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Basidiomycetes of the Greater Antilles Project
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During the four-vear project on the Basidiomyveetes of the Greater Antilles, approximately 20% of
the taxa were found 1o be undescribed species or varielies, and some may represent new genera,

families or arders.

KEYWORDS:
Aphyllophorales, West Indies

Agaricales, polypores,

The investigation of the basidiomycetes of the
Greater Antilles was a four-year project initiated
in 1996 with a grant from the USA National
Science Foundation's (NSF) Biotic Surveys and
Inventories Programime Lo the State University aof
New York at Cortland (grant DER-95-25902).
Many other institutions and nen-governmental
organisations provided matching funds and
support which greatly facilitated the research,
including the USDA Forest Service, the Royal
Batanic Gardens at Kew, Geabalanical Institute
ETH, University of Oslo, University of Gotehorg,
and Duke University. The objective of the project
was Lo survey and inventory all basidiomycetes
(except rust fungi} on the Greater Antillean
1slands of the Caribbean. In addition to the
authors, our primary rescarch group included
Drs. Julicta Carranza, Karen Nakasone, Karl-
Henrik Larsson, Roy Halling, Egon Horak, Orson
K. Miller, Jr, Peter Roberts, Leil Ryvarden, and
Rytas Vilgalys,

The habitats sampled included coastal sand
dune communities, low clevation scasonally drv
and moist [orests, middle elevation non-scasonal
wel forests (200-530 m above sea level), and rain
and cloud forests al around 700 o 2000 m as.l
In addition, repeated visils were made Lo the
Dominican Republic to collect basidiomycetes in
the native pine savannahs, which range from 530
to 3,000 m a.s.l. Most of the collecting was
concenirated in Puerto Rico, the Dominican
Republie, Guana and Tortola islands in the
British Virgin Islands, and St. John in the US

Virgin Islands. There was onc expedition to
Jamaica.

Basidiomycetes, except for durable Lentinus
species and polypore fungl, were not well known
in the Greater Antilles before this project began.
Many botanists have colleeted hard polypores
throughout Lhe history of the Caribbean since it
was colonised five centuries ago. The basidiomes
of palypores have retained their characteristics
sulficiently for later identification, Relatively few

" of the agaries and other ephemeral fungi had

previously been recorded for the region. For
example, Stevenson (1975) had summarised all of
the previous records af fungi from Puerlo Rico
and the nearby Virgin Islands, but only listed 55
species of cphemeral basidiomycetes. Jamaica
and Cuba were still poorly known despite
recelving somewhatl more atiention than Puerto
Rico from R W. G. Denmis, W. A. Murrill and
0. P. Swartz.

Numbers of new species and varieties

We have identified at least 75 new species and
varictics so far, and this number will undoubtedly
increase when all of the collections have been
identificd. In our research proposal, we predicted
that the percentage of new specics in each group
would remain the same as the rate of discovery
in Lhe previous 5-15 years, Our expected
percentages of new species for Agaricales (21%0),
polypores (6%), corticioid {ungi (10%) and
gasteromyceles (12%) are very close to aur
observed valucs so far (219, 4%, 129, and 12%,
respeetively; Lodge ef al., in press), Many of the
new corlicioid species are crvplic species that
belong to a complex of similar taxa {Nakasone,
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1999). All but one of the new polypore species are
ephemeral, and were therefore easily missed by
previous collectors (Ryvarden 2000a,b,c, 2001).
For example, we recently found an ephemeral,
orange, widely effused polvpore on pine logs in
the Dominican Republic that is a previously
unknown species of Antrodia (Fig 1). The deep
orange pores of this species arc 1-4 mm wide and
sinuous, differing from those of A. radiculosa
{Peck) Gilbn. & Ryvarden which are subround
and 3-4 per mm (Lodge & Ryvarden, unpublished
manuscript).

The highest diversity and percentages of
undescribed species are among the agaric fungi,

Fig 3. An unusual new species in Sect, Firmae, Hygrocybe
brunncosquamose Lodge & S.A. Cantrell, from the
Luquillo Mountains of Puerto Rico. (Photo by D). J.
Lodge).

Fig 1. A new resupinate species of Antrodia on pine logs from the
Central Mountain Range of the Dominican Republic. It has deep
orange, sinyous pores that are larger and more irregular than those
of A radiciizza. (Phota by D. J. Lodge).

Fig 4. This undescribed green species of Hyvgrocybe in
Secl. Coseinene was collected in the Central Mountain
Range of Puerto Rico. (Fhoto by T, .J. Baroni).

especially in the families Amanitaceae (Miller ef
: I i A B al., 2000; Miller & Lodge, in press),

;' ] ok T Tricholomataceae, Entolomataccae (Baroni &
£ 4 £ WY iﬂ]! SR K Lodge, 1998) and Hygrophoraceae (Cantrell &

Fig 2. A previonsly undeseribed species of Cellistedermuatium which Lodge, 2000, 2001). One of the more intriguing

was found in the mountains of Puerto Ricn and the Daminican finds is a new species of Callistodermatium Fig 2,
Republic. One of the diagnestic characteristics of this zenus is that

the pigtuents of the pileus sucface turn vialet to purple when alkaline ) , . , )
solutions are applicd, bs seen-in this dlustration. (Phato by T. J. South America. This new species has been
Basoni). collected in the mountain ranges of Puerto Rico

a previously monotypic genus described from
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Fig 5. This striking new rose-wine coloured Humidicutis
has been found several times in the Luquillo Mountains
of Puerto Rico, and is the first reported species of
flumidicutis in the Caribbean. (Photo by 8. A. Cantrell),

Fig 6. Dr. Orson K. Miller, Jr. was clearly delighted with
his discovery of this blue species, Clitnmyhula czurae, in
the Blue Mountains of Jamaicn, shown in the inset. Dr
Karen Makazone is standing behind him. (Photo in field
by D.J. Lodsge, inset by E. Horak).

and the Dominican Republic, The genus is
characterised by having pileus pigments that
turn purple to violet in alkaline solulions, and is
thought Lo be related to Cyptotrame aspratu
(Berk.) Redhead & Ginns.

We expected to find about 48 species of
Hyerophoraceae in the Greater Antilles, based on
the number of species that were previously
known and a rate of recent discoveries of 234
(Lodge & Pegler, 1990). The number of

Volume 15, Part 3, August 2001

Hygrophoraceae has already exceeded our
expectations by 130 (63 species). Seventeen of
the additions Lo the mycota were previously
undescribed taxa, exceeding our prediction of ten
new species. Seven of Lhe 17 new species are in
Section Firmae, a tropical group characterised by
two sizes of spores and basidia on the same
basidiome. One of our new species in this group,
H. brunneosquamaosa Lodge & S. A, Cantrell (Fig
3), is very unusual in this section for having dull
brown rather than bright colours and a
squamtulose pileus (Cantrell & Lodge, 2001). Most
species in Section Firmuae are brightly coloured
(yellow, orange, red, purple or green), and have a
gilky-fibrillose, subviscid ar viscid surface
{(Cantrell & Lodge, 2001). Two additional new

FI f " § .. 5 i '-".'.. W

Fig 7. This previously undescribed species, Amanita cruzii 0. K.
Miller & Lodge, iz associnted with native pine in the mountains of
the Daminican Republic. The orange, powdery matenal is the inner
universal veil. (Photo by T. .J. Baroni).

Fiz 8. Leanne Barley, project data mapuger, is holding a large
bazidinme of Macracybe pruegrandis from Puerto Rica. (Photo by S.
A. Cantrell).



specics of Hygrophoraceac with unusual colours
arc shown in Figs 4 and 5. Species with green
basidiomes are rarc, such as the undescribed
speeies of Hygrocybe in Section Coccineae (Fig 4).
A new species with a conic rose-wine coloured
pileus shown in Fig 5 (sce front cover) was initially
mistaken for H. calyptriformis (Berk)) Fayod in
subgenus Hygrocybe, bul the broadly atlached
lamellae and short lamellar trama hyphac
indicated it did not belong in subgenus Hygrocybe.
There are several sumilar species described from
South America {e.g., H. rhodolence Singer and I1.
mutabilis Singer), New Zealand (H. rosella
Horak), and Africa (H. vinosa {3eeli) Heinern.).
Horak (1990) transferred Hygrocybe rosella Lo
Humidicutis based on the absence of clamp
connections Lhroughout the basidiome except for
the prescnce of medallion-type connections at the
bases of the basidia. These characteristics are
shared by H. mutabilis, H. vinosa, and the
undescribed species in Figure 5. This is the first
report, of Humidicutis from the Caribbean.

In terms of biogeographical patterns, most of
the species in the Hygrophoraceae are restricted
to the Greater Antilles or the Caribbean Basin
(36% and 229, respectively). Only one species has
a pantropical distribution, Hygrocvbe
hypohaemacta {Corner} Pegler. Some of the
Greater Antillean species of Hygrocybe in
subgenus Hygrocybe are also found in the North
Temperate zone, 1.e. H. acutoconica {Clemn.) Singer
[=H. persistens (Britzelm.) Singer), while others
are represented by new Carihbean varieties, such
as H. konradii var. antiliena Lodge & S, A.
Cantrell and [I. calyptiriformis var. domingensis
Lodge & S. A, Cantrell (Cantrell & Lodge, 2000).

Species with unknown affiliations

Some of the new species of agarics found in the
Greater Antilles are easily placed in a genus, but
they do not appear to have any close relatives.
For example, Miller and Lodge (in press)
described a striking new species, Amanita cruzii
0.K. Miller & Lodge, that is associated with
native pine in the Dominican Republic (Fig 7) for
which we have been unable to locate any close
relatives within Subgenus Amanita. This species
is unusual in having a duplex universal veil in
which the outer layver is fibrous and forms whitc
pyramidal warts, while the inner veil is rusty in
colour and powdery in Lexture. The inner
universal vell covers the lower side of the

annulus, making it appear duplex (Fig 7). Another 4

unusual find is a strikingly beautiful blue species,
Clitocybula azurae Singer (Fig 6). In addition to
the unusual colour, this species differs from
typical members of Clitoeybula in having a
dextrinoid stipe context, and vell remnants on
the pileus margin and basal disc.

Some of the species we have found were
previously known, but they were clearly assigned
to the wrong genus. In thesc cases, DNA
analyscs have becn very helpful in placing them.
Legon (1999) showed itlustrations of two of these
1.c. Collybia aurea (Beeli) Pegler and Marasmius
rhyssophylins Mont, These two brilliant yvellow
species are closely related, and according to DNA
analyses by Drs. Jean-Marc Moncalvo and Rytas
Vilgalys (pers. comm.)}, they belong in the genus
Tricholomopsis, rather than the genera in which
they arc currently placed. Another example is
Macrocybe praegrandis (Berk)) Pegler & Lodge
(Fig. 8), which was previously placed in the
ectomycorrhizal genus, Tricholoma (Pegler ef al.,
1998).

The X-files

Some of the basidiomycetes we have found have
defied or challenged classification. We refer to
one of these species as the nail-head fungus
because of its shape and hard texture (Fig 11).
The ouler surface becomes brown and powdery
{from spores) as it ages. This undescribed species
resembles members of the genus Tephrocylie, but
it lacks sidcrophilous granulation in the basidia
and therefore appears to belong in the Tribe
Tricholomatae rather than Lyophyilae. Two
species described by Corner (1994) from Malesia
{(Tricholoma furcatifolium and T. wmbricatum)
reseinble the nail-head fungus. Although Corner
(1994) placed his specics in the genus Tricholoma,
he indicated that they did not exactly fit into any
genus vet described. We suspect our fungus may
belong with one or both of Corner's species in the
monotypic genus, Arthrosporelly Singer.

We recently made two collections of an
astipitate funzus in Puerto Rico that has a
completely gelatinised context in the pileus and
tube trama, and tubes up to a centimetlre in
length {Fig 9). Although the highly ornamented
cheilocystidia suggest a possible relationship with
Favolaschia, the spores are inamyloid whereas
Fevelaschia spores are amvioid, With a
combination of r-DNA scquencing by Dr. Maria



P. Martin, advice and reference sequences from
Drs. Jean-Marc Moncalvo and Rytas Vilgalys,
and morphological and melecular expertise in the
Tricholomataceae of Drs. Greg Thorn and Scott
Redhead, we have determined that the poroid
fungus in Figure 9 represents and undescribed
specics of Resupinafus. A meruliod specics, R.
merulioides [{edhead & Nagasawa, has previously
been described {rom Japan.

Another unusual fungus (Fig 10) resembles
Dichopleuropus, oxcepl that it lacks the
dextrinoid dichophyses that help to characterise
that genus. Dichopleuropus 1s thought Lo belong
Lo the Lachnocladiaceae, and the undescribed
species we {ound in Pucrto Rico appears,
according to DNA analyses by Karl-Henrik and
Ellen Larsson {pers. comm.), to be related to
species traditionally assigned to that family The
ather group of Dichopleuropus-like fungl we found
(Fig 12), however, does not belong to any of the
major groups of basidiomycete fungl according to
the Larsson's DNA analyses. Although they
resemble species of Thelephora macroscopically,
they have spores that are smooth, hyaline, and
faintly amyloid rather than ornamented, warty,
and inamyloid. We have found several species
belonging to this group in the Caribbean,
including Puerto Rico, the Dominican Republic,
Tortola Island in the British Virgin Islands, and
Venezuela. We believe they may represent a new
family, and possibly a new order.

It is from the results of the
Basidiomyeetes of the Greater Antilles project so
far that the Caribbean has a great diversity of
basidiomycete fungl. Furthermore, many of these
fungi appear to he restricted Lo the region, and
sorne are only known from a single island or group

clear

of 1slands. Some of the recently discovered fungi
are stretching the limits of known gencra, a fow
are contribuling to Vilgalvs & Moncalvo's project
to restructure the Agaricales using molecular
analyscs, while others apparently represent new
genera, families, and posgibly a new order.

For more information aboutl the project and
additional colour images, visit our web site at
www.cortland.edu/nsffgafhtml.
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Fig 1L This fungus, referred to as the ‘nail-head fungus’
for lack of another name, apparently belcongs to the genus
Arthrosporefla in the Tricholomataceae. (Photographs by
T. d. Baroni).

Fig 9. This unknown species has a completely gelatinized trama in
the pileus and tubes, and has tubes up to 1 em in length
{phatograph by D. J. Ledge). Analyses of molecular sequences and
micromorphology indicate this should be placed in the genus
Resupinatus, which typically has lamellate basidiomes.

Fig 10. This undescribed Dichopleuropus-like fungus lacks
dichophyses which help characterize the genus Dichopleuropus.
(Photo by D. J. Lodge).

The Torest Products Laboratory in Madison is
maintained in c¢ooperation with the University of
Wisconsin, while the lab in Puerto Rico is maintained in
cooperation with the USDA-Forest Service International Fig 12. This species represents a group which, although

Institute of Tropical Forestry. This article was wrilten resembling the Dichopleuropus-like fungus in Fig 11, does
and prepared by a U.S. Governmient emnloyee on official not appear to be closely related to any known
time, and the information is therefore in the public basidiomyeetes, according to DNA analyses. (Collected in

domain and not subject to copyright. the Dominican Republie; photo by D. J. Ledge).



SYSTENATICS
A Redescription of the Caribbean Trechopper Genus Antillotolania
Ramos (Hemiptera: Membracidae), with Two New Species
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Aun, Eatamg], Sec A 9505 G02-305 (2002
ABSTRACT
Stegaspidinae, is redeseribed based on adult inorphology. Antillotolania dorewarine Ranoos, the type
species, iy redeseribed and ilustrated; deseriptions and illustrations are also given lor Ao microcen-

troitfes, new species from Guadeloupe and the British Virgin Ishinds, awnd AL extreme, new species irom

The Caribbean reehopper genus Antillototania Ranos. clssilied in the sublamily

Fuerto Rico. A key lor the idestification of adults is provided for the genus.

KEY WORDS

Hemiptera. Membracidie, Antilletolanta, treehopper, Caribbean, taxenony

T CARIBHEAY TRevROFFER genus Anfiflofolania was
ariginally desecibed by Runos (1937 as wmember of
the membracid sublinnily Centrotinae hased on the
caposed seutellum ol A doremarice Ramos, the only
species known at 1hat time. Ramos indicated thad An-
tiflotolania is related to Tolania Stal, whiclis carrently
classified in the subfumily Nicomiinae (Dietricl and
Deite 1993). Dictrich and Deitz (1993) noted a po-
tential synapemorphy of Antillotolania. the genus Dei-
raderes Ramos, and the sublonily Stegaspidinae: the
forewing crossvein m-cu conects to vein M basad of
its fork, Nevertheless, this elade wis not supported on
all most parsimonious trees resulting from their mor-
phelogyv-based phylogenetic aalyses; consequently,
Antitlatolania was removed from Centvotinae {Dejtz
and Dictrich 1933 and was considered unplaced
within Mewmbracidue,

Dictrich et al. {2001} found that Amtillotoluiia
crouped with the subfamily Niconidinae and related
taxa in some of the inest parsimenious topologies re-
sulting from theiv expanded morphology-based anal-
vsis. Inocontrast, resalts of melecular (Cryan et al.
2000) and combined molecular and morpholegicnl
(JR.C.. nnpublished datu) phylegenctic investiza-
tions indicated that A. iicrecentroides (a new species
deseribed below) grouped with Deiroderes and the
venus Microcentrus Stal (Stegaspidinies Microceu-
trini). The moeleculw-based analyses did not include
representatives of Nicamiinae, and therelore the hy-
pothesis suggesting that Antillotolionia nay he allied
with Nicomdinae {Dietrich ot al. 2001) remains un-
tested by molecular data St following those inves-
tigations, Antilfotolenin vemained unplaced within
Moembracidae.
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In i morphological phylogenetic walvsis ol the
busal lincazes of Membrcidiae (JLR.C.. unpublished
data), Adilledtoleia oand Deivaderes {formed the sister
croup to {fossil taxa -+ (Microcentring — Stezaspiding ),
and was not found to be assoviated with Niconniinae
Those results suzzest the need Tor an expanded detl-
inition of Stegaspidinae to inelude Antilfotolunia, Der-
recderes. aned two undescribed fossil tava Like Antil-
lotolania, species of Deiroderes are known only from
Caribbean islands and Lick the posterior pronotal pro-
cess: no other estant members of Stegaspidinae are
known to occur in the Caribbean, although the un-
deseribed fossil tasa, most of which also lack a poste-
rior prenotal process, are from Dowminican amber
{MeKaniey 1995).

Materials and Methods

Protocols usedin this work (ollow the deseription ol
materials and mcthods detalded in Crvan and Deitz
{La, 19990, wnd 20000, Four-letter codens cited i
the text denote inscel collections where specimens are
depaosited. Amctt of ale {1993 listed the full postal
addresses for most of the mstitutions; those not found
in thut pubfication are indicated by & dugger (F) fol-
lowing the coden, CIRADY, Labo Fatotrop (Fuanis-
Lique-Taxonomie), Montpellier, France. JARCYH, JA.
Ramos Collection, University of Puerte Rico, May-
wruez, Puerto Rico, MNITIN, Nadional Collection of
Inseets, Muoseam Navonal IV Histoire Naturelle, Pars,
France, NCSU, North Carolina State University Iisect
Collection, Departiuent of Eutomnalogy. North Caro-
lina State University, Raleigh, NC. CGCA, The Uni-
versity of Georgia Inseet Colleetion, Departinent of
Entomology, University of Geovgia, Athens, CA
USNAM. United States National Entomeoloyical Collee-
tion. Departiment of Entomology. United States Na-
tional Muscum of Natural Thistory {Smithsonian In-
stitation ), Washington, 1D,

Amiedig
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Figs, 1-6,

Antilletedamin dovanarine Ramos. Structures of the holotype. (1) Head, anterior awpeet {(Goed, (2) Heod,

yronotum, and scutellom, anteroliteral aspeet. (3) Lelt wetutharseic fomur, tibia, and toesas, obilaterad wspect. (1) Bight
furewing. (5) Male leftateral plate arpel ||4_.-;_:u]'('|'_ Yateral wspect (4] Male acdengus and lelt style, eral sspect. Abbrevintions:
Aw analbvein(s); ae. aedvagos: Cud | calitul vein{s); oo, elaval suture; dp, dorsal prajeetions diu, haneral angles; 1, Literad
plates meco#, mediilsobial erosvein(s): M2 medial vein(s): e, median canna: we, metopidiong se, seutellum; sh,
suprhemernl heas: s style; pypysofer: rovadial eresssein: v, eadinl-medial erossveinf sy [g radial vein{s): 11 T,

eaolarsed setal rows

Genus Antiflotolania Ramos, 1957

Autillotolanic Tunos, 1937 95, Tvpe species: Antil-
fotolania dorainerice Ramos, 1937 99, by original des-
ignation.

Diagnosis. The genus Antillotolania has {orewings
with -4 m-cu crossveins and the cranial vertex with

extremely bege, pyramilorm dorsal projections; the
posterior pronotal process is absent.

Adult, Divicensions (non). Tatal length {(from head
to apes of forewings at rost) 4.8-3.2, Mead (Figs. 1. 2,
7-9). Head (neluding eves) wider than distance
across pronotal humeri: face with ine pubescence,
strongly bicornute: ocelli above contro-ocular line:
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Figa. 7-14. Antillotolania inicrocentraicdes Cryane & Bantlett, New Species. (7)) Head, pronoting, wad seutellum, aitero-
Lerad wspect. (8 Head, pronotum, aud scutellum, dorsal aspect, (9) Hewd aed pronetons, anterior aspeet. (10) Ll
mictathoracie fermuor, tbia, s Larsos, abliteral aspeet. (11) Riglt forewing (12) Sccond valvadas, Liteeal wspeet, (130 Male
left Jateral plate and pygoler, Jateral aspect. (14) Male aedeagns and left sivle, Tateral aspeet.
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Figs. [5-19,

Antiffededimme eotrema Crvan & Banlett, New Species. (13) Head, anterioraspeet (lace; portions below dashivd

line e olscured by specimen’s point-mount). (165 Hedad, prenotum, wand seutellurn, anterolatival aspect {dashied line
indicates brokan poction). (17 Hewd, pronotum, and seatelluin, dovsal aspect: apes ot viglt soprahnmerad hom is broken
(miissing partion approximated by dashed Bine). (18) Riglit forewing. (19) Second valvalae, bteral wpect.

trontochypeus flattencd. Thorax: Pronoture (Figs, 2,
7-9). Scabrous; metopidium depressed; supraocular
callosities distinet; median carinawell developed. with
asmall median tberdle caudad of suprahumeral horns
{uot visible in Fig. 2); posterior process absent: su-
pralimmera homs either produced or represented by
low carinae. Pranotal surlface sculpturing: punctate,
one assecinted seta beside cach pit. Seatellran (Figs. 2,
7-5). Short, ceadnate; basad twe-thirds swollew, fla-
tening to acute apex. Legs (Figs, 3 and 10}, Metatho-
rucie femur lacking cucollate setae; tibia with enlarged
setil rows L I, and 11 some with cucullate setae;
tarsomiere [ with one apical cucullate seta. Forcwing
{Fizs. 4. 11.18). 3- 4 branclies of R extending to wing
murging vein B +3 [used basally with either Rl {Fig.
4) or B2 3 (Figs. 11 aud 18): 2 romand 3-4 m-cu
crossveins present, Hindwing, Venation essentialy
idetical to Mierocentrus hindwing venation as illus-

trated by Deitz (1973, ligure 37¢) and Dietrich et al.
(2001, figure 2B): apex with woreoate chaetoids (Di-
ctrich and Deitz 1993, Dictrich ot al, 2001). Cenitalie.
¢ Second valvalae (Figs. 12 and 19) vilormly narrow:
dorsal ridge of distal auc-thicd with small servations. &
Lateral plates (Figs, 5 and 13} fused basally with py-
voler: acdeugus (Figs, 6 und 14) with posterior arm
sinuate: styles (Figs, G and 14) stout, with small apical
hook,

Range. Pnerto Rico: Guadcloupe: British Virgin Is-
lands.

Remavks, Species of Antiflotolania have a shallow,
median groove on the dorsun of the scutelium, sug-
aesting that o posterior pronotal process was present
in the ancestors of this group, but hasbeen secondarily
lost. The life history, biology. imd identity ol host
plants are entively unknown for all species of this
racely collected genus.
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Key 1o the Species of Adult Antitlotolania
1. Supraliumeral horos susdl, little mnore than raised

carinae (Fiz 2): Torewing vein R+ 3 {used
basally with Bl (e 4): forewing vein Al
curved smoathly to wing murein A, doramariae
Ramaos
. Suprabumeral horns larze, well developed
(Ihies. 79, 16, 17): {orewing vein Rt +3 fnsed
Dasidly with B2+3 {Figs. 11 and 18} forewing
vein AL abruptly bent toward trailing edee of
WINE Lo 2
Suprahumeral homs (Figs. 7-8) not extending
bevond huuneri in dorsal view: forewing (P,
117 with distal mi-cu crossvein distad of {ork of
vein M metathoracic tibiae {Fig, 10) with cu-
cullide setac invows FIHL. 0 0000000 L.
A microcentroides, Now Species
"o Suprahwmeral hioms (Figs, 16-17) extendiug
Ievond humeri in dorsal view: forewing (Iig.
18} with distal mi-cu crossvein basad of fork of
vein M metathoracic tibiae with cucullate
setae in row I only

—_—

o]

89

Antilfotolania doramariae Ramos (Figs. 1-6)

Antillotolenia doramariac Bamos, 1937 99,

Type Locality. Maricao State Forest, Pucrlo Rico.

Adult S, Dimensions (). Total length 4.8-3.3:
width between humeral angles £3-1.35; pronotal
length 1.0-1.2; wing length 3.8-4.0; width of head
including eyves 1.53-1.7. Coloration. Body fuscous;
pronotun ferrugincous: {orewings brown basally, hy-
aline distally with ircegular spots: legs brown, Head.
Face {Figs. 1-2) weakly suleate between large, pyra-
miform dorsal projections; postchpeus not trilobed:
foliate lobes weakly developed, Thorax, Pronofun
(I, 2). Humeeal angles stout: supralioneral homs
reduced to low carinae, Scutellvim (Fie, 2). Distal one-
thive ilat, acuminate, with shallow wedial @roove dor-
sally. Leas (g 3), metathoracic tibia with cucallate
setuc in rows I IL and HI (rew T may have reduced
number of setae). Forewing (Fig, 1), Holotype forew-
ings with four branches of R extending to wing margin
(nonlype specinen examined with theee branches of
RY: 2 vt crossveins present {distal r-m erossvein dis-
tadd ol {ork of vein M): 3 ni-cu erossveins prescnt
{holotype left forewing with only 2 -cu crossveins ).
all hasadd of lork of vein M. Cenitalia, Lateral pldtes
{Fie, 3) (used to pyeoler, represcnted by posterior
lobe: acdeagus and stvles (g, 67 stout; aedeagus with
posterior ann sinuate, anterior Gice not dentieulte.
lobed apically, 2 Not examined.

Nyvmph. Unknown.

Distribution. Puerto Rico (Maricao and Carite
State Forests) JUSNM].

Material Examined. HOLOTYPE | 4] [NCSU. de-
posited anindefinite loan at USNM] with labels. “In-
sufar Forest,/ Maricao, P1R.727 November 1932, “T.A.
Ramos/ Collector,” "Holotype,” “Antillotolunic! dora-
werice Ramos! MS, and "ON INDEFINITLE LOAN/

SCCIETY OF AMERICA

Vol 93 no. 3

FROM N, CAROLINA/ST. UNIV. BALEIGEL” Otler
specimens: & from JARC {(Deitz Bescarch #83-13%
).

Remarks, Avfillotolania dorameriae Tas an unusual
comwbination of forewing [catures: the prosence ol 2
e and 3 m-cn crossveins is cenerally rewirded s a
plesiomomliie condition withiu the faumily Membraci-
die, wherens the brunching of vein R seews 1o be
cither wncestral or derived. The male Lolotype lias
both forewings with wpparently four branches of vein
R extending to the wing marzin, and the JARC spee-
e {alse male? has three branches of R Ruues
(1957} described the female wlotvpe {unavidlable for
study) s having five apical forewing colls, suggesting
three Lranches of R Ramos differentiated A dore-
tpariae from the related species Dedroderes inernis
Rumos {also deseribed as new in thiat wark ) based on
characters of the head and pronotum,

Antillotolania microcentroides, New Species
{Lhies, 7-14)

Type Locality, Crites, Guadeloupe.

Adult, Diviensions (o, Total length © 88, 8 8.5;
width between humerd angles ¥ 2,2-2.4; 4 2.3, prono-
tal length 2 1.6-1.9, & 2.0; {lorewing length 8 6.3-7.0,
¢ 700 width of head including eyes ¥ 25, & 26
Coloration. Body with pale pubeseence; pronctim
wenerally brown with darker supraliameral horns and
lighter metopidinm: wetopidiun with dark browi *di-
amond’ {Fig. 7); lorewings tan (imembranous arcas
lightly pigmented): legs tian to brown, Head. Face
(Figs. 7-9) with dorsal projections distinetly large,
with apices separated by a distaiee just shorter than
the distance botween ocellis Thorax: Pronotum (Figs.
7-93, Middorsal vidge slightly produced. estendiug
over {ull length of pronotum; supraccular callosities
distinet; suprabumeral liorns simple, pyraniform, not
cxtending bevond liumeri in dorsad view; humeral
angles moderately produced. Sentellion (Figs. 7-8),
Relatively short and flat (just slightly prodoced ante-
riorly; Fig 7); apes acuminate, but with middorsal
groove onapical 144 (Fig, §). Legs {Fig 1), Metatho-
racie Ubine with three enlarged setal rows, each heur-
ing cucullate setae {row [with 19-21 cuculline sctace,
row I with 6-7, and row 1 with 11-13): cucollate
setae in tow I only on distal hadl of produced viduee.
Forawing (Fig. 11). Basal one-third slichtly thickened.
punctate escept tor arca between vein Cu and claval
suture; 2 r-n crossveins; 3-3 m-cua crossveins (all spec-
snens examined differ in the number of crossveins on
left and right forewings): 1-2 crossveins estending
from cluval suture to vein Al Genifelia. % Sccond
vilvulae  {Fig. 12) uniformly nierow and slishitly
curved dorsally; dorsal vidge of distal one-third with <is
small teeth, ¢ Lateral plates {(Fig. 13) {used to pygofer
{line of fusion not evident): stvles (Fig, 14) clonmate,
slender, hooked apically: wedeagus {(Fii 14) strongly
U-shaped, tapering apically, anterior (ace of postedor
anmn slightly swollen, not denticulate.

Nymplu Unknown.
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Distribation. Guadeloupe | MNHN | British Virgin
Lilands: Tortols (Sage M) [USNM].

Material Fxamined, HOLOTYPE | ¢, disscoted]
|CIRAD, deposited at MNHN] with labels “Guade-
loupe, Criteside Bouillante 23-V-1965/battage en
forct/]. Bonfils,” 4. "CIRAD. and "Holotvpe &/
Anfillctolwia! microcentroides! Cryann - & Baotlete”
PARATYPL | 7] [CIBAD, deposited at MNHN] with
Libels "Guadeloupe, Crites/ de Boaillante VII-1966/
battage on forét/J. Benlils,” "4, "CIRAD.” and " Pura-
pe G iAniillotolaial nicrocentroides! TR, Cryan &
C.R. Bartlett.” PARNTYPE [ 9 dissected. with lorew-
ings point wmounted below thorax and head] [NCSU,
depasited on indefinite loan at USNM] with Lubels
CBRITISIHE VIRCIN/ISLANDS: Tortola/Sage Mt
[700--  {/28-X-1997/C.R.  Bartlett/Beating.”  and
“Paratvpe ¢ Antillotolaniat microcentroides! Crvan &
Bartlett.”

Remarks. This new species is pluced in the zenus
Antillatolenia based on the following features: pres-
ence ol 22 niecu crossveins in the forewing. the lack
of the pesterior pronotal process, the lurge projections
on the vertex of the head, and fusion of the male Lteral
plates ta the pygoler,

The genitalia ol the female paratype were dissectod
for illustration and the remuinder of the abdomen was
removed Tor nucleic acid estraction and DNA se-
quenee analvsis, As noted ubove, AL microcentroides
was included ina molecular phylogenetic investigu-
tion of hizher membracid relitionships as “Antilloto-
fanian.sp.” (Creanetal. 20000 In those analyvses (with
data from two nuclear genes), it grouped with 1.
incrntis, Microcentrus caryae {Fieelh), and M. perditus
(Amvot & Serville) with relwtively strong support
{(hoatstrap = 77% and Bramer = 4). An espanded
analy sis incorporating evidence from additional genes
and morphology (LR.C., unpublished data} resalted
in o simikurly robust clade of (D inermis + (A wnicro-
cenbroides as Aonsp.] — Mocaryae)).

The fenale paratype of A nidcrocentroides was col-
leeted during an engoing hiotic survey of the British
Virgin Islads {purticularly Guana Island; Bartlett
2000), sponsored by the Conservation Agency to in-
vestigate gquestions of island biogeography. This spece-
imen from Tortola {British Virgin Islands) was swept
from woody vegetation al the edge of asouthwesterly
fucing clearing on Sage Mountain.

The specifie name translates as “Microcentries-like;”
morphologically, the pronotad structure of A micro-
cerifroices is strikingly sindlar to that of cerain Micro-
cenlras species (JRCL inpublished data),

Antillotolania extrema, New Species (Figs. 13-19)

Type Locality, Caribbeun National Forest, Puerto
Rico.

Adult 9. Disnensions {mm). Total length 7.3, width
between bumeral amgles 2.0; pronotal length 1.2
lorewing length 6.5; width of head imcloding eves 2.2,
Coloration. Body, including pronotum and legs, gen-
crally light brown; forewimgs tan basally, hvaline dis-
tally with ircegular spots ol brown pigmentation. Head
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Fuce {Fir 13} with dorsal projections extremely long,
pyramiiorm, with apices separated by o distance
longer than the distance between ocelliz ocelli located
al base of dorsal projection: postelypens unilobed;
folinte: lobes rounded, weakly developed. Thorax
Pronodrn (Figs. 16-17). Supralumeral hiorns well de-
veloped and attennated apically, estending beyond
humen in dorsal view: inctopidium depressed. Sente-
i (F9es. 16 and 17). Relutively short, slightly pro-
duced anteriorly; apex acuminate with middorsal
wroove on apical 174 {(Fig 17). Legs. Mcetathoracic
tibine with two colarzed setal rows (row I not vn-
larged}: only setal row I bears cucullite sctae (row 11
ol richt and left leos cach his seven cucuollate setae).
Furewing {IMiz. 18). Vein Al abiraptly bent toward
clival swtore distally; basal one-thicd slightly thick-
cned, punctate except {or arca between vein Cu and
claval suture; 2 r-m crassveins: 4 m-cn erassveins (left
and right forewines agree in mamber); distal m-cn
crossvein basad ol fork of vein M two crossveins
extending [rom clavid suture to vein Al Genitalia.
Second valvalae (g 19) wnilornly varrow and
slightly curved dorsally; dovsal vidge of distal one-third
with cight smull teeth, & Unknown.

Nympli Unknown,

Distribution, Puerto Rico.

Material Faamined, HOLOTYPE | %, dissceted:
apes of oght suprabumeral o broken} [UGCA]
with labels "PUERTO RICCO: Caribbean!N.F.. MT,
Britton/ Trail, 28-V-1991/R. Turubow,” “JLA Re-
search/7339 7.7 "CCA,” and "Holotvpe @ Antitlolola-
nigfextremal Crvan & Barllett”

Remavks, Tliis new species, deseribed {rom asingle
female speciinen, is placed in the genus Antilletelania
bused on the following features: the large projections
on the vertes al'the head (15-17), the posterior prono-
tad process lacking (Figs, 16 and 17), and the presence
of =2 ju-cu crossveins in the forewing (Fig. 18}, Like
A doramariae, A cxtrena is known only from the
Caribbean Ishmid of Puerto Rico. Ramos (1937) de-
seribed the snprahumeral horns of AL doranariae as
“very variable in prominence and sharmpness;” thus,
while we acknowledge the pessibility that A extrema
s actually an radical vanation of A doraaariae, we
consider that possibility unlikely based on dillerences
in wing venation and metathoracie leg chaetotasy,

The Latin specific naune “extrerna relers o the su-
pralumeral horns and cranial dorsal prejections of A
extrema, which are extremely long with respect to the
other Antillotolania species.
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A FISTFUL OF BOLIVIANOS!
Jerrell 1. Daigle, jdaigle@nettally.com

Back to Bolivia! That was the rebel yell by Ken
Tennessen and Steve Valley., Jim Johnson and [
quickly joined them for a November trip. This time
we brought lots of doliars and Bolivianos with us.
{Sec ARGIA 12:1, Aprl 2000).

We arrived in Santa Cruz on time despite several
attempts by US airport security to delay us. We
met Lic. Julieta Ledezma at the Museum and one of
our favorite odonatology students, Ingnd Vaca
Gonzalez, who would accompany us on this
expedition.  The next day, wc headed out for Villa
Tunari where we stayed most of the trip.

Our favorite B & B hotel (some advice: don't go to
any molels in Bolivia, as we found that the term
"motel” has qute a different, actually rnisqué,
meaning here) was the Hotel Araras with its
macaws, parrots, toucans, and spider monkeys at
our doorsteps! Despite almost constantly cloudy
and rainy weather, plus a few blockades on the side
roads by the campesinos who grow the coca and an
extensive military presence, we had a fantastically
fun time! The food was great, especially the surubi
catfish cooked in coconut milk! We sipped Pacefa
beer {of course for medicinal purposes) as we ma;
the scene in our terrific commemorative Bolivi
shirts, courtesy of Steve Valley. Thanks, Steve

main highway, we got as
Archaegomphus  nr.  furcatus, ogomphus
boliviensis, Phyllocycla andizel, and
Phyliogomphoides lieftincki. We ghllected over 35
species at this one small stredm. This is Jim

Here and ncarby, we got 1
esmeralda, Micrathyri

Hlulids like Dasythemis
artemis, and Misagria

parana. Some shnids  collected  were
Coryphaeschna ensi and a  ggantic
Staurophlebia. ong the more notable
damselflies, we t Acanthagrion abunae, A.

jessei, mulata, Epipleoneura  spps.
. Lestes dichrostigma, L. falcifer,
ifiei, Paluemnema clementia,

atoria, and Telebasis sanguinalis.

Mnesarete
Protoneura

v lake, we got a new species of shade-
fetaleptobasiv  under memorable but
collecting conditions. This green and red-
vellow damselfly hud in the dense tangled
bery at the west end of the lake. Almost every
| tree or vine | brushed against or touched with
my net was home to vicious, stinging arboreal

orange ants. Yea, they enjoyed tormenting meto 1{

the breaking point but I persevered, all for the
of science and nature  As the song goes,
blinded me with science!”

She

nforest, we
Progomphus
Macrothemis
herculea,
nthagrion vidua,
ilogenia buenavista,
“Teinopodagrion”
took us to their favorite
elievable Cora terminalis
ings. The color was only
angles, otherwise the wings
They shimmered like strobe
territorial clashes and courtship
seepage stream. [t was well worth
ussion to Bolivia!

West of Villa Tunari in the montane
found interesting odonates such
occidentalis, the pruinose whi
mortoni, the gant Li
Gomphomacromia  spps.,
Argia nigrier, Cora irene,
Polythore  boliviana,

setigernm. Ken and Ste
site and we saw the
with its metallic blu
visible from certai
looked transpare
lights during it
displays over
the price of

e a day off 10 drive west to the dry,
owing country around Cochabamba. We
do much collecting and nothing much
ed except four dogs chased me durning a pit
and one of them nipped me in the nght calf
fortunately, the MASH unit was on hand and
awkeye (Steve Valley) and the others fixed me
up. Thanks, Compadres!

Most days we experienced lots of rain, and we
didn't get to see many odonates except a few things
if we were willing to get wet, We did add some
new species to the st that we didn't get before on
previous trips. We found a new species of Lestes
nr. apallinaris, Acanthagrion sp., that lake
Metaleprobasis, and Micrathyria sp. Undoubtedly
many morc¢ discoveries await travelers to Bolivia.
One good thing I noticed was the unbroken expanse
of montane rainforest west of Villa Tunan, unlike
the patchwork of the eastern Andes in Ecuador
caused by landslides and clear-cutting.  Hopefully,

Bolivia wall continue to protect its  virgin
rainforests.
All in all, it was a great tripf We even had

bolivianos left over! Yes, we are ready to go back!
Doborochi!

= b

MISCELLANEOUS NOTES ON BRITISH
VIRGIN ISLAND DRAGONFLIES

Fred C. Sibley, 2325 Co Rd. 6, Alpine, NY 14805
607-594-4179 or 594-3584 <fesibley@empacc. net

el

This is the third note on the Qctober odonate fauna
of the British Virgin slands (BVI): (ARGIA 1999,
11:(1)16-16-19; 2000, 12 (1):18-19). The changes




from 1997 to present arc difficult to interpret
because there are no earlier studies. This note adds
three spectes to the BVEL

My five visits to the BVI have all been in October,
1997-2001, so reference to these years in the text
means October.

Species and site notes

Lestes forficula - New species for BVI. First
collected i September 1990 by David Smith at The
Slob on Anegada lsland (specumen in IORI
collection). It was found to be quite common in a
stock pond on Ridge Road, Tortola wn 2000 and
2001 but was not found in either year on Ancgada
despite sertous searching.

Brachymesia furcata - First seen at Botanical
Garden, Tortola in 1999, absent in 2000 but a few
present in 2001, :

Brachymesia herbida - Ar Botanical Garden,
Tortola since 1999 and in 2001 also collected on
Guana Island and at stock pond on Ridge Road,
Tortola in 2001 (single individuals). In addition a
large population was present wn the ditch ponds
around the Beef Island Airpori.

Erythemis simplicicollis - CORRECTION - 2000
ARGIA article should read Erythemis vesiculosa.

Erythrodiplax berenice - New species for BVL
Collected in September 1990 on Anegada by David
Smith (10RI collection). Refound there in 2000 and
20010 as well as on Tortola and Beef Island The
most abundamt odonate in  the islands with
incredible  densities around the salt pond and
mangroves on Anegada Island and lesser numbers
in similar habitat on Toriola and Beef Island.

Erythrodiplax umbrata - A common species on
Tortola, Guana and Beef Islands but very rare on
Anegada. One individual seen there in 2000.

Micrathyria dissocians - New species for BVL
Commeon in stock pond on Ridge Road in 2000 and
2001,

Anegada istand is the only flat coral 1sland in the
country. It has a large central salt pond and three
freshwater slobs Two are mostly filled with trees
and the third, The Slob, has been bulldozed out to
leave a pond in the middle of bare coral. In 2000 all
three had Orthemis ferruginea, Ischnura ramburi
and Tramea abdeminalis with the more open pond
having larger numbers. Only two Pamtala
Mavescens and one Erythrodiplax umbrata were
found m a day and a half on the island. 2001 was
much drier and all three ponds had shrunk in size

and depth. Erythrodiplax umbrata was not present
and fschnura ramburii was scarce,

Toriola: Three ponds were checked on Ridge Road
i 2000. Two had the standard species while the
last, about 60x30 feet, also contained Lestes
forficula, Micrathyria  dissocians, Perithemis
domitia, and in 2001 Brachymesia herbida. This
third pond differs i having dense aquatic growth
including water hyacinth.

Rate of immugration

Most if not all the odonates on Guana [sland arc
from other islands. The major freshwater pool is
unsuntable for larval growth. The other pools hold
only a few larvae, frequently dry up, and the only
emerging larvae we have seen was killed by one of
the abundant anohs lizards. The island is thus a
good site to study wnmigration. Erythrodiplax
umbrata, Orthemis ferruginea and Tramea
abdominalis are all common on Beef and Tonola
Islands, only a mile or so from Guana.

In 2000 and 2001 we tried to estimate populations
and immigration rates of these three species on
Guana lsland. Using a modified nust net held
horizontally over the pond it was possible to
capture most of the individuals in a relatively short
time.

In 2000 we captured dragonfhes on only a few
days, marked wmndividuals and either retumed them
to pond or removed them to another island. A few
marked Orthemis and Tramea were still present 10
days later but most (20 plus marked) were not
found again. Marked Erythrediplax individuals
(12) taken to Beef Island did not return. Maxumum
populations were about the same on the first and
last days of trapping: Erythrodiplax 12; Orthemis
20; Tramea 2.

In 2001 we tried to capture every individual present
each day and remove them to another island. The
maxunum numbers were vastly different from 2000
(Erythrodiplax 3, Orthemis 3; and Tramea 3). In 5
days we caught 10 Tramea, 7 Orihemis and 7
Erythrodiplax with numbers declining so there was
only 1 Tramea found the last day, an unmigration
rate of about | individual per species per day. After
a 4 day break numbers had recovered to first day
levels. Afler another 4 day break, due to bad
weather, we made a visual estimate (floating debns
in a pond 300 times as large as the onginal 5x2 foot
pool precluded using mist net) of at least 10
Tramea, 10 Orthemis and 5 Erythrodiplax,

In both years, when we removed the adult male
Erythrodiplax they were replaced by subadult
males. In 2000 removal of Orthemis, almost all
“purple”, resulted in a replacement population of
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mainly "red" individuals. Populations in both years
were approximately 2-3 times the number of
occupied territories (except see Tramea under
establishment of new species).

Conclusions: Individuals of all three species
wander randomiy from other islands searching for
new habitat and land on Guana. These are primarily
subadult individuals who move on if habitat is not
available, or stay and mature if habitat is available.
A larger pond size, as in 2000 and the last day of
our stay in 2001, attracts and hold more individuals.
Immigration rates also must be dependent on size
of source populations, Drer conditions in
September of 2001 presumably produced a lower
immigration rate than in 2000.

Establishment of New Species

In 1997 huge numbers of Framea calverti invaded
Guana Island and Anegada Island. This species has
not been recorded since.

In 1997 huge numbers of Pamtala hymenaea
invaded Guana Island but not Anegada. Ths
species has not been seen since.

The failure of these two species 1o establish
populations is difficult to explain. Certainly Tortola
and Anegada presented suitable breeding pools
aithough Guana did not.

In 1997 huge numbers of Tramea abdominalis
invaded Guana Island but not Anegada. It was not
scen on Guana Island in 1998 but has been
increasingly common smce. On Tortola, not
checked unul 1999, 1t has also increased m
abundance and on Anegada was common in 2000
and 2001. This species was probably already
cstablished on Tortola, but 1ts absence from
Anegada in 1997 and subsequent abundance in
2000 and 2001 leaves the question open [t was
definitely absent from Guana i 1998 but has
increased its population each year since. Is this due
to new poputations on Tortola and Beef Island or an
explosion of those populations following a series of
wet years?

Brachymesia herbida was first recorded from
Tortola in 1999 and since it was at a permancnt
water source of long standing was assumed to have
always been present there. The appearance of the
species in 2001 on Guana Island and at a pond on
Tortola where it was absent in 2000 plus the
establishment of a large population on Beef Island
again presents the choice of explosion with series
of wet years or rccent invasion,

The absence of Lestes ferficula on Anegada
although present in 1990 would suggest that there is

regular  extinction and  reestablishment  of

populations i the BVE
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DONATA OF ST, THOMAS AND ST. JOHN,
VERGIN ISLANDS

Nich Donuelly

I hadVgot envisioned writing an account of the
relatively meager Odonata fauna of the northem US
Virgin Is\gnds, but Fred Sibley’s excellent articles
on the nediby Brtish islands have made me realize
that there 18interest in this area. [ spent about six
months on (gese islands in 1956 and 1957 while
carrying oul W geological mapping project The
islands are th scrub and semi-and in most part,
with only smallfyemnants of origmnal forest. They
have very few\ attractive fresh-water habitats,
mainly streams W guts") with low flow and
stockponds, whicl generally had unvegetated
shorelines. On mos days 1 went into the field
without a net. This be a big nustake, as I found
scveral imes.

St Thomas is one of thig original tocalities listed by
Hagen (1861) for twolof hs newly described
species: Agrion (<Enallagma) coecum and Diplax
(=Erythemis) credula. re are some probiems
with both of these, and they Yyre discussed below,

I also list some Odonata fo
Cruz Bay, St. John, by Whitchiguse (1939} These
were from small streams ose names had
disappeared by the time of my vi§t 18 years later. |
include also some species reported by Klots (1932)
from both the US and Brtish Virgirklslands.

d in the vicinity of

In my several return visits {up to §000). 1 have
seen the few aquatic habitats degrad@d further with
sprawling development, as the rich hi{ve purchased
and fenced off tracts containing accefs to the few
“guts” that have fresh water most
Stockponds have largely disappear
economy has bccome almost entir
development in the  subsequent
Turpentine Run, between Donoce and Mt
the east central part of St Thomas, 15 a4 low-gradint
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From: *Scott Miller" <miller scott@nmnh.si.edu>

To: "“Vitor Osmar Becker” <vbecker@rudah.com.br>

Cc: <hq@theconservationagency.org>; "Lianna Jarecki” <fjarecki@hlscc.edu.vg>; "Wenhua Lu”
<wenhua@etal.uri.edu>

Sent: Monday, May 06, 2002 8:03 PM

Subject: Guana Island moth paper
The following paper is out, although I have not seen the paper version yet.

Becker, V. O., and S. E. Milicr. 2002, Large moths of Guana Island, British
Virgin Islands: a survey of efficient colonizers (Lepidoptera: Sphingidae,
Notodontidae, Noctuidac, Arctiidae, Geometridae, Hyblaeidae, Cossidae).
Journal of the Lepidopterists' Society 56(1):9-44.

I will send reprints when I get them, but if you want it now, you can get
the pdf file at the Allen Press ftp site. Use "anonymous" as the user
name. Itis too big to email (10 Megabytes).

Enjoy.
From: "Scoft Miller” <miller.scott@nmnh.si.edu>
To: "Wenhua Lu" <wenhua@ETAL.URI.EDU>; <hg@theconservalionagency.org>; "Lianna Jarecki”
<ljarecki@hlscc.edu.vg>
Sent: Tuesday, May 07, 2002 3:27 PM

Subject: Fwd: Correction for Guana moth paper again

Oops, we serewed up some of the figure legends on the otherwise elegant
color plates. Therefore, I will not release the reprints until we have the
corrected plate, assuming that's the way the editor goes. Scott

>To: Carla Penz <flea® nipm edu>

>From; Scott Miller <milicr scottenmnh sy edu>

>Subject: Correction for Guana moth paper again

>Ce: "Vitor Osmar Becker"<= licoker @ rudad com b, Karolyn Darrow
><darrow karolynienninh s edu>, miller scott@nmnh st edu

>

>Carla: I just received the pdf version of the Guana moth paper, although I
>have not seen the printed version yet. The paper looks great, but a
>senous lapse occurred in checking the proof for the figures. The figure
>captions for 112-150 refer to the reverse of the image, which means the
>ones in the middle are correct, but the left and nght sides are

>reversed. The image is correctly printed, so we must have constructed the
>captions from a reversed image. Karic and I spent a lot of time checking
>the figure calls, captions and figures, but somehow this escaped us. 1
>think I was duped by the figures in the middle being correct.

>

>Anyway, we should insert a correct captions in the earliest possible
>issue. 1 will send a correeted version shortly.

=

>Sorry. Scott



From: "Scott Miller” <miller.scott@nmnh.si.edu>

Te: "Wenhua Lu” <wenhua@etal.un.edu>; 1_
Sent: Saturday, May 25, 2002 9:36 PM

Subject: Guana Isiand refs

Skip: T assume you've seen these?

Ma'nin, J. W.2002. Microprosthema jareckii, a new species of stenopodidean
shrimp (Crustacea: Decapoda: Stenopodidea: Spongicolidae) from Guana

Island, British Virgin Islands. Proceedings of the Entomological Society of
Washington 115(1):108-117.

Miller, O.K, Jr,D.J Lodge, and T. J. Baroni. 2000. New and
interesting ectomycorrhizal fungi from Puerto Rico, Mona, and Guana
Islands. Mycologia 92(3):558-570.

The large moth paper is out, but I don't want to release the reprints until
we have issued a correction to the plate that was mirror-imaged.

Vitor and I will be working soon on finishing the pyralid moth paper, and
I'm working with David Adamski on a paper on the few species of the
microleps of the obscure family Blastobasidae.

Scott
From: "Roy Snelling”
To: <hg@theconservationagency.org>

Sent: Saturday, May 18, 2002 4:16 PM
Attach: Guana.dat

Skip:

Good chatting with you the other day. I will try to put together a chapter
for your book on the aculeate [l{ymenoptera (those with stingers) of

Guana. In the meantime, and rccognizing that [ might not be able to
complete it in time, 1 am sending a list of the critters involved. Note

that things such as Braconidae, Ichncumonidae, and other parasitics are not
included. Partly this is because I know little about them and partly
because [ never made any special cffort to collect them. Possibly Paul
Marsh could come up with some info on the Braconidae.

Are you guys going back to Hong Kong this summer? [ do remember my onc
trip with some fondness. I am still trying to find time to get back to

southeast Asia, but so far the Kenya gig has taken up most of my availabic
field time. Asis, I have almost no time to sit down and write papers.

Best wishes,

Roy
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From: "Daniel Perez”

To: <hg@theconservationagency.org>

Cc: "Scoft Miller” <Milter.Scott@NMNH.S|.LEDU>
Sent: Friday, March 01, 2002 9:35 AM

Subject:  Orlhopteroids of Guana sland

Hello Skip:

Sorry, that this has taken long again. I just found your letter today at home. Looks like it was misplaced
for a few days. I came back from Santo Domingo Feb. 12, after a month of good collecting.

I had actually received from Scott that list of acridids that I identified in 1995 and had put it aside with
the note to correct the misidentification. Apparently I was not very familiar with the species at that time.
I have no doubt that ali BVI Schistocerca have to be only one species, Schistocerca nitens. I did not see
anything else while I was there and S. serialis is not uncommon when it is around. So this has to be
corrected somehow at the Bishop Museum. This is why I'm copying this message to Scott.

We can look for the mantis in Scott’s material. | have already rounded up the crickets and one phasmid
that were there. I'll write to Barry Valentine to borrow his orthopteroids. He was convinced he had some
unreported roaches but that needs confirmation. [ did send him some reprints shortly after the Guana
trip.

The weird and wonderful cricketoid you mention must be a Gryllacrididae. | seem to remember seeing

at least one of those near the hotel area but could not catch it, Undoubtedly there are still cricket species
to be collected there.

These days I'm busier than ever though enjoying it. A paper on the Guana Orthopteroids is in my list.
Thanks for the follow up,

DANIEL

Hello Skip:

Wanted to write again just in case you are planning to put the list of orthopteroid species in your book
on Guana fauna. | have further found that Dave Nickle had 1dentified the jeaf-shaped katydid common
in the hotel area as Turpilia sp. instead of the name I gave you Microcentrum. These two genera are
very similar and easily confused with each other.

Hope this helps,
DANIEL

Daniel E. Percz-Gelabert, PhD

Research Associate

Dept. of Systematic Biology

U S. National Museum of Natural History
Smithsomian Institution

Washington, DC 20560-0169. USA.
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From: "p. j. devries"” <pjd@mpm.edu>
Ta: <wenhua@etal.URI.EDU>
Sent: Tuesday, May 21, 2002 10:47

Subject: new guana bug

Skip, below is an email that will bring tears to your cyes. Likely
the first record of Atrichopogon on guana, cver. The fly makes a
pin-head scem large.... At any rate, I'll advise him to kecp the
specimen, if thats alright with you. Let me know.

Haven't forgot the b'(ly section, and I scribble on it upon occasion.
Just been busy.
Phil

Subject: ceratopogonid

Date: Mon, 20 May 2002 16:57:11 -0700
X-Priority: 3

To: "Phil de Vries" <pjdicmpm ede>

From: "Art Borkent" <iockeniwietsiream net>

Phil, I finally got around to looking at the ceratopogonid you reported
flying around a pinned scarab. Brian Brown sent it to me a while back but
I've been up to my eyeballs with other demands.

The specimen is a male Atrichopogon and it cannot be identified to
specics because the genus is a taxonomic hell-hole. Buckets of species out
there, most with very similiar males, and very few described (and those very
inadequately). The tact that it is a male means that it could not be using
the scarab as a food source because the males do not have the equipment to
penetrate cuticle. Perhaps the male was atiracted to the scarab because it
may be the food source for the females and that means increased odds of sex.

Do you want the specimen back? let me know. Saludos. Art

Dr. Art Borkent,

1171 Mallory Road,
Enderby, British Columbia,
VOE 1V3, Canada.

Telephone (250) 833-0931

FAX: (250) 832-2140

Email: abarkent o tetsticam et

Rescarch Associate: Royal British Columbia Museum and
the American Museum of Natural History.

"Vocatus atque non vocatus deus adent"

5/%
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3 December 2001

Drs Wenhoa La and Skip Lazell

Wes Watkins Ag. Research and Extenaion Center
Prvision of Agricultural Sciences and Natural Resourees
P (> Box 128

Lane OK 74533

Dear Skip and Wenhua,
Here are some imiseellancous updates;

i wan't be at the ESA meetings in December  T'd planned 10 go, but there is tao much 1o do
here. Can vou mail the specimens”

Thanks for the information akout Dartfett's matenal; Yve checked with Mike und he «till has
somvic of it

Pascoe's types arc in London, BMNH at least the wraluibids arz there, T assume your stufThs
there oo,

The mordeilid counts from the two Malaise traps a1e mciuded. All the Liao collections eovered
maore than one month, and the largest (saveral months) was so deeayed, it was discarded. Dr
Lizo was not ¢lzar about the dater When T asked him, be vas not able to remember afl the
details, so the dates I've provided are approximzte dates when the samples were picked np. I 15
net very satisfactony,

Buena and I picked up two spzaimens that I though were wneral Mordellivteree havate -they
have vague langitudieal patterns Like facota, but the entir: ground color is disty yellow, T'm
going through the unimounted w/v light and general beating colleciions locking tor more. There
ars a lot of specimens, so 1t will take pme,

The roaches are 2 problem. We apparently now have 13 species from Guana, plus your #6,
which T don't recognize. The thriee most comunon specics {2 Spmploce. and Carthiatia —your
#3) were discarded because they obscured the view of the small frv and interfored wath the
sorting. Since these three included alimast all the roaches 1 the Malaise traps, T can provide
caunts of only a few others. 1ve saved the bulk samples und will cheek for fulgoroids as time
parmits.

Your two unkoown becties scund intcresting. The round one may be in Leodidae, and the
possible anthnbid coeld be very worthwhile.



The CoOon=er vat 1o R s 1

Dirs, Wenhua Lu and Skip Lazelle Page2 of 2
Wes Wathina Ag. Research and Extensian Center 3 Degember 2001
Divieion of Agricaltural Sciences and Natura! Resources

Buena has fouml infenmation abaut the Malaise trap, a solar computer, and wiv tight—all
included here.

As you know by now, the agave weevil is Sevphogfionray acapunctatus Gyllenhal, I've
notocopied somsz information for you; it s ineluded. While on Guana, we tock the
oppartunity to look ar the dead apaves more closely, and we Berlese funaeicd the sites of
weevil dammge. W found everything from nenwitodes to paeudoscorpions, mites, heetles, ilies,
and parasitic wasps, ¢te. ete. The mites and wasps ore boing studied here: Thope to have some
prefimirary data scon. So far the tiny parasitic wasps are in familics wivich artack larval flies,
not beetles. The two fanlies of larger wasps whieh parasitizz bectle larvac (Tiphiidae and
Scolitdas) accur on Guana. The tiphid 15 Myeoin haomordioidole (Fabroicius), the black and
vellow seolida both are Campsomerus dorsata (Fabricius) and Comipsameris trifasciata
(Fabrieius). Their bialogry is unknown, but related species are known to prefer scarab une
bug) larvue. A lucal histerid beale i a possible predator, but there 1 a larger historid which
lins been introduced mto the West Indies to control related waevils in Dananas, sugar cane, an:l
pineapple. 3 is Flaesius jamvanus Enchson {from Java)., We eollected it in Jamaica tn 1956, 1
da not know if it has been cffective; however, our eallect:an manager works on histends so I'l)
check with him when he reterns from Mexico. Twa terrestnial specics of Hydrophilidac ogeur
with the agave weevils and the larger may Ge a biolagicul zontrol eandidate I don't have the
literatere to identify it excepi it 13 ciase to Dachdosternan in the United States.

A prelimunary report on the mites fron the dead apave just camse i, Ong rolten, weevil
infested stom had over 700 specuncns distributed i an cetimated 14 ¢ familizs and 16+ spectes.
I have naimes for six of the familics and two genera At presant, theee is nothing to suggast that
tiis assemblapge will be useful in biological control. Scme of the mites are phoratic on beetics,
otice:s 1inhabit sites with high organie content and/oc high maossture T keep checking.
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14 December 2001

Dr. Skip Lazelle
870 South Pebble Creek Road
Lane OK 74555

Dear Skip;

The October 2001 session on Guana was by far our most successtul. When Buena and
I arrived, collecting was routine, with most of the collections duplicating those made
previously, and with many species missing. Then the rains came and we started to pick
up species new to the survey, plus short series of species previously represented by
single specimens. As you know, the latter are critically important because they clarify
problems of sexual dimorphism and individua! variation. The checklist now has 55
families of beetles, 235 genera, and 333 species; the last up from our previous estimate
of 237, and the first estimate of 148. About half of this year's increase is due to the
unusually good collection success, and half is the result of my trip to Montana to study
Michael Ivey's West Indies collection. Mike and I are collaborating to publish a Guana
beetle checklist, At present, we are fine-tuning the manuscript . . . adding a formal
classification to replace the alphabetical sequence, breaking the larger families into
subfamilies, and adding comments on classification, identity, collecting, etc. To our
knowledge, no island as small as Guana has so rich a beetle fauna. We expect our
paper to provide a new and surprising base line for other island studies. St. Croix,
much larger than Guana, has been the subject of two beetle surveys that total only 309
species (including many fresh-water species absent on Guana). Guana will change
many scientists' perceptions of smail island diversity.

As time and opportunity permit, we have searched for other invertebrates. Of specisl
interest we now have all four "myriapod" classes . . . this year we finally found
members of the obscure class Pauropoda in Berlese funnel samples. The arachnid order
Solpugida is now known from Guana, as are the very rare primitive mites called
Opilioacarida. We also have free-living and insect parasitic nematodes, and a healthy
population of small amblypygids from the old stone fencerow by the sand pit. An
unexpected bonus was a diverse arthropod fauna in beach sand at or just above high
tide level. This yielded a variety of minute new beetles, pill bugs, centipedes, mites,
spiders, etc. This miniature ecosystem deserves (and will receive) more work next
year. So far, we have looked at only a few samples trom North Bay beach. Each
sample takes hours of microscopic examination, so the process is exceptionally tedious.



Dr. Skip Lazell Page 2 of 2
Lane OK 74555 14 December 2001

Discovery of the agave weevil, Scyphophorus acupunctatus Gyllenhal, on Guana has
created a wave of interest. E-mails and requests for more information continue as
people see dead agaves on other islands. We suspect the weevil is widespread in the
northern Antilles, but have few actual records. Buena has established that the weevils
fly, and we are investigating the other insecis associated with the killed plants.
Summaries of this were mailed to you (Oklahoma address) this past week, Histerid
beetles, earwigs, and scoliid and tiphiid wasps are potential biological control
candidates. The small parasitic wasps we found probably attack associated fly larvae,
not the weevils. Work continues on this. It would be useful to look for and at the
weevils on other islands. A long-established population should provide data on
biological control. Checking at other times of the year could also be heuristic.

Thanks for all the help, and best wishes to you both,

Sincerely yours,

-

h

e A 'n_./-_.IJ

Barry D. Valentine

Professor of Zoology, Emeritus
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British Virgin Islands: Guana Island. X-2001
Taxa in rotten Agave associated with Scyphophorus acupunciaies Gyll.
NEMATODA: several, not identified.

ARACHNIDA:

O Pseudoscarpionida. Two specimens of an unidennfied bright pink species were
found.

0. Acan. A diversa fzuna of mites was extracted with a Berlese funnel. At least 14
familics and 15 species are represented by over 700 specimens. At present, 6 families
and 2 genera have Seen named. The identificatians continge.

INSECTA

0. Coilembola. At least 3 tamilies of springtziis vceur, they have not been idenrified
further,

0. Coleoptera. Adults of 4 farmilies of beetles and a variety of very small larvae were
present,

F. Hydropnilidue. Two species of terrestrial hydrophilids were present. The
targer appears clase to Dacylosternum and may be a porential broiezical controi agent;
the smaller is too small 1o attack larger larvae and adults, but may eat eggs.

F. Sraphylinidae. A single specimen was foLnd.

F. Histeridae. A dozen specimens of Omaladeys keevigatus (uensel were
assaciated with the weevils. Althcogh they are predators, we did not find evidence of
injury to weevil larvae. NOTE: An exotic, larger species, Plaesius javarms Erichson, has
besn used in biological control of closely related weevils in bananas, sugar cane, and
pincapples in the West Indies. We saw 1t in Jamaica [t way be a usafil predatar.

F. Ptiliidae. Two minute specics were present
O. Blattana. Black cockroach nyinphs were commen in the samples, but we do not yet
have adults.

O. Diptern. Several families of tly larvae were present and abundint, All appear to be
scavengers an the rotting plant tissue.
O. Hymenoptera, Three families of minute parasitic wasps were found.

F Figitidae. Two species of these minute wasps were present. Their hosts are
not known, but some other species in the famuly are known to prefer Diptera lanvae.

F. Diapriidac. Winged and wingless specnneus occurred, probably the same
species, Relared species are parasites of Diptera larvae.

F. Unknown. One damaged specimaen.

Barry and Ruera Valentine
Columbus, Ohie. x1i-2001.
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To: <bvalentine@core.com: ?-
Subject: weevil
Duate: Monday, November 19, 2001 9:33 AM

Thought vou might be terested. Tiva

From: "Michael A, [vie" «mivie @ moatani, cois

To: canhbean-biodiversity @ yahoogroups.com

Subject: {carib-biodiversity] Alien Beetle Invasion on VI Christmas Cactuses
Date: Sar, Nov 10, 2001, 4:41 PM

[n fact. this weevil is not a new plague, having been known in the
Virein

[slands for several years now. Scyphophorus acupunctatus Gyllenhal is
the

name of this weevil. T identified the first Virgin Islands specimens,
which were discovered by Curlos Robles of the UVI Cooperative Extension
Service. in 1994, A native of the US southwest and Mexico, it was
imtroduced into Florida, from where it has spread o the West Indies
apparently via uninspected nursery stock. By 1982 it had made it to
Cuba,

Hispaniola and Jamaica.

Dr. Keularts of the UVI Extension Service, who sent the specimens for
identification, alerted authorities of this species’ danger shortly

after

it was first detected on Water Island and St. Thomas in 1984, Tt scems
that no one did unything, and continuing reports of umnspected nursery
stock being imported to resorts such as the one on Guana Is. are well
known. The West Indian species of Century Planis scem very susceptible
o

this pest, but particularly in times of drought. In its nataral

habitat,

the weevil bits the plant when it senesces, after flowering. Under that

circumstance, this 1s not a problem for the host becausc they die then
anywiy, but in the VI the weevil has been seen o attuck plunts that
have
not yet {lowered.
Michael A. Ivie, Ph.D.
Department of Entomology

Montana State University
Bozeman, MT 59717

(406) 9.94-4610 Voice
(406) 994-6029 FAX

mivieZ@montana cdu
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Nomenclatural changes for selected Mordellidae
(Coleoptera) in North America

John A. Jackman
Department of Entomology
Texas A&M University
College Station, Texas, 77843-2475, VSA

and

Wenhua Lu
The Conservation Agency
G Swinburne Street
Jamestown, RI 02835, USA

Abstract, New nomenclatural changes are presented for selected Nerth American mordellid beetles
(Coleoplera: Mordelhidae). The following five genera are newly recorded from the United States: Mardollaria
Ermisch 1950, Falsomordellistena Tormisch 1941, Mordellina Schilsky 1908, Yardellochiroa Fanery 1876, and
Psendotolida Frmiscii 1950, The following species are transferred from Tomoxia and represent new
combinations: Mordellaria barealis (LeConte 18G2), Mordellaria fascifera JoConte 1878), Mordellaria
latipalpis (Ray 1946). Mordellaria sercal (Say 1835), and Mordellaria undidata (AMelsheimer 1845) The
following species ave transterred from Mordellistena and represent new combinations: Falsomordelfistena
hebraica (LeConte 1862) and Falsomordellistena pubescens (Fabricius 1798); Mordellina blatcehleyi (Liljeblad
1945), Mordellina pdosella (Rav 1947), Mordellina pustulata (Melsheimer 1845). Mordellina ustulata
(LeConte 1862), and Mordellina wreidiconi (Liljeblad 1945); Mordelochroa scapularis (Sav 1824); Psevdotolida
arida (L.eConte 1862). Psewdaotelida hueest (Laljeblad 1915), and Pseudotolida Dtea (Melsheimer 1845),
Mordellina ustulata (LeConte 18G2) vepresents a return to species rank after being treated as a subspecies
of Mordellistena andrece LoConte 1862, There are a total of 17 genera of Mordellidae in America north of

Mexico.
Introduction

The latest revision of the Mordellidae i North
America was published by Liljeblad (1945). The
latest. catalog of North American mordellids was
completed hy Bright (1956) and was subsequently
updated by Jackman (1991) resulting in 12 gencra
recognized in North America north of Mexico. Jack-
man (1991) suggested that =ome of the North Amer-
1can species have not been covrectly assigned to
genera as Kuropean and Omental authorities un-
derstand them, Conscquently. we continue to in-
vestigate the generie placement of North American
mordelhds.

Although various authors have added to the
work, Franciscolo (1957) prepared the most com-
prehensive study for the world genera. In this
paper we propose nomenclatural changes that are
justified based on our current understanding of the
genera. The characters used in the key by Fran-
ciseolo (1957, 1965, 1967 provide the basis for the
nomenclatural changes. We transter five speciles
from Tomoxia 1o Mordelicra. P'van Mordellistene,

we transfer two specics to Falsomordelltstena, five
species Lo Mordellinag, one species to Mardello-
chroa, and three to Pseudotolida. Our work in-
creases the number of zenera in America north of
Mexico from 12 to 17 total. Further study will likely
justify additional nomenclatural reassignments,

Mordellarie Ermisch 1950

Mordellaria contains about 14 specles in Afri-
ca, Japan, Chile, Taiwan, and now North America.
Noworldwide key to species s available. Takakuwa
{1985) provided a key to species m Japan and
Taiwan. The keys to species by Liljeblad (1915) and
Ray (1946) will separate species in Noxth Ameriea
even though thesze spocies are treated in Tomoxia,

Mordellaria has the seutellum triangular or
more or less rounded at the apex. Male genitalia of
the genus (g, Lu et al, 1997) are very different
from those of Tomeria redefined by Francizeolo
(1982}, These characters separate it from Tomoaiea,
which has the scutellum quadrilateral or trapezoi-
dal. Based on these characters, five North Ameoeri-

2%
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can species are here transterved from Tomoxia:
Morvdellaria borealis (LeConte 1862); Mardellaria
Jasctfera {LeConte 1878): Mordellaria latipalprs
(Ray 1946); Mordellaria sercal (Sav 1835); and
Mordellaria undulato (Melshehuer 1845), [NIEW
COMBINATIONS].

Falsomaordellistona Krmisch 1941

Falsomordelliztina contains about 25 specles
and 1= found primacily in Japan, Taiwan, China,
and now North America. Hatavama (1985) provid-
ed a key to species m Japan and Taiwan.

Falsomordellistene has the penultimate tar-
somoeres of the fore and middle legs emarginate,
more or less bilobed. and usually dilated; the apical
palpomerc of the maxilliis securitform or zcalene in
both sexes: the eves are small, oval shaped, and
sometimes slightly emarginate ochind the anten-
na; cye tacets are fine. Based on these characters,
two North American species are here transferred
from Mordellistena: Falsomordellistena hebraica
(LeConte 1862); and Falsomordellistena pubescens
(Fabricius 1798). [NEW COMBINATIONS]. Boeth
of the North American species have the elytra
patterned.

Mordellina Schilsky 1908

This genus contains about 15 species found in
Kurope, Africa. China. Japan, Taiwan, and now
North America. lrmisch {(1968) and Franciscolo
(19G7) provided keys to African species. Hatavama
{(1985) provided a key to species in GJapan and
Tarwan. Baiten (1976) provided a kev to the species
in the Netherlands,

Mordellinag has the penultimate tavsomeres of

the fore and middle legs transversely truncate at
the apex, or very moderately emarginate, neither
dilated nor hilobed: the apical palpomere of the
maxilla 1= seeuriforin. sealene. or cultriform, with
sharp or sometimes rounded angles in both sexes;
the eyes are large, shape unusually broad, emar-
ginale behand the antenna: eye facets are coarse,
and never smaller than 0022 mm 1n diameter.
Baszed on these charvacters, five North American
species are here transferved from Mordeliistena:
Mordelling blatchlevt (Liljeblad 19:105): Mordellina
prlosella(Ray 1917 Mordellina pustulata (Melshe-
imey 1845); Mordelling ustulata (LeConte 1862);
and Mordellina wickhami (1alieblad 19153, |NEW
COMDBINATIONS]. This restores species rank to

M. ustulata, which has heen treated as a subspecios
of Mordellistena andreae LeConte 1862 (1aljenlad
1945).

Mordellochroa Kmery 1876

Maordellochroe has at least aix species world-
wide and is found m Japan, Mongolia, Poland,
Hungary, and probably Ruesia, Batten (1977) pro-
vided a key to the Palearctic speeies, Kaszal (1979)
and Horak (1993) provided keys for the species 1n
Hungary, and Borowice (1996) provided a key to
species 1n Poland.

Mordellochroa has the penuitimate tarsomerces
of the fore and middle legs transversely truncate at
the apex, or very moderately emarginate, neithor
dilated nor bilobed; the apical palpomere of the
maxilla 15 malleiform in males and sceuriform or
scalene in the females. Based on these characters,
onc species 18 here transferred from Mordellistena:
Mordellochroa scapuloris (Say 1824), [NEW COM-
BINATION]. Thiz species has black elvtra with
humeral spots reddish to vellow and the lateral
ridges on the hind tilna quite short.

Pseudotolida Krmisch 1950

Pseudotolida has tewer than 10 species in Ja-
pan, China, Taiwan, Guatemala, and Brazil, Frean-
ciscolo (1982) provided a key to some species. Shiv-
ake (1993, 1997) compared the genus to other
related genera.

Pseudaotolida has the penultimate tarsomeres
of the fore and middle legs deeply emarginate, more
or leas hilobed and usually strongly dilated: the
apical palpomere of the maxilla 13 malleiform in
males and securiform in females. Based on these
characters, three North Amcrican species are here
translerred from Mordellistena: Psendotolida ari-
da (LeConte 1862): Pscadotolidea knaust (Laljeblad
1945); and Psewdotolida hitea (Melsheimer 1845),
INIFAW COMBINATIONS].
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From: "Rachel Finley"
To: "Wenhua Lu” <wenhua@etal.uri.edu>
Sent: Wednesday, May 22, 2002 2:35 PM

Attach: Guana Exp Transmission.doc

Subject: Re: Cctober Science Month

Skip-

Sorry about the attachment, | always forget to actually add the file.

Any time in October would be good, but if possible | would like to be down for 3 or 4 weeks, This is the only way |
can get a good experiment in. Could you accommodate myself and an assistant for most of Oclober? Otherwise,

let me know what dates | could come. Again, Lianna probably has room in August if someone would like to go
then,

Rachel

—- Onginal Message —

From: Wenhua Lo

To: Rached Firley

Sent: Thursday, May 09, 2002 11:12 AM
Subject: October Science Month

Hi Rachel: No attachment. But ok. Just pick any dates in Oclober and let me know ASAP. Best, Skip
Wenhua Lu, Ph D,

Oklahoma State University

Wes Watkins Agniculture Research & Extension Center
P. O. Box 128

Lane, OK 74555

580-889-7343 (phone) 580-889-7347 (fax)
580-364-0543 (home)

—-- Oniginal Message —-—-

From: Rachel Firley

To: wenhuai@elal i adl

Sent: Wednesday, May 08 2002 2:58 PM
Subject: Skip - Cctober Science Month

Hi Skip

I aminterested in coming to Guana's Science Month in October and wanted to know if there was any room
available for an assistant and myself?

| started working at Guana with Graham Forrester the summer of 2000, and have been working on my Ph.D.
dissertation since last surnmer (} attached the manuscript detailing some of the work from laslt year). Last
year we rented an apartment on Tortola in August allowing me to work after the Marine Science Month ended,
but we are a bit short on funds this year. | will be setting up some projects and working in August, but cannot
stay on Torlola again. In order to make substantial progress on my dissertation research, it would be great if |
could come down in October. Lianna has offered lo host and terrestnal scientisls that would like to go down
in August if it may lighten the burden any.

i've attached a copy of the research proposal | wrote for Lianna. We would probably accomplish most of the
‘lab’ experiments in Augusl and focus on fieldwork in Qctober.

Would it be possible for two of us to come down in for the Oclober Science Month? if so, what dates do you
have available?

| look forward to seeing you again at Guana.

5/22/2002
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A Comprehensive Experiment of Ectoparasite Transmission in Reef Fish

[nfectious discases are a dominant force impacting the fitness and survival of individuals,
in regulating host populations, and structuring communities. The primary focus of infectious
disease studics has been on microparasites (viruses and bacteria, sensu Anderson & May 1979)
and thelr impact on human health, or on crops and livestock essential to our livelihood (Scott &
Dobson 1989); but more recently the focus has broadened to include the ccological impact of
macroparasites (1.e. helminthes) on wildlife populations {Grenfell & Guiland 1995; Grenfell and
Dobson [995). Despite the recent interest in studying macroparasites in natural populations,
surprisingly few studies look at parasites regulating abundance and distribution of host
populations compared to parasitoids and predators (Crawley 1992). Parasites may not be
addressed in ecological studies of natural populations because of ditficulties in identitying
infected hosts in the population, tracking individual hosts spatially and temporally, and
manipulating parasite presence and burden. Specifically, techniques that manipulate parasite
intensity and prevalence at the population level are confined to lab, or small-scale tield studics,
and may be restricting the scope of investigations ol populations under natural conditions.

In many ecological studics, the impact of predation or competition can be observed by
altering the presence, abundancce or type of predator or competitor {e.g. Hixon & Carr 1997). In
ficld host-parasite studies, it is often difficult to manipulate the presence or abundance of the
parasite. Disinfection of ectoparasites can often be accomplished by hand removal of parasites
on individuals (see Arendt 1985; Grutter & Pankhurst 2000 for examples of individual
treatment), or using general disinfectants for larger groups. Fumigation of nests and colonies
have successfully controiled parasites in bird studies (Brown & Brown 1996, Moss & Camin
1970); and it is common practice to use nsccticides in aquaculture and fish farm operations to
treat and control the spread of parasitcs (although these techniques are not applicable to wild
fish). Treating endoparasites in wild animals often involves capturing intected hosts and
administering anti-heiminth drugs individually  This technique has been successfully performed
in wild Red grouse populations (Hudson e/ a/. 1998), and in free ranging Soay sheep (Gulland er
al. 1993); however, in both cases the treatment only depressed parasite numbers and did not
completely eliminate parasite burden.

LExperimental transmission of parasites to healthy individuals 1s more difficult and rarc.
Often individual hosts must be anaesthetized and individually infected to establish the infection
in a population (in mice Scott 1987, in fish Scott & Anderson [984). Larger-scale infections (of
tens to possibly hundreds of individuals) may be possible in certain systems. For example, Khan
{1988) was able to infeet groups of cod held in raccways with an ectoparasitic copepod by
exposing the cod to lumptish harboring the larval copepods. And Tompkins ¢7 a/. (2000) were
able to control and monitor introduced nematode infections in Grey partridge individuals raised
in captivity then released in the wild. An advantage of experimental transmission is that the
intensity of mtection may be manipulated by varying the exposure time of the host to the
infective stage of the parasite. Lemly and Esch (1984) controlled the intensity of trematode
infection in blucgill sunfish by varying the time the fish werc exposed to snails releasing
infective cercaria. The above examples from lab studics provide evidence that it is possible to
establish an infection in captive individuals; however, controlled experimental transmission iz
st has, to our knowledge, vet to be tested
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Experimental transmission and disinfection in previous field studies have not tried, or
been able to, maintain controlled infections in wild populations in a manner that allows complex
ecological questions about host-parasites relationships.  Reef fish are often locally abundant, are
scdentary or site specific, and do not migrate after settlement into the adult habitat (Sale 1991).
Complex and novel ccological questions have been addressed using reef fish, however, parasites
arc often overlooked or avoided in field studies (Sale 1991; Caley ¢r af. 1996). Reet fish and
their parasites may offer a systen that is casier to manipulate than terrestrial wildlife studies, and
questions on hosv parasites influence host dynamics can be posed  The results of a pilot study
conducted this summer offer promise that an ectoparasitic copepod-benthic reef fish relationship
is ideal to study the impact parasites have in population dynamics, however, details in of the
system need to be worked out before complex interactions can be studied.

A novel system to examine host-parasite relationships

The host-parasite relationship was studied near Guana 1sland (64° 35°W, 18° 29'N),
British Virgin Islands. The bridled goby (Coryphopterus glaucofraenum Gill), 1s a small benthic
fish that occurs throughout the Caribbean. A parasitic copepod, Pharodes rortugensis Wilson,
infects the gill cavity of bridled gobies near Guana Island (R. Finley pers. obs.} and at least 4
other fish species elsewhere (Ho 1971) Gobies infected by £. fortugensis have a slower growth
rate, reduced fecundity, and suffer from higher mortality than their unparasitized counterparts
(Table 1; Figs. 1 & 2; Finley & Forrester in review). These results, however, arc correlative and
do not isolate parasitism as the causal factor creating differences between infected and healthy
fish. Some fish may be more susceptible to parasitic infection because of poor health, genetic
predisposition, or compronised resistance and would naturally sutfer lower fitness regardless of
the parasites (Gulland ¢/ ¢/. 1993, Hudson & Dobson 1995). Isolating parasitism by £.
tortngensis as the primary factor affecting growth, mortality and fecundity in (. glaucofraenum
requires a controlled expenimental infection of healthy gobies, with comparisons between the
control and treatment group.
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The goby-copepod relationship may be ideal to study host parasite interactions and
answer ecological questions on the impact of parasites to host populations for several reasons.
(. glaucofraenum are benthic, sedentary fish that have a relatively short life span, allowing
indtvidual fish to be monitored for a large portion of their ives. Gobies infected with £,
fortugensiy have a swollen operculum and are easily recognized in the ficld. Furthermore, the
fish and can be individually tagged so that the fate of parasitized and healthy fish can be
tollowed (Malone ef «/. 1999). These fish have been used successtully in many other
manipulative studies (e.g. {Forrester [995,1999; Steele et al. 1998; Malone et al. 1999, Forrester
& Steele 2000, Steele & Forrester in press) and are an excellent model organism to address
questions that are of interest to ecologists.

Although the complete litecycle of £. tortugensis is unknown, there is a general trend in
parasitic copepods tor a reduction in the number of naupliar stages, and to infect a tish host in
the first copepodid stage {Kabata 1981} No naupliar stages of I tortugensis have been
observed on the gills of intected fish (pers. obs.), and there is a range of sizes in the copepods
found on the fish gills. The size of copepods (not including transformed females) ranged tfrom
0.29 mm wide (ccphalathorax width) by 0.34 mm long (cephalathorax and gemtal segment), to
0.91 mm wide by 1.04 mm long. It is very likely that 2. tortugensis becomes infective after
metamorphosis from the naupliar to the copepodid stage, then progresses through the rest of the
copepodid molts and into adulthood as a restdent on the fish {sec Kabata 1981 for examples of
other parasitic copepods). Parasitized (. glaucofraenum are aggregated in distriibutton within the
population (R = 0.90; z = 2.65; Clark and Evans 1954 nearest neighbor method (Krebs 1999)).
Therefore, there is a strong possibility that parasites are transmitted directly from parasitized
gobies 1o unintected gobies by a brief, dispersive, naupliar stage.

P, tortgensis, negatively atfects the fitness of (7. glaucofracnun and is found at a
relatively high prevalence in the population {ranging from 2-19%): density and prevalence of /*.
tortugensis n the population ot (. glancofracnnm around Guana may be correlated (r = 0.62, p =
0.06). Most infected fish were large juveniles and females (160-30 mm SL) with mean infection
intensity of 7.02 copepods (range = 1-19)  The frequency of infection intensity with host size
was negative binomial distributed (3* = 15.69, df =16, 7 =118). Similar to other parasitic
manipulation studies, we can remove parasites from infected fish by applying a general
disintectant to fish held in aquaria; but more interestingly, we may be able to infect healthy fish.

Table 1. Behavior and fecundity of parasitized and unparasitized gobies. Presented are means
_(* SD) and results of r-tests comparing the two groups,

Parasitized Unparasitized test
Feeding (bites 30 57) 28+:27 45+36 df =67, 1 = 2208,
p=10031
Respiration (gill 48.7 ¢ 14.1 294+ 82 df = 67,1 = 6938,
ventilations 30 s7™) p < 0.001
Fecundity (gonad dry 0.2x01 0.63 05 df =28, 1=4005,

_weight mg) p = 0.001
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Experimental transmission of P, tortugensis to C. glaucofracnum

Idenutying the transmission dynamics of the parasite, and how hosts become infected, is
central to understanding the epidemiology of the parasite and the first step discovering how the
parasite may be able to regulate host population dynamics  Aside from the well known Red
grouse - nematode system studied by [Hudson and colleagues (Hudson et af. 1992, Dobson &
Hudson 1992, Hudson e al. 1998), field studivs investigating the population level impacts of
parasites to their hosts are rare: leading to a lacuna in the field of eprdemiology for
macroparasites in natural populations. A possible reason for the paucity of manipulative
cxperiments in host-parasite studics may be due to the difficulty in establishing and maintaining
infections in controlled conditions. The goals of this proposal are to:

Croal [+ Determine 1f a parasitic infection can be experimentally established in healthy fish.

(roal 2: Determine if ¢xperimental populations of healthy and parasitized (. glawcofracnum can
be established and maintained in the field.

(roal 3. Compare experimentally and naturally parasitized fish.

Parasite Transmission Experiment

Experimental transmission of P. tortugensis to (. glancofracnmum will initially be tested
in the laboratory. By performing the experiment under controlled conditions, we can monitor the
individuals and look for changes in infection status on a finer time scale (observations made
multiplc times a day) than can be achieved in a {ield experiment alone (at best, observations
made daily).

Parasitized and healthy fish 16-30 mm SL (the size range of fish commonly infected -
Finley & Forrester i review) will be collected trom reefs near GGuana Island using hand nets and
SCUBA, and housed in running seawater tanks on the 1sland. Fish that appcar to be healthy will
be treated with CopperSafe® aquarium disinfectant for 5 days prior to the expenment to ensure
that they are not harboring a low parasite burden or small, undetected copepods. Disinfection of
(" glawcofraennm parasitized by 2. tortugensis was successful with CopperSate® in a pilot
study. Only parasitized tish carrying gravid female copepod will be used in the treatment,
parasitized fish carrying gravid copepods can casily be identified without harming the host. All
fish will be tagged individually (using a visual implant tag, or a unigue combination of paint
injections - see Malone er af. 1999 for techniques) to track parasite acquisition in the healthy
fish, and the status of copepod cggs on the parasitized fish (1.e. whether the copepods have
hatched or are still in ova). While the fish are held in aquaria they will be ted ad fibum daily
either a commercial fish food or, when possible, microcrustaceans collected from the field.

Lixperimental treatment will be randomly assigned to 20 tanks: infection tanks will pair
healthy fish with infected fish to facilitate parasite transmission, while control tanks wall contain
only healthy fish. There will be equal numbers of fish i each treatment tank. Each tank will
reccive its own water source, with seawater continuously flowing through the tank. Parasitized
fish will be examined daily to determine when copepods are released and potentially infective,
healthy fish will be examined daily for signs of infection If a parasitized fish dies during the
experiment it will be replaced by a similarly sized parasitized fish. Alternatively, if'a healthy
fish dies it will immediately be examined for signs of'infection and will be replaced only it it did/
not contain parasites (e g. parasite-induced death was not apparent). The expeniment will be



terminated when half of the healthy fish (in the infection tanks) show signs of parasitic infection.
Upon termination of the treatments, all fish will be dissected and inspected for parasites and the
size and status (transformed female, or untranstormed male or female) of copepods determined.

The results of the [ab experiment will be interpreted as foliows: 1 healthy fish become
mfected in the parasite treatment tanks, and no fish in the control treatment become infected,
then direct transmission from parasttized to unparasitized fish s presumed. Alternatively, if
uninfected fish in both the treatment and control tanks become intected then direct transmission
and indirect transmission from a planktonic source could be possible. If healthy fish in cither
treatment fail to become infected, then the transmission route is unclear.

In addition to incorporating the results of the lab experimental transmission, the field
experiment will assess the teasibility of establishing parasitized and control groups in the field
for larger scale studies. The field experiment will have the same treatment arrangement as in the
lab (treatment = healthy and parasitized fish; contral = only healthy fish), but the fish will be
stocked on artificial reefs constructed in sandy areas near Guana Island. Using a technique
similar to Forrester (1995, 1999) we will create multipie patch reefs separated from each other
and nearby reefs by at least 10 m of sand. The gobies will be stocked at densities higher than the
average, but within the range normally found on the nearby reefs. As in the lab experiment,
healthy fish wali be disinfected with CopperSafe® and all fish will be tagged as individuals.

Each patch recf will be inspected daily for mortality or disappearance of individuals, but fish will
only be captured on a weekly basis to inspect for parasites. As fish can only be hand netted, and
all work must be performed on SCUBA, it will be imposstble to assess the infection status of
individuals on a time scale shorter than weekly, The relative density of fish between treatments
will be maintained: e.g. healthy fish will be added to control or treatment reefs if a substantial
number disappear from a reef, and parasitized fish will be added it all disappear from a treatment
reef.

The results of the field experiment will be interpreted as follows: the experiment will be
ranked successful for establishiment and maintenance of parasitized and healthy goby
populations if the majority of fish on the control reefs remain parasite free and the majority of
healthy fish on the treatment reefs contract parasites. The experiment will be ranked succesyful
for maintenance of healthy goby populations it the majority of fish on control reets remain
parasite free even if healthy fish on treatment reets remain uninfected. The experiment will be
ranked unsnceessful 1f the majority of fish on control reets become infected and fish on treatment
rcefs remain uninfected.

The final goal of this proposal is to compare “experimentally” infected fish with tish that
have been “naturally” parasitized. Qur previous study (Finley and Forrester in review)
demonstrated that parasitized fish sutter a lower growth rate and reduced gonad mass than
healthy fish; however, these results were only correlative and parasitism could not be isofated as
the causal factor creating the observed differences. Groups of experimentally infected and
naturally infected gobies will be tagged and followed for several weeks in the field and lab to
determine if differences in the two groups are inherent characters of the {ish or are explicitly a
result of the parasitic infection. We may also be able to determine if some fish are more
susceptible to parasitic infection or more likely to dic as a cansequence of the infection (e.g. test
tor a size/parasitic status interaction).
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From: <kovaska@jdmicro.com>

To: "Wenhua Lu”

Sent: Tuesday, March 26, 2002 8:24 PM
Subject: Guana report 2001

Skip:

Thanks for the reprint. As to this year's Guana report, we focused on

surveys of the call transects. You could include the figure of the

call-counts from the book chapter. Qur other focus, locating nests &

females, didn't work out too well because of the dry weather (only 1

courtship & egg mass located). We did, however, get good temperature data at
the nest site. So, you could say that we continued locating egg-masscs as a
part of study on reproductive behavior of the frogs...

Cheers,

Krstiina

Figure 1. Number of calling males detected during surveys of a transect (825 m long; 10
m wide) on Guana in October of 5 years from 1996 1o 2001. Oaly surveys within less

than 24 hours since rainfall are included. Horizontal bar — mean: whisker -2 SE;n=4,2,

3, 5, 3 surveys for the 5 years. respectively,
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A Population Study of Anolis cristatellus wileyae from the British
Virgin Islands and Their Phylogenetic Relationships to Other
Selected Anole Species as Determined by Amplified I'ragment

Length Polymorphism (AFLP) Analysis

Kristi Mico
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I. Background Information
A. General Information

Anoles (Sauria: [guanidae) are tropical lizards, There are approximately 140 recognized
Caribbean species, with 11 of those occurring in the Greater Antilles (Cuba, Jamaica,
Hispaniola, and Puerto Rico). As many as cleven species are found o occur syntopically, Le. in
tbe same habitat (Jackman e¢r.al., 1999),

As a genus, Anolis has been divided into lwo groups: the alpha and beta anoles. This
division, which occurred carly in the radiation of anolces, is based on the presence or absence of a
transverse process on the anterior caudal vertebrae. Alpha anoles lack this process whereas in the
beta group it 1s present (Williams 1969), The division of Anolis into several genera by Guyer and
Savage (1980) has not been generally accepted (Williams, 1989; Cannatella & dec Queiroz 1989).

Anoles display a suite of correlated morphological and ecological characteristics. The
correspondence between morphology and niche 1s denoted by the term “ecomorph™. Ecomorphs
have been named primarily on the basis of perch site. The most important ccomorphic niches are
the following: grass-bush, trunk-ground. trunk, twig, trunk-crown, and crown-gianl, Among the
morphological features correlated with the niche are coloration, number of toe pad lamellae,
body size, body shape, and the lengths of the forelimb, hindlimb, and tail relative to body size

(Beuttell & Losos, 1999),

B. Distribution Factors

There are three major modes by which anoles have occupied their current geographic
distribution: vicariance, dispersal, and human introduction. In vicariance, organisms are found to
occur on multiple landmasses becausc they occurred previously on a single, larger land mass that
broke apart into two or more pieces. This oceurs, for example, when ocean levels risc or fall,
flooding or exposing fow-Iying ground. Many Caribbean islands are separated by shallow occan.
If the water level fell about 120m, as during the last glacial maximum period, multiple islands
could become one island, and the converse would occur when levels risc.

Secondly, the dispersal ability of a specics affects its distribution. To reach new areas,
species often have to cross physical or climatic barriers. In the Caribbean, the major physical
barrier ts the ocean, Dispersal across the ocean could occur during hurricanes blowing between

islands. or by floating on debris across the water. To colonize these new arcas, the organism
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would need to adupt to any environmental difference present between the previous habitat and
the new one. Changes cun include vegetation, rainfall, competition, and food sourccs.
Lastly, human introduction in the last 150 years has spread anoles to many places outside

their natural ranges. This can occur accidentally or intentionally,

C. Speciation and the Anole Radiation

Competition can be a strong influence in speciation. [t forces adaptation or extinction.
This competition can be among anoles or with other organisms occupying the sume niche.
Among anoles, this has resulted in differential environmental usc; for example, differential perch
height. Thus, the ecomorphic groups mentioned above arc generated.

Geographic 1solation also encourages differcntiation. Gene flow is retarded: additionally
sclection pressures may differ between locations. For example, A, cristatellus cristatellus on
Puerto Rico, with time and geographic isolation, gave rise to A. cristatellus wileyae on the small
eastern islands of the Puerto Rican Bank, Further isolation within these islunds resulted in A.
ernestwillianisi on Carrot Rock, British Virgin Islands. Through a long distance colonization
event, A. cristatellis gave risc to A. scripius of the southern Bahamas. Colonizing groups, or
propagules, arc typically small. Genetic changes that occur may become rooted in the population
more casily during these bottleneck times.

Bascd on morphological and molecular data, anoles diversificd early and rapidly in their
history (Jackman et.al., 1999). This introduces and increases difficulty in attempting to estimate
the anole phylogenetic tree. The deep branching is problematic to sort out because many
branchings occurred at roughly the same time. Superficial morphological features are not always
helpful. Island and mainland (South/Central America) anoles have different adaptive features and
mainland anoles do not exhibit the same ecomorphic specializations as i1sland anoles.
Additionally, molecular data indicates anoles ol a single 1sland are more closely than anoles of
ditferent islunds that occupy the sample ecomorphic niche. For example, a trunk-ground anole on
Jamaica would be more closely rclated to the other anoles of Jamaica than to trunk-ground
anoles of other islands. This indicates that the ecomorphic specializations observed arosc
multiple times in anole history,

Previous work conducted using DNA:DNA hybrization (Maver & Kirsch, 1999) and a

combination ol morphological and mtDNA sequence data (Jackman ef.al, 1999) has not
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succceded in resolving the decp branches. However. these methods have had success with the

more recent divergences,

I1. Sample Collection

Gregory Mayer collected Anolis leachii, A. grahami, and A. extremus samples on
Bermuda in 1999, Arijana Barun (UW-Madison), James Lazell (Conservation Agency, Rhode
Islund), and Gad Perry (UW-Madison) collected A. crisratellus wileyae from Guana [sland,
Norman Island, and Necker [sland, British Virgin Islands. in 2000, With help from Arijana
Barun, Kate LeVering (UW-Madison), Gad Perry, and Wenhua Lu (University of Rhode Island),
[ collected A. cristatellus wilevae, A. stratulies, and A, pulchelius from Gauna Island, British
Virgin Islands. Table 1 describes the species and locations collected from, as well as the height
above sca level for some Guana Island locations. Figure | graphically depicts the locations of A.
cristatellus wilevae collection. Other species available include A. ernestwilliamsi.

Samples are stored either frozen at -70°C or in 93% ethanol. For ethanol-stored samples,
tissue was dissccted out (heart, liver, muscle, gonads) for storage in cthanol-filled vials, Cach

individual collected in the British Virgin Islands has a catalog number for identification.

II1. Research Goals

There are several goals; they are listed and described below in priority order. Astime has
become limited, the last two goals listed will be met as time allows or passed on to someonc else
to accomplish.

1. To complete a population study of A. cristatellns wilevae on Guana Island, British
Virgin Islands. Researchers at UW-Madison (Gad Perry) and Tel-Aviv University (Razi Dmi'el),
with collaborators, hiave found differences in the evaporative water loss characteristics of A,
cristatellus wilevae collected from parts of Guana Island, British Virgin Islands, which vary in
altitude (personal communication). As in previous studies between islands (Dmi’el er.al. 1997,
Perry et.al. 1999, Dmi'el 2001), data collected were not able to determune if the source of this
effect was due (o a genetic difference or phenotypic plasticity. A, cristatellus wilevae for this
study have been collected from four altitudes for this study to aid in discerning the two.

2. To compare Guana Island, British Virgin Islands, A, cristatellns wileyae to A.

cristatetlus wileyae from other islands and A. ernestwilliamsi for genetic difference. A.
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cristatellus wileyae from islands both relatively near and far were collected to determine if there
was a significant genctic diffcrence between them. The populations are geographically isolated
from each other, which, combined with the differences between the islands, may be undergoing a
divergence from the other populations. Previous work (Perry er.al. 1999, Dmi'el 2001) has
shown integumentary resistance Lo water loss to be positively correlated to the aridity of the
environment for cight A. cristarellus wileyae polulations and one A, ernestwilliamsi population: 1t
15 unclear as to whether this effect 1s due 1o genetic tactors, phenotypic plasticity, or a
combination of both. Samples collected for use here represent five of eight A. crisiatellus wilevae
populations and the A. ernestwilliconst population sampled by Perry and Dmi’el.

3. To deduce whether beta anoles are more closely related to alpha anoles from the
Caribbean 1slands or from mainland (South/Central America) alpha anoles. The beta anoles are
represented by A, grafiami and the islund alpha anoles by A, leachii. The matnland alpha anoles
are represented by the 1sland anole A. extremues, which is closely related to some mainland
alphas. With this information, the colonization pattern of the beta anoles around the Caribbean
can be examined. While A. feachii, A. grahani, and A. extremus were collecled on Bermuda,
they were introduced to that island and are native to Anligua, Jamaica, and Barbados,
respectively.

4. To contribute to the known body of information by attempting to more clearly define
the deep, unresolved branches of the Anolis phylogenetic tree. While some recently diverged
groups are well supported, the decper branches are not. With this new method application

(AFLP), maybe some of thosc questions can be answered, or at least addressed.

IV. Methods
A. DNA Extraction

Phenol:chloroform extraction procceded as follows: 13-20mg of tissue were minced and
digested for at lcast four hours at 35°C in 500ul TNE [0.01M Tris, 0.1M NaCl, 0.01M EDTA],
50ul SDS (109 w/v), and 20l proteinase K (10mg/ml). Samples were treated with Rnase A
(20mg/ml}) and allowed to stand at room temperature (25°C) for two minutes. Then, an equal
volume of phenol was added and mixed for five minutes, [ollowed by centrifugation at 10,000

rpm for live minutes. The aqueous [ayer was transferred to a fresh microfuge tube, Next, a half
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volume cach of phenol and chlorotorm was added and mixed for five minutes, followed by
centrifugation at 10,000 rpm for five minutes. The aqueous layer was transferred to a fresh
microtuge tube. An cqual volume of chloroform was added and mixed for five minutes, followed
by centrifugation at 10,000 rpm for {ive minutes. The aqucous layer was transferred to a fresh
microfuge tube. The DNA was precipitated by the addition of two volumcs of ice-cold ethanol
and overnight storage at -20°C. Lastly, the sample i1s centrifuged for fifteen minutes at 14,000
rpm, the alcohol poured oft, and the pellet drer for about fifteen minutes. The pellet was

rehvdrated in 100ul TE [0.01M Tris, 0.001M EDTA] and stored at -20°C.

B. Amplified Fragment Length Polymorphism (AULP)

The AFLP method (Vos etr.af., 1993) was selected for several reasons. First, no
information about the sequence of the organism is required. While therc 1s some sequence
information available (ie. via GenBank), the genes sequenced have not had success defining the
deeper branches. Next, there are three major fingerprinting methods: AFLP, RFLP (random
fragment length polymorphism), and RAPD (randomly amplified polymorphic DNA). Of those,
AFLP has been shown to have Lhe greater reproducibility when compared to RAPD, when
cxcluding the largest and smallest 10% of bands, and bunds showing [ess than 1% of the total
lane intensity when employing a fluorescence-based DNA detection method. The band exclusion
criteria resulted in nearly 100% reproducible AFLP bands, but did not significantly increase
RAPD reproducibility. which showed [5% of the segregating bands non-reproducible (Bagley
etal., 2001).

Additionally. AFLP has been employed successfully in reptile species. Giannast, Thorpe,
and Malhotra (2001) used the technique on the Asian snake Trimeresurus albolabris at the
species and population fevels, using fewer individuals {from cach location than have been
collected for use herc (except A. leachii and A. extremus). Additionally, Ogden and Thorpe
(2002} have successfully used AFLP within the genus Anolis to assess divergence at four
graduated taxonomic levels, some of which correspond 1o Ievels examined here.

RFLP analysis usually involves wransfer of restriction cut DNA onto a membranc {or
Southern blotting. This requires a probe for a useful sequence and further time for development.
The AFLP technique does not require such a lengthy time investment, The AFLP kit arrives with

16 primers providing 64 possible combinations.

Page 6 of 6

46



AFLP System [ was selected from Invitrogen — Life Technologies (catalog #10544013).
It is for use with large genomes (5x10" - 6x10” bp). Genome size was calculated based on C-
values provided by T.R.Gregory (2001). The values listed for anoles were averaged with an
average C value of 2.12. Using the conversion factor Ipg = 10°bp. the average genome size of
anoles is 2.12x 109bp.

A graphic representation of the AFLP process is depicted in Figure 2. AFLP begins with
the restriction cutting of genomic DNA. Two cnzymes arc used, onc rare cutter {£coRI, 6 buse
recognition scquence) and a frequent cutter (Msel, 4 base recognition sequence). The DNA is
digested for two hours at 37°C, the enzymes inactivated by 70°C heat exposure for fifteen
minutes, and then placed on ice. Three classes of fragments are generated, in order of {requency:
Msel-Msel > Msel-EcoRl > EcoRI-LcoRIL Next, adapters are ligated to the restriction sites with
the addition of adapter/ligator sequences and T4 DNA ligasc. The reaction is incubated at 20°C
for two hours, then diluted 1:10 reaction: TE. The adaptors consist of an enzyme-specific
sequence and a sequence serving as a primer-anncaling site.

Processing continues with two PCR steps. The {irst 1s pre-selective amplification in
which the Msel-LcoRI fragments are preferentially amplified based on primer composition and
PCR strategy. The Msel primer has a lower anncaling temperature than the LZcoRI primer,
resulting in fess efficient amplification of Msel-Msel fraugments under these PCR conditions as
compared to Msel-LeoRI fragment amplification (Vos et.af., 1995). Ligated and diluted DNA
serves as the template. PCR proceeds with Tag polymerase for 20 eycles: 30s denaturing at
94°C, 60s annealing at 56°C, and 60s clongating at 72°C. Following the confirmation of
amplified DNA in the form of 4 smear on an agurose gel, the PCR product is diluted [:50 in TE.

The sccond PCR conducted amplifies a subsel of the fragments amplified in the previous
PCR. This is accomplished by using primers with three selective nucleotides past the restriction
sitc. The first PCR cycle runs 30s at 94°C, 30s at 65°C, and 60s at 72°C. Then, during the next
12 ¢yeles, the annealing temperature is lowered by 0.7°C cach cyele. The last 23 cycles run 30s
at 94°C, 30s at 56°C, and 60s at 72°C.

Samples are now ready {or gel analysis. For each primer pair, 50 — 100 bands are
produced, with bands varying between primer pairs. More or less than this range of bands may
be produced. with GC content of the selective nucleotides influencing this number; in general,

higher GC content results in fewer bands amplified.
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AFLP product is analyzed on a 6% denaturing polyacrylamide gel in a Bio-Rad

sequencing gel rig (21 x 40 cm).

C. Visualization: Stlver Staining

There are several methods available for visualizing DNA on polyacrylamide gels,
including radiography, colorimetry, fluorescence, and silver staining. Silver staining has been
selected for use for the following reasons. First, there are no radicactive chemicals or substances
involved. Second, solutions can be produced in the lab economically. The protocol employed
here was modified from Bassam er.al. (1991) by Phum (2001), and has demonstrated detection
sensitivity down to 1pg/mm?. The required DNA quantity for visualization with this protocol
increases to 5-10pg/mm® for fragments smailer than 310bp (Bassam er.al 1991). The protocol is
attached as Appendix A,

See Figure 3 for an example of a silver stained gel. The gel shows AFLP-processed DNA
from and iguana (L1B3-20A, Iguana iguana) and two A. cristatellus wileyae individuals
(ACIB3-26A, AC2B3-26A) from Guana Island, British Virgin Islands, where one has had
slightly different restriction enzyme treatment (ACLB2-26A). Each sample was selectively

amplified with the same primer pair (#26. E-AAG und M-CAT).

V. Dala Collection & Storage

Data will be collected in a matrix/spreadshect as the presence or absence of a band at
each position using a binary scoring scheme where 0 represents a fack of a band and 1 represents
the presence of a bund. One or both of an fguana igrana (common iguana) sample or a Guana
Island, Briush Virgin Islands, A. cristarellus wilevae (hotel area) will be run on each gel to
provide a standard for comparison, as well as an AFLP DNA ladder (Invitrogen — Life
Technologies, catalog #10832012). The DNA Jadder has bands at 30 bp to 330bp, with bands in
between every 10bp, and at 1,668bp. Bascd on work by Bagley er.al. (2001) involving the
cxclusion of the fargest and smallest 10% of bands and bands showing less than 1% of total
intensity, we intend to include a data filter, though the criteria are not yet set. The exclusion
criteria used in the work of Bagley er.«l. (2001) were developed for use with fluorescien-labeled
PCR primers, or fluorescent DNA delection. These criteria have proven to be too strict for the

silver staining method of DNA detection employed here {data not shown), Gels are scanned
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using a flatbed scanner (Plustek, Optic Pro 9630P) to preserve them for analysis and revicw after
the physical gel is destroyed. Adobe Photoshop may be used to adjust brightness and conirast.
Gels are analysed using Gene ImaglR 4.03 (Scunalyties Inc., Fairfax, VA). Band detection

proceeds using a combination of computerized and manual band calling,

VI. Data Analysis

After collection, data can be analyzed using the computer programs such as Paup,
MacClade, or Phylip. Distance trees will be produced. as well as trees constructed using
parsimony schemes and bootstrapping. Mcan average percent difference (MAPD) belween
specics and populations can be calculated, as were performed using RFLP data by Hendrickson

(1995).

VIL Future Work

Future work in this area could procced in many directions, in addition to any goals listed
above; for example, sequencing the mitochondrial NADIE dehydrogenasc, subunit 11, gene in A.
leachil, A. extrenmus, and A, ernestwillicansi. This would allow the integration of these species in
to the larger phylogenetic tree built by Jackman et.al. (1999), as well as allow comparison with
the many species for which the same sequence is deposited in the GenBank database (National
Center for Biotechnology Information, http://www.nchi.nlm.nih.gov/). Ogden and Thorpe (2002)
have found that AFLP data to be “remarkably congruent” to that obtained from mitochondrial
DNA, microsatellite, and morphological markers; conducting an AFLP study with species

previously examined would more clearly define the degrec of congruity.
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Table 1. Samplc Collection Summary.

Species Island Locality  [Number[Altitude
Analis cristatelius wileyae |Norman Island, BVI [va 13 n/a
Anolis cristatelius wileyae Necker Island, BVI In/a 14 n/a
Anolis cristatellus wileyae iTortola, BVI }m‘a 9 n/a
Anolis cristatelius wileyae Beef Island, BVI n/a 19 n/a
Anolis cristatelius wileyae \Guana Island, BVl Hotel Area 36 100m
Anolis cristateljus wileyae |Guana Island, BVl }1/2 up main road 5 40m
Anolis cristatellus wileyae Guana Island, BVl |[Whitebay Flat 10 Om
Anolis cristatellus witeyae |Guana Island, BVl |[Plantation Area 7 Om
Anolis crstatellus wileyae |Guana lsland, BV| |Bat Cavs 10 150m
Anolis cristatellus wileyae {Guana Island, BVl |[Muskmelon Bay 12 Om
Anolis cristatellus wileyae ';Guana Island, BVI ILongrnan Point | B 7?
Anolis ceistatellus wileyae | Total L 141
\Anclis stratulus Guana Island, BVl various 19 n/a
Anolis stratulus Total 19
Anolis pulchellus Guana Island, BVI jwarious 13 nfa
Anolis puichelius [Tortola, BVI n/a 2 n/a
Analis pulchellus Total 15
Anolis leachii Bermuda Barnes' Corners 2 n/a
Anolis leachii Bermuda Mangrove Bay 1 n/a
Anolis leachii Bermuda Sea Swept Farm | 1 n/a
Anolis leachii Total 4

{

Anolis grahami Bermuda _Nonsuch lsland 7 n/a
Anolis grahami Bermuda iSea Swept Farm 1 n/a
Anolis grahami Bermuda Tucker's Town 2 n/a
Analis grahami Total 10
Anolis extremus Bermuda Mangrove Bay 2 n/a
Anolis extremus Bermuda Naval Dockyard 2 n/a
Anolis extremus ITotal 4
Anolis ernestwilliamsi Carrot Rock, BVI  N/a 2 n/a
Anolis ernestwilliamsi Total 2

572
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Figure 1. Graphic depiction of locutions ol Anolis cristaellus wileyae collection
sites on Guana Island. l—Lonoman Point. 2=Muskmelon Bay, 3=Hotel Area, 4=Haltway up the
main road to the hotel, 5=Whiteflat Bay, ¢=Plantation Arci, 7= Bal Cave/Conflucnce of Red &

Blue Trails. See Table l for site altitudes.
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Figure 3. Silver Stained AFLP Denaturing
PAGE gel. Lane 1: ITIIB3-20A, Lane 2:
ACIB3-26A, Lane 3: AC2B3-26A, Lanc 4:
ACI1B2-26B. Lane 5: AFLP Marker
(Invitrogen Life Technologies).
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Appendix A: Silver Staining Protocol

Solutions Required:

*Add any formaldehyde & sodium thiosulfate immediately before use

Solution Name

Yolume

L. Fixing & Stopping Solution 1000 ml
a. 953% (v/v) ddH,O 950 ml
b. 5% (v/v) Reagent Grade Acetic Acid | 50 ml

2. Staining Solution | 1000 m!
€. 99.9% (v/v) ddH,0 999.0 ml
b. 0.16 (m/v) silver Nitrate 1.0 gm
¢. 0.056% (v/v) Formaldehyde (HCOH) | 1.5 ml

3. Developing Solution™* 1000 ml
a. 97% (v/v) ddH,O 970 mi
b. 3% (m/v) Sodium Carbonate 30.0 gm

(N, CO3)
c. 0.056% (v/v) Formaldehyde (HCOH) | 1.5 ml

d. 0.2% (v/v) 10 mg/ml Sodium
Thiosulfate (Nua;S,05*3H>0)
[99% ddH,0O + 1% Sodium Thiosulfate]

0.2 ml (200 ul)

[10m! ddH;0 + 0.1¢gm Sodium Thiosulfate]

**Keep in ice bath < 10°C to keep ready for use.

Directions:

I. Submerge gel in Fixing Solution at room temperature (RT) for 150 minutes, or until the

tracking dye fades away. Prepare & refrigerate Developing Solution.

B

N

Rinse at RT in ddH,0O 2-3 times for 5 minutes cach.
Submerge gel in Staining Solution at RT for 30 minutcs.
Rinse both sides of plate at RT in ddH>O for < 5 seconds.
Submerge gel in Developing Solution at 4-8°C.

4. Submerge in first half of solution for ~2 minutes, shake vigorously to prevent

settling of silver particles, and maintain liquid swirling.

h. Submerge gel in second half of solution, keep swirling, and monitor for < 8
minutes. Add Stop Solution before completely developed; developing continues

for a short time.

g\.

Submerge gel in Stop Solution at RT for < 3 minutes.

7. Rinsc in ddH;O at RT up to | hour (3 rinscs usually sufficient).
a. Change water every 10 minutes.

S}
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An understanding of the abundance of organisms 1s central (o understanding
ecology, but many population density estimates arc unrepresentative because
they were obtained from study areas chosen for the high abundance of the
target species. I'or example, from a pool of 1072 lizard density estimates that
we compiled [rom the literature, we sampled 303 estimates and scored cach
for its assessment of the degree o which the study site was representative.
Less than half (43%) indicated that the study arca was chosen 1o be represent-
ative of the population or habitat. An additonal 15% veported that individual
plots or transcets were chosen randomly, but this often indicated only that the
sample points were located randomly within a study arca chosen for 1ts high
abundance of the target species. The remainder of the studies either gave no
mlormation or specified that the study area was chosen because the focal spe-
cies was locally abundant.

In many environments, lizards form mportant clements of the lood weh. In
mwany cases, they have been used as model organisins with which to examine

Corresponding author.
Present address: Department of Zoology, University of Wisconstn, Madion, Wisconsin IISA,

5%



332 Gl RODDA, G, PERRY, R, J. RONDEAU AND J. LAZLLL

questions of community assembly or species coexistence. Caribbean islands
have been among the most intensely studied locales for such work. Despite
this, the number ol absolute population measures for lizards is low even for
this region. Data for entire assemblages are rarer vet. In this paper we report
sampling of enure lizard assemblages conducted on Guana Island, British
Virgin Islands. We chose two habitat wypes: early successional (dominated by
Levwcaena levcocephala (Lam.) de Wit and Acacie macracentha Tlumb, & Bonpl. ex
Willd.), and mid-successional (dominated by Coccoloba veifera (1.) L.). These
habitats were chosen because they are representative of many habitats in the
arca. Additionally they are structurally (both habitats) and compositionally
(Levcaena habitat) similar 1o habitats we have examined more extensively in
the western Pacific, primarily on the island of Guam, Mariana Islands
(Rodda & IFritts 1996, 1998). Though non-native in the Pacific, Lewcaena leucoce-
phala forests are extensive in the Mariana Islands where they have been pur-
posciully sceded for erosion control (Falanruw ef of. 1989). This species also
dominates carly successional landscapes in the Virgin Islands (Litde & Wad-
sworth 1964). If vegetative composition determines the numerical success of
the resident vertebrates, we would expect the members of comparable lizard
cuilds 1o have similar abundances on the two islands.

Through human-mediated species transport there is some artilicial overlap
in lizard species representation between Guam and Guana. Anolis hizards are
a conspicuous native clement mn the West Indics (Lazell 1991); A, carolinensis
has been introduced throughout the Pacific, including Guam (McCoid 1999).
Hemidactylus geckos have been widely introduced in both the Pacific and Carib-
bean, including Guam and Guana (MacLean 1982, Rodda e «f. 19915 Table
1). Thus, we might expect greater similarity o the abundances of lizards
between Guam and Guana than would be the case if the assemblages had
complete phylogenetic and histonie independence.

We chose our sample sites on the basis of vegetauve representativeness of
the habitat (1.c. without advance knowledge of the population density of the
target vertebrate taxa). We selected plots that were qualitatively similar to a

Table 1. Comparizon of forest lizard assemblages between Guam (Maviana Islands, Pacific Ocean) and
Guana (Bonish Virgin Iskands, West Indies).

Activity Stratumn Guana Istand Guam Isiand
Diurnal arboreal Anoliv eristatellus Dumdérnil and A caralinensiz Voigt
Bibron A stratrelus Cope Lipinia poctua Lesson
large terrestrial Ametva exsul Cope Varauus indicur Daudin
sl terrestrial Mabniya stoanct Dandin Curlia fusca Dumédril and Bibron
Nphaeradactylus macrok pis Gunther Fomola eacrilvocarda de Vis
tolivore Cyclura pinguds Barbour —_
Nocturnal  arboreal Hemidactlies mabowin Moreau de Hewidactylee fronafus Dhoaudénl and
Jonuis Bibron Lepudedartstus Degubris

Dumiéeil and Bibron Gelyra
mulidute Wiegmann
terrestrial - Nactur peliagion Cirard
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typical stand in terms of tree species composition, stem diameter, stem density,
canopy height and canopy coverage. In cach habitat, we censused all small,
non-volan(, non-fossorial vertebrates. Our otal forest removal technique (see
below) provides unbiased density estimates for all of (he species, thereby
allowing us to estimate representation of all species and thus the assemblage.,

We quantified the absolute population densities with 10 x 10 m forest
removal plots (Rodda et al. in press). This technique is of value primarily for
species that occur at moderately high density, and for such species is preferable
to other estimates — because fewer assumptions are required. Details of this
technique are reported elsewhere (Rodda ef al. i press). Briefly, we scaled the
[0 x 10 m plots to emigration or immigration of the target species by a com-
bination of 1.2 m canopy separation (for non-volant arboreal species) and an
unclimbable ground-level barrier of greased 0.5m-high alummium f{lashing.
The barrier 1s buried in the ground to preclude subterrancan movements of
all but specialized fossorial species. These measures were taken during the
iactive period of the primary target species (thus the timce-of-day varies from
site to site according to specics composition), to minimize disturbance and
flight. In the British Virgin Islands we established the barriers at night.

Beginning on the following morning we then removed and dismantled all
live and dead vegetation down to the level of mineral soil. We recorded the
presence and mass of all vertebrates, as well as the fresh mass of aboveground
vegcetlation.

During October 1998 we sampled four sites, two each i early successional
(Leucaena leucocephala) and mid-successional (Ceccoloba uvifera) forest on the sand
flar of White Bay ou Guana Island, Briash Virgin Islands (18.475°N, 64.578°
W). For cach plot we identified to species and measured all woody stems > |
cm  dbh, sampled ground-level vegetation  with 20 uniformly  spaced
Daubenmire frame placements, measured litter depth in the centre of cach of
the 20 sampling poluts, estimated canopy height with reference to a measured
rod, and judged canopv coverage on the basis ol readings from a convex spher-
ical denstometer read facing mmto the plot from each of the four corners. Each
of our Virgin Island plots was clearcd by 6-12 people in 1-2 d. We sampled two
plots tor each habitat type, which provided a reasonable estimate of absohute
population density for species that exceed a density of about 200 ha™, We used
the same technique in Pacihc and Virgin Island sites, though this paper reports
the results of only the Virgin Island samples.

The carlv-successional plots were composed almost exclusively of Leucaena
and Acacie trees (Vable 2), whereas the mid-successional plots had a greater
diversity of woody species (the commonest, Coecoloba uvifera, averaged 12% of
total basal arca). There were a surprisingly high nuwnber of woody stems (up
to 438), espectally in the carly suceessional plots, but mediom and Lrge trees
(> 10 cmidbh) were generally absent (Table 2). Aside [rom species composition
differences, the most distinet vegetation features of the two habitats were litter

S8
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Table 2, Plot characteristies for study areas on Guana Island, British Virgin Islands.

Loucacna plots Coceoloba plots
I 2 l 2

Dominant tree Acacia lencaena Coccolaba Cucivdiia

(% of total hasal arca) (743 (73) (37) (+7)
Secondary tree Leucacnu Acacia Aracia Acacta

(% ol taral basal area) (76) (23) {31) (1
Total basal arca (cm™ 9490 1617 1260 2675
Stems > 1 o dbh 292 134 255 37
Stems = 10 cm dbl 0 0 (i 3
Canopy height (m) 5 3.5 6.5 6
Canaopy cover (%) 70 it 4l 71
Litter > | ecm 2 70 U5 75

(%5 ol 20 point samples)
mean liter depth {cm) 0.31 .75 335 +.89
Herly coverage 21 31 o 7

(mean of 20 Davhenmire samples)
Vegetation wet mass (kg) L4y7 1231 2074 2366
Sphucrodectytus collected b 262 676 380

amount (coverage and depth) and total wet mass of vegelation (range 997-
2366 kg). In the carliest successional plot (Leucaena-1) litter was barely present
(¢. 3% of surface), whercas deep litter (mean = 4.9 em) covered almost the
cntire forest floor in Coceoloba plot 1 (Table 2).

Faunal abundances were apparently related to these plot differences (Tables
2, 3). We obtained a wotal of seven snakes, 1401 lizards, and no amphibians,
birds or mammals. The vast majority of individuals (91.5%) were of a single
lizard species, Sphacrodactylus macrolepis, found in leaf litter. Statstical power Is
limited with four samples, but there was an obvious positive association (r* =
.84) between the abundance of this diminutive dwrnal gecko and the coverage
of leaf litter. In the plots with extenstve [eat litter this species was extraordin-
arily common (Table 3), reaching a higher density than has been reported for
non-aggregated lizards (Iiguve 1). We project that this gecko attains densities
of around 67 600 ha™ in arcas having continuous Coccoloba litter. Our average
density in the Coccoloba plots was 52 800 ha™.

The high density we observed was unprecedented among all non-aggregated
vertebrates. No mammals or birds are known (o approach the high densities
attained by reptiles and amphibians (Welty & Bapusta 1988, I'a & Purvis 1997).
A landmark study (Burton & Likens 1973} of leaf litter salamanders (Plethodon
cinereus Green) in New lampshire documented densities of around 2950 ha™'.
This value 1s near the upper reported limit of densities for salamanders that
are not aggregated along water courses or in tiny rock refugia. The highest
published density of non-aggregated frogs (20 570 ha™) is for (he coqui frog,
Llewtherodactylus coquad Thomas, in Puerto Rico (Stewart & Rand 1991). Although
our density estimates for Sphaerodactylus macrolepis are neaxr the cloud of densi-
tes reported for other hizard species in the Togarithmic scale shown in Figure

I, the next highest value (23 600 ha ', tor Anolis stratulius (Reagan 1992) is less
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Table 3. Mean densitics of speaies obtained from Guana Island removal plots (see also Table 2). Although
six Typhlops richardi were obtained during sampling, the sampling technique is considered inappropriate for
this fossorial specics, The ground level barrier has not been tested on snakes such as Liophis portoricensisy if
the harrier is nat completely eftective, the obtained results may be underestimates for that species.

Leucacna plots Cuecnlaba plots

Numbers ha™ Liaphis parturicensis 50 0
Snakes
Typitlops richard: 0 304
Lizards Ameipg evinl 200 0
Anelis cristatedlus 1000 1100
Anolis puldieling a0 ()
Analis stratulus GO0 900
Sphaerodactylus macrolepis 13400 52800
Biomass (kg ha™) Linphis portoricensis 3.05 0
Snakes
Typhlaps richurd: 0 0.71
Lizards Ameiva exsul 1.22 0
Anelis cristateliug 0.69 1.68
Anolis pulchellus 0.09 0
Anolis siratidies 0.63 1.00
Sphacroductylus macrolepis 3.60 15,26
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than hall the average value we recorded in mid-successional forest (we also
found A. stratulus in our plots, but at a much lower density: 600-900 ha™"),
Thus, our censuses of S, macrolepis constitute a new record, despite the choice
of sitc without regard to focal species abundance.

What is responsible for the high densities we found? Our impression is that
many ol the 73 Sphaerodactylus species vecorded from  the West Indies
(Schwartz & Henderson 1991) are likely to occur at high densities. The previ-
ously published density values for S. macrolepis on Guana Islund (Lazell 1991)
include a conversion error, which when corrected (to 16 000 and 26 000 ha™')
indicates a higher density than had been previously recorded. Despite these
high densities, Sphaeroductylus have apparcntly not engendered much interest
from ecologists, probably becausce of their secretive habits and small size (5.
macrolepis mean mass = 0.285 g in our samples). One commonality among the
species that exhibit the highest absolute densities (Figure 1) is their presence
on islands. Presumably predation is reduced on islands, though other factors
may also play a role {Andrews 1976). Fauth ¢ al. (1989) found a strong associ-
ation hetween leal litter depth and the diversity and abundance of herpeto-
fauna in tropical leaf litter. Several of the high density species mentioned above
(tempcrate salamanders, tropical frogs) have also been associated with leafl
litter, though a proximate cause for high density in leal litter is not obvious.

Most densc terrestrial vertcbrates are small. A more equitable basis for com-
parison among species might be blomass density {Table 3). S. macrolepis has
the highest biomass density of the species recorded in our Guana Island plots,
but its biomass is unremarkable. A variety of lizards exhibit values near 100
kg ha™ (Tigure 1). The two lizard species with the highest documented biomass
densities are Gallotia stehlini Schenkel, for which the four highest values are
109-228 kg ha™', all in the Canary Islands (Vernct et al. 1997) and Jguana iguana
L., which was documented at 107 kg ha™ on an island in Colombia (Miiller
1972}, These are roughly an order of magnitude higher thawn that of 8. macrolepis
or Loxodonta africanus Blumenbach, the African clephant, two species at opposite
ends of the size spectrum which both exhibit biomass densities of around 10
kg ha™ (IFa & Purvis 1997, Prins & Reitsma 1989; present study). Due to their
great mass, a few mammals attain biomass densities higher than that of Sphaer-
odactylus, but none approaches that of some island lizards (Tigurc 1).

Does the high density ol Sphacrodactylus have an analogue in the lizard assem-
blages of Pacific islands? Litter inscctivores are also the denscst species in
our Pacific samples. In Leucaena habitat in northern Guam, for example, litter
dwelling msectivores outnumbered those {rom all other guilds, averaging
10275 ha' (23.9 kg ha ") in our cight samples (unpubl. data). Aside from the
importance of litter inscctivores, there was hitle overall functional similarity
between Guam and Guana lizard assemblages. Though arboreal diurnal lizard
species oceur in both places, they were absent from [ of 12 samples on Guam,
but numerous in all Guana samples. This was unexpected given that Anolis
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occur in both places. While the Brown Tree Snake (Deiga iregularis Merrem in
Bechstein) could be responsible for the low density of arboreal diurnal lizards,
cspecially anoles, on Guam (Rodda & Irits 1992), 1t does not explain the
similar results obtained on nearby, snakeless islands (unpubl. data). No repti-
lian folivore has cmerged in the Marwanas.

The most striking difference between the two islands was in the nocturnal
niches, however. We detected no individuals of nocturnal species on Guana
Island, whereas about half of all terrestrial vertebrate mdividuals on Guam
are from nocturnal species (Rodda & Frites 1996, 1998). This is especially sur-
prising 1 light of the presence of introduced Hemidactylus sp. in both places.
Apparently the lailure of Hemidactylus mabouia (o proliferate away from human
habitation on Guana Island 1s unrelated o the presence of native lizard com-
petitors, since none is known from the island. This example suggests caution
in invoking competition to explain the abundance or distribution of Hemidactylus
Jrenatus in the Pacific (Case & Bolger 1991a, b; Case et al. 1994).

The pattern of gross dissimilarity between guild abundances that emerges
from this comparison of assemblages in Pacific and West Indian islands differs
from the relatively high overlap in assemblage structure detected on the basis
of specics composition {Table 1). The addition of information about species
abundances strengthens the impression that historical factors or some process
other than community adaptation scvercly constrains eccological roles and
potential abundances. Although population densities are often difficult to

quantify, they appear to provide considerable insight into the {functioning of

ecosystc ms.
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Lizard Abundance in Guana

Despite the importance of accurate population density estimates
in ccology, many studies of lizard abundance are biased because
selection of study sites is commonly based on the high density of
the species studied. The authors quantified absolute population
densities of lizards with four 10 x 10 m forest removal plots in
Guana Island, British Virgin Islands. Early successional and mid-
successional forests were surveyed, and the resulls werc compared
with data of a previous study made in the island of Guam, Mariana
Islands. Of the 1401 lizards obtained, 94.5% corresponded to the
diurnal gecko Sphaerodactylus macrolepis, which was found
primarily in leaf litter. With a density of 67,600 ha', S. macrolepis
was found to be the densest terrestrial species among non-
aggregated vertebrates. Therefore, this lizard represents an
excellent model organism for ecological studies 1 spite of its
secretive habits and small size. Lizard asscmblages in Guana are
similar to thosc in Guam only in that litter insectivores are the
densest species. The main difference between Guam and Guana is
that Guana lacks nocturnal species, whereas in Guam nearly half
of all terrestrial vertebrate individuals correspond to nocturnal
species. This dissimilarity between guild abundances in Guana
and Guam contrasts with the significant overlap in assemblage
structure between both islands. The authors concluded that some
process other than community adaptation significantly influences
ecological roles and potential abundances.

Ronpa, G. H., G. Perry, R T Ronpian, axn I, Lazeer. 2001, The deinsest
terrestrial vertebrate. Journal of Trepical Ecology 17:331-338,

Correspondence t0: Gordon H, Rodda. USGS Midcontinent Ecological
Science Center, 4512 McMurry Avenue, Fort Collins, Colorado 80525,
USA.
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LIOPIHHS PORTORICENCIS ANEGADAL (NCN) NIGITT-
LIGITT NICHE. Geckos have [or years been known 10 associule
with human dawellings, foraging around lichis at night. More re-
cently, divmal hzard species hnve developed this behavior, wermed
“pight-light niche™ by Schwartz and Henderson (19910 Amphit.
fans and Reptiles of the West Indies: Descripnions, Distribadions,
and Nuaworal History. University of Florida Press, Gainesviiie,
Flovida. 720 pp.). McCoid and Hensles (1993, Herpeiol. Rev,
23:87-88) listcd seven species of Anolis and a skink
(Crypaplephorus poecilioplouris), and Perey and Buden (1099,
Micronesica 31:263-273) added another skink, Lowp
smiceragding, 10 e list of reptles 1 employ Was bebavior Qu
Guana Island, British Virgin Jslunds, the crested ancle Analis
cristatelluy lins for years heen known ta ocoupy {his wiche ( Lazell,
unpubly. In Octoher 1209, the divmnal zecho Sphavrodacidiag
macrefepiswas frstseen in the night-lebt niche, with individudls
seen foraging on path lights betw cen 2030 qud 210U h (Perry. un-
pubsly. In the lastihree vears, howeser. i du ridd cpalke
hins also joined the grow iz lisi of species fordging al lizhis in the
night. Starting in 1997, we hove chsenved severat individnals of
Liophiis portericensis anegadae apparently ambushing lizands i
these lights, On 2 October 19499, one was oheerved consuming an
Anpdis, itsell using the lizht to ambush prey. To our konowledze,
this is the first record of o snoke occupying the night-light niche:
WWith this development, o chain that stared with insects being at-
tracted (9 lights, and then extended 1o insecl predutors, niovw hasdis
first secondary predator,

We are indebied to Barry and Buena Valentine for recording the
Analis cansumption,

Submitted #y GAD PERRY, Department of Zoology, Univer-
sitv of Wisconsin, 430 Lincoln Drive, Midison, Wisconsin 53706-
1381, USA (e-mail; GPerry @ facstnit wizc.eda), and JAMES
LAZELL, The Conservation Agency, 6 Swinhurme St., Jamestown,
Rhiede 1siand 025833, USA,
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From: "Arijana Barun”
To: <wenhua@ETAL.URI.EDU>
Sent: Thursday, May 08, 2002 10:27 AM

Subject: amphisbaenians
Hi Skip and Wenhua,

About two months ago I accepted the graduate position
with Dr. Dan Simberloff at University of Tennessee,
Knoxville, Most of Dr. Simberloff's graduate students
work with invasive spectes and I was offered the
opportunity to work with the mongoose in Croatia. The
basic question I will be looking into is the

autecology of the mongoose, its possible interaction
with the stone marten, and the autecology of the stone
marten in the same region. There are many ways to take
such a project and 1t is up to me now to find the best
way. | wanted to work with herps but [ could not
refuse the offer to work with Dr. Simberloff and in
Croatia. When 1 visited UT-Knoxville we talked about
you Skip and he asked me all about Guana and ongoing
projects. 1 told him that I would be interested in
continuing the Alsophis project but that will have to
wait until next year. The reason is that in the same
week that

1 was accepted at UT, I found out that I was pregnant.
It was a huge shock for me and for Vlado. After

talking to Graduate committee it all looks a lot more
promising. 1 will officially start in Fall 2003 but my
first field season will be in Summer 2003, Next month
I am moving to Knoxville, so that during the pregnancy
I can prepare the proposal and get ready for a tirst

field season (Summer 2003). My family is going to look
after the baby while I am in the field and Vlado is
going to change the job so that he docs not travel as
much as he does now.

[ am currently working at Smithsonian National History
Museum in DC on two projects. First is in GIS
department where I mostly analyze and map data for
researchers at the museum, The other is at the
Amphibian and Reptile Department trying to figure out
if there 1s any correlation between ecology and
morphology of Toad-headed lizards, Phrynocephalus.

Gadi and 1 started to write the diet paper and the

activity for Alsophis. At [east one of the
amphisbacnians, and perhaps both, have becn tagged for
deposition by you Skip. Gadi and 1 would like to
include the museum accession numbers. Can you please

66

e-mail it to either me or Gadi. I will be in Madisor
WI for few days next week.

I am very sorry for not being able to continue the
Alsophis project this year. I will keep in touch wit
Gadi and see how it goes in the future.

Hope everything is going great with you.
Arjana

5/9/2002
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Abstract

A survey of the status of the globally threatened West Indian Whistling-Duck (Dendrocygna arbored) was
conducted on St Kitis-Nevis (17°15™N, 62°40°%W) during January-February 2000, Histoncally, these Lesser Antilles
have been considered the southern edge of the species’ range, but the anly known record of its existence is an undated
musewn specinen fom St Kits (St Christopher). There are no known records from Nevis and, currently, there is no
suitable habitat. Puring this survey. the West Indian Whisting-Duck was neither sighted nor heard on eather island. A
well-known tornwer hunter an St Kins reported having seen the whistling-duck in siall nombers on several mangrove-
Iringed ponds 15 20 yeurs ago, bul they were only occasional visitors, not residents. Teday, ondy one pond provides
suitable habitat and e future prospects are bleak. The government supports development of 1ourism for both islands,
and repodedly has already approved the best remaining mangrove-Irnged pond on St Kills as a development site tor
two new hotels, with a boardwalk extending across the pond as a nature walk.

Kestmen— BLFSTADO DIE LA CHIRIRIA ANTULANA (DENDROCYGNA ARBOREA) N SAN CRISTOBAL-NEVIS, LNERO
FEBRERO DE 20000 Un levantamiento para deterninar o estado de la globalmente amenazada Chirida Antllaoa
{(Dendrocypna arborea) se realizo en San Cristabal-Nevis durante encro-febrero del 20000 Historicunente, eslas Anti-
flas Menores han sido consideradas como los terntorios miis meridionales de la distiabucion de o especie, pero el anico
registro de su existenaa en el lngar es un espécimen de museo proveniente de San Crislobat. Na se conocen regislios
de Nevis y en b acwaahidad no exisie habitat apropmado. Durante este Jevantamicnto no se avista ni escuchd a la chiriria
en ninguna de las dos islas. Un cazador de renonibre en San Cristobal reporta haber visto la chirisia en mimieros pegue-
flos ¢n varias lgunas viladas de mangle hace 15-200anos, pero tan solo eran visitanes ocasionales, no residentes. oy
en dia, solo una laguna provee hibitat adecuado y Tas perspectivas para el fuluro no son promeledoras. Tl gobiema apo-
ya ¢l desarrollo del turismo en ambas islas y supuestamente ha aprobado gue la mejor laguna orlada por mauglares que
queda sea el lugar de dos nuevos hoteles, con un paseo 1ablade crozande la higuna como sendero nakural.

Kevwords: Caribpean wetlands, Dendrocypna arborea, S¢. Cliristoplier, St Kitrs-Nevis, West Tndian Whisdling -Duck
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INTRODUCTION

THE  WEST INDIAN  WINSTLING-DUCK  {Dendro-
cygna arborea; WIWDY 1s & globally threatened
member of the Deadrocygnint ribe (del Hoyo et al.
1992). This tribe 1s comprised of eight species within
the Anserinae subfamily. which are intermediate in
morphology between ducks and geese (Bond 19306).
The whistling-duck is confined to the Bahamays and
the Greater and Lesser Antilles (Collar e of, 1994,
Onee common, its population has declined substan-
tally throughout its range {Raffaele er al. 1998) and
is now believed 1o consist of only 13-20,000 indi-
viduals spread out in many small, fragmented groups
(BirdLite International 2000}, The species 1s consid-
ered vulnerable 1o extinction, the primary threats be-
g destruction of their wetland habitat tor ourism
development und agriculture, under-regulated hunt-
ing, and natural catastrophes such as hurricanes
(BirdLife International 20003, as well as poaching
and predation by introduced mongooses and rats
(Kear and Williams 1974; 1. Dalry, pers. comm.).
Although the species is legally protected throughout
most of its range, enforcement of hunting laws 1s in-
adequate or non-existent and poaching is widespread
(Staus 19984a).

A West Indian Whistling-Duck and  Wetlands
Conservation Projeet has been lTaunched by the
WIWD Warking Group ol the Society of Caribbean
Omithology to riise awarcness about the plight of
the duck and premote actions that will reverse its
further decline (Sorenson and Carey 1998 Sorcnson
and Bradicy 1999, 2000). These include (1) the de-
velopmient of educational materals (e.g., shde show,
codoring book, puppet show, duck 1dentitication
cards tor hunters, and wetlands cducation work-
book), {2) teacher education workshops 1o demon-
strate the use of these materials and the promotion
and funding of Watchable Wildlife Ponds, and (3)
funding of surveys in several Curibbean countrics
{Sorenson and Bradley 1999, 2000). Addinwnal sur-
veys of the status, distribution, and habiat usc of the
WIWD in cach of the islands it is belicved o inhabit
are needed before a comprehensive Caribbean-wide
conservation plan can be tormulated (Sorenson and
Carey 1998),

St Kits-Nevis (17715N, 62°40°W5 and Antigua
and Barbuda {(17°06'=40°'N, 617345W) have histori-
cally been considered the southern edge of this spe-
cies' range (Collar er @l 1992), However, although it
is a year-round resident on Antiguy and Barbuda
(Ruffacle ef af. 1998), the only record of i1s existence
on SCKits-Nevis s an ondaled musenm specimen
iromn St Kites in the Muscum of Comparative Zool-
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ogy, Cambridge, Massachusctts, USA (Collar ¢r al.
1992). There have heen no recent sightings or data
from cither island (L. Sorenson. pers. comm.). The
purpose of this survey was to determine the status of
the species in St Kits-Nevis. The survey was con-
ducted in consultation with the WIWD Working
Group of the Sacicty of Caribbean Ornithology
(SCO) and conservation groups on both St Kitts (St
Christopher Heritage Socicty) and Nevis (Nevis His-
torical and Conservation Socicty).

GENERAL BIOLOGY AND ECOLOGY

The West Indian Whistling-Duck 15 the largest and
bulkiest of the whistling-ducks, waeighing about 1130
¢ (Madge and Burmn [YRE). Males and females are
alike in size and appearance in the held, being rather
dark overall with pale faces and forenecks, and ex-
tensive bluck and white spotting along the flanks. In
theht, they uppear dark above and below, with head
drooped and fect extending beyond the tail in good
light it may be possible 10 see the spotied underparis

El Pitirre 14(3)
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(Raffacle er af. 1998) It is less vocal than other
whistling-ducks, the call being a sholl, but rather
harsh, whistled “visisee.™ Tt is normally a resident,
non-migratory species (Madge and Burn 1988), but
also bas been known o iy up o 40 ki (o visit other
islands (Staus 1998k). It is not known to be parlicu-
larly shy or wary.

The WIWD feeds nocturnally and 1s crepuscular,
hecoming active at dusk when 1t {lies w its leeding
arcas {from coastul mangroves and marshy arcas
where it has spent much of the day hidden, loating in
smatll groups on waterside banks or perched amongst
partially-submerged drees and branches (Madge and
Burt 1988). It feeds primarily on grasses, herrics,
and fruiis, especially the fruits of the Cuban royal
pulm (Rovstoma regia). as well as cultivated seeds
and grain on agnicultural land {del Hoyo et al. 1992).
In previous studies i the Bahamas (Staus 1998a.b),
this species exhibited strong site fidelity, consistently
using the same roostmg and feeding sites, The birds
in that study preferred o roost 0 mangroves and
pond-edae vegetation during the day, and feed on
tresb or brackish ponds and tidal tlats during the
night. Non-breeding hirds spend little time on the
walter and are nol known to dive (del Hoyo er al.
1992, Staus 1998x). On the other hand, birds with
bracds spend much time swimming while their duck-
lings teed (Staus 1998a). The WIWD breeds dunng
the rainy season, primarily [rom June 1o Getober, but
the timing varices hy location.

STUDY SITES

St. Kitts-Nevis 1y in the northern part of the Lee-
ward Islands i the Lesser Antilles (Fig, 1), Onee
British colomes, the two iskinds today are the wde-
pendent nation of St Kitls=Nevis, which remains
part of the British Commonwealth. Separated by a
3.2-kin channcel, both aslands are mountainous with
raintorest-covered voleame peaks. the highest on St
Kitts hemg Mount Liamuiga (1136 m) and on Nevis
being Nevis Peak (Y85 m). St Kius, approximately
30 km long and 9 kn wide (176 kim”) wath a popula-
non of about 35,000 (2(](),"k1n"’), is the larger and
more densely populated of the two islands, Almost
all of its arable Tund, from the lower edyge of the cen-
tral ramlorest (250450 m asly 10 the coastal high-
way ringing the iskind, some 4230 ha (10,500 acres;
24% of the island's Land mass), s coltivated wilth
sugarcane (Mager 19973, Small plots of vegetable
and ool crops are scattered between and above the
sugar plantations (Counry  Environmental Profile:
St Kitts and Nevis 19910 There are 10 substantial
sall  ponds.  toting  approximately 200 ha
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Fig. 2. Salt ponds (A througli 17 on St Kitts, Lesser Antil-
les. See Table 1 for data on ponds.

(Honebrink 1993), spread along its low-lying south-
eastern shore and the Southeast Pemnsula {Table |
and Fig, 2). all of which were once ninged with living
mangroves, and all of which nught have provided
suitable habitat for the whistling-duck at some time.

Nevis (93 km®) is not only simaller than St Kitty,
with fewer people (about 9,000: 97/&m’Y; it 1y also
steeper without the extensive coastal plains or large-
scule ugricubture. Coastal features mclude long sandy
beaches and a system of small Ireshwater lagoons
along the western (Jeeward) side of the island, and
smaller rocky beaches and massive sea-facing cliffs

along the castern side. The freshwater lagoons are of

wo  Lypes, depending on their primary  sources:
mountain ravine run-off or underwater springs. Some
of these lagoons appear 10 “flush™ themselves into
the sca occasionally, whereas others appear 1o re-
mainn a relatively stagnant condition until 1he rainy
season arrives  (Country  Environmental  Profile
1991). Several are [mMoged by mangroves and nmght
have provided suitable day roosting habitat {or the
whistling-duck.

SURVLEY METIIODS
The objectives of the survey were 1o deterimine
whether the WIWD s extant on St, Kis-Nevis and,
il xo. to develop a population estimate and a descrip-

ton of its habitat usage, The survey plan consisted of

three parts, a physical count of any birds present,
inmerviews with omithologists and former hunters,
and local Tibrary rescarch. The Vlook-see™ counting
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Tuble 1. Salt ponds of St Kitls (See Fig, 2 for
map locations ). Source: [Honehrink (1993,

Mup Approximate
locanon Name size (ha)d

A Crreatlieeds Pond 14
J5; Halt Moon Pond Il
C Muddy Pond G
D Frigate Bay Pond 7
[: Friars Bay Pond 4
8 Little Sad Pond 30
G Great Salt Pond 104
3 Muyjors Bay Pond 9
I Cockleshel] Pond 0
J Mosguito Bay Pond 7

method (Bibby er af. 19923 was believed o be the
most appropriate, because the amount of suitable
habitat on St. Kitts and Nevis is inited, the species’
site fidelity has been shown to be strong, and 1t has
not heen known to be particularly shy or wary, The
potential bias of double counting, caused by the
movement of birds from already surveyed arcas o
arcas that have not yet been surveved (Bibby et al.
1992), was considered to be less of a problem with
WIWD due o its strong site fidelity and lack of
WATIICKS.

A pilot survey was conducted to determine the ap-
propriatencss of the “look-see™ counting method in
various locations and at various times of day. follow-
ing consultations with local experts. Fronr 11 10 25
January, cach wetland arci was visited once npially
during the daylime o assess s potential as a day-
fime roosting and loafing area (¢.g., isolation from
human activity, presence ol healthy mangroves, and
presence ol other wildiowl speciesh. Based on the
findings of @ similar survey conducted in 1999 in the
Turks and Caicos Islands by the Royal Society for
the Protection of Bivds {UK). The Wildlow! and
Wetlands Trust (UK), and the Nanonal Trust of the
Turks and Caicos, taped call plavback at dusk in
tkely habitats appeared o be the wiethod that would
give the hest results (Hikton er «f. 2000). Therelore,
once the likely habitat arcas on both islands were
wdentified, cach was visited again between 27 JTanu-
ary and 1 March from dusk o early evening
(18:00-20:00}. Taped sets of four repeated calls were
played back at 3-min intervals throughaout this period
and the sites were repeatedly scanned with 10x bin-
oculars and u 20-060x ['clcsmpc.

A cursory survey nd interviews of local natural-
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ists were also conducted on both slands to deternmine
the abundance of roval palm and cultivated gramn
crops, the favorite (oads of the  whistling-duck
(Johnsgard 19785,

Rusuirs

No West Indim Whastling-Ducks were seen or
heard on cither island. Discussions with a prominen
ornithelogist (D, Robmson) and naturalist (J. John-
son} on Nevis, as well as rescarch at the library of
the Nevis Historical and Conservatdon Society failed
lo uncover any record or recollection of the whis-
tling-duck on Nevis, The Iibrary contained reports of
several avifauna surveys on Nevis dating back 1o
1982 (Mormis and Lemon 1982, Robmson 1988,
Esser 1990), none of which included any records of
Anatidac occurring on the island, The small freshiwa-
ter lagoons, all of which were visited, had been vari-
ouslv mcorporated into a goll course, damaged ex-
ensively by a recent hurncane, or heavily hittered
with paper and plastic items. The walterbirds found
on these lagoons were ahinost exclusively herons and
caretsy Litlle Blue Heron (Fgretra cacerulea), Tricol-
ored Heron (£, tricolor), Snowy Earet (£, thela).
Cautle Lgret (Bubuleus thisy, Great Blue ITleron
(Ardea herodias). Great Egret (A, alba), Yeliow-
crowned Night-Heron (Nyoticoray nveticorax), and
Green Heron (fuweorides vireseens), There was only
one small grove of royal palms on the 1slund and 1o
grain crops were found.

St Kius, with 10 substantial salt ponds at its
southeastern end, initially appeared to huve more
potentially suitable habitut for the whistling-duck
(Tabic 1). All of these ponds, however, are located in
cither heavily developed areas or within the zones
designated by the government as the main lounst
developrwent arcas on the island. A prominent former
huanter and conservationist remembered seeing the
WIWD occasionally on one or two of these ponds
13-20 years ago, but they were infrequeni visitors,
staying only o few days (C. Byelyn, pers. comm.).
[le assumed they had flown in from Barbuda or An-
tgui , both approxineutcly 100 km from St Kitts. At
the time of our surveys, these ponds were generally
in poor condition. Perhaps the worst example was
Greatheeds Pond, once a dteshwater pond of approxi-
maltely 14 ha, surrounded by thick mangrove Torest
(Honebrink 1993; C. Evelyn, pers. comm.) and con-
sidered St Kats® best example of a mangrove swamp
(Counury Environmental Profile 19913, This pond s
now i fraction of its former size, more saline than
the sca (Honebrink 1993), and surrounded by the
parking arca of a concrete block factory, a finng
range, and a refuse disposal arca. The fow mangrove
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trees around its shores were dead (K. Orchard, pers.
comimn.) and the only sign of wildlife observed on or
near this pond during our surveys was a Common
Moorhen (Gallinnla clloropres) tbat was calling,

Muddy Pond. which has heen reshaped and used
for wastewaler treatment (Henebrink 1993), 15 now
shallow (<1n), polluted with bits of paper and plas-
e debris, and surrounded by a golf course fairway,
an induostrial building wnd residential units, Tts nar-
row (<3 m) mangrove fringe is stil alive, hue con-
sists of unusually sinall, thin trees (<3 1m0 height)
that are otally ineflective in shiclding the pond from
surrounding activity. Although this pond is reported
(K. Orchard, i {rrr) to regularly hold herons and
Black-necked  Stilts (Himantopls  mexicanis), no
birds were observed during this survey. Hall Moon
Pond, once ihe site of an aguaculture venture, is also
reported to regularly hold erons and stilts, and hun-
dreds of waders during their fall and spring migra-
tion (K. Orchard, e &), but we observed no birds
there during our surveys.

Frigate Bay Pond has been incorporated into a golf
course. At ihe time of our surveys, this pond was
dry, having been intentionally drained. Normally,
there are a few mangrove trecs growing around s
cdges and ducks and moorhens are regularly seen
there (K. Orchard, /n L), Great and Lattle Sal
PPonds. once the sie of salt production, as well as the
other Southeast Peminsula ponds (Majors Bay, Cock-
feshell, und Mosquito Bay) are all open and afford
litlle cover for waterfowl, The mangrove fringes of
these ponds all appear to be either dead or dying.
Tiie only two waterbirds scen on these ponds were
skl waders: Ruddy Turnstone (Arenaria interpres)
and Black-bellied Plover (Pluvialis squataroia). The
Southeast Peninsula, which has been designated as
the primary area for tounsm developrent, has re-
cently been opened up with a now highway close to
the ponds and several of 1ts ponds have been consid-
cred {or onshore marina development (Honebrink
19493).

Friars Bay Pond is currently the best remainnng
example of what the mangrove-fringed ponds of St
Kitts once must have been like. This small pond s
still fringed vn three sides wath healthy mangrove
trees and provides cover for waterfowl, During our
surveys, Friars Bay Pond held seven Blue-winged
Teal (Anas discors), one Belted Kinglisher (Cervie
aleyorm), one Common Moorhen, a pawr of Black-
necked Stlts, und a pair of American Coots (Fufica
crericana), However, this pond is also threatened
with development, hecause 1t apparently as heen
approved as the site of two new hotels with an ele-
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vated boardwalk across the pond and mangroves (K,
Orchard, pers. comm.),

Government-owned sugarcane plantations domi-
nate the agrniculture in St. Kitts, There appeared to be
no hrge ficlds of grain crops and a naturalist on St
Kuts who has been leading walking and four-wheel
drive expeditions inte she island’s forests for 10
years reported that there were very few royal palims
on the islind (G. Pereira, pers. conumn. ),

DISCUSSION

No West Indian Whistling-Ducks were seen or
heard duving this survey of setland habitats on St
Kins and Nevis. Although all poteatial wetland habi-
1atls on both islands were visited, the survey wis con-
ducted 1w only one season (mid-winter dry scuson)
and only in one year. West Indian Whistling-Ducks
are known o be nomadic occasionally (Staus 1998b)
and it is therefore possible that they could oceur on
St Kitts during other times of the year, or when con-
ditions are puarticulariy good {e.g., wet) on St Kitts-
Nevis or particularly bad (¢.g., drought) on ncarby
islands. local hunters,
naturadists, and residents, and our observations of the
condition of the wetlund habital suggest that 1t s
undikely that the whstling-duck has been a resident
or regular visitor on either island for many years.
Whereas some of the wetlands on St Kitts might
have once supported small populations or occasional
WIWD visttors, it seems unlikely that the species
could be reintroduced here because of past and con-
tinued wetland degradation, This snggests that St
Kitts-Nevis should no longer be considered part of
this species’” novmal range.

However, interviews  with

Although not home o the West Indian Whistling-
Duck, the salt pond wetiand system on St Kitls,
whicit ts umique in the Lesser Antilles (Country Lin-
vironmental Protile T991), attracts large numbers ot
waterbinds during the spring and fall migranion peni-
ods (K. Orchard, i fier). With renovation, n could
again hecome an important habatat for wintering wa-
terbirds such as herons, egrets, and small waders,
and a substantial attraction for ourists, [ addition o
their nnportance tor waterbirds, these ponds and
their mangrove swamps also protect the marine habi-
tat around St Kitts by collecting and [iliering rain-
waler runof! that otherwise could severely damage
ishore marine ccosystems such as coral reefs and
sea grass meadows (Honehrink 1993),

The Jegal intrastrocture for protecting and renovat-
mg these wetlands scems to be in place, in the form
of the 1987 Natomd Conservalion and  Tinviron-
nmental Protection Act. This act, combined with the
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1913 Wild Birds Protection Ordinance Act, the 1973
Pesticides Act, the 1986 Soutiwcast Peninsula Land
Developiment and Conservation Act, and the 1989
Litter Act, would seem to provide the bases lor pro-
tecting these wetlands from further  degradation,
cleaning them up, and renovating many of them 1o
their former condition. What seems 10 be necded iy a
comprehensive  conservation action plan for this
valuable national asset,
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RESTORATION OF THE GREATER FLAMINGO (PHOENICOPTERUS RUBER) TO ANEGADA,
BRITISH VIRGIN [SLANDS i

JAMES LAZELL

The Conservation Agency., 6 Swinburne Street, Jamestown, RED2835 . {54

Abstract —Tollowing a trial establishment of seven Greater Flamingos (Phoenicopterus ribery on Guana Island,
British Virgin Islands, i 1987, the Bermuda Aquarivm, Museum, and Zoo provided 18 flamingos o The
Conservation Agcncy, funded by the Falconwood Foundation, for reintroducnon to Ancgada in 1992, where a larpe
mineteenth century population had beer eventually extirpated in the twenneth century. These birds nested successTully
in 1995, The flock has increased to 63 birds, including 11 fledglngs, in 2001, and a populatien seems Drmly
established.

Restunen. —RUESTAURACION DEL FLAMENCO (PHOLNICOPTERUS RUBER) EN ANEGADA, [SLAS VIRGENES BRITANICAS.
Despuds del establecinuento experimental en 1987 de siete flamencos (Phoenfcopterus rufrer) en la isla de Guana,
Islas Vitgenes Britanicas, ¢f Bermuda Aquaciuim, Museum, and Zoo dono 18 flamences o The Conservation Agency,
tunduda por la Fundacion de Falconwood, para una reintroduccion en 1992 en Ancgada, lugar donde hubo una gran
poblacién niditicanie en ¢l siglo XIX que fue exterminada en el siglo XX, Fstas aves se repradujeron exitosmmenie cn
1995, La bandada ha aumentado a 63 aves en 2001, incluyendo 11 pichones que han alzado vuelo, y la poblacion
parece estar firmemente establecida,

Key words: Anegada, Brivish Virgin Lsfands, conservation, Greater Flamingo, Phocnicopieras ruber, restoration

SR ROBERT HERMANN SCHOMBURGK (1804
1863), a Brtish subject born at Freiburg, Prussian
Saxony, Iraveled to America in 1829 and (o the is-
land of Anegada in the British Virgin Islands (BVI)
in 1830 (Anonymous 1957} Schomburgk (1832)
chronicled the vast numbers of Greater Flamingos
(Phoviicopterts ruber) on Anegada, but noted they
were even then declining and no longer nesting. By
mid-twentieth century no resident birds remained,
although small groups of Nlamingos occasionally vis-
ited the island (Mirecki 1977).

Reintroduction of flamingos to the BYI, in com-
bination with the restoration of Ancgada rock igua-
nas (Cyvclura pingnds) 1w 1slands within the hizard's
former range — the Greater Puerto Rico Bank — wats a
plan {irst conceived and promulgated by me in 1980
when T was cniployed by what was then the Depart-
ment of Natural Resources and the Environment,
Government of the British Virgin Islands, under the
direction of Robert Creque, My plan was initially
vested by Creque and proposed 1o several prominent
leaders on Ancgada: if 1 could find a suntable home
for some Ancgada rock 1guanas, and capture and
move them, 1 promised to obtain Greater Flamingos
for re-estabhishment on Ancgada. 1 did not know
how ditficult and expensive this would be, or that it
would take over a decade 1o accomplish,

Over the next several years T worked with the
owners of Guana Iskimd to estahlish it as a wildlife
sancluary; renove or control exotics like sheep, bur-
ros, and cats; restore vegetation; and build a program
of scientific research, During 1his peniod the National
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Parks Trust {(NPT) developed inlo a major quasi-
governmental entity under the direction of Dr.
Nicholas Clarke. The iguana transter and tlamingo
importation — part and parcel of the same restoration
program — were constant lopics ol conversation with
Clarke, Mr, Louis Potter of Town and Country Plan-
ning, BVI Government {(who was drawing up the
excelient — if still untulfilled — plans for a Nutional
Park on Ancgada), and numcrous other government
officials. In 1987 we got the {irst flamningos {tom the
Bermuda Aquartum, Museum, and Zoo, through the
good offices of then-Dircctor Richard  Winchell.
These birds came with the stipulation that they had
to survive on Guana without being poached prior o
placing any on Ancgada. I published my plans in a
local newspaper (Lazell 1987).

Guana Island and my organization, The Conser-
vation Agency (TCA), continued to work hand-in-
glove with Mr. Potter, the Deputy Governor Mr,
Elton Georges, National Parks Trust then-Director
Rob Norion, and government officials in general un-
ul finally, on 7 March 1992, we were able to bring
I8 fiamingos from Bermuda 1o Anegada. There was
a ereal ceremony on that occasion, nvelving the
BVI'y ihen-governor Peter Penfold. then-Deputy
Chict Mamister Ralph (' Neal, then-Education Minis-
ler Louis Walters, Guana's owners Dr. Henry and
Gloria Jareekt, the prominent citizens ol Ancgada.
then-Mhrector of NPT Rosmond DeRavariere, TCA s
Vice-President Dr. Numi Goodyear (Mitchell), and
many government officials. The procecdings were
accuritely described hy Goodyear (1992) for NPT
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and 1n the iocal newspapers by Johnson (1992) and
Pickering (1992), the latter explicitiy detathing the
long-standing — and at last fulfilled — flamingos for
tguinas trade [ had envisioned and promised years
before. 1 deseribe these details and cite the contem-
porancous media coverage because of the ermencous
assertion thal iguanas “were moved without the per-
mission and  involvement of the BV govern-
mient” (Garcia 2000), Lett uncorrected, and withowt
the contest of the flamingos-tor-guanas restoration
project, this fulse statement coudd have serioosly
detetenous ramifications adversely affecting NGO
projects i the BV and ever farther atield.

Interiauonmliy, Barnes (1992) provided a good
accoutit of the inioul restoration and Conyers (19963
and Colli (1996} documented the growth of the
population. Unfortunately, Raffacle o al. (1998)
made no menton of the Anegada {or other BV
population. Over the years the oviginal Guana (lock
dhwindled as older birds died. By 1992, the remaining
four individuals lefl Guana frequently and visited
other BVI salt ponds. Far trom heing poached. they
wore extremely popular and welcome wherever they
appeared. Conyers (1996} reported that four Dirds
joined the original 18 on Anegada, miaking 22 before
successful nesting 1995, These may have been the
four Guana survivors, bul Conyers saw no bands on
them and believed ail the birds from Bermuda car-
ried bands.

There are still seven non-breeding hirds on Guana
Island, all replacements for the original seven of
1987, Attempis led by Dr. Caitlin O'Connell-
Rodwell, of Stanford University, (o induce breeding
with artificial stimuli 10 this flock are scheduled for
2002, The Ancgada population has grown regularly.
BVI NPT's Rondel Smith, long an active collabora-
tor with TCA on the flamingo and iguama project,
monitors the Ancgada population. Christing Leahy, a
TCA volunteer, and Lianna Jarecki, Stoutt Commu-
nity College, Tortola, checked the Anegada popula-
tion and reported to me on 20 July 2001 that 11 totals
03 flaningos, including 11 young of the year,

I am indebted o so many people lor the sucvess
of this project that I can herein note only a few:
Richard Winchell and Janwes Conyers from Ber-
muda, Governors David Barwick and Peter Penfold,
Deputy Governor Eiton Georges, Chicl Minister
Ralph O'Neal, Town and Country Planner Louis Pot-
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ter, National Parks Trast Chairperson Janice Guorge-
Creque, NPT Directors Nicholas Clarke. Roh Nor-
ton, Rosmond DeRavricre, and Joseph Swith-Abbot
of the BVIL, Henry and Gloria Jarecki of Guana Is-
land, Tony Smith, Rondel Smuli, Towell and Sue
Wheatley, Herman Oroczinger, and the lawe Clemient
Faulkner  of  Ancgada, and  Numi (Goodycar)
Mitchell of The Conservation Agency. T am espe-
ctally eratelul o National DParks Trust stafi’ who
monitor the tlock and have been successtully respon-
sihle for resolving human-fluningo conflicts.
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From: ~Caitlin O'Conneli-Rodwell" <ceoconnell@stanford.edu>
To: “Lianna Jarecki" <ljarecki@hlscc.edu.vg>;
Sent: Saturday, February 16, 2002 9:07 PM

Attach: Flamingo final draft.doc; Figure 1.ppt
Subject: flamingo manuscnpt
Dear Lianna and Skip,

i eI /) i ' ical Conservation. § would apprectate any
Attached is our manuscript that { will submit to B;ologua{tomarvmmn y ‘ '
feedback you might have. Iam still waiting to hear back from the Bemuda Zoo about the ages of the 6
individuals and I need a better estimate of the size of the salt pond (if you have one).

I look forward to your input.

Thanks a lot. Hope to arrange to be able to spend the month of March or April of next year on .
Guana/Anegada. It is tough to be bound to an academic schedule and I wasn't able to organize it for this

coming March/Apni.

Take care,
Caitlin
ABSTRACT:

We used antificial social stimulation (dccoys, vocalization plavbacks, and artificial nests) to
(3 feat

. o Sglenreq—T _
encourage breeding in a population of six &webbear {Tamingos (Phocnicopterus ruber ruber)
that had not success(ully bred since their introduction to Guana Island in 1992, During a control
period prior to the introduction of stimuli, flamingos exhibited no social displays or nest building
activities. All flamingos were observed approaching the decoy arca as a tlock within a few hours
after mtroduction of stimult, and social displays were exhibited at a low rate by a few birds
within the tirst 24 hours. In a twelve-hour watch conducted two-weeks post introduction of
ariificial stimuli there was a significantly greater number of group display behaviors, as well as

nest-building behaviors, as compared withethe control period and immediately after the

introduction. The majority of groupg displays were performed by two indhviduals {although at
least one social display posture was observed for each bird) and three birds exhibited nest-
building behaviors. Overall, individuals spent most of their time feeding and resting/slceping
during all observation period. We suggest that social atiraction techniques may be a useful tool

to stimulate brceding in captive and wild small populations of flamingos.
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While their pre-Columbian distribution 1s not well known, Curribean (lumingos (Phoenicopierus
ruher ruber) historically occurred widely on islands and mainland shores in the Carribean
(Sprunt 1975). Flamingos were known o breed in the British Virgin Islands, particularly on
Ancgada Island where large numbers were reccorded by European travelers in the 1800s (Lazell,
In press). But the population quickly declined as the birds were hunted for food und by the 1950
no resident (lamingos were observed (Colli 1996). Although flamingos ure not historically
documented at Guana Island. a salt pond does exist that could have provided foraging and

nesting habital.

In an attecmpt to reestablish Caribbean tlamingos in the British Virgin Islands, erght birds from
the Bermuda Zoo were brought to Guana [sland, a wildlife sanctuary, in 1987 (Lazell, In press).
By 1992, four of these birds (all pimoned) had died and the remaining four free-{lying birds had
flown off the slund. In 1992, eight more birds were releascd on Guuna Island and I8 birds were
reintroduced to Ancgada Island (Lazcell, In press). Courtship behavior and nest building was
observed n the Ancgada population, but no chicks were observed until 1995 after four wild birds
(possibly the four from original Guana Island introduction) had joined the Ancgada {lock.
Although both populutions appear to not be limited by food supply or excessive predation (Colli,
1996), only the Aneguda population has successfully bred and has grown {rom 18 to 63

individuals (Lazell, In press).

The Guana population currently consists of six individuals, four males and two females ranging

from 9 to 21 years old. In the year following the 1992 release of birds, nest building aclivity was

7
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observed in the center of the salt pond, where an artificial island had been created. No cgg laying
oceurred and no social displays or breeding activity has been observed in subseguent years. The

1sland was subsequently removed.

Successful reproduction in flamingos may require a mimmum flock size (Stevens & Pickett,
[994). The lack of breeding activity in the Guana population may be due o an inadequate colony
size to stimulate preeding behavior. In captivity, a relationship has been found between
behavioral stimulation from group displays and breeding success. Increasing the tlock size al
Zoo Adanta from 17 birds to 21 birds played a role in increasing the frequency of display activity
by 48% and synchronous group displays by 100%, which resulted in a doubling in the {requency
of mounts and copulation events (Stevens, 1991). In colonial waterbirds. vocalizations arc also
important for attracting individuals to a breeding site (Kress, 1997}, In captive flamingos, it has
been shown that increases in group displays (which includes a vocalization component)

stimulates breeding behavior and increases reproductive success (Stevens [991).

The success of restoration programs tor colonially breeding birds depends on several factors.
including food abundance, predation pressure, and reproductive suceess that in some species is
dependent on social sumulation and a threshold population size. Methods to reestablish colonial
waterbird colonies and arificially simulate breeding and nesting activities using “social
attraction techniques™ were developed in the 1970's by Stephen Kress of the National Aubudon
Society of the United States. Social attraction techniques involve the use of decoys and
vocalization playbacks o artificially simulate a large breeding colony. This technique is

becoming an effective management tool for encouraging the recolonization of extirpated



breeding colonies. The combination of decoys, mirrors, tape recordings of voculizations, and in
somic cases, predator control, has led to led to restoration of” Arctic (Sterna paradisaea),
Common (5. lirundo) and Roseate (8. dongallii), Sandwich (8. sandvicensis), and Least Temns
(S. albifronsy. Bluck Skimmers (Rynchops nigery, Alanuce Puf{ing (Frarercida arcrica); Leach's
Storm-Petrels (Oceanodroma lencorhoa). Dark-rumped Petrels (Prerodroma phaeopyyia):
Laysan Albatross (Diomededa Dnmutabilis), and Common Murre (Uria aalge) (Parker et al. 2000,

Kress, 1997; Watanukpand Terasawa 1995: Schubel 1993 Podelsky and Kress 19911 Podolsky
/

and Kress 1989 Podf'-lsl{y 1985).

L p
In the case of the terns, sightings doubled within the [irst vear following introduction of stimuli
and nest building behaviors were exhtbited in the irst und sccond yeurs following the stimuli
introduction. It wasn’t until the third year that breeding occurred, but by the {ifth year breeding
occurred without the assistance of soctal attraction tools with a totul of 424 nests from three
species of terns (Kress, 1983). The common murre project had dramatic results with birds
obscrved amongst the decoys a day alter the introduction of stimuli and successful breeding
occurred 1n the months that followed at a colony that had been mactive for 10 years (Parker et al.
2000). These active seabird restoration techniques urc{ew tools that hyve the potential of

sife

supplementing traditional management lechniques/such as acquisiti

1 and the protection of

existing colonies (Kress and Strilich, [993).

bonm indication that armficial stimuli may enhance flamingo breeding comes fro;ﬂ studiey of

ucu_LZdlsp]ay) (Pickermg and Duverge 1992). In France, the construction of an island and
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artificial nest mounds attracted wild flamingos which had lost their nesting habitat nearby
(Johnson 1976). Four vears after construction of the islund, successful mating occurred und was

initiated in the arca with the artificial mounds.

In this study, we tested whether the introduction of artificial stimuli would induce group displays
or any other reproductive behavior in the Guana Island population of Canibbcan flamingos
{Phoenicopteruy ruber ruber). The stimuli included the addition of decoys to simulate a larger
population, broadcasting group display calls (Head-Flagzing calls), and the addition of artificial
nests and eggs. Behaviors of cach bird were monitored prior to and afier the introduction of the
stimuli and analyzed to determine whether there was o measurable change 1n overall activilies

towards social displays and/or reproductive hehavior.

This study was conducted at the salt pond ( approximately 300 m by 150 m) on Guana Island, in
the British Virgin Islands, over a three-weck period dunng the month of July, 2001 when the
island is printardy turned over to scientists to conduct various conservation related manne
projects during Marine Science Month. The six {lumingos were monitored for a 12-hour period
over three days, so that all dawn o dusk hours were covered (from 7 a.m. to 7 pan.), prior to the
introduction of the artificial stimuh. All birds had numbered plastic leg bands allowing
recognition of individuals. The behavior of each individual bird was documented. and assigned u
bchavioral code, every five minutes over the 12 hours by visual observations, using binoculars
and a 15-45x spotting scope, and by video recording, using a Sony Digitul 8. Observations were

conducted from the west end of the pond, the furthest distance from the north-east end ol the

%0



pond. where the birds were known to spend the majority of their time.

Normal, everyday or “comfort movement” behaviors were categorized as feeding, preening.
wing-flapping, wing-stretching, walking, resting, or sleeping (Kahl 1975). Group or “ritualized”
displays assoctated wilth breeding were calegorized using terms and descriptions by Kahi (1973)
and Studer-Thiersch (1973), as Marching, Head-Flagging, Wing-Salute, Twist-Preen, Wing-Leg
Streteh and [nverted Wing-Salute, False-Feeding, and Broken-Neck. Vocalizations associated
with behaviors were also documented. Courtship and nest building behaviors were calegorized as
oullined in Shannon, 2000. Courtship behavior is not as discrete as group display behaviors and
imvolves a painng off of a male and female, a femule initiating copulation by stepping away {rom
the group, the male following, and the female lowering her head into the water (False-Feeding)

and spreading her wings. Nest building behaviors were noted when a bird cither stood on a nest,

used it's beak to fix a nest, or made contact wath anarificial cgg. S
A ~ dataaere pLu.v-o-\- Adlso
W 0.4 oo

ak least _
a vegr-collected, 10 wooden HM g

placed near the shoreline of the south-cas

After the 12-hour buseline behavioral da
the pond to aruficially increase the perceived
population size, including seven decoys in Head-Flagging postures. Head-Ilagging is the {irst in
aseries of group displiy postures that initiates subsequent group display postures (Kahl 1975,
Swuder-Thiersch 1973). A cluster of § artificially-constructed mud nests was build at the cdge of
the salt pond and 3 decoys In incubating postures and 5 artificial eggs were placed on various

nesls, un egg in each nest with the incubating decoys and 2 eggs in emply nests.

Head-Flagging calls were obtained from the Dallas Zoo and spliced together inte a 30-minute

recording that was burned onto a CD. The CD was broadeast in a loop for 12 hours a day afler
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the introduction of the decoys using a Sony water resistant CD player, charged by a 12 V manne

battery that was recharged once a week as needed.

Two additional observation periods were conducted: within 24 hours afler the introduction of the
artificial stimuly and two weeks later. For cach observation period we calculated the percentage
of scans devoted to soctal/ reproductive behaviors (groups display or “ritualized™ movements as
listed above, plus courtship and nesting) for euch individual bird. A univariate repeated
mcastres ANOVA and Tukey’s multiple comparison procedure were applied to compare the rate
ol social/reproductive behaviors displaved by the birds between the three observation periods.
This test was calculated in SAS, version 8.02 with observation period as a fixed factor und

individual bird as a random factor and p = 0.05,

The occurrence of soctal/ reproductive behaviors increased significanty following the
introduction of artificial stimuh (Fzy0 = 5.80, P =0.0212). Tukcy multiple comparisons
indicated no difference between the observation periods before and immediately following the
introduction of stimuli but a significant difference between hoth of these observation periods and

the observation period two weceks later (Figure 1).

No social displays or reproductive behaviors were exhibited during the observation period prior
10 the mtroducuion of artificial stimult. During the observation period immediately after stimuli
introduction, three Head-flagging sociul displays were recorded for two birds, Two weeks after

the stimull introduction, a total of 31 soctal/reproductive behaviors were observed. During this

L
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last observation period. all but one individual exhibited social displays (including Head-Flugeging,
Wing-Salute, Twist-Preen. Wing-Leg Stretch and Inverted Wing-Salute) and three individuals
engaged in nest-building activities, Two individuals (one male and one female) displayed more
and mvestigated the nests more than the others (13 und 10 recorded social/ reproductive

behaviors for these two birds, respectively).

During ail observation periods, the birds spent the majority of their ime {ceding (between 53-68%
ol time), followed by sleeping or resting (between 15-27% of time), und preening (between 8-11%
ol ume). Two weeks after stimuli mtroduction, 3.6% of time was spent in social/reproductive

behaviors and were ebserved between the hours of 0700-1000 and 1600-1900.

Y
Although we chosc a sampling regime of 5 minute blocks over 12 hour perods and the data vez-

significant two weeks after the introduction of artilicial stimuli, there were many more behaviors
observed outside of the 5 minute blocks, particularly in the [2 hour period just after the
imtroduction of the artificial stimuli. There were 17 group display behaviors observed overall in
this period, 3 of which tell within the 5 minute blocks.  In addition, upon analysis of video data,
more group displays were observed in the dusk period just after our 12 hour watch ended.

indicating that there was a larger change in behavior in this period then represented by the way in

—

which the data gfus

M

brcpan‘:d for analysis.
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Key studies have demonstrated the importunce of male vocualizations in priming female hormonces
for reproduction. Lehrman and Freidman (1969) demonstrated that vocal stimulation done
without visual cues caused a doubling in size of ovirian {ollicles in ring doves. This phenomenon
15 also thought to be the case for parakects (Ficken et al., 1960} and canaries (Warren & Hinde,
1961}, In the hittle blue penguin (Waas, 1988) it was {urther demonsirated that crested penguin

calls had no effect on their reproductive status, while male calls from their own species did.

Flamingos perform muss, mixed-sex group displuys thought to play a role in ensuring
synchronous nesting and/or facilitating pair formation (Pickering & Duverge, 1992). The
frequency of displays varies widely between individuals, unrelated 1o sex (Pickering & Duverge,
1992}, a phenomenon we also obscerved in our population, which may imply that certuin members

of the flock play a key role in instigating group displays.

In flamingos, both sexes call during particular group displays, the Caribbean flamingo having two
vocalizations associated with group displays, Head-Flugging und Wind-Salute calls (Kahl, 1975).
These vocalizations arc most likely important to prime hoth sexes for reproduction. It is unclear
what the relative role of the group display vocalizations and visual stimuli play in priming
hormones 1n [lamingos. It is intcresting to note that the {lamingos in this experiment onentated
towards the decoys when preparing to display. The decoys were investigated on many occusions,
and outside of display periods. at feast three of the flamingos spent time amongst the decoys
during nest building, resting and sleeping. The source of the vocalizations, on the other hand, wis
never investigated. 1 would be interesting Lo have a site devoled to vocalization playhacks, a silc

devoted o decoys and a third site containing both sources ot stimulation to determine which



behavior was more important. if not both.

Ficld experimentation with social attraction techniques demonstrate the probable importance of
the presence of decoys as a visual cue 1o land from a distance and in ¢reating the appeuarance of

larger flock or colony. The relative importance of decoys versus vocalization playbacks s not

completely understood vet.

Although the Ancgada population has bred between April and June (Jarecki, pers. comm., 2000).
Zoo New England reports that the breeding scason for Carribean tlamingos occurs between May-
August {(Reo and O'Gara, 2001), and apparently, breeding can occur at any time throughout the
year, and flamingos may breed twice mn a year (Scdenko, 2001). It was rcasonable to expect, then,
that the flamingo population on Guana [sland may respond to breeding queues during the month
of July. Even though flamingos may not breed every yvear and breeding and nest building may
depend on rainfall and its cffect on food supply, we still expected that al least breeding behaviors

may be induced artificially at that time, regardless of whether an actual mating event occurred.

Having demonstraied that artifictal stunult induce group displays and subsequent reproductive
behavior (nest building) in Caribbean tlamingos and cuuse a significant imcrease in these
hehaviors over time. 1n the fulure, we plan to conduct these experiments prior to the brecding
period (March/April) in order to maximize the potential of breeding. Follow up studies will then

be conducted to determine nesting success, clutch size, and populution growth,
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Social attraction techniques have played an important role in the reestablishment ol colonial
nesting birds in the wild, Current population estimates of wild Carribean flamingos is in order of
a few 100,000 but no simultancous censuscs have been conducted throughout its range and we do
know thal therr distiibution and numbers were historically larger (Johnson 2000). While
ilamingos are no longer hunted in huge numbers as they were in “_"9 last century, loss of habitat

and pollution is a major concern for a specics that relics on the unique cnvironment of pristine s«

o . | ewle” . S
ponds for foraging and breeding, Worldwide there are propably less than 30 mujor breeding sites

Ve

s
rence on the-Conservation biology of

flamingos indicated the importance of salt ponds:  “flamingos arce individually numerous, but

for all 6 tlamingo specics (Conway 2000). A recent conli

colontally und reproductively, endangered in a world of changing Tandscapes and vanishing

feeding and breeding sites.” (Conway 2000).

Our study demonstrates that the use of artificial stimuli could play an important role in {lamingo
remtroduction programs, and perhaps even suimulate reproduction in wild populations of
flamingos whose numbers have been drastically reduced. This technique could also be uscful in

caplive brecding programs where other measurces have failed to help stimulate breeding.

We would like to thank Steve Kress of the National Audubon Society for his support of
the project and Jeanette Boylan of the Dullas Zoo for providing the headilagging calls, and Byron
Bodt of Bodt Decoys for making the decoys. We would also like to thank Lianna Jarecki, the

director of the Marine Science Program on Guana Island for her enthusiastic support of this— -

I
/j‘).mt..':’ /’ /
project, as well as Guana Island staff for assistance on the island, We ll/:u K Setp Lavetl (( he
[
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Conservation Agency for his input and the BVI National Parks Trust for providing datia on the
Ancgada population, We dlso thank Dean Kildaw for his helpful comments on this manuscript.
Funding for this project was provided by the Falconwood Corporation and Guana Island Marine

Science Month,
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International Institute Of Tropical Forestry
USDA Forest Service, P. O. Box 490
Palmer, Puerto Rico 00721
Wunderle@coqui.net
Dr. James Lazeill 20 November 2001

The Conservation Agency
6 Swinburne St.
Conanicut island, Rt 02835

Dear Dr. Lazell,

Enclosed is a copy of my finai report entitled “Avian Surveys On Guana Island,
BV! (4-10 October 2001)" resulting from my recent visit to Guana fsland funded by The
Conservation Agency. Hopefully the results from this work will be useful to you and the
island’s owner for future monitoring and conservation efforts. | have also enclosed
some additional information which you may find usefut.

As discussed, | am very much interested in conducting future studies on Guana
and associated islands. | am particutarly interested in studying the effects of goat
removal on the avifauna of Normal tsland (my memory is bad, but | believe this was the
island you mentioned). Unfortunately, | would not be available until late Aprii or May,
although these may be prime times for censuses in the breeding season. Such a study
would involve establishment of point count survey points, conducting baseline point
count censuses, some minor vegetation measurements at each point and possibiy
some mist netting. ! believe the work could be conducted in a one week pericd, with
future follow-up surveys to monitor the response of the island to goat removal. | think
this could be an important study, given the effects of goats and sheep on islands
worldwide. Let me know if this work might be possible there.

I will work with Wayne Arendt to see that our bird surveys are finally published
and will provide the resulting reprint once this has occurred.

| greatly apprectated the opportunity to conduct research on Guana Island and it
was a pleasure to finally meet and discuss various West Indian natural history issues of
common interest. Again thank you for allowing me the opportunity to work on Guana
Island and | hope that | might be able to again conduct research on Guana and other
istands relevant to the Conservation Agency's interests there.

Regards, .
e L [’ ! 0 é (/
g, R lmpind
Uoseph M. Wunderie, Ph.D.
Wildlife Team Leader &
Research Wildlife Biologist

Caring for the Land and Serving People
F5-6200-28b(3/92}
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Abstract. — Point count censuses of birds as well as general
observations were conducted on Guana Island, BVI from 4-10
October 2001 and compared with similar censuses conducted in
October 1994 by Wayne Arendt (1995). Median number of
individuals and median number of species per fix-radius point were
significantly lower in the 2001 counts than in 1994, Six species
including: Antillean Crested Hummingbird, Bananaquit, Common
Ground Dove, Mangrove Cuckoo, Pearly-eyed Thrasher and Zenaida
Dove showed significant declines from 1994 to 2001 in median
number of individuals per fixed-radius point. Four of the declining
species {Bananaquit, Mangrove Cuckoo, Common Ground-Dove and
Zenaida Dove) had lower detection ratios in 2001 than in 1994,
indicating that they were more difficult to detect in the recent counts.
It is likely that most of the declines are related to differences in
detectability related to differences in breeding behavior and perhaps
changes in vegetation both related to seasonal and annual rainfall
differences between 1994 and 2001. Bridled Quail-Dove counts did
not change from 1994 to 2001 and a total of 26 quail-doves were
observed, suggesting that Guana may harbor one of the highest
densities known for this regional endemic. One and possibly two
additional White-crowned Pigeons were observed in Harris Gut,
indicating that original captive-release birds from 1999 or their
offspring still occur on or visit Guana. The island of Anegada was
visited on 9 October and the results of avian observations are
provided. Continued monitoring of Guana's avifuana is
recommended and phenology studies of trees and shrubs are
encouraged to document seasonal and year-to-year variation in food
supplies to identify potential bottleneck periods for the islands
nectarivores, frugivores, and seedeaters.



INTRODUCTION

Guana Island is a protected nature reserve of approximately
340 ha with a maximum elevation of 245 m, located in the British
Virgin Islands. Guana Island is recognized for having one of the
richest faunas known for an island of its size (Lazell 1996). For
example, at least 50 bird species may be seen regularly, although
more than twice that number are possible (Norton et al. 1989, Mayer
and Chipley 1992, Lazell 1996).

Although there are no permanent human residents on the
island, it is home to the Guana Island Club. Visitors to Guana have
fiitie impact on the island’s environment and rarely venture far on the
island’s trails. The island’'s owner is a committed conservationist,
which accounts for the island’s protected status. Not only has the
island been protected, but in addition, efforts have been made to
lessen or eliminate human impacts (e.g., removal of sheep from the
island) as well as to re-establish populations of species which have
been lost from the island (e.g., iguana, Iguana pings, red-legged
tortoise, Geochelone carbonaria, Greater Flamingo, Phoenicopterus
ruber, White-crowned Pigeon, Columba leucocephala).

Numerous studies of Guana Isiand’s biota have been
sponsored by the Conservation Agency of Jamestown Rhode Island,
especially during science month held each October. These studies
have proven useful for documenting the occurrence and status of
species on the island as well as providing basic information on the
natural history, ecology, and biology of the island’s flora and fauna.
This information provides the basis for monitoring and managing the
island’s diverse flora and fauna.

This study was conducted to survey the island’s terrestrial
avifauna especially the Bridied Quail-Dove (Geotrygon mystacea)
and the White-crowned Pigeon. The quail-dove, a regional endemic,
is a species of conservation concern given its limited geographic
range and the White-crowned Pigeon’'s status has remained
uncenain following a reintroduction of 14 birds in the spring of 1999
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(J. D. Lazell, pers. comm.). In addition, this study documented
changes in terrestrial bird populations on Guana by replicating the
thorough point count surveys conducted in October 1994 by Arendt
(1995). Arendt’s study provides a valuable baseline for comparison
of potential population changes over a seven-year period.

METHODS

All birds observed on Guana Island from 4-9 October 2001
were noted (Appendix 1) as were birds observed on nearby Anegada
on 8 October 2001 (Appendix 2). Birds were censused using the
methods of Arendt (1995) with only minor modifications. As in
Arendt's original 1994 study, fixed radius points of Hutto et al. (1986)
were used to census birds. During each point count the observer
tallied all birds detected by sight and sound during a 10 min. period
within a 25-m radius as well as those detected beyond 25 m.
Although noted, birds flying over the point count circles were not
included in the analysis. Aquatic species were also excluded from
the analysis. Sixty-five point counts were conducted from 0600 to
0940 0n 4, 5, 6,7, 9, and 10 October 2001. Each point was located
at 100 m (paced) intervals along trails (Figure 1). Efforts were made
to locate points along the same trails used by Arendt as shown in his
summary report. However, Arendt’s points 1 through 25 were located
along transects which were not replicated in this study. In place of
transects, point counts were conducted along established trails that
approximately covered the same area and habitat as sampled by
Arendt in his points 1 —25.

Although there is a risk that differences in observer abilities
may confound comparisons of census results obtained by different
observers, | believe that such differences are minimal in the
comparisons made in this study. Dr. Arendt and | have worked
together in the field and have similar observation and hearing abilities
as evident in similar point count resuits obtained during our work in
Puerto Rico. In addition, both of us have over 20 years field
experience with vocalizations and appearance of the common
Caribbean bird species typicat of Guana’s avifauna. Thusitis
unlikely that any difterences found in this study are a resuit of
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observer differences in abilities to detect and identify the birds on
Guana.

Analyses of point count data involved caiculation of mean
number of detections within the 25 m radius point counts, proportion
of 25 m radius point counts with one or more detections, and
proportion of unlimited radius point counts with one or more
detections. Mann-Whitney U tests were used to compare the median
number of detections per 25 m radius point counts from this study
with the previous studies of Arendt (1995). Alpha levels of 0.05 or
less are accepted as significant. To determine the likelihood that a
species would be detected within the 25 m fixed-radius, | calculated a
detectability index or ratio using the methods of Hutto et al. (1986).
This ratio is equivalent to the number of point counts at which a given
species was recorded only beyond the 25-m radius, divided by the
total number of counts in which the species was recorded.

Tape playback of vocalizations of White-crowned Pigeons and
Bridled Quail-dove (see Appendix 1 for scientific names) were used
to locate the two species. Tape playback was used at the end of
alternating point counts (spaced at 200 m intervals) and involved 2.5
min of White-crowned Pigeon calls and 3.5 min of quail-dove calls.
Pigeon vocalizations were taken from Reynard (1969) and quail-dove
vocalizations taken from the CD provided with the text of Oberle
(1999). Tape playback was conducted with a Sony TCM 5000
cassette tape recorder set at 75% full volume. At the end of each
playback session an additional 2 min of silence was used to detect
responses. A total of 19 different playback sessions were conducted
atpoints 1, 3,5, 7,9, 11, 13, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32,
34, and 36 (Figure 1).

An effort was made to note White-crowned Pigeons and Bridled
Quail-doves between point counts and while walking slowly along
trails at the completion of each morning sampie of point counts. in
addition, three late afternoon/dusk surveys were made to detect
White-crowned Pigeons on the hillside above the orchard (4 Oct.
1630 — 1745: 5 Oct. 1630 —1745) and Harris Gut (6 Oct. 1630 —
1745).



RESULTS

Point Counts — A total of 14 terrestrial bird species were detected
during 65 point counts (Figure 1), of which 13 species were tallied in
the 25-m fixed radius point counts (Table 1). Within the fixed radius
point counts an average of 2.6 species and 3.6 individuals were
detected per point. Of the 14 species detected during the point
counts, 11 species were resident on Guana and three species were
Neartic migrants (Prairie Warbler, Blackpoll Warbler, Black-and-white
Warbler). The five most abundant species in the point counts in order
of decreasing abundance were the: Pearly-eyed Thrasher,
Bananaquit, Green-throated Carib, Zenaida Dove, and Caribbean
Elaenia. The average number of thrashers detected per fixed radius
point was almost twice the number of Bananaquits, the next most
abundant species (1.5 vs. 0.8 individuals per point).

The results trorm my fixed radius point counts of October 2001
differed from the earlier counts of Arendt in October 1994 in several
ways (Figure 2). Overall, the average number of species per point
was significantly (Mann-Whitney U = 2520, P = 0.007) lower in the
recent counts (2.6 vs. 3.5) as was the average number of individuals
per point (3.6 vs. 5.8, Mann-Whitney U = 2764, P = 0.001).
Contributing to these declines were six species that had significantly
fewer mean detections per point in October 2001 than previously, and
include Pearly-eyed Thrashers, Bananaquits, Antillean Crested
Hummingbirds, Mangrove Cuckoos, Common Ground-Doves, and
Zenaida Doves (Figure 2). Four of the declining species (Bananaquit,
Mangrove Cuckoo, Common Ground-Dove and Zenaida Dove) had
lower detection ratios in 2001 than in 1994 (Figure 3), indicating that
they were more difficuit to detect in the recent counts. Differences in
the incidence of singing behavior likely contributed to increased
detectability of doves in 1994, as 78% of Common Ground-Dove
detections and 82% of Zenaida Dove detections were of singing
individuals (Arendt 1995), in contrast to the October 2001 counts in
which neither species was heard singing.
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Response To Playback — No response of White-crowned Pigeons or
Bridled Quail-Doves was detected to tape playback of vocalizations.
One Bridled Quail-Dove calling before the playback session
continued to call at the same rate during the playback and in the 2-
min silent period afterwards as it had before playback began. Had
these species been breeding it is likely that the playback technique
would have been more effective. Two Scaly-naped Pigeons arrived
during a playback session of White-crowned Pigeon vocalizations
and landed in a tree canopy within 20 m of the observer, although it is
unknown if this was a response or just coincidental.

Observations of White-crowned Pigeons & Bridled Quail-Doves - A
total of 14 Bridled Quail-doves were detected during the point counts,
8 individuals within 25 m and 6 individuals beyond 25 m. In addition,
another 12 quail-doves were found while walking between point count
locations. Thus a total of 26 individual quail-doves were found during
the October 2001 count period. Quail doves were detected at points
26, 28, 29, 31, 37, 38, 41, 43, 44, 51, and €5 and between points
37-38, 43-44, and 56-57 (Figure 1). All quail-dove observations
occurred within the distribution range known for the species on
Guana Island (Chipley 1991, Figure 1). Six individual quail-doves
were heard calling during the point counts.

One White-crowned Pigeon and possibly two others were
observed as they flushed from a tree canopy along the Monkey Point
Trail at Harris Gut on the morning (0920) of 9 October. One
individual with a distinct white crown was observed as it flew from a
tree with two other dark pigeons. The three pigeons flew off together,
but the crowns of two birds were not seen. Thus it is possible that as
many as three White-crown Pigeons were present.

DISCUSSION

The declines in bird abundance observed in the 2001 counts
may mostiy be attributable to changes in detectability. Although
Arendt's counts were run at the same time of year as my own (1 ~ 11
October 1994 vs. 4-9 October 2001). differences in seasonal rainfall
prior to the counts probably affected detectability. Arendt's counts
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were conducted at the end of a wet period that had been preceded by
an extensive drought (F. Sibley, pers. comm.). As a result the
vegetation was more open and birds were still breeding (e.qg., pigeons
and doves) as noted by Arendt (1995). In contrast, my counts were
conducted during an extended dry period (J. D. Lazell, pers. comm.)
and no evidence of breeding was detected. Singing or calling
acsociated with breeding undoubtedly contributed to the greater
detectabitiy of Zeniada Doves and Common Ground Doves in
Arendt's point counts, although both species were occasionally
encountered in different parts of the island outside of the 2001

counts. Mangrove Cuckoos had high detectibility ratios (0.59) in the
1994 counts, mostly as a result of active calling associated with
breeding, in contrast to 2001 in which Mangrove Cuckoos were not
detected in point counts (2 cuckoos were observed between counts).
Declines in Bananaquit counts may also be attributable to absence of
breeding in 2001, as well as possible difterences in flower abundance
(flowers were mostly absent), which may have also contributed to
declines in Antillean Crested Hummingbird detections.

It is not apparent that the 2001 decline in Pearly-eyed Thrasher
detections are related to differences in breeding activities between
1994 and 2001. Only about 5% of the thrashers were singing in the
1994 counts (Arendt 1995) compared with 7% in 2001 and detection
ratios were actually higher in 2001 (0.59 vs. 0.47). Thus it is unlikely
that the significant thrasher decline from 1994 (2.1 thrashers/25m
radius point) to 2001 (1.5 thrashers/25m radius point) can be
attributed to differences in detectability, but may reflect an actual
population decline of thrashers on Guana. It seems unlikely that
control efforts related with the removal of nuisance thrashers around
the hotel has substantially contributed to this decline.

Guana island is especially notable for its high Pearly-eyed
Thrasher abundance as observed by Arendt (1995). Even with
recent declines in counts, thrasher abundance on Guana is still
higher than the next highest known counts on St. John, USV!I (1.2
thrashers/25 m radius point, pre-hurricane, Askins and Ewert 1991).
This high thrasher abundance is of concern given the threat that
thrashers pose as predators of eggs and nestlings (Arendt 1995).
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Bridled Quail-Dove detections in the fixed-radius point counts
remained constant from 1994 to 2001 despite an increase in the
detection ratio from 0 to 0.29. Although actual estimates of total
numbers or density estimates of quail-doves have not been made, it
appears that reasonable numbers of Bridled Quail-Doves survive on
Guana. ltis likely that Bridled Quail-Doves have some of their
highest densities on Guana Island of anywhere in their limited range
(Puerto Rico and associated islands through some of the Virgin
Islands south to St. Lucia, Raffaele et al. 1998). Bridled Quail-Doves
were absent from the pre-hurricane fixed-radius point counts of
Askins and Ewert (1991) on St. John USVI and in similar counts by
Wunderle and Waide (1993, unpublished results) in a variety of
habitats on Puerto Rico, despite the known presence of the species
at the sampled sites on both islands.

Quail-doves appear to be especially sensitive to the effects of
hurricanes as observed aiter recent hurricanes struck nearby islands.
For example, Bridled Quail-Doves confined to a few forest fragments
on St. Croix, USVI showed significant declines in counts conducted in
the aftermath of Hurricane Hugo and searches in traditional sites
failed to detect the species (Wauer and Wunderle 1992). Bridled
Quail-doves appear to be sensitive to openings in the forest canopy,
as observed in the related Ruddy Quail-Dove (Geotrygon montana),
which disappeared from traditional areas with extensive canopy
damage following a recent hurricane which struck the Luquillo
Experimental Forest (LEF) in Puerto Rico (Waide 1991, Wunderle
1995). However, Ruddy Quail-Doves did persist in undamaged forest
patches scattered throughout the continuous LEF (11,330 ha), and in
other undamaged forest reserves on Puerto Rico. In contrast, the
Bridled Quail-Doves were confined to a few remnant forest fragments
before Hurricane Hugo struck St. Croix. However, once these
fragments were extensively damaged, quail-doves had few, if any
potential refugia, thereby increasing the likelihood of their loss from
St. Croix. This may not be the case for Guana Island, which may
have adequate forest area with diverse exposures to provide potential
post-hurricane refugia for quail-doves preventing their local extinction
following a hurricane. Moreover, close proximity to Tortola may
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facilitate post-hurricane re-colonization of Guana Island by quail-
doves from protected refugia on the larger island.

The presence of at least one White-crowned Pigeon on Guana
Island found during my October surveys indicates that individuals or
their offspring may still survive from the releases of birds on Guana
Island in 1999. The observations and evidence for breeding of White-
crowned Pigeons on Beef Island (J. D. Lazell, pers. comm.) further
suggests that the re-introduction may be potentially successful, at
least for returning the species to the British Virgin Islands. Itis not
obvious why the released white-crowns did not remain and nest on
Guana lIsland, although it is possible that breeding has gone
undetected on Guana. lt is also possible that appropriate food
resources are lacking for White-crowned Pigeons to now breed on
Guana., however studies of the food resources available on Guana
{(or any other small Caribbean island for that matter) have not be
made.

In the future it would be valuable to continue periodic
monitoring of Guana Island’s terrestrial bird populations using the
methods initiated by Arendt (1995). This is especially important for
monitoring the effects of droughts and hurricanes, both of which can
have substantial effects on Caribbean bird populations (Wiley and
Wunderle 1994, Dugger et al. 2000). Such long-term monitoring is
especially important in protected areas to track the status of sensitive
species and to identify potential problems requiring management
intervention. In addition, it would be valuable to conduct flowering
and fruiting phenology studies of some of the more common trees,
shrubs, and vines on Guana to document the seasonal variation in
flower and fruit availability. Flowers, fruits, and seeds are important
food resources for a number of animal species on Guana and an
understanding of their seasonal and year-to-year variation would be
helpful in identifying potential bottleneck periods for organisms relying
on these resources (e.g., Wunderle 1999).
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Table 1. Abundance of terrestrial bird species in 65 point counts conducted on
Guana Island, BVI in October 2001. Shown are the mean detections per point
within 25-m radius fixed-radius point counts; proportion of 25-m radius fixed-
radius point counts in which the species was represented by at least one
individual; proportion of unlimited radius point counts in which the species was
represented by at least one individual; and the species detection ratio which is
equivalent to the number of point counts at which a given species was recorded
only beyond the 25-m radius, divided by the total number of counts in which
the species was recorded.

Species MEAN f(<25m) f(u) Detection Ratio
Pearly-eyed Thrasher 1.54 0.85 0.86 0.59
Bananaquit 0.82 0.57 0.58 0.05
Green-throated Carib 0.25 0.23 0.28 0.00
Zenaida Dove 0.23 017 0.18 0.00
Caribbean Elaenia 0.23 0.18 0.26 0.18
Black-faced Grassquit 0.17 0.15 0.5 0.00
Scaley-naped Pigeon 0.12 0.11 0.15 0.20
Bridled Quail-Dove 0.12 0.1 0.11 0.29
Gray Kingbird 0.09 0.08 0.18 0.67
Antillean Crested Hummingbird 0.05 0.05 0.05 0.00
Prairie Warbler 0.03 0.03 0.05 0.00
Blackpoll Warbler 0.03 0.03 0.03 0.00
Black-and -White Warbler 0.02 0.02 0.02 0.00

Smooth-billed Ani 0.00 000 0.02 1.00
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FIGURE LEGENDS

Figure 1. Location of 65 point count sites where point counts were conducted
on Guana Island, BVl in October 2001. Counts were spaced at 100 m intervals
paced along established trails

Figure 2. Mean detections of birds per point in fixed-radius point counts of 25
m radius on Guana Island, BVI in October 1994 and October 2001. Counts in
1994 were conducted at 60 points by Arendt (1995). Counts in 2001 were
conducted at 65 points. P values indicate significance level based on a
comparison of medians for the two years with a Mann-Whitney U Test.

Figure 3. Detection ratios of birds detected in point counts on Guana Island, BV!
in October 1994 and October 2001. Detection ratios based on 60 point counts
of Arendt (1995) and 65 point counts in October 2001. Detection ratio is
equivalent to the number of point counts at which a given species was recorded
only beyond the 25-m radius, divided by the total number of counts in which
the species was recorded (Hutto et al. 1986).
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APPENDIX 1. Birds observed on Guana Island, BVI during 4-8 amd
9-10 October 2001. The following designations of abundance are
used: Abundant = observed during virtually all outings, most habitats:
Common = observed during most outings, most habitats; Uncommon
= observed less frequently, fewer habitats.

Brown Booby (Sula leucogaster) — Common offshore.

Brown Pelican (Pelecanus occidentalis) — Common offshore.

Magnificent Frigatebird (Fregata magnificens) — Common offshore.

Little Blue Heron (Egretta caerulea) — 1 adult, North Beach.

Cattle Egret (Bubuicus ibis) — 1White Bay Flats

Green-backed Heron (Butorides striatus) — 1 White Bay.

Yellow-crowned Night-Heron ( Nycticorax violaceus) — 1 heard at Salt
Pond.

Greater Flamingn (Phoenicopterus ruber) ~ 6 Salt Pond.

Whiite-cheeked Pintail (Anas baharnansis) — 5 Salt Pond.

Red-tailed Hawk (Buteo jamaicensis) ~ 1 on trail to Long Man'’s Point;
1 over White Bay Beach.

American Kestrel (Falco sparverius) — 2 White Bay Flats.

Black-necked Stilt (Himantopus mexicanus) — 5 Salt Pond.

Lesser Yellowlegs (Tringa flavipes) — 2 Salt Pond.

Spotted Sandpiper (Actitis hypoleucos) — 2 Salt Pond.

Ruddy Turnstone (Arenaria interpres) — 6 Sait Pond.

LLaughing Gull (Larus atricilla) — Uncommon oftshore.

Royal Tern (Sterna maxima) — Uncommon offshore.

Scaly-naped Pigeon (Columba squamosa) — Common, widespread.

Zenaida Dove (Zenaida aurita) — Common, widespread.

Common Ground-Dove (Columbina passerina) — Common
widespread.

Bridled Quait-Dove (Geotrygon mystacea) — Common in moist guts,

White-crowned Pigeon (Columba leucocephala) — 1 maybe 3 total
along Monkey Trail at Harris Gut.

Mangrove Cuckoo (Coccyzus minor) — Uncommon widespread.

Smooth-billed Ani (Crotophaga ani) — 4 White Bay Flats.

Green-throated Carib (Eulampis holosericeus) — Common
widespread.

Antillean Crested Hummingbird (Orthorhynchus cristatus) —
Uncommon widespread.
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APPENDIX 1, Continued

Belted Kingfisher (Ceryle alcyon) — 1 White Bay; 1 Bigelow Beach.

Caribbean Elaenia ( Elaernia martinica) — Common in xeric sites —
widespread.

Gray Kingbird ( Tyrannus dominicensis) — Uncommon widespread.

Caribbean Martin (Progne dominicensis) — 7 cliffs, Long Man's Point

Barn Swallow (Hirundo rustica) — 2 White Bay Beach.

Pearly-eyed Thrasher (Margarops fuscatus) — Abundant widespread.

Prairie Warbler (Dendroica discolor) — 1 point 6.

Blackpoll Warbler (Dendroica striata) — 1point 25 & 31; 1 White Bay
Flats.

Black-and-White Warbler (Mniotilta varia) — 1 point 45.

Ovenbird (Seijurus aurocapillus) — 1 by laundry house.

Northern Waterthrush (Seiurus noveboracensis) — 1 heard Salt Pond.

Bananaquit (Coereba flaveola) — Abundant, widespread.

Black-faced Grassquit ( Tiaris bicolor) — Uncommon, widespread.



APPENDIX 2. Birds observed on Andegada, BVI on 8 October 2001
from 0830-1600.

Brown Booby (Sula leucogaster) — 1.

Brown Pelican (Pelecanus occidentalis) — 5 +.
Magnificent Frigatebird (Fregata magnificens) — 2.
Little Blue Heron (Egretta caerulea) — 2.
Snowy Egret (Egretta thula) — 1.

Cattle Egret (Bubulcus ibis) — 4.

Great Egret (Ardea alba) — 1.

Great Blue Heron (Ardea herodias) — 1.
Greater Flamingo (Phoenicopterus ruber) — 45.
White-cheeked Pintail (Anas bahamensis) — 6.
Blue-winged Teal (Anas discors) — 40+.
American Kestrel (Falco sparverius) — 1.
Osprey (Pandion haliaetus) — 1.

Sora (Porzanz carolina) — 3.

Greater Yellowlegs ( Tringa melanoleuca) — 1.
Lesser Yellowlegs (Tringa flavipes) — 5.
Pectoral Sandpiper (Calidris melanotos) — 6.
Red Knot (Calidris canutus) — 2.

Least Sandpier (Calidris minutilla) — 3.
Semipalmated Sandpiper (Calidris pusilla) — 4.
White-rumped Sandpiper (Calidris fuscicollis) - 5.
Sanderling (Calidris alba) — 3.

Spotted Sandpiper (Actitis hypoleucos) — 3.
Ruddy Turnstone (Arenaria interpres) — 15+.
Black-bellied Plover (Pluvialis squatarola) — 1.
Laughing Gull (Larus atricilla) — 5.

Royal Tern (Sterna maxima) — 10+.

Gull-billed Tern (Sterna nilotica) — 1.

Sandwich Tern (Sterna sandvicensis) — 10+
Common Ground-Dove (Columbina passerina) — 15+.
Belted Kingfisher (Ceryle alcyon) — 1.
Smooth-billed Ani (Crotophaga ani) — 2.
Caribbean Elaenia ( Elaenia martinica) — 10+,
Gray Kingbird ( Tyrannus dominicensis) — 6.



APPENDIX 2, continued

Barn Swallow (Hirundo rustica) — 1.

Northern Mockingbird (Mimus polygiottos) — 5.
Prairie Warbler (Dendroica discolor) — 2.
Yellow Warbler (Dendroica petechia) - 10+.

Northern Waterthrush ( Seiurus noveboracensis) — 1.

Bananaquit (Coereba flaveola) — 8.
Black-faced Grassquit ( Tiaris bicolor) — 1.

e



From: <SchreiberE@aol.com> —:]Z

To: <hg@theconservationagency.org>
Sent: Wednesday, May 08, 2002 10:42
Subject:  Skip

Dear Skip,

I'm just checking in. Had emailed you a few months ago and it came back - old email. | understand you had one o
Bob Rickelfs students on Guana lasl year for some blood sucking?

I've sent some advice along to the Natl. Parks Trust on creating more frigate habitat on Great Tobago. It sounds
like they are really trying to gel rid of the goals finally,

| keep thinking aboul the report of Brown Boobies nesting on Guana. During May and Oct. | never saw any sign o
nesting. Is there a time of year when you have seen them on nests? Given thal incubation is § weeks, chick
rearing 12 weeks, and post-fledging feeding 4-10 weeks - they should be present over a 5 month penod

1 think it would be greal to take one of the remote beaches and Iry to get trerns nesting - plant the dummy birds
and play calls. There is such a need for them to have a protected, predator free area 1o nest.

Hope all is going well. Know you are keeping busy!! We leave for a month on JOhnston Atoll next week. Putting
satellite transmitters on great frigates. At last learning something about where these birds go to feed.

Besl regards,
Betty Anne

L N N 2 LI TR R R Y R )

E. A. Schreiber, Ph.D.

National Museum of Natural History
Smithsonian Institution

4109 Komes Court

Alexandna, VA 22306

Phone 703 768-6726

Fax 703 768-9010

Dear Dr. Lazell,

Thank you for your letters in response to our recent paper, as well as the
mlormation on the banding station, Unfortunately, T am nat actually doing

this isotope work anymore. I've moved onto a PRD program at Comnell. Its

too bad we didn't know about your work a few years agoe, because as you know,
uts difficult to get samples fron that arca.

However, [ would definitely suggest holding onto your feathers. There is no
rcal protocol for preserving feathers. You just need to keep thent dry in
envelopes or something similar. We acually use plastic slide pages.
Currently, 1 also believe you need large sample sizes to do this work
accurately (15-20+ per species per site). However, if more warblers seem (o
fit this partern, then your multi-samples would probably be very useful to
someone in the {future,

Thanks agan.

Dustin

Dustin R. Rubenstein

Cornell Unmiversity Department of Neurobiology and Behavior
Seeley G. Mudd Hall

Ithaca, NY' 148353-2702
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The Conservation Agency
Texnporary Field Office
870 Pebble Creek Rd.
Lane, OK. 74555
hg@theconservalionagency.org
27 November 2001

Mr. Louis Potter

Town and Country Planning

Government of the B.V.1{,

British Virgin islands

Dear Louis:

I am sorry we did not have a chance to get together this October: lots to talk about. The
demands on my time on Guana seem ever-increasing.

| understand Great Dog Island is up for sale. When | last visited it in 1998, it was in
excellent ecological condition. There were no goats or other ferad unguiates and no mongooses
or cats in evidence. Maybe not even rals. We have not done a proper faunal survey but we have
seen most of the regular members of the reptile fauna there. Periding a floral survey, Great Dog
could be an exceilent restoration site for stout iguana, Cyclura pinguis,and red-iegged torloise.

At present, Great Dog is notable forit's population of the BV endemic bo-peep,
Eleutherodactylus schwartzi. The population is very small -- probably not more than a coupie
dozen individuals. The frogs on Great Dog are larger than in any other known population; this
implies a genetic difference is likely. They are mostly confined to one area on the ridge top
dominated by the large, terrestrial broQliad Hohenbergia anliffana -- itself an uncommon plant in
the wild. This unique symbiosis on Greal Dog should be preserved.

1 know there is little in a legal sense any of us can do abowt private propefly, but | have
found ost land owners eager t0 conserve nature -- if they just know about it. | would suggest that
all of us try 10 be aware of who owns/buys Greal Dog and write to the new owner(s), emphasising
not just the frog-bromeliad suite but a general philosophy of "design with nature” and "plant
natives”.

in the latter connection, Rudy O'Reilly, USDA St. Croix, has pointed out to me the great
inferiority of the commercially available Cuban Royal Palm in comtrast to the VI native species,
Roysionea boninquensis. The Cuban species grows more slowly in the VI, never grows large, and
often fails to fruit. We should encourage cyltivation of the native Royal Palm and discourage
planting of the exotic. This is just one exaple of many that an aclive native plant nursery could
provide at a potentially great economic bénefit to enterprising indlividuals and the community. |
am sending this letter to everyone | believe can heip. In advance, thanks to you all,

With best wishes,

Skip Lazell 61"{(0

hg@theconservationagency.org
cc: Bert Lettsome
Joseph Smith-Abbott
Clive Petrovic
Lianna Jarecki
Rowan Roy

Ne Ace Wor-k-:ﬂﬁ In cUsr Pro{o(ew\..-.
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United States Department of Agriculture LsDA
0 NRCS Natural Resources
7/ Conservation Service

Virgin Islands Service Center, 5030 Anchor Way, Ste. 2 Gallows Bay, VI 00820

May 14, 2002

Dr. Skip Lazell

The Conservation Agency
o6 Swinburne Street
Jamestown, RI 02835

Dear Dr. Lazell

There are many advantages to using native vegetation for reforestation. Perhaps the
strongest argument is for the conservation of local botanical diversity and structure. Exotics in the
same gencra as native specics pose a double threat. Some exotics can "escape” and out-compete
native species for space and resources. But, closely related introduced species can also hybridize
with native counterparts, so the integrity of the Jocal gene pool is compromised.

This intcgrity 1s secured only by careful selection of the plant material to be cstablished. In
the U.S. Virgin Islands we are currently irying to establish protocol for collecting native seeds. This
is a new venture and we hope to make headway on this topic in the coming months. Even the
introduction of native species from Florida stock, for example, could affect future generations of
local plants. Not only are exotic pests and discases introduced, but foreign genes are also released
into the local population.

Aside from the environmental threals posed by some exotic species, most tend not to
perform as well as natives. Many lack pollinating or dispersal agents normally found in their
natural habitat. Growth rate may also be affected by local soil types, or other environmental factors.
Cuban Royal Palms planted at the University of the Virgin Islands, St. Croix Campus, are out
grown by Puerto Rican Royal Palms planted around the samc time. Even the Cuban Royals planted
at the Community College in Tortola do not secem as robust as Puerto Rican Royals of the same size.

For the Royal Palm "reintroduction” project on Guana Island I would recommend using the
Puerto Rican Royal Palm, Roystonea borinquena. This species extends {rom Puerto Rico into the
U.S. Virgin Islands and would be the most logical choice for any reforestation project on Guana.
For large sized specimens Puerto Rico would be the best source. They should start producing seed
and attracting birds within a few years. As Irecall these are to be planted on the flat between the
woods and the garden. This may be a good site for the palms to become established if the salinity is
not too high in that area. This palm is & riparian specics in St. Croix, so Quail Dove Ghut, just to
the east, may be a good site {or additional plantings of seeds or scedlings from the U.S. Virgin
Islands. Please lct me know how this project progresscs,

Sincerely,

Rudy G. O'Reilly. Jr.
District Conservationist

The Malural Retources Conssndath
10 pansanye and sustim natudal 18

Of Sendice YWorks m partnaishig wilh the American pEopla
Grirces on privats lands An Egual Cpporiunity Ermphioyer
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Elizabeth Righrer
104 26" St NW
Bradenton, Florida 34207
March 52002

Mr. Skip Lazel!

The Conservation Agency

8 Swinburne 5t.

Jamestown, R1 02835

Dear Ship:

It was nice to talk to you the other day. [ hope that the research on Guana Island will
comtinue and | an1 looking forward to being a part of it next October,

FEnclosed are vertebrate fauna lists that Liz Wing composed based on her analysis of
samples from excavation units in midden deposits at the Tutu site in St. Thomas. | have enclosed
our radiocarbon dates for the various excavation levels so that you can place the data
chronologically. [ have also mcluded a list of fauna from a sort of grab sample from the
Mainstreet site in downtown Charlotte Amalie. A radiocarbon date from the lowest levels of this
site-which was e¢ssentially Cedrosan Saladoid--was AD. 182-uncalibrated.

If you use this material in publications, please cite

Wing. E. 8, deFrance, S, & L. Kozuch (1995). Faunal remains from the futu
A rchueu!ag:m! I :l/agqca St. Thomas, USVI Manuseript on tile at the Division tor Archeology
and Historic Preservation, Charlotte Amalie. 51 Thomas.

Radiocarbon dates are trony

Righter, Llizabeth (Ed), in press. The Tutu Archaeoiogical Village Site: a Multi-
disciplinary Case Study in Human Adaptation. To be published by Tavlor and Francis Books,

London.

At Tutu, as you know. Elizabeth Righter was Prineipal Investigator and Director with the
help of 30 professional archacologists and more than 200 other volunteers.

[ hope this information helps et me know how your researchn turns out,

,-—l

Best Yflhhe
p E
bet 1

'\
Eliza

PS Let me know if vou are planning to cite the dates because the publishers may have other ideas
about the title of the book.
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o United Statas Agricultural Southermn Plains Area
/ "’E""-""\'-__l}.ﬁ Department of Research P.O. Box 159, Hwy. 3 West
& %éﬁﬁj Agricuu.‘l-lrﬁ Service Lane, Oklahoma ?4555
“yds/
o S

March 25. 2002

Dr. James [azell
870 South Pebble Creek Rd.
Lane, OK 74555

Dear Dr. Lavell,

This letter 1s a follow up to our recent conversation regarding my presenting a seminar on
germplasm colleetions and their benefit to agricultural science. My presentation will be
titled “Germplasm collections: a functional study of Citrulius Tanatns™,

[ am also interested in the cucurbit species of Guana Island. It has come to my atiention
that there arc two speeies of cucurbits found on Guana Island. One of these specics is
introduced while the other is belicved o be a native plant species. The latler species
Cayaponia racemosa has only onc accession in the USDA Plant Germplasm Collection,
It is also possible that ¢ racemosa was misidentified and is actually C. americama. This
species has no accessions in the USDA Plant Germplasm Collection. T would like the
opportunity to visit Guana Island to catalogue and collect sced for mtroduction into the
Germplasm Collection.

Sincerely,

Dr. Angela R, Davis
Rescarch Geneticist



Ecological Restoration

University of Wisconsin-Madison Arborelum Editor: Dave Egan

1207 Seminole Highway phone: 608/263-7889
Madison, WI 53711 FAX: 608/262-5209
USA djegan@(acstafl.wisc.edu

13 March 2002

Dr. James Lazell

The Conservancy Agency

6 Swinburne Street

Jamestown, Rhode Island 02835

Dear Dr. Lazell,

Thank you for your patience while we reviewed your manuscript, “Restoring vertebrate animals
in the British Virgin Islands.” Enclosed you will {ind a copy of your original manuscript with
suggested revisions based on my thoughts and those of a reviewer who has considerable
experience with the wildlife ccology of the Caribbean. We think these suggested changes will
help improve the manuscript  both in terms of rcadability and style.

I would very much like to see your story and ideas in an upcoming issue of Ecological
Restoration. Frankly, there has been a shortage of articles about animal restoration in our journal
and elscwhere, Your account not only shows that animal restoration is possible, it raises the
quecstion of using “analogs™ for certain keystone species, which 1 find an interesting proposition.
So. T hope that you will take the time to look over our suggestions and make the necessary
revisions. In addition Lo the revised text. I would also like to suggest that you send along some
slides or photos of the specics mentioned in the story—the extirpated species, the restored species.
or the analog species. Please send both the revised manuscript and the art work to me by June 15,
2002,

Thank you for your time and effort in this matter. Plcase feel {ree to contact me with any
questions or concems. [ look forward to helping you share your information with the readers of
Ecological Restoration.

Slm,urcly
/D{we l':.oan Edl[OI

Leological Restoration



FeoLonGical RESTORATION

124

Restoring Vertebrate
Animals in the British

Virgin Islands

by James Lazell

pout 4,000 years ago, successive

waves of human beings hegan set-
tling the West Indies, causing many extir-
pations and ¢xtinctions of native animals
(Olson 1989, Martin and Steadman
1999). The British Virgin Islands (BVI)
did not escape this onslaught, which has
continued up to the present, with the maost
recent faunal losses perpetrated by trans-
Atlantic peoples (Mirecki 1977, for the
avifauna). Losses of larger, possibly “key-
stone” species, are well decumented and
include predatory birds, najor seed dis-
persers, mammals, and the largest native
herbivores—tortoises and iguanas.

At The Conservation Agency, we
have set out to repair extirpations by intro-
ducing conspecific individuals of greater
flamingo {Phoenicopterus ruber), whice-
crowned pigeon (Columba leucocephala),
whisthing frog {Eleutherodaceylus schuanz),
red-lepeed ortoise {Geochelone carbonaria),
and stout iguana (Cyclura pinguis) from
populations en other istands, Should we
now begin repairing extinctions by intro-
ducing  ecologically cquivalent  exotic
species when no ather alternative exists!
Possibilities might include the Hawailan
monk seal (Monwchus schauinslandi) as a
replacement for the Caribbean monk scal
(M. wopicalis), Guarn mil {Rallus cwsteni)
for DeBooy's rail (Nesotrochis debooyi), and
Pucrto Rican iguaca (Amazona vittewa vit-
tta) for the oniginal Virgin Islands parrot
{Amagzona vittata subsp. indet.). Could the
introduction of carefully selected exotics
adeguately fill erpty niches?

Lowal extirpations and species exunc-
tons obviously leave empty ecological
niches. Furthermore, 1if o “keystone”
spectes s lost, there wall be nipple effects
throughout the entire comununity on a
relatively small island (Brown 1995,
Whittaker 1998, Lundberg and orhers
2020, Morgan Ernest and Brown 2801,
Bond 2001)). For cxample, 1in the
Antlles, local extirpation of a major seed
disperser—such as the white-crowned
PLECOn—May UNPAIT recruitinent in some
plants, resuloing in their decline and
eventuat loss. This change may result in
habuac loss far migracory birds (und
declines or losses of the birds themselves).
Changes 10 the plant community may
also lead ro increased soil erosion and
concomitant siltation, degradation, and
even death of marine communities, such
as coral reefs and wurtle-grass flats. For
example, the vast salt pands of Anegada,
BV, supported a huge colony of flamingos
in the 19th century (Schomburgk 1832).
We cannotr expect these ecosystems (o
{uncuon normally or nawrally without
flanungos today.

I seck o restore vertebrate faunas of
BVYI to the closest semblance possible of
their prehuman functional condition.
The following accounts provide details of
cffores o restore whistling frog, red-legired
tortelse, stout 1guana, {lamingo, and
white-crowned pigeon to BVL [alse pro-
vide arpuments for introducing exatic
species 1o fill vacant ecological niches
even when these cannot ke filled by

Ecologcal Restoration, Mol. 20, No. 3, 2002 ISSN 15224740
422002 by the Board of Regenrs of the University of Wisconsm Sysoen.
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closely related species from  nearby
Caribbean islands.

Whistling Frog
Whistling frogs {Eleutherodactylus spp.)
arc poor dispersers across seawaser. That a
few occasionally do succeed at waif dis-
persal is demonstrable; they do oceur on
many oceanic island banks never con-
nected 1o other lands (Schwarcz and
Henderson 1991). However, cach bank
characteristically supparts an endemic
species, which is presumably autechtho-
naus. Large banks, like the Pucrto Rico
Bank, show internal speciation. For exam-
ple, Eleutherodactylus schwartzi is endemic
to the Virgin Islands (perhaps now surviv-
ing only in BVI) and is che sister species of
the Pucrto Rican whistling frog, E. coqui
{(MacLean 1982). Two other species of
whistling frogs (E. annllensis and E.
cochranae) also occur in BV (Ovaska and
others 2022), but these are widespread on
the Puerto Rico Bank and do not show
obvious inter-island differentiation, How-
ever, L. schwarty docs. The Great Dog
Island population, occurring on the small-
est island v BV that suppocts any frogs,
consists of notably large individuals of
this species {Ovaska and others 2020).
Locals in the BVI call all whistling
frogs “bo-peeps.” Thus, when people
report that there vsed o be “bo-peeps” on
an island, one cannot know which species.
In 1997, we chaose E. schwartz as the
species to restare to Little Thatch Island
hecause it has been demonstrably lost from
some islands (MacLean 1982, St, John,
USVI), and has the smallest range of the
three specics. We chose stock from Tor-
tola, the closest island to Litle Thatch
with a large population of E. schwarty
{the only closer tsland is Frenchiman’s Cay,
where E. schwartz is rare ). On October 27
1997, we
fernales, and four egr clutches (8-11 egps,
average 10 egps per clutch) and the
bromeliads {Tilandsia spp.) i which they
resided. We set the bromeliads and frogs
among other brameliads prowing on Lictle
Thatch Island, The population ¢xpanded

removed seven males, six

rapidly and within a year frogs were cailing
“all over” this island (Jon Marely, man-

ager, pers. comm. October 24 1998).

184

Tortola may have been a poor choice
for this reintreduction, however. If devel-
opment plans go forward on the island,
the Great Dog population may be exrir-
pared and a unique gene pool could be
lost. We are looking for another protected
island to relocate some of the Great Dog
Island population. [I jusp want to be
clear: Is your concern alout the popula-
tion on Tortola or Litfle Thatch??]

(Nesther 3 Crear Qo
Red-Legged Tortoise

Although the red-legged wortoise probably
doces not migrate casily across warer,
humans have transported it such an
extent that its status as a native on many
islands is questionable (Maclean 1982,
Schwartz and Henderson 1991, but sce
Lazell 1993). Indeed, many older local
people in BVI remember taking these tor-
toises from island 1o island as well as
cating them. They also remember popula-
nons of red-legged tortoises on various
islands, where in recent years there have
keen no tortoise sightings.

Today, red-legged tortowses are srill
comimon on Water Island and Lictde St
James in USVI, but rarely seen on Virgin
Gorda and Tortola. Ii any survive on St.
Thomas, they are extremely few in num-
ker. In 1986, the late Dr. William Mac-
Lean brought one of the last known
individuals, a large adult female, from St
Thomas over to Guana to join five tor-
toises that Walter Phil[ip&hrought from
Water [sland that same year. [n July 1987,
Dr. Nicholas Clarke, then director of the
BVI National Parks Trust (NPT), brought
a large inale over from Tortola to Guana
Island. These seven individuals comprise
the founders of the present population on
Guana [sland, where red-legged tortoises
are now common.

On October 22 1997, Clive Petrovic,
Stoutt Community Celicoe, Tartola,
donated an adult female red-legged tor-
oise, 10.5-in (27-cm) carapace {dorsal
shell) lengrh, She was set up inan enclo-
sure with sufficient depih of loose soil 1o
nest on Necker [sland, BVI. Petrovic
knew she had mated with 4 male housed
at the Botanic Garden, Road Town,
Tortola, and predicted she was gravid, She
did nest, and an estimated (from epg-

ECOLOGICAL RESTORATION
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shells) dozen hatchlings emerged on July
12, 1998. Most of the hatchlings escaped
through the wire mesh of the enclosure,
but two were retained in a semi-captive
state. They measured 2.6 and 3.2 inches
{66 and B0 mm) carapace length on
Ocrober 19, 1998, The adult female was
later released, although she tends to
remain in close proxumity to the building;
she is usually easily found and regularly
seen. [who releagéd her? What building
are you referrifig tol]

On October 13, 2000, while visiting
Guana Island from the Division of Forestry
and Wildlife, Dominica, Stephen Durand
found a young adult male tortoise—8.8-in
(22.5-cm) carapace length—that 1 then
translocated to Necker Island. This indi-
vidual tortorse took to his new home and
its incumbent female red-legged tortoise
with passionate exuberance. In July 2001,
Joanne Netherwood {manager, pers. comm.
July 25, 2C31) saw hatchling tortoises.

Stout Iguana

Paleontalogists have found the bones of
the stout iguana on several islands in the
Puerto Rico Bank (Pregill 1981). They are
seeoungly poor water crassers, and we
know litdde of their inter-island geo-
graphic variation. Grant (1932} claimed
ipuanas were present on Guana Ishand
about 1930, but he idenrified the species
as the common or green iguana {Jguana
iguana). However, no one clse has
reported this species on Guana Island. If
there were iguanas present in the 20th
century, they were probably the last sur-
vivors of a stout iguana population.

In 1980, while officially employed by
what was then the Department of Nawral
Resources and  the  Environment,
Government of the British Virgin Istands,
under the direction of Roberr Creque, [
first concetved and promulgated the plan
to restore stout 1guanas to slands wichin
the Greater Puerto Rico Bank and (lamin-
gon to BVIL Creque agreed with my plan
and [ proposed it to several prominent
leaders on Ancgada. The proposal was
straightforward: [f [ could find a suitable
home for some Ancgada iguanas, then
capture and move them, | promised o
obtain greater flamingos for re-establish-

20:3 = =prTesnER 2002
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ment on Ancegada. [ simply had no choice
except to obtain stout iguanas from
Ancgad—a—it was the only island that had
any at all,

During the next several years, |
worked with the owners of Guana Island
to establish that island as a wildlife sanc-
tuary, remove or control ¢xotics {such as
sheep, burros, and cats), restore vegeta-
tion, and build a program of scientific
research. During this period, the National
Parks Trust (NPT} developed into a major
quasi-governmental entity under the
direction of Dr. Nicholas Clarke. The
ipuana transfer and flamingo importa-
tion—part and parcel of the same restora-
tion program-——were constant topics of
conversation between Dr. Clarke, Louis
Potter of Town and Country Planning,
BVI government (which was drawing up
plans for a National Park on Anegada),
and numerous other government officials.

[t was apparent during chis period
that iguanas were declining on Ancgada.
In 1980, when [ first observed them, they
had already disappeared completely from
the Citron Bush arca—the same arca
where Carey {1975) had {ound the high-
est densities in the 1960s. The hest
remaining concentration was at Bones
Bight, where the late Clement Faulkner
maintained a feeding station for them, My
colleagues on Anegada feared the worst
for this population because they saw no
proximate hope of controlling or climi-
nating the ungulates {especially goats)
that were out-campeting iguanas for food
plants. Everyone agreed that a second
population needed ta be re-established. In
1984, [ brought the first iguana from
Anegada o Guana [sland. During the
next two years, [ brought seven more to
the island. The population of stout igua-
nas fairly exploded on Guana Island
{Kirby 1986, Goodyear and Lazell 1994).

In October 1995, | brought four
hatching stout iguanas from Guana [sland
to Necker Island (Lazell 1995). We cage-
reared the animals until Ocrober 1996,
when one of the iguanas escaped. After
that, we released the remaining three ani-
mals. All four survived and established
recogmzable territorios. On May 1, 1999,
| caughtand released the larger of the two
f(:malcs, the previous escapee, and noted
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A amm whistling frog (Eleutherodactylus schwartzi) make its presence known. Author James

Lazell and his colleagues restored this species of whistling frog to Little Thatch Island in the

British Virgin Islands. They have also restored other species, including red-leggad tortoise,

stout ignuas, flamingo and white-crown pigeon, to various islands in the BVI. Photo courtesy

of e ristirnA OuAska

that she appeared heavily gravid. On
Ocrober 1, 1999, | noted the first hatch-
ling iguana on Necker Island (Lazell
2000). T revisited Necker abour a year
later, The first reptile T saw was a harch-
ling stout iguana. In all, [ saw many juve-
niles in two age classes and all four aduls.
Rebecca Leigh reports that the stout
iguana is now abundant on Necker [sland
(Rebecca Leigh, manager, pers. comm.
Aprit 11, 2002).

[n detailed, long-rerm studics, Mitch-
cll (1999 and 2000) reported thar while
the same plants that form the mainstay of
stout iguana diet occur on Ancgada and
Guana, stout iguanas on Guana actually
prefer o eat different native species. We
believe this is because the Torage on karst
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bedrock, alkaline soils of Ancgada is rela-
tively low quality compared with that on
igneous bedrock, acidic soils of Guana.
After a decade of collabarative research,
Mitchell concluded that vulnerabiliey to
predation, due to fewer shelter sites, was
the reason stout iguanas had been extir-
pated from islands such as Guana and
Necker. [nthe absence of artificial preda-
tien—man and exotic carnivores such as
dogs, cats, and mongooses—the igneous
bedrock, acid soil isiands are, many
believe, the oprimal iguana habatar
{Goodyear and Lazell 1994). [guanas
often survive on karst, but survival is
often in suboptimnal habitat, and [ kelieve
that is the case wirh stout iguanas on
Ancgada. The highest densities reported
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for Anegada are well below the density an
igneous Guana and Necker Islands today.

Greater Flamingo

Flamingos are strong long-distance {liers.
Decades after the BVI breeding popula-
tions were extirpated, occasional dis-
persers visited chese islands (Mirecki
1977). They did not recalonize, however,
because they are highly gregarious nesters.
There scems to be a critical minimam
necded for the group to initiate reproduc-
tive activities. Finding no group to join,
and being toe few to initate reproduction
on their own, the dispersers apparently
perished or moved on.

Schomburgk (1832) chrontcled the
vast numbers of greater tlamingos on
Ancgada, but he noted they were even
then declining and no longer nesting. By
mid-20th century no resident  birds
remained, although small groups of
flamingos occasionally visited the island
(Mureckt 1977).

In 1987 we received the first flamingos
from the Bermuda Aquarium, Muscum,
and Zoo, through the good offices of then-
director Richard Winchell. These seven
birds came with che stipulation that they
had to survive on Guana without being
poachied, prior to placing any on Ane-
gada. [ published my plans in a local
newspaper (Lazell 1987). While the trans-
locanion was successful, the birds failed to
reproduce. probably because of the low
number m the population.

Guana lsiand and my organizarion,
The Conscrvation Agency (TCAY, contin-
ued o work closely with Louis Poter;
Deputy Governor Elwon Georges; Rab
Norton, then-director of NPT, and various
government officials. On March 7, 1992,
we were able to bring 18 flamingos from
Bermudi 1o Anegada. There was a great
ceremony on that occasion, involving the
BVI[s then-govermnor Peter Penfold, then-
depury Chief Mintster Ralph O'Neal, then-
Education Minuster Lows Walters, Guana’s
owners Dr. Henry and Gloria Jarecki, the
promunent citzens of Ancgada, then-direc-
tor of NPT Rosmond DeRavariere, TCA’s
vice-president Dr Numi Goodyear (Micch-
ell), and many government officials. The
proceedings were accurately described by
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Goodyear (1992) {or NPT and in the local
newspapers by Johnsen {1992) and
Pickering (1992), the latter explicitly
detailing the long-standing—and at last
fulfilled—flamingos-{or-iguanas trade | had
cnvisioned years before.

[ describe these details and cite the
contemporancous media coverage because
af the erroneous assertion that guanas
“were maved without the permission and
involvement of the BVI government.”
(Garcia 2081)

withiout the context of the flamingis-for-

Left uncorrected, and

iguanas restoration project, this false state-

“A useful goal for
restoration 1s reinstating
earlier selection
regimes.”

ment could have scrious deleterious
ramifications adversely alfecting NGO
projects in BV, and even farcher aficld.

Internacionally, Barnes {1997} pro-
vided a good account of the iminial restora-
tion, and Conyers (1996) and Colli
(1996) documented the growth of the
flamingo population.  Unfortunartely,
Raffacle and his colleagues (1998) made
no mention of the Anegada or Guana
population in their regional bird guide.
Over the years, the original Guana flock
dwindled as older birds died. By 1992, the
remaining four individuals left Guana fre-
quently and visited other BVI sale ponds.
Far from being poached, they were
extremely popular and welcome wherever
they appeared. Conyers {1996) reported
that four birds joined the onginal 18 on
Anegada, making 22 prior to successful
nesting in 1995, These may have been the
four Guana survivors, but Conyers saw no
bands on them and beheved all the birds
from Bermuda carried bands.

There arce sull seven nen-breeding
preater flamingos on Guana lsland, all
replacements for the original seven
removed 1n 1987, Dr. Caitlin O'Connetl-
Rodwell of Stanford University plans to
use artificial stimuli to induce breeding m
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this flock sometime in 2002, Meanwhile,
the Anegada population has grown.
Rondel Smith of BVINPT, an active col-
laborator with TCA on the flamingo and
1guana project, continues ta monitor
their pregress. Christina Leany, a TCA
valunteer, and Lianna Jarecki, Stoutt
Community College, Tortola, reported to
me on July 20 2001 that the population
totals 63 greater flamingos. including 11
young birds.

White-Crowned Pigeon

Like flamingos, white-crowned pigeons
{Columba leucocephala} are strong long-
distance fliers. In the late 197Cs, Mirecki
(1977} reported them extirpated from
BVl as a breeding species, although occa-
sional individuals did appear from time w0
time. We arranged wich the Puerto Rico
Department of Natural Resources to bring
young squabs from Puerto Rico to Guana
Island. We failed to get nesting with 4
squabs tn 1997, but added 10 more in
1998 and achieved reproductive success
with those 14 in the aviary. Unfor-
tunately, some predator, probably rats
(Rartus rattus), killed rhe young squabs in
their nests.

In Ccrober 1998, we released all 14
adult birds. We strongly suspect they have
been joined by dispersers. In this case,
there 1s certainly no reason to worry about
genetic differentiation of stocks because,
like Hamingos, white-crowns in the
Antilles are metapopulations with proba-
ble panmixis, and slight inter-island
genetic divergence (Norton and Scaman
1983}, 1 have nat observed white-crowns
nesting on Guana Island, probably
because | have not been present except in
October, which is past the appropriate
nesting season. However, every yeur since
1999, several observers, including mysell,
have observed fledgling birds with dull
gray crowns. In 1999, Torwla’s renowned
birder Rawan Roy (pers. comm. April 12,
2002) observed white-crowned pigeons
nesting on Beef Island, adjacent to the
east end of Tortola. He reports white-
crowned pigeons are seen regularly on
Beef Island and castern Tortola. 1t would
now be appropriate to undertake a census
on all three islands.
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The Next Species

An immediate candidate for restoration to
BYI is the West Indian whistling-duck
(Dendrocygna arbovea), formerly a regular
nester (Phillips 1922). Mirecki (1977)
reports this species as “fairly common... in
the 19305, but... now extirpated.” Soren-
son and Bradley (1998 and 2000) provide
an overview of the status of this species
and current conservation cfforts now
underway on its behalf. Several avicultur-
alists in the United States are breeding
these magnilicent big ducks, which should
nitke them potentially available for relo-
cation. However, the specics is listed in
CITES Appendix £, so anyone wishing to
do so will have to abtain a CITES export
permit from the Unired States. There may
also be import complexities beyond the
usual veterinary certification for BV,
depending on whether BV falls under the
UK-EU CITES regulations. | can find no
information on geographic variation in
this species or the engins of the captive
breeders. This is a project in the prelimi-
nury tesearch phase.

The next series of porential BV ver-
tebrate species resterarions brings us into
the more controverstal realm. The prac-
tice of reestablishing an cxterminated
species ot subspecies with a distinetly dif-
ferent species or subspecies is not withour
precedent. Of particular note is the
highly successful restoration of the pere-
grine falcon {Falco percgrinus) in mid-
continent North America using birds of
five different subspecies (Tordoff and
Redig 20C1), some from as far away as
Spain. Three bird species in BV are can-
didates for replacement.

The Academy of Natural Species in
Philadelphia holds specimens of the
Pucrto Rican woodpecker (Melanerpes
portoricensis) from St. Thomas (Cory
1889). St. Themas and the other major
Virgin Islands of the Puerto Rico Bank—
St. John, Tortola, and northeast to
Guana, the Camanous, and Scrub—were
a continuous land mass as recently as
6,000 years ago {Heatwole and MacKen-
zie 1967). | believe the woodpecker must
have been a major pre-Columbian eco-
logical influence i the forests of these
islands and would be an important mem-
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Two greater flamingos {Phoenicpterus ruber) wade in the shallows on Guana Island. Author

James Lazell was successful in restoring greater flamingo and in the course of daing se

learned that the population needs to reach a critical size {about 20 breeding birds) befare

reproduction will take place. Photo by Kerry Sherred, The Conservation Agency

ber of a restored fauna on a still-forested
island, like Guana.

Early European accounts of the Virgin
[slands often include references to parrots
{Juniper and Parr 19983). Amazona vittata
gracilipes, a subspecies of the guaca or
Pucrto Rican parrot, survived on Culebra,
east of Pucrto Rico and just west of the
Virgin [slands, into the 20th cenuury
{(Wermore 1927). Williams and Steadman
(2001) indicate this parrot occurred as far
cast into the Lesser Antilles as Barbuda
and Antigua. Today the guaca survives on
Pucrto Rico in rainforest and mountain
habirats, in what was probably always a
poor, peripheral habuat compared to the
onginal lowland forest (Raffacle and oth-
ers 1998). In addition to the wild flock of
about 50, abour 100 are maintained wn
captivity at aviaries on Puerto Rico. [ pro-
pose putung some captive breeders on
Guuna Island in subsidized, semi-captive
conditions; voung birds would be allowed

te disperse, eventually—one hopes
adapung o wild conditions in the forest.
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These parrots might eventually disperse to
ncarby Tortala, where remnant forest
wauld probably suppory a small, wild pop-
ulation. Reforestation in BV could ensure
eventual expansion of populations to hun-
dreds of birds.

Paleontologists have found subfossil
remains of DeBooy's rail from many sites
on Puerto Rico and the Virmn Islands
{(Wiley 1985). It was apparently a flight-
less, rerrestrial species that was plausibly
reported as surviving on Virgin Gorda,
BVI, in the 194Cs (Ripley 1977). The
Guam rail (Gallirallus owstoni) seems cco-
logically similar. While extirpated in the
wild on Guain by the brown tree snake
{Boiga trregularis), 1t survives and breeds
prolifically in captivity (Taylor 1998).

There is an introduction program for
the Guam rail on the island of Row,
which I disapprove of because there 1s no
evidence that a rail was ever part of the
matural ccosystem of that island. [ have
repeatedly suggested informally 1o numer-
ous colleagues that an appropriate thing
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to do with captive Guam rails is introduce
them to islands that farmerly did support
flightless, terrestrial  rails, such  as
DeBooy's rail. DeBooy's il occurred
throughout what are today's Virgin Islands
of the Puerto Rico Bank, and even St
Croix, just a few thousand years ago,
hefore the species was exterminated by
man {Wiley 1985). Guam rails demon-
strably live well in artificial, man-domi-
nated ccosystems, as they did on Guam
prior to snake population build-up.

| propose an experimental approach o
rail restoration in BVL 1 would select an
island, like Norman [sland, that has been
subjected to severe degradauon through
human use and overgrazing by feral unpu-
lates, especially goats. [ would remove the
ungulates {a process already underway) and
control some human activities and elimi-
nates others, such as woodeutting for char-
coal, After conducting a biological survey,
I would introduce Guam rails and docu-
ment the results. For example, the riny ter-
restnial eecko, Sphaerodactylis macrolepis,
reaches the highest densities of any known
non-apgregated terrestrial vertebrate in the
world on Guana in BVI (Rodda and others
20003 1f this species is a major prey ttem
for a flightless, terrestrial rail, then their
densities—presently about 67,600 lizards
per hectare—could be interpreted as an
artificial product of rail exrerminarion,

L also strongly advocate placenent of
Guam rails on several Pacific islands,
notably Wake—formerly inhabited by
Wake rail {Rallus wakensis}, Laysan—for-
merly inbabited by Laysan rail {Porzana
palmeri), and especially Kahoolawe, on
the Greater Maui Bank of the Hawaiian
[slands, which might easily have sup-
ported four or more species of (lightless,
terrestrial rails (Qlson and James 1982).
Morin and her colleagues (1999) discuss
restoration prospects for Kahoolawe,
which they describe as excellent, bur did
not consider close relatives of extiner
species. | recerved no response to my writ-
ten suggestion {Lazell in fite. Fehruary 22,
1999 that Guam rail be considered.

The Caribbean monk scal (Monachus
trepicalis) was once a prominent animal
throughout the Cartbbean. Today, it no
longer exists (Kenyon 1977). Remarkably,
the Caribbean menk seal is so closely
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related to the surviving Hawaiian species
(M. schauinslandi) that some people have
suggested they were conspecific. The
Caribbean form, for which the small
islands in BVI called The Dogs and Seal
Dogs are mamed {Lazell 1995), was strictly
a carnivorous, littoral marine inammal. Ic
was o keystone species in the Antillean
ccosystem. [believe every effore should be
made to establish a nionk seal population
from Hawaii in the Virgin Islands.

Conclusions
My purposes in providing this account
have been o documient our restorations in
BV1, correct errors that have been unfor-
cunacely published, and suggest programs
ol animal reintroduction leading to
restorations that are as yet unconsidered—
ar considered distinctly unpalatable—by
many of my American colleagues. In this
latter aspect, | follow my colleagues in
New Zealand, where TCA officers and
inembers visited in 2080, Mick Clout
(2C21) summarizes much of this wonder-
fully producuve, increasingly successful
program, quating lan Atkinson “that a
useful goal for restoration is reinstating
carlicr selection regimes,” and that a
strong case can be made “for replacement
of some extinct species wirh ‘ecologically
appropriate’ and related extant species.”
Finally the computer-generated pic-
ture of gloom-and-doom forecast by
Lundberg and others {2000} which states
that ecosystems close down after extimpa-
tions and establish new, depauperate levels
resistant o reintroduction of the lost
species, seems mapplicable w our work in
the Brinsh Virgin I[slands. All seven
attempts o reestablish breeding popula-
tions of (% vertebrate species have been
received most successfully within their
ancestral ccosystems: two populations of
stout iguana (Guana, Necker), two of red-
legged tortowe (Guana, Necker), greater
flamingo  (Anecgada),  white-crowned
piecon (Guana), and whiscling frop (Licle

Thatch Island).

ACKNOWLEDGMENTS

For maore than two decades, more than a hun-
dred peaple have played significant roles
these restoratons. Here | can list only afew, in

ECOLOGIC AL RESTORATION

124

alphabeucal order: David and Margaret
Barwick, Richard  Branson,  Jeannine
Caldbeck, Oscar Chalwell, Nick Clarke, James
Conyers, Robert Creque, John Damron,
Rosmond De Ravarivre, Herman and Marilyn
Groezinger, Gloria and Heney Jareck, Lianna
Jarecki, Dawn Laurencin, Stanley Lefkowitz,
Rebecca Leigh, Bertrand Letsome, Wei-ping
Liao, William MacLean, John Maynard, Roger
Miller, Glenn and Numi Mitchell, Mano
Mondo, Joanne and Mark Netherwood, Rob
Norton, Kristiina Ovaska, Clive Perrovie,
Walter Phillips, Louis Porrer, Mary Randall,
Carlos Ruiz, Pedro Ruiz, Raiph Rusher, Paula
Selby. Rondel Snuth, Tony Smuth, Joseph
Smith-Abbotr, Lowell and Sue Wheatley, and
Richard Winchell.

All of us who visit and work 1 BV in any
international capacity are grateful o Deputy
Govemnor Elton Georges, a permanent pillar of
insight, wisdon, and pood will—he smoothes
the way.

Several hswed above contnbuted timancially.
The bulk of the furding has been througls The
Conservation Agency from Mocaua Metals
Corporation and Falconwood Foundation, and
from the BV National Parks Trust.

REFERENCES

Auffenberg, W 1974, Checklist of fossid tor-
torses (Testudinidae). Budlean of the Florda
State Museum 18(3):121-291.

Barnes, J.A. 1992, Flamingos return o the
BV Forum News. NGO Forum for the
UK. Dependent Termtones 7.2

Bond, W. 2021, Keystone species—hunnng
the snark. Seience 292(5514):63-64.

Brewn, J.H. 1995 Macroecology. Chieago:
University of Chicago Press.

Carey, WM. 1975, The rock-iguana, Cyclura
pmguars, on Ancgada, Britsh Viran Islands,
with notes on Cycdura nicordt and Cyclura
comuta on Hispaniola. Bidlenin of the Flonda
State Museum 19(4):189-234.

Censky, E.J. 1988, Geechelone carbonaria
{Reptilin: Testudines) 1o the West Inclies.
Flonda Saenpst 51(2):108-114.

Clout, M. 2031. Where protecton is not
enough: Active conservauon in Moew
Zealand. Trends in Ecolegy & Evoluton 16
(8):415-416.

Colli, C. 1996. Rewurn of the flaningos.
Welcome, BVI Torerst Grade 25¢2): 1-4.
Conyers, ). 1996. The BVI flamingo restora-
tion project. Criter Talk. Newsletter of the

Bermuda Zoologeal Sociery 19(2):1-2.

Cory, C.B, 1889, The bards of the Wese Indies
Boston: Estes & Lauriar.

(arcia, M. 2001, Puerto Rico proposal. IUCN
lquuna Specialist Group Newsletter Supple-
ment 4(1):4.

Goodyear, N.C. 1992, Flanungos return o
Ancgada: Stawus update. Navonal Parks
Trust News, BV, August 1992:1.

Cioodyear, N.C. and ]. Lazell. 1994. Stagus of a

20:3 w SEpTEMBER 2002




relocated population of endangered Tguana
pinges on Guana [sland, British Virgin
Islands. Restorarion Ecology 2(1):43-50.

Grant, C. 1932, Herpetology of Tortola; notes
on Ancpada and Virgin Gorda. Joumal of
the Department of Agriculture of Poarto Rico
16:339-346.

Heatwole, H. and E MackKenzie. 1967, Herpe-
togeography of Puerto Rico. [V, Paleopeo-
graphy, faunal similarity and endemism.
Evolunon 21:429-439.

Johnson, K. 1992. Ancpada birds in the pink.
The BV Beacon 8(38%:1, 14

Juniper, T and M. Parr. 1998. Parrots. New
Haven:Vale University Press.

Kenyon, KW, 1977, Caribbean monk seal
extinet. Joumal of Mammalogy 58(1):97-93.

Kithy, T. 1986. Rerurn of the monsier of the Vir-
oins. BBC Wildlife Magazne 4(123:662-663.

Lazell, J. 1973, The hizard genus Jgaana in the
Lesser Antilles. Bullatin of the Museum: of
Comparanve Zoology 145(1)-1-28.

. 1987. Flamingos, iguanas, and the restora-
tien of rare species. The fsland Sun (Road
Town, Torwola, BVIY 1307:14, 22.

. 1993 Tartoise, cf. Geochelore carbonana,
from the Pleistocene of Anguilla, northern
Lesser Anrtilles. Jawrnal of Herperology
27(4):485-4806.

1995, Natwural Necker. The Conservation
Agency Cecasional Paper 2:1-28.

_ 2000, Necker Island update. [UCN West
Indiun Ipwna Speciahst Greup Newsleter
3(1):2.

. 2001, Restorauen of the greater flamingo
{Phoenicoprerus ruber) to Anepada, Briush
Virgin Islands. EI Piorre 14(2):1.

Lundberg, [, E. Ranta and V. Katala, 2000
Species loss leads o community closure.
Ecology Letters 3:465-468.

MacLean, W. D 1982, Repules and amphubuans of
the Virgn Istunds. Londen: Macmillan.
Martin, PS. and DN Steadman. 1999

Prehistoric extinctions on islands and con-
tinents, Pages 17-95 m R.DE. MacPhee
{ed.), Extinctions in near time: Causes,
contexts, and consequences. New York:

Kluwer Academic/Plenum.

Mirecki, D.N. 1997, Report of the Cambradge
omhological expediton to the Brish Virgm
Islandds. Cambridge, UK. Bluebell.

ECoLOGICAL RESTORATION

Murchell, N.C. 1999, Effect of introduced
ungulates on density, dietary preferences,
home range, and physical candition of the
ipuana {Cyclura pinggs) on Ancepada. Hur-
petologica 55(1):7-17.

_ . 2000. Anegada iguana. Pages 22-27mR. D
Reading and B. Miller{eds.), Endanpered
animals: A reference puide o contlicting
wsuvs. Westporr, CT: Greenwood Press,

Morgan Ernest, SK. and J.H. Brown. 2001.
Dielayed compensation for missing key-
stone species by ¢olonization. Science 292
(3514):101-104.

Morin, M., C. Atkinson, P Banko, R, David
and M. Reynolds. 1999, Sipghunps of Ka-
he'etawe birds, Elepaio 58(9):59, 62.65.

Norton, R.L. and G.A. Scaman. 1985, Post-
fledging distribution of whire-crowned
migeons banded in St. Croix, Virgio Islands.
Towrnal of Ficld Ormthelogy 56{4):417-418.

Olson, S.L. 1989. Extinction on islands: Man
asa catastrophe. Pages 50-331in D, Western
and M. C. Pearl (eds.), Conservation for
the twenty-first century. New York: Oxford
University Press.

Olwon, S.L. and H.E James, 1982, Prodromus of
fossil avifauna of the Hawaiian [slands. Smith-
sonun Contribrnons to Zooksyny 365:1-59.

Ovaska, K., ]. Caldbeck and 1. Lazell. 2C30.
New records and distributional and ecalog-
ical notes of leptodaceylid frogs, Lepto-
dactyles and Elewtherodactylus, from the
British Virgin slands. Bretiora 508:]-25.

Phillips, J.C. 1922. A naural uswory of the ducks.
Volume 1. Boston: Houghton Mittlin,

Pickering, V. 1992, Flamingos restored to
Anegada. The Island Sun (Road Town,
Torwla, BVD 1656:1, 7.

Pregll, G. 1981, Late Pletstocene herpetofau-
nas from Puerto Rico. University of Kunsas
Museum of Natural History Miscellaneows
Publication 71:1-72.

Raffacle, H., J. Wiley, O. Garrido, A. Keith
and J. Raffacle. 1998, A guide 10 the birds of
the West Indics. Princeton, NJ: Princeton
Urniwversity Press,

Kipley, S. D. 1977, Rals of the world. Boston:
David R, Godine.

Rodda, G.. G. Perry, R. Rondeau and ). Lazell.
2001, The densest terrestnial vernebrate.
Joumal of Tropical Ecology 17:331- 338,

20:3 m Sppreapen 2002

130

Schomburgk, R, H. 1832, Remarks on
Ancgada. Joumal of the Royal Geological
Socwety 2:152-170.

Schwartz, A, and R, W, Henderson. 1991,
Amphibians and repales of the West Indies.
Gawmnesville: University of Florida Proess.

Sorenson, L, G. and P Bradley. 1998, Update
on the West Indian whisthing-duck (WD)
and wetlands conservation project—report
from the WIWD workmg greup. El Pinrre
L1{3):126-131.

_ . 2000, Workimg proup report—Update on
the “West [ndian whisthog-duck {WIWD)}
and wetlands conservation  project’—
Report from the WINW D working group. El
Purre 13(2):37, 63.

Tavlor, B 1998, A made o rails, crakes,
gatlimides, and coots of the world, New
Haven:Yale University Press,

Tomuch, B Q. 1986, Mammals i Heawan.
Honolulu:Bishop Muscum Press.

Tordoff, H. B. and % T. Redig, 2001. Role of
eenctic background in the success of rein-
tresduced peregnne falcens. Conservation
Biclogy 15(2):528-532.

Wetmore, A, 1927, The birds of Porto Rico
and the Virgin Islands. New York Acadeny
of Saences Scienufic Survey of Puerto Rico
and the Virgm Iskands 9(4):409-598.

Whittaker, R. ], 1998, liland bugeegraphy: Eco-
Iy, evoluton, and comservauon. Oxford:
Oxford Uraversity Dress.

Willtams, M. 1. and D. W, Stcadman. 2001.
The historic and prehistonie distribunion of
parrots {Psittacidae) wn che West Indies.
Papes 175-189 m €. A. Woods and F E.
Serpite {eds), Bopeagraphy of the West
Incdies. Second Edinon. Boca Raton, FL:
CRC Press.

Wiley, J. WL 1985, Bird conservanion in the
Uniured States Caribbean, Dird Conservation
2:107-159.

James Lagell v president of The Conservation
Agency, « saenific nunprofit corporatien Incaled
& Swartburne St Jumestown, RED2835, 401/423-
2652 Technical Report

159






