocours
an the Puerto Rico bunk, Anoles also cocasienully engape in out-
right herbivoryie.e., Lazell and Mitchell 1998, Hempetol Rex. 29
2370, and episodic nectivary also oceurs in other lizard chades je.y..
Perry und Ritter 1999, Hempetol, Rev. 3001660 67y,

Suppun for this project was provided by The Conservabon
Agzeney iand Texas Tech University, This is manuseript T-9-1082
of the College of Agriculiural Seiences and Natural Resource Man-
apement, Texas Tech University.,
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Are anoles on Little St. James different than on Guana?

Prepared by Gad Perry, Texas Tech University
June 2007

The Virgin Islands offer a unique laboratory in which to study the evolution of animals
because they were united in a single landmass until a few thousand years ago, when rising sea
level separated the current islands from one another. Different islands became separated at
different times, and experienced different selection regimes following this isolation. I have long
becn interested in looking at the relatedness of island populations at the genctic level. and how
this genetic relatedness translates into ecological, physiological, and behavioral diffcrences.

Past visits to Little St. James (1.SJ) have identified a number of questions within this
broad area of inquiry. For example, the ground lizards of 1.SJ appear different in size and
coloration trom those commonly encountered in the BVI, even though they supposedly belong to
the same species. In 2006, we had an opportunity to begin addressing some of these questions. A
team of four visited LSJ and conducted work that tied in with ongoing work in the BVI and
elsewhere in the USVI, The team consisted of Dr. Jonathan Losos (Professor and Curator,
Muscum of Comparative Zoology, Harvard University), Dr. Kevin De Queiroz
(Curator/Research Zoologist, National Museum of Natural History, Smithsonian Institution), Dr.
Molly Morris (Associate Professor, Biological Sciences, Ohto University), and myself. During
work on other islands we were joined by Dr. Renata Platenberg of the USVI Division of Fish and
Wildlife. The specific questions being addressed all had to do with the Anolis lizards found
throughout the VIs. A general goal was to collect genetic material for future analysis which
would allow us to correlate genetic differentiation at the molecular level with geographic
separation, as determined by the timing of island split events during the sea-level rise that created
the BVI starting some 10,000 years ago. We collected specimens on LSJ, as well as St. Thomas
and St. John in the USVI, and Guana, Norman Island, Carrot Rock, Peter Island, and other BV]
locations. This material is currently awaiting analysis in the Smithsonian,

Another ongoing project of which LSJ data are only a small part invelves examination of
the spread of the agave weevil (Scyphophorus acupunctatus) in the Vls, its impacts on the native
century plant (4gave missionum), and the hoped-for recovery of the plant over time. These data
will also not be presented here. The trip was also used to document the arrival { a number of
invasive reptile and amphibian species on LSJ, a report on which is to appear in Applied
Herpetology within the next few months,

The other questions being addressed are ecological in nature and have to do with how the
unique species composition on LSJ (the saddled anole, Anolis stratulus, common in the Vls, is
missing for reasons we do not understand) affects the species found there. Specifically, we set
out to measure four parameters: perch height (how high above ground lizards are found) and
diameter (how big around is the branch it is on), degree of insolation (how sunny was the perch
site), and body size (which in other species varies as a function of the presence or absence of
other species). We focused our work on the grass anole, 4nolis pulchelius, which in a
preliminary site visit appeared to be larger than those found in the BVI. We combined our data
with ones collected during a previous visit, in which Dr. Razi Dmi’el participated and in which
water loss rates were compared between Guana and L.SJ. Thus, we have data on five parameters,
compared among those two islands: perch height and diameter, insolation, body size, and water
loss rate.



Perch height, diameter, and insolation

The data collected are summarized in Table 1. Statistical comparisons using a Mann-
Whitney U-test (a non-parametric test which avoids making assumptions about data
distributions) show no significant difference in perch height or insolation (p = 0.25 in both cascs;
a p ol 0.05 or below is needed to identify significant differences). However, perch diameter on
Guana was significantly larger than on LSJ (the test parameter Z = -1,056, p = 0.005).

Table 1. Summaries of perch characteristics of Anolis pulchellus on Guana Island in the
BVI and Little St. James (LSJ} in the USVL. N is the sample size. SD is the standard
deviation, a measure of the variation in the data. Persun is the percent of the perch in
direct sunlight.

Parameter [sland N Mean SD
Height Guana 36 57.2 3741
LS] 37 455 24.02
Diameler Guana 36 17.5 27.67
1.S] 36 5.9 12.83
Persun Guana 36 264 3681
LSJ 34 3.9 32.60

Body size and water loss rates

The data collected are summarized in Table 2. Statistical comparisons using a Mann-
Whitney U-test show no significant difference in any charactenistic (p > 0.25 in all cases). The
lack of difterence in water loss rates is further illustrated in Figure 1. which shows that raw water
loss rates on the two islands are very similar for lizards of similar body size.

Table 2. Summaries of body size and water loss rates of Anolis pulchellus on Guana
Island in the BVI and Little St. James (1.SJ) in the USVI. N is the sample size. SD is the
standard deviation, a measure of the variation in the data. SVL is the snout-to-vent
length, or body size (in mm). Mass is given in grams. R is the skin resistance to water
loss. measured in sec/cm.

Island N Mean SD
SVL Guana 30 45.0 4.73

L.SJ 12 46.5 4.64
Mass Guana 30 1.7 0.47

LSJ 12 1.9 0.53
R Guana 30 113.3 37.71

LSJ 12 124, 30.63
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Conclusions

Our findings differed considerably from our expected outcomes in several respects.
Despite the lack of similar-sized anoles on LSJ. the grass anole did not change the height of
perch it used, nor the degree of insolation it exposed itself to, nor its body size. This was the
opposite of what had been scen in other species (e.g., Losos, 2004). Despite apparent differences
in water availability — LSJ appears more arid than Guana, although rainfall data do not exist for
the former — the water loss rates we measured at the two islands were virtually identical. This is
unlike what we have previously documented with other anoles in the BV, which vary their water
loss rates as a function of both short-term and long-term water availability (Dmi’el et al., 1997:
Perry et al., 1999, 2000). The only difference between the two islands, in perch diameter, ts
likely to be a function of plant availability. rather than lizard behavior. The hotel area on Guana
has a number of century plants. which the grass anoles us¢ on occasion. On LS, those broad-
leaved plants are only found on the dry side of the island, where we encountered few grass
anoles. Thus, it seems unlikely that the difference reflects anything more than opportunistic usc
of available perches.

Figure 1. Total water loss rates of Anolis pulchellus on Guana (red circles) and Little St.
James (green triangles). When corrected for body size (SVL), the rates do not statistically
significantly differ between islands.
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The lack of differences between the islands is hard to explain, given our current
knowledge of the biology of the lizard and conditions on the islands. It is possible that weather
conditions on the two islands are not as different as we perceive, but this will be impossible to
test until rainfall data are collected on LSJ that can be compared to the Guana data. It is possible
that the missing anole on LSJ was there until recently, and the lack of changes in perch or size
indicates the lack of time for those changes to occur. We are not aware of any data suggesting
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the saddled anole was ever on LSJ, but many of the smaller islands and cays were never carefully
surveyed. Finally, it is also possible that the crested anole (4nolis cristatellus) on 1.5) has shifted
its ecology or behavior in a way that precludes the grass anole from changing, although we did
not see any qualitative indications that this is the case. In the absence of a chance to spend
considerably more time on LSJ, which appears unlikely, we are unlikely to be able to explain our
findings or turther examine the processes responsible for them.

One item of future work we would definitely like to conduct on LSI, if the chance for
another brief visit occurs, would involve further studying the ground lizard on the island. As
stated above, they appear both more numerous and different in size and coloration than in the
BVI, and we would love to have a chance to further study them over the course of a day or two.
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ALSOPHIS PORTORICENSIS ANEGADAE (XUN
AQUATICACTIVITY . West Indian racers in e sepus Alvopiin
are general v charagtenzed as dhumul, primarily terresirid, activel
toraging snakes. Many al the ishands on whsch they Jive div nen
have permanent bodies of resh water und lew references adidress
HUANC etvILy,

[yt comrse of & msld-vear study of popalation structnre of A
pertoricensis wnegadae on Cuana Islund (Brinst Viegsn Istandss,
wae e brded four instunces of aquane activity. In Ovicher 203,
an aduolt snoke escaped captlure py entering and swiniming across
an intermitlent poel of water several meters wide und aboun 20 ¢m
deep, Three additional ehservinions were made during an unusu-
ally pluvial year 120030, On 6 October, an individoad 1579 mm
SVLyanempted 10 escape capture by diving iato dlemporary pool
near the base of Quud) Dove Ghut., Onee submerzed, it remaimed
motionless willh its anterior body adpressed agamnst secumulite:)
debris abowt 30 cm deen untl Jdisturbed by the collector. On &
Octoner, a female (633 mm SVL) wus fowsd near North Beach
swimming o Jurge pood coverimy a Hecded dirt track and adja-
cent forest. On 9 October, another female (370 mm SVL1 was
found in the southeustern Jowdinds resting o the edge of a lurze
puddle with over hall of 1t bedy in the water, suggesting that i
had just crossed the water, Members of the stafl residing on the
island also reponed sporadic abservations ol snakes swimming in
the sea (T, Peliwan, pers.comm. L AlLbul one sightine oceorred (n
shaltow water within 20 m of shore. bul ong snake was reported iy
seen swamming toward o nearby isjund.

We have found no previous records of aguatic behavior i this
species, but some exist for congeners (Schwartz and Henderson.
1991, Amphibians ard Reptiles ol the West Indies: Descriptions.
Distributions, and Notura) History. Uiy, Flonda Press, Gamesville.
xvi = 720 ppas Althoush anecdotal. our observations sugzest that
A anegadar 1t beast opportunisteally aguate, preswnabily in

228
muoch the same fashion as it s Taculatively arboreul. Morenver,
cein swiTming might explivin how some snakes disperse from
one Cankbean Dslund 1w another,
We thank Henry and Gloria Jurecki and the Fideenwood Foun-
dation for the apportunity w conduet research on Guana fstand,
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Ahoplis portoricensi anegadae (Saqreanata: Colubridac): Morphonetric

Characreristios, Activine Patterns, ane Habiza Use
Arnana Barts, Gab Prary, Ropvss W T sniisos, axy Romry Powin

From 2001-2003, we collected and individually marked 219 Aloplus portorvicensis
mrgadac from Guana Ilund, British Virgin [slands, dodng the maonths Seprember—
Octoler o determine morphontetric characters, evalirate incidence of scarring and ail
damage, and assess habnat use and activity, Males were Jonger than females and
significantly heavier and heavier per nnit length, Sex ratto was almost exactly 1:1 (102
MET0H I Unelamaged taths of males were significantly longer than these of females,
hut rates of 1ail damage did ot differ by sex. Scarring and il damage were more
abundant posteriorly on the body and tail, and were cumlative, occurting with

significanty greater frequency in larger individuals, Most daniage was probabl

attributable o unsoceessiul predation attems by Soldier Crabs (Cornobite cdypeatus),
We found snakes in all hahiiats except an open grssy plain. Activity appeared 1o be
himedal, with a depression during the heat ot the dav, Although wsually divmal, three
snakes were observed active at night. Most snakes were on the ground. bt o sinall
number were in water or climhing on vegetatior or human-made sinirctoees. Most were

in Full shade and very few in full san when B observed, Snakes inost (requently were

sprawled, rarely coiled, and many were fimst seen while moving.

NAKES of the gewas Abophes dvequentls
relerred o s rwers ) dre mosty e rresirial
and range from 1he Bahanns to Daminica
(Schwarty and Hlendersom, 1900 Powell e al.
FIG)Y . Thay were historicallv canmnm on i
dancdsc but imroduced iovasive species sinch as the

Indian \l()llf-_"H()‘-l‘ l'!}'u'r"fjrh'-\ frtesy sind Black

Rart (Fatteen st fiens prey on snakes annd enher nistive
species [sapdak ek Henderson, 19910 Dadiy e
al., 2000 Hendersan, 2000 Powell and Tlendes -
san, 20000 Consequenthe, they bave soflered
e exticparions and exgincrions than s athes
repiban or amphibiin gemas o the region, Othe
inportant faerors e huce habivan degradinion and
Iannm persecentiont. bl commaon throughen
the region (Daluy eroal. 20000 Powell and
Flenderson, 20051 Despite (e wide distrilmtion,
corservation coneern. and Targe populitions on
mongoosedree iskinds, we know sirprising|y Jinle
about the coalogy of most memibers of the vepos
hevone Trasic halnen sisaciations (5chwarre and
Hendepson, 1991 and dies ((Menderson and
Sajdak, 19490 Jor exceptions see Daliv et al., 2001
Heine eroal, 2000, 2008 Savit e ol 2005). The
Tack of even basic bialogical information ofien
hampers our ahilin to protect reniding popailae
tioms by icdentiving locations thar ave of partiouda
biolomeal imporiance.

.llll.-l
Bank, including Puerto Brco properand the Viegin
[slands. Maclean 11982y sepored the species w

i fesdorerisas mhabits the Paerto Ricau

be rare or extirpared on the Luger islands buar siill
moderately commmon on Puerte Bico cond mams
snaller aslands, Fapecially i light ol these

declines, stdies o the hiolagy of the species are
both desinable (Peymy and Gerber, 20063 and
dillicalt woniplement on maost venaining popnls-

Hots O proa] was 1o docnment the basic biology

of the spescies i o rebyive v e svsiens i orde
e provide cracill imlommanon for aticipis to
proteet and restore popnlinions efsowhere, We
foctscd on rwe Drogd gnestione What are the
mrphotienic characteristics of the species and
what e thes aell usabwnn as Tnologe? Where and
when are these aningds actises and whin ambient
conditions aflecr activin levels:

MATERIAL s AN N e

Sty ste—Cnnana sk (1R 3BS™N, 65 U0 g
atudated o the West Dndies s i ot of the
Britiah Vicgtn shandds (BVT Like most ishnds in
the tegion. it i largely seneons oo origin and is
characierized v oy sieep slogpees, Hinmnian
activiin on G, privare wililile sietoany,
his been largely restricied o snaldl portions of
thie isline associnred witd oy upscale vesart hiene].
Giunma s primarih covered in dine nopical forest
with sniller contribntions from loresied mvines
talnatsg . sun-baked rock laces. mangrove smands,
arved sand s Lzl ], 20055, Bioleuical rescarch
o the i Vs been ongoing lor over 200 vears,
leaching 1o an exceprionad anderstanding of s
biesdaagy tlazell, 200500 The island Is mongoose-
frec and Das few, 0 as, feral cos because of
freguent bt trapping. Provious  observations
fhazell, 20005 have shiown that Abepls s
abundint o Guanag and included same aned-

ineidoigvess et Ther
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eloital valasrsnibetes L. Pssereoaned Lozl 200

corpanhal, btk B deGadetdd study

Moo Thast al.
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Ylevrnismmet rres —Frisim 2000 =200, a5 part ol wn
o en s narkerespnane stadv, we enlteried and
el by ket soukass droam hironghiont e

izl dooing Seprepmiber=0Oetales, Snakes werdd
visually Tocied. wnaallv chpnmed, measurved,

Soaned released dt

rguely anarked with T
the site of captuve. For cach andmil, we recorded
ebate, tne al diw, locion, sex, snout-vent tength
SV il lenmh, weijgiin,
Dabivar, acrivis of the soake Gooviog. spravfed,

ail dinage, searring,

coiled) and degree ol insslition dlull san, sun-
shicde mosae, o (nll shader, We deermined
werght to the nearest gram using Pesola spring
seales, and SV ied v fengrh 1o e nearest nom
USING L eI THessuring Gpe.

bl wnd acnne, —We conducred sasrenitic
sivess during Owraber 2000 using o i ol

trrongh v forest as o nain tainseci. s
weather resulted napancin ol low vegernion
sl v good sisibitie, A sinede vesenrcher €A
walked the tansect ar 2 incremenis, starming ot
B6O0 and ending w2130 he Durtng cach sursey,
which Tasted 1.5 hand encompassed the entine
tenseet, she visuadly scanned o 2an helt on cach
sicke of the 1l tor presenee of siakes, To avoid
disturbing the siskes od ensure thar normal
belhavior was abserved the rnseot was visited
anee per div o all e wa occasions, ot which
ane visit aconred o the morming aned the other
during lare aliecrnoon or w night, Te redoce
systemmane baases aned
sarvey bewoit st d different ened of the transeer and
cach sampling dme was cepeated wice, She

rrste rr}]lit anon, eich

avoided sampling an dass wlien ambient condi-
Hons were yor conduene ta snake acnsin fcool,
rainy das), Whenever o stake was enconnteredd,
she recorded time ol iy, acnivine (moving,
sprawied, coiled), dedree of Jusolation (all sun,
sunshade mosaie, or shaded, and hods, aiv, and
sutbstrate temperaties, measured using i Miller &
Weber quick-reading cloaeal thermomerer, Tran-
sevt ditta were augmented by addivionud observie
tions condiwered by us Tromne 2001-2005 and by the
activities at mnluple researchers studving avarew
ol organisms on Guana at olifTerent times of day
and nighr, revealing no snake activity e othes
tines ol da,

S —Stagisiical oy were car-
ned owr using SPSS lor Windows  (SPSS Ine,,
Clicaga, Hnois), Whenever possibile, we used

Serdatead wm

nonsprnnenic ests o assuee that onr data met
the asstinptions ol each wst When non-para-
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Danage presumnbdy uiticied by Solitiee Crabs (oot cfpealus) an e purtercens lean

Cuana Istand. Brivsh YVangin [shinds o) Daomaged cadl dipe The arrow midicaies searving qust above e
wnmp. (B Recent danige to the posterior part ol she bode, The mrow indicides exposed bone, 101 Healed
e to tail The arroses indicate 4wo ol tisee snch sears ori this indivichd.

wemiperaure Capearniu cortefuion: g = 0.1,
o= BOP = 00aY sk body remperatune was
sgnificanty correlated with body aie (p = 086,
no= AL P e 00D aned substrate femperatures
fpp = 0EE 0 = 370 P 00T Howevers mudtiple
regression showed  thiat subsorde temperature
haed o innmediate effecr on bods wemperire
(1 = 8% I = 03N statisvcally
sigbicant effecis of v emperme (f 5,
» 0,001 were remmoved. Total snake enconn-
1 fen

vnce

ters aver the (ivesear suidy period
which time ol iy was recorded) shose d simila
pattern (Fig, 5BY, althouglt enconnter raes were
el eorecied [or sairch ellarn, We did observe
three snakes active ar nighas one of them i a
might-light (Perme and Taeel), 2

0150 snakes oy which jnsodation dat were
collected, seven (L% v were toand o Tal) san, 89
(7. 8% were i full shade, aund 58 (37,77 were
birst
seen i the 1ol s ondy earlv and iate o the day
(Fiiz ), although shade and sun are available in
presrdy all iabitis anomost chas, OO0 188 spakes (o

soenr 1 oa saiesinede mosaie, Snakes were

winch posture data e avadlable, 76 610 A% 0 were
fmoving . when st {4797
sprivwled, and 22 (11771 were coiled.

seen. i were

EXIs 1 s N

Sezeomnd tadl demage —lodividuals of A perterees
wi an Pueyto Rico, 56 Thonias, and Buck sl
fotl St Thomas) poutinely teach large size

fSchwartz, 1966 Schware and Hlenderson,
1991y, bot those on Guasia Island varedy exceed
a0 mm SV, This = consistent with the chanrae-
ferietion ul 4 asegadae by Schwaree [T96R67
A aubspecies of We huk the
data 1o derermine whether the pancite ol Targe
individiads on Guana is genencallv or energe-
cullv con=rinned. [re-
stmaly sulasist almost entirely on g abig s
the fargest of which ¢4

Souwderate size.”

Flonwrser. these snakes

anoles $Analis sppi,
erreteedelliond dtrain SVEs ol aohe abesar 75
Larger prev feg. cbave Cveliow, or odentsi
appear 10 he takes only mrele Fanhermore,
Amerva, althongh abundant, are not nearly o
ubiquirons as anoles [ Nicholson et al,, S90S,
and, ot Jeast during owr Septeniber=0ctole
sampling periods, most individuiis were small
Guyeniles or subadulns with SVID = 35-60 mn:
pers, abis ). Rock dguarmas (00 proein iave onh
recentlv been mtraduced 1o the sdand (Lazell,
2002y, Thew consumption Iy snahes {LeVering
ad Perv, 20004 is probably adventions and
fimited w Lwger snakes, as Datc g iguanas are
stocky and have an average SV of abow 108 mm
and mass al G g (Perv er al, in press). We have
ne records of soakes on the ishind consunmng
rodents [ sy or Hatfus).

Aany snake siudies report SV (e, Fiteh,
10RY), bt Tewer report mass or the relationship
Frerweenn SV ek s Incontast, oy studies of
Tiewds report such dada (e, Pough, 1975 Pery.

Fasay, and such relationships provide imporann

3Y
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Fig 4. Freanenos of sngirmes as o fanetion of siee
m I:ll'__lll||=‘_ll|l-\ prartoriiessiie. The wmber abewe  each
colimn pepresents sample sizes (A Tails are
sirniticanth more hkely e L danaged as snakes
arone Targer, (B The frequensy of overdl scarving
increases with bady size.

mformation on the hioloes ol s speaies {Gover and
Dronnells, 19905, For examples we kiow that the
Crua populiton s fTourishing. suggesting o
stakes wre el undnby stiessed, Consequently,
detnnnstrtions tal aninals i athey popnilations
Bave lowel s Top o given Jusly lerigth could
imdicate compromised condition that migh be
antihinable 1o pressures inposed by intodnced
predators or poor habitat by,

Ul | Toe FREGUENGY GF SCaRrs 19 e pesrtorerma

Repoles tvpicalthe show femnale-bifised e
size chrnorphism (881 Farehic T4 1 andd s alse
18 true oy spabes  [Shind, 108400 Our dins
Indicuted that A festerreenud s o exception o
trae rude. as males were lorger and sigmbcantls
heavier and heavier per oot Jength than were
females, The opposite pattern was {ound in A
antrmeae (Tvltry et wl. 200810 but we lave nan
heen able 1o Tocaw additional studics reporting
sich information for Alsoplec The relatively Jow
rrass Of feraales compared to mdes of shilar size
ne indicate o diflevenee o the cost of e
Shine, 19809,
amd the donger wils of mades hkely refiect the

|1mdm‘l|n;: hetween the sexes (e

need to hold the reproductive organs, as in other
species (Shine e al., 19949,

The tall i imporant 1ooat least jvenile A
portarfceras, which exhibin candal Taring as a for-
agiig stategy {Leal and Thome: 1994). The lovel
of damage we [ound—nearly 70% —is high
compared o other records we have been able 1o
locate: ahout 1= a0 Fhamnafifos sitades (Javne ancd
Bevnen, TUAGE, 265 in Agfrysurns s (Burnsand
Heatwole, 20000 and Pamemogsdos flallipsss (Akani
el oal, 202y, 12% iy A wungreae (Daluny et al,
20011, and 55% o Soupis

lofuis bl
(Henderson., 084, However, our findings
consistent with othey reparts lor AL feremores
[Schwane, YR, Whar might he o dama
al these levelss Potemial avian and masmadian

predators, with the excention ol the Peaplveved
itrasher {Margureps fuscatus), are anconimon o
Gt Mazel 20005) . Given thar dumage appears
in Jarge snakes rather than sl ones, thrashers
are prabably not responsible. Avian and manmnna.
i species dlso are Hkelv 1o be faivle effective o
preditors and thos unlikely 1o leave many seared
surviviars (Jaksic and Greene, 1954 In conrrast,
s, cand especially Sotdier Grabs [ Cosmodata
chrntzd s ave common on the islimd {Haralson
cralounpubl data aral e unlikely o requentiy
kilt snakes. This species is kpnown 10 prev on eumgs
al ducks (Mejer en ol Y95 and doves (Rivers-
Mikin and Schaler, 20020 j0 Poerto Rico and

Numbwers v presensd The namber of individuals with m

Jrast e sear o e hoad, Beds oo e e thee eouald pacts, ar il Nove thao thie freauue e il sars Inrreases

troim the Dead ot the sal.
! |
o I B
(1N} HiFp Mhde Powzera [ [ el
Searreid A [ an o 74 bl
L e arres 1&8 174 1622 | A6 118 oA
Prriani 1 i ins vt he L6 R4 70 Ak 1.4
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Chigarfd Ishimd Bagnshy Vagin Bhods, Soikis e

sigonificsendle qeie aeive darnng e ot and
Mmoo fwours, when anlaenl l|'|1|iul.|llh«" A1
(A EDoit contredlied transect sty
line shows andsent weperainn:
LY Dol cadservations

over the fiveseat st penod [e o= 20700,

shiluly ol
ft 20, 1
measted e the st

prarots i the Cavonn Ishineds tWiles eval., 20000,
Other species of crals also are knewin to prey on
1055 Mt b,
manine saithes (Vords and Jellnes, 19495,

tevrestriil snakes fHeche e all.
00
seat et les (Woestl, P, frogs [ Rvan e al, 19810,
i ather species (Caeeve, T0RERD Schwary ol
141 =500
Soldics Crabs. appen’ o be o plausible cudyrn
Lol

Flenadersinn, Caabs, and especinlly

for the Joss and wir uhsenved

1

NNy

S

Heabiatat aed webivdy —Althoogli not corvegwed dor
cllort, omr dii emphasize the G tha these
sthes oceur vty evenvwhere on e st
and ahar proximin ra hamans does not dete
Coana is o0 sk
e 1hat

mdicate that wuder the rigin conditions. suthes

thew presenve. Becase

s, we beliove auroresndis
and Tiomans can peacelally co-exise,
(ho dats indicate o bimedal aetivie period.

with orehiuive Tt chormg the wariey sises of i

i l__l‘)'l””\i”hll{"\.' J2i—1 100 b N b al
pattern of activite i siakes s noer sl
Hahbons and Semlitse b, TUST amd has been

00

30

Percent of animals

20

Trsshatioan Conditens ot hacinions whess

P8 it oe iy were vilmeryed o Ginatid Tshind,

Wirwny Istanels, as o T Loy o wetivity dime,
Pespite agoing avaidabilin, snakes avond diveny
sornlighe eltienivg e swormest prats of the day,

in rebted LA bl
Fustiins st of ol 20050 and voologioadls

seel the closehy Faftrwendsrs i
s Leefefers powesleyens in Brazil Mol el al.,
20

avoidanee ai gl davime tempeciinnes JGib-

Simodal actwviy odten s redatend 1o
Donrs ard Semlitaeh, 1987 Petgrson e ab 1995,
Maciel e ol 2005 Savit eioat, 20050 Owur data
show il the body temperatares ol A fiorfo
reesves Tracked those o o anal’™s nooediaone
cavironment. and o especibly air semperanne,
which ¢hanges vere sl o gromned wme
peritre. In the absence of dita on avaikabiline o
thevaal resconees i the envisonmment, we do naot
toow whether this represents thermecontorin-
s, cwnve thepmoregnbation, o some inter-
nwedite degree of thermal contrall Toweser,
the apparent aoidanee ol il son during the
warner pants ol the dinv suggests il ar feast
sonne degree of active cholee s involved.
Members o the genus Hapan are generall
considered 1o be divimadly acove fegg, Sbiwary
avd Hendeyson, 109100 Vhegelies fortorieepyis was
nol known to be active o ndght il o orecem
chsenation ol an dndividual exploiting 1he
Cmiginight” (Perey and L0t
aomething few siakes are known o do (Pern
and Fisher, 20007 With extensive sampling edlont
vmuliiple seandhiers extending throughont the

i, we olnerved o lew more instinees of stakes

nicchie Lazell,

dotve atidght away Brom Jighes, These indheated
P Ui, Fiest, 4 fenfarensas is awctive, albeit
ranedv, adrer dak, e this donbitessly facibaned
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vhe explorntm of the mghd-Tighe niche. second,
with sttty elorn additional speaes iy be

found Coceusionndiv getve at atypacal  tnses,

i e usaadls

Sl s althone b species ol Al

(
werres il previons e ports indicaed fhat sonne

mddividoals swim (Poswell eial . 2000060 aed chinh
TPeves~Rivera and labov-Rivera, 1949601, even as
bigh as 18=20 i raandenest Taihitd £ Thomes
aned Kessker, 194916y,

Racers such as . ‘,IMJ'JJH'JH'H\I‘ are iniportant
predators in intact Caribbean ecossiems, THow-
ever, aceclerated pares of development and
mvisive species dispersal i the Caribbean mean
thatt lew inract conmmunines renvin, and siakes
in the genus Abopdis are wnong the species
disuppearing maost rapidlv, Despite thise o
knowledee of 1their biology o preveguisiie fon
Wy comervation work, remains limired. The
present stuch begines to address this knowledpe
sap tor A, portorzeensicand reiterates the weed oy
simibar work on related speenes.
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ALSOPHIS PORTORICENSIS ANEGADAE (Racer). CANNIBALISM. [Feeding on
conspecifics 1s an uncommnion but broadly observed phenomenon in snakes (e.g.,
Loveridge 1944. Copeia 1944:254; Lourdais et al. 2003, Biol. J. Linn. Soc. 84:767-774).
However, it has not been previously reported in A portoricensis (Schwartz and
Henderson 1991, Amphibians and Reptiles of thc West Indies: Descriptions,
Distributions, and Natural History. University of Florida Press, Gamesville. 720 pp.).
Here we report on scveral such cases observed on Guana [sland, British Virgin Islands, in
2006.

The most definitive evidence for cannibalism occurring in nature was obtained on 12
October 2006, when staff alerted us to the presence of a dead snake at the dump. We
found an adult male (snout-vent length [SVL] = 596 mm, tail length [TL] = 229, MCZ
ficld tag Z394506) with the posterior end of a smaller female (SVL = 545, TL = 177, MCZ

39457y emerging from its mouth (Figure 1). Because the two snakes may have tried to

swallow a single prey item, we dissected the specimen but found no prey item. The larger

snake had abundant fat deposits and appeared in good condition. A second casc occurred
in captivity on 7 QOctober, when two snakes were placed in a single cloth bag. Two days
later, only the larger animal (female, SVL =440, TL = 247, MCZ 39455) could be found.
Upon dissection it was found to contain the other individual, a hatchling (SVL = 241, TL
= 116, also MCZ 39455). Hotel statf brought a third instance to our attention. They had
observed two snakes “fighting” and photographed the event (Figure 2). Unfortunately,
they did not allow the interaction to continuc, but the photograph is inconsistent with
known snake fighting behavior, which has never becn observed in this species. Instead,

the larger individual had grasped the smaller snake behind the head, presumably in an



attempt to subdue it tor ingestion. The smaller snake was bleeding profusely, according
1o the report.

We are surprised that a behavior not noted in the past, despite extensive work on the
species (e.g., Barun et al. 2007, Copeia: in press), appeared to be common this year, The
past year had been unusually wet on Guana Island, vegcetation is abundant, and anolcs,
the principal prey of A. portoricensis, are common. Conscquently, the prevalence of
cannibalism is difficult to explain. However, it cannibalism occurs frequently, that could
explain why smaller animals were relatively uncommon in the sample examined by
Barun et al. (Op. Cit.).

We thank April Bates, Val Jardine, James Lazell, and Kate LeVering for bringing
some of these instances to our attention. The work was conducted under ACUC permit
05006-01 from Texas Tech University. Support for this project was provided by The
Conservation Agency and Texas Tech University, This is manuscript T-9-1119 of the
College of Agricultural Scicnces and Natural Resource Management, Texas Tech

University.

Submitted by GAD PERRY, Department of Natural Resource Management, Tcxas
Tech University, Lubbock, Texas 79409, USA, and ROBERT POWELL, Department

of Biology, Avila University, Kansas City, Missouri 64145, USA.
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Figure 1. Dead adult Aflsophis portoricensis with a smaller individual protruding from

its mouth. Photograph by Gad Perry.



Figure 2. Adult Alsephis portoricensis apparently trving to subdue a smaller

individual. Photograph by April Batcs,
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Conservation of amphibians and reptiles in the British Virgin
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Abstract. The British Virgin Islands (BVI) forms part of the Puerto Rican Bank and its fauna is
closcly related to that of the US Virgin Islands and Pucrto Rico. Humans have inhabited the region
for several thousand years and their impacts have continuously included habitat modification, hunting,
and introduction of invasive species, Those are the three main causes of concem far the present-day
herpetofauna of the BVI, which contains 34 amphibian and reptile species. Of these, five (15%) are
common, three (9%) are at risk, eight (23%) are endangered, ten (29%) are data deficient, two (6%) arc
extinet, and six (18%) are introduced or cryptogenic, Several endemic spectes are only found on tiny
istets where stochastic events can casily lead to their extinetion, The native ipuana, Cyclura pinguis,
and the sea turtles found in the region are in an especially sensitive condition. Habitat destruction and
fragmentation are ongoing and likely to aceclerate. Invasive speetes are still armiving, establishing,
and spreading, Thus, although the short-term conservation statns of the BVI herpetofauna appears
unlikely to change, we are more coneemed about the mid-term outlook. We recommend sonie specific
remedies intended to offset these pressures and provide long-term protection to the bicta of the BVL

Key words: Amphibians; British Virgin Islunds: conservation, Cyclura pingnis; invasive species,
reptiles; sea turtles.

Introduction

Human impacts on species and ecosystems are still expanding, despite often already
being more pervasive than can be sustainably supported. Global amphibian declines
have drawn considerable attention and debate. They appear primarily correlated
with a complex and often site-specific combination of the loss of appropriate habitat,
pollution, and the introduction of invasive predators and discases (e.g., Adams,
1999; Stallard, 2001; Blaustein and Kiesecker, 2002; Muths et al., 2003; Lannoo,
2005). Less attention has been paid to the rapid disappearance of reptile species

© Koninkiijke Brill NV, Leiden, 2006 APPLIED HERPETQLOGY 3: 237-256
Also available enline - www.brill.nlfah
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(Gibbons et al., 2000). The IUCN (1996} classified vertcbrates into four categories
based on conservation status and found similar rates of endangerment in both groups
(Critically endangered: 9% in amphibians, [0% in reptiles; Endangered; 16% and
14%, respectively, Vulnerable: 39% and 389%). In a recent update (IUCN, 2004)
they identified 61% of evaluated reptile species as endangered, compared to 32% of
evaluated amphibians, Similar patterns and concerns arc apparent in the Caribbean.
For example, Powell and Henderson (2005) cstimated that almost half of Lesser
Antillean terrestrial reptiles have been substantially negatively affected by human
activities. Unfortunately, the herpetofauna of the British Virgin Istands {BV], about
150 km? total land area) has not been systematically evaluated since MacLean
(1982), the exception being a recent book (Lazell, 2005) that focuses on a single
island. Here we review the current conservation status of all reptiles and amphibians
known from the BVI, drawing upon both published and unpublished work. We begin
with a brief description of the historical and biogeographical sctting, then provide
species accounts. Taxa of special concern are then discussed in additional detail,
and we close with a review of broad patterns and likely future trends.

The Setting
History

Humans first arrived in the BVI some 4000-6000 years ago, primarily inhabiting the
larger islands (Wilson, 2001) but utilizing some of the smaller ones for protracted
periods. Their presence has clearly had extensive impacts on the local fauna (Lazell,
2005), which suffered both additions and extinctions. The current naine was given
to the islands by Columbus, whose 1493 visit ultimately resulted in the extirpation
of Amerindians from the area and in additional plant and animal introductions and
extinctions. European settlement began in 1648, when the Dutch claimed Tortola
(Jenkins, 1923), and the islands changed hands multiple times before the British
finally acquired them in 1672 (Rogozinski, 1992). Slaves were brought in from
Africa to support the agricultural effort which converted much of the land arca
into plantations. England abolished slavery in 1808 and enacted the Emancipation
Proclamation in [834, and the islands have enjoyed various levels of self-rule ever
since. The population in 1844 was 6,689 (Fergus, 2003), declined to 4,639 by 1891,
grew to 10,000 in the late 1970s, and is currently estimated at 22,643 people,
more than three times what it was 150 years ago (BVI Government, 2005). The
current annual population growth rate is 2.06%, and population pressure in the
BVI is growing, espectally on Tortola (which has over 80% of the total population
on less than 40% of the BVI land area). The second largest island, Virgin Gorda,
doubled its population between 1960 and 1980 and saw an increase of almost 75%
from 1980 10 1991. Despite a relatively high emigration rate, the population of the
BV1 is expected to double in about 35 years (BVI Government, 2005). The current
economy is primarily based on tourism and offshore banking. Growth in population
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and tourism has resulted in ongoing construction throughout the islands, with roads
and buildings being added on a regular basis, natural habitats increasingly being lost
and fragmented, and increasing problems with trash disposal.

Biogeography

In the late Pleistocene, a single land mass stood where Puerto Rico, its associated
islands, the US Virgin Islands {USVI, except St. Croix) and the BVI now lie (fig. 1).
Today called the Puerto Rican Bank, it was roughly twice the area of Puerto Rico
loday, and became increasingly fragmented as sea-levels rose in the Holocene
(Heatwole and MacKenzie, 1967). As a result, the biotas of these politically
disparate units are highly similar (see for example, Platenberg and Boulon, 2006).
However, rapid evolution has produced a number of unique specics on some of
the islands, and dispersal and extinction related to island biogeographic processes
resulted in a mosaic of distribution patterns. Some of the species, such as Anolis
erisiatellus and Sphaerodactylus macrolepis, are present on nearly every piece of
dry land in the region (Lazell, 1983), whereas others, such as A. ernestwillimasi,
are only found on a single small rock. The genera, however, are all wide-spread
throughout the region; there are no endemic genera on the Puerto Rican Bank, and
the taxa found there have been shown to be related to species found both to the east
and west (Thomas, 1999). Much additional information about the biogeography of
the region can be found in Woods and Sergile (2001).

Species Accounts

Information in this section is heavily based on MacLean (1982), with updates
drawn from our own observations and from additional sources, which are the only
ones cited in the text. Scientific names follow the most accepted current usage.
Common names given are those normally in general or regional use. These are often
abbreviated for local use, and ‘Puerto Rican racer,” for example, is normally locally
simply referred to as ‘racer’. Distribution information primarily follows MacLean
(1982} and Mayer and Lazell (1988). The ‘major islands’ referred to are Anegada,
Tortola, and Virgin Gorda (fig. 1). Few studies have assessed the population sizes
of any of these species, and our assignment of status is based on what literature
exists and our personal experience. Species are identitied as Common (present
on many islands in large or stable numbers); At risk (distribution is limited and
numbers are declining); Endangered (the species has a very [imited distribution and
small numbers and is thus in immediate risk); Data deficient (studies identifying
population trends are lacking); Extinct (in the BVI — the species may still cxist
elsewhere); Introduced (non-native taxa which arrived in the BV relatively recently
and with human assistance); or Cryptogenic (impossible to reliably classify as native
- see Carlton, 1996). Most species are not locally protected or considered to be of
concern, the cxception being the iguana and sea turtles.
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Conservition of ammplibians and reptilesin BYT

Amphibia

Leptodactylidae. Leptodactylus albilubris (white-lipped frog). All major and
some smaller islands: Atrisk. This species requires fresh water for reproduction. Al-
though it can breed in ditches, populations appear to be declining. Its tadpoles may
be vulnerable to competition from Osteopilus septentrionalis tadpoles (see Smith,
2003, for related work). A study of population trends is desirable. Eleutherodacty-
lus antillensis (bo-peep, Antillean or churi coqui). Tortola, Virgin Gorda, and many
small cays: Common. MacLean (1982) reported it as being found on ‘all major
islands’ but we are not aware of any populations on Anegada. This species ap-
pears to be declining wherever Osteopilus septentrionalis spreads, but numbers are
still high. Populations appear to positively respond to increased rainfall (Ovaska,
in Lazell, 2005). Eleutherodactylus cochranae (bo-peep. whistling cequi). Tor-
tola, Virgin Gorda: Data deficient. This species appears to be declining wherever
Osteopilus septentrionalis spreads. Eleutherodactylus schwartzi (bo-peep, Virgin
Islands coqui). Tortola, Virgin Gorda, Great Dog; (re?intreduced: Little Thatch
(Lazell, 2002): At risk. This species appears to be declining wherever Osteopilus
septentrionalis spreads, has disappeared in the USVI (Philibosian and Yntema,
1976; Platenberg and Boulon, 2006), and has been identified by the IUCN as En-
dangered (IUCN, 2004). The Great Dog population is somewhat distinct (Ovaska
et al,, 2000), extremely limited in range, and very susceptible 1o development there.
Additional study, and perhaps protection, of that population is urgently needed, and
protection of other remaining BVI populations may well be warranted,

Bufonidae. Bufo (Peltophryne) lemur (Puerio Rican crested or lowland Caribbe-
an toad). Virgin Gorda: Extinct. No specimens have been collected from the BVI
in many decades. Captive husbandry and reintraduction are ongoing in Puerto Rico
(Miller, 2005). Whether such a program can succeed in the BVI will depend on the
ability to provide and protect appropriate low-elevation habitat, much of which has
been destroyed by development,

Hylidae. Osteopilus septentrionalis (Cuhan treefrog). Tortola, Virgin Gorda, Beef
Island, Peter Island (Owen et al., 2005a, 2006): Introduced. Individuals have also
been collected on Necker and Guana Island (Owen et al., 2005a, 2006), but neither
island appears to have a breeding population at the moment. This species is
spreading rapidly, with frequent new island records. The diet suggests the potential
to severcly impact native species (Owen, 2005) and the tadpoles are known to
impact those of some native anurans (Smith, 2005).

Testudines

Sea turtles. See additional information under Species of Special Concern, below.
Dermochelyidae. Dermochelys coriacea (leatherhack or trunk turtle). Nesting only,
primarily on Tortola and adjacent Beef Island: Endangered. Cheloniidae. Chelonia
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mydas (green turtle}. Common in coastal waters, nesting widespread in low qum-
bers: Endangered. Erennochelys imbricata (hawksbill wrtle). Common in coastal
waters, nesting widespread in low numbers: Endangered. Caretta caretta (logger-
head turtle). Infrequent in coastal waters, nesting extremely rare, if at ali: Endan-
eered.

Testudinidae. Geochelone carbonaria (red-legged or red-footed tortoise). Tor-
tola, Virgin Gorda; (re?introduced: Guana, Necker (Lazell, 2002): At risk (In-
troduced?). These turtles may not be native to the BVI, as populations have been
widely transported throughout the Caribbean starting in Amerindian times (Censky,
1988). Both the Guana and Necker populations appear to be breeding well in their
new habitats (Lazell, 2002), but Tortola and Virgin Gorda animals are uncomimon
in the wild, presumably as a result of habitat loss.

Emydidae. Pseudemys nelsoni (Florida red-bellied turtle). Tortola (Owen et al.,,
2005b): Introduced. A few individuals have been collected at the botanical garden
pends, but absence of suitable habitat and fresh water bodies makes them of rel-
atively little concern. Trachemys scripta elegans (red-eared slider). Tortola, Virgin
Gorda (Owen et al., 2005b): Introduced, Several individuals of this damaging inva-
sive, including juveniles, have been collected, suggesting reproduction is occurring,
However, absence of suitable habitat and ecologically similar native species makes
them of relatively little concern.

Sauria

Polychrotidae. Anolis cristatellus (Puenio Rican crested anole; man-lizard [mostly
used for the males]). All major islands and most smal rocks and cays: Common.
This species is ubiquitous, highly tolerant of human presence and development,
and well-studied (Perry, 2003). Tt has been introduced in other locations (e.g.,
Brach, 1977). Diet occasionally includes other lizards {Owen and Perry, 2003).
Anolis ernestwilliamsi (Carrot Rock or Emest’s anole). Carrot Rock, Peter [sland:
Endangered (possibly extinct on Peter Island; Perry, 1995). This large anole is
only found on Carrot Rock, a tiny and highly exposed location. Population size
is doubtlessly small and susceptible to stochastic events such as hurricanes. Ano-
lis stratulus (Puerto Rican saddled anole). All major islands and many smaller cays:
Common. BVI populations (Rodda et al., 2001) are much less dense than those seen
in Puerto Rico (Reagan, 1992), and the species is rarely seen on Anegada, for ex-
ample. However, there is no indication of population declines. Contrary to the view
of MacLean (1982}, these animals will accasionally take vegetable material (Perry
and Lazell, 1997; Rios-Loépez, 2004). Anolis pulchellus (Puerto Rican grass or bush
anole). All major islands and some smaller ones: Common. This species is restricted
to open or edge habitats where grass or parrow stems are available, and can tolerate
human-impacted areas. They are often hard to see, both because of their excel-
lent camouflage and tendency to be active during cooler times of day (G. Perry and
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K.R. LeVering, unpublished). Like A. stratulus, these animals will occasionally take
vegetable material (Perry and Lazell, submitted). Anedis roosevelsi (Culebra Island
giant anole), Tortola: Extinct (in the BVI). MacLean (1982) was not sure whether
Tortola sightings were genuinc but Gaa (1987) unearthed museum specimens. Some
animais may remain on Culebra off the Puerto Rico shore and a recovery plan exists
(Campbell and Dodd, 1982), but the specics may be globally extinct.

Iguanidae. Cyclura pinguis (Anegada or stout iguana). Ancgada; (re?)intro-
duced: Guana, Necker (Lazell, 2002), Norman, Little Thatch (Perry et al., 2006):
Endangered. See expanded discussion in Species of Special Concern, below. fguana
iguana (green or common iguana). Peter Island (Carey, 1972), Tortola: Introduced.
Green iguanas are certainly native to part of the Lesser Antilles (e.g., Saba,
Netherlands Antilles; Powell et al., 2005), and MacLean (1982) considered Virgin
Islands populations to also be native. However, BVI animals appear more similar in
appearance to animals found in the pet trade than to native Caribbean populations.
Genetic studies to identify their origin are warranted. The main concern is their
ability to take over habitat that might otherwise be appropriate for the native Cyclura
pinguis,

Gekkonidae, Hemidaciylus mabouia (common house gecko; wood slave). All
major islands and some smaller ones: Cryptogenic. This species is common around
human habitation, but generally uncommon or absent in native habitats (Rodda
et al.,, 2001). There is no evidence of broad impacts on native species, but little
effort has been devoted to identifying such patterns. The house gecko was likely
introduced throughout the region in slave ships arriving frotn Africa. Thecadactylus
rapicaudus (turnip-tailed gecko), Necker Island: Cryptogenic. This species is
widespread in the Lesser Antilles but is only recorded from one location in the
BVI. The population on Necker is often associated with human habitation, but can
also be found in native habitats (Lazell, 1995). It inay be anthropogenic in origin.
Despite being small the population appears stable.

Sphaerodactylus macrolepis (Puerto Rican dwart gecko or sphaero). All major
islands and most small cays and rocks: Common. This species reaches incredibly
high densities in areas with deep leaf-litter (Rodda et al., 2001). It shows some signs
of physiological variation even within islands (MacLean, 1985), suggesting that
future speciation may occur on a small scale. Sphaerodactylus parthenopion (BVI
dwarf gecko or sphaero). Tortola (?), Virgin Gorda: Data deficient, Carey (1972)
and MacLean (1982) only reported this species from Virgin Gorda, but Procter
and Fleming (1999) also report it from Tortola and Heatwole et al. (1981) from
Mosquito Island. One of the world’s smallest lizards, the biology of this species
is poorly understood and population trends are unknown. Distribution within the
islands it resides on appears fairly limited and likely to be further curtailed by
development. Sphaerodactylus sp. (proposed: Carvel Rock dwarf gecko or sphaero).
Carvel Rock: Endangered. This population appears morphologically distinet but
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is yet to be described. Given the extremely limited range — a small part of a
single small rock — it appears especially susceptible to stochastic cvents such as
hurricanes.

Scincidae. Mabuya sloanii (Antillean slipperyback or skink). All major islands
and some smaller ones: Data deficient. This species appears widespread but is never
common. Ity biology is poorly understood and population trends are unknown,
Carey (1972) reports that their numbers in the BVI were much reduced because
of the introduced mongoose (Herpestes javanicus). Given the broad range of the
mongooese in the BVI, this is a source of concern. Mabuya macleani (Carrot
Rock slipperyback or skink). Carrot Rock: Endangered. Only recently described
(Mayer and Lazell, 2000), this species has an extremely limited range and is thus
highly vulnerable. However, the Carrot Rock population is relatively dense. Almost
nothing is known about its biology or population trends.

Teiidae. Ameiva exsuf (Puerto Rican ground lizard). All major islands and some
smaller ones: Data deficient. Members of the genus Ameiva appear especially sus-
ceptible to predation by the introduced mongoose (Herpestes javanicus; Henderson,
1992), Given the broad range of the mongoose in the BV, this is a source of con-
cern for many populations. This species is common on the mongoose-free islands
of Guana (Nicholson et al., 2005) and Anegada (G. Gerber, unpublished) but infre-
quently seen on most other islands, despite being very tolerant of development and
fragmentation.

Amphisbaenidae. Amphisbacna fenestrata (Virgin Islands worm lizard). Great
Camanoe, Great Thatch, Guana, Tortola, Virgin Gorda: Data deficient. This secre-
tive species spends most of its time underground as it cannot avoid dehydration on
the surface (Perry et al,, 2004). Very little is known about its biology, but there is no
indication of population decline and it is likely to exist on additional islands.

Serpentes

Typhlopidae. Typhlops richardi (Virgin Islands blind snake). Guana, Necker (?),
Tortola: Data deficient. These subterranean animals are not often seen above-ground
and little is known about their biology. However, data collected by Rodda et al.
(2001) suggest they are found in large numbers. The Necker population may belong
to T. catapontus (J. Lazell, pers. com.) and needs to be reexamined. Populations
are known from additional islands but which of the two species they belong to has
not been studied. Typhlops catapontus (BV1 blind snake). Anegada, Virgin Gorda:
Data deficient. These subterranean animals are not often seen above-ground and
little is known about their biology and population trends. Blind snakes are known
from additional islands, but whether they belong to this species or to the one that
precedes remains unstudied.
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Boidae. Epicrates monensts (Virgin Islands boa). Tortola: Data deficient. This
species is considered endangered in the USVI (US Fish and Wildlite Service,
1980}, where a reintroduction program is ongoing (Tolson, 2005). In contrast, Lazell
(2005) believes it ‘is the most common snake on Tortola’. Proposed studies of
population status in the USVI (R. Platenberg, pers. com.) may help shed light on
this issue, but a study of the BVI population is highly desirible.

Colubridae. Arrhiyton exigunm (Puerto Rican garden or ground snake}. All major
islands and some smaller ones: Data deficient. This small, nocturnal snake is only
found at low densities and is very poorly studied. Sightings on Guana appear fairly
constant, but broad population trends are unknown. Afsephis portoricensis (Puerto
Rican racer). All major islands and many smaller ones: Data deficient. Members
of the genus Alsophis appear especially suscepltible to predation by the introduced
mongoose (Herpestes javanicus, Henderson, 1992). Given the broad range of the
mongoose in the BVI, this is a source of concern. Populations on the mongoose-trce
islands of Guana (Barun et al., submitted) and Anegada (G. Gerber, unpublished)
appear healthy, but numbers on other islands are generally much lower. Recent
information suggests these animals swim well, perhaps enhancing their inter-island
dispersal abilitics (Powell et al., in press).

Species of Special Concern

Two types of organisms native to the BVI are of particular concern, and we provide
more detailed information about both in this section. The first is the endemic
iguana, Cyclura pinguis, which is one of the most endangered lizards on Earth
and the most endangered animal species in the BVIL. Cyclura pinguis is listed as
Critically Endangered in the IUCN Red List of Threatened Species (IUCN, 2004}
and Endangered in the U.S. Fish and Wildlife Service List of Endangered and
Threatened Wildlite and Plants (USFWS, 1999). It is protected from international
trade by inclusion in Appendix I of the Convention on the International Trade of
Endangered Species of Wild Fauna and Flora (CITES, 2005). The other is a group
of species, marine turtles, which are at risk world-wide and which are likewise
protected by a number of international agreements, including CITES. Their situation
will likely require regional cooperation to resolve.

The endemic iguana

Cyclura pinguis was described approximately 90 years ago (Barbour, 1917), at
which time it was restricted to Anegada, a 39 km? island located on the northeastern
edge of the Puerto Rican Bank in the BVI (fig. 1). However, fossils of C. pinguis
are common in late Pleistocene deposits (15,000-20,000 years old) from limestone
caves in northern Puerto Rico (Pregill, 1981). There is considerable debate over
when population declines occurred. Pregill (1981) and Pregill and Olson (1981)
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provide evidence of the disappearance of C. pinguis and other xerophylic reptile
species in Puerto Rico at the end of the Pleistocene, well before human colonization
of the region. They hypothesize that the extinctions resulted from a significant
reduction in xeric habitats, brought about by climatic changes associated with the
end of the last ice age and rising ocean levels throughout the West Indies. Pregiil
(1981) and Pregill and Olson (1981) view Anegada as exemplifying prototypical
Cyclura habitat and serving as a climatic refugium for C. pinguis. Anegada is similar
to Caribbean islands with other Cyciura (Alberts, 2000) and different in substrate,
topography, and vegetation from other large islands on the Puerto Rican Bank.
Anegada is composed entirely of sedimentary substrates (limestone, coral, and
sand), is flat and low-lying (8.5 m max.), and supports only xerophylic vegetation.
In contrast, other islands are characterized by volcanic und metamorphic substrates,
mountainous terrain (up to 523 m in the BVI), and semi-mesic vegetation. However,
remains of C. pinguis have been recovered from Native American middens on St.
Thomas, USVI (Barbour, 1919; Pregill, 1981), and some authors (e.g., Wing, 2001;
Lazell, 2005; S.T. Turvey, pers. com.) believe the iguana survived much later and
was extirpated from most of its range by humans. Ultimately, this issue must take a
back seat to the urgent problem of guaranteecing the survival of the species beyond
the next few years.

Iguanas were reportied to be plentiful and sometimes hunted in parts of Anegada in
the carly 1800’s (Schomburgk, 1832), but were described as rare by the early 1900"s
(Barbour, 1917} In 1968, Carcy (1975) observed that adult iguanas outnumbered
juveniles and concluded that the population was in decline, He attributed this to
negative interactions with introduced mammals, which included rats, cats, dogs,
goats, shegp, donkeys, and cattle. Mitchell (1999), whe conducted her studies
between 1988 and 1994, corroborated Carey’s conclusions and described further
declines in range, abundance, and individual condition. She estimated the total
population at 164 animals. Consistent with this information, Perry et al. (2006)
showed that bady condition declined from Carey’s (1975) work to that of Mitchell
(1999). The most recent studics on Anegada, ongoing since 1998, indicate the
population is largely restricted to a core area of 3 km?* on the north coast and likely
numbers less than 300 individuals, although a recent population estimate is nceded.
Most of the current population is comprised of adults, and although successful
reproduction is still noted, almost no recruitment occurs because of predation of
juveniles by feral cats (Gerber, 2004).

Current conservation efforts consist of two largely disparate programs,; one aimed
at preserving the species and its habitat on Anegada, another that secks to establish
the species on other islands as a precaution against extinction, In 1997, the BVI
National Parks Trust and the IUCN Iguana Specialist Group (ISG) established an in
situ headstart and release program for C. pinguis on Anegada to bolster recruitment
until feral cats and other introduced mammals could be controlled (Bradley and
Gerber, 2005). Nests are located each summer and fenced off for protection, When
hatchlings emerge in the fall they are collected for captive rearing until large enough

!
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to survive with cats, Since 2003, 12 male and 12 female headstarted iguanas have
been fitted with radiotransmitters and released each October. Survival of released
iguanas has averaged 85%, providing the population with a substantial increase in
young adults (Bradley and Gerber, 2006).

The other conservation program has focused on translocating C. pinguis to
privately owned islands with limited development and few introduced mammals.
Between 1984 and 1986, eight C. pinguis (three males and five females, 224-
509 mm SVL) were moved from Anegada to Guana Island, north of Tortola
(Goodyear and Lazell, 1994), The translocation was successful and in 2002 the
Guana population of C. pinguis was estimated at 100 individuals {Perry and
Mitchell, 2003). Four hatchling C. pinguis from Guana were released on Necker
Island, north of Virgin Gorda, in 1995 (Lazell, 1995). This translocation has also
been successtul, with reproduction reported on site (Lazell, 2002}, but no population
estimate is available. Two adults (a male and a female)} and 10 juveniles from the
Guana population have recently been released on Norman Island, south of Tortola,
and five hatchlings have been placed in a headstart facility on Little Thatch Island,
between Tortola and St. John (J. Lazell, pers. com.), but it is oo early to evaluale
the success of either translocation.

Despite these efforts, full recovery of C. pinguis will require considerable
additional effort. The Anegada population, potentially the largest and certainly the
best documented historically, requires habitat protection and eradication of feral
mammals. Anegada’s western salt ponds and surrounding habitat were declared a
Ramsar site in 2000, providing limited protection for approximately half of the core
iguana area on the island. However, establishment of a proposed National Park,
encompassing the entire core iguana habitat, is needed to adequately protect this
area from ongoing development and other direct human impacts. A detailed feral
mamma! eradication plan for Anegada is currently being developed, but funding
for implementation has not been obtained yet. Other populations likely remain
extremely genetically limited (Perry et al., 2006), raising concerns about their long-
term viability without an influx of additional animals. A recovery plan for the
Anegada population (in press) does not take into consideration the translocated
populations, as lack of coordination between the two programs has hampered
cooperative efforts,

Sea turtles

Four species of marine turtle, belonging to two families, are known from the BVL
Adult leatherbacks are largely pelagic, feeding on jellyfish and other soft-bodied
invertebrates, They can be found in the BVI between March and July, when females
visit coastal waters and come onto sandy north-shore beaches to nest, Juvenile
leatherbacks have been reported from a variety of coastal waters worldwide (Eckert,
19993, but not from the BVI., In contrast, both adult and juvenile green and hawksbill
turtles are commonly found in BVI coastal waters year-round and predominantly
feed on marine vegetation and sponges, respectively. Both species nest, in low
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numbers, on beaches throughout the BVI. Loggerheads, which feed primarily on
crustaceans and mollusks, are the least common turtle in the BV].

Sea turtles have historically been harvested in the BVI, and arc consequently
much less abundant today than during past times (Eckert et al., 1992; Godley et
al., 2004), Eggs of all marine turtles have been exploited for food in the BVI, as
elsewhere. Leatherbacks (locally known as trunks) were traditionally slaughtered
for their meat and to render oil, thought to have medicinal value, when they came
ashore o nest (Lettsome, 1989). In the 1920s and 1930s, ‘trunkers’ recall as many
as six females coming ashore per night on several Tortola beaches (Leutsome, 1989;
Eckert et al., 1992). In the 1960s, two or more females were still coming ashore each
night on some beaches, but by the 1980s leatherbacks had all but disappeared from
the BVI, with fewer than 10 nesting attempts per year (Chambers and Lima, 1990;
Eckert et al., 1992; Hasting, 2003). Other marine wrtle species were also taken
on nesting beaches in the BVI but levels of exploitation and numbers of females
nesting are not well documented. In 1981, Fletemeyer (1984) estimated the number
of females in the BVI nesting population at 75425 greens, 50425 hawksbills, and a
‘few’ loggerheads. In contrast, surveys conducted in 1990 and 1991 (Hasting, 1992)
rcported only 6 and 17 nests for the three species combined, respectively. Unlike
leatherbacks, other sea turtles, primarily greens and hawksbills, have traditionally
also been harvested from the sea. Fletemeyer (1984) rcported a direct catch of 600
greens and 300 hawksbills, and an incidental catch of 200 unspecified turtles by
other fisheries, in 1981.

All of the marine turtle species reported from the BVI are listed in the TUCN
Red List of Threatened Specics (IUCN, 2004) as either Critically Endangered
(lcatherback, hawksbill) or Endangered (green, loggerhead). All marine turtles
are also protected by inclusion in Appendix I of two Multilateral Environmental
Agreements 1o which the BVI is a party; CITES and the Convention on Migratory
Speeies (CMS). BVI legislation pertaining to marine turtles includes the Turtles
Ordinance 1959, the Turtles Protection Amendment Notice 1986, the Fisheries
Act 1997, and the Fisheries Regulation 2003. In compliance with CITES, the BVI
prohibits international trade of marine turtles and products. It is currently illegal to
(1) take leatherback and loggerhead turtles, (2) disturb or harm sca turtle eggs or
nesting females, (3) use any turtle capture device within 100 m of shore, (4) fish
for turtles from 1 April-30 November, or (5) take green and hawksbill turtles with
carapace lengths less than 61 cm (24 inches) and 38 cm (15 inches), respectively.
Additional recommendations to amend legislation, including maximum size limits
to protect reproductive stocks, establishment of a limited turtle fishing licensing
scheme with strict regulations, catch quotas, compulsory biometric reporting prior
to slaughter, and increased fines for infringements werc proposed by Godiley et al.
(2004). Although all nesting marine turtles and their eggs have been protected in the
BVI since 1986, commercial trade of marine turtles and products is permitted within
the BVL. Government-regulated turtle harvest appears to go beyond accommodating
‘the needs of subsistence users’, as provided by the CMS. Godley et al. (2004)
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estimated that over 150 green and 50 hawksbill turtles are taken annually, and illegal
take is still ongoing as well,

Sea-turtle soup and products can still be readily obtained in the BVI, but increased
law enforcement. public awareness, and menitoring and conservation activities
have allowed sea turtle populations to begin recovering. The Wider Caribbean
Sea Turtle Network (WIDECAST) has provided training in marine turtle biology
and management and assisted in development of a national sea turtle recovery
action plan (Eckert et al., 1992), Leatherback nesting activities have been monitored
annually by the Conservation and Fisheries Department since the 1980s (Hasting,
2003; Godley et al., 2004). Most recently, the BVI participated in two UK sponsored
projects aimed in whole or in part at marine turtle conservation: Turtles in the
Caribbean Overseas Territories (TCOT), from 2001-2004, and the Darwin Initiative
Assessment of Coastal Biodiversity in Anegada, from 2003-2006, TCOT-initiated
activities in the BV included training and capacity building, extensive sociological
surveys to document trends in the harvest of marine turtles and attitudes toward
conservation efforts, aerial and ground surveys of beaches to assess marine turtle
nesting activities, and an overall assessment of the status and expleitation of marine
turtles in the BVI (Godley et al., 2004). The ongoing biodiversity assessment of
Anegada (www.seaturtle.org/mtrg/projects/ancgada) initiated an extensive in-water
tagging, monitoring, and sampling program for marine turtles. Several hundred
green and hawksbill turtles have been marked to date, and an action plan for
preserving Anegada’s biodiversity is being produced. As a result of this effort, the
outlook for marine turtles in the BVI has improved dramatically in recent years.
As many as 65 leatherback nesting attempts per year have been reported for the
north-shore beaches of Tortola and adjacent Beef [sland (Hasting, 2003; Godley et
al., 2004). Populations of other species also appear to be on the rise, but have not
rebounded to the extent that leatherbacks have {Godley et al., 2004).

The take of marine turtles and their eggs by humans remains the greatest threat
to BVI turtle populations. Other threats reported by Godley et al. (2004) include
accidental boat strikes; loss of beach nesting habitat from erosion, sand mining,
and development; indirect impacts from increased development, including artificial
lighting; pollution, including litter at sea and on beaches; and general environmental
degradation. In addition, fibropapilloma disease has been observed in green turtles
in the BVI (Overing, 1996) and, although undocumented, introduced predators,
such as mongoose and dogs, likely prey on turtle eggs in the BVI, as they do in
the US Virgin Islands (Platenberg and Boulon, 2006). Livestock, which on some
islands (e.z., Anegada) frequent beach areas in large numbers at night, probably
also damage nests. To adequately protect marine turtie stocks in the BVI and aid
in their recovery, we strongly urge authorities to (1) increase protection of critical
nesting and foraging habitats, (2) implement country-wide beach and in-water
monitoring programs to better document turtle population trends, and (3) increase
oversight of the turtle fishery, including strict enforcement of regulations, detaited
documentation of the annual take and evaluation of its impacts, and establishment of
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size limits that encourage maximum reproduction. Experience has shown that taking
primarily large individuals in fish populations results in a reduction in reproductive
output, and we urge the governinent to consider setting both upper and lower limits
on size of turtles which can be killed.

Discussion

Of the 34 amphibian and reptile species documented in the BVI, five (15%) are
common, three (9%) are at risk, eight (23%) are endangered, ten (29%) are data de-
ficient, two (6%) are extinct, and six (18%) are introduced or cryptogenic. There are
several causes for alarm in this breakdown. One is that we have little or no informa-
tion about the population trends of almost a third of the species, a lack that urgently
needs to be rectified. A second concern is that another third of the species are already
at immediate or low-level risk and an additional number are already extinct. Given
the increasing population and development pressure, this is not a good sign for the
future, Of especially great concern are the sea turtles, which have traditionally been
harvested in the area (Eckert et al., 1992) and remain an exploited resource; the na-
tive iguana; and species found on single, tiny, and highly vulnerable islets. However,
leatherback nesting activities appear to be on the rise (Hasting, 2003), and both in-
situ and ex-situ efforts Lo protect the iguana are having some success (Lazell, 2002;
Bradley and Gerber, 2006; Perry et al., 2006). Finaily, over a tenth of the herpeto-
fauna of the BVI is already comprised of introduced species, some of which have
documented negative impacts on native species. Additional species may have been
introduced long enough ago and their origin is hard to ascertain.

Primary causes of endangerment and cxtinction in the BVI include habitat loss
and introduction of invasive species such as mongooses, cats, goats, and sheep.
Development is an especially large concemn for sea turtles, both because of the loss
of nesting beaches and the additional night-lights that are detrimental to juvenile
post-hatching dispersal (Salmon, 2005). Some work has taken place or is planned
for control of invasives. For example, goats were successfully eradicated from
Norman Island. However, most invasive species remain common and prospects for
eradicating species such as the mongoose in the foreseeable future are minimal,
Worse, additional species keep arriving in the BVI, and some taxa that are already
in the region, such as Bufo marinus and Eleutherodactyius coqui have great potential
for harm should they invade the BVI Luckily, we have not yet seen signs of
chytridiomycosis, a disease implicated in the scvere declines of many amphibian
populations (Berger et al., 1998), in BVI amphibian samples sent to the United
States Geological Survey National Wildlife Health Center in Madison, Wisconsin
for analysis (D.E. Green, Pers. Com.). Moreover, most BV] amphibians do not
match the profile of especially susceptible taxa identified by Lips et al. (2003).
Nonetheless, monitoring of BVI populations must be a high priority, given the broad
declines of amphibians identified in Puerto Rico (Burrowes et al., 2004).
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For species with single-island distributions, the risk of extinction as a result
of stochastic events such as storms remains 2 major concern. On Puerto Rico,
hurricanes are known to affect birds (Wauer and Wunderle, 1992) and boas
{(Wunderle et al., 2004). Similar effects are likely in the BVI, especially given the
prediction that global climate change will result in more frequent and more severe
storms (Goldenberg et al., 2001; Emannuel, 2005). Climate change is expected to
affect forests in additional ways as well (Dale et al., 2001}, and changes in factors
such as the frequency of drought are sources for concern. Although extinctions of
small isolated populations are a natural event, the increased likelthood caused by
human activities may merit efforts to protect such taxa. For example, Carrot Rock
may not be facing development but the unigue species it contains are nonetheless
affected by developments on nearby Peter Island (where the Carrot Rock anole is
probably already extinct) and by global climate change, thought to be responsible
for increased storm severily and higher sea levels,

In the short-term, the conservation status of the BVI herpetofauna appears
unlikely to change. However, we are more concerned about the mid-term outlook,
which includes increasing impacts from habitat loss and invasive species. To offset
these pressures, we recommend the following strategies be adopted:

1. Set aside additional areas for conservation. This is especially true for marine
turtle nesting beaches; the proposed National Park on Ancgada, which is
essential for the survival of C. pinguis, and for expanding the size of the
two peak reserves already recognized, Gorda Peak and Sage Mountain,
both of which are very small. Islets containing unique taxa, such as Carrot
Rock, Carvel Rock, and Great Dog, should also be a high priority for
prolection.

2. Minimize the impacts of development via better enforcement of existing reg-
ulations and improved planning. For example, impacts to sea turtles from
beach-side night-lights can be reduced by use of improved lighting technol-
ogy (Bertolotti and Salmon, 2005}, Improved intemational collaboration on
conservation of sea turtles would also benefit the conservation of these ani-
mals, which migrate among political units and are therefore subject to variable
protection.

3. Establish a baseline for population size of data-deficient species and a long-
term program for monitoring all amphibian and reptile species to ensure
declines are not occurring. Studies of the molecular systematics of local
species should be a high priority, as such work has repeatedly identified the
presence of cryplic species.

4, Support the eradication of existing harmful invasives, a process which has be-
come increasingly feasible in recent years (Veitch and Clout, 2001; Krajick,
2005), and enhance prevention of additional invasive species arrivals. New
Zealand is a leader in this, and much information is available on their govern-
mental web site (http:/www.biosecurity.govt.nz/} and on the IUCN Invasive
Species Specialist Group web site (http://www.issg.org/).
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5. Improve public education about the value of conservation in general and her-

petofauna in particular.

The motto of the BVI is 'nature’s little secrets’, but its ability to sell itself as
an ecotourism destination is rapidly being eroded by the same processcs that are
endangering the herpetofauna of the nation. The five strategies we identified above
are not unique to the herpetofauna, but will rather provide protection to many
species and habitats. We hope that the government of the BVI will continue to show
foresight in protecling its natural assets,
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Keeping Invasive Species Off Guana Island,
British Virgin Islands

Gad Perry!, Robent Powel?, and Howard Warson®

 Depannient of Natural Resauree Management, Tesas Tech Universivy, Box 42125, Lubbaock, Tixas 72409-2125. USA (email: Gaed Perny@ TTU.edu)
* Department of Biology, Avils University, Kansas Ciry, Misour 64145, USA.
¥ Guana lland. British Virgin lilands.

Only habitar loss is a bigger threat to native species than
invasive specics, which are found in increasing numbers in
both wrrestrial and aquatic habitats and cause over $100 billion
in estimated economic damage every year in the United States
alone (Pimentel et al. 2000). Such species often arrive via the
transportarion network (reviewed tn Ruiz and Carlton 2003),
whether velunrarily {intentional intreduciions) or involuntarily
(acctdental immigranes). That has heen the case of the Cuban
Treefrog (CTF), Osteopilis seprentrionalis, which has been
spreading in the Curibhean, primarily as a stowaway in orna-
mental plants and construction materials (.., Townsend ecal.
2000, Powell et al. 2005, Powcll 2006). In recent years, one of
us has documented its ongoing expansion in the British Virgin
Islands (BV1), where ir is now known fromn breeding populadons
on Tortola, Virgin Gorda, Beef Island, and Peter Island (Owen
et al, 2005, 2006). Single individuals have been documented on
Necker Island and Guana Island, hue searches of both in 2006
revealed no breeding pupulations, adults, or tadpalus. This lrog
is of concern for several reasons: [t appears to cause the decline
of native frogs, at leasr partially by direct predation; it also feeds
on lizards, snakes, birds, and — primarily — invereebrates. In
addition, it invades the warer cisterns rhat are the main source
of drinking water for muny BVT residents, raising human health

concerns,

A Caban Treelrog {Oiteapidies seprentrionalis) on an ornamental plant
At the Beel Iland nunery.

Even before the collection of u CTF on Guana Island, a pr-
vate wildlife preserve, the owners and management have been
cammitted to keeping tivese frogs off the island, Over che years,
they have fumigated plants and construction materials with
vchicle exhaust, buc the frogs appear remarkably resistant o long
exposures to the toxic funies, and this praceice has been stopped.
Nursery staff is supposed o inspect all plants for frogs before
loading. In addition, all arriving nursery and construction mate-
rials are individually inspected before they are allowed onto the
island. So far, these searches have resulted in the caprure and
destruction of three CTFs, two in a single shipment in 2005 (S.
Western, pers. comm) and one in 2004 {H. Watson. unpub-
lished). Here, we report on one such scarch,

On 12 Ocrober 20006, the barge Deriece-W, normally
bused on Beef Island, delivered aver 220 pouted planis 1o Guana
Iskand: Frews microcarpa, Clusia guriifira, Bongainvillea "Helen
Johnson,” Pundinus utils, fatropha integerrimea, Suriana war-
itima (Bay Cedar), and Coccoloba uvifera (Seagrape), As with
nuny ornamental plants used throughout the Caribbean, they
originated in Florida, USA, which is inundared with invasive
reptiles and amphibians {e.g., Mushaka ot al. 2004). Prior to
being loadud on the barge, plants were housed ar Minine's
Plants, a nursery on Beef Island thac is heavily infesced with
CTFs (Owen, 2005). Sonwe of the material (Clisia and jarrspha)
had arrived from Plorida 10 days previously, while other planes
had been on Beef Island for up to 18 months, In additien to the
plants, the barge carried soil and several vehicles, including a
truck loaded with addirional plants. Thus, we were coneerned
about bath frogs {vithur arriving directly from Flonda or
acquired at the nursery) and other organisms that might have
arrived from cither Incation. One species of particular concern
was the Brown Anole, Anelis sagrei, which also has nvaded
Florida and is spreading in the Caribbean (c.g,, Greene et al.
2002, Henderson and Powell 2003), often to the deeriment of
native species (Kolbe et al. 2004). So far, it has not heen found
in the BV The search was conducted by a team of cight,
mcluding the authors, and lasted approximately one hour. Each
plant was individually searched, with both foltage and soil heing
sifted tor invasive organisins, Those found were recorded and
removed.

We removed from dhe plants inspected five jvenile anoles,
later identified as the nanve Crested Anole (Arodis crici aetlus),
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A cistern on Buof [sland, the source of water for a houschald, s teeming with dozens of Cuban Treefrogs (Qnropilus ceprenivionalis).
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Guana ldand, like the many other islands of various sizes that comprise the British Virgin Klands, is separared from other islands anly by short dis-
tances across inteevening channds. As part of the Greater Pue oro Rica Bank, these islands were ance connected when wa Jevels were much lower
than toduy: At lease those populations of plants and animals -wch limi wed abilities o dispers wss water have evolved sepacacey an indivisteal
sslands, and effors should be nade 1o avoid Giliting peicioads wiigque oot puols by ans cen commeon species tram land o islnd
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of the planters, we collected one dwarf gecko, tarer idenrificd as
a native Sphacrodactylue macrolepis, In addidion, we recovered
one immature spider (an unidentified member of the genus
Selenaps; catalog number TTU-Z 31,098) and three individual
snails, Zachrysra proviseria (MCZ 356974). Thus species origi-
nates in Cuba, buc has been reported in Florida and elsewhere
in the Caribbean, induding the US. Virgin Islands (A,
Baldinger, pers. comm.: Kraus 200%). The soil in two pots con-
tained nests of the imported Red Fire Ant (Solenapsis imvicra),
and had to be fumigated. This species is not listed among those

T
3" - ST

The barge, with its gate down, is rady to disgorpe its load of plants
and soil on Guana [sland.
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The Cuban Brawn Anole {Anolis szgre) is an apgressive invader originat-

ing in Cuba. These lizards thrive in habiwes altered by human acrivicy:
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fames Lazel and Floward Watson inspecting the Jeal wdls of Paredanms wrilis for stowavnays.
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lecated by Miller (1994}, who searched a similar barge ac the
same Jocation, but looked For invertebrares.

In addition to these carpo-related species, we recovered two
juvenile ground lizards, later identified as the natve Armeiva

Ajuvenile Crested Anole (Arolis cristarellus on a nursery plant on top
of a ruck loaded oo the barge. The animal scaped before it could be
caprured.

PEREY, PUMELL ARMDINCATELRN

awcere), which appeared 1o have been resident on the barge. When
chased, the lizards behaved in 4 manner we have never previ-
ously encounrered or seen described. Both izards used a drain
hole on the edge of the deck to launch themselves inco the sea,
about 3 meters below. Onee in the water, they swam as 1 croc-
adile or marine iguana would, tucking their fimbs against their
hodies and undulating the body and il. Swimmung occurred
berh under and on the surface of the water and laswed about 1
minute in cach case, The lizards then swam back to the boat and
climbed up it side. This ability may help cxplain why ground
lizards are found on so many islands, W are happy to report
that the owners of Guana Island, in keeping with their long-
term policy of protecting the island, have now decided 1o sus-
pend such shipmenes.

None of the reptiles collecred were invasives, nor were
CTFs found during our scarch, but some of the invertebrates
coltected were, similar to the findings of Miller (1994). Both the
number of organisins discovered on this burge and their diver-
sity is alarming for nwo rewsons. Tirst, they indicate that a broad
range of organisms can and is wransported in such shipments,
which are not uncommon. In the last few years, Guana Island,
which is not a major consumer of nursery plants, typically
received 2-3 shipments of similar magnitude a year, as well as
several smaller ones (H, Wason, unpublished). The potential
for arrival of invasive species, such as the Fire Ants (already estab-
iished on Guana) or CTF (which has not been noted this year,
despite repeated surveys of all freshwarer locutions on the island)
is alarmingly high. Second, transporting native specics between

This dwart gecko, Sphacrudact focmacreicpe i cotmmon in the Rritsh Virgin Mands,

12
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Oue of two juvenile ground lizards (Ameiva esed) cncountered on the

barge.

Ameiva exsid swimming in the sea afier leaping from the deck of the
barge.

islands is not a benign activity. It swamps local genetic special-
izations that have evolved after the islands separated, leaving
populations less well-adapted o local conditions. For exumple,
water loss rates vary among islands in a manner related to their
andity (Dmi'el ¢t all 1997), and this variation has at least some
genetic basis (Perry ¢t al. 2000), Bringing in foreign genetic
ntaterial could make an island population less capable of surviv-
ing a drought. In addition, such translocations make rescarch
into the biological history of the islands much more difficult.
For example, an ongoing study of the genetic differences among
Crested Anole populations and their relationship to other bin-
geographic patwerns would be severely hampered if animals are
regularly transported among islands.

BVI law offers little gutdance abour inspecting and saniriz-
ing shipments arriving from other locations, such as Florida, We
support the recommendation of Perry and Gerber (2006) that
additional measures are needed to prevent the arrival of invasive
species and cradicate those already in the BVIL [n addition, how-
ever, we also recommend that internal biosceurity measures be
established 1o reduce the risk of native species hoing accidentally
moved among islinds. Such measures are clearly needed to
reduce the spread of invasives already found in the BV, such as
the Fire Ancor CTF to new focations, We are not aware of such

1GUAMA « NOLUME 18, NUMBER 4 = DECEMBER _"i}U(. 277

repalations being in eifece in any island-hased nation, Atemprs
at quarantiries of mainlad invvasives, such as the Fiee Antinohe
USA, ulien have failed because the volume of transport is high
and inspection is lax, but the isolation provided by am island-
based system affers some hope of success.
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DRAGONFLIES

This is slightly modified summary [ typed up tor my notes. You will see that there are
three ncw species for Island (two for BVI). One 1s an Afriean species and only the 2nd
record for New World - I was in Guadeloupe for first record but wasn't the one who
caught it. Very exciting.

Mike Ivy has some neat stuff from Montserrat. His crew went well into the interior and
were there in dry scason - whine, whine.

Drop mec a line if you need more information,

> Guana Island Dragonflies - 2006

>

>

> |3 specics recorded from Guana in 2006 - the highest total ever.

>5 appear every year {(REG), 2 have appeared most years {IR), 3
>previously recorded only in 1997 ((&), 3 new this year (NEW).
>Everything more common than any year except 1997. Only Brachymesia
>herbida, of previously recorded species, not found. Lestes

>forficula and Brachymesia furcata the only BVI species not recorded
>pn island.

>

> Lestes forficula (Rainpool Spreadwing) - 2m from Tortola, f from
>Beef Island. Never recorded from Guana - might appear in Garden of
>Eden. Regular at Community College and airport.

>

>REG Ischnura ramburii {(Rambur's Forktail) - p Guana, p Tortola,
>3p Beef. Recorded every ycar on Guana - more abundant this year
>with numerous pairs in wheel. All 2006 records from salt pond.
>Common and widespread on main islands.

>NEW Hemianax ephippiger { Vagrant Emperor) - f Guana. An African
>species and a notorious wanderer - only odonate recorded from
>Iceland. First record for the western Hemisphere in January during
>our trip to Guadeloupe (caught by the French biologist). The Guana
>1sland record is therefore 2nd record for New World. It was in
>mixed swarm of dragonflies over grassy field.

=

I'll quote a section from Philip Corbet's Dragonflies - Behavior and ecology of odonata.

pages 412 & 413 deal with Hemianax ephippioger and quote is from p. 412.

v Adults of H. ephippiger have been found at bigher temperate latitudes th_an any other
migrants that regularly travel outside the tropics: specimens, some still glnve,.have ]
several times been reported from Iceland (Tuxen 1976)...Two of the arrivals in Icelan
coincided with wind trajcctories across the Atlantic from the' eastern or western
Mediterranean.” Goes on to talk about flights of miilions of individuals arriving

France and [taly behind mid-August and mid-October ahcad of storm systems coming

out of Africa.

ater and develop in matter of a few months. Wpuld be
here in Lesser Antilles, but far more likely that
inter in Europe but do have summer hatches that

They can breed in brackish w
exciting if they are established somew
thesc are just strays. They can't overw
then return to Africa in late Fall.
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>IR Erythemis vesiculosa (Great Pondhawk) - 2m Guana, m Tortola.
>Recorded most years on (Guana but never as common as this year. All
>at salt pond.

>

>NEW Erythrodiplax bercnice (Scaside Dragonlet) - Im Guana. Always
>common on Tortola and abundant on Anegada. The only odonate that
>lolerates salt concentrations greater than sea water. Surprising

>that it has not come to Guana before but possibly the old salt pond
>was too salty. Females seen over flat and at south end of pond but
>altl males in the northern 2/3rds of pond. Presumably a reflection

>of the salt concentration. Other species were concentrated in
>southern {fresh?) 1/3rd although a few at north end.

>

>REG Erythrodiplax umbrata (Band-winged Dragonlet)- 2m, f Guana,
>m Tortola. Always second commonest species on Guana. Common around
>salt pond, but also at some of road puddles. Probably commoner than
>in any other year. Egg laying in salt pond.

>

>REG Orthemis ferruginea (Roseate Skimmer - purple) - 8m Guana. It
>is accepted that the purple and red Orthemis in the BVI are two
>species, but still debate about what species. Correctly or not the

>red species will be treated as the same red species found in the
>Greater Antilles. The purple species on the Florida Keys would be
>ferruginea. Macrostigma is being resurrected as a name for the
>purple form on Guadeloupe so all Caribbean purple individuals will
>be lumped in macrostigma. The red form may require a new name.
>Discolor and schmidti are Central and South American specics that
>have been poorly defined and these are being championed by some as
>the equivalent of the red BVI form. A real rats nest.

=

>REG Orthemis ferruginea (Roseate Skimmer - red) - 2f, 9m, p Guana,
>7m Tortola, 2m Beef. See above. Both forms recorded every year from
>Guana and red form always more common. This year most of the
>purplcs were over road puddies while reds were everywhere. The sea
>level sites on Tortola and Beef have always produced 90+% red
>individuals, the high stock pond 100% purple with pond at community
>college being about 50-50.

>

>IR Pantala tlavescens (Wandering Glider) - 1f Guana, 1lm Tortola.
>Common this year, but usually a few on Guana Island.

>

>97 Pantala hymenaea (Spot-winged Glider) - Im Tortola. A number
>scen on Guana with the more abundant flavescens. First record since



>the massive invasion of 1997.
-

-

>97 Perithemis domitia (Slough Amberwing) - 3m Guana. Several
>others seen. At shaded pool near dock and shaded dump pit near
>donkey pens. First record since 1997, but the two collected then
>were close to death floating on water. This year the individuals
>were holding territories at the respective pools.

>

>REG Tramea abdominalis (Vermilion Saddlebags) - 6m Guana, 1f
>Tortola. Precsent most years on Guana and definitely common this
>year. Most records at salt pond - others in mixed swarms over
>prassy flat.

>

>97 Tramea calverti (Striped Saddiebags) - 3m Guana, Previously
>record only in 1997 on Guana and one individual on Virgin Gorda in
>2004. A migrant from Central America and Greater Antilles to
>Venczuela and evidently easily blown off course. All three
>collected same day at salt pond.

>

>NEW Tramea onusta (Red Saddlebags) - 6m, f Guana. Not previously
>recorded from the Virgin Islands although Nick Donnelly (retired
>professor who confirms identification on all may material - also
>doing Mike Ivy's material from Montserrat so had a chance to sce
>that) remembers throwing his machete at one on St, Thomas (early
>1960's) and cutting it in half, but he didn't save it. No reports
>since. This is eastern most records - no records for Lesser Antilles.
Surprising that it wvas as common as the regular Tramea abdominalis.

Fred Sibley

2325 County Road 6
Alpine, NY 14803

607- 594-3584 or 594-4179
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Waolbachia bacteria are common intracellular symbionty of arthropods and have been extensively studied in
Drosephila, Most research focuses on two Old Word hosts, Drosephila melanogester and Drosephila simulans,
and does not take into aecount that some of the Wolbachia associations in these species may have evolved only
after their fast global expansion and after the exposure to Wolbachia of previously isolated habitats. Here we
looked at Welbachia of Neotropical Dresophile species. Seventy-one lines of 16 Neotropical Drosophila species
sampled in different regions and at different time points were analyzed. Wolbacliia is absent in lines of
Drosophila willistoni collected before the 1970x, but more recent samples are infected with a strain designated
wWil, Wolbachia is absent in all uther species of the willistoni group. Polymorphic wiWil-related strains were
detected iu some saltans group species, with L. sepfentriosaltans being coinfected with at least four variants.
Based on wsp and fisZ sequence data, wWil of D, willistoni is identical to wAu, a strain isolated from £2. sirnulans,
but can he discriminated when using a polymorphic minisatellite marker. In contrast to wAu, which infects
both germ line and somatic tissues of D, sinndans, wWWil is found exclusively in the primocdial germ line cells
of D. willistuni embryos. We report on a pool of closely celated Wolbachia strains in Neotropical Drosopiiila
species as a polential source for the wAu steain in . simulans. Possihle ¢volutionary seenarios reconstructing
the infectiou history of wAun-like Holbachia in Neotropical Drosophifa species and the Old World species £

RUS I [

simfany are discussed.

Wolbachia strains are intracellular gram-negative, vertically
transmitted AHphaproteobacteria that infeet at least 2096 of all
insects (24, 473 In Drosophifa, Wothachia infections are capa-
ble of inducing cytoplasmic incompatibility (CI) or male killing
(34). The CI phenotype increuases the fitness of Wolbuchia-
infected females relative to uninfected females and drives Hol-
bachia through host populations. In recent years scientilic in-
terest has broadly focused on the evolutionary and functional
interactions between Wolbachia and genctic model systems
such as 1. mrelanogaster and D, sinndans, two well-studied Old
World species belonging to the melanogaster group (42). In
melanogasier, o single infection variant, wMel (50, hiad been
deseribed uatil not long aye (36}, This infection is associated
with variable levels of Clin its natural host, In . sinndans, five
Wolbachin variants have been described: wRi, wHu, and wiNo,
which can induce CI, and wMu and wAuw, which geoerally do
not (29). Strans wMlel of Do omiclanogasier and wAu of .
stmudany are closely related in respect to the most sensitive
molecular gene marker sets of wsp (30} and fisZ (9, 35). There
is a complete luck of wyp sequence palvmorphism within whiel
{36) and wAu (2, 23), which supgests cither a strict clonality of
the parasite or a recent acquisition by their host species, The
phylogenctic relationship of these two Wolbacliu strains has
previously been analyzed (sce, e.g., references 9, 21, and 50);
however, the evolutionary origins of both the wAu and wMel
associtions remain unclear, including a possible recent acqui-

® Correspanding author. Mailing address: Laboratories of Genome
Dynamies, Center of Anatomy and Cell Biology, Muedical Universily of
Vienna, Wahringersir. 10, A-1090 Vienna, Austria. Phone: 43-1-4277-
60624, Fax: 43-1-4277-600%0), E-mail: wolfgang.millerer meduniwicn.ac
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sition from other host species after the glabal expansion of
both OQld World Drosephila species,

In contrast to the well-studivd HWolfachia associations in /3.
metanogaster and D, séimaduns, little s known about the ocenr-
rence of Wolbachiu wmong American Neotropical Drosophitu
strains comprising two groups of species, the saltans group and
the willistoni group (Fig. 1). There are presently two conflict-
ing reports about the ocenrrence of Wolhachia in Neotropical
Dirasephila: Bourzis ¢t al, (4) sereened a broad range of {re-
sophila species derived from various labs and from the Dro-
suphila Species Stock Center {DSSC) in Bowling Green, Ohio
(now held at the University of Arizoma, Tucson), In their sur-
vey only two species out of the 41 stocks comprising 30 species
were infected with Wolbachia, Interestingly, none of the apu-
Iveed DSSC fly lines was infected, The six Neotrepical Dro-
sopitifa species surveved, including £, willistoni, D, prosalians,
and . sturtevanii, were uninfeeted (4), The Neotropical sam-
ples surveyed originated from iso- or oligofemale lines kept at
the DSSC sinee the 1930s. In contrast, Werren et al, (46)
reported that a natural populanon of D willistond colleeted in
the early 19905 in Panama was infected with Wolbachia, Ns
presence in D willistond was recemtly confirmed by discovering
partial fragments of u Wolbachia penome in the Trace Archive
of the D. willistont genome sequencing project (37:J. Brownlie,
persenal communication). The genome sequence was derived
from an isofemale line colleeted in the carly 1990s in Guade-
loupe (L. Ehrman, personal communication).

Here we reevaluated the Wollachia infection status of Neo-
tropical Drosophila species by conducting a larae-scale survey,
Seventy-one lines of 16 Neotropical Drasophila species belong-
ing 1o the willistoni and saltans groups were seurched for Wal-
bachia. We compared the occurrence of infection in old versus

i
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D, saffans D. williston}
D. auslrosaitans D. ropicalis
D. seplentriosallans D. equinoxials

0. lusailans 0. pauvlistorum
D. prosaitans D. insulans
subgroup sturtevant subgroup bacainensis
D. sturtevanti D. fumipannis
D. capricorni
D. nebulosa

D. sucinea

new world

Sophophora radiation

FIG. L. Phylogenetic relationship of the Sophophora radiation (41). The Welbachia infection statuses of the Drosaphila species shown were
deduced from data published previously {melanogaster and olscura groups) and from this study (saltans and willistoni groups). [n boldface are
species that have been found to be infected with various Wolbachia strains hased on wsp sequences (see Materinls und Methods),

recent population samples of different geographic origins and
increased replicate numbers of analyzed lines per species, as
analysis of only one or a few iso- or oligofenale lines would not
detect Jow infection frequencies in species, Different diagnaostic
tools such as Wolbactiiu-specific wap and fisZ PCR, Southern
blot hybridizations, and immunological dingnostic methods
wure applicd for this purposc,

MATERIALS AND METIORS

Drovaphila strains, Hy sampies were kindly provided by colleagoes Margarer
Kidwell, Ceon Bartel, Kiny van der Linde, Francesco Ayake, Jeif Powell, au)
Peter Chabora and by the DSSC. Tuewon, Ariz. (For desalls abeut goigmaphic
origin, collector's mame, and date of cellectinn, see Tables 1 1w 3 All stiains
were kept on standard fy food anosials at o constant wemperature of 21°C.

PCR diugnoxtics, cloning, sequencing, and strain typing. Genumic DNA
derived from vingle adult Temale hies were extracted according to the single-fiy
PFCR prevtocal {14). and the yuality of By penomiie DSAs wis fested hy contro!
PCR expenments carried ot with primers bioding 10 cormerved segments in
eson 2 and exon 3 of the Adh gene (15), Wolbachiaspealic FCRs were pes-
furmed as previously deseribed (24). In brief, 2 pl of the 50l singleAh sniple
wias adiled to 20 ) of FCR pox (0.73 U Tag DNA polvmenase {Promega| in 12
rexction baffer, 0,10 pM of ¢ach primer. ard 75 pM of pach deogmiclorside
tripheaphate). FCR primer sels were used an described previously (24). The
Withochia infection of D, widiston) wax discruminated from AU wlfection of £
simtedieiis Iy the hypervanabie VATR-141 fovus in wMel (primes set VINTR-
I41F-R), isolated by Riegler €1 al. (36). At least two independent PCRs were
analyzed perample. PCR fragments of the espected size were pel eluted, cluned
into the pGEM-T Easy vector, and tramstfocmed ioto IMVFY (Fromega). [Wth
strands of ench clone were sequenced hy GENterprive GmhFL Muainz, Gernany

Wonltmchia strain names were assigned 1o wsp seyuemee vanants dering from
dillerent hosts gecording o current standsrds (34, S0 This o impoctant o erder
1 kee the ccofogical veigi of e Wodlvihar symbicss sranaparent, The hugkly
T‘iﬂ:- II‘.lllTlhiC' IR gene ul'-l.‘,l.‘r;cl'l.“- 'l:n'-lm:l:lgllus recormhd iy atving ssins,
which (s problematic for an evolutinnary analysis of the symbioais (1), Therefore,
we used a mullilocus approsch, dncluding ap aikd i penes o well 25 (he
VNTR-14] locus

Phylagenciic anaulysis, Muhiple wap sequence abignmenis, including e hyper-
variihbe regions (ases 217 1o 252 and 520 (0 $42), were generaled using the
Clustal X prugram (40, Algmrents were hised on amimo acid dransbal s
feslhmned by munind medificims. A e sabshtuton was mcladed in e sy
il occurred i iwo or moee plaseid chenes ohuined from independent PORs.
Othur substiiutions were eliminiled. Thi Hoat alignnsen iy available ot fipTip
ehiacakipublilnabasecentblahgniander accession number ALIGN_N0W4] 7,
Phvltgenetic trees were consfructed by applying PALIP® (39) in the alvence of
an avaitabie ourgicap. Neighborjoining andlyses alter pudpoint roafing and
upwelghted-palr group meiliond with anhmetic memy anulyses yrelded simlar
phytigenes, suppacting the close wlatiomhip of wAu-like Wollvefin variants,

Single-fly Southern hybridization. DNA exivaction from mdnacual T0-day-old
female Bies, restriction digestion with Flind 1, vertical aganse gel separation,
aned membrane Wowing were pecfonmed aecording 1o We protesn| deseribed Ty
Junakovig (26}, Nylon mewbranes were profed with the eluled wyp PCR frag-
ment of wWil derived from e B, wiflistone stinn Pan 02 (Tabde 1) coned ino
the pGEM-T Easy vector,

Semiquantilative genomic wxp PCRx, The devmity of Wolbachia in D, willsiom
was determined by sennigaamtitative wsp PCRs on 1 indyviduat adult ferales of
sluged spes. After pel separation and SYHR Creen | aliining (Roched, the
emission intersities af the ohiained asp fragments were determined and con-

parcd o wsp signal intersitics derived frons individeal £, sémubans {(from i Colls
Harbor liney infected with wdu and £, spnefans (from a Rivenside line) infected
with wRi.

9
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TABLE 1. Bastributinn of Weadbachter i nuntaral populadbons and seocks ol 00 willistom

Bepian ) Hy lipe Lawzebienny; siree®
Americun condinerital

Fan 012 Pamama City, Panama; KL

Lag Laguma Negra, Rocha, Uruguay; L1
Apa 5.1 Vermeruz, Mexico; I8

Apa 52 Veracruz, Mevico; IS

Pun 93 Panama: EB

JS 63 Jaton Sacha near Tena, Ecuador; PO
151 Tatan Suacha near Tena, Ecuador; PO
Iara 3 Belem, Pard, Brazil, MM

Para 4 Helemn, Pard, Brazil, MM

RIP Ribuirao Preta, Sao Paulo, Brasl; CR
Pan 42 BCI, Panama; BB

Munaus Mamaus, Brazil, Miv

wilBBo Belize; A

wil(’ Cosla Rica: FA

N Sao Pedro, Rio Grande do Sul, Brazil
WiPrd Ipitanga, Bahia, Brazil, HW and AC

Fairchld Gardens, FL; WEH

San Salvadaor, El Salvador; W11

San Maria d'Ostuna, Nicaragua; WH
Atliea, Veraeruz, Mexico; W[
Raoyal Palm Park, Fl; WH

14030-051 1.6
14030-0811. 1
13030-0811.0
1403081 1.3
[4030-01811.2

Caribbean
wil GiL-EW]
Lantilles 6

Basse Terre, Guadeloupe; PC
St Vineent ind Grenadines; i1
LAntilles 3 Grand Ertang, Grenada; HH
Lamilles 4 St Vigcent and Grenadines; [
LAmilles 1 Tora Negre, Puerta Rico: HIE
/) wil(:2 & Guana Island, Virgin Islands; PC
wil(i] Basse Terre, Guadeloupe: PC
will] Grande-Turre, Guadeloupe; PC

Callectiin yr PR S herr o

o2

200N - B
1% - -
198 - -
1948 B -
1997 . -
1997 = +
1997 + +
1997 +
1495 -~
1492 +
1956 - -
1974 + +
1971 - =
1963 - ND
1961 — -
1959 - -
1955 - -
1654
1947 - -
1941 - -

2000 + +
19497 :
14997 - -
1997
1994
1991
1991
19491 - -

+
4

L
|

+ 4
+

*Collectors: CR, C, Rohale; B, F. Bartel; FALF Asalaz B L M edlscher: BEW, 1L Winge: KL, K, van der Linde; LB, L Bass da Sitva; MM, M. Martins; PC.

P Chalwra; PO, PO Grady, WEL W, THeed.

* Resulis ebibsined per line on individual Mies from independent genome PCRs wilh fis and wsp primer selx (a
* Reaubs derned (rom genomic singhe-thy Southern biot hybridicitions probed with the sop fagrend (1

LND, ned delermined.

Immuanolugical xtudies. Wolbsefue density and tesue wmopam ol «Wilin D,
willistoni were detenimiimed using the golyclonal Wollsachi surface protein (WSP)
anibaoily (11). WSE profein cxpression was analyzed vin Westem hlatimg of
profein extracts derived from diedual aduly Tes o mdependent replicates as
well as whole-mount immunosiainings on adull tseues aad stoged embryon (44).
Latit anti-wge antibody was wwed ot a0 1500 dilution overmight at 4°C and
detecred alter ymeubation with a 159 difution of Alexa Fluor 488 goat anii-
vabbit irvdioglobailin G-labeled seoondary antibody {Molecular Profies) ut
room teniperature for | b The wotad number of primondial germ line cells
(PGOSY in stige 10 and later cinbrves of £, wifligen: was determined vsing 1he
pobe cell-spectic polvctonal rebbint ant-VASA aniihondy at 2 diluticn of 301 005
Shides were stamed for 3 man wish | pe'ml DAP] (476" aamidiog-2-phenyli-
dole) (Moleculir Probes), rinsed, staiged with S pgim! progiduwm wedide (Moo
leeutar Probes) Tor 21 min, finsed agam, and mounted with ProLong antifade
medium (Mateculur Prubes).

Flunrescence microncapy, Inmunsstainings of embryos and oviries were ex-
antiricd by using a Zeiss Aot 2 Epefluerescence mictmops. [nages were
proexessed wing Phutvshop fud {( Adibe),

Nuclentide sequence accession pumbers, The wsp seguence data denved from
Neatropical Wothechia sirainy were deposiied in Genlank under iccession num-
bers AYGHIZIT to AY620229 and DOQIIRTY, s% well as AYSS=300 for the
respeciive sequenee Trom £ grenaoee cotlected in 2002 4n Sao Tome, Se-
yguences uf the dingnostic VNTR-141 Joci of £ seeedans (Cofls Hlarbor) and £
wellistorrs wene depenited in Genllank under accessipm pumbers DOQINTI7 and
DOQIISTIR, respectively.

RESULTS
Islation of Woelbachia from L. willistoni, Twenty-one conti-
nental American and cight Caribbean lines of D, willistoni were

6 wdult Ternales por Iniw).
§ adull females pov line).

screcnced tor Wolbachia by using wsp PCR and single-{lv South-
ern hybetdization. Based on both moleeular methods, 12 con-
tinental and 5 Curibbean lines tested positive. All five lines
originating from the DSSC as well is most lines derived from
collections before the 1980s were devoid of Wolbachia (Tuble
1). The five DSSC-derived fly lines collected in Central Amer-
ica und Florida in the 19405 and 1950s and the Brazilian and
Costa Rican lines collected in the 1960s and 19705 lack Wal-
bachia (Table 1 and Fig, 2A). The oldest sample of . willistoni
infected with Wollxichic originates frony a line of flics collected
in Belize in 1974 (sample wilB6). The sccond-oldest infected
line was collected in Panama in 1992, While the Brazilian line
“Manaus” originating from u collection in 1986 is uninfected,
all continental lines, ranging from Mexico to Uruguay, col-
lected in the 1990s and later harbor Wolbachia infections {Ta-
ble 1), Whereas older continental lines are devoid of Wolba-
clifa, more recent samples are universally infected. Carthbean
samples of . willistond show o more heterogencouns infection
pattern. For example, recent collections from Grenada and St
Vincent {line L'Antilles 4) in 1997 ure not infected. A line
collected from Grand Terre, Guadeloupe (wilH), in 1991 is
uninfected, whereas another one collected on the neighboring
island Basse Terre (wilG1) in the same year is infected with
Holbachia (Table 1),
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FIG. 2. Intra- and isterspecific distributions of Wolbachia in Neo-
tropical Dresapfila species. (A) Single-fly wsp PCR on vight strains of
P.owiltisrond collected at different American Jocations in different years
(sev Table 1), For vach . willixtond strain tested, PCRs were per-
formud separately vn six individual 2-day-old temale flies. Lines are i
follows: 1, Pan 025 2, wil; 3,0 willd; 4, willde; 5, Apa 5006, Para 4; 7,
WIPS; S, wilGl () Genomic single-fly Southern Blot hvbridizition
probued with the wap plasmicd of Wil on individual Tkday-old females
of . melutogesterw Mel C8 (lane 1, D, anchmagusierfneMel yw<™ (lane
20, 1 simudansiw Ry (lane 3), D, sindansiwaAu (lanes 4 and 83, £
willistonife Wil treated with tetracychine (lane 6), and D witlistonismn Wil
strain Pan 02 (lane 7). (C) Western immunobloiting using the anti-
WEP antibody (1: 1068 o single-1ly protein estracts derived from /2
williston-T, the tetracyeline-treated control line of IS 6.3 (lane 1),
willistaniiw Wil (lane 2), 2. septeainosalians/wSpt (lane 3, 1. simudeans/
wAU (lane 4), D simudars/wRi (fane 3, and /) melanogusterin Nl
(lane 0). (D) VNTR-141 specific PCR on 1. willistoniieWil Pan (12
(lane 1y, 8 willisicnisyWil JS6.3 {ane 2), 1 willistoni/wWil Para 4
(fane 33, O sinnelansiwAu Cofls THarbor (Jane 4), and £ simedansivAu
Yaaunde 6 (lane 5). (E) Schematic comparison between the VNTR-
141 Teei (34) of wWil (top) and wAu (bottam)., The basic umit is
componed of a 13-hp repeat (slippled), a 23-hp hairpin {(loop), an 18-bp
imsertion (hatched), and a 13-bp repeat (black). The size difference is
caused by a [41-bp dupiication in VNTR-14] of wAu,

Multiple wsp PCRs on individual thies from lines of D, will-
istoni confirmed the complete ahsence of Wolbaclia in unin-
fucted lines. Within infected Ay lines, cach individual tested
was positive for Wolbachia (Fig. 2A und data not shown),
These 100% infection frequencies supgest o close-to-conplete
vertical transmission efficiency of Welbachia in D, willistoni
hosts. This is corroborated hy aur obsepvations that flics from
niturally Wolbachia-infected populations of D. willistoni kept

WO EACHLA IN NEOTROPICAL ZROSCHPHID SPP w10

inaur lab maintained a stuble 100K iptection frequeney in the
3 years since collection.

Molecular charactevization of the B, willistuni-specific Wol-
bachia strain w¥Vil. We seguenced (ragments of two genes, wsp
and fisZ, from 12 Welbachin-infected lines covering continen-
Ltul aind Caribbean populations of D, willistoni in order Lo char-
acterize the molecular structure and phylogenetic relationship
of this Walbgchia association with other Walbachia varianis,
Until reeently these two diagnostic marker genes were re-
garded as the most informative tor molecular Wolbuchia vari-
ant clhassification (34), All isofited Wolbachir clones of 1.
willistoni were identical in their sequence, Below we refer to
the strain as wWill With respect to the wsp sequence of wil
obtained from the 12 infected lines (accession numbers
AYG20218 to AY 620224, no sequence polymorphism could be
detected. Morcover, all wap and fisZ sequences of D, willistoni
were 100% identical to the respective wsp and fisZ genes (ue-
cession numbers AFD20067 and AY227739) of the Wolbachic
varant wAw, As deduced from comparative Sonthern blots
{Fig. 2B), the close relationship between wAu and wWil s
corroborated by the conservation of the two Hind{I restriction
sites flanking the wsp locus,

In contrast to the identity of wWil and wAu at the wsp and
fisZ sequence level, comparative genomic single-fly Southern
blots (Fig. 2B) and semiquantitative PCRs (data not shown) of
infected individuals of D, willistoni and 12 simudans showed
clear quantitative differences. Strong signals comparable to
those of wRi were obtained from wAu-infected D sipnidans
adults, and the intensity of wWil in similar-sized D, willistoni
clearly showed a 70% reduction compared o that of swAu (Fig.
2B, lanes 4, 5, and 7). This quantitative effect was also detected
al the WSP protein expression level by Western blots derived
from single-fly protein extracts with the polvelonal anti-wsp
antibody (Fig. 2C, lanes 2 and 4). The WSP proteins of wiu
and wWil have the same moleculur weight, whereas, for exam-
ple. the homologues of two other Wolbachia vartiants that in-
fect . melancgaster and Do simeduns (wiel and wRi, respece-
tively} diffier significantly (Fig. 2C, Tines 5 and 6),

In contrast to the wsp and fisZ sequence idemtity between
wWil and wAu, we were able to diseriminate both strains at the
genomic level by applying the recently isolited polymorphic
marker VNTR-141 (36), This dingnostic marker covers the
noncoding polymomphic VNTR-141 [ocus in wMel (positions
BO003 to $0332 in the wMel chromosome). By performing
VNTR-14[-specific PCRs (Fip. 2D), we have obtained 2
528-bp fragment from wAu (accession number DOLISTT) and
a 387-bp fragment from wWil (aceession number RDOTIST78).
The length difference is caused by a 141-bp duplication in wAu
that is not present in wWil (Fig. 2E). Henee, wWil is closely
related but not identical 10 wAu of D, sinnduns,

Extreme pole cell tropism of whil in D. willistoni embryos.
Whole-mount immunostainings were performed on carly em-
bryos and ovarics of both [ly species, using the anti-WSP an-
tibody. In carly embryos of D. simulans, wAu hactenia were
detected in somatic and germ line tissues during all stages of
¢ribryonic development (Fig. 3A). Nuclei of caclier blastoder-
mal stages were infected with Wolbachia, with somwe significant
enrichment in the posterior pole cell region in both . similans
and Do witlistend. Such posterior accumulations of wAu in /2
simulans hlastodermal embrvos were reported recently (44). In

C
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FIG. 3. Disiribution of Wolhachia in Drosophily embryos. (A and
B) Whale-mount immuncstainings with rabbit anti-WSP antibody
(green) on early-stage embryos of L sinedans infected with Ay
(A) and D, willistoni 1§ 6.3 infected with wWil (B). (C and D) Stage 9
1o 10 embryos of D. simufans (C) and D, wiliision: {D2) are shown in
detail, Whergas wAW in O sonuduns uniformly infects lamh somatic und
germ line cells, wWil selectively targets a very limited number of
prmordial germ cells. In D0 wiltlistoa, wWil is not detectable at the
immunological tevel in somatic cells at embryonic stage 9 or larer. (E
10 H) Latenul views of a stage 12 embryo of £ wittisroni infected with
wWil (E and G) and their enhanced magnifications show a row of five
heavily infected primordial germ cell nuclei on both lateral sides of the
cmbryo (F and ).

contrast to this, during stages 9 and 10 of embryonic develop-
ment of Do willistoni, wWil specifically targets the perm line
(Fig. 3B). In carly gastrulating embryos, shortly after pole cell
invagination, somatic tissucs of D. simulans were heavily in-
feeted by wau (Fig. 3C). At this developmental stage, wWil
bacteria in D, willistoni are selectively targeting a small number
of primordial germ line cells, whercas somatic tissues are de-
void of bacteria (Fig. 313), Luter, during stages 12 to 14, in the
course of germ band retraction, only ane lateral pair of five ur
six PGC nuclel was infected by wWil (Fig. 3E to H). Contral
immunostainings with the Drosophila germ line-specilic VASA
antibody (28) showed that, in contrast to [, melanogaster, the
Neotropical species D, willistoni harbors o reduced number of

A By, Micsinicn

PGC: which poerlectly colovilize with wWil (doti not shown).
Based on the tght wmporal and spatin) association belween
the host-encoded VASA protein and WEP-expressing wWil,
we assume that this intracellular parasite posscases 4 modecular
association with the host-expressed. pole celi-specific vasa
RNA or with its encoded protein,

Natural polymorphism of wAu-like Wolbachia in other Neo-
tropical Drosophila species. We have expanded our survey into
spevies of the willistoni group in order to search for a potential
origin of the wWil detected in recent collections of £ willisioni.
Besides D, wilfistond, 21 fly lines derived from eight species af
this group. covering both the willistoni and bocainensis sub-
groups (Fig, 1), were screened for the presence of Wolbachia
by using the wip primer set. With the exception of . funipen-
nis, a strain kept at the DSSC sinee 1958, all willistoni group
species samnpled were negative forwsp and fisZ PCR (Table 2).
On the basis of its wsp sequence, the infection in 0. fumipennis
{wlum; wceession number AY620207) shows only a distant
relationship to wWil (Fig. 4}, similar to the A subgroup Wol-
bachia infection of Pegoscapus longiceps (accession number
AFS21161),

D contrast to the absence of wWil infections in the willistoui
group, three out of the seven tested species belanging to the
saltans group harbor Wolbaciue (Table 3). The two saltans
subgroup members D, seprentriosaltans and D, prosattans are
infected wath wWil-related Wotbachia strains, designated wipt
and wPro, respectively, The wsp sequence of the Wolbaciia
strain wlPro SGI (accession number AY620208) isolated trom
0. prosaltans shows 97.9% homology o wWil of D willisioni
and is almost identical (99.0%) to tiie wSpt PNM2 strain
(AY622214) of D. seprentriosaltans. Below we refer to these
Neotrapical strainy wWil, w8pt, and wPro (Fig. 4) as wAu-like
Wolbachia because of their close phylogenetic relationship
with wAu of ). simulans.

Six wSpl wgp sequences were isolated from three different £,
seprentriosaftans lines collected in Panama between 1998 and
2002 (Table 3). At least four different wSFPT subtypes can be
distinguished according to their wsp sequences (Fig, 4): wSPT
BCII (accession number AY620209Y ix identical to wCer2 (ac-
cession number AF4I8557) of the cherry fruit fly Rhagoletis
cerast (33) and to wTel (aceession number AY291347) and
wYak (aceession number AY291348) of D, reissieri and .
yakiha, respectively (8). The variant wipt PLRI (accession
number AY620211) clusters with wSpt PLR2 (accession numi-
ber AYR20212), BCI2 (accession number AY020210), and
PNMI (accession nunher AY620213). The Iatter three wap
clones are identical at the sequence level bur stem from three
different Panamanian {2, sepremriosaltans populations (Table
3). The fourth subtype, wSpt PNM2  (uccession number
AYH20214), 33 the most divergent variant positiened between
widel (accession number AFG20072) of £, melanogaster and
the wAu-like Wolbachia clade (Table 4). All lines of 1. septen-
triosaltans tested are mulliply infected with wsp variants of
wSpt. For example, individual Hies from the PNM strain from
Panama City harbor at least two different types of wyp sc-
quences, Each wip vartant sequenced seems (o be part of an
intact open reading frame encoding a 196-amino-acid {aa)
section of the WSP protein. The observed wap sequence poly-
morphism of wSpt variants within D. septentiosalians is man-
ifested even at the protein level (Table 4), With respect to the
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TABLE 2. Distnbabion of Welbsoden In the willisiom group

Yoy

willistend subgrioup

Fiy line, hocaiiom, 4

Wel gachld [N NEOTROPICAL DROSOPHN_ A SPP. K3l

Jroe™ il Jection v RS

D, rropivadis PNM: Panama City. Panama; KL 2im12 -
Panama; 15 R =
BCL Panama City, Panan: 213 YERIT —
1), inseluris St Kitts, St Lucia HIL NI -
D cqrinoxialy Apazapan, Yeracruz, Mexico; I8 998 -
Chigante, Panamay; EB 1997 -
PLR; Gamboa, Panama; KI. 20812 -
['s; Colon, Panama; KL 20112 -
D, panlistonin: 15 3.2; Imon Sacha, Tena, Ecuador; PO 1947 -
Interior; LE 1070 -
Central americas, LE 1959 -
1403010771 .6; San Sabador, El Salvadar 1955 -
140300771 .2; Mesitas, Mexico; LE ND -
AR LE NI —
hocainensis subgroup
1) capricomi 14030-0721.1; Canal Zone, Panama 1961 -
. sucinu Xalapa Botanical Gardens; Mesico, JS 1998 -
14030-791.0; Medellin, Colombia 1938 -
D. nebudosa Apazapan, Veracruz, Mexico, 18 1995 -
14030-0761.4% Palmira, Columbia ND -
14030-0761.1; San Jose, Costa Rica ND -
D firemipennis [4020-0750.E; Arima Valley, Trinidad 1958 :

“ Collectors: ERB, E. Bartel: FIFL L Flollocler; 35, 1. Sibae KE Kovan der Lisde; LE, L Ehrmomy;, PO, P, O Grasdy.

“ Results phtained per line onandividual Bies from indegs nlent gersamic PRy wivh finZ and wop primer sels (o

* WD not determined.

WSP consensus sequence wBCLIL (accession number
AY620209), two amino acid substitutions are found, i.c., in the
sequence of wSpt PLR1I PLRZ, BCL2, PNMI, and PNM2 at
consensus pasition dg 24 (Tyr to His) and in the vartant PLR1
{accession number AYA20211) at positton (26 (Asp to Gly),

AL least two wap variants of wPro were isolated from the D,
prosaltans SG line from Panuma. Both wPro variants share a
host species diagnostic substitution at aa 23 (Thr to Ser), and
wProSG1 has a substitution at aa 88 (Table 4).

wSLy Wolbachia in D. sturtevanti. Our survey yiclded another
new Wolbachie variant, wSte, which wax isolated from D, swur-
fevansi, & member of the sturtevant subgroup (Fig. 1) The
distribution pattern of the wStv infection within its host species
is patchy: c.g., wStv is present in the isofemale line Pan 6
(accession number AY620216) but is absent from Pan 12 (Ta-
ble 3). Ax deduced from wsp sequence data wSty helongs to
A-group Waolbachia but is distantly rclated to the wAu-hke
variants (Fig. 4). Three closely related but distinctive variants
of wStv were isolated as singly occurring infections from three
Panamanian  populations  (accession numbers AY6202135,
AY020216, and AY620217) (Fig. 4). Interestingly, the wsp
sequence of wStv MI {accession number AY620215) collected
in Mariz Eugenia, Panama, is identical to that of wWhi (ac-
cession numher AF237886) isolated from the philchotomine
sand Oy Lrrzemyia shannoni in Colombia (31). Those authors
proposed, based on an extensive data set showing that other
non-American populations of L. sharnont are free of Wolba-

& adult Temales per line).

cria, that L. shaurtoni probably acquired wiWhi recently from
another host in Amcrica.

DISCUSSION

wWil infection of D. willisteni. Our survey shows that Neo-
tropical Drosaphita species belonging 1o the willistoni and sal-
tans groups are infected with various A-group Wolbachie
strains, nowsp and f1sZ sequence analysis, wWil of D, wilfistoni
is identical 1o wAu of D simddans. However, wWil can be
discriminated from waAu by the VNTR-141 poalymorphism and
the strict pole cell tropism in its natural host, Hence, wWil is
closely refated but not identical e wAu of D. simudluns, Our
biogcographic analysis suggests that the infection is absent in
D, willistond stocks collected before the 1970s, Two alternative
hypotheses may explain this result, e, a stochastic loss in the
stocks or a recent invasion in the field. Al five DSSC-derived
. swillistoni samples tested negative for wWil (Tuble 1) and
were kept under artificind lab conditions since the 1940s and
1960, The DSSC collection was moved first from Texas to
Ohio and then to Arizona, We cannot exclude the possibility
that the Wolbachio infection was present in all lines but was
then stochastically tost in independent lines in the course of
their long-term stock maintenance duce to stress tactors, star-
vation, dramatic reduction of population size, or application of
annibiotics, This hypothesis cannot completely be dismissed;
however, we have (hree arguments against it (1) wWil infee-
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Al [y os . Ml RORIOL

siahyy ) srties
[l wWil o witilehoni
wCer2 Fragoed s Covass
NE 0. |edieewr
:. wrax D yakin
wSpt BCI 0. sopientiio saitans ”
[+ wSyn Symerga golleopa
! - wSpt PLA 0. septontnic sallans *
wSpt BCI2 D. seplantriossilans "
wipt PLR2 D scpltentricsaltans *
wpt PNMY D. saplantriossitans "
| wPro SG1 D prossitans*
| wiro SG2 0. prossilans*
L wSptPNM2 D, septomtriossilans*

—

whiel AUB 0. memnogaster A group
whial yw O, malnogastor
whiel Cams 0 mabnopasier
| I winnA D, inredin
| whec D. rocons
wCorl 1 carpsi
woit D. bfascae'n
‘ whl 0. aranm
wH D, senvies
‘ wh D. arvrasyar
wSty MI . stunavanti -
ﬁ wWhr Ligromys sharoy
w3ty Pant D sturtevanii *
_L wSTY 8G D. sfurovany *
wFum D turdpennis
| wh'a 0. semuians
T who D, simubs Bgroup

—— 0.005 substitutora/sie

F1G. 4, Unweighted-pair group method with arithmetic mean eladogram based on wp sequence alignment, including 1he hypervariable region
of the Welbackia sirains {50} derived from Neotropical Drxephila species (boldface) and from carlicr reported host species (lightface). Host
sprecien found o harbor polvmomhic Welbachia variants are indicated by asterisks,

tons in O wilfistond lines were completely stable under our lub
conditions tor more than 3 years, (i) the DSSC contains in-
fected Drosopiila lines originating from equally old collections
(e.g.. £ fumipennis), and (i) overall ratios of infected versus
uninfected 1. melanogasier Ny lines in several other stock cen-
ters stayed constant over the last 80 years (36), Hence, we are
int favor of the hypothesis of recent spreading, for which we can
add three supporting observations: (1) the kuck of sequence
variation of all available wWil markers obtained from our
samples sugpests clonality of the infection and recent acquisi-
tion by horizontal transfer from an external souree; (i) indi-
vidual adult flies of two alcohol samples of D willistont (DSSC
stock numbers 14030-0811.4 and (4030-0811.5; kindly pro-
vided by 8. ). Castrezany, Drosephila Species Stock Center,
Tucson, Ariz.) collected in Mexico in the 19305 were unin-
fected, whereas control PCRs with Adh=specific primer sets
were successful; and (61) the twa old strains wilC and wil36,
collected by Fo Ayula in Central America in the 1970, are
uninfected and infected, respectively (Tuable 1), Additional
analysis of D, willistoni populations collected between the
1970s and 1990s would doubtlessly improve our data set, al-
though these strains would be difficult or impossible to obtain,

The complete absence of wAu-like Wolbachia in the related
willistoni group species tested (Table 2) supports the idea that
D, willistoni was infected after fis speciation. Since all recently
collected continental samples of Dowillistoni are infected with
wiil, we assume that this Wolbachia strain reached fixation in
continental populations of D, willistoni. wWil's pole cell tro-
pism and its 105 ransmission rafe, seen in lab lines, were

probably cruciab factors. A recent Wolbachia-driven process
should alvo be detected in the biogeographic distribution of
mitochondriul variation. but this hus not yet been looked at in
the context of Wolbuchia infections. A departure from an ex-
pected ratio of mitochondrial versus nuclear DNA polymor-
phism has been reported when comparing different popula-
tions of D willistond, and a sclective mitochondrial sweep has
been suggested as one plausible reason (380 1. Silva and M.
Kidwell, personal communication).

wAu-like Wolbachia originated in saltans group species, We
found polymorphic but closely related wsp sequences of wPro
and wSpt in the host species D, prosaltans and 1. seprenrriosal-
rins, respectively, This implies that these Wolbaclia variants
are an outcene of ol associations with Neotropical Drasoph-
il species. Independent multiple horizontal transfers with
closely reluted Wolbachia strains are less likely. The progenitor
of whre and wSpt presumably intected the common ancestor off
both host species before speciation and subsequently diverped
at the wsp sequence level in the course of long-term vertical
transmission. Host-specific diagnostic sites within wsp corre-
spond with our hypothesis (Table 4). Therefore, we sugpest
that wAu-like variants cvolved in the American Neotropical
saltans group species and are potentizl donors for the hortzon-
ta] transmission to £, willisiond, A similar event has been sup-
rested for Wolbachia associations among the Gld World sibling
species D, simudans and D, sechellia, where original Wolbaclna
infections in an original specivs have not ver yielded o sc-
quence divergence in wyr in the sibling species (6).
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3 Diapition of Bealbaclie e the saltans group

sallam subproup
D iahain

D, wustrovalivns

_—
—

L Resritaons

D seprentriosaltans

D,

~

subsaltans
1. prosaltans

sturtevanti subgroup
D sturievani

Iy lise

Il suree

PNM: Paoma City, Panama; KL
PLIR Gambaoa, Panama; KL

S, Colop, Panama: KL

BT Pavamas KL

14030-0771.0; Pirassununga, Brizil
140435-0891.0; Petionville, Flaiti

PLR; Gamboa, Panama: KL
PNAM Panama City, Pasama; KL
['S: Caolon, Panama; KL

BT Panama; BB

1414087200, Balem. Brazil

SG: Summiit Gardens, Panama; 3
14045-0001.3; Balboa, Panama

PNM; Panama City, Panami: KL
PLR; Gambog, Panama; KL

Barb 1; Turner’s Hall, Barbadox; HI
Barb 2; Turner's Hall, Barbados; HIT
Pan &; Panama; TM

Pan 12; Panama; TM

MI; Maria Eugenta, Panama; EB
SG: Summit Gardens, Panama, ER

:L'~1llcn'l--r~. LB, L. Barel; HIL L Holhschen KL, K van der Linde; TM, T. Markow.

* Rexalts obtained per hne on mdividual fhes trom indeperslent genemic PORs with fsZ and wep primer sets (o

S MWD ot determyined.

Criblection vi POR™

Iz -
i -
202 -
|anis —

1950 —
hyba -

2002 -
2002 -+
2062 +
1998 +

1939 -

194 +
1958 -

2002 -
2002 -
19499 +
1444 -
1949 +
1999 =
1998
1998

fy adult females per lined.

Recent horizental transfer into £, similans: origin of the
wAul infection. Non-Cl-inducing wAu of . sinnddans (17) s
found worldwide, including in Australia, Madagascar, Cuam-
eroan, parts of Europe and Japan, Ecuador, Jamaica, and the
southern United States (2, 3, 7, 23). The overfupping geo-
praphic distribution of populations of L. simudans, D. willistond,
and other Neotropical Drosopitila species in Central America,
together with wsp and fsrZ sequence identity of the two Wol-
bachia vaciants wAu and wWil, strongly sugucsts a recent hor-

izontal transfer of Wolhachin from an original native Neotro-
pical Drosaphila-Wolbachia guild to the immigrating Old
World species £ stendans, To date D, willistoni can be re-
garded as the most likely danor species of this tramsfer, Recent
transfers of transposable clements between O, willisioni and
another immigrating Old World Drosopfule specics, D, mela-
nogaster, ave been shown for the canonical 72 transposon (10,
18), and for the retrotransposon copia (13, 25). Furthermore,
the male-killing bucterium Spiroplasima poulsonii of the D, wil-

TABLE 4. Variable nucleotide and amino acid sites in the wap sequence of the closely related wAu-like Wolbachiia sirains of Drosophila

MNuclaotide a1 variahle pasition an s DNA corre s

Sirain . o . - - o
A T 2SR 263 L 5 S = [ . T i S 5/ S . i
Consensus C T T G T & A A T G A
wAu A
wWil A
whro 5G1 G C A
wiro 8G2 G C
wSpt PLRI C G
wSpt PLR2 C
wSpt BCI2 C
wipl PNAMI C
wSpt PNA2 C < C G

wSpt BCH
wlei
wiuk
wCur2

widel A G

Aamnin geed Al varudde posilion in wgp amino aoad

- Strain s st e
3 53 3024 0858 14 126 174 177179 XD
T A Consensus T YOG A B B R ¥V T
wAu T
wiVil T
wltte §G1 S H LE
whro SG2 S H
wipt PLR H G
wspl PLR2 H
wipt BCI2 H
wSpt PNAMI H
wipt PNM2 H
wSpl BCI
wlei
wYak
wCer2
C G whlel N G AA

* Positien | af the consensus sequense enrrespomds (o position 1440 the wposequense of wAs of DL jsmieleite (docessdon numbsr AF2IEGT)

L
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festond gronp species DL acfadose has recently infected immi-
avuting D, melanogaster populations in Brazil (30), Extensive
phylogenctic studies of hosis and their parasites suggest hori-
zontal tramsmission of Wolbac/in variants belween distantly
related insect species (5. 16, 43, 40). Furthermaore, it hus Been
experimentally demonstrated that Woltachia can be shuffled
horizontaly within and between Trichogramma parasitoid spe-
cies (19, 20).

In agreement with tiie hypothesis of an American origin of
wAU and opposed o an African origin (7) is the extensive
analysis of mitochondrial vanation in D, simdans. wAW is glo-
bally associated with the mitochondrial-s7IT haplotype of 1.
sitnefans (23). However, some African populations of . simu-
fany hurhoring the séll haplotype are uninfected. Ballard pro-
posed recently thit uninfected flies migrated to Ecundor und
acguired wAu in u horizental transmission event from an un-
known host source (2). Subseguently, wAu spread throughout
natural populations of N, simulens worldwide, The infection
model outlined hy Ballard, based on mitochondrial haplotypes
and geographic distribution of waAu-infected D simdans, is in
line with our hypothesis that o Neotropical species such as £,
willistoni could be the donor speeies of wAu.

In summary, we suggest a potential evolutionary seenurio:
wAu-like vartants evolved in the puild of the Neotropical sal-
tans group, being vertically transmitted and/or horizontally
shuffled between related host species over a long period of
time. More recently, a proto-wAu-like strain, the ancestor of
wWil, infected horizontally a tocully isolated population of £
willistoni, most likely in Central America. In this population,
wWil evolved perfect maternal trunsmission through an ex-
treme tissue tropism towards the germ line of 20 willistond,
Within the lust 300 years, immigrating D, somfans flics from
Africa may have become infected by wWil or by another wAu-
like strain from infected Neotrapical Drosophile species
through vectors such us parasitond wasps (20, 43). wAu-in-
fected D, sinndans has then spread worldwide (2). An alterna-
tive source for wAu is an acquisition from outside the closely
related Wolbachia pool of Neotropical Drosophila specics, but
if se, the fact that Neotropicsl Drosophila species are infected
with closely related Welhachia strains will need o be ex-
pluined. 1t is unclear how wWil and wAu drove themselves
through host populations. Presently, neither wAu in . simi-
fans nor wWil in D, willistoni is able 1o induce measurable
levels of CE (17, W, J Miller, unpublished data), The possibil-
ity that they did so in the past cannot be excluded. As reported
by Ballurd and coworkers, wAu seems to induce weak levels of
CI in some infected populations of £, simdans from Florida
(3. 23. 29). Alternanively, the driving force for the spreading of
wAu-like strains could be a positive fitness contribution to their
hosts that remains to be clucidated. The phenotypes of the
Neotropical Wolbachia strains stll need o be clucidated. The
wAu-like strains are nested within the Ml cluster (30) of
closely related Wolbachia strains that hive a variety of pheno-
typic effects in other host species. Based on the wsp sequence,
the variant wSpt BCLI of D. septentriosalrans is identical to the
infection of the African species . yakuba and D, teissicri (27)
and to wCer2 of R. cerasi (33). Whereas wCer2 causes strong
Clin R cernsi and in transinfected Ceratitis capitata (49) and
intermediate Clin transinfected D, simulans (35), wToi and
wYak do not induce CI but are able to fully rescue the wRi

Al ENVIROY, MWy

med function i their origind most (48 Wetbachia infections
of D mlanegasier (32, 30) und the quinurii group member 1.
recens induee C1 (45). The strain wilnnA causes male killing in
the related D fnnebilfe (22) where it is regarded as an ancestral
mfection (|2).

The present paper shows the complexity of evolutionary
dynamics of Welbuchia in Neatropical Drosophila species and
its success in colonizing the Old World species £, simudansy,
Both wWil and wAu suceessfully colonized natural populations
of D willistoni in America und of D simulans globally, The
detaited understanding of the evolutionary “jump-and-ga” dy-
namics of Wolhaclia will have important implications for prac-
tical applications of this symbiont us a vector system and in
hinlogical pest contral management.
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Undesirable Sex Partners
Buacteria manipulate reproduction ofinects and other species
By JONN TRATILS

[1 ook wwhile before the medical community paid attention. The {irst known cases of
what the tabloids glectully called virgin births appeared. amusingly enough. i Lae
Vegas, Then physicians across the United States began documenting similar events, [n
cach case. an unfertilized ege 1 a woman had spontancousiy beaun to develop.
ultimately producing a healthy female baby,

One voung rescarcher. who had analvzed the timing and locales of the virgin birthes.
suggested a spreading infection might be causing the incrdents. The Federal Centers for
Discase Control and Prevention in Atanta quickly dismissed the rdea. calling it
“ridiculous,”

Several months fater came a well-publicized report i the Journal of the American
Medical Association concluding that the number ol infertile couples was vising rupidly
worldwide. The international uproar intensified wiien physicians began to observe
another reproductive curiostty: Some new borns that were eenetically male appeared 1o be
fomale, One week. the New Fngland Journal of Medicine and the National Tnquirer van
articles with the headline. "Is this the end of mankind. or just men?”

wrence fetion? Delmitely, For many insect species and other arthropods. however the
wruth cam be as strange as fiction swhen bacteria known as Holbachia are around.

These microorganisms populate cells e the testes and ovaries of arthropods. olien
profoundly aliering the reproduction ol their hosts, T some species. mfected niales can
oenerate oftspring only i they mate with infected females. I others, infected femules
vive birth without the need for the opposite sex. T one arthropod species. Holhaehia
cven transform embry os that would normally be males into females,

"These traits have all evolved because they mercase the transimission ol the
microorzanisnsS savs John FLOAAVerren of the University of Rochester (NCY L) who s
documented the diversivy ol animals intected by Hofhachia.,

There's no evidenee that Hofbaehia infects manimals, Tet alone humans. but that hasn'

dutled brologists” tascmation with them. "ItUs avery special group of bacterial” savs
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Woorren.

Nejentists Dest identilled the bacteria i the reproduciin ¢ tssues of a mosquito specics i
1924

Yetit took a mystery and several decades betore WWolbachia truly entered the Timelicht.
The mystery emerged i the TOS0s when inseet pencticists encountered problems shile
Uy ing 1o cross different straims ol mosquitoes,

ey started o find all these crossing abnormalities.” suvs Scou [ O™Neill of Yo
University Medical School, 'The most obvious one. dubbed evtoplasimic imconipatibiliy.
centered on the failure of cortam suraims 1o produce offspring swhen mating with other
strains ol the same mosguito species.

Scientists argued for 20 vears over what caused evioplusmic incompatbility. sayvs
O™Netll Then i 1971 Janice Yen and Ralph Barr, biologists at the University off
California. Los Angeles. wibbed Haolhachia as the culprit.

Cytoplasmic incompatibility . the researchers found. occurs when males infected with
Wolhachia mate with uninfected females. In such unions. no of Tspring. or just a fess i
some host species. result. This reproductive barrier can be eliminated with antibiotics tha
rid the mosquitoes of the bacteria,

Vb does Holbaclia cenerate ey toplasmic incompatibilinn” To iy or reproduction by
infected females, savs O'Neill That helps the bacteriacwhich dwell inthe exwoplasim of
S. pass on Lo fulure generations.

cedce

In species affected by ey toplasmice incompatibilits - infected females have no trouble
reproducing swith infected males. Infected females wlso breed castly with unimfected
males. Both kinds of unions wunster Holbachia o offspring. Consequently, ey toplasmic
mcompatbility can spread Wolbachio vapidly through an uninlected population. sas s
O'Neillo who organized @ session on Holbachio at the recent Symbiosis 96! Meceting in
Bar Harbor, Maine.

Rescarchers wre findmg that Haolbachia infecis o surprisingly farge varicty of species,
Werren and Donald Windsor of the Smithsonian Tropical Rescarch Institute in Panama
reported Tast year that 16 percent ol Panamanian insect species. including some in all of
the major msect orders: harbor Wofhaciia, Since the estimated number of insect species
ranges {rom 1O miullion to 30 nullion, that means roughlv 2 million to 3 million msect
species play host o the bacteria,
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Fhat's sery muedh an imderestimate ™ sdds Werren notimg that rescarchaers ive tine to
|

st anly o hmated tmher of insects (ran cacli speeies
Suientists have alse found that Hofbaedna infects o variets ol isopods ta subaraup of
crustaceans thad meludes wood Dieeh at least one species ol mites. and perhaps exen a

WOFT Species,

Voasps are among the favored hosts of Halbaelia, Take the jewel wasp. Werren's

(v orite rescarch subject, Holbac/io intections in these insecis produce an odd yvariation
on evtoplasmic mcontpatibilitn s Uninfected female wasps mating with infected males con
produce oltspring, but their progeny are all male.

An explanation rests in the fact that wasps, like bees and ants. have an unusudl
mechamsm for determining sex. In wasps, epes tertilized by spernn contain a maternal
and a paternal set of chromosontes and develop into females, Enlertilized cgosowith only
a maternal chromosome set, develop inte males,

When an infected male jessel wasp mates with an aninfected Temale, the paternal
chiromosomes from the sperm seam o fragment and Ll to join the maternal st s«
Werren. Consequently. only males resuit from such amating. This indirectly aids the
spread o Holbachio by reducing the number ol uninfected daughiters produced by
uninfected females. explains Werren,

Wolhachio sometimes takes a more feminist approach. I many parasitic wasps. swljicls
Loy thenr cogs indeveloping inscets that they have killed. Wodbachia imfections eliminate
the need Tormales, Ananfected female reproduces via an asexual process known as
parthenogenesis, The unfertilized cggs simply duplicate their one set ol chromosormes
and develop imto females,

I hese parthenogenetic wusps had long been a biological curtosity until o few years aco.
when Richard Stouthamer. working with Werren, showed that the phenomenon stemmed
trom Wolhachia infection, With antibloties. "you can cure @ line ol its parthenogenesis
and make 1t sexuall” sayvs Stouthamer. now at the Wageningen Agriculiural University in
the Netherlands.

The cledr preference for females isn't limited o Holbaclia suains that infect swasps. Al
the Bar Harbor meeting, Thierry Rigaud ol the University of Poitiers in rance. reported

finding the bacteria iy the wood louse Armadillidit vidaaie,

[ these liced Wolhacfia frequently overrides genetic inheritance. The bacteria. sas s
Rigaud, "feminize™ an embryonie wood louse that is genctically male by disrupting the
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production or eltects of masculinizme hormones during its development. Fhe ingreased
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WWohile saentists continue o tally the animals that Hofbachio imfects. as well us the
outcones of those infections, they are also tying to unraved the mechanizms by which
Waolbachic distorts its hosts reproduction. Are ey toplasimic incompatibility.,
parthenogencesis. and leminization distinet strategies pursued by WWolbaeliice, o1 are they
merely reflections ol different ssayvs i which host species react 1o the bacteria?

As the best-known phenomenon, extoplasmic incompatibiliny has received the most
attention. An initial hypothesis to explain it was that proteins made by Holhachiain the
testes bind o the chromosomes inside sperm and disrupt then fater union with material
chromosomes.

hat stmple idea has womajor Dasw, however. Rescarchers haven't found any

Waolhachic molecule incorporated mto sperm. Norare swhole bactera present in tive
spernn, As sperm mature, they lose most ol their extoplasm and squecsze out any
Waolhachia.

1he Tatest theory about evtoplasmic incompatibilits comes from Timothy [ Kar ol the
University of Chicago. He argues that Holbachia's influence during the maturation of
sperm somehow disturbs the carelully chorcographed mancuvering that later brings
together the sperm's chromosomes swith the cgg's. "It fooks Tike the paternal and miaierial
chromosomes are out ol syne” savs Karr.

While comparing infected and uninfected ceos of g fruit {1y species. Karr's group
discovered that Ho/hachic hinds w specilic ceg proteins. One ol those proteins normadis
resides i the nueleus of the fruit 11v s egg cell hnan infected cgo celll however, the
protein coneentrates in sites throughout the evtoplasi,

1The same phenontenon appears to oceur i the testes. but it is complicated by the
cventual eviction of Holbachia from mature sperm. sayvs Kare, "During spermatocenesis.

Woilbachic binds proteins that should be in that sperm when it [inally matures.” Bu
because Hofbachio gets Kicked out of sperm. it takes that protein away, he sayvs,

Though not necessary Tor carly stages of lertifization. this sperm protein is cruciil to
coordinating the union of the two chromosome sets. proposes Karr, That would explain
why tnfected mates, whose sperm are steipped ol the protein by Ho/bachio have woubie
senerating progeny in uninfected females. savs Karr.
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As Tor the pairings ol intected lemales and mfected males. wineh do praduce of
harr contends that the prateins stiapped fromy sperm by Wafhac /o are dhe same ones

concentrated by the bacteria in the extoplasm o the ceg cell, e Wethacfia n the e
cells, along with the host proteins they are bound to; thus “rescues™ the defective sperm

from intected males. hie says,

O'Neill has discovered a Hofbachio protein that may be relevant to Kan's theors . s
protein varies i size among Hofbaciia strains and O'Nel suggests it may expliain win
some straims induce evtoplasmic mcompatibiliny and others do not Durthermore. the
protein. seemingly trom Haolhacliia's outer surface. binds to the same host ceilular
proteins identified by Karr, " looks like our stories are coming together.” savs O'NGll,

here is o practical side o all this Walhachia vescareh. Both Werren and Stouthamer. for
example. are leading efforts o transter parthenogenesis-inducing Folhachia mto
commercially uselul parasitic wasps,

"A ot ol parasitic swasps are reared for the control o pest inseets.” notes Werren, "l
would be highly desirable for these mass-rearing programs to use |parthenogenesis-
mducing Walhachia] because they could generate all females. and itUs the females that go
out and kill the inseets.”

CrNerlf's ambitions center on eliminating inscct-borie discases: such as matare and
[vime discase. by making use o Holbaclna's ability 1o disperse through a population,

In one scenarto, researchers would genctically engineer Waolhachia to make unubodics or
other compounds that kill the malaria-causing parasite carried by mosqguitoes in the wild,
They would then infect mosquitoes with these Holhaciia and seed the country side with
the insects. Sinee the bacteria induce evioplasmic incompatibility. the natural mosquitoe
population would quickly give way 1o a population almost entirely imfected with
Wolhaehio and presumably (ree of the malaria purasite,

The maim obstacle o this idea, notes O'Neilll is that Holbaciiia normally Tives i the
Mosquito's reproductiv e tissues, whereas the malaria parasite imhabits its oot and salivan
clands, Consequenty. any compounds made by Ho/bactia might not reach and kil the
parasites.

O'Neill s searching for the Holbachia pene that brings about extoplasmic
mcompatibilitn . e intends to link that gene to a gene engineered o produce an
antiparasitic compound in the tissues where the malaria parasite dwells, Once added 1o
the mosquito's complement of genes. the two genes would be inherited by future
mosquito generations and. with the wid of ey toplasmic incompatibility . would spread

hp S wwsciencenews,org pages snwrch 1L 16 96 bobl hun 12 2006



guickly swathin a mosguito poprilation. says ONeill.

he most provocative question surroundimg ofbaclio may be whether the bacterio have
plaved arole i the development of new specices.

Avcentral coneept in muny theories of speciation s reproducts e solation. This idea holds
that 1 two populations of a species canmot breed together. then the genes of cach
popuiation will evolve independently and diverge (SN2 1172790, p, 284), "Reprodactiv e
Isolation s a key component of speciation because without it genomes would mix and
voucan't getdivergence.” suys Werren,

Fventuadlye he explains. the genes ol two populations would diverge so muceh that they
become genetically incompatible for reproduction. At that point. most evolutionarn
biolovists swould argue, the smgle original species has given way 1o 1wo species,

Wolbaelia may serve as an exeellent mechanism o engender reproductive isolation.
arpues Werren. e and other rescarchers han e found that such isolation can avise 1
msect species infected by difterent Holbachia strains, Members of the species infected
by one strain cannot reproduce with members infeeted by the other stramn.

While theories about evolution are notorioush difficult to proves Werren suggeests that

mapping the diversity of insect species infected and not infected by Hofhacliia may

bolster his theory. Species milected with Hofbachia should huy e many more closeh

refuted species thun uninlected species do.

Could some Holfbachic species infect vertebrates. or even humans. and play a role in
their speciation? Decades ago. rescarchers tried unsuceesstully o milect mice with strains
of the bacterta. Morcover. O'Neill notes that all the Wolbachia tfound so far are
temperature-sensitive and could not survive inside warm-blooded animais.

Sull, Werren savs its too carly o dismiss the possibilite completely. "We don't have amy
idea whether these bacteria oceur in vertebrates. either cold- or warm-blooded. We
haven't reatly looked," he savs.
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From: wenhua'v ctaluriedu | Addto Addiess Boak ] |
To: "wolleane.miller” - wollvanganillera medunisien.ac.al 1

Subject: Virgin Islands Wolbachia

Status: Ureent INCW

Dear Dre. Miller.

No matter what the machine savs, this is Dr. James =- Skip Lazell, Wenhua
s My coleopterist wile, T ran a research program in the Virgin Islands:
WAL caanaseienee.cont and:

Lazell, J. 26005, Island: Tact and Theory in Nature. Univ, California Press,
Berkeiey.

Peter Chabora caught those Guana Island flies 1O vears ago, Scott Miller.

Smithsontan, sent me vour A & 126 2000 paper. which [ will include in

my annual report. We love these kinds of rescareh developments! [T vou |

know of any more involving Cruana inseets, please let me know..., |-{
|

Big Question: How does Wolbachia get fron one species to another?

[ found Tows of neat stalt by Google (loved the ScienceNews artiele - I']

put 1t i my report too. but not an answer to that Question. |

With all best wishes, Skip Lazell |
ol

T
J Sceure mode active.

Powered by [nfimite Mobile Delivery v 2.0 -- < Copyright [995-2002 by Captars
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Date Sent: Monday . December 04, 20006 2:28 PM

Vol fuane \Miller - - -
From: Wolleang Milley | Add 10 AGdess Back

To: wenhua
Subjeet: R Virgin Islands Wolbachia

Slatus: [F{‘:__'L‘nl NCw

1 g W
FEVTLICR I

“Wolfeang.milleriemeduniwien.ac.at ——— =

Dear Skip,

Thanks a tot for vour interest, however, T am not aware ol any other
literature related to my field dealing with Guana insects.

The "big question™ s perhaps the most important one but still an enigma:
Primary suspects are parasitoid wasps that might be able to transmit
Wolbachia from one organism to the other. In addition mites have been
postutated for transferring wransposable clements between Neotropical
Dyrosophila species into DL melanogaster or ansier modes like
Inrogression.

Best greetings [rom Vienna.

Wolleang

-- Wollcang J. Miller. Ph.D
[.aboratories of Genome Dyvnamices
Center of Anatomy and Cell Biology
Wachringerstr. 10

A-1090 Vienny

AUSTRIA

[-UROPLE

HFet: 00431 4277 606 24
Fax: 00451 4277 606 90

hups:webmailurtedu MBXN ssenhua a ctal.urt.edo 1) 43704020 NSO
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Date Sent: Saturday, January 20, 2007 1:37 PM
From: Peter.Chabora@gc._cuny.edu

To: wenhua

Subject: D. malterkotliana plus

Hi Skip,

[ sent specimens only to U. Leiden, Ecology labs for identification because
one of the rescarchers there found them in Panama to be rather abundant and
not recorded earlier (that was the work of Svenster in his dissertation

work). Most of the work that | know of on D. malerkotliana was done by
various researchers at the CNRS labs at Gif-sur-Yvette on populations from
Africa and various istands such as Maruitius and Seychelles. Offhand, I do
not have those references available, but will check them out in my lab.
Most had to do with malerkotliana's ability to devetop on a rather toxic
fruit, locally called the "dog cucumber," or more formally, Morinda
citrifolia. We found this to also be true in Guadcloupe. However, D.
malerkotliana develops on a wide variety of resources - with a quick life
cycle and skipping larvae.

The D. willistoni {and is sister variants such as tropicalis) along with
many other insects seem to be hosts to Wolbachia, including many of the
wasp parasitoids. Since Wolbachia inhabits the reproductive systems, it
would be interesting to follow the virus from the parasitoid into hosts
which may become infected during the egg laying attack, but survive the
parasite by encapsulation or just the death of the egg or parasitoid

larvae. Then the host becomes infected and subsequently passes the virus
to its offspring. [f they had the ability to survive parasitism because of
resistance to the parasitoid, the trait would be sclected for and be
prevalent in the population.

As [ mentioned, the D. willistoni population from Guadeloupe that |
understand was selected for the genome analysis was infected with
Wolbachia.

On another point, another aspect of interesting co-evolutionary adaptations
that [ was working on was antimicrobial peptides with Bruno Lemaitre at
CNRS, Gif (PNAS, USA, 9 Aug. 2005, 11414-9). What | did was collect
individual flies, as sterile as possible, along with samples of the

substrate they were feedin g upon, and drop them into vials of culture
medium and send them to France ASAP. Neat stuff.

We'll keep in touch,

Peter

Peter C. Chabora
Department of Biology
Queens College, CUNY
Flushing, NY 11367
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Clusiid Llies

masshall, $.4.2000. | N SECES
Their Natural History and Diversity

With a photographic guide to insects of eastern North America

F(rc.-{(j Bookg' T_?)u-qldlol M)’

The Clusiidae (page @@} are small and sarely naticed, but
these pretty litte flies are casy to {ind once you know where
to leok, and their interesting behavior makes them worth
leoking for. Males of manv clusiid species stake out a
territory on large, pale fallen trees, and use their territories as
mating arenas, or leks. Mated females usually lay their eggs
in fallen trees as well, but usually in softer, wetter places
than the lek sites chosen by, and defended by, males.

You should be able to find male clusiids patrolling and
defending their little lengths of log on any spring day. The
penus Clusindes, for example, has about a dozen described
Morth American species that regularly face off head-to-head
as they hold their preferred bits of log surface. Some

Australian species of Clusiodes do the same thing, but make
the nteractions more interesting by developing
disproportionately wide heads with vibrissae (bristles that
stick off the lower front corners of the head) that spiral like
bedsprings. When two males meet. they flip their unusually
long antennae out to the sides of their expanded heads and
face each other, 1f one of the males cannot make the same
width as his opponent, he abruptly leaves. If the flies are
similar in width, they lock spiral vibrissae and fight until the
vanquished male is forced to leave. In the meantime, small
males without enlarged heads or spiral vibrissac furk around
the edges of the lek, presamably awaiting the chance to mate
while the macho broad-heads are fighting it out.



Jiis

Redefinition ot the Clusiinae and Clusiodinace. deseription of the new subfamily
Sobarocephalinac. revision of the senus Chaetoclusia and o deseription of
Procerosoma gen. n. (Diptera: Clusiidace)
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Baf Flies and a Bat Bug

Date Sent: Tuesday, November 07, 2006 8:06 PM

Michelle Theberge

From: <mich_theberge@yahoo.com>

To: wenhua
Subject: RE: Streblid

Hey Skip,

Hope you had a successful field tnp this year! That's interesting about the streblids.

I've been corresponding with Carl Dick from the Chicago Field Museum. [ haven't sent
him the specimens yet, but he's provided insight into their ID. He has been willing to
look at the specimens and has asked that some be kept at the Field Museum. Below is
his contact, as well as what he said about the weird bat ectoparasite from 2005.

"The parasites from Molossus are not bat flies at all....not even Diptera. They are in the order
Hemiplera, family polyctenidae, genus Hesperoclenes. These are commaniy called "bat bugs”
and are related 1o the family Cimicidae {which are sometimes mistakenly called "bat bugs” but
are more precisely refered to as "bed bugs™). In the New World bugs of this family are
exclusively associated with species of Molossidae.”

Carl W. Dick

Brown Postdoctoral Fellow
Department of Zoology

Field Museum of Natural History
1400 South Lake Shore Drive
Chicago, IL 60605-2496 USA

312.665.7014 (1)
312.665.7754 (f)
cdick@fieldmuseum.org (&)

Hope that will help. I'd be intercsted in finding out what your streblids are if you get
them identified! I'm going to send Carl the ectoparasites from Guana soon, so
hopefully he'll be able to figure out the bat bug!

Misscd being there this year... It's been a whole year since I've had my hands on a bat!

Michelle
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Hi Michelle:

The ectoparasites arrived just fine. They were pretty straightforward to identify, | have placed them into
better vials for storage, but will not print out labels until | (hopefully) can receive a few more details,

Please see the attached Excel file for more information on these specimens. The data fields that -we
commoniy use for bat flies are included, but | have highlighted some missing fields in yellow. As you can,
might you fill in any information that you can? | presume that you were not collecling bals along wilh the bat
flies. Some ectoparasites here are from bats that were released and others are from ones that were
collected for further study. Hence the "host number, host museum, etc.” fields.

OK, all for now. Hope you are doing well,

Cart

Carl W, Dick
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Two new species of Plectromeras Haldeman (Coleoptera: Ceram-
bycidae) from the West Indies

CHARYN I, MICHEL!! & EUGENIO H. NEARNS*
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Abstract

Two new species of Curiini (Coleoptera: Cerambycidae: Cerambycinae), Plecromorus lingafeiter
from the Dominican Republic and Plectromerus rarnosi from Puerta Rico and the Virgin Islands are
described.  Features distinguishing the new species from their congeners are presented. Plee-
rramerus distinetus (Cameron), previously svnonyotized with £ seeraties (Cameron), is restared as
a vatid species.

Resumen

Dos nuevas especies de Curitni (Coleoptera: Cerambycidae: Cerambycinae), Plectromerus lingafel-
teri de la Republica Dominicana y Plectromerus ramast de Puerto Rico v las Islas Virgenes se
deseniben. Se incluyen caracteristicas para diferenciar estas especivs de otros miembros del género,
Mectromerns distincney {Cameron), previamente sinonimizada con £ serrates (Cameron), se
reconoce comeo especie vialida,

Key words: Caribbean, West Indies, [2ominican Republie, Puerto Rico, Virgin islands, Ceramby-
cidac, Cerambycinae, Curiini, Plectimmerus, new species

Introduction

Increased interest in the nich diversity of the Caribbean region has generated in-depth stud-
ies of its cerumbyeid fauna (Lingafelter & Micheli 2004, Micheli 2003, Micheli & Micheld
2004, Vitali & Rezbanyai-Reser 2003, Zayas 1973), Recent extensive collecting in the
Dominican Republic, Puerto Rico, and the Virgin [slands has resulted in the discovery of
new specics, with estimated faunal counts of 131, 71, and 45 longhomed bectle species,
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respectively, for the three arcas. Continued surveys of varied habitats within the region are
necessary {or any future analyses of hiodiversity und biogeography of West Indian Ceram-
byeidac.

The genus Plectromerns Haldeman (1847) was {irst treated by LeCente (1873),
LeConte & Hom (1883), and Leng (1885). There has been somne conlusion about the
generie attributes of this genus and Pesromacrus White (Linsley 1963, Micheli 1983), but
no thorough revisionary work has been done. Cameran (1910) described two species in
Pentomacrus and provided a key for species of this genus only. Cazier & Lacey (1952)
commented en the taxonomic problem clouding these two genera and included the species
assigned to both within a single key. Subseguently, Giesbert (1983) stated that the sup-
posed differences were not sufficient to justify two genera and synonymized Pearomacrus

with Plectromerns. Vitali & Rezbanyai-Reser (2003) provided a key tor all spocics of

Plectromerus, which later was modified by Vitali (2004) to include a new lossil species
and to subdivide the genus tnto two groups, Plectromerns and Pentomacrus, The resolu-
tion of peneric issues within the Curiini is beyond the scope of this paper, and theretore we
retain the generic concept of Plectromerns of Giesbert (1985) and include within this
genus 15 species distributed in the Caribbean, southeastern USA, and southeasicm Mexico
{Monné¢ & Hovore 2003, Monné 2005). A key to the species of Plectromerus will be pro-
vided at a later time by the junior author in his on-going revision and phylogenctic analysis
of the tribe Curini.

Materials

Specimens from various collections were examined.  The following acranyms are used

throughout the paper:

BMNH—The Natural History Muscum, London, United Kingdom

CMNH—Carnegic Muscum of Natural History, Pittsburgh, Pennsylvania, USA

DHPC—Danicl Heflern Private Callection, Houston, Texas, USA

ENPC—Eugenio Nearmns Private Collection, Gainesville, Florida, USA

FSCA—Florida State Collection of Arthropods, Gainesville, Florida, USA

JAMC—]Julio and Charyn Micheli Private Colleetion, Ponce, Puerto Rico, USA

JEWC-—James E. Wappes Private Collection, Bulverde, Texus, USA

REMC—Roy F, Morris Private Collection, Lakeland, Florida, USA

RTPC—Robert H. Turnbow, Ir. Private Collection, Ft. Rucker, Alabama, USA

USNM—National Muscun of Nataral History, Smithsonian Institution, Washington, DC.
USA

WIBF—West Indign Beetle Fauna Project, Michacl A. Ivie, Bozeman, Montana, USA
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FIGURE 2. a-c, Pleciromerus fingafeliers Micheli & Neums, new specics: a, holotype; b, closeap of proster-
nurm, male; ¢, closeup of prosternum, female: d-h Plectramerus ramosi Micheli & Neams, new species: d,
halotype; ¢, closeup of prostermum, male; £, closeup of prostermum, female; g, lighter phenotype b, closeup of
fith amennemere; &, Plecrromerns serrafns (Cameron), closeup of fitth anlennomere of holotype.
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0.25 mm
0.25 mm

FIGURE 3. Tegmen and parameres, ventral view: a, Plecromerns ingajeiteri Micheli & Nearps, new spe-

cies; b, Plectromerus vamosi Michell & Neams, new specics.

Etymology. This specics is dedicated to Steven Lingafelter, who coliceted most of the
type material and made the trip to the Dominican Republic by the senior auther possible,
and whose friendship, guidance, and companionship are truly appreciated.

Types. Holotype, male, DOMINICAN REPUBLIC, Pico Duarte Trail, 3300 fi., Los
Tablones, beating, 19°08.222'N, 70°27.736'"W, 29 June 2004, S, Lingafelter (USNM).
Allotype, fomale, DOMINICAN REPUBLIC, Pedemales Prov., PN Sierra Booruco, Las
Abcjas, 18°09.011'N, TI1°37.342°W, 11530 meters, 11 July 2004, blacklight, C. J. Micheli,

TWO NEW PLECTROMERLUS 2005 Magnolia Press 2
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coll. (USNM). Paratypes, 14 {all from the Dominican Republic): | male, same data as
holotype, except day coll, (USNM); 2 males, Pico Duarte Trail, Cicnapa to Los Tablones,
beating, 19908.222°N, 70°27,736'W, 29 June 2004, C. 1, Micheh (JAMC); | male angd 1
female. Pedemales Prov,, PN Sicrra Baoruco, Las Abejas, 150 m, 18°09.011°N,
T1937.342°W, ex. dead log w/ white fungus, 11 July 2004, S. Lingafelter (USNM); 2 males
and | female, Pico Duarte Trail, 3300 {t., Los Tablones, blacklighting, 19°08.222'N,
70°27.736'W, [7 July 2004, S. W, Lingafeiter (USNM); 1 male, Pedernales Prov., 25.5 km

N. Cabo Rojo, 12-21-V-1992, coll. M. C. Thomas (FSCA); 1 female, Azua, East side of

crest, Sicrra Martin Gareig, 7 kin WNW Barrero, 18-21 N, 70-58W, 86tin, 25-26 July
1992, C. Young, R. Davidson, S. Thompson, J. Rawlins, cloud forest adjacent 1o disturbed
forest (CMNH); 2 males, Prov. Hato Mayor, Par. Nac. Los Haitiscs, 01-02 Apr 1992,
bosque humido, W. Sabana dl Mar, M. Ivie, D. Sikes, Lanier (WIBFY: | male, Barahona,
4.5 km, S Barahona, 22 May 1992, R. Turnbow (RTPC); 1 male, Pedemales, 25.5 ki, N
Cabo Rojo, 21 May 1992, R. Tumbow (RTPC).

Discussion, The intensity and breadth of maculations scem to be variable among
specimens. Some specimens are mostly ferrugineas without any very dark arcas but with
the described light clytral pattern,

This species can be distinguished from the presently known congencrs by the combi-
nation of the following characters: the opaque, microsculptured, finely punctate pronotum,
the smooth metafemoral tooth, and the clytral maculation. At first glance, P fingafelteri
resembles Plectromerus dentipes (Olivier) (Fig. 1¢) but this species has a shiny pronotum,
the metafemoral tooth is serrate, and the elytral apex is moderately subtruncate (rounded in
P lingafelreriy. Another species with a rather intricate elytral pattern is £ exis Zayas (Fig.
Li=g), but 2 lingafelteri can be casily recognized by the shape and lengtb of the pronotum.
the length ot the third antennomere, and the elytral punctation, In P eviy, the pronotumn
has a distinct tuberele in the center and the Tength is about 1.8 times the width (1.5 to [.61n
P lingafelter), the third antennomere is distinetly longer than the scape (subequal in 2 fin-
gafedteri), and the elytral dark areas are opaque and microsculptured (not so in £ lingafef-

teri).

Plectromerus ramaosi Micheli & Nearns, new species
Figs, 2d-h, 3b

Description. MaLE. Length 4.3-6.3 mm, width 1.0-1.6 mm (mcasured across huineri),
Small, narrow, subeylindrical.  Integument ferrngineus, varving from light to dark, with
two testaceus maculace (sometimes transverse fasciac) on cach clytron, onc at basal third.
small, anct oblong, and another just behind middle, this one oblique,  ffead with front
nearly flat, transverse, with a median, shallow line from between cyes and antennal tuber-
cles, slightly concave between antennal tubercles, which are slightly reised and widely
separated.  Surface moderately shining. with fine wrinkles, coarscly, rugosely, densely,
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confluently punctate, punclures shallower beyond vertex, Head with a fine, short pale seia
in cach puncture and a few scatiered long, pale, subcreet hairs.  Byes prominent, trans-
verse, subrenitorny. Antennae 11-sepmerted, slightly loneer than body, third antennomere
subequal to scape, about 1.3 to 1.8 longer than fourth, fifth anternomere about 1.4 longer
than third, varying from slightly less than twice 1o three times the length of fourth, sixth
subequal to seventh, cighth to tenth becoming progressively shorter, cleventh slightly
longer than tenth; basal antennomeres subeylindrical, from antennomere 5 slightly flat-
tened, with apices of antennomeres 5-10 produeed externally (fifth only very shightly),
more pronounced on antennomeres 7-10. Antennomeres feebly shining, scape moderately
coarsely, moderately denscely, shallowly punctate; clothed with fine, short, recumbent, pale
pubescence with slightly longer, suberect hairs intermixed, sparser on basal segments,
becoming denser on distal ones, antennomeres 2-6 ciliate beneath with coarse, moderately
long, subereet, pale hairs.  Prowotiem about 1.3 longer than broad, widest at middle,
shghtly broader at base than apex, sides arcuately inflated, with a broad constriction at
basal fifth, and a slight inflation just before apex; basal and apical margins slightly arcuate;
disk slightly flattened medially, sometimes with three broad, rounded raised arcas, one
medial and two anterior to middle, one on cach side. Surface modcrately shining, often
with fine wrinkles, sparse to moderately densely, shallowly, moderately coarse punciation
on disk, laterally alutaceus with deeper punctures. Pronotum mostly glabrous except cach
side with two lang, suberect setie, one anterolateral, the other one discal at basal third.
Scutetivm small, rounded, shining, unpunctate.  Elytra about 2.7 to 3 nmes as long as
width at humeri, about 2.6 to 3 times as long as pronotal length, about 1.2 to 1.4 times
broader basally than pronotom at widest (at middle); sides shightly sinuate, evenly rounded
to apex which is rounded; epipleural margin sinuate, Disk slightly concave medially, sub-
suturally, ereating a faint costa on cach clytron, Surface shining: punctation moderately
dense, coarse, punctures becoming finer towards apex and sides, almost obsolete at apical
third; glabrous except tor a few very fine, nconspicuous short hairs in puncturcs near
apex. Underside with prostemuim shining, rugose; apical fourth impunctate and one irreg-
ular patch of coarse punctures in front of cach coxa (Fig. 2¢); with very sparsc, short,
inconspicuous, pale hairs; narrowest arca of prostemal process between coxae about 0.25
to (1.3 as wide as coxal cavity, and about 0.25 1o 0.5 the width of apex of process which is
subtriangular with rounded corners.  Mesosternum shining; moderately finely to moder-
ately coarsely punctate; with few short, inconspicuous pale hairs. Mesepistermum sparsely
punctale; sparscly clothed with fine, short, pale hairs. Mesepimeron with denser pubes-
cence. Metastemnum shining; moderately finely to moederately couarsely, sparsely punctate;
punclures with a fine, short, pale hair. Mctepisternum maoderately densely clothed with
short, recumbent, pale pubescenee, which is denser posteriorly. Abdomen shining; fincly.
shallowly punctate; abdomen with a few long, suberect pale hairs and punctures with a
short, fine, pale hair; fifth sternite broadly rounded, slightly longer than preceding sternite,
Legs with femora pedunculate-clavate, meso- and metatemora arcuate, shining, finely,
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shallowly punctate, clothed with sparscly to moderately densely, recumbent, shont, pale
pubescence; underside af each femoral club with a broad triangular tooth with postenor
edge strongly serrate: tibiace slightly arcuate, sinuate; clothed with sparse 10 moderately
dense, fine, recumbent, pale pubescence, becoming longer and coarser apically. Genitalia
sce Fig, 3b.

Fesmact. Length 3.0-7.2 mm; width 1.2-1.7 mun (measured across humeri).  Very
sunilar to male. Antennac about as long as body. Lateral punctures on pronotwm not dis-
tinetly deep and prostermum only finely punctate, lacking patches of coarse punctation
(Fig. 2f). Narrowoest area of prostemal process between coxie about 0.25 to 0.4 as wide as
coxal cavity, and about 0.3 to 0.6 the width ol apex of process.

Etymology. This specics is named in memory of Dr, José A. Ramaos for his invaluable
contributions and his lifelong dedication to the study of insects in Puerto Rico, and for
unconditional access to specunens from his remarkable personal collection, ene of the
largest on the Island.

Types. Holotype, male, PUERTO RICO, Maricao, Rd. 120, Km. 13.8, 26-1V-1980, J.
& N. Michels, coll., beating foltage (USNM). Allotype, female, PUERTO RICO, Maricao,
Rd. 120, Km. 15.9, ex wwigs Eugenia nr ligusiring, coll. 17-X-19381, emerged XI11-81, 1.
Micheli, coll. (USNM). Paratypes, 56: 1 female, same data as holotype (JAMC): 1 male,
PUERTO RICO, Maricao, Rd. 120, Km. 13.8, 3-V-1980, J. Micheli, coll., beating dead
foltage (JAMC): | male, same data as previous exeept, 10-V-1980 (JAMC); 3 males,
PUERTQ RICO, Maricao, Rd. [20, Km. 13.9, ex twigs Eugenia nr ligustring, coll, 17-X-
1981, emerged X1-81, J. Micheli, coll. (JAMC, ENPC); 14 males and 2 females, samce data
as previous except, emerged XI-81 (JAMC, USNM, ENPC; 2 dissccted): | male and |
female, same data as previous except, emerged 11-82 (JAMC); 4 males and 4 females,
same data as previous except, emerged [11-82 (JAMC, ENPC; | dissected); 1 male,
PUERTO RICO, Maricao, Rd. 120, Km. 5.9, [8-X-1931, beating foliage, J. Micheli, coll.
(JAMO), | male, PUERTO RICO, Mancao For, Water Filtration Plant, 18°09'N,
66°59"W, |7 Junc 2002, Twrpenia panicnlata, Steven W, Lingafelter (USNM), | female,
PUERTO RICO, Maricao, Bosque Estatal de Maricao, 3.3 kin SW Maricao, 18-09-39N,
67-00-05W, torest, 550 m, 10-11 June 1996, J. Rawlins, C. Young, R. Davidson, W. Zanol,
S. Thompson, M. Klingler (CMNH); 1 temale, PUERTO RICO, Hwy 120, k. 16.2,
Hdgts. Maricao St. For. 8-8-1999, C. W. O’brien (DHPC); | female, PUERTO RICO,
Hwy. 120, K10H2, Maricao For. Res., July 26, 1979, L.B. O'Bricn (JEWC); | male,
PUERTCG RICO, Guanica Forest, 6-[¥-2001, ex dead fog. Charyn J. Micheli, coll.
(JAMCQ); I female, PUERTO RICO, Guanica Forest, Ballena trail, beating, 17°58'49"N,
66°3174"W, 16 June 2002, Steven W, Lingafelter {USNM): | male, PUERTO RICQO,
Guanica Forest, Ballena trail, UV light, Spec 1D:4228, Nearns & Lingafelter, 27-VH-2004
{ENPC); 1 male, PUERTO RICO, Ponce, Rd. 132, Km, 20, 26-VI-1972, 1. Michcli, coll.,
at lights (JAMCY, 2 males, PUERTO RICO, Ponce dry torest at Holiday Inn, 17°58'N,
66°38'W, 20 June 2002, beating, Steven W, Lingatelter (USNM, ENPC; 1 dissected): |1

(Y]
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male, PUERTO RICO, Ponce dry lorest behind Holiday Inn, 179558'N, 667358"W, | July
2002, Thaowinia portovicensis, Steven W, Lingatelter (USNM); 2 males and 2 females,
PUERTO RICO, Guanica, Bosque Estatal de Guaniea, 3.6 km E Guanica, 17-38-11N, 66-
52-28W, thornscrub, 100 m, 12 June 1996, J. Rawlins, R. Davidson, C. Young, M. Klin-
gler, W, Zanol, S, Thompson (CMNH); | female, 17°36°50"N, 066°51'48"W, PUERTO
RICO., Guanica, Bosque Estatal de Guanica, just W, Punta Ballena on Rt 333,
9 VIIL1999, P. W, Kovurik, collector, beating (WIBF): 1 female, PUERTO RICO,
Humacao Dist,, Casa Cabuy, Hwy. 191 nr. Flonida, 31-VII-2-VII1-1999, ]. E. Eger, MV &
UV lights (REMC); | female, VIRGIN ISLANDS, St. John, Lameshur Bay — VIERS, (19
March 1984, at UV light, W. B. Muchmore colr. (WIBF); | female, VIRGIN ISLANDS,
St. John, Est. Cancel Bay, Lind Point, December 1992, J. Comisky colr. (WIBF), | male
and 1 female, VIRGIN ISLANDS, St. John, Lameshure Bay, VIERS, 21-28 July 1994, M.
S. Beceker colr, ultraviolet light (WIBFE); 2 males, BRITISH VIRGIN ISLANDS, Guana
Island, Sugarloaf trail, 100-800 tt., 09 OCT 1994, M. A. & L. L. Ivie {(WIDBF).

Discussion. Throughout the series there is some variation in color and slight vanation
in the shape of pronotal margins, pronoetal texture, punctation on pronotum and mesoster-
num, and proporion and shape ot the prosternal process, Specimens colleeted in the wet
torest of Maricao are quite dark and the pale maculae on the elytra tend to be rather com-
pact (Fig. 2d). Those from the drier arcas of Guinica and Ponce (in Pucrto Rico) and the
Virgin Islands arc lighter colored with the pale arcas on the clytra more like fasciac (Fig,
2g). Except for color, other variation is slight and there is much overlap. To turther inves-
tigate the possibility of two distincet species, dissections of male genitalia of several speci-
mens from cach phenetype were made by the junior author. Detailed study of the tegmen
including the parameres (lateral lobes) and phallobase (basal piece) revealed no consistent
morphelogical characters (Fig. 3b). Since we can find no significant differences belween
specimens from “wet™ and “dry™ arcas, only a single species will be proposed.

This specics can be confused with Plectromerus serratus (Cameron) but can be distin-
guished by the punctation of the pronctum: in P serratus, the pronotum is impunctate and
dull, whereas P oramosi has a shiny pronotum and distinet punctation.  Alse, the fifth
antennomere in £ serratus (Fig, 2i) is distinctly pronounced externally at apex whereas in
P ramasi (Fig, 21 it is only slightly expanded. Some smuall, light specimens of 2 ramosi
are similar o P efistincrus (Cameron) but the latier species has long, subercet hairs on the
clytra and granulose punctures on the pronotum, both lacking in P ramosi. From other
congeners, £ ranosi can be distinguished by the following combination of characters: the
shape and punctation of pronotum (widest at middle, shallow, moderately coarse punc-
tures), the punctation and macular pattern of elytra, the glabrous pronotum und elytra, and

the serrate metafemoral tooth,

ol
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REPORT OF 2006 INVESTIGATIONS AT A PRE-COLUMBIAN SITE ON
THE FLAT AT GUANA ISLAND, BVI: PROGRESS TO DATE.

By Elizabeth Righter

Principal Investigator: Elizabeth Righter
Crew: Robert Pederson
Joshua Kehrburg
Special Assistant: Sam Turvey
Cther Assistants: Tom Willard
Fred Sibley
Peggy Sibley

During 2006, between September 23 and October 22, we continued our investigation of a
pre-Calumbian archaeaclogical site an the flat at Guana Island, BVI. During the previous
year,

torrential rains, that continued for more than a week, severely hampered the investigation.
Nevertheless, we were able to conduct a number of shovel tests that both delimiled the
midden area in the new donkey pen (a former garden) and allowed development of a plan for
2006.

During 2005, | presented a paper entitled; "Post-Saladoid Cultural Changes at Guana Island,
BV " to the XX1 Congress of the International Assaociation for Caribbean Archaeology (IACA)
held in Trinidad. During 2006, the paper (limited to a 10-minute presentation) was edited
and presented for publication in the Proceedings of the Congress. The Proceedings will be
distributed to all of thase persons inlerested in Caribbean island archaeology and available
for purchase.

When we arrived to conduct the 2006 investigations, we found that the grass on the fiat had
not been cut and the vegetative cover in the midden area in the new donkey pen was waist
high. The fibrous nature of this cover and the well-established fire ant population prevented
further archaeological investigation of this area. The long grass in the flat area of Guana
Island did not preclude investigation but special areas of investigation needed cutting and it
was difficult to lay out an accurate grid in the tall grass. Next year we hope to have both of
these situations remedied before we arrive. The lime for investigation is short at Guana, and,
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while the archeologists are prepared to spend time in physical effcrts, extra effort cuts into
the time for conduct of scientific investigation.

The pre-Columbian site at Guana Island offers a chance to investigate numerous questions
in prehistoric Caribbean archaeology. We will discuss only two or three here. One goal of the
archaeological investigation has been to discover the village lay-out and/or structure at the
site. Peter Siegel, a professor at Montclair College and an archaeologist of some stature,
has suggested that early Saladoid villages were laid out in a horse-shoe shaped pattern that,
over time, became circular in configuration. Evidence from the Tutu site in St. Thomas, tends
to support this position. Miguel Rodriguez, a Puerto Rican archaeologist who is also well
respected, has found evidence thal some possibly Saladoid sites in shoreline [ocations may
have been laid oul in a linear fashion. So far, the evidence is inconclusive, and we hoped thal
investigations at Guana Island would shed light on the question,

Based on a admittedly ethnographic model, Siegel also links Saladoid village structure to
an egalitarian society. The author of this report, does not agree with this position, but there is
much work to be done to find counter evidence. It was hoped that Guana Island might
supply an example of such evidence. However, the site al Guana Island appears to be a
post-Saladoid sile, and the post-Saladoid period {(see my IACA paper-Trinidad, 2005) was a
time of cuiltural change. Also it must be remembered that Guana Island is a smali off-shore
island and may not be representative of the bigger piclure. However, it would be a "first" in
Caribbean archaeology if we could establish that among changes at the end of the Saladoid
period was a change in village structure.

There are many possible interpretations of prehisteric land use at Guana Island, and, so far,
the prehistoric site at Guana does not lend itself to a simple or a single interpretation. Itis
possible that Guana Island was not permanently settled, or was settled for one or more short
periods and used for something else other times. During the prehistoric period, Guana Island
may have been used for outings of various durations for various purposes. If the two artifacts
that appear to be portions of ball belts are truly such, it is possible that. At some time, there
was a ball court at Guana, and the sile at Guana Island was used as a meeting place for
feasting, dancing etc. when games were held.

It may be thal the island was never permanently settled. Other prehistoric artifacts found at
Guana, such as cotton whorls, however, tend to suggest permanent settlement. We hope to
find post holes or other evidence of permanent structures. The soils are poor for post hole
preservation and although we have identified several candidates for postholes, more
evidence is needed. There are some other hindrances to investigations as well. These
include the now ubiquitous fire ants, which not only poison investigators but also churn up
soils, making radiocarbon dating even more difficult. Numerous historic and modern
disturbances to the site also have either mixed the stratigraphically deposited remains, or
removed portions of the site from investigation. Nevertheless, we feel thal, wilh
perseverance, we will be able to establish the nature of pre-Columbian usage of the site on
the flat at Guana Island.

Prior to 2006, we had found one area of concenirated midden. This is in the new donkey
pen or old garden area which was newly scraped in 2003, revealing evidence of the midden.
In 2003, this midden was partially excavated and also partially shovel tested. Shovel testing
of the midden continued in 2004 and 2005. Testing results suggested that the midden varies
in thickness and in abundance of artifacts. The reason for this requires further investigation. It
may be that individual houses were in the midden area (just west of it}, or it may be that the
refuse disposal system was such that the deposits vary in intensity.

The evidence for a major disposal area at one end of the site is strong. The orchard area,
unfortunately, has been severely impacted by planting and other efforts and it will be
impossible to [earn anything further from this area. Cver time, the orchard has yielded many
many artifacts, mostly pottery, which have been collected. The whereabouts of the collection

12/7/2006

120



that formerly was in the library is currently unknown. In 1988, the present author saw, that
there were deep furrows excavated in the socuthwest corner of the orchard area (presumably
for insertion of a water line). Atop the furrows were great number of potsherds. Unfortunalely,
time did not allow further investigation of this area, which had been totally disturbed. But the
evidence seems to suggest that the entire far eastern end of the flat was a disposal area for
the prehistoric site. Lagically, this is not unlikely, since near the hill, the area was subject to
flooding and to rock fall and was not habitable. It would be a good area for disposal of
refuse. However, there is the possibilily, also, that the eastern part of the site {just west of
the midden) was the most densely occupied area of the site, and therefore the greatest
amount of refuse emanated from the part of the site that was the most populous. That is was
the "best” location on the site is possible since it was the closest to potable water. The terrain
today suggests that it is alsc possible that the village plan was circular, with the south part of
the original donkey pen as the "open space” or "central courtyard” in the center of the village.
There may also have been more than one period of prehistoric occupation and/or meore than
one prehistoric settlement on the flats at Guana.

If we can find evidence of individual houses, this would assist in the investigation of village
structure. The disposal pattern appears to be similar to that at Magens Bay in St Thomas.
The Magens Bay site was occupied from the late Saladoid through the Taino periods and
unfortunately has not been very well investigated or recorded. Even though Irving Rouse
named the ceramic style that followed the Saladoid in $t Thomas, "Magen Bay/Salt River |
and ll, (comparable to the Monserrate, Santa Elena and Esperanza styles in Puerto Rico)
there is not a single reliable date for the Magens Bay site. The ceramic styles so far found
on Guana Island appear similar to the Monserrate and Santa Elena styles of eastern Puerto
Rico. These, in turn, are similar to ceramic styles found in St John by Ken Wild, NPS
archaeologist (see Righter, Wild and Lundberg in Late Ceramic Age Societies in the Eastern
Caribbean edited by Andre Delpuech and Corinne L. Hofman, 2004). There does not appear
lo be a fate, or Esperanza/Taino phase at Guana Island.

Test pitting and the 2006 investigations have uncovered substantial artifactual remains
outside the main midden area, but, so far, these concentrations do nat match in volume,
those found in the new donkey pen area. They may be indications of individual house
slructures or

individual events. Further analysis and invesligation are needed.

A second goal of the archaeological investigations at Guana is to find evidence of those
fauna that were present during the prehistoric period (see my 1989 article "The natural
resource potential of historic and prehisteric archaeclogical sites.” In: CRM Bulletin. National
Park Service. October 1989; and a paper presented in 1986, "The natural resource potential
of archaeological and historical sites: a case for their inclusion in Natural and Protected
Areas Management Programs.” Paper presented at a Workshop on Coastal and Marine
Prolected Areas of the Lesser Antilles, and published in the Proceedings of the Agricultural
Extension Service of the University of the Virgin Islands. .This information should help with
investigation of habitats through time at Guana and, with the exception of extinct fauna,
assist with restoring the original fauna to the island.

In the past, reportedly, shovel test investigations in 1987 yielded remains of monk seal and
turtie. The remains were lost and we are attempting to find more evidence of monk seal,
possibly tortcise and any other animatls that were present on Guana during the pre-
Columbian period that man utilized the island. This year, we were assisted by Dr. Samual
Turvey who specializes in extinct mammals of the Caribbean. His expertise is expected to
add a lot to our findings.

An overall goal of the project, of course, is to learn as much as possible about the prehistoric
occupation of Guana Island. We hope to learn about the natural resources that were
available to the human occupants, and how they were used, as well as the social and culturat
nature of the inhabitants.

https:/Avebmail.uri.cdw/MBX/Avenhua(etal.ur.edu/ID=458 EF62E/MSG:7

12/772006

™~

—



-y re—

https://webmail.uri.eduw/MBX/wenhua@octal.urt.edu/ID=458EF62E/MSG:7

In 2006, Ellen MaclLeanr and | laid out the grid in the same location as previously. Qur datum
is buried in the wcads and hcpefully safe. Since | was recovering from an cperation and
since my anticipated crew did nct arrive, in order not to unnecessarily strain the resources at
Guana, | spent a week in St Thomas with Ellen. During that time | purchased materials for
Guana, including a shovel which proved to be much needed. | also brought over materials
that had been stored in Ellen’s cellar.

The following week, Josh Kehrburg arrived. Before that time, Mano kindly cut grass in areas
where we needed to excavate units and Tom Willard removed sod from a 2 x 2 meler unit at
45N/ 7W thal we anticipaled excavaling. Based on initial investigation in 2003, this unit was
expected to yield midden remains.. When Josh arrived, we began excavation. Numercus
artifacts were recovered and one probable pcst hole was found. Since a companion post
hole could not be localed, it is uncertain whether this post hole represents a domicile or was
a post of ancther sort,

The major peorticn of a ceramic pot was found projecting from the south wall of an extension
lo the 2 x 2 meter unit. In general, many ceramic sherds were recovered but the bone
remains were sparse

When Bob Pederson arrived, he machine scraped two areas where past holes might be
anticipated (west of the garden midden) and two additional excavation units were laid out
northwest of the first 2 x 2 meler unit. In addition, several test pits were marked for
excavation, The hypothesis was that actual house locations would not yield much in the way
of arlifactual remains and the artifacts that were indeed present weould most likely be whole or
nearly whole. It was anticipated also that hearths and other aclivily areas would be present
inside and just cutside of the houses (this is assuming that houses were simifar to most
olher Caribbean island houses of the period--either open structures of posts and paim thatch
or semi-closed structures. Hammaocks were hung from posts and there were hearths for
cooking. Sometimes men occupied one area of a house, and woman the other. Children
played about (it would take an entire book 1o describe the ethnographic evidence). Midden
areas were likely lo be located oulside of and fairly close lo houses, South American
ethnographic accounts (see Versteeg and Schinkel, The Golden Rock Site, 1992) suggest
that there was a "back” of the house--just before the forest--and here the midden was
deposited and in these areas, artifacts would be broken, signifying refuse. In the later par of
the site at Tulu, burials were grouped outside of houses, almost in cemetery areas. Whether
or not caciques {chiefs) were buried off-site in special places is unknown at Tutu. We have
not found any prehistoric burials at Guana-another perplexing situation. If indeed, at Guana,
the social system was advanced enough that Cacigues were present, and if indeed caciques
died on Guana, the caves above the site would be a likely location for cacigue burial.

Thus, in the hope of finding some evidence of house remains, excavation units were laid
out where it was not anlicipated that artifacts would be found. Shovel test pits were situated
with a view toward recovering animal bone. The second unit, a 1 x 2 meter unit, at 88.50
N/58.50 W, did not yield many arlifacts. We did find one large thick poltery piece that may
have been part of a water jug. Numerous Cittarium pica remains were recovered. Large long
bones of a bird (one articulated) MIGHT be remains of the flightless rail, Nesolrachis
debooyi. These were taken by Sam Turvey to London for identification.

A third excavation unit, laid oul at 66N/50.50W did not yield many artifacls or features. It was
abandoned for lack of time.

Bob Pederson scraped one area near the former Test 2, where a house was suspecled to
be localed. His scrape, refined to an area 7 meters by 2 meters in area, yielded one feature
that was excavated by Pederson and Kehrburg. This feature was puzziing. The dark stain
became sand al 19 cmbs and then there was a smaller dark stain at 30 cmbs. The smaller
stain extended to 47 cmbs. Results were inconclusive, [Nole: This entire area seems to have
been deeply disturbed. This is where we took a C-14 sample at some depth and it had an
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[ historic date. Yet, the ceramics are Monserrate in style]

Another scrape was made north of the first and west of the new donkey pen. In this area,
shovel testing had indicated that the midden remains were not numercus and it was hoped
that a house might be present. This scrape, made at 88.25N/2.5E uncovered an area 5
meters by 2 meters in area but no stains or features were immediately cbserved. Further
work was not conducted before the area had to be backfilled.

Shovel tests were laid out on the 65 Norih line. Shovel tests east of the criginal donkey pen
were excavated in 2005; and in 2006 the abject was to explore the donkey pen and the area
to the west of it which rose gently to higher ground near the south shore "road".

STP A was located at 64N/10W. This test was moved one meler to the south because it
seemed that the area had been previously tested. The soil became light sand at 51 cmbs.

STP B was made at 64N/15W and moved one meter to the south. An iron spike was found
at 15 cmbs. Hooved animals are known to cause severe damage to archaeoclogical sites, so
this is nat surprising. The soil became sand at 50 cmbs.

STP C was at the northeast edge of the south road at 65N/35W. Artifacts appeared at 27
cmbs and continued to 37 cmbs. Larger sherds and bone were bagged.

STP D was located at 104 990N/53.60W also in the field north of the green tarp There was a
possible glass fragment at 22 cmbs. No midden or cultural material was observed between
22 and 45 cmbs. Total recovered material consisted of one shell, 1 sherd and 1 possible
glass fragment.

STP E was located at 120 N/66W (in the field north of the green tarp). Sandy soil begins at
16 cmbs. One welk was found at 26 cmbs. No cuiltural material was present to 63 cmbs.

STP F was located at 100N/69.40W, just ncrtheast of the road. Tiny sherds and shell were
found at 15 cmbs. Cultural material ended at 38 cmbs. Only one large sherd and no bone
were found.

STP G was situated at 105.60N/ 73.70W northeast of road. Cultura material extended from
15 cmbs to 40 cmbs. Sherds were bagged, 1 shell preform was found and cne bone.

STP H was situated at 11.30N/77.60W just northeast of the road. Cultural material was
present from 15-41 cmbs. Small shell fragmenls occurred. | sherd and 1 bone only were
recovered.

S8TP | was located southwest of the road at 105N/80W This test pit yielded significant
remains. It appears lo be an area that may not have been plowed or otherwise disturbed. A
unit will be excavaled here next year {provided it has not been disturbed in the meantime).
Cultural material exlended from 26 to 59 cmbs. Very large sherds were recovered from 35
and 37 cmbs. Bone and sherds were recovered from all levels. Josh found an Isolobodon
portoricensis jaw here. We would like to have this jaw AMS dated since, so far, we have not
been able to abtain good Carbon-14 dates for the site. If lhe Isolobedon portaricensis should
prove to be historic in age this would assist Sam Turvey in his interpretation of the time of
exlinction of the animal. A large piece of a plale-like vessel was recovered from 22 cmbs.
Large portion of a burnished shoulder angular bowi was found at 37 cmbs. A small smooth
finished round conch shell disc {(about 3 centimeters in diameter) was recovered at 42 cmbs.
Large long bones also were recovered, The long bones were sent for analysis to London with
Sam Turvey.

8TP J was located at 91N/62.70W, northeast of the road and near the green tarp
(88.50N/58.50W).. Cultural material appeared at 15 cmbs and anlifacts were mosl numerous
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at about 36 cmbs. Cultural materiai enided at 40 cmbs. Larger snerds and bone were bagged,

During the research, we discovered that, in general, artifacts in the upper scil layers tended
to be smaller in size (2 ¢cm by 2 cm or smaller} and that below about 18 cm below sod, the
artifact pieces were larger. Artifacts tended to end between 4C and 60 cmbs, although, in
some cases, there were a few large Cittarium pica at depths of 70 cmbs, suggesting two
cccupations. The sizes of the arlifacts suggested areas where plowing, planting or other
disturbance had occurred in the upper levels of the sile. Artifacts below this disturbance were
most likely in place and unaffected by surface activities. Certain portions of the site, in
general those nearest to the beach, appeared not to have been significantly affected by
surface disturbances.

We anticipate continuing our search for bones and for settlement pattern data next year. We
hope to re-open Bob Pederson’s scrape near 83.25N/2 50E and to excavate a unit at STP |-
105N/80W. We also will be sure to menticn that the grass and midden need cutting and
whatever can be done about fire ants woutd be appreciated ( | seem to be highly allergicto !
fire ant bites). During the 2006-2007 year the material recovered in the 2006 season will be
anaiyzed. Ceramics have yet to be numbered and sent to Emily Lundberg, cut it is
anticipated that at least some of this work will be done.. There has been no response from
Dolores Pigerno. We anticipate much information frcm Sam Turvey. | hope to present
another Guana paper at the Jamaica IACA Congress in July of 2007,

Our thanks to Henry and Gloria Jarecki for making our investigations possible, to Skip Lazell
for inviting us to Guana Island Science month and having faith in our expertise, to Belsy
Carlson for analyzing Guana fish bone from 2003, to David Steadman for his analysis of
bone from the site, to Emily Lundberg and Dolores Piperno for agreeing to assist with artifact
analysis, to Greg Pregill for his assistance with bone analysis, to Sam Turvey for his
continuing assistance with our project, and to Lynford Cooper who assisted with shipment of
artifacts for analysis

Top Shell or Welk
(Cittaciam plica)
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