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Dr. Henry Jarecki
[0 Timber Trail
Rye NY 10580

Dear Henry:

[t was a lovely month, October 2000. Small population. Low stress. The few of
us got lots done  Razi, Ofra, and | continued collecting data for our three species, multi-

two assistants worked on energetics, locomotion, and combat in male crested anoles.

Stephen Durand finally got here to join the bird banding crew with the Sibleys, and
was a great help. We have invited him to come back and run the program in 2001, so
Fred can work on clearing trails -- which he has been longing to do for years The avian
highlight ol the year was the capture of an adult Swainson’s thrush, Catharus ustulatus
swainsoni, by the book: “A rare migrant on Cuba, Jamaica and the Cayman Islands and
very rare in the northern Bahamas™ (Raffaele et al.. 1998. A Guide to the Birds of the
West Indies, Princeton Univ Press),

Qur Swainson's thrush, as a full adult, has to have made a complete migration
before, and there was no El Nino to make 2000 unusual. We conclude he was on his
regular route to South America and we have a discovery of major importance for the
study of neotropical migrant hirds. Stephen and Fred promise to get this record published.

Barry and Buena Valentine, Phet Souphanya, and Wenhua continued building the
insect collection. Barry has applied {o you for a tiny grant to finalize and publish a
comprehensive list of Guana’s beetles. He has about 240 species. Chao’s index of species
richness (see Bartlett's paper below) predicts 282, We expect a lot of these are going to
turn up in Mike Ivie's collection at Montana State. Mike has been working on Virgin
Islands beetles for about 20 years, but has gotten very little published. He will not take on
a single island project like Guana, but will enthusiastically assist Barry by providing a place
to live while doing the work.

Eric and Adam, the marine crustacean team, came through briefly on their way to

Anecgada. They are planning a website for B.V.1 crustacea. Eric introduced the group
from Los Angeles County Museum (LACM), led by Leslie Harrs and Todd Zimmerman.
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to Guana. They were close friends and colleagues at first, but have fallen out. My view is
that a little competition is not a bad thing in view of the enormous amount of work to be
done in this field. However, I must say 1 do not much like the attitude of the LACM
group, who seem to believe the “Guana Island Project™ is their thing and the rest of us do
not exist.

Here’s a description of what tollows:

Jean Lodge’s paper describing the mushroom Amanita arenicola, type locality
Guana, 1s out. For some reason, she thought Anguilla was in the B. V.1, and thus does not
understand the biogeographic significance of A. arenicola occurring east of the Anegada
Passage in the Lesser Antilles (lots of people are like that!). 1 will get her straightened
out. Amanitas are famous mushrooms. Caesar’s, A caesarea, is esteemed as the world’s
most delicious, the fly amanita, A. muscaria is extremely poisonous and death’s angel, A.
phalloides, 1s perhaps the world’s most deadly. No one has tried to eat a Guana A.

arenicola.

In the hizard world, Greg finally got in gear and finished up our 15 year long
project of naming the Carrot Rock skink, a tribute to our fate friend and colleague Bill
MacLean. Guana does not own Carrot Rock (1 checked: it is Crown Land), but it is our
intellectual property -- one of the most amazing bits of land on Earth. And another anole
physiology paper is out.

Next Barry's illustrated beetle list leads entomology. Then Charles’s planthopper
paper 1s one of my all time favorites. Instead of waiting to get every species identified,
and the new ones described, he has produced a superb summary. Especially useful is his
use of Chao’s index of species richness, which I now will exhort everyone to apply to their
collections (as Barry has done for bectles). The team of Bob, Barbara, and Dave have
their first paper out resulting from their ongoing molecular and morphological studies of
grass-associated insects. This paper expands on one of Charles’s planthoppers.

Then an oldie 1 only just discovered. One of Roy Snclling’s discoveries got
described and named (for him) from Guana. It is a weird wasp that parasitizes
planthoppers. | have added some general, explanatory text to Olmi’s technical paper (see
copyright concerns, below). Vitor and Scott have at long last got a moth manuscript
completed. This is the first of three, and only features the big, showy species. Gloria and
I cach have a new species named for us! And, there is a big, “coftee table’” book out on
hawk moths -- or sphinx moths -- that features a Guana Island specimen. The whole story
is nostalgia land for me because Margaret Cary (late of Bryn Mawr College), was a great
mentor of mine and financed my first trip to the West Indies when I was 17.

We might consider buying this book because, as Vitor and Scott point out, Guana
has 22 of the Antilles’ known 85 species of hawk moths: 25% of all the species in the
West Indies! On Guana! Cuba has 25% of the land area; it is bigger than Guana, not
better.



Then I put in a copy of' a letter [ wrote in response to an mnguiry by a buttertly man
highly recommended by Gad. [ guess my letter scared him off’ never heard from him
auain. Wonder why?

bred Sibley adds to our dragontly lore. Roy and colleague add to our known ant
fauna, and the termite Neotermes mona, which when discovered on Guana by Margaret
back in the 80°s caused quite a stir, comes into its own. Barbara reappears in her original
role as a termite expert with Mike ~- who hasn’t been able to come back tor vears -- with a
dandy paper on our ternutes

I iust got a last minute letter from Fric at Yale on the crustacean work. I have
popped it in after insects.

And finally, Clive’s prece almost slipped by me unnoticed (1 found a stack of
reprints in his office one day while waiting for him) At least he netther forgot nor ignored
us.

The baok 1s progressing well 'l send a chunk of text out for review to several
eritics -- vou included -- later this spring. The phone is constantly ninging as all the gang
want to line up plans for next October, anticipating a full month full of biologists. Fhgher
stress, but [ am looking forward to 1t too. .

The beetle list, parasitic wasp piece, moth paper, hawk moth cover, and carpenter
ant bit all exemplify one of miy worst copyright concerns: [ am forever “lluminating”
these reports with text and illustrations eut of books. I do it because [ believe that
without pictures and some generalized, explanatory text, many of these technical papers
would be meaningless gibberish. They would be even to me i [ didn t go to the booksheif
and pull out an entomology text and look up. for example, Dryimd wasps. | have been
doing this for 20 years. No problem as long as it is in the context of “Dear Henry™ -- part
of an extended letter to you Put it on the web and therc will be dozens of major
publishing houses screaming copyright violations.

[t would be a long hard job just to go back over all those 20 reports and figure out
which books I xeraxed all that cuod stuffout of  So. clearing copyright is a much bigger

job than just getting permissions from the journals that have published Guana papers.... A
word to thic wisg.

All the best. }
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Cover Story

Prior Lo his death” Whosc death. the giant amblypyeid? Well he is safelv pickled and tagged.
bottled and sheived. at the American Muscum of Natural Histonn (AMNH). where he has been tentatively
identificd as a member of genus Heterophrvnus. but not vet known to species. As for Dr. Laczell. welll it is
still prior to his death. but as he always savs "Evervone who cats bananas dics.”™ You cannot be careful

cnough.

Actually ambivpygids -- name mecans “short rump” -- arc perfectly harmless, Guana has a very
common small one, genus Phrvous. [n all my vears of collecting weird animals atl over the world. only
once did I ¢ver see a giant like this before. That was on Sage Mountain, Tortola, about 20 vears ago. And
that was just a shed exoskeleton, not the whole animal. This one. spotted by Birgit 1o the evening of 8

QOctober 2000, is an absolute [irst for me.

[ made tissue preparations for DNA sequencing from this specimen. the little common one, and
alt of our scorpions. Dr. Lorenzo Prendini from South Africa has come to AMNH. New York. to work
there with Dr. Ward Wheeler on a molecular phvlogeny of the scorpion-itke arachnoids. Arachnoids are
spider relatives. Birgit described her find as a cross between a spider and a bectle. [t is certainly one more
example of remarkable survival on Guana, and very likely a new specics. Guana will be 4 major blip on

the radar screen of arachnoid biology. The photo is by Gad Perry.
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New and interesting ectomycorrhizal fungi from Puerto Rico, Mona, and
Guana Islands

Orson K. Miller, Jr.!

Depurtment of Biology, Visgona Pobviechnie Institute
and Ntale Uniiversdy, Bledlurg, VA 29001

D. Jean Lodge®
Center for Fovest Mycology Research, Unvted Stutes
Department of Agnculture, Forest Service, Forest
Products Lab., 'O Box 1377 Luguilio,
PROO773-1377

Timothy |, Baroni

Liepartment of Biclogreal Sciences, NSUNY-College at
Cortland, Cortland, NY 13054

Abstract: A rcport of putative ectomycorrhizal fungi
from Puerto Rico, Mona, and Guana Island in the
Greater Antilles includes four species of Amante,
three of which are new species; wo Lactarius, one is
new, and two species of Boletus, one new. In addirion,
new distribution records of Phlebopus beniensis, Rus-
sula Gitoralis, Lactarivs ferrugineus, 2 new small
spored Phylloporus, and Suillus brevipes with Piuus
caribaea are reported. Ectomycorrhizat hosts tor all
but the Suilluy include Coccoloba wvifera (Polyguna-
ceae) and putative hosts Hymenea courbanl (Caesal-
piniaccae) and Andira inermis (Papilionaceae).

Key Words: Amanita, Basidiomycetes, Boletus,
Greater Anulles, Leactarius, Phlebopus, Phylloporus,
Russula, Suillus, systematics

INTRODUCTION

Guana Island (British Virgin Islands) and Puerto
Rico are part of the Puerto Rican Bank in the eastern
Greater Anunlles, The areas surveyed range from sca
level to 1000 m, but the collections reported here
were from 1-300 m. The forest types have ropical wo
subtropical climates and include coastal sand dune
communities and subtropical dry, subiropical moist,

Accepied for pubhcauon November 29, 1999
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“The Farest Producis Laboratery in Madison, Wisconzim s noain-
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and sabtropical wet forests according o the Hol-
dridge Lifezone svsiem (Ewel and Whitmore 19737,

The most ntensively sampled arca was the tabon-
uco torest wvpe, trom 10U-300 m elev in the Luguillo
Mounuins of NE Puerio Rico. This forest npe has a
mean annual rainfall of 230-100 ¢m/vr and mean
monthly temperatures from 22-26 C. Although there
are 152 wree species reported for the tibonueo torest
vpe (Brown ec al 1983), almost all of them arc as-
sociated with arbuscular mycorrhizal fungi, although
about 2% are also associated with basidiomyeertes
(Lodge 1996). The presence of the agarics reported
here, which are only known w be ectomycorrhizal
associates of tree hosts, leaves little doubt about the
presence of ectomycorrhizal symbioses, Lodge
(1996) reported the presence of thick mantles of ba-
sidiornycete hyphae with clump connections on the
roots of Pisonia subcordate Awhguly (Nyclaginaceae),
Coccoloba swartzu Moisn,, and C. pynifela Dest. (Po-
iygonaceae), and ccendomycorrhizae in Andira iner-
mis (W, Wright) DC (Paptlionaceae). Kreisel (1971)
demonstrated the presence of ectomycorrhizae in
the sea grape, Coccolobe uvifera (L) L., which occurs
cxtensively along the coast of Puerto Rico, often in
pure stands. The fungi reporwed in this paper are
most likely associated with these hoss, Coccoloba ru-
gosa Desf. (a rare and endangered species), and pos-
sibly also with Hymenea courbanl L. in the Caesalpi-
niaceae. Although there are undoubtedly other ec-
tomycorrhizal hosts in these forests the species re-
ported in this paper occur near or under the putative
host described above, However, some of the putative
hosts reporwed by Pegler (1983) for the Lesser Antil-
les are dubious and need o be confirmed.

MATERIAL AND METHODS

Color comparisons were made using Kornerup and
Wanscher (1967) and designated Met 6E-4 which indicates
the plate, row, and color bleck, In some cases the pileus
color wus vecorded using Cailleux (1948), noted as Caill.
T73 which indicates row T, color block 73, A few others
were recorded as Ridgway color names as reproduced by
Smithe (1975) and are given in capiualized form, ¢.g., Drab
Gray (0.1Y 6,8/2 1) and accompanied by Munsel color no-
tations in parentheses. Collection numbers preceeded by
PR- or GUA- refer to a unique number in the database for
the Basidiomycetes of the Greater Anualles project; ledyer
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numbers are also presented, if assigned. Chemical reagenis
including Melzer's selubon, sume-gnatae, U7 phenol, and
FeSO, were used for spot testing tssue samples when ap-
propriate and the reacnons recorded. Drawings of the 1l
lustrated ava were made from mounts in Melzer's solution.
Sroell and wiste were recorded when possible from fresh
material. B value is length/width ratio of the hasidiospore
ancl E. s the mean E of no= 31 spores. For color iimages
of several or the taxa deseribed here see hups//
wiwtecortiand.edu/NSE/ga hunl.

RESULTDS

Eleven purative ectomyveorrhizal taxa are described,
five of which are new species. The other six species
represent new range extensions, The genus Amanita
has most of these new taxa, therefore, we present a
dichotemous kev to those species. These are the only
species now known in the arca covered in this study
and are all in the subgenus Armanita. The descrip-
nons are presented in three groups corresponding to
their taxonomic relatedness,

KEY T THE SPECIES OF AMANTA OF PCERTO RICO,
AND THIE U'S AND BRITISH VIRCGIN ISLANDS

Subygenus Amanita; nonamyloeid spores, and only associated
with species of Coccoloba.

1. Annulus cothurnate, persistent; pileus vellow with a
white universal veil; cheilocystida clavate o subfusi-

form; spores 7-105 X 4860 pm .. ... A. oystidiesa
1. Not annulate or pardal veil evanescent and other
characters notas above .. ... ... L L 2

2. Pileus pale drab-gray; supe with a small white, frag-

ile volval cup; spores 9-12.5 X 7-10 pm, subglo-

hose: chelocysudia pyriform to subglobose ..
................................ A. arenicola

2. Pileus orange or yellow, spores smaller or <7 um
wWide e 3

3. Pileus orange-vellow in center, paler over marging

spores =7 X 4.5-6.7 um, suhglobose £, = 1.12 . ..

................................ A micespora
3. Pileus chromne yeitow, spores 7-10.3 X 57 um,
broadlv ¢lptical £, = 1.31 ... .. A. chrysaleuca

Amanita cystidiosa O. K. Miller ¢t D. |. Lodge, sp.
nov, Fres, 1-4, 9
Pileus 20-4.7 cm laws, primo convexus sub vetustate

planus, in statu madido subviscidus, 1n superficie reliquias

volvae universails tenui-farinosas retinens, pallide strami-
neus, in omargine wenuiter sulcatosstriaws, Lamellae liberae,
subdistantes, ventricosae, 2-sericbus tamelularum priedi-
tae, sub vewsstate pallide flavae vel flavae, Stipes 1.9-5.2 cm
longus, 0407 em laws, acquus buibo basali abrupte ro-
tundato pracditos, siccus, albus practer flavescentem in bul-
bo per reliquias volvae universahis. Volva partialis persistens,
annulum cothurnatum formans. Contextus solidus, aibus.
Odor non distinctus. Pilcipellis e hyphis intertestis lads ten-

Fios, 18, Amanita cystidiosa and A, arenicola, 1-4. A,
oystidiosa. 1. Fruiung bodies. 2. Basidiospores. 3. Basidia. 4,
Cheilocystidia. 5-8. A, arenicola. 5. Fruiung bodies. 6. Ba-
sichospores. 7. Basidium. 8, Cheilocysudia, Bars: 1, 5= 1 cm
{upper bar); 2-4, 68 = 10 pm {lower bar).

uitunicads 4.2-20 um in diametro composita. Volva partialis
¢ hvphis hlamentosis tenuitunicatis 5-9 pm in diameoo
composita. Volva universalis ¢ hyphis intertexds tenuitani-
catis 4.0-13.0 pm in diametro cellulas clavatas distinctas 13-
27 pm in diametro habentibus composita. Fibulae absentes.
Cheilocvsudia 45535 % 7-11 wm, clavata vel subfusiformia,
tenuitunicata, ¥z vel % lengitdinis corum protrudentia. Ba-
sidia 25-30 X 895 wm, clavata, tenuitunicata, 4-sierig-
matiphora. Basidiosporae 7-9(-10.5) X (4.8-)55-6.0 pm
(E. = 1.34: E = 1.15-1.53) brevi-ellipticae, tenues vel len-
iter crassitunicatae, o solutione Melzer inamyloideas. Hol-
otypus in thiniis arcnarum sub Ceccofoba uvifera, siha Pi-
nones, prope Loiza, Puerto Rico, 14 Jan 1998 lecws. Leg.
Lodge & Miller (NY, OKM 27232).

Pileus 2.0-4.7 cm broad, convex, becorning nearly
plane in age. subviscid when wet, covered with a very
fine mealy, white remains of the universal veil, pale
straw yellow (Met 2A2, Mer 1A2) ground color, mar-
gin fincly sulcate-striate. Lamellae free, ventricose, 2
tiers of lamellulae (L = 2), subdistant, vellow (Met
4A3-1), voung light yellow (Mct 4A2). Sipe [.9-5.2
cin long, 0.4-0.7 cm wide equal with an abrupt round
basal bulb, white except for the bulb which is covered
with the appressed remains of the universal veil and
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plicats pracditas. Lunellae iberae, angustac, appresima-
e, albae, lamelluhis inserde unica dispositis praeditie. Sn-
pes 3.5-10 am longus, 05-1.0 cm Jmus, subacqualis basi
anguate Clavanis, laeyis, madidus, ohsowe albus, cupulasaol-
vall fragili alba praeditis, Volva unversalis ¢ hvphis blamen-
tosis hyalinis, m paviibus subavquis inter cellulas globosas,
subglobosas vel pyriformes hyalinas tenuiunicatas ostis
composita. Pilerpeliis ex sere umct tepent hvpharum hy-
alinarwm, evlindracearien 2550 pm diametro composita,
Fibulae absentes. Cherleoysudia sparsa hvahna pyniformia
subglobosa vel globosa 18750 X 13-17 wm. Basidia 35-35
% 12-14 jm clavata tenuitnicata byalina. ‘bsterigmmopho-
ra. Basidhosporae 9-125 < 7-10 wm (E,, = 1.256: K = 111~
1.4%), subglobosae vel late ellipticae wenuitumeatae hvali-
nae, in 3% KOH guttula yleosa ampla flava pracdite, in
wolntone Melzery mamvleideae. Holonpes in solo arenoso
sub Cocenloha wfera in White Bav Ridl, Guana Island, Bnt-
ish Virgin Islands, 27 Oct 1997 lectus. Leg Lodge (NYLGUA
109).

Pilcus 3.5-2.5 cm broad, strongly depressed to in-
fundibuliform, moist to siicky, sand covered, smooth,
Drab Gray, with flat pale buff (124) (0.9Y 7.77/5.5)
detersile patches of universal veil in the center, mar-
gin evenly pale Drab Gray (5.64.6.82.2.4) and plicate-
striate. Lamellae free, narrow {5 mm broad), close,
white, one ter of lamellulae, edges even. Supe 9.5-
10 cm leng, 0.5-1.0 cm wide, ncarly equal with a nar-
rowly clavate base, smooth, moist, dull white with a
small, fragile, white, volval cup, often appressed but
one half or more free, often with the ragged remains
of the veil in the sand or adhering to the lower stipe.
Context soft, fragile, white. Pileipellis of hyphae 2.5-
3.0 wm diam, thin-walled, Alamentous, hvaline in 3%
KGOH., vellowish in Melzer's solution, Pileitrama of in-
terwoven, broad, thin-walled, hyaline hyphae (3.4-)
6-25 pm diam, mesty filamentous, sometimes swol-
len. Lamellar trama of filamentous to broad and

" swollen, thin-walled hyphae 4.2-21 pm diam. Sub-

hymenium of short, isodiametric cells, thin-walled,
hyaline. Universal veil of filamentous, hvaline hyphae
intermixed with a nearly equal properdon of glo-
hose, subglobose to pyriform, hyaline, thin-walled
cells. Clamp connections absent. Chetlocystidia infre-
quent to frequent, of pyriform to subglobose or glo-
bose cetls 18-30 X 13-17 um thin-walled, hyaline.
Basidia 35-535 X 12-14 pm clavate, thin-walled, 4
spored, hyaline. Basidiospores 9-12.5 X 7-10 um (E

so= 1.25: FE = 1.11-1.43) subglobose to broadly elliptic,

" thin-walled, hyaline with a large yellow oil body in

TR

3% KOH, nonamvioid in Melzer's solution.

Habit, habitat, and distnbution. In sandy soil under
Coccoloba wwifera usually on beaches in Puerto Rico,
and the [slands of Anguila and Guana in the Virgin
[stands, fruiting in wet cool weather from July to De-

tcemiber,

Ltymology. arena = sand; cola = dweller.
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Matemal exarined. BRITISH VIRGIN ISTANDS, AN
GUILIA: The Mariners Hotell 8 Jul 1993, ANG-2, Coll. {2
[ Devfee (CPMRY, GUANA ISLAND: White Bav, beach road,
L eley, 1RO7 287 397 N GEE 347 117 W all of the followme
collections), 19 Qe 1297, GUABS, Coll. D, ] Lodds (VP
27 Oc 1997, GUA-TOY, Coll. 1) f. Lodge (TTOLOTYPE, NY:
[ TYPE, CEMR)Y: 2 Ocr 1998, GUA-LTY. Coll. D. | Ledgre
S N Clron (CEMR; NY) 2 O 19958, GUACLRD, Coll &)/
Lodge & N Clonr (CFMR, NY); 2 O 1998, GUA-IRL. Coll.
DL Laode & N Cham (NY); 2 Oct 19495, GUA-L90, Coll. 2.

JoLodgr & N Chepr (CEMRY, 2 Ocr 1998, GUAC19L, Coll.

D Eoddpe & N Cher (NY) 2 O 1698 GUAC192 Cloll. D,
JoLodie X0 N, Chum (CPMRDNY) 2 Ocr 1098, GUA-IDS,
Coll. D [ Ladee & N Clom (NY) 2 Oct 1998, GUA-106,
Coll. £ [ Loder & N Chem {CEMR)Y; 2 Ot 1998, GUA-195,
Coll. D). f Ladee & N Chon (CEMRG 2 Oct 1998, GUA-196,
Coll. . Loder & N Chon (CENMR]2 Oc 1998, GUA-L97,
Coll. 1. Ledpe & N Chian (CEFMRY; 5 Gor 1998,
GUAL98, Coll. O f Lodge & N Clum (PARATYPE, NY:
ISOPARATYPE, CFMRY; 5 Oct 1998, GUA-199, Coll. D. |
Ledge 320N Chon (CFMR, NY), 6 Oct 1098, North Bay
\'\’oo-(ls near beach, GUA-2L, Colll D [ Lodge (K). USA.
PUERTO RICO: Munuaipio Fajardo, near Luquillo, La Sel-
va {Governor's) beach, 1 m. elev, 91 Dec 1997, PR-4716,
Coll. L. Barley & E. Garaa (VPI); 21 Jul 1998, same loca-
non, PRASOR, Colt. D. [ Lodge & N, Perer (CEMR); 21 Jul
1998, PR-4909, Coll. D [, Lodyr & N. Perez; Munucipio Rio
CGrande, Pinones Commonwealth Forest, beach near Loisa,
I m eley, 23 Dec 1997, PRATL7, Coll [ Trappe, D. | Lodge
% M. Castellano (UPRRPY.

Observations. The nonamyloid spores, type of vol-
va, lack of a partal veil, and the plicate-striate pileus
margin are all characters of the subgenus Amanita
sect. Vaginatae. The characteristic drab gray cap col-
oration; very small, fragile, white, saccate volva; buff
volval patches at the cap center and the distinctive
type of universal veil tissue are characieristics of the
species. The growth in beach sand, often in toredu-
nes, associated with Coccoloba vvifera s a distinctive
habitat. Amanita sinicoflava Tulloss is similar {Tulloss
1988) but has some obvious differences. In A. sini-
coflava the volva is deeply saccate and the stipe has
characteristic chevron-like rows of fibrils, often gray-
ish in color, and a saccate volva with the “interior
pale orangish or pinkish becowing gray”™ which are
ail phenotypic characters not present in A. arenicela,
The pileus coloration and anatomical details of the
universal veil combined with differences in spore size
are different from the two taxa in sect. Vaginataswith
a membranous universal veil described by Tulloss et
al (1992). Pegler (1983) described A, antllana Den-
nis from the Lesser Andllies. This taxon 1s found in
forests associated with Coccoloba diversifolia Jaca. and
15 in the sect. Vaginatae but differs in some respects,
The pileus is brown to olive-brown, but the nona-
myloid spores, measuring 16-135 % 7.5-11.5 pm
with E = 1.26, are somewhat similar, Dennis (1952)
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Fros, 9-11.
b, V1, Plilebopus benensis. Bar = 1 cm.

9. Amania oystidiosa. 10, Ladarius coccolo

is vellowish (ncar Met 4A2), fine white rhizomorphs
emanate from the base, Pardal veil leaves a persistent
cothurnate, white annulus which flares upwards but
may vary from inferior to superior. Context firm,
white, unchanging in cap, supe white and solid out-
side with a soft center. Smell not distincuve. Pileipel-
lis of interwoven, broad, thin-walled hyphae 4.2-20
pm diam, hyaline in 3% KOH, yellowish in Melzer's

solution. Pileitrama ot interwoven broad hyphae 4.2-
24 pan diam, hyvaline in 3% KOH, vellowish in upper
irama to dextrimoid in che lower rama in Melzer's
solution. Lamellar trama of thinawalled, hvaline hy-
phae, vellowish with 2 hue of deep reddish color
[dextrinoid] in Melzer's soluuon. Parual veil of fila-
mentous, thin-walled hyvphae 5-9 pm diam, mostly of
short, frequently branched cells. Universal veil of
ughtly miterwoven cells 4.2-13 pm diam, thin-walled,

bvaline with frequent, enlavged. distineive clavate
cells 15=27 i cham, thin-walled, and hvaline. No
clamps seen on any ussue. Chetloevsddia 45-55 % 7-
11 pm clavare, narrowly clavate o sublusiforn, tin-
walled, protruding one-third o one-half. nunerous,
Basidia 25-30 x 8-9.5 pm clivate, thin-walled,
spored hvaline in 3% ROID und Melaer's solurion,
Basidiospores 7-9(=10.5) = (4.8-155-6 pm (E,,
L34 E = 1.15-1.53) short ellipsoidal, thin w slightls
thick-walled, nonamvloid m Meleer's solution. Spore
print pure white.

Frabit, habitat, and distribedion, Solitoy o scai-
tered in o sand in the dunes or fore dunes among or
close to Coccoloba wvifera and a wide spread decum-
banc shrub, cowo plum, Chrysebalanies icaco L. (Ro-
saceae); truiting in Jan,

Etymology. oystidiosa refers w the cheilocystidia,

Material examined. USA. PUERTO RICO: Pinones Com-
monwealth Forest, beach near Losza, 14 Jan 1998, Coll. D.

7 Lodge. O. K. % H. Millr OKM 27232 (PR-3462) (HO-

LOTYPE, NY; ISOTYPE, CFMR); ORM 27234 (PR-3463)
(PARATYPE, VPL [SOPARATYPE, UPRRP).

Observations. A taxon meeling this deseription has
not been collected before on Pucrto Rico. The spe-
cies is in the subgenus Amanita sect. Amanita. In the
area where the holotvpe (OKM 27232) was found, a
second collectuon, (OKM 27234) was made and both
were in sand close o Cocceloba wwifera on the open
beach. The persistent, membranous white annulus
thac flares; subviscid straw vellow pileus: clavate o su-
bfusiform, thin-walled, prouuding, chellocvsudia: fil-
amentous partal veil and filamentous universal veil
with clavate end-cells are 2 combination of unique
characters in the genus Amanita. The spores are non-
amvloid, short elliptic with a thickened wall. The
presence of clavate to subtusiform chicilocystidia is
the first demonstration of wue cvsudia for Amanita
section Amanita. Jenkins' (1977} study of the Norih
American wxa in the section Amanita reports that
the gill edge is Vtrequently covered with inflated cells
or hyphae being remnants of tissue heoveen gills and
parnal veil.” The cystidia in A, oystidiose are derived
from the lamellar rama and not remnants of a tssue
differenvated <during primordial development. Re-
cendy described species of Amania, including re-
ports from the Caribbean region by Tulloss (1989,
1990, 1995), Tulloss er al {(1992), and Pegler (1983),
do not include a mxon phenotypically similar o A,
cystidiosa,

Amanita arenicola O. K. Miller et D. J. Lodge, sp.
1nov. Fres, 5-8
Pileus 3.5-5.5 ¢ latus, depressus vel infundibuliforimgs,

madidus, lacvis, sublutescenri-canus sed m cento naculis

volvae nmiversalis palhide bubalinis ornatus, in muangine suriis



Fios, 12-19. Awmanute microspora and Boletus ruborcihio.
12-14. AL macrespora. 12, Fruiting bodies. 13, Basidiospores.
l4. Basidia. 15-19. 8. rwborcrddis, 15, Fruiting bodies, 16
Basidiospores. 17, Pleurocwstidia, 13, Pileipellis. 19, Sdpui-
pellis. Bars: 12,15 = 1 an (upper bar): 13-14, 16-19 = 10
pim (lower bary.

stated that the volva was missing on the ovpe collec-
ton from Trnidad. even though the {ruiing body
was carefully excavated. Pegler (1983 states that sub-
sequent collections of A, antitlana from Guadeloupe
and Martnigue in the Lesser Anulles have an ochra-
ceous brown volva, unlike the white volva in A, wr-
envcolu. Examination of the holotvpe was carried out
and the spores are larger than those of our axon
along with the ditfferences in the volva noted above,

Amanita microspora O.K. Miller, sp. nov Fios, 12-14

Pilens 3-5 cm latus convexus, vetustate subdepressus pri-
mo numaculate albus dein <o super discum flavidus vel
ochraceus, magine ka alha steiata ornans, madido visci-
dus, in superficie arcis purvis agglutinaos detersilibus albs
atque religquiis floccosis volvae unversalis iwregulariter dis
persis instructus, Lumellae lberae subdistanies venuricosac,
lameilulis curds infrequentibusque praccitae, primo albae
venstate pallide ochraceac. Supes

3.5-6 cm longus. 0.3-0.5
am latus, usque ad bulbum ovalem album abrupron in base
usque ad 1.5 om lamun acqualis, albus, sicous, in omni su-
perficie subtiliter pranulans, super mediuncainulis concen-
tricis pallide thavidis arque proxime super et super bulbum

Myc ol oy

Dasadem squamus grosstis albis ormatis, Contextas nmus
albus. Volva parnalis nallas Foodor e sapor non disticzus.
Pilerpeths cutenn ¢ Invphes ovitndneis 1.2=-15 i diamneno
compasitam foronans. Diama lamelbans ¢ haphis diveraens
shus =13 e deon composita Volva aniversalis ¢ Tnplns
Glanentoss 2-10 pocdmctro inter colulas pyritorimes vel
clavatas mists composita. Fibdae absentes, Cheloevstidia
absente Basichig 18=24 % G295 an clavatn, femtan i,

Astenziuatophora Basuliosporae 5=7 % b5=0.7 pm [E, =
Li2 B = Lo=15b, ¢lobosac vel subylobosie, temitme-
catae, moaoluno Melzern mamyvlondeac, Holotspus i solu
arenacea mter thimie huoraia, Ceconfobar wviferae consocias
Ge, prope Pinones, Loza, Pocree Raco, 19 Nov 1896 Jectas.
Leg &£ Horede (2T 61253,

Pileus 3-5 cm broad. convex becoming shghily de-
pressed in age. pure white at ficst, soon pale vellow
to ochre over the dise with a broad, white, smiate
margi, viscidd when moist with detersile, agghuinar
v, white patches and the floccose remains of the
universal veil unevenly scattered over the surtace. La-
mellae tree, subdistang, ventricose, lamellulae shoert
and lufrequent, white at first soon becoming pale
ochre m age. Stipe 3.5-6 cm long, 3-5 mm wide,
equal with an abrupt oval balb 1o 15 mim wide at the
hase, white, dry, with a fine granular surface and light
vellowish tnted belts over the mid surface, coarse
white squamules just above and over the basal bulb.
Context firmy, white. Pardal veil absent. Odor and
taste not distincuve, Pileipellis of loosely arranged hy-
phae 4.2-13 pm diam, thinwalled, hyvaline w light
vellowish in 3% KOH. Piletrama interwoven, thin-
walled hvaline, hyphae £.2-13 pm diam. Lamellar ra-
ma of divergent hvphae 4-13 wm dian, thin-walled,
hvaline w light vellowish 3% KOI and Melzer's
reagent, clamp connections absent on all ussaes. Uni-
versal veil of Ailamentous hyphae 2-10 pm diam with
about 30% ovoid, pyriform o clavate cells 15-32 pm
wide and 30-71 pm long, thin-walled, hyaline, clamp
connections absent. Cheilocystidia not seen. Basidia
1829 X 6-95 pm diam, clavate, thin-walled, 4
spored. Spores 3-7 X 4.5-6.7 pum, [E, = 112V E =
1.0-1.34] ovoid globese to subglobose, thin-walled,
hvaline in 3% KOH, nonamyloid in Melzer's solu-
ton.

Habir, habuat, and distribution. On sandy soil in
coastal sand dunes with Coccolode worfera; fruiting in
Nov.

Etymology, microspora = small spores.

Materiad excmined. USA. PCERTO RICO: Municipio Rio
Grande, Pinanes Commonwealth Forest, beach near Loiza,
T elev, 19 Nov 1996, 2T-6125. Coll. £ Horalt (HOLO-
U'YPE, CEMR, [SOTYPE, UPRRP).

Observations. This wxon rescinbles Awmanite gemn-
mata (Fr.)y Berrillon. which 1s 2 nonannulate species
that has nonamvloid spores 8.5-11 X 5.3-8.5 pm
diam with E,, = 1.38. Cur taxen has much smaller,




R
H
M
i

SO LER UT Al NEW AN ST

nonamvioid spores (57 % 45-6.7 um) wuh E, =

112 Amanita ovstidinsa and AL clirvaolrucn have larg-
or nonamvioicd spores.

Amarnta chrvsolrica Pegler, Rew Bull, Addie ser [X:

285, 1983,

Pileus 11-62 mm broad. broadly convex, becoming
plane 1o slightly depressed or urubonate, smooth,
shiav, moist, deep chirome vellow o orange-veliow,
sulcate and transhicent striawe at the margin, occa-
sionally with pale pinkish buff veil remnants, Lamel-
lae free or narrowly adnexed, I-6 mm wide, edge
even, wavy or shightly serrated, white 1o cream coler.
Stipe 50-80 mm long, 438 mm wide, equal or waper-
ing somewhat toward apex, dry, base with a small oval
marginate hulb. Pileipellis of thin-wailed, hyvaline hy-
phae 7-8 wm diam. Pileitrama a textura angularis of
thin-walled, hvaline cclls 7.6-22 prn diam, lower tra-
ma a mixture of filamentous, hyaline hyphae 4.5-6.8
pm diam and ovoid, elliptical 1o arregular, swollen
cells up to 30 wm diam. Lamecllar trama narrowly di-
vergent, broad, thin-walled hypbhac 9-19 um diam,
hvaline in 3% KO and Melzer's solution. Cheilo-
cystidia 17-39 X 11-23 wm ovoid, clavate, sphaero-
pedunclate, thin-walled, hyaline, scarce to absent at
tirnes. Basidia 30-40 X 7-11 pm broadiy clavate to
clavate, thin-walled, hyatine, 4spored. Basidiospores
T-10(-10.3) X 5-7 pm (E, = 131 E = 1.0-1.7)
subglobose, cllipsomidal, occasionally globose, thin-
walled, nonamyloid in Melzer's soluuon, hyaline in
3% KOH with oil bodies in some,

Habit, habitat, and distribution. Gregarious in a
subtropical moist forest, on ground; fruiting in Now.

Material examuned. US VIRGIN ISLANDS. ST JOHN: Bor-
deanx Min., 350-400 m elev, 15 Nov 1996, St . 280, coll.
E. Horak (NY): same loc. and date, S10 ] 318, coll. S A
Camntrell and B. Ortiz (NY)}, ncar Bordeau Min. Peak, 17 Nov
1996, St. J. 276, coll. E. Horai (NY).

Observations. The chrome yellow piieus, stature,
lack of a membraneous volva, and the nonamvyloid
spores fit the species as described by Pegler (1983).
The spores are globose and differ somewhat from the
shape described by Pegler. Our spores have £
1.31 while those described by Pegler are 1.56.

Boletus ruborculus Baroni, sp. nowv. Fics. 15-19

Pileus 2.2 cm latus comvexus tomentosus tubellus, super
discum brunneo-tincus. Contexuus albus vel juxta tubos
subcitrinus, in arcis flavis immutans vel inordinate cacru-
lescens, Tubi aurel, dente curto decurrent adnau, 2 mun
profundi. Pori concolores angulares | mm, ubi comusi im-
mutan vel interdum arde subcaeruleafusci. Supes super
bascm atrasinosus, alibi pallide cremeos vel pallide lutes-
cens, 2.5 cm longus, in apice 0.4 e latus, acquus laevis sed
velamine dense fibnlloso ohtectus, solidus, contextu sordide

7

SESTING FOTOMYCOREIE A F NG Tcd
oliviicesdutes tr hasy atrovinoso praedhinus Pilerpellis me
chodennnon pallide Tntescent-hrunneum « fephis ovhin
ducs lacvibus =7 pan diametto compositiin fonmans, B
plewocysiidia er cheilocvstcha conformin, hvalma, tenus-
wimcata, fusordea vel venticesa, aliguotovhindrey =60 %

G.5-12 . Bandia clavata, d=sterigmatophaora, 26-35 x 11—
1 pne Fibidae noilae, Basidiceporae 9=12 1 < 41861
(E,, = 197: 1~ 177287 hievisubfusiformes, Holonpus
mbasi arboris viventis n sinvano collis calearen. Saeptis Pri-
vatls Mata de Platano, Barnoe Dominguito, Arecibo, Puerto
Riro, 8 Nov 1996 lectus. Leg, Barom, Cantrell ¢t Bird [NY,
Darony REH3Y.

Pileus 22 cm hroad, convex, matied tomentose,
dull brick red {(Met 784 grayish red. or Met 8CA dull
red), with more browmsh hues over the disc (Met
BE4 brown). Context lemon vellow over tibes, sordid
whitish elsewhere, unchanging or erratically bluing
in vellow areas adjacent to the tubes when exposed.
Tubes adnate with short decurrent woth, 2 mm
deep, chanceileries with pores. Pores sordid golden
vellow (Met 4C5 chamois), angular, approx. 1/mm,
some compound, unchanging when bruised or after
a long period becoming slightly hluish fuscous. Stipe
2.5 cm long, (14 ¢m wide at apex. equal, terete, not
reticulate, smoeoth, rhubarb red over the lower
(Met 10E5-6 violet brown}, pallid elsewhere with a
cream Lo yellowish appressed dense fibrillose cover-
ing, solid, context rhubarb red in base, dingy oliva-
ceous yellow o apex, not changing color when ex-
posed. Smell and raste ot distinctive. Pileipeliis a
foosely entangled lax trichodermium of cylindric,
nonencrusted hyphae in 3% KOH, +7 wm diam; in
H,O the end cells possess brownish olivaccous glob-
ular intracellutar ptgments which dissolve in 3%
KOH producing a diffuse pale vellowish brown color.
Pileitrama a hyaline layver of intricately interwoven,
cylindrical hyphae, 5-12 pm diam. Tube trama diver-
gent, with a distinct mediostratum of cvhindric to
mostly inflated hyphae, 6-16 pm diam, and a diverg-
ing iaterostrawurm of cyvlindric hyphae, 46 pm diam.
Pleuro- and cheilocvstidia similar, hvaline, thin-
walled, mostly rounded fusoid, ventricose or some cy-
lindric, 4060 X 6.5-12 . Stipitipeliis over the
apex a hvaline layer of repent, loosely interwoven,
cyhindric hyphae, 6-8 pm diam, producing scattered
clusters of hyaline, thin-walled, clavatwe or cylindric
caulocysudia, 14-26 X 6-8 pm. Basidia clavate, +
sterigmate, 26-35 X 11-12 pm. Clamp conuectons
absent. Basidiospores 9-12.4 % 4.8-64 um (= 10.6
X 54 wm: E, = 197 E = 1.77-2.27), short subfus-
iform with pronounced suprahilar depression,
srmooth, slightly thick-walled, olive brown in 3%
KOH. Spore deposit color not known.

Habit, habitat, and distribution. On the side of a
hving tree, near Coccoloba sp., Nov.

Etymology. rubor = redness; culus = little.
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Mederral exconined. LUSAPURRTO RICO: Meabo, Banoo
Dommunite, Mata de Plarino Provate Reserve, N 187 27
A0.67 W GG 13T 331 approx. 90 m eless onwp of a1 lune-
stene Tl funogoted ahove Buembabined caves, on the side
cha living nee. 8 Nov 1996, Coll 20 ) Barowe, S0 AL Cantrell
5 Bered, PR-AVZG, ledger 82535 T | Baront (NY, [1OLO-
Y.

COinervations, Boleriy ruborouhio 1s somew it remi-
miscent ol By ebellns Kromb, and related raxa such
as B ocampestriy Smith & Thiers: however, several fea-
tures mav be used e clearly distimguish these waxa.
Most imporandy both B. rudelhes and B, campestris
have disunctly vellowish tlesh in the pileus and supe
that becomes obviousiv blue or bluish green when
exposed {Both 1993, Breitenbach and Krdnelin 1991,
swith and Thiers 1971). In the case of 8. rubellus ihe
surface of the stipe also wrns bluish green after
brusing. Boleties ruborcuhies has a whidsh pileus con-
text thar does not turn blue or does so only ervatically
at the juncuon with the wbes. The stipe context re-
mais completely unchanged in B, rubercudus when
exposed, and the stipe surface does not change color
when handled or bruised intentonally. The size of
the basidiospores also disunguishes B campestrs
from L. ruhorcuins because they are clearly shorer in
B. ruborculus, L.e,, basidiospores of 8. CAMPESITTS MUCa-
sure 11-14(=15) X 4.5-6(~7) pm (Smith and Thiers
1971 whereas those of B, ruboradus measure 9-12.5
X o4.8-6.4 um.

Corner (1972) and Singer (1947) discuss several
tropical and subtropical taxa that are superfcualiy
similar wo B ruhoreudis, but these xa are clearly dit
ferent when comipared o B, ruborcudus. For instance
Corner (1972) describes B, rubellus subsp. borneensis
Corner, which has vellow tlesh that becomes rapidly
and intensely ovanescent on exposure. Bolelus mons-
Sfraseri Corner is similar to B, ruboraudus by its white
unchanging contexr, bat differs markedly by the in-
flated cells in the pleipellis, Boletus pheenicufus Cor-
ner has a pileipellis composed of cylindric seprate
hyphae, but the context is vellow and not cvanescent.
Boletus rupelins ssp. consobrinus Simger 1s a @axon from
limestone soils ke B, ruborcufus, but the context of
B rubellus ssp. consobrinus s yellow with erratic blu-
ing when exposed, there is a striking pale greemsh
vellow mycelium at the base of the stipe, and the
fresh basidiomata have a disagreeable odor "ot old,
dirty clothing™ {Singer 1947). This group ot small
red capped boletes, centered around B, rubellus, is
obviously quite diverse in their combinations of mor-
phological characters.

Lactarius coccolobae O. K. Miller ¢1 D, ]. Lodge, sp.
nov. Fis, 10, 20-25
Pileus [1.8-)5-11 em latus, robustus planus, sub vetustate
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Fles. 20250 Laaarius cocenlobae. 20, [ruiting bodies.
21, Basidiospores. 22 Basidia. 23, Dermatocevsudia. 24, Cau-
locystidia. 25, Cheilocystidia, Bavs: 20 = 1 em (upper bar),
21-25 = 10 pn {lower bar).

elevatus, siccus, primo obscure cremeus deinde mox per
discolorationes variegatas brunneas vel airo-brunneas une-
tus. Lamellae adnatae. congestae, primeo albac sub vetstate
brunneae, laticem album producentes, arcis supcerticies ubi
contusts vel secus tarde atrobrunnescentibus reagentibus
pracditac. Supes 2-4 cm longus, 1.2-2.2 ¢y Tatus, siceus,
apice laevis, in parwe inferiore minute hirsutus, obscure al-
bus, brunbescens vel arobrunnescens ublcumaque contusas.
Contextus solidus vel tenax, primo albus, ubi sectus vel con-
tusus per colorem obseure brunneum tnctus. Pilcipellis ve-
lamen e ptleocysidis cylindricss vel fusiformibus 24-65(-
122y X 3.6-3.4 pm compositum formans. Subpellis ¢ hvphis
implextis gelatinosis 2.7-4.5 pm diametro composita. Basid-
ja 60-79(-85) X 81-9.5 pm, clavata, tenununicata, 2—vel
d=sterigmatophora,  Basidiosporae 7.2-9(-10) % 5.8-8.4
p, (B, = 1.26: E = 1.13-1.55) subgluhaesac, in parte su-
bapicali et verrucis humilibus {(<0.3 wn alis] amvleidas e
reticulis infirmis pardalibus pracditac. Holonpus in thints
arenarum sub Coceoloba wvfera, silva Pinones, prope Loiga,
Pucrto Rico. 14 Jun 1998 lecwas. Leg. Lodge and Miller
(CEMR, ORM 27240).

Pileus {1.8-)5-11 c¢m broad, robust, plane, repand
or upturned in age. dry, dull cream but soon staining
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a mottled brown, light brawn (Mey 6E-F 46) 10 dingy
blackish brown, wurolled margim in buttons becoming
plane i age. Lamellae adnate, crowded, whire at
first, with a white whev-like Tatex that saains the gill
tissue dark brown where cut or bruised, in age gen-
erallv. mottled brown and sabdistant (Met 3E-F 17,
Stipe 2-4 cm long, 12-2.2 am wide, equal, with dingy
motled hzht brown (Met 5D4) to dark brown {(Met
SF 3-6), minutely hairy (use lens), smoaoth just at the
apex, Context very firm to wugh, white at first but
soon stwining on exposure 10 air a dull motted
brown (Met 3ED), when bruised wicth the knife dark-
ening o dingy brown 1o black-brown at the base.
Taste sweet and mild. Simell strongly of fsh or her-
ring, like L. welemus (Tr) Fr., and is a room-filling
odor persisting in dried material. Pileipellis an irreg-
ular turf of pileocystidia 24-65(=122) X 3.6-5.4 wm
cvlindrical or tapering toward apex, thin-walled, hy-
aline or with light brown shghtly thick-walled, ansing
from a narrow layer of interwoven, gelatinized hy-
phae 25-14.5 pm diam, with deep vellow-brown in-
crusted material in Melzer's solution and 3% RKOH.
Pileitrama of broader. filamentous, reclangular to ir-
regular thin-walled, interwoven hyvphae 4.5-10.5 pm
diam, hvaline in Melzer's solution and 8% KOH, with
frequent dark vellow brown lactiferous hyphae 7.2-9
pm diam, especially in the lower trama. Lamellar tra-
ma of tightly packed, interwoven, thin-walled, hvaline
hyphae 3.6-9 pm diam with {requent deep vellow-
brown, latcifcrous hvphae. Caulocystidia 39-45 X
3.6-5.4 pm evlindrical 1o narrowly fusiform, occasion-
ally subcapitate, thin-walled, hyvaline or with a light
brownish hue in 3% KOH. numerous. Cheilocystidia
35-65 X 2,5-5 um. hyphalike, fusiform with an apicai
projection to narrowly clavate, thin-walled, hyaline.
protruding only slighdy if at all, scattered not {re-
quent. Basidia 60-79(-85) X 8.1-495 pm clavae,
thin-walled. 2 1o mostiv +spored, sterigmata 5.5-7
pum long. Basidiospores 7.2-9(-10.8) X 5.8-8.1 um,
(E,, = 1.26: £ = 1.13-1.53) subglobose with a sub-
apical plage. and a short hvaline apicnlus, fine very
low (=<0.3 pm) amvloid often itregular warts and few
to frequent weak amvioid pardal retculations,

Hlatnt, haintat, andd distrabution, Scattered in sand
on dunes wnder Coccofoba wwfera; fruiting in Novem-
ber on Guana Island but in January at the Pinones
Commonwealth Forest in Puerto Rico.

Mutevieel exeeniened, BRITISH VIRGIN ISLANDS, GUANA
ISLAND: Novih Bay Beach, 2 m elev, N TR 2097 427 W by
B4 21 O [OOSR, GUN-TRG, ¢oll N (o (PARATAI'E.
NYDISOPARATYPE. VPR USA PUERTO RICO: Municipio
Lonzas Polones Connponwealth Forest, beach near Lo, 2
mecless T L YOO8 ORM27R0, call, D)) Lwlye aned ()
KoM AL (HOTO Y PELCFMR ISOTYPE, UPRRIN.

Cinervations, The Doning bodies ol this species
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are very robust, with adnate, close w crowded lamel-
lae and a short stipe and sporophores which are ven
close to or buried i the sand. The flesh of the fruit-
mng hodies stain brown when braised, immediately
vielding a4 whev-like white lutex in butons but often
the latex can only be observed i age by cunting the
specimens in half and observing the Jatex at the mar
ein of the gills and wamal tssue, The pungent fishy
odor persists i the dried specimens, which are very
tough. Material soaked in 955 ethanol and water
vields a wine colored extract and softens very slowlv,
In addition, the pileipellis has a warf of pileocysndia
best seen in the voung specimens ansing {rom a laver
of interwoven gelatnized hyphae, the spores have
very low ernamentation {mosiy >0.2 pm high) and
the chetlocvsudia are hyphalike o narrowly clavate.
[t also has numerous caulocystidia, It is a member of
the subgen. Lactifluus sect. Lactifluus (Hesler and
Smith 1979}, It dous appear 10 be closely related to
L. caribaeus Pegler (Pegler 1983). Both have similar
microscopic anatomy, especially the low individual
warts that form the spore ornamentation, and spore
size, However, the basidia of L. coccolobae are disunct-
Iv shorter and the pileipellis 1s gelatinized. There are
distincuive macroscopic differences. The lameitae of
L. caribaeus are deeply decurrent, subdistant with nu-
merous lamellulae of two lengths, as illustrated by
Pegler (1983, Fig. 123A and color Plate 20C), and
are not adnate and crowded. In addition, the odor 15
reminiscent of urine rather than rotting fish, The
supe surface of L, carbarusis described as pure white
at first and glabrous. It is found associated with Coc-
coloba pubescens L. and C. diversifolia in degraded xe-
rophvtic {orests and not in a dune habuat. Both of
these taxa are disuncily different from any taxon now
placed in the section but they have several characters
in common with L. futeolus Peck. Fruiting bodies of
Lactarius futeohes are not robust, have a different but
similar piicipellis, smaller basidia and higher orna-
mentation on the spores, In additon, the cvsiidia are
thin-walled in our material and the taste is mild. The
Lolotvpe of L. futealus was studied and also does not
have the extractable wine colored pigment, which is
so obvious when secnons of L. coccolobae are soaked
in 955 cthanol,

Leactariuy frrruginees Pegler, Kew Bull 33: 626, 1979,

This species is widespread in the mountain ranges
of Puenrto Rico. It has been collected on various soil
tpes under Correoloba spp. and Pisonia spp. In the
Central Mounuin Range, icwas found on serpentne
soil in the Mancio Mumicipio Recreation area and
on nonserpentine soils inthe Maniapio of Orocovis
m ihe Tere Negro Commuonwealth Forest. In the Lu-
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quitlo Mis, Cartbbean Navonal Forest, L ferrwgrneones
has been collected under Cocealobe spoartze mothe
Muanicipio of Rio Grande, Palo Flueco area,

Meterral exaened . USAD PUERTO RICO: Mauncao M-
wpios Mantcan Reaveanon wrew, 25 Jon TG, 7050340 [ fas-
ceee UNYY L and PROBZO5 coll 13 L Lodee ¢cCEMRY: Munioypie
ol Oracovs, Toro Nearo Commonweadth Forest, Bl Boto
Fral, 10 November 19965, PRAZTIL Qewer Cantrell PRAGTHR
coll. S Cantrdl &0 Betaneonrs (UPRRP): Lagquillo Mas
Canbbeun Nanonal Forest, Municipio of Rio Grande, Palo
Hucen arca ot Re G, 800 moelev, N 187 187 1570 W 657
1002017 eley BU0=G00 m, T Oct 1496, PRAEES, ledger Can-
el PROGTIT codl 80 AL Cantrell (CEMR) 13 Apr TUUS PR
1860, ledeer Cantredd PRAOSR, S0 A Cantrell & O Laidsowy
CCFMRY: 9 Oct 1998 PRSI Tedger Cangrell PR-ASSYD, coll
SoA Cantdl &N Clon (CFMRY: T2 Jan 1999, PRASTL,
ledger Cluny NCCA20 coll S0 A Candrell & D0 [0 Loddge
(CENRY: under €0 regose 1n the Represa oaco & Represa
Prieto, by waterfall near dwm. Caribbean Natonal Forest
Municipio Nuguabo, 450 moelev, NOIST 1T 248 W 66" 49
4537, 7 Jul 1999, PRS2, Tedger Clum NCCOYSR, coll. 8. A4
Cantrell & N Chem {CEMRY: Aguas Buenay Muniapio, near
Bavamonetto, on Cerro La Tiza, N I8 147 3247 W 66° 107
3397 23 jun 1996, PR-361R, ledger 1) Barong 7930
{CORT).

Ohservations. Our specimens fit exactly the de-
scription provided by Pegler (1983) for L. ferruginens
described from the island of Martinique. This report
serves as the first documentation of this taxen from
the Greater Anulles. Lactarius ferrugineus is easily
recognized in the field by its orange brown pileus
and stipe with pinkish or buffy tan adnate lameilae.
The small to medium sized pileus has a low mamillate
or papillate umbo, a subtly rugulose surfuce, and a
short swriate or plicatesulcate margin, The latex is
white, unchanging and the taste is bitterish and then
peppery hot. The swrongly reticulate ornamented
spores are also diagnostic.

Lactarius nebrlosus Pegler, Kew Bull, 33: 610, 1979,

Matertal examined. BRITISH VIRGIN ISLANDS. GUANA
[SLAND: North Bay woods. in sandy soil under Coccoloba
wvifera; NOIRT 287 427 W 647 347 407, 24 Oct 1997, D, [, Lodge
GUA-TH (CFMR).

Observations. The pale wo dark gravish pileus, the
white lamellae that stain cinnamon-brown, the white
or creany white latex that tuirns cinnamon-brown,
the odor of fish or rouing flesh, and the acnd or
peppery taste are characters that help to identfy L.
nebulosus in the field. The distinctive and abundant
sphaerocvsts in the lamellar trama, the dense wurf of
narrowly cvlindrical hyvphae making up the richo-
dermium of the pileipellis, and the ellipsoid basid-
tospores with isolated conical amyioid verrucae are
distinctive microscopie feawres of this species. Lac
tarius nebulosus was previously only known from the

shud of Martomgue, This tepornt exrends s ninge 1o
the Virmm Blands o the Paerto Rican Bank. We ox-
pect aiher collections will eventually e toand o
Pucito Rico and other arge ishands i the Greane
Annifles,

Riewada fittoradis Peglor, Nyvcotaxon 120930 1980

Pileus 38=11.0 cm broad, broadiv convex. becoms-
ing plane with a shallow, broadiv depressed dise, sur-
face wabrous, moist or very shghily ticks over the
margin, dull vellowish o cream color over the dise
ChAY B4R (Mer 3AD. the margin is olive-uray
(Met 30233 1o Drab Grav (.64 6.832/2.48) or brown-
ish grav Glaucus 80 {6.5Y 5.0071.2) dnted lilac over
the onter one-halt of the surface. Lamelliae adnate,
close o crowded. narrow, white, in age sellowish,
Pale Horn Color (2.5Y 8.08/3.3) paier than (Met
4A3-H, 5 mun broad, 1 mm at margn, with occa-
sional long lameliulae that fork just at the stipe. Stipe
1.5-4.0{=3} cm long, 0.83-1.6{~2.8) cm broad, nearlv
equal or bulbous, clavate in one speaimen, glabrous,
drv. dull white. Context soft and pure white, un-
changing when bruised. Taste sweet or not disunc-
tive, Odor not distinctive. Pileipellis a wurf of erect
dermatocysuda, hvaline, thin-walled, hyphal-like 1.7-
2.5 wm diam, often decumbent in age. Subpellis a
dense, thick layer of interwoven, thin-walled Inphae
2-5 pmi diam embedded in a hvaline, gelatinous laver
in 3% KOH to vellowish in Melzers reagent. Pileitra-
ma a heteromerous tissue of thin-walled, hvaline
sphaerocysts 10-29 X 7.5-20 wm diam with filamen-
tous hvphae 3-7 pm diam, hvaline in 35% KOH, light
vellow in Melzer's reagent. Lamellar trama of fila-
mentous, inflated, 1o ovoid cells 313 pm diam, thin-
walled, hyaline in 3% KOH, vellowish in Melzer's so-
luden. No clamp connections seen, Cheilocystidia
and pleurocystidia 30-78 X 8-9 pm diam, numerous,
narrowly clavate with subcapitate to nmucronate api-
ces, thinwalled, vellowish contents. Basidia 36-41 X
10-12 pm diam, clavate, thinwalled, hvaline, 4+
spored. Basidiospores 6.7-18 X 63 pm (E, = 1.15:
E = 1.0-1.33) globose, subglobose or broadly ellip-
soidal. thinawalled, with a small apiculus and small
oval plage, small amvloid warts <0.3 pm high, soli-
tary or partially connected by amvloid, weak low ridg-
es. Spore depostt cream (Met 3A2) to dark cream or
pale ochre buff {Romagnesi 1967: [Id “'creme foncé”
to [la "ocre pale™). Reagents: FeSO, negative; gum-
guaiac faint bluish: 2% phenol negative,

Habu, habitat, and distribution. Puerto Rico, Mona
and Virgin Islands: fruiting in coastal sand foredunes
and dune stack near or under Coccoloba uvifera dur-
ing the rainy season {Sep through Nov) often follow-
ing several davs of torrential rains,

10
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Meutrrial rxemined. BRITISH VIRGIN ISTANDS GUANA
ISEAND: Nonb Bav Woods, mosand under O wenfrra, 2
clev, N TRT 2G0T 0T G ST 407, 2 Ocr 1907, GUAST03,
Colll 22 f0 Lodge tCORTE A Oct 1998, GUA-IRA, Col). DL
Lodge SN Chiose {CENMRY 0 Qe TUYR, GUASLRA, Colll .
Jo Lodge TCFMRG White 1w Reach, 2meles, N JRT 287 3497,
WO 34T 4T Oct MO8, GUALTR Calll 13, 0 Laidge &
NGl ONYY 3 Oxer T9UE GUAIRY, Colll I [ Loder &
N Clame (N1 1 cley 3 Ocr 19YR GUASTR2, Colb 1. /.
Lol &8N Choa (ONY1, USAL PUERTO RICG: Mona Lland,
Plava de Piajaros. near new vanch and enuance 10 Cueva del
Cabtadlo, T3 m elev, NIRRT 187 1570 W 677 137147 U5 Sep
1995, PR-3792 and PR-38O7, Coll. AL M Nieves-Rivera
{LPRRP): Puerto Rico Island, Lowza Muonicipio, Pinenes
Commaonwealth Forest, beach near Lowza, in sand behind
foredunces, 2 m clev. near G wvdfira, 19 Nov 1996, PR98S,
ledger 1) Barony 8347, Coll. T [ Baroni {CORT): same
location and dave, PR-39SY, Coll. D [ fodge & T [ Baroni
(CEMR); same ecaton and date, PR-3988, Coll. L. [. Ladge
(NY); same focanon, 14 Jan 1998, ORM-27242, Coil. D. [
Lodge, O. K. &7 Ho Mdler (VPD.

Observations. The species was described by Pegler
(1980 from Grand Macabou, Martinique in sand un-
der the “Seagrape,” Coccoloba wvifera. This is the
identical habitat in which we have found our fungus
on Puerto Rico as well as Guana and Mona Islands.
The description of R littoralis by Pegler from Maru-
nique in the Lesser Antiles (Pegler 1983) 1s very
close 10 the material from the same habitats in Puerto
Rico, Mona Island and Guana Island. However, the
spore size is somewhat larger than that which we have
recorded {6.5-8.0 X 5.5-0.5 pm vs 6,7-10 X 6~8 pm,
respectively),

Pmsm'a Juiggant (Spea.) Singer, Lilloa 23: 239, 1950,
Chtocyin proggant Speg.. Bol Acad, Gienc. Cordoba 9
FR9. IRRG

= Riosida lraselienses Singev., Pap. Mich. Acad. Sci. Ans
K Letieas 3201008, 1948,

As pointed out by Pegler (1983), Russwla puiggarii
15 relatively conmumon in wopical regions of the Lesser
Antilies and South America. Our report of this spe-
cies in Puerto Rico serves as the first for the Greater
Antilles. The single collection was found on humus
and soll neur Pisonra afl sulicordeta Sw. in the El
Verde Research area of Puerto Ricor N 18° 197 307,
W B 49 072 Feb 1998, Coll. T Bruns, D, o Ladye
ane 2 Bavman, PRA4719 (CFMR).

Fhe brown pilcus with i distinetly siriate or sul-
catestriate margin and exposed white context in ra-
did Tines doe 1o radial splitting of the surface lavers
are distinctive Beld characters of this taxon. The com-
plex, three-favered pileipellis and the Strungiv retic-
uline globese hasidiospores are also characteristic for
this species. Our collection displavs al! of the mor
phologcal feanres reported for £ puiggin by Pey-

ler (1983) and Singer (1948) excent for one mmor
diflerence. ln our collection lht pleurocysudia,
which are pscudoovstidia, frequently have strangulac-
vd or torulose apices. The pleurocvstidia of R prag-
the Lesser Antlles and South America
have been described as simply ventricose. Tt will be

grra from

inweresting o see i this minor morphological differ-
ence 1s consistent with the northernmost collections
of this tixon when further mnaterial becomes avail-
able.

Phylleporus Quel. sp,

Pileus 22 mun broad, moist, somewhat feli-like, or-
ange-brown, Lamellae broadly adnate, lamellate near
the stipe 1o poroid over the margin, 2-3 mm thick,
uneven and intervenose, velloworange, no blue
staining observed when bruised. Stipe 14 X 4 mm
equal, moist, smooth, vellowish. Context light buff,
firm, bruising pinkish, Pileipellis a trichoderm com-
posed of narrow, nearly cvlindrical to narrowly fusi-
form thin-walled, hvaline cetls 34-93 X 3.5-5.0 pm
diam arising from a subpellis of interwoven hyphae
3.4-6.5 pm diam, thin-walled, hvaline in 3% KOH
and Melzer's solution. Pileitrama of interwoven, thin-
walled hyvphae 2.5-10.5 pm diam, thin-walled fila-
mentous, hyaline, hyphae on average somewhat larg-
er than the cells of the pileipeilis. Lamelar trama of
large, hvaline, thin-walled cells 7.6-19 pm diam in-
terwoven but extending almeost to the hymenium giv-
ing rise 1o branching subhymenial cells and basidi-
oles, no clamps scen on any tissue. Cheilocysudia
long, narrowly fusiform, thinwalled cells 55-64 X
7.5-9.5 pum, hyaline in 3% KOH and Melzer's solu-
tion, protruding one-third 10 one-half beyond the ba-
sidia. Basidia 28-43 X 8-9 pm narrowly clavate, thin-
walled, hvaline, 4-spored, no clamp connecdons. Ba-
sidiospores 6.5-8, 0(—9) ® 253-35(-4) pm diam (E
= 241: E = 1.62-3. OO) ublong to oblong-ellipsoidal,
thinwalled, light brown in Melzer's solution and 3%
KOH.

Halnt, Tbited, and distrnbution. One very small cap
was found among the Phichopus beniensis collection,
ORM 27200, on ground in a subtropical motst forest,
on st well drained site, at 70° elevs fruiang in Jan.

Mutertal examined. USA, PUERTO RICO: Bewween L
quillo wd Subana Field Stnion, off of Rt 991 near Rio
Sl 300 m elev, above o private chicken farm ain sub-
Lopicd moist forest, NOIRT 217 3047 WG 427 307 10 Jan
Faus, Coll P10 Medbe, ORM 27205 (VP1).

Ohservations. The single small specimen has spores
that are disonetly smaller than found i any known
spoecies ot Plivliioporus, The spores of B ovlodoxantig
(Schw) Bres. se 11215 X 4.5-0 pan (Muller 1973).
In adeditton, the specimen has a verv loculate hymen-
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F1Gs, 26-29.  Phlebopus beniensis. 26. Fruiting bodv. 27.
Basidiospuores. 28, Basidia. 29. Cheilocystidia. Bars: 26 = 1
cm {lower har): 27-29 = 10 um (upper bar).

ophore and lacks blue staining when bruised. More
material needs o be collected to provide a complete
description of this new taxon, The species of Phylle-
porus are mycorrhizal fungi and this species is almost
certainiy ectomyvcorrhizal with the same host as that
of Phlebopus beniensis (Sing & Digilio) Sing., which
was fruitng all around this specimen. Additional in-
formation about the ecology is given in observations
following the description of Phlebopus beniensis,

Phiebopus benjensis (Sing. & Digilio) Sing.. Beth. Nova
Hedw. 77:46, 1983 Fios. 11, 26-29
= Pavogyroparus bentensis Sing. & Digilio, Lilloa 30:130.

1960,

Pilews 2.6-7.1 cm broad, broadly convex, feltlike,
dry, smooth, black-brown to deep red-brown
(CaillLT73: Met 7F46,9F3-4], margin incurved uniil
maturity. Tubes adnate, 2-4 mm deep. Pores 3—4 per
mu, stuffed and appearing pustulate at first, opening
in age, uneven at maturity, vellow (Met 4A4H6) grad-
ually staining light blue when bruised. Stipe 2.5-5 cm
long, 0.9-2.1 ecm wide at apex enlarging somewhat
toward base to 17-28 mm wide forming a narrowly

clanate base, sometimes sellowsh just g the apes.
black-brown (Mot SE-F £5) averall with a tive, spaase.
cvanescent network of vetlow hibnls (oveelinin, wse
lens) over the surtace, coprous hight brown rhizo-
merphs ar the base. Contextfirnn, orangeellow Mot
SA when firse cun darkening sotmewhat when
brusee. on standing fading o hght straw vellow,
Smell stale tirinaceous that persists o the dried col-
lections. Taste mild. Pileipellls a narrow Liver (40-63
pm thick) of hyvaline, gelatnized hyphae 2.5-6.0 pm
diam: subpellis of interwovern, vellow-brown, tun-
walled hvphae with scattered clamp connecuons,
wine red in 3% KOH and Melzer's solution. Pileitra-
ma of interwoven, thin-walled to shghts thick-walled
hyphae, scattered clamp connections, hvaline i 3%
ROH and Melzer's solution. Tuhe trama of slightly
divergent, hvaline, thin-walled, hvphae 3.45.5(-8.5)
pm diam, with scattered vellow-brown oleiferous hy-
phae. scauered clamp connections. Cheilocystidia
abundant, 258-35 % 613 pm clavate, broadly clavae,
thin-walled, hvaline in 3% KOH and Melzer's solu-
uon. Basidia clavate, thin-walled. with a basal clamp
connection, hvaline in 3% KOH and Melzer's solu-
tton. Basidiospores 5.0-6.8 X 3.8-3.5 um (E,, = 1.29;
E = 1.09-1.52) eiliptic, smooth, thin-walled to slightly
thick-walled, olwvaceous brown. Spore print olive-
brown (Met 3E4-3).

Habt, habitat and distribution. On the ground on
or near a dirt road at 300" elev in a drv subtropical
forest, on a well drained site; fruiting in Jun,

Material examined, BOLIVIA. Vaca Diez, Guavaramerin,
6 Mar 1936, Singer Bi613 (LIL. HOLOTYPE). USA.
PUERTO RICO: .\(imicipio Luquillo. between Luquillo and
Sabana, off of Rt. 991, above Rio Sabana and a private chick-
en farm, 70 m elev, N 18% 217 347 W 63° 42° 507, 7 Jun
1997, PR-5034. ledger T f. Baroni 8495, Coll. T . Barond
(NY): same location, & Jun 1998, PR-5452, Coll. . fsikhue-
men (DK, CFMR); same location, 10 Jun 1998, PR-3467 led-
ger OKM 27200, Coll. D. /. Lodgr, O. K. & H. Miller
{CFMR); same location, 15 Jan 1998, PR-5468, ledger OKM
27252 and OKM 27254, Coll. H. & O. K. Mifler (VP

Observations. Phlebopus species were first placed in
Phaeogyroporus Sing. (Singer and Digilio 1960). Spe-
cies now assigned to Phiebopus were segregated from
other boletes (Singer 1936, Singer et al 1983) be-
cause of their short spores and hecause of the abun-
dant clamp connections found on the lyphae of the
basidiomata. Phlebopus is apparently allied to Gyrodon
Opat. and is placed in the Gyrodontiae (Singer
1986). There are currently seven species known from
Alrica and or Australasia and three species known
from the neotropics. Only one of these three species
has previously been reported from the Lesser Antilles
{Pegler 1983). This description serves as the first re-
port of a Philebopus tor the Greater Antillian island
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chain. The Puerto Rican collection comes from a dry
subtropical forest of approximately 100 m elev, Al
though no known ectomycorrhizal svmbiont was
identiied as an associate with this bolete, because of
the existence of a Phylloporus species nearby, we sus-
pect Pldepohas mav actaally form ectomveorrhizae
with Fiymenarn ronrbgn! Lo This large leguminous
cacsalpinoid wree, not presently known as a mvecor-
rhizal former. was & suspect and the dominant wree
near  which these two boletes were found. Another
possible Jegume host e the viciniy was Andirag aier-
mes, which forms ectendomycorrhizae (Lodge 1996).

The black-brown 1o red-brown smooth cap and dis-
unctive black-brown stipe with a yellow apex, fine vei-
low pores, and very slow blue staining even when
bruised vigorously, are distinctve characters. In ad-
diton. the vellow, sparse. evanescent fine fibrils (use
lens) over the surface of the stipe is most unusual for
a bolete. Young specimens tend to be in the red-
brown color range while older caps are black-brown
fading w orange-brown. All specimens are evenly or
nearly evenly colored with a conspicuously incurved
margin. Note that in the same locadon several addi-
tonal collections were found. The cap of OKM 27252
wis 9.5 cm broad, the cap had faded to red-brown in
the center (Met 6F3-6) the rest orange-brown (Met
3C3-6) but the rest of the fresh characteristics were
the same as in the specimens described above. The
additional collection, ORKM 27254, was some distance
from the wo mentioned above but the mwo fruiting
bodics were old and overmature,

Suillus brevipes (Peck) Runtze, Rev. Gen. P 3:535.

1898,

We have three coliections of this ectomycorrhizal
bolete from red clay soil on a bank under planted
Pinus caribaca Morelet i the Adjumtas Municipio,
Guilarte Forest Reserve, on the slopes of Silla de Cal-
deréon in Puerto Rico, N 18° E 09 17,77 W 66° E 48
3197 Swpllus brevipes is now documented from the
Caribbean region. This s a plantation and the Suiflus
is not native. It was most likely introduced 1o Puerto
Rico in pine soil/duff from North Carolina by the
USDA Forest Service in 1935 in order to sumulare
pine growth (see Vozzo 1971}, The chocolate or vi-
naceous-brown, viscid pileus, lack of a thin white pur-
ual veil, and short whitish stipe that lacks prorminent
glandulae make this specivs casy 1o identifv in the
field. The sublusiform basidiospores that mensure 8-
U X 24-3.2 pm diam are also typical for this species.
USA. PUERTO RICO: Maorelet, Ad-
juntas Municipio, Guilarte Commonwealth Forest, NI o
P57 W 66 A8 3497, 7 Nov 1996, PR-1913, leduyer 10 ]
Bavons 8241, Coll, 1] Beavonn (NY) same location, ‘_’4_[.;11

Muaterivl examined.

1907 PRALZS. Coll. S0 AL Camirell &5 1) ] fadar (CFMR):
sume Jocaton, 22 jan 1998, PR Jeduer S0 A Cantrell
PRON24, coll. S0 A Cantrell, [ Trappe &M Castellunn
(CEMRS.
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A new species of Mabuya (Sauria: Scincidae) from the
British Virgin Islands

Gregory C. Mayer and James Lazell

(GCM) Department of Biolegical Sciences, University of Wisconsin-Parkside, Kenosha,
WI 53141, US.AL,
(JL) The Conservation Agency, 6 Swinburne Sireet, Jamestown, RI 02835, U.S. A

Abstract.—Mabuva macleani, new species, is a pallid, drab, almost pattern-
less skink which is abundant on Carrot Rock, British Virgin Islands, Mabuva
sloanii shows character divergence in pattern from the new specics concordant
with geographic approach to within 400 n1. On Puerto Rico, M. sloanii has a
bread middorsal bronzy area on the anterior dorsum. On most of the smaller
islands of the Puerto Rico Bank, as well as the Mona a..d Desecheo Banks to
the west, this middorsal area is much narrowed by the presence of well-de-
veloped dark dorseclateral stripes stretching from the head 10 behind the fore-
limbs. These two pattern types, which apparently intergrade in the vicimty of
northeasternmost Puerto Rico, are recognized as M. s. nitida Garman and M,
5. sloanii Daudin, respectively. The specific name “mabouya™ Lacépéde, for-
merly applied to Antillean skinks, is shown to be unavailable, The presence of
M. macleani and another endemic lizard (Aneolis ernesnwilliamsi) on such a
small (1.3 ha), poorly isolated, and young (<3000 y) island as Carrot Rock

may be a siniking case of rapid divergence of insular populations.

"The coloration is highly interesting ... several
inselar forms may be distinguishable when adequate
suries become available™  Karl P2 Schmidt (1928)

The scincid lizards of the genus Mabuya
are nearly tropicopolitan in distribution. We
have collected or examined them in num-
bers from the Antilles, South America,
tropical Asia, and Africa. Throughout this
vast range, most specics are brown with
near-black swripes extending the length of
the body. A striking cxception is on Carrot
Rock, a very small (1.3 ha), steep-sided is-
land off the southeast cnd of Peter Island in
the British Virgin Islands (Fig. 1).

On 13 July 1985, while one of us (GCM)
climbed the biggest tree on the island in
search of anoles, the other (JL) toiled in the
dust in the little gully on the windward side
of Carrot Rock in which the tree grew,
looking for Sphaercdactylus geckos. A far
larger, drab, pale lizard was turned out, and
ran up his sleeve. Although this initial spec-

imen was distinctive, we at first referred to
it as Mabuva mabouva slounii (Mayer &
Lazell 1988), the common skink of the Vir-
gin Islands (Macl.ean 1982, Lazell 1983),
pending collection of further specimens.
Over the next several years JL returned to
Carrot Rock occasionally, and found an
area where these peculiar pallid lizards
were abundant, and succeeded in capturing
five more individuals {(of dozens seen).
These specimens, as well as comparison
with Mabuya from throughout the islands
of the Puerto Rican Bank, have abundantly
confirmed the distinctivencss of this popu-
lation, and also brought into sharp focus a
most intriguing evolutionary phenomenon.
We herc describe this distinctive Mabuya
as:

Mabuya macleani, new species

Mabuya mabouya sfoanii.—Mayer & La-
zell, 1988:23 (in part).
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Fig. 1.

Carral Rock, British Virgin Islands, viewed from the north, 17 July 1988, Windward is 1o the left,

leeward to the right. The highest elevation is ca. 25 m. From a Kedachrome transparency by GCM.

Holotype.—Muscum of Comparative Zo-
ology (MCZ) 170884, collected on Carrot
Rock, south of Peter Island, British Virgin
Islands, 18°19745"N, 64°34'18'W, by I. La-
zell, 13 Jul 1985 (Fig. 2D).

Paratypes.—All from the type locality:
MCZ 182270-72, 17 Jul 1988, MCZ
176728 and University of Michigan Muse-
um of Zoology (UMMZ) 197261, both 26
Oct 1991,

Diagnosis.—A pallid tan to brownish-
gruy New World Mabuya (Dunn 1936,
Greer 1970) with one or two pairs of en-
larged nuchals (their combined widths more
than 75 percent of the width of the parie-
tals); two frontoparietals; parietal overlap-
ping upper anterior temporal (Greer &
Nussbaum 2000); midbody scales in 32-34
rows; 16-18 subdigital lamellac under
fourth toe of pes; limbs moderately long;
dark dorsal markings fragmented or absent
on head and separated from dark dorsolat-
eral stripes on nape; nape stripes reduced,
separated by all or most of two dorsal scales
and not extending more than 2! dorsal
scales posterior to parietals; lateral dark
stripes poorly developed. Mabuya macleant

is distinguished from the geographically
nearest populations of M. sloarnii by the
much reduced dorsolateral dark stripe, the
continuous stripe beginning behind the
head in M. macleani (on the head in M.
sloanii), and extending only to the leve! of
the forelimbs (behind the forelimbs in M.
stoanii.

Description of the type.—Rostral wider
than high, bordered dorsopaosteriorly by the
nasals and paired supranasals, which are in
narrow contact. The frontonasal is broader
than long and in contact with the frontal.
The paired prefrontals are separated medi-
ally by the contact of the frontonasal with
the frontal, The frontal is about three quar-
ters as long as its distance from the poste-
rior parietal edge. There are four supraocu-
lars, the second the largest, There are three
supraciliaries, the first by far the longest,
The two frontoparietals are in contact with
the second, third, and fourth supraoculars,
bordered posterolaterally by the parietals,
and posteriorly by the interparietal, in
which the parietal foramen is posteriorly
situated. The large, paired parietals are in
contacl posterior to the interparietal, that on
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Darsal patterns of skinks from the Puerto Rican Bunk. A-C, geographically approaching Currot

Rock: A) MCZ 6050, lectotype of Mabuya siounii pitida, San Juan, Puerto Rico, ca 164 km WNW of Carrot
Reck. 81 MCZ 36624, intergrade, M. 5. nirida 4 sioanil. Cavo Icacos, ca. 102 km WNW of Carrol Rock. C€)
MCZ 1822730 M. 5. sleanti, Stoney Bay, Peter Island, Brtsh Virgin Islands, 400 mu N of Carrot Rock, D) MCZ
170884, 1ype of Maduya macleani, Carrot Rock. Briush Viegin [slands, Bars below lizards indicate 1 cmoin

cach case.

the right extending further posteriorly. The
paricials overlap the upper anterier tempo-
ral. There is one pair of transversely en-
larged nuchals, but the second and third nu-
chals are enlarged on the left side,

The nasal is subrectangular in side view,
with the large nosirl posteriorly located,
followed by the postnasal and two loreals;
the anterior cne on the left is much larger
than the posterior, but the two are subequal
on the right. The anterior lereal is in contact
with the prefrontal, but the posterior loreal
is separated from the lafter scale by a pre-
supraciliary. The sixth supralabial on the
left, and the fifth on the right, are about
twice as long as the others, the enlarged su-
pralabial on each side forming a long su-
bocular. There is a clear disk in the lower

eyelid about as wide as the ear opening.
The temporals are larger than the trunk
scales. There are no auricular denticles.
There are two pairs of chin shields in con-
lact posterior to the mental.

Scales of body and limbs imbricating,
subcycloid, regularly arranged in rows.
Thirty-four longitudinal rows at midbody,
57 transverse rows dorsally from paretals
to anterior edge of hind limb, 61 ventrally
from mental to vent. The vent is hordered
anteriorly by cight subequal scales. Scales
of soles and palms tubercular, transition
from imbricate scales of limb to tubercular
scales abrupt. Thirteen lamellae under
fourth toe of manus, 17 under fourth toe of
pes. Adpressed limbs do not meet.

In life, the type was pallid beige-gray
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—=Some charaniensics of Malava macleani,

Scates”” apenmwmnberof toas arsand runk gt mndlboidy

USopet s the lensah of e dosolateral dark stope in dorsal soades postenor 1 ine panoctals Gefungnn

MNaihal

SYL Sl Supra-masals Nigkpe Pu Aifpreasail [ieha
NCEL [TOEEA 69.3 33 Contact 13416 1 Fard le mect
NMCZ | TET2E 1.0 32 Contact 1518 | Toes harely touch
MCZ 132270 s0.5 12 Contacl §7/18 s Fail to mieet
NMCZ 182271 76.0 32 Contacl 18/15 1 Fal 1o meel
MNCZ 182272 63.0 32 Separated 17/18 2 NMeet
LNNZ 197261 LR 32 Fused 21721 1 Tezs overlap

with a faint trace of a lateral stripe extend-
ing 10 just above the axilla. There are two
dark dots on the frontonasil and a little dark
gray flecking on the supraoculars. The plain
lead-gray dark dorsolateral stripes end 15
{left) or 16 (right) dorsal scales postenor to
the paretais.

Variation.—Some charactenistics of Ma-
buya macleani are given in Table 1, and
measurements in Table 2. The holotype is
fairly typical of the rype senes in its squa-
mation, and the paratypes do not present a
great deal of vanability. Dorsal and ventral
head scales of MCZ 182270 are shown in
Fig. 3. This specimen shows two unusual
conditions: the presence of an intercalary
scale separaling the first supraocular from
contact with the frontal on the left side of
the head, and the partial fusion of the fourth

supraocular with the parictal, also on the
left side, Contact of the supranasals is var-
iable, being scparated in one specimen,
touching in four, and cven fused medially
into a single scale in another. The pretron-
tals are never in contact medially. In lateral
view, the head squamation of M. maclean:
15 essentially simtlar o that of M. sloanii
shown by Schmidt (1928:122),

The tollowing summary of meristic var-
lation gives for each character the range,
followed by the mean and sample size in
parentheses. For some bilateral characters
the sample size has been reckoned by the
number of sides rather than specimens, and
this is noted after the sample size. Supra-
oculars: 4 (4.0, 12 sides); supraciliaries: 2
4 (3.0, 6 sides); supralabial subtending the
eye (subocular): 5-6 (5.3, 11 sides); mid-

Table 2.—Mueasurements (mm) of holotype and three paratypes of Mabuya maclean:.

MCZ LTEES MCZ 182270 MOZ 182271 MCZ 187272

Holorype Pararype Parsype Parstype
Snout-vent lenzth 69.5 30.5 76.0 63.0
Tail length 32+ 67+ 56+ 75.5
Axiila-groin Iengath 38.0 45.0 +0.5 34.5
Snout Jength 5.4 5.7 5.7 5.0
Snout width 5.5 5.5 5.4 4.9
Head length 1i.9 13.0 12.8 11.4
Head width 8.2 10.2 10.2 2.0
Upper arm length 55 65 6.0 5.0
Lower arm length 4.9 55 0.5 4.7
Paim fength [.9 2.8 26 2.9
Fourth finger length 4.5 4.5 4.5 4.0
Upper leg length 3.0 3.0 8.0 7.0
Lower leg length 6.6 75 7.3 6.6
Sole length 3.4 3.3 4.3 31
Fourth tee length 6.5 7.0 7.0 7.5

+ Tail broken or regenerated.

1%
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Fig. 3.
182770, Mabuya maclcani paratype. The first pair of
¢nlarged nuchals are marked "n."" Bar is 1 mm.

Aspects of head squamation in MCZ

body scale rows: 32-34 (32.3, 6); trans-
verse dorsal rows: 34-58 (56.0, 4); trans-
verse ventral rows: 58-66 (61.2, 6), fourth
toe of manus lamellae: 13 (13.0, 4); fourth
toe of pes lamellae: 1618 (17.2, 5).

All Mabuva macileani have a much re-
duced pattern of striping compared to the
near-black striping typical of Antillean Ma-
buva (Fig. 2), but the extent of reduction
varies, and seems to be size related, with
smaller specimens having less reduced
markings. All specimens of M. macleani

R75

have paired blotches on the frontonasal, but
they are scarcely cvident on the largest
specimen (MCZ 182270), in which, were it
not tor their presence in the other spect-
mens, they might be taken 10 be merely two
of several scattered dark mottlings on the
head, rather than reduced pattern clements.
In all specimens the dorsolateral stripe is
short and starts on the neck, beginning 3-5
(4.6, 12 sides) scales behind the parietals,
and extending to the 15th to 21st (17.7, 12
sides) transverse dorsal scale row behind
the parietals; the posterior end is thus at
about the level of the forelimbs, There is
also size related vanation in the intensity of
the striping, the dorsoelateral dark and light
stripes being relatively darker and lighter,
respectively. in the second smallest speci-
men (MCZ 182272) than in the larger ones.
The most distinctive pattern variation is in
the smallest specimen (UMMZ 197261),
which, in addition to the frontonasal blotch-
es and dorsolateral dark stripe (which is
fongest in this specimen, extending from
the 3th to 2[st scale row), also has two
short stripes on the head, extending from
the second supraoculars to the parietals.

There appears to be allometric growth of
the limbs. The smallest individual, UMMZ
197261, 44.5 mm SVL, has proportionately
by far the longest limbs, and MCZ 187220,
80.5 mm SVL, the larcest, has the shortest.
The other four are intermediate. The type,
at 69.5 mm SVL, has slightly shoner limbs
preporticnately than MCZ 176728, 71 mm
SVL, but the overall impression is that limb
length fails to keep pace with body growth,
In studies of other New World Mabuya,
based on larger series than available of AM.
macleani, a similar decline in relative limb
length has been demonstrated: Rebougas-
Spieker (1974) found this to be the case for
most samples in her study of M. agilis, M.
caissara, and M, macrorhyncha, Rebougas-
Spieker & Vanzolini (1990) found it in M.
carvathoi, and Avila-Pires (1995) found it
in M. bistriata (=ficta sensu Rebougas-
Spieker) and M. nigropuncrata (=bistriata
sensu Rebougas-Spieker).
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The sexes are similar Based on broad
head, thick tail base, and enlargement ot the
medial pair of scales bordering the vent,
MCZ 182271 was Judged to be a male, and
dissection confirmed that, Based on narrow
head, abruptly tapering tail, and subequal
scales bardering the vent, MCZ 187220, the
largest available specimen, was judged to
be a female, and dissection confirmed that.

Comparisons.—Mabuya macleant 1s
morphologically and geographically closest
to M. sloanii. The latter species is wide-
spread, but nowhere abundant, in the Pas-
sage and Virgin Islands, and 1s also found
on Mona and Desecheo (Heatwole et al.
1981, Lazell 1983, 1991, 1995; Mayer
1989). This skink is deep copper to choc-
olate brown with prominent lateral stripes
of near-black and very bold jet black dor-
solateral stripes, beginning on the head, and
extending continuously down the nape onto
the anterior trunk, well past 20 dorsal scales
posterior to the parietals (Figs, 2C, 4). The
dark dorsolateral stripes are black and sep-
arated by silvery-white on the median por-
tions of the 1wo middorsal scale rows. On
Puerto Rico, skinks also have ncar-black
lateral stripes extending onto the trunk, but
ithe dark dorsolateral stripes are redueed Lo
heavy blackish blotching on the head, frag-
menting and dwindling to speckles on the
nape (Fig. 2A). This pattern form was
named M. nitida by Garman (1887) on the
basis of one specumen from Hispaniola and
three from Puerto Rico. Stejneger (1904)
described this form accurately, mistakenly
under the name M. sloanii, based on one of
two specimens numbered MCZ 6052 from
San Juan, Puerto Rico. He also noted the
existence of the other pattern type (the ac-
tual sloani) under the name semitaeniata
Wicgmann (1837). Schmidt (1928) also
noted the two patterns, and restricted Gar-
man's nitida to Puerto Rico. Grant (1931)
recognized the distinction in pattern be-
tween the Puerto Rican and small island
forms as well, using the same erroncous
names as did Stejneger. Six Puerto Rican
specimens available to us, from San Juan

(MCZ 6030, MUZ 6032 [2 specimens]),
Ensenada (Amencan Museum of Natural
History [AMNH] 6462), and Bayameon
{AMNH 14007, UMMZ 73828) agree with
Schnuidt and Steyneger’s descriptions, as did
the Puerto Rican specimens availuble to
Grant (1931).

A seventh specimen, from casternmost
Puerto Rico (UMMZ 73529, Cape San
Juan), shows some approach toward the
sloanii patiern. A spacmen from lcacos
(MCZ 36624), an island just east of Puerto
Rico, 1s intermediate between nitida and
sloanii of the smaller islands to the cast
{Fig. 2B). Based on these specimens and
the literature, we recognize M. s, ninda as
a valid taxon, and confirm Schmidt's re-
striction of type lozality by selecting MCZ
6050 as the lectotype. A similar pattern of
gcographic variation, with a Puerto Rican
mainland form and a Passage/Virgin Islands
form showing signs of intergradation in
casternmost Pucrto Rico and the adjoining
cays is found in Anolis cristatetlus (Hea-
twole 1976). It 1s interesting that 5. sfoanti
occuptes the islands to the cast and west of
the Puerto Rican main, with s, aitida oc-
cupying the main in between; a similar peri-
Puerto Rican distribution is shown by Hem-
idactylus mabowia (Kluge 1969) and Epi-
crates monensis (Schwartz & Henderson
1991), with related species on the Puerto
Rican main (H, brookii and E. inornatus).

The overall picture is of Puerto Rico
Bank Mabuya sloanii showing greater char-
acter divergence from M. macleani as the
latter’s geographic distribution is ap-
proached (Figs. 2, 5). Mabuya s. nitida has
less dark anterodorsal pigment than does M.
5. sloanii; however, M. s. sloanii occurs to
within 400 m of M. macleani, but the latter
has the least dark pigment of all.

The Caicos Islands, although geological-
ly part of the Bahamas, share a number of
herpetofaunal elements with the Puerto
Rico Bank (Anelis, Typhlops—Thomas
1999). The skinks of these islands appear
distinct from Puerto Rico Bank ones based
on the specimens we have seen. We have

20
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Fiz. 4. Daudin’s (18023 tllustration of his Scioicws ledned. the widespread form of the Virgin [slands, showing
pattern i side view.

color notes in life for MCZ 182881 from tend dorsolaterally onto the costal region,
Long Cay, Caicos Bank: dark bronze- about one-third of the distance from axilla
brown dorsally, with two very bold cream- to groin; these light siripes are bordered
white siripes that begin at the snout and ex-  ventrally by a near-black field, six scale

18°N —

]

Fig. 5. The castern portion of the Puerto Rico Bank showing localities from which specimens have been
cxamined. 1, San Juan, Puerto Rico, type locality for Mabuya sloanii nitida. 2, Cayo lcacos, represented by an
apparent M. s. sloanii X nitida intergrade, 3, Isla Culebra, 4, Tortola, 5. Ancgada, 6, Peter [sland, all nominate
M. s. sloanii, 7, Carrot Rock, type locality for Mabuyva macleani. Bar indicates 10 km. The dotted line is the
vdge of the Puerto Rican Bank, ca. 100 m below sea level
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rows wide at the forelimb insertion, and
fecked with white speckles. The light dor-
solateral stripes are bordered dorsally by
near-black stripes one scale wide at the
forclimb insertion and separated by four
scales across the dorsum at that level. The
posterior bedy is heavily speckled with
black dots aligned in longitudinal rows. A
preserved scries from the same island
{AMNH 80125-30) agrees well in pattern
with the live specimen described above.
The striping pattern most resembles that of
the Icacos intergrade (Fig. 2B), except that
the middorsal brown area 1s about twice as
wide, thus being more like nitida, but dif-
tering from the latter in having a broader
corsolateral dark stripe, and in that the Ica-
cos specimen lacks the heavy, aligned body

-spotting of the Caicos specimens. Such

spotting is variable in M. s, sloanii, and
may be fairly heavy (Grant 1931; UMMZ
80385 [Buck Island off St. Thomas]).
Whire speckling in the lateral dark stripe,
which 15 also seen in specimens from West
Caicos (UMMZ 117392-4) and Six Hill
Cays (UMMZ 117394-6), is not found in
Puerte Rican region specimens. Further
study, beyond the scope of the present
work, may reveal that the Caicos Mabuva
should be recognized as a valid taxon.

Dunn's (1936) description of Mabuya
pergravis of the western Canbbean, “‘strip-
ing very indistinct; pale with dark dots
above,’”” may sound superficially similar to
M. macleani, but the two forms are amply
distinct. Mabuya pergravis is much more
siender, and has fewer midbody scale rows
(28-30-Dunn [936, Dunn & Saxec 1950).
Striping is not indistinct in a single speci-
men from San Andrés, and in those from
Providencia the dark dots are numerous
(unlike macleani, in which there are few or
no dark dots dorsaily).

In meristic and measurable characters, all
New World Mabuya, and most from the rest
of the world, are slightly, and often only
modally, differentiated; as Greer & Nuss-
baum (2000) noted, ““Few unequivocal
characters of scalation are available.” Ma-

buya macleani differs from M. sloani
somewhat in having smaller seales, reflect-
cd in higher midbody row counts: 32-34,
as opposed to 30-32 in other Puerto Rico
Bank Mabwya (n = 20). It would take larger
sample sizes to even demonstrate statistical
significance. There may be sclection pres-
sure for smaller scales in M. macleani. Car-
rot Rock’s other endemic lizard, Anolis er-
nestwilliamst, has very small scales and is
absolutely distinct from s closest relative
in this character (Lazell 1983). Interpreting
the adaptive sigmficance of scale size in liz-
ards 15, however, fraught with difficuitics
and apparent contradictions (Lazell 1994,
Dmi’el ¢t al. 1997).

Erymology.—The specics is named in
honor of our late friend and colleague Dr.
William P MacLean, I, of the University
of the Virgin Islands, who contributed so
much to knowledge of the Virgin Island
herpetofauna (MacLean 1982), and who
aided and assisted our work, and that of
many others, on numerous occasions (La-
zell & Mayer 1992), He was one of the first,
and still few, professional biologists ever 1o
have set foot upon Carrot Rock, and rec-
ognize its biotic uniqueness.

Discussion

Ecology.—Cammot Rock has undergone
major ccological changes since it was first
visited by JL in 1980 (Lazell 1983). Then,
most of the windward (eastcrn) and north-
ern portion of the top of the island was cov-
cred with a sprawling growth of sea grape,
Coccoloba nvifera (Polygonaceae), which
had to be ecither climbed over or crawled
under. There were three thickets of sea
grape on the edges of the scarp tall enough
to stand in the shade of: one on the leeward
coast, onc on the northern windward coast,
and the biggest in the gully-locally called
“ghut’ —where the first Mabuya macleani
was collected.

Severe drought characterized the climate
of the Virzin [slands during the eighties. It
seemed that more precipitation fell in the

22
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form of dust—said to have blown all the
way from the Sahara—than as water. JL's
field notes of 13 July 1985 record:

“The Rock i in terrible shape! The sca grape lcoks
90% dead; places | could crawl under before are
now just scattered dry sticks. Trying o dig oot leat
lirer was o mightmare of dust.”

Despite the drought, Awnelis remained
common, the first Mabuyva was secured, and
Sphaerodactyius  macrolepis  (MCZ
1708903 was also collected—-all in the one
remaining sea grape thicket in the ghut-in
1985 (Mayer & Lazell 1988). This brought
Carrot Rock into compliance with the “rule
of three™ for Caribbean islands, as predict-
ed (Lazell 1983). On 17 July 1988 condi-
tions were no better, but more M. macfeant
were seen and collected than ever before.
Over most of the boulder-jumbled surface
of Carrot Rock, skinks have the advantage
over would-be captors. In one small area
near the top, however, there are few rocks,
tittle vegetation, and a soil substrate. Here
a group of us simultaneously sighted eight
skinks in a 10 X 20 m (200 nv") plot (and
caught three of the eight). Excluding the
bare rock faces and wave-washed talus of
the edges, we estimate the top of the island
habitable for skinks at ca. 1.3 ha. Using our
crude estirate, the total population of Ma-
buva macleani might be something like 520
individuals. In any case, a density of 12 in
200 m* (400 per ha) far exceeds that of
skinks or other comparable ground lizards
(e.g., Amerva) anywhere in the Antlles.

On 27 October 1994, three Mabuya ma-
cleani were seen in about two hours on the
Rock. JU's field notes mention *‘the incred-
ible drought,” and the appearance of the is-
land as ‘‘dead gray still” and ‘‘really
bleak.” Hurricanes Luis and Marilyn struck
the Virgin Islands in September 1995, Low-
lying arcas like Carrot Rock were inundated
with sea water, but there was relatively little
mitigating rainfall. On this day the Rock
was visited with a group of 6 people, but
in two hours ashore we saw but two skinks
and not a single Anolis, Approximately half

L5

a7

the sea grapes in the ghut thicket were dead.
The large candelabra cactus, Piiosocereus
royenit, that had crowned the top of the islet
{and housed the largest, uncatchable Anolis)
was “‘rotting pulp and stark skeleton,”™

Ruainfall in the region began to increase
in 1996. On 24 October 1996 a group of us
checked the Rock briefly. We did not at-
tempt to collect specimens, but we quickly
located three Anolis emestwiflicmsi and
two Mabuva macleani, one of the latter
perched on a vine ca. 3 cm uabove the
ground (Schwartz & Henderson (1991] note
climbing in Mabuva mabouva). Again,
from JU's field notes: 'Seagrapes are regen-
crating well; the place gencrally looks
much better than last year™

A brief vegetation survey of Carrot
Rock, by Dr. Fred Kraus on 26 QOctober
1991, included, in addition to seagrape and
candelabra cactus, Mammillaria nivosa,
Melocactus intortus, and Opuntia dillenii
{(all Cactaceae), and the vines Capparis flex-
uosa (Capparidaceae), Stigmophyllon peri-
plocifolium (Malpighiaceae), and Cavana-
lia maritima (Leguminosae). There are
“‘various graminoids including the rare
silky foxtail grass Pappophorum pappifer-
.’

Differentiation on small islands.—The
distinctiveness of populations inhabiting
small islands, and the apparently rapid evo-
lutionary rates involved in achieving this
differentiation, have long been known to
students of the zoology of archipelagos
(Mayr 1963, Lazell 1972). Mabuva ma-
cleani appears to be an example of this phe-
nomenen. Two aspects of Carrot Rock’s
geographic situation, in particular, argue for
rapid evolution (Fig. 6). First is its short
distance, approximately 400 m, from Peter
Istand. Given this short distance, and the
predominant direction of the currents from
the northeast, there seems a considerable
probability of waif dis: .rsal of skinks from
adjacent parts of Peter [sland (where typical
M. sloarnii does occur: MCZ 182273) or
other islands to windward. Divergence of
the Carrot Rock population, especially by
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cenetic Jdrft, would have to proceed at a
high rate to offset the genctically homoge-
nizing effects of immigration cvents.

The second aspect is the short time dur-
ingz which Carrot Rock has existed as a sep-
arate island. Lowered sea levels during the
last glacial period united all of -2 islands
of the Puerto Rico Bank into a sngle large
island (Heatwole & MacKenzie 1967), The
age of separation of two islands on the bank
can be inferred from the maximum depth of
the water now separating them, and the
time course of the Holocene sea level rise.
We cannot say with certainty what the max-
imum depth of the channel between Carrot
Rock and Peter Island is, becduse the chan-
nel is so shallow and strewn with rocks that
only the smallest of boats atternpt to pass
through the strait, so that accurate sound-
ings are not possible; 1t cannot be more than
a few meters. Based on the time course of
Canbbean sea level rise (Fairbanks 1989),
a depth of 5 m would correspond to a sep-
aration of 3000 years; as the actual depth is
almost certainly less than this, this is an up-
per limit on the time of isclation of Carrot
Rock.

The causes of rapid divergence in island
populations have long been a matter of con-
tention (Williamseon 1981, Berry 1986,
Grant 1998), with some arguing for the im-
portance of stochastic factors (e.g., Mayr
1954), while others have stressed the adap-
tive nature of island differentiation (e.g.,
Grant 1968, Malhotra & Thorpe 2000).
Carrot Rock’s proximity to Peter I5land ar-
cues for a non-stochastic cause, since even
a low rate of migration is sufficient to coun-
teract divergence due to founder effect or
drift (Crow and Kimura 1970); gene flow
is much less effective in counteracting se-
lection (Lande 1980). There is another, in
our, opinion much stronger, argument for
non'—lstochaslic causes: the occurrence on
Carrot Rock of another endemic lizard, An-
olis ernestwilliamsi, which, like Mabuya
macleani, has a close relative, A, cristatel-
lus, widespread on other islands on the
Puerto Rican Bank (Lazell 1983; the third

specics on the island, Sphaerodactyius ma-
crolepis 15 not distinet). As Mayr (1963)
noted, production of cvolutionary novelties
or new species in small, isolated popula-
tions is a rare event; if the intiating genetic
events are stochastic in nature, it 1s highly
unlikely thut, of all the many islands on the
Bank inhabited by Mabuyva (Fig. 3) and A,
cristatellus (MacLean 1982, Mayer 1989),
these events should occur in both taxa on
the same island. We mnfer that there is some-
thing about Carrot Rock itself which is con-
ducive to divergence, rather than that there
have been two independent occurrences of
a rare stochastic event. We can only suggest
that it is the unusual environmental condi-
tions of the island (see above under Ecol-
ogy) that are the comnrnon factor in diver-
gence of the two species, but could only
speculate about the exact conditions influ-
encing onc or the other species. Although
it is often argued that evolution proceeds
faster in smaller populations, adaptive di-
vergence in fact is faster and greater in larg-
er populations (Weber & Diggins 1990,
Coyne ¢t al, 1997), making the situation of
two endemic lizards on Carrot Rock cven
more remarkable.

An altemative explanation for the ende-
micity cxhibited by the Carrot Rock sau-
rofauna is that they are relicts, stranded
there by post-glacial sea level rise. While
we cannot definitively rule out this possi-
bility, the close proximity and very recent
separation of Carrot Rock from the main
body of the Virgins, and its small size,
make it an unlikely refuge for species
which have clsewhere gone extinct. Thrce
distributional patterns in the Virgin Islands
herpetofauna suggest a relictual distribu-
tion, but none match that of the Carrot Rock
endemics. Sphaerodactylus townsendi, an
otherwise Puerto Rican species, occurs in
the Virgins only on Frenchcap Cay (Hea-
twole et al, 1981), but this cay, separated
by depths of 22 m, was the earliest of the
Virgins to be isolated, about 8000 yr ago
when Puerto Rican forms apparently ranged
further east on the then exposed bank. Sev-
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Fig. 6. The scuth end of Peter Island and Carrot Rock, British Virgin Islands. Dot indicates colleciion site
o Mabuya s, sleanti, MCZ 182273, a1 Stoney Bay. Sand (dots), cobble and scree, and clitfed shorelines are
indicated. Black diamonds indicate rocks that break at low water (from U.S. NOAA chart 25641, 1984). Contours
are at ca 7.62 m or 25 ft. (from Bninsh Directorate of Overseas Surveys 346, Series E 837, 1959) Bar, lower
right, indicates 200m.
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eral species (c.g. Anolis rooseveliiy which
occur today an enly one or a few islands,
although they must have once occurred
more widely when sea levels were low,
have persisted on the largest islands (Mayer
1989). Finally, several species have disap-
peared from some larger islands while per-
sisting on some smaller islands (e.z., Aflso-
phis portoricensis), but such distnbutions
have resulted from anthropogenic extirpa-
tions (Barbour 1930, Mayer & Lazell
1988). The Carrot Rock endemics fit none
of these patterns. Furthermore, since close
relauves of cach are present on Peter Island
and throughout the archipelago, supposing
that they are pre-sea level rise relicts makes
their divergence even more remarkable, or
merely pushes the time, but not the mode.
of their origin to an carlier glacial cycle.
For these reasons, we favor the hypothesis
of in situ post-glacial divergence (Lazell
1999).

Nomenclature. —Dunn (1936) referred
all Antillean skinks (except lineclara of
Hispaniola) to the species Mabuya ma-
bouya Lacépede (1788), which species he
also considered to be widely distributed on
the mainland, from Mexico through much
of South America. Since then, various au-
thors have studied components of this wide-
spread species or species-group, naming or
reviving species as needed, and leaving be-
hind an unstudied residue, to which the
name Mabuva mabouya might continue 1o
be attached (e.g., Rebougas-Spieker 1974,
1981a, 1981b, Avila-Pires 1995). Lacé-
péde’s work, however, is not binominal in
its nomenclature, and the name, ‘‘ma-
bouya™ is thus not available.

Throughout the text of his work, Lacé-
péde uses vernacular names, mostly in
French, but some, like "Le Mabouya,” de-
riving from other languages. Somc Latin
names appear in his ' Synopsis methodica,”
but this is not a table of Linnaean-style bi-
nomina, but rather a partial translation into
Latin of vernacular names given in the text:
French vernacular names are translated, but
non-French vernacular names appear un-

changed in the 'Synopsis™, Thus, the
French “Le Sourcilleux™ of the text ap-
pears as Llacentus]. superciliosus™ in the
“Synopsis,” while “Le Mabouya®™ of the
text appears simply as “Mabouya,”™ as do
other non-French vernaculars such as
“Jackie™ and Sheltopusik™. Names in the
table may be uninominal, binominal, or tri-
nominal. Thus “Le Gecko™ of the text ap-
pears as “Gecko” in the "Synopsis,” “La
Salamandre terrestre’ as “Sualamandra ter-
restris,” and “‘Tertuwe mapn comun® as
“[lestudo]. marinus vulgaris™.

Although the word “Lacertus™ appears
as the name of a “genus”™ in the heading of
the "Synopsis,” it cannot be read into the
remainder o7 the table so as to turn uninom-
ing into binomina. (Doing so would also
turn some binomina in the table into to-
nomina.) Those names in the table to which
Lacépede attached ““Lacertus™ are specifi-
cally liswed as such in the table, most often
by prefacing the name with “L."". The rule
he generally followed is that when the
French name is translated as a Latin adjec-
live, it receives the “Lacertus™ appellation
{e.g., “Le Silloné™ of the text becomes
“L[acertus]. sulcatus™ in the table), where-
as namcs translated as Latin nouns do not
{c.g., "Le Dragon’ becomes “"Draco™); the
latter are thus truly uninominal.

In his genus “Lacertus,” Lacépede had
26 uninominal and 30 binominal species
names; in his genus “Testudo,”” he had four
uninominal, 19 binominal and one trinom-
inal; and similarly for his other genera. La-
cépede’s work is thus clearly non-binom-
inal, and must be rejected for the purposes
of zoological nomenclature. Brongersma
(1972), Vanzolini (1977), Savage (1981),
Melville (1986), and Smith (1986) also ar-
gued that Lacépede was non-binominal, and
should be rejected for momenclatural pur-
poses, and the Commission agreed (Inter-
national Commission on Zoological No-
menclature 1987). Unfortunately, all these
authors but Vanzolini restricted their atten-
tion to Lacépéde’s second volume, on ser-
pents, so that his quadrpeds have not been
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formally rejected. Fortunately, rejection of
non-binominal works 1s automatic under the
Code, 5o action by the Commission 1s not
required.

Lacépéde’s concept of “Le Mabouya™
was composite and confused, with no spe-
cific locality. Although largely based on
Antillean lizards, he also included Sardinia
in its range, and the accompanying figure
(pl. XXI1V) is not even a Mabuva; 1t appears
to be, as surmized by Duméril & Bibron
(1839), Chalcides ocellarus, which occurs
on Sardinia. Losing Lacépéde’s non-binem-
inal name of dubious application will be no
loss.

Recently, some authors (Powell 2t al.
1996, Hedges 1996, Murphy 1996, Powell
et al. 1999, Crother 1999), perhaps aware
of the difficulties with Lacépéde, have be-
gun using the specific name bistriata Spix,
1825 (type locality Belém, Brazil) for An-
tilican skinks previously (e.g., Schwartz &
Henderson 1991) referred to mabouya.
However, even if the Antiliean and Brazil-
ian forms are conspecific. which we consid-
er unlikely, sfeanii predates bistriara by 23
years, and the latter name should not be
used.

We thus have not used “mabouya’ here
for Antillean skinks, but rather use Dau-
din's (1802; Fig. 4) sleanii as the first avail-
able name, the type of which still exists
(Muséum National d'Histoire Naturelle,
Paris 554), has good locality data (St
Thomas), and has been examined for us by
G. R. Zug. The Antillean skinks formerly
included in the Mabuya “mabouya’ ecom-
plex not dealt with in this paper (Lesser An-
tilles, Jamaica, Hispaniola) are best referred
to as the Mabuya sioanii complex until their
systernatics can be reselved.

Acknowledgments

Dozens of people have visited Carrot
Rock with one or both of us over the years;
in addition to Bill MacLecan, principal
catchers and observers include Julia Rand-
all Berger, Larry Dew, Razi Dmi’el, Miguel

RY

w83

Gurcia, Robert Jenkins I, Fred Kraus,
Kate LeVering, Gad Perry, James Rebholz,
Carlos Ruie¢, Ralph Rusher, and Kim
Woody. For providing access to specimens
in their care we are grateful to B Alberch,
J. E. Cadle, E. Censky, E. Daeschler, W. E.
Duellman, G. Foley, L. Ford, C. Myers, A.
Resetar, J. B Rosade, G. Schneider, R,
Thomas, M. Vélez, H. Voris, and G. R.
Zug, G. R. Zug generously examined and
photographed for us specimens in Paris. J.
P Rosado very kindly checked characters
on specimens. R. Thomas and M. §. Thom-
son commented on the manuscript. Institu-
tional support was provided by the Division
of Amphibians and Reptiles, National Mu-
seum of Natural History, the Department of
Zoology and Zoological Museum, Univer-
sity of Wisconsin, Madiseon, the Division of
Amphibians and Reptiles, Field Museum of
Natural History, the Department of Bilolog-
ical Sciences, University of Wisconsin-
Parkside, and, especially, the Department of
Herpetology, Muscum of Comparative Zo-
ology, Harvard University. Our work has
been supported by The Censervation Agen-
¢y through grants from Mocatta Metals
Corporation and the Falconwood Founda-
tion.

Literature Cited

Avila-Pires, T. C. S, 1995, Lizards of Brazilian Ama-
zoma (Reptilia: Squamata).—Zoologische Ver-
handelingen 299:1-706.

Berry, J. 1986, Genetics of insular populations of
mammals, with particular reference 1o differ-
entiation and founder effects in Brtish small
mammals.—Biological Joeurnal of the Linncan
Society 28:205-230,

Brongersma, L. 1972, On the “Hiswoire naturelle des
serpens’ by de la Cépéde, 1789 and 1790, with
a request te reject this work as a whole, and
with proposals to place seven names of snakes,
being nomina oblita, on the Official Index of
Rejected and Invalid Names in Zoology, und to
place three names of snakes on the Official List
of Specific Names in Zoology (Class Reptilia).
Z.N, (§) i985.—Bulletin of Zoological No-
menclature 29:44-61.

Covne, I. A, N. H. Barton, & M. Turcili, 1997, Per-
spective: a critique of Sewall Wright's shifting



.-'J.n.,-.....'. ¥

e T,

A

sz

S84 PROCEERDINGS OF fILE BIOLOGICAL SOCIETY OF WASUHINGTON

balance theory of evolulion.—Evolution S1:
643-671.

Crother, B 10 1499, Evelutionary relationships. Pp.
269-334 in B. I Crother. ed, Cunbbean am-
phitiuns and repiles. Academic Press, San Di-
cro, 495 pp.

Crow, J. B, & M. Kimura. 1970 An intenduction to
population genclics theory. Burgess Publishing,
Minncapolis, Minnesota, 391 pp.

Daudin, F M. 1802, Histoire naturelle géndrale ot par-
liculiere des reptiles. Tome [V, Dufan, Pans,
397 pp.

Dmi'el, R.. G. Purry, & J. Lazell. 1997, Evaporative
water loss i nine insular populations of the liz-
ard Anolis cristateliuy group in the Brush Vir-
in [slands.—Biotropica 29:111-116.

Dumdril, A. M. C., & G. Bibron. 1839, Erpétolopie
céndrale ou Histore naturelle complite des rep-
tiles. Tonie V. Libraioe Encyelopédique de Ror-
ct, Paris, §54 pp.

Dunn, E. R. 19346, Notes on American mabuyas.—Pro-
ceedings of the Academy of Natural Sciences,
Philadclphia 87:333-557.

. & L. H. Saxe. 1950. Results of the Cather-
wood-Chaplin West Indies cxpedition, 1948,
Part V. Amphibians and repiiles of San Andrés
and Providencia.—Proceedings of the Academy
of Natural Sciences, Philadelphia 102:141-165.

Fairbanks, R. G. 1989, A 17,000-year glacio-eustatic
sea leveld record: influence of glacial meliing on
the Younger Dryas event and deep-occean cir-
culation.—Nature 342:637-642.

Garman. §. i887. On West Indian repules. Scinel-
dae.—Bulletin of the Essex Institute 19:51-53.

. 1887. On West [ndian reptiles im the Museum
of Comparative Zocology at Cambridge,
Mass.—Procveedings of the Amencan Philo-
sophical Society 24:273-286.

Grant, C. 1931, Reestablishment of a scincid lost since
1837.—Journal of the Depantment of Agricul-
lure of Porto Rice 15:217-214.

Grant, P 1968. Bill size, body size, and the ecological
adaptations of bird species (o the competition
situation on 1slands.—Systematic Zoology 17:
319-333.

, ed. 1998. Evolution on islands. Oxford Uni-
versity Press, Oxford, 334 pp.

Greer, A, 1970, A subfamilial classification of scincid
lizards.—Bulletin of the Muscum of Compara-
tive Zoology 139:151-184.

. & R. A, Nussbaum. 2000, New character use-
ful in the systemnatics of the scincid lizard genus
Mabuya.—Copeia 2000:615-618,

Heatwole, H. 1976. Herpelogeography of Puerto Rico.
V1L Geographic vanation in the Anolis crista-
rellus complex in Puerto Rico and the Virgin
Islands.—Cccasional Papers, Musecum of Nat-
ural History, University of Kansas 46:1-18,

R Leving, & M. D, Byer. 1981, Bioseozraphy
of the Puerto Rican Bank.—aAtoll Research Bul-
Jetin 251:1-55.

cand FOMacKenzie. 1967, Hempeiogeography
of Puerto Rico. IV, Paleoscouraphy, fuunal sim-
ilarity and endemisim.—Evolution 21:429-439.

Hedees, S0 B 1996, The ongin of West Indian am-
phibians and repules. Pp. 95-128 in R. Powcll
& R. W. Hendemson, eds.. Contnbations to West
[ndiasn herpetology., Soelety for the Smdy of
Amphibians and Reptiles, DItbaca, New York,
457 pp.

Intermational Commission en Zoelogiwcal Nomwncla-
ture. 1957 Opimon 1463, de Lacépéde, 1788
1789 Histoire Naturclle des Seipens and later
cditions: rejected us o mon-binomigal work.—
Bulleuin of Zoological Nemenclature 44:265—
267,

Kluge, A. G. 1969, The evolution and aeographical
origin of the New World Hemiduchvius ma-
houta-brookt compiex {Gekkonidae, Saurma).—
Miscellancous Publications, Muscum of Zool-
ouny, University of Michigan 138:1-78.

Lacéptde, Comte de. 1798, Histoire naturelle des
quadruptdes ovipares et des serpens, Tome L,
Académie Royale des Sciences, Paris, 651 pp.

Lande, R. 1980. Genetic variation and phenotypic evo-
lution during allopatric speciation.——American
Naturalist 116:463-479.

Lazell, I. 1972, The anoles (Sauna, Iguanidae) of the
Lesser Antilles.—Bulletin of the Museum of
Comparative Zoology 143:1-115.

. 1983, Biogeography of the herpetofauna of

the Batish Virgin Isiands, with descnption of a

new anole (Sauna: [guunidae). Pp. 99-117. in

A. G. I. Rhodin and K. Miyaia, eds.. Advances

in herpetology and evolutionary biology. Mu-

seum of Comparative Zoolozy, Cambndge,

Massachusetts, 725 pp.

. 1991, The herpetofauna of Guana Island: di-

versity, abundance, ranty, and conservation,—

Departamento de Recursos Naturales de Puerto

Rice Publicacién Cientifica Miscelanea 1:28-

33,

. 1994, A new Sphaerodacryius (Sauna: Gek-

konidae) from the Grenada Bank, Lesser Antil-

les.—Breviora 496:1-20,

1995, Nawral Necker.—The Conservation

Agency Occasional Paper 2:1-28.

. 1999, Giants, dwarfs, and rock knock-offs:

e¢volution of diversity in Antillean ancles.—An-

olis Newsletter 5:55-56.

. & G. C. Mayer. 1992, William B MacLean,
ITL, 1943-1991.—Copeia 1992:604-605.
MacLean, W, P 1982, Reptiles and amphibians of the

Virgin Islands. Macmillan Caribbean, London,
54 pp.
Malhotra, A, & R. S, Thorpe. 2000. The dynamics of

28



VOLUNE 113, NUMBER 4

natural selection and vicapance i the Donung -
can auole: patterns of within-island molecular
and morphological divergence. —Evolution 54:
245-258.

Maver, G C. 1989, Dererministic aspects of commu-
nity structure in West Indian amphibians and
reptiles. Unpublished Ph.D. dissertation, Har-
vard University, Cambridge, Massachusents,
294 pp.

. & 1 Lazell. 1988, Disinbutional records Jor
reptiles and amplubians from the Puerno Rico
Bank.—Huetpetological Review 19:23-24,

Mavr, E. 1954, Change of senene environment and
evalution. Pp. 157-180 in 1. S. Huxley, A, C.
Hardy. & E. B. Ford, vds., Evelunon as a pro-
cess. Allen and Unwin, London, 367 pp.

Mayr E. 1963, Animal species and evolution. Harvard
University Press, Cambndye.
797 pp.

Mehille, ROV 1986, De la Cepede, 1788-1789 “His-
toire naturelle des serpens’ and luer editions:
propo<ed rejection as a non-binominal work. £,
N. (5.) 1985.—Bulleun of Zoelogical Nomen-
clature 43:80-83.

Murphy, R, C. 1996, Crossing Bond's hine: the her-
putefaunal exchange between the castern Canb-
bean and mainland South Amenca. Pp, 207-
216 1 R. Powcell & R. W. Henderson, eds.,
Contributions to WWest Indian herpetology. So-
ciety for the Study of Amphibians and Reptiles,
Ithaca, New York, 457 pp.

Porcil, R RUW Henderson, Ko Adler, & H. AL Dun-
dee. 1996, An annotated checklist of West In-
dian amphibians and reptiles. Pp. 51-93 in R,
Powell & R. W. Henderson, ¢ds:, Centributions
to West Indian herpetology. Society for the
Swdy of Amphibians and Reptiles, [thaca, New
York, 457 pp.

1AL Ouenwalder, & S, I [nchaustegui, 1999,
The Hispaniolan herpetofauna: diversity, ende-
mism, and historical perspectives, with com-
ments on Navassa Island. Pp. 93-168 in B. 1.
Crother, ed., Canbbean amphibians and reptiles.
Academic Press, San Diego, 495 pp.

Rebougas-Spicker, R, 1974, Disiributon and differen-
tiation of animals along the coast and in conti-
nuntal islands of the state of Sio Paulo, Brasil,
2. Lizards of the genus Mabuya (Sauria, Scin-
cidae).—Papéis Avulsos de Zoologia 28:197-
240.

. 1981la. Sobre uma nova cspécie de Mabuyva

do nordeste do Brasil (Sauria, Scincidae) —Pa-

péis Avulsos de Zoologia 34:121-123.

. 1981b. Sobre uma nova ¢spécie de Mabuya

da Amazonia brasileira (Sauria, Scincidae)—

Papéis Avulsos de Zoologia 34:161-163.

, & P E. Vanzolini. 1990. Mabuya carvalhaoi,

cspécie nova do Estado de Roraima, Brasil

Massachusers,

R

HhS

(Saurw, Sancudue).— Revista Brustlera de
Biologia 50:377-386.

Savape. J. ML 1981, Commem on the proposed rejec-
von of Lacdépede’s “Histoire natrelle des ser-
pens. T Z2NC(S)) 1985 —Bulletin of Zoological
Nomenclature 38:8-9.

Schmidr, K. P 1928 Amphibians and land reptles of
Porta Rico, with a list of those reported from
the Virgin Islands.—Sciemific Survey of Poro
Rico and the Virgin Lulands 10:1-160.

Schwunz, A, & R, W, Henderson. 1991, Amphibians
and reptiles of the West Indies. Univeruty of
Florida Press. Gainesville, 720 pp.

Smith. H. M. 1986, Sappont for the rejecnion of "His
torre naturelle des serpens’ (Lacepéde, 1758-
1789, and later editions). Z.N. (5.) 1895 —Bul-
letin of Zeoological Nomenclature 43:225,

Spix. I B. 1825, Animalia nova sive species novae
lacertarum quas in itinere per Brasdiam dnnis
MCCCCOXVI[-MDCCCXX jussu ¢t auspicius
Maximiliant Josepht | Bavanae Regis. T. O.
Weigel, Leipzig. 26 pp.

Stejneger, L. 1904, The herpetology of Porte Rico.—
Report of the United States Natiopal Museum
1902:349-724,

Thomas, R. 1999, The Pueno Rico area. Pp. 169-179
in B. [ Crother. ed., Cantbbean amphibians and
reptiles. Acadermic Press, San Diego, 495 pp.

Vanzolini, P E. 1977. An annotated bibliography ot
the land and fresh-water reptiles of South Amuer-
ica {(1758-1975), vol. I (1733-19G0). Muscu de
Zoologia, Universidade de Suo Paulo, Sao Pau-
lo. 136 pp.

Weber, Ko E., & L. Diggins. 1990. Increased sclection
response in larger populations, [I. Selection for
cthanol vapor resistance in Drosopfrila melan-
agdster at two population sizes.—Genetics 125:
$35-597,

Wicgmann, A, FE A I837. Herpeologischen noti-
zen.—aArchiv bilr Nawrgeschichte 3:123-136.

Williamsen, M. 1981, Island populations. Oxford Uni-
versity Press, Oxford, 286 pp.

Appendix [
Material Examined

Islands in the Puerto Rican area are listed in a
roughly west to cast sequence, and may be located
threugh reference (o the maps in Heatwole et . (19813
and Lazell (1983), und the gazetteer in Maver (1989
Numbers in parentheses indicate the number of spec-
imens catalogued as a Jot. University of Kansas Mu-
seum of Natural History (KU) numbers preceded by o
letter are from the Albert Schwartz Field Series.

Mabuya sloanii nitida—Puerto Rico: AMNH 6462,
14007, MCZ 6050, 6052 (2), UMMZ 73324,

M. 5. nirida X sloanii—Pueno Rico:
73829, Cayo [cacos: MCZ 36624,

UMMZ
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Meabuva o slocsad. =Maonas ANINID 13703,
31896, 31908, 113437, Carncgie Muscum (CM)
23774-60 Field Muoseum of Numral Histery 215,
1334332 UUNMZ 73817 (), 73318 (33 73823 (15).
73825 (2), 124319 Natonal Muoseumn of Nawral His-
tory (USNM) 133083, Desecheor USNM 220995, Cu-
lebra: AMNH 14003-6. 32910, UNMMZ 73819 (13,
FIR20 (T, TIE2D (16), TIS23 (1), FAB20 (3, USNM
49380, Cavo Luls Pena: UMMZ 73827, Cayao Norle:
Uriversity of Puerte Rico Rio Piedras. Culebnta:
UMMZ S0786. St Thomas: MNHIN 554, 1088 (by G.
R. Zug). Saba Island (off $t. Thomas): UMMZ 80530,
LSNM 204833, Waner Island: KU V7409, Buck [sland
(off St Thomae=): UMM 73821 (2), 830585, Scuth Ca-
pella Island adjucent 1o Buck Ialand off S1. Themas):

LINIAMZ BOSE6. Linde Tobaro: MCA 135940, Terola;
AMNH 99522 Guana Island: MCZ [H69735, 1T0543;
LIMMZ 200131 LISNM 306182, Great Camanos: KU
V3952, Peter Island: MCZ 132273 Norman Island:
LISNM 304531, Vircin Corda: UNNZ B05R), RGS82
(3), 80584, 3ail Island, UMMZ 74427 Ginger [slaml:
USNM 204550, Prickly Pear Island: USNM 304532,
Necker Island: MCZ 176331 Anceada: AMNH
99523-4, CM 17357-8; UMMZ BOSR3 (25

Muabuya sloanii complex from Cawcos Bank —Long
Cay AMNH B0125-30; MCZ 182851, Six Hill Cays:
117394 -6, West Caicos: UMMZ 117192-3.

Mabuya pergravis, —Frovidencia Academy al Nat-
ural Sciences, Philadelphun 25791-95. San Andés:
LMMZ 127884,
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Evaporative Water Loss in Insular Populations of Anolis cristatellus
(Reptilia: Sauria) in the British Virgin Islands. lll. Response to the
End of Drought and a Common Garden Experiment'

Gad Perry

Depanment of Zeclegy, Onio Stale University, Brown Tree Snake Project, P.O. Bex 8255, MCU-3, Guam
96912, US.AF

Razi Dmi'el

Department of Zcaology, Tel Aviv University, 69978 Tel Aviv, Israel
and

James Lazell

The Conservaticn Agercy. 6 Swinburne St., Jamestewn, Rhede Istand 02835, U.S A

ABSTRACT

Evaporacive water foss in dnofis crissatellus from the Brinsh Virgin Tilands was negavely correlated with the anidiey
of ther habitas. Phenorypic plasticity and/or differential mortaliy of less well-adapied individuals allowed rapid
changes wirhin pepulations. Here we reporc the resulis of nwo swdies intended 1o differenniate between the mwo
processes. We 100k advantage of the end of 2 majer dicisght 1o study the rapidicy with which populations recovered
from unusually dry conditians. Population values changed rapidly from those measured in the past. There was no
correlation beowezn Jong-term habitar aridity and measured watcr-loss rate. bur the muliivear correlation berween
aridicy and skin resistance to warer loss persisted. We alio conducted 1 common garden experiment in which animals
from the weetest and driest habuars were housed under intermediare condidons for ane month. We detected no change
in skin resistance ta water loss in any of the three populations we studied; however, the mass of lizards (rom Sage
Mounuain incressed significanty during the experiment, and their water loss per unit mass decrcased significandy,
These results support the existence of both phenorvpic plasticity and genciic differences resulting fram rapid selection
within populztions, The magnitude and relative imporiance of the pao, however, remain te be determined,

Fey words:

Anolis cristatellus; Brivish Virain Llands: evaporaiive water loss: babitar avidiey: phenaiypre plasriciey, raptd
' 7 Al " v

o

cvolurion.

THE sany sLawos oF THE Brmisn Vira Istasps (eg, improved ability of the kidney to concentrare
urine). In rerrestrial repriles, reducing cutaneous

water loss (CWL) in response 1o dry condidons s

{BVI) were part of a single landmass unnl e
10,000 years ago (Hearwole & MacKenzie 1967).

Today the islands experience divergent conditions;
some enjoy wet environments and abundant rain-
{all, whercas others are unexpectedly arid. given
their tropical latitude (Dmi'el er af 1997). The
coupling of recent origin with divergenc abiotic re-
gimes poses an unusually acute evolutionary prob-
lem for the BVI fauna and flora. Terrestrial organ-
isms, especislly those inhabiting dry envirenments,
risk excessive evaporative water loss (EWL). Mech-
anisms for preventing this can be behavioral {e.g.,
choice of activity time or microhabitat), morpho-
logical (e.g. claborate nasal structures that capure
water vapor from exhaled air), or physiolegical

" Received T4 May 19990 revision accepted 8 November
1999,

2 Present address: Depaniment of Zoology, Univensity of
Wisconsin, 430 Lincoln Drive, Madison, Wiscansm
$3706-1381, U.S A E-maik Glery@facsiaffwise.edu

a common physiological mechanism (Bentley &
Schmidt-Nielsen 1966, Maurz 1982, Dmi'el 1985,
Dmi'el er al 1997, Pecry er al. 1999).

Previously, we showed thar populations of Analis
cristatellus wileyar from dry islands had lower CWL
rates and higher skin resistance {(R) to water vapor
than those from wet islands (Dmi’el er 2d 1997, Perry
et al 1999). This patern could be the resulr of three
mechanisms: phyletic divergence, phenotypic plastic-
ity, and selective divergence. The first explanarion is
a historical one. Under it, differences berween pop-
ulations could be a result of nonadaprive divergence
caused after the islinds separated from one another.
In this scenario, the correlation with island aridiry is
1 spurious result; however, the physiological variation
we found was nor related to island nearness (Dmi'el
er al. 1997, Perry et 2l 1999). Since nearby islands
presumably separated more recendy and have a higher
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likelthood of overwater gene exchange, this suppests
that phylogenetc divergence was not the cause of
physiological differences.

Both remaining explanations are adaptive. Un-
der phenotypic plasticity, individuals modify their R
according to cnrrent conditions. Hillman e al.
{1979) and Kobayashi er 2£ (1983) found cvidence
of such rapid acclimation in water-loss rates for
some Analis. The last explanation invokes narural
selection. The benehir of reducing water loss during
dry years is obvious. Since this presumably carries a
cost, selection toward relaxation of water conserva-
tion is expected when conditions improve. At the
population level, the effects of selection can appear
nearly as rapid as phenotypic plasticity (Malhotra &
Thorpe 1993). Perry er al (1999} predicted that
under a scenario of phenotypic plasticity, a drought
or its cessation should cause rapid physiclogical
changes, but no effects would be seen on population
size, mean body size within it, or intrapopulation
variability in R. Under a selection regime, they pre-
dicted thar differential monalicy would occur during
a drought, causing reduced population size and var-
iability in R and an increase in mean body size. Both
these changes, and the recovery from droughr as re-
preduction occurs, should be slower than under the
phenorypic plasticity scenario.

Of course, the two mechanisms are not neces-
sarily mutually exclusive, A selected difference be-
rween populations can be further modified within
individuals by phenorypic processes. In that case,
individuals from different populations placed to-
gethier will show some coalescing of their warer re-
tention abilities, but some differences will none-
theless remain when the process is complered. Un-
fortunately, previous results could not be used to
distinguish berween the two as the causative fac-
tor(s) (Perry et 2 1999). In this paper, we report
new work designed to identify the causative mech-
anism(s) based on the predictions of Perry ef al.
{1999). First, we took advantage of the end of a
prolonged drought in 1995 1o investigate the ra-
pidity of response in all previcusly studied popu-
fations to environmental change; additional data
were collected in 1997, Second, in 1996, we nsed
a common garden experiment involving individuals
from rwo extreme habitats {one wet and one dry)
and the one nartive to Guana Island (intermediate
conditions} to measure water loss of animals in a
controlled environment,

MATERIALS AND METHODS

Stuoy POTULATIONS, COLLECTION, AND HOUSING.—

In 1995, we used the end of a major drought (Perry
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ee al 1999) to observe again all cight populations
reported on previously. Although we revisited Car-
rat Rock and scarched for Anelis ernesnoidliams,
this tiny islet wis recovering from the offects of a
major hurricane and no lizard could be found. Ad-
ditional data on the Guana population were col-
lecred in 1997, In 1996, we conducted a common
garden experiment. We collected lizards from Sage
Mounrain on Tortola (the werttest location), Necker
Island (a dry location), and Guana [sland. All liz-
ards were housed on Guana and treated similadly.
As in previous work, we only udlized adult males.
In both years, we noosed study lizards in che field
during late September and all of Ocrober. Collec-
tion sites and cenditions on them are described in
Dmi'el er af. {1997), who also developed an aridiry
index used here 1o describe, in the absence of rain-
fall data for these islands, conditions on them. Liz-
ards were transported to the liboratory on the day
af caprure bur not studied undil the next day ac che
carliest. For dhe work conducted in 1995 and
1997, animals were housed individually and stud-
ied the following day. To reduce defecation during
testing, lizards were kept without food for 8 1012
hours before experiments began, bur were provided
with moistened paper during this peried 10 allow
them o regain water lost in transit.

For the 1996 common garden experiment, an-
imals were individually marked and housed sepa-
rately in large, commercial mesh bags (cage dimen-
sions: 2 30 X 30 X 60 cm). Cages were placed in
4 smull patch of woods {cs 3 X 5 m) near the
laboratory. Each animal initially was put in a ran-
domly chosen bag to which it was always returned
following measurements, Animals were fed meal-
worms ad [ibirem daily, except on days when they
were used in experiments. During the first week,
all animals were watered once a day, in addition to
any water they received from normal precipitation.
Ambient temperature and relative humidity in the
cage area were recorded daily using a minimum-—
maximum thermemeter and e¢lectric psychromerer.
This allowed us to verify that ambient conditions
were similar 1o those experienced in the lab.

Initial measurements 1aken from specimens
studied in 1995 and 1996 were comparable to
those reported in previous work (Table 1). In 1997,
we sampled an additional 21 Guana Island indi-
viduals. Mass was 8.13 = 1.39 g (# + SD), surface
area was 53.11 = 7.58 cm?, and R was 101.63 =
23.96 s/cm {see below for measurement methods).
We also used data on body mass collected during
all studies berween 1993 and 1996 to look for dif-
ferences in body size. Sage Mountain, Guana, and
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#

TABLE L

Locanon, somiple oo (07 and body deizern of A criandlus i O SN e YOG EXara o sl 5D
N Naas {g Body surface {em<]
Locatinn 1993 1996 1945 199G 1995 1996

Sage Mo, Tortola 6 8 78 LD 70411 558 30 43.0 154
Virgin Goeda 6 28000 44.5 (6.1)

Bridge, Beef [l G 2.5 0.9 537 (5.8)

Bridge, Torcla 6 5.5 (1.5 47.9 18.3)

Guana [dand 8} Z 74107 v.0 (1.5 50.8 (3.6) 50,3 (5 9)
Norman Island I 6.3 (0.8 46.1 (8.5)

Necker Iuland 6 7 8 (1D 10.0 {1.40) 58.2 (8.0) 38.7 (5.0)
Ancgada 9 70 (1.8} 401 111D

Necker Tslands were sampled during al! four years,
Guana and Necker are relatively dry. To balance
the design we added the daia for Gorda Peak, the
second wertest site studied by Dmi'el er wf (1997)
and Perry ol (1999).

Both collection and laboratory work were con-
ducted during nermal times of activiry. Whenever
logistically possible, lizards were released at the sire
of capmire at the end of the studv. These retained
were cuthanized and deposited in the Texas Me-
morial Museum, University of Texas ar Austin.

Laacsarory raocs oy res.—We closelv followed the
methodology of Dmi'el er al. (1997), ensuring dara
were comparable among all study vears. Briefly, we
moved vach lizard o a dry plastic box (inner di-
mensions: 20 X 9 % 7 em) immediately before
starring laboratory work Boxes were covered with
small-mesh wire netring that permitted free ox-
change of 4ir. Ceiling fans continuously cisculated
room air, homogenizing temperature and humidicy.
Anelis cristareilus are roughly triangular in cross-
shape (Dmi'el ef 24 1997). Surface arca of cach
lizard was caleulated by pressing it against graph
paper and tracing the oudine of its side and venter.
Tracings then were cut out and weighed o the
nearest milligram. Lizard surface area was caleulas-
ed, based on the mass of a known area of the sume
paper. as the summation of two sides and the bor-
tom area. This method has proved superior 10
available alternatives (Dmi'el ef 2l 1997).
Water-loss measurements also followed meth-
odology described in detail clsewhere (Dmi'el e af.
1997), Briefly, we mcasured lizard mass change
over 4 period of six o cight hours to obrain rates
of rotal EWL. “We used a Precisa balance (model
800M) 10 weigh lizards o the nearest milligram, a
Psychro-Dyne psychrometer (Environmental Tec-
tonics Corporation, Southampton, Pennsylvania)
1o measure room retative humidicy, and a 36-gauge
copper-constantan thermocouple connected to a

TH-65 clectrenic thermometer (Wescor Inc., Lo-
can, Utah) to measure skin and room Temperature.
These differed due 1o water evaporation from the
skin. These data were used o calculate the driving
force for water vapor loss. Readings were taken at
60-minute intervals, Animals that defecated during
the experiment wege immediately reweighed and
the study restarted. The integumentary resistance
1o water loss is less sensitive to changes in imme-
diate environment and therefore a better measure
of actual impedance to warer loss (Eynan & Dmi'el
1993). It combines the resistance of the skin and
that of the boundary layer surrounding it. We cal-
culated integumentary resistance using the equa-
tion: CWL = (¢T, — «T J/R (Lillywhire & San-
martino 1993), where CWTL is the cutaneous evap-
orative water loss per em?, and T, and eT, are the
saturated water vapor densiry at skin temperature
and the actual water vapor density in the air, re-
spectively, CWL values were obtained from the ra-
tios of CWL/EWL measured for each population
by Dmi'el ef 2/ {1997) and verified by Perry et o/
(1999). Obuining these ratios requires procedures
that are stresstul to the animals, and previously ob-
rained values were consistent among populations
and within populations among years.

During the first study, each animal was studied
only once. For the common garden experiment,
however, all animals were sampled repeatedly. Each
day six animals, two from each of the three islands,
were tested. Thus, all animals were tested in each
three-day period. Animals were not examined dur-
ing the fourth day, and the cycle was restarted on
the fifth day. Extra animals, collecred in case of
mortality to ensure a large enough sample size of
animals from identical environments, were tested
every second cycle.

RESULTS

Stupy 1.—As in previous years, A cristazelius on
Guana had higher R values than any other popu-
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TABLE 2. Durege et s ool Anabis covtatellus fram the BYT mesired an {095 and 1996, Numbers are x
and 5D. The r.'m.(.., Drdex wis devvloped by Dmiel et al. (1537) and vaonges fram & Qwee) t0 00 Gilry), Data
Jor 1993 are from Dinayel et it 11997 rf;m( from 1994 are ,'wm Permy et af. (159597,

K lweclemi
Locatien Ardiry index 1993 1994 Luus 1946

‘.;-Igc Me. Tarrola 1.0 59 (13) 100 (49 30171 VN

Virgin Garda &5 29 (1%) 100 {34) al €l

Beet fsl, 5.0 4 (1) 148 122} 113 (37)

Hridge, Tortala 5.0 55.{23} 136 (42) 89 1%

Guana Isl, 5.0 199 (73) 229 162) 24 129 173 2

Nabiman Isl, (6.3 114 1153 P14 (22 L2 01

Mecker sl 6.9 §512%) LG £4) TH 16 131 0A

Anczada 5.3 128.(17) 150:401) 849 18

lation measured {(Table 23, Given the intermediate = 3, one-tailed 2 = 0.0%). The muliivear corre-

environment of Guana, this indicated unexpecredly
low water-loss rates in that populartion, Unlike pre-
vious years, there was no significant correlation be-
rween R and habitar aridiny in 1995 (Spearmanss r,
= 0.08, ane-tailed 7 = 0.5; Fig, 1a). To assess the
uniqueness of the 1995 values, we compared island
means from that year 1o those from all orher years
{Fig. 1b; dawa from Dmi'el er @/ 1997 and Perry
er al. 1999). Whereas no difference was apparent
for werter islands, 1995 values for dry islands were
well below normal (paired-sample t-test for islands
of average aridity or drier, & = 6, ; = 2.002, df

200t @
£ 150 :
o 1+ 1 S R
*L J
"
250t D .
= 2001 * .
3 150 L
= 100} =7
s0f * .
»

123456799
Aridity

FIGURE 1. The relationship benween habirat aridiry
and mcan integumentary resistance {R) in eight popula-
vions of Arelis cristatellus. The aridity index ranges from
1 {wer) to 10 (dry). (a) 1995 data. (b) daca for all other
vears. Full circles represent 1993 dma: full squares are
1994 values; and empry triangles shaw 1996 rates, The
diagonal linc represents the lincar regression of the aver-
age values at each site for 1993, 1994, and 1996,

fation between habitan aridiey and average R ac cach
site was signincant whether 1995 dara were includ-
ed or excluded (for both, Spearmans », = 0.71,
one-tatled = 0.025).

Intrapopulavon variabilicy in R, as measured
by SD within years, decreased significantly from
1994 (data in Perry er 2l 1999) 10 1995 (Table 2;
r=3315df = 2, 7 = 0.013; cwo-tailed s-test for
repeated measures). In 1993, ir returned 1o values
nor significandy different from those measured in
1993 (r = 1.057,df = 7, P = 0.4]; cwo-tailed #-
test for repeated measures).

In the absence of precise rainfall dara for all
years, we ranked rainfall based on available rain-
gauge data (G, Percy, pers. abs.) and subjective im-
pressions of authors and of island staff locared there
year-round. Although imprecise, all these data con-
curred on the relative amounr of rainfall during
these vears, producing an unambiguous ranking,
The rclationship between recent rainfall and R val-
ues measured in the Guana Island population from
1993 to 1997 demonstrated that skin resistance
changed from year to year in accordance with rain-
fall patterns (Fig. 2). This relationship was more
closely related to conditions over the last manth
than over longer periods (Spearman’s rank correla-
tions: for the past ten months, r, = —0.70, df =
4; 2-tailed P = 0.188; for the past five months 7,
= —0.90, df = 4 wo-tailed P = 0.037; for the
past month, r, = —0.973, df = 4; cwo-tailed P =
0.005).

Adulc males from wert locations (Sage Moun-
tain and Gorda Peak) were normally smaller than
those from dry locations {Guana and Necker; Takle
3), Differences becween locations (% = 4) and
years (¥ = 4) were statistically significant (two-way
ANOVA; locations: F = 19.53, P < 0.001; years:
F = 10.06, P < 0.001). A significant interaction
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yistance 1o water lods (R) and rainked riindall dunine 1he
months befare our recurting October srudies. The dries
year was ranked "1," the wertest 75."

term (locarien X year: F = 3.27, P = 0.003) in-
dicated different popularions reacted to large-scale
changes in abiotic conditions in different ways, A
post hoc least-significant-difference test ignoring the
effece of year indicated the Sage Mounuin and
Gorda Peak populations were significandy different
from each other and from both other populations
(P <2 0.015 in all cases). Those from Guana and
Necker Islands, however, were not different (72 >
0.25).

S1upy 2.—Initial water-loss rates exhibited by the

asgt Sage
2501
15.’.‘:‘ A g ."‘..
A L
O L .
—
~ 3501 Necker Guana.
o ; |
250r = F o= v
| . L o K > .
15.3':-'..-""1 .-- ( ‘.'o . "..-.
el = i
6 12 18 24 30 6§ 12 18 24 30
Days since start
FIGLUHE 3. Changes in iRfegumentary resiitance (o
water ki JR) in three populatians of Anods erectareffus
kepr on Guana [lund during 2 20-day common garden
cupersment. No correlatians berwesn R and days since

seare were Sigdvheant,

three populations measured in. 1996 conformed 1o
past parcerns. Measured by their R values at the
beginning of the study, Necker Island lizards were
better at conserving water than lizards from the
wetter Sage Mountain, Guana Island lizards were
significantly berter ar conserving water than both
(Table 2; one-way ANOVA: Fyy7 = 35.78, two-
ailed P = 0.012). None of the three populations
showed a significant correlation berween R and the
number of days since the study started (Fig, 3. for
Sage M., Spearman’s », = 0.28 and twe-tailed P
= 0.19; for Necker Island, r. = 0.16, P = 0.46;
and for Guana, r, = 0.11, 7 = 0.60). Similarly,
the difference between inital and final individusl
R values within cach population was never statis-

TABLE 3. Changes in mass (g) of A cristavellus from 1o wer (Sage Mountain and Virgtu Gerdu} and ree dry (Guana
and Necker) papulations studied between 1993 and 1996,
Location 1993 1994 1995 1994 Total

Sage Mountain % 5.9 7.0 7.8 7.0 6.9
sD 0.46 0.52 0.97 1.09 1.00
N 6 4 5 8 25

Virgin Gorda % 4.1 5.3 5.8 - 5.1
SD 0.30 0.97 1.00 — 1.06
N 3 G 5 — 16

Guana [sland ¥ 7.4 6.9 7.4 9.4 7.9
sD 1.98 1.32 0.72 2.00 1.88
N 12 5 4 3 31

Necker Island X .6 6.2 8.8 9.9 8.4
sD 1.48 0.88 1.08 1.00 .74
N 6 G 6] <] 24

Toral i 8.9 0.3 7.5 8.7 7.3
5D 2.10 .11 1.39 1.91 1.89
nY 29 23 22 22 96
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rically significant (paired r-tests, £ always =0.1),
The total EWL of Necker and Guana Island lizards
did not change significandy during the experiment
(Necker: before, 1.7 £ 105 mglgfh; adter, 1.5 *
0.39 mgfgfh: ¢ = 0.388, df = 5, one-tailed P >
0.25; Guana: before, 1.2 = 0.88 mg/g/'h; after, 1.3
= 0.82 mglefhy ¢ = 0152, df = 3, one-tailed P
= 0.4}, In contrast, Sage Mountain lizards showed
a significant improvement in their overall ability ©
conserve witer (before, 2.6 = 0.50 mg/g/h: afrer,
1.9 % 0.60 mgfe'h; ¢ = 2,102, df = 5, one-tailed
P =0033),

Body masses of lizards from Necker and Guana
Istands decreased dightly during the experiment,
but not significantly so (p.:lircd rotests of n:pu:ucd
measuees, 2 001 for both). In contrast, those of
Sage Mountin lizaeds increased significantly from
amean of 7.0 (SD = 1.06) 10 7.8 g (SD = 1.12;
paired stes df = 7,7 = 3.03, P2 = 0.019).

DISCUSSION

Rogowitz (1996) showed that A. cristatelfus did not
adjust their metabolism 1o differing thermal re-
gimes. This constrained view of A. eriszazellis con-
trasts with the more labile view of Arofis warter
physiology shown by Kobayashi ez 2/ (1983). Our
previous findings (Dmi'el er af. 1997, Perry er al
1999) suggested water-loss rates in A, cristarellus
can change within 1 few weeks or months. As ex-
pected from this, we found that A, erisrateffns had
a decrease in R following the end of the droughe.
In one imporwant way, however, these results ob-
tained in 1995, were markedly different than ex-
pected. The strong correlation bemween habitac
aridity and R we previously observed (Dmi'e] er af.
1997, Perry er af. 1999) was not discernible during
this year. We conducted our study as the extreme
1994 drought (Perry e 2 1999) was breaking, and
different islands started receiving rains at different
points. We suspecr that all populations had already
reacted o the increased availability of water by the
time our study began, but not all had reached a
new equilibrium; however, absence of reliable
weather stations precluded testing this hypothesis
further. Tnterestingly, the decrease in warter conser-
vation abilicy may indicate a cost to water conser-
vation and selection for greater water loss when
conditiens allow.

Can our results be used to distinguish the
mechanism(s) underlying the physiclogical differ-
ences we saw among years? Perry er al. (1999) iden-
tified six ways in which phenorypic plasticity and
genotypic divergence should differ in this context,
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and ocur dara allow all of them 1o be addressed.
The first predicted difference invelves the speed a
which a physiological response occurs. Study 1 and
the data of Dmi'el er af (1997) and Perry o1 af.
(1999) indicare that changes in R can be rapid,
both when the weather changes from wer o dry
and when it returns from dry o wert as expecred,
if the change resulted primarily from phenorypic
plasticity. In contrast, a single month was not
¢nough to allow statistically discernible physiolog-
ical change in R 1o oceur in our common garden
experiment, This appears to contradict our finding
that the best correlation berween R and rainfall oc-
curs over a ane-month period (Fig. 20 however,
our experiment invalved a sharp chinge in envi-
ronment, not a relatively continuous cne as in nat-
ural change, and this may account for the differ-
ence.

A second dichoromy listed by Perry o of
(1999) involves changes in population size. Popu-
lation rebound during the shift 1o wetter condi-
tions should rake a relatively long time under the
sclection scenario, but phenotypic plasticity should
alow population size 10 remain nearly constant
fram drought to wetter conditiens. No obvious
change in populaiion size occurred from 1993 o
1995 (J. Lazell, pers. obs.), suggesting phenorypic
plasticity may have been involved during the
drought. Population size, however, clearly depends
en many other factors, and population dara are
available only for a single sire {Guana Island). Perry
er al, (1999) also predicred thac variabilicy in R
would remain unchanged if phenonypic processes
were occurring, bur should be reduced if genotypic
change was invoived, since maortality should first
affect those animals most different from the best-
suited phenorype. We found thar varability in R
significantly decreased from 1994 1o 1995, as pre-
dicted by the selection scenarie.

Smaller individuais have relatively higher sur-
face-to-volume ratios, and should therefore be af-
fected by drought 10 a greater extent. In support
of this, we found that populations from wer hab-
itats tended to be smaller than those from dry ones;
however, body size is a complex wrair affected by
many parameters, as indicared by the differences in
how bady size changed with alternating hydric con-
dirions on different islands. In our common garden
study, captive Sage Mountain lizards were much
better feeders and demonstrated a rapid and clearly
phenorypic increase in body mass. This demon-
strates that change in body size does not allow the
wo mechanisms (o be distinguished. Thus, al-
though large body size is clearly important in over-

306
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all resistance 1o water loss, the mechanism by
which differences in body size are established and
maintained remains unclear, Amalls ernestwidliamsi,
found on tiny and arid Carrac Rock, is interestingly
censiderably larger than A. erisearellus from which
it is recently derived {Lazell 1983),

Qur studies support both differential mormaliey
and phenonypic plasticity as causes of year-to-year
variation in R. Unforunawely, the results of our
short-term common garden experiment were in-
conclusive. Superfidially, they scem o contradic:
the phenorypic plasticity hypothesis by not show-
ing significant shifts in R, The greatest amount of
change, however, was seen, as would be expected,
in the Sage Mountain populaden, which was
moved from wet to doer conditions. This was also
the only popuiation showing significant changes in
bedy mass or CWI., demonstrating 2 rapid phe-
notypic response resulting in an improved ability
10 canserve swater even if the main mechanism was
not a change in R. One would expect CWL w be
the trait under the highest selectve pressure, as it

is the amaunt of water lost that affects physiolog-
ical, and thus ccological. function.

Overall, aur studies appear to demenstrate that
both sclection-driven cvolutionary changes and
phenorypically plastic rraits were involved at differ-
ent levels. Under this scemario, much of the ob-
served change probably wuas due to phenotypic
plasticity within each population, but longer-term
evolutionary processes have likely sec che limies for
such changes. A longer-term common garden ex-
periment will be required ta fully tese this hypoth-

Csls.

ACKNOWLEDGMENTS

This project was funded by the Conservazion A i
through a granc frem the Falconwooed Foundarien. We
shank C. Guyer, 3. Hillman, and H. Pough for helpful
cammems on the mantiscript, H. Tareckl for access 1o
Guana ldand, R, Bransss for permisien to wark on
Necker Tsland, and O. Dmi'el, G, Fricsen, and K. R,
LeVering, as well as the endire Guana Island saaft, for
technical assistance.

LITERATURE CITED

Berreey, 1, asn Ko Scrseor-Nigwses, 1966, Curtancous warter loss in repules. Science 131: 1547-1549.
‘sl Ro 1983, Effect of body size and temperature on skin: resistance 1o warer loss in a desert snake. ], Therm.

Biol. 10: 145-149.

L Gu Praey, ase [ Lazria 1997, Evaposative water loss in nine insular papulitions af the snolis eristareifus

group in the Brish Virgin [slands. Biotropica 29: LL1-116.
Evsan, Mo, anp R Daasi. 1993, Skin resistance to water loss in aganud hizards, Orcalogia 95: 290-294,

Hesmsore, Ho,oawp £ MacKeszie. (967, Herperog
and endeniism. Evolution 21; 429438,

o

igraphy of Puero Raco, BV [lals

v, faunal simul |rii}'.

Hitnax, 5. 5., G G Gorstan, ano Be Troneas, 1979, Water loss in cnolis lizards: cvidence for acclimarion and
inuaspecific differences along habitat gradients, Comp. Biochem. Physiol. 62A: 491494,
Kosayasng, DL, W) Mas iz, avp KA Nacy, 1983, Evaporative water loss: humidicy acclimation in Anolis cirofinensis

ltzards. Copeia 1983: 701-704.

Lassit, J. 1983, Biogeography of the herpetofauna of the Brinsh Virgin {stands; with description of x new znole
(Sauria: Iguanidac), fn A. G, ]. Rhedin and K. Miyata (Eds). Advances in herpetology and evolutionary
biology, pp. 99-117. Museum of Comparative Zoclogy, Cambridge, Masachusens,

Licvrsmrre, Ho Bl axo V. Saxsiaanino, 1993, Permeability and watee relations of hygroscopic skin of the file snake

Acrachordus gramularus, Copeia 1993: 99-103.

PR

57

MarroTra. A axp R S Thoree. 1993, An experimental freld study of a cunvopic anole. dnafis sewlatus. ], Zool.
229: 163-170.

Maura, W JL 1982, Pacterns of evaporative water loss. fo C. Gans and F H. Pough (Eds). Biology of the Repsilia,
vol. 12, pp. 443—481. Academic Press, Lendon, England.

Pirrv, G., R Dur'en asp ] Lazer, 1999, Evaporative water loss in insular populations of the Anolis cristasellus group
(Repulia Sauria) in the British Virgin [slands, 1 The effects of drought. Biatropica 31: 337-343,

Racowrrz, G, L. 1996, Evaluatian of thermal acclimation of mictabolism in vwo curythermal lizards, Armolfis cristarelius
and A, sagrer. J. Therm. Biol. 21: 11-14.




N
o

Museum of Biological Diversity LT3 Kimnear Read

I

Ol |[O College of Biolugical Sciences Columbas, QT 43212-1192
Mhone 614-292-7773

SM’]TE FAX  O14-292-7774

UNIVERSITY

7 March 2001

Dr. James Lazell
Conservation Agency

Six Swinburne Street
Jamestown RI 02835-1414

Dear Skip,

This past October we added 11 families, 50 genera, and 80 species to the 1999 list of Guana
beetles. Buena and 1 had important contributions from Wenhua, Phat Souphanya, the Malaise
trap serviced by W. P. Lieu, and Lianna. In addition, we have about 50 species (from eight
other Virgin Islands) that we have not yet found on Guana, This latter group provides
important clues for future work on Guana, and helps considerably as we identify the new
material. The Guana besetie count is now 231, which contrasts nicely with the 163 species
mentioned in the 1992 report by Ivie. As a result, Guana will soon be the best known of the
Virgin Islands, and will provide a base line for biogeographic and systematic studies of the
other Antilles. Several features make the Guana work unique.

1. Although other islands are larger or more diverse, they are also more degraded. The
protected ecosystem on Guana is a biological treasure.

2, The protection, plus year-to-year sampling, increases the accuracy of the survey., Qur
two samples were made under moderately dry conditions (1999) and quite wet (2000),
This helps explain the addition of 80 species in 2000; but it is only part of the results;
equally interesting are those species present in 1999 but not seen in 2000. These
population fluctuations need to be examined more carefully and correlated with varying
climate,

3. Discovery and descriptions of new species on Guana and its designation as the type
locality (and sometimes the only known locality) bestows scientific importance in
perpetuity on the island. Once a Guana locality is published it becomes part of a
permanent record that is recognized worldwide.

4. Specimens from the Guana collections have been sent to specialists and museums
worldwide, so they may contribute to studies beyond the breadth of our own program.



Dr. James Lazell 5 February 2001
Conscrvation Agency Page 2
5 The excelient physical and financial support from Henry and Glona provides

opportunities not available in one-time studies. This, plus the ideal living conditions,
permits maximum effectiveness for all. Especially for participants our age, this frees
us to concentrate our efforts on the project, work hard, and still eat and sleep well.
That really increases our efficiency.

6. Less obvious but equally important, the scientific diversity of the program is
synergistic. The exchange of ideas, specimens, and information benefits all, and
combined with the excellent food, make meal times very special. We have received
specimens and/or information from everyone in the program, and this, plus the
continued help and encouragement from you and Wenhua, has made this very, very

special.

The small samples from other Virgin Islands arc increasingly useful. The largest lot is from St.
John, made by Buena and me in 1996. Anegada and Tortola are tied for second. Anegada
because four of us collected for several hours at three sites last year, Tortola because Sage
Mountain may be the single nichest site in the B.V.I. Our short visit in pouring rain provided
many novelties, we need to retum. However, counts of species and specimens from all eight
Virgin Islands sampled do not come close to our totals from Guana. We are fortunate to be
working with a surprisingly rich fauna, under ideal conditions.

In summary, the 2000 session was excellent. The revised checklist and comments {(enclosed
with this letter) combine data from 1999 and 2000 and all other sources except the Ivie
collection in Montana, Ivie's collection is important because it is large and he has had time to
get species identifications from specialists in groups where our identifications are incomplete,
It makes sens¢ to get the Ivie records, but he is too busy to compile them. A one-week trip to
Montana is suggested. If this can be arranged, Ivie has agreed to give us free access to the
collection and to set aside time in April to work with us. The planncd result of such a visit
would be publication of a detailed checklist of Guana Coleoptera. Can the project help with
airfare and publications costs?

Best wishes to you and Wenhua.
Sincerely,
ISEVVS

Barry D. Valentine
Professor of Zoology, Emeritus

O
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ADERIDAE (ant-like leaf beetles)

A small family of small beetles with no recent
work on the West Indies. Only one
identification is firm. Our species were swept
from bushes and attracted to ultra-violet light.

Aderus? . 4
Ariotus?
Ganascus? Aderidae

Gymnoganascus n. sp.
ALLECULIDAE (comb-clawed bark beetles)
Now combined with the Tenebrionidae by many
workers. Campbell's (1971) study has 70
Antillean species, with only two from the Virgin
Islands, and none from Guana. They occur
under dead bark and at ultra-violet light.

Allecula n.sp.

Hymenorus wolcotti Campbell

Lobopoda (L.) thomasensis Campbell
ANOBIIDAE (drug-store and death-watch
beetles) [lymenarus sp.
This family takes a surprising fifth place in the
numbers of species on Guana. Many bore in
dead wood with varying amounts of damage,
others are pests in stored plant materials like
grains, coffee beans, tobacco, etc. Qurs were
taken by beating dead branches and at ultra-
violet light.

Caenocara sp.

Cryptorama carinatum White

Cryptorama impuncitatum White

Cryptorama megalops White

Cryptorama sp.

Petalium puertoricense Fisher Petalium sp.

Petalium sp.

Protheca sp.

Protheca sp.

Tricorynus insulicola (Fisher)

Tricorynus ?pierrei (Lepesme)

Genus?

Genus?

Caenocara sp.



ANTHICIDAE (ant-like flower beetles)
Another small family of small beetles. Adults
supposedly eat pollen and small insects, an odd
combination. Our single species was taken by
beating dead branches over a canvas sheet.

Anthicus sp. .
ANTHRIBIDAE (fungus weevils) Anthicidae
These primitive weevils bore into hard,
charcoal-like fungi or diseased or dead
branches, The Guana species (and one of the
genera) are all new to science. We have found
them on other Virgin Islands too, but Guana will
be the type locality for at least three of them.

All were found by beating dead branches and
vines, and one also comes to ultra-violet light.

Acaromimus n. sp.

Ormiscus n. sp.

Ormiscus n. sp.

Toxonotus n. sp.

New genus, n. sp.

APIONIDAE (apionid weevils)

A family of small weevils whose larvae bore in
plant seeds and stems. Small size and hundreds
of species make most identifications difficult,
we were lucky to find a species with distinctive
features. A series was taken sweeping mixed
live vegetation.

Apion metum Kissinger
BOSTRICHIDAE (powder-post beetles) Apion sp.
These are woodborers with many economically
important pests distnbuted worldwide by
commerce. Melalgus femoralis may be our only
native species, and even it may have arrived
from another West Indian island. Our
individuals occurred in Lindgren funnels,
Malaise traps, at ultra-violet light, and beating
dead branches.

Amphicerus cornutus (Pallas)

Melalgus femoralis (Fabricius)

Tetrapriocera longicornis (Olivier)

Xylomeira tridens (Fabricius)

sp.

Ormiscus n. sp. a

Bostrichidae
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BOTHRIDERIDAE (no common name)
Recent authors have split this group from the
Colydiidae. They occur under dry, dead bark,
and in the burrows of other beetles. Larvae are
predators of wood-boring beetles, especially
buprestids, cerambycids, and platypodids, but
are incapable of making their own tunnels.

Bothrideres sp.

BRENTIDAE (straight-snouted weevils)

The distinctive elongate body makes these
primitive weevils easy to recognize. The larvae
bore in wood. Although numerous in the
tropics, only one species occurs in the Virgin
Islands. Our specimens came to uitra-violet
fight.

Exopleura monilis (Fabricius)
BRUCHIDAE (seed beetles, pea and bean
"weevils")

Bruchid larvae are major destroyers of plant
seeds. We took specimens beating and
sweeping vegetation, and a few at uitra-violet
light. We should have more precise
identifications soon.

Acanthocelides johnique Johnson

Acanthocelides sp. :
p b PEA WEEYI

BUPRESTIDAE (metallic wood-boring beetles)  _icanthoscetides sp.
This is a large family of mostly beautiful
metallic beetles. The Virgin [sland species are
small and rare; we found one specimen last year
and only three this year; all were beaten from
dead branches. Larvae are wood borers.

Chrysobothris thoracica (Fabricius)

Micrasta ?ornata Fisher

Trigonogya sp.
CANTHARIDAE (soldier beetles)
Virgin Island species are minute beetles with
soft bodies and short elytra, which we caught in
Malaise traps. Larvae are in leaf litter and are
occasionally taken in Berlese funnels. Habits of
ours are unknown, but related species are
predators.

Caccodes sp.

Caccodes sp.

Tyithonyx discolor Leng & Mutchler

Tytthonyx guanaensis Wittmer




3:5 CARABIDAE (ground beetles)

Although a very large family, we have collected
only five species. The smallest was chewed up
by the largest so we have no specimen to
identify. Most are predators; a few eat seeds.
Some species live along streams, others in the
high forest canopy, their absence on Guana
helps explain the unexpectedly low numbers.

Pentagonica sp.

Selenophorus sp.

Selenophorus sp.

Selenophorus sp.

"

15 : 20 CERAMBYCIDAE (longhorned beetles)
This is the second largest family on Guana.
Most are gracefully proportioned, often with
long antennae, and are favorites of many
collectors. Larvae of our species bore in living
or dead wood. Some adults are common at
uitra-violet light, but the more rare species
require beating dead branches or hand picking at
night with the help of a headlamp.

Anelaphus nanus (Fabricius)

Ataxia alboscutellata Fisher
Curtomerus flavus (Fabricius)
Eburia quadrimaculata (Linnaeus)
Ecyrus hirtipes Gahan

Elaphidion irroratum (Linnaeus)
Elaphidion pseudonomon lvie
Lagocheirus araneiformis (Linnaeus)
Leptostyloides similis (Gahan)
Leptostylopsis sp.

Merostenus atteruatus Chevrolat
Methia necydalia (Fabricius)
Neocompsa cylindricollis (Fabricius)
Neostizocera vanzwalenburgi Fisher
Styloleptus sp.

Urgleptes sp.

Urgleptes sp.

Urgleptes sp.

Urgleptes sp.

Urgleptes sp.

Elaphidion pseudonomon Ivic



11 CERATOCANTHIDAE (roll-up scarab beetles)
These odd beetles, recently removed from the
scarab family, roll into a compact ball when
disturbed. Ours were in a Berlese funnel sample
and one was beaten from a tangle of vines on a
small tree.

Nesopalla iviei Paulien & Howden

1:1 CHELONARIIDAE (turtle beetles)

These compact, shiny, blackish beetles look like
inflated watermelon seeds. The head is invisible
from above, and legs and antennae fold
precisely into ventral grooves. We know
nothing about their life history except larvae of
one Australian species occur in rotten wood.
Our series was taken by beating, sweeping, and
at ultra-violet light.

Chelonarium sp.

13 : 18 CHRYSOMELIDAE (leaf beetles)

This famuly ranks third in diversity on Guana.
We suspect the wet summer contributed to the
count because these beetles are leaf eaters. We
have added Guana species from the Clark and
Ivie manuscript; both authors are former
students of Valentine at Ohio State, and Clark
has our Virgin Island collection for further
study.

Chalamisus straminea (Suffrian)

Chalcosicya crotonis (Fabricius)

Chalepus sanguinicollis (Linnaeus)

Cryptocephalus krugi Weise

Cryptocephalus perspicax Weise

Cryptocephalus stolidus Weise

Cyrsylus volkameriae (Fabricius)

Diachus nothus (Weise)

Homoschema nigriventre Blake

Homoschema obesum Blake

Lema sp.

Longilarsis chlanidoius Blake

Longilarsis oakleyi Blake

Lysathia occidentalis (Suffrian)

Megistops bryanti Blake

Pachybrachis n. sp. [guana Clark & Ivie]

Pachybrachis sp.

Syphrea sanctaecrucis (Fabricius)

Chrysomelidae

AN

ey



CICINDELIDAE (tiger beetles)
These gorgeous, iridescent, fast, big-jawed
predators are favorites for many collectors. Our
three species were all on open, sandy areas near
water: south beach, edge of the flamingo pond.
and by temporary pools at the trash dump. A
fourth species occurs in the Virgin Islands (we
found it on Anegada), but we do not yet have it
from Guana.

Cicindela suturalis Fabricius

Cicindela trifasciata Fabricius

Megacephala sobrina Dejean
CIIDAE (minute tree fungus beetles)
Most bracket or shelf fungi (polypores) are
infested with these tiny brown beetles. Males of
some have two tubercles or short horns on their
heads. Larvae occur with the adults.

I?

?
CLERIDAE (checkered beetles)
Bright patterns, slender form, and high levels of
activity make these small predators attractive
and a challenge to collect. One of our four
species is known only from Guana. It is the
cover illustration on Skip's 1992 report, and is
one of the few without a color pattern.

Neorthopleura murina (Klug)

Phlogistosternus guana Barr & Ivie

Z Phiagurosrternus
COCCINELLIDAE (ladybird beetles)
All Guana species are probably predators on
soft-bodied insects, especially aphids.
Unfortunately, the recent major study of the
North American species omits the West Indies,
and the author tells us he is too busy to examine
our specimens. We are looking for another
specialist; until we find one, the genera listed
below are tentative.

Cryptognatha sp.

Cycloneda sanguinea (Linnaeus)

Pseudoazya trinitatis (Marshall)

Psyllobora sp.

Scymnus sp.

Scymnus sp.

Scymnus sp.

Scymnus sp.
?

Cicindela suturalis . Megacephala sobrina Dej.

Cleridae

Coccinellidae  ~



1:1 COLYDIIDAE (cylindrical bark beetles)
The usual adult habitat is under dead bark that is
damp enough for fermentation and/or fungi and
molds. Larvae may be predators. As in the
previous family, a recent major study omits the

West Indies.
2
1:1 CORYLOPHIDAE (minute fungus beetles) (5D
Since these minute beetles average | mm long, Poaic S 0]y
and there is no good West Indies literature, we =g
have no identification. \ .
? LA
+18:29 CURCULIONIDAE (true weevils) g —

These weevils constitute the largest famuly of g
organisms in the world, with many thousands of Corylophidae
species. ldentification is difficult because the
West Indies fauna is poorly known, and most of
the species probably are new and unnamed.
Every collecting technique reveals species.

Anthonomus sp.

Anthonomus sp.

Anthonomus sp.

Anthonomus sp.

Anthonomus sp.

"Cryptorhynchus" sp.

Decuanellus gladiatus Howden

Decuanellus sp., near buclavatus

Howden

Diaprepes abbreviatus (Linneaus)

Huaca ayacho Clark

Lembodes sp.

Menoetius curvipes (Fabricius)

Menoetius sp.

Neoulosomus sp.

Pseudomopsis cucubano Wolcott

Rhyssomatus sp.

Sitophilus linearis (Herbst)

Sternechus sp.

Tvloderma sp.

Unknown cryptorhynchs: seven species

unknown tychiine

2

2

Pseudomopsis cucubano Wolcott
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DERMESTIDAE (skin and larder beetles)
These scavengers can destroy an insect
collection, herbarium, stuffed animal skin, or a
wool sweater with equal gusto. Many are
world-wide pests of dry plant or animal
products; a few also eat polien, or rotten animal
carcasses The Guana species can probably be
destructive, but we have no data on biology.

Cryptorhopalum sp,

Cryplorhopalum sp.

frogoderma sp.
DYTISCIDAE (predaceous diving beetles)
One of two aquatic beetles from Guana reported
by Lianna. We did not find it. As far as known,
all species are streamlined predators on other
aquatic insects, or those that fall into the water.

Eretes sticticus (Linnaeus)
ELATERIDAE (click beetles)
This is the fourth most diverse family on Guana.
Click beetles can make a clicking sound by
suddenly snapping a spine on the prothorax into 4
a cavity on the mesothorax. The sudden impact Aamma 4
can flip the beetle into the air, or gject it from a .
predator's grasp, it is a unique system. j L -
Unfortunately, the many species are very - '
similar, and the West Indies fauna poorly
studied.

Aeolus sp.

Aeolus sp.

Conoderus rufidens (Fabricius)

Conoderus bifoveatus (Palisot de

Beauvois)

Conoderus sp.

Conoderus sp.

Conoderus sp.

Conoderus sp.

Conoderus sp.

?Conoderus sp.

Ischiodontus sp.

Lepidelater misticius Mignot

2Paradonus or Conoderus sp.

Paradonus or Conoderus sp.
ENDOMYCHIDAE (handsome fungus beetles)
We have one small pale brown species, which is
totally unexciting. On the mainland, many are
larger and attractively patterned. They occur
on, ard eat bracket fungi and mushrooms.

Lidoreus sp.

Cryptorhopalum sp. Trogoderma sp.

8

Endomychidae
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HISTERIDAE (clown and hister beetles)
These are small, compact, heavily armored
predators that occur under bark or on dead
animal carcasses. We expect more to turn up.

Omalodes sp.

Omalodes sp.
HYDROPHILIDAE (water scavenger beetles)
Lianna reports one species and we found
fragments of another at the flamingo pond. All
are scavengers or vegetarians.

Berosus metalliceps Sharp

Hydrophilus sp.
LANGURIIDAE (lizard beetles)
We can identify only one small, common
species at lights and in Malaise traps, but have
no information on its life history, nor on the
identity of the others.

Loberus testaceus Reitter

9

?

?

?
LAEMOPHLOEIDAE (no common name)
Thus is the flattest beetle on Guana, occurring
under bark and at light. Some are major pests in
stored plant products, but ours is not one of the

pest species.
f)

LATHRIDIIDAE (minute brown scavenger
beetles)
Four minute specimens of a distinct new species
were taken at ultra violet light and in a Berlese
funnel. We suspect it is either a predator or eats
fungus spores.

Metophthalmus n. sp.
LYCIDAE (net-winged beetles)
The small, elongate new species from Guana is
metallic blue and orange with white antennal
tips. This is probably warning color as most
lyciids are protected by unpleasant chemicals.
Adults and larvae are predators.

Leptolycus, n.sp, near heterocornis

Leng & Mutchler

Hister sp.

Lalridiidae

Berosus sp.

Leptolycus heterocornis L. & M.



MONOMMATIDAE (opposum beetles)
These are oval, streamlined, weakly inflated like
chelonariids, but the head is visible from above.
Biology is unknown to us.

Aspathines aenea (Thomson)

Hyporrhagus marginatus (Fabricius)
MORDELLIDAE (tumbling flower beetles)
The Lu and Ivie (1999) paper discusses seven
species from Guana that are listed here.
Individuals are recognizable by their wedge-
shape, humped back, and large conical spine at
the end of the abdomen. Adults occur on
flowers and come to light; some larvae bore in
plant stems.

Falsomordellistena danforthi (Ray)

Glipostenoda guana Lu & lvie

Mordella atrata Melsheimer

Mordella summermanae Ray

Mordellistena lineata Ray

Tolidomordella basifulva (Quedenfeldt)

Tolidomordella leucocephala

{Quedenfeldt)

MYCTERIDAE (no common name)
A small, obscure family that turns up in Malaise
trap samples. Biology is unknown to us.

Physcius fasciatus Pic
NITIDULIDAE (sap-feeding beetles)
Sap flows, exposed or rotting fruit, fungi, beer,
etc. especially if fermented, may attract these
small flat beetles by the hundreds. Inthe U.S.,
some species, with ants and wasps, are
notorious pests at picnics.

Carpophilus (4 sp.)

Stelidota sp.

Stelidota sp.

Stelidota sp.
OEDEMERIDAE (false blister beetles)
Beware! The tissues of these slender, soft-
bodied beetles contain powerful chemuicals that
cause painful blisters on human skin. Thick
skin, as on finger tips, may not be affected, but
don't rub eyes, etc. if you have handled
specimens. The several species can be common
at lights, or found on flowers or foliage during
the day. Adults eat pollen; larvae are stem-
borers.

Hypasclera sp.

Hypasclera sp.

10

Cuxacrs Jaeta

Hyogasciera

~.
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Oxacis sp.

?

?

PHALACRIDAE (shining flower beetles)
These small, smooth, shiny, convex beetles fly
from tlower to tlower. Most of ours were
collected en route in Malaise traps.

Acylomus sp.

Sp.

PLATYPODIDAE (ambrosia beetles)

Adults bore into dead or dying wood and infest
the burrow walls with fungus spores carried in
special depressions. Larvae extend the burrows
and eat only this fungus. This is the most
elongate of our cylindrical woodborers.

Platypus sp.

PTILIIDAE (feather-winged beetles)

The smallest beetles in the world are in this
family. Ours are one third of a millimeter long
and are almost invisible mounted on the tips of
human hairs. Each has narrow wings fringed
with long setae that increase the surface area.
The name ptilon is Greek for feather. Our
specimens were extracted from leaf litter in a
Berlese funnel sample collected by the big water
tank.

?

?

PTINIDAE (spider beetles)

A spectacular discovery by Keith Philips was a
wingless new genus, new species, still known
only from Guana. It was taken in pitfall traps
baited with feces.

Lachnoniptus lindae Philips
SCARABAEIDAE (lameilicorn and scarab
beetles)

Dung-feeding scarabs (common in the larger
Virgin Islands) appear absent on Guana. [.arvae
of our species are root feeders, adults eat leaves
or dead vegetation. The name lamellicorn refers
to the last 3 (or more) antennal articles which
are produced on one side into flat plates which
fit closely together and can be spread like a fan.

Ligyrus cuniculus (Fabricius)

Phyllophaga sp.

Phyllophaga sp.

Phyllophaga sp.

Strategus talpa (Fabnicius)

11

Phalacridae

Phyllophaga sp.
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SCOLYTIDAE (bark beetles)
These are small, cylindrical woodborers closely
related to platypodids. Some even transmit
fungi from burrow to burrow which is used as
larval food.

Hypothenemus sp.

Hypothenemus sp.

Xyleborus ferrugineus (Fabricius)

Xyleborus sp.

Xyleborus sp.

Xylosandrus sp.
SILVANIDAE (grain beetles)
Some species are worldwide pests of dried
foods; others occur under loose bark. They are
small, elongate, flattened, brown, and difficult

to identify.
Cathartus quadricollis (Guénrin-
Méneville)
sp.

SMICRIPIDAE (no common name)
This is an obscure family, recently separated
from the Nitidulidae. The few species are
minute, flattened, and elongate, and the enlarged
last abdominal segment projects beyond the
elytra. Our small series was taken in a Lindgren
funnel baited with ethyl alcohol, suggesting an
association with fermented fruit or sap.
Comparison with Florida specimens shows that
Guana and Florida have different species.
Smicrips sp.
STAPHYLINIDAE (rove beetles)
This is a huge family of mostly minute,
elongate, flexible beetles, with short elytra that
leave several abdominal segments exposed.
They are predators, scavengers, and a few eat
fungus spores. A partial monograph of the West
Indies species (658 pages!) was published in
1943, but it has defied our attempts to identify
the Guana species, Over 70 species occur in the
Virgin Islands, but none have been recorded
from Guana.
Several genera and 10 species, all
unidentified

12

[lvpothenemus sp.

Smicrips Sp.

Staphlinidac .
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TENEBRIONIDAE (darkling beetles)

A large, widespread family often charactenstic
of dryer habitats, Our seven species probably
constitute a very incomplete list. Larvae are the
"wire-worms" sold in pet stores as bird and
lizard food.

Adelina sp.

Diastolinus hummelincki Marcusst

Nautes sp. -

Platydema micans Zimmerman Tencbrionidae

Rhipidandrus sp

Strongylium paddai lvie & Triplehorn

Ulomoides ocularis (Casey)
THROSCIDAE (false metallic wood-boring
beetles)

This is a smalil, rare, poorly known group that
occasionally comes to ultra-violet light. The
same genus occurs in our back yard in
Columbus, Ohio, but we have not been able to
work out the life history.

Aulonothroscus sp.

TROGIDAE (hide beetles)

Trogids are scavengers on dry animal carcasses.
In two visits we have seen only six specimens;
all came to ultra-violet light.

Omorgus suberosus (Fabricius)
TROGOSITIDAE (bark gnawing beetles)
Some species are pests of dry plant products. :
Others live under dead bark. Ours were taken Omorgus sp.
by beating dead branches, or at ultra-violet light,
none appear to be pest species.

Airora sp.

Tenebroides sp.

Tenebroides sp.

Family unknown

Family unknown Tenebroides sp.
Family unknown

Family unknown

Family unknown

Aulonothroscus sp.

57 families
+170 genera
+237 species N

Barry D. Valentine
Columbus, Ohio
Apnril, 2001
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AN ANNOTATED LIST OF PLANTHOPPERS
(HEMIPTERA: FULGOROIDEA) OF
GUANA ISLAND (BRITISH WEST INDIES)!

Charles R. Bartleu?
ABSTRACT: Tweniy-seven species of planthoppers (Hemiptera: Folgornidear are reponed
from Guana Island (Briish Virgin Islands), 26 for the [icst tume. The full geagraphic range
of each species is summarized. Locul bingeagraphy and afpha taxcnomy needs for Guana
species dre discussed. Mast planthoppers found on Guand (6271 are 2lso kpown from

uerto Rico, Bul many species (3% have neser been reported from cwiside the Puerto
P R Bt ¥ sp (355 b ported fe 1the Puert
Ricart Bank.

Guana is a small pnivately owned isiand of 259 hectares suuated north of
Tortola in the Virgin Islands of the British West Indies. Guana Island is 1n
unusually geod ecological condition (Heatwole et al. 1931, Maverand Chipley
1992), and consists principally of steeply hilly terrain, reaching an elevation
of 246 m. covered principally by drv scrub weodland. The flora consists of
over 300 species (Mayer and Chipley 1992). There is a small area of flat land
with prncipally grassy vegetation plus a salt pond fringed with mangroves

and Sporobolus grasses. Guana [sland has been subject to a wide aray of .

biological investigations {e.g., Mayer and Chipley 1992, Becker and Miller
1992, Evenhuis and Miller 1994, Roth 1993), although there are no previous
studies on the auchenorrhynchous Homoptera. Geologically, Guana is a por-
tion of the Puerto Rican Bank, which was connected to Puerto Rico by dry
land during the Pleistocene glacial maxima (Heatwole and MacKenzie 1967,
Lazell 1996). Puerto Rico became separated from the Virgin Islands approxi-
mately 8.000-10,000 years ago (Heatwole and MacKenzie 1967). The vegeta-
tion, climate and geology of the Puerto Rican Bank has been recently descnbed
by Heatwole et al. (1981). The planthoppers (Fulgoroidea) of Guana, there-
fore, are expected to be a relictual subset of the Puerto Rican fauna. The objec-
tive of this work is to document the planthoppers of Guana Island in a zoogeo-
graphic context,

The insects of Puerto Rico are relatively well known (reviewed by
Maldonado Capriles 1996). Caldwell and Martorell (1951) provide keys to the
fulgoroid fauna except Kinnaridae provided by Ramos (1957). Wolcott (1950),
with additions summarized by Maldonado Capriles and Navarro (1967). lists
the species of Puento Rico, including some not treated by Caldwell and Martorell
(1951) or Ramos (1957). The only fulgoroid species previously reported from
Guana was the flatid Melormenis basalis (Walker, 1851) by Medler (1990).

| Received August 12, 1999. Accepted Octaber 8, 1999,

2 Depantment of Entomoelogy and Applied Ecology, University of Delaware, Newark, DE
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All other fulzoreids are reported trom Guana for the first tiine.

MATERIALS AND METHODS

Fulgeroids were surveyed during three collecting expeditions by the au-
thor (1993, with I. Cryan, 1994 and 1997} in cooperation with The Conserva-
ton Agency (Jamestown, Rhode Island). All surveys were conducted during
October at times when The Conservation Agency was granted general access
io the island for scientific rescarch. Addinonal specimens from the Virgin Is-
lands were obtained on loan from the Bemice P. Bishop Museum (BPBM,
Honolulu, Hawaii) and M. Ivie (Montana State University). Collecting meth-
ods included sweeping or beating vegetation, visual inspection of plants, and
ralise trapping.

For each species recorded, all specimens examined are reported and 4 sum-
miary of the entire geogrephic range is provided. The reported range of each
species within the Curibbeun islands s arranged geographically from west 10
east, with the Lesser Anulles divided into the Virgin Islands (VD). Leeward
Islands (LI}, and Windward Islands (W) following Bent (1577). Synonymy is
reported only for species with changes in nomenclature since Metcalf' s Cata-
log of the Homoptera (Metcalf 1936, 1943, 1945, 1948, 1954a, 1954b, 1957,
1938), or for species reported under a different name by Caldwell and Martorell
(1951). Junior synonyms are followed by the citation that resulted in the no-
menclatural ¢change. Voucher specimens of all species have been deposited
primarily in the collection of North Carolina State University, Raleigh: with
representative collections at the BPBM and the University of Delawure (New-
ark, Delaware),

A discovery curve (species accumulation curve) was calculated to eval-
uate the completeness of the survey and estimate the number of undetected
planthopper specics on Guana Island. The discovery curve was created by
tecatng each specimen collected as an observation, and randomizing the se-
guence of observations with a SAS (SAS Institute 1989) program, and plotting
observations by cumulative species. Total planthopper species richness was
predicted using Chao's (1984) abundance based estimator of species rich-

ness, Sehao = Sobs + 11, where Spps = number of observed species, F; =
2F;

number of species observed by exactly one specimen, F; = number of species

observed by exactly two specimens. The vadance was compuled using the

Chao (1987) estimator of standard deviation.

RESULTS

A tolal of 27 fulgoroid species (or subspecies) among nine fulgoroid fami-
lies was found on Guana I[sland. All taxa are listed in Table 1; the five new
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species will be described elsewhere, Chao's (1984) estimator of specivs rich-
ness (+ standard deviation) calculales as 27.1 = 0,142, and the discovery curve
(Figure 1) exhibits a clear leveling-off, suggesting that a high percentage of
Guana Isiand plamhopper species were detected,

Of the 27 species, 17 (63%) are also known from Puerto Rico. The species
that have not been recorded {rom Puerto Rico are Bothriocera eborea Fennah,
1943, Colpoptera macudifrons flavifrons Osbormn, 1933, Acanalonia depressa
Melichar, 1901, Sayiana viequensis Caldwell, 1951, Flatoidinus spinosus
Caldwell, 1931, and five new species. Colpopiera muaculifrons, however, is
represented on Puerto Rico by the nominate form (C. m. maculifrons Muir,
19243 and two other subspecies (C. m. maculaia Dozier, 1931, and C. m.
carinata Dozier, 1936). Also, the Puerto Rican acanaloniid Acanaionia
brevifrons Muir, 1924, is closely related 10 A. depressa (see Discussion). Of
Guana Island's 27 species, 16 (39%, excluding Neomegamelanus elongatus
reducius, see Discussion), huve not been reported rom outside the Puerto
Rican Bank (Puerto Rico and the Virgin Islands).

Other than the aforemientioned fulgoreid, no other Auchenorrhyncha has
been previously reported from Guana Island. Among non-fulgoroid
Auchenorrhyncha, a single treehopper specics (Defroderes inermis Ramos,
1957}, and a single cicada specics (Proarna filaris (Germar, 1834)) was found
on Guana Island. There were no cercopids found during the present study on
Guana Island.

Number of Species
7

10
5
0 T T T il
0 500 1000 1500
Number of individuals collected

Fig. I. Discovery curve for Guana Island planthopper species.
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Table 1: Fulgoroids of Guana Island, British Virgin Islands,

Species

Island: Specimens
exanuned

Previcusly reponied range
(Wesl 1o East: lype locabily
in Bold) (VI=Virgm s,
L1= Leewardls W=
Windward Js.

Referenoes

Cixiidae

Reabragera rhorea
Fennah, [543

Guara: 18
Tomota: 52

Vi Torola, Jost Van Dyke;
L1: St. Kitts, MNevis, Mon-
serrat; WI: Deminica, Marun-
ique, St Lucia, St Vincent

Feanah 1943, 1945, 1949,
Caldwel) and Nartorell 195

Clires 1lossoroe
Van Duzee, 1912

= (Neerruy bovinglenisis

Caldwell, {951:

Mezd and Kramer

1982424426,

Guuni: 86

Little Thatch: I
Torola: 2

Greal Camanoe: |
St dubn: 2

Cuba, Pueno Rico; Y1: S0
Thomas, USA: Florida (bw
not Mississippl or Texzs,
Mead and Kramer 1542

Caldwell and Mamorel] 1951,
Mead and Kramer 1982

(Higrud « .'rq:r:'r.."f:

Guanz: 2{9)

Rispaniola, Puero Rico,

Caldwell and Martorell 193],

Caldwell, 1951 Apegada: 3 Vieques: Vi St Johm; LIt Mead and Krumer [952
Antigua, USA: FL
Pintatia aite Osbom, Guana: 83 Puerto Rico; V1: St. Themas  Caldwell and Martorell 1951
1935 Tovtola: 258
Beef:
Delphacidae
Neoparaar carahbess Gadana: 163 Puerto Rico, Yiegues: VI S Caldwell and Martorell 1951
(Caldwell 1951) Tomuola: 10 Thomas
= Punenpcarchbensis  St.John: 5
Caldwell 1951: Great Camanoe: 2
Asche, 1933 123 Frenchrnan's Cay: 2
Gt 5S¢ James: |
Neopunsn .5, Guana: 2
Neapurungn. ip.2 Guana: 3
Necpuramin ip Guana: 3
Saccharosydre Guana: 5 Cuba, Jamaica, Hispaniola, Anonymous 1333, Westwood
saccharivora Puerto Rico, Vieques; LI: 1833, Crawford 1914, Van
(Westwood, 1833) Antgua, Guadeloupe; WI: Duzee 1917, Spoaner {920,
St Lucia, Barbades, Wolcott 1927, 1936, 1950;

Grenada, Trinidad; Vere-
tuela, USA: Florida, Georgra,
Haw aii; British Hoschuras,
Venezuela

Caldwell and Martorell 1951,
Box 1953, CIE 1956, Fennah
1959, Melcaife 1969, Bruner
eral, 1975
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Species

[sland: Specirmens

Pres o .\.i} reponed range

References:

raford, 19]3)

remais (Crew lord
19| 30 Fepmat,
1965, 97

evumined {Went 10 Esst, iype focaliy
in BaldjivVE=Yapm i
L= Leeward s W] =
b mdward bs.
Guara Cuba, Jartecs Puento Riso: Craswfond 1944, Muir 1918,

3 macropler: 4
P brachypier 8
G maceopter: |

Cajade Muerios, Vieques:
Y1z 81, Themas, $. Croix;

WL Martirgue, 81, Lucia
Barbiados

Onboam 1929, 1935 Waleon

| 538, 1550, Muirand Gillad
2, Caldwell and Martorel]
1951, Fennah 1959, yu6s,
Miskimen nd Bond 1970

et reductes

clomy
iTalduel] 1951)
Mepamedeus
elongaras redums
(Cardwell, |95
MeDermoag [752:
50-52.

Guara’ 13

PuertoRico, Vieques,

Caldwell and Naneezl] 1984

Tenia verilia (Fennzh,

(Guana: 2§

7Puerto Rico, MWieques; LL:

Fennzh 1959, 19635

1949y Necker: 14 Montserrat
= Delnkacodes venrlia
Fermab, 1959:
enriah, | 95.96
Derbidae
Sarvana ieguensts Gueama: 24 Vieques Caldwelland Mantorell (951
Caldwell, 195 Apegada: |
Achilidae
Caronig erida Guana: 139 Puerte Rice, Cajade Caldweil and Martorell 1551
Caldwetl, 1951 Temola: | Muetos
Virgin Gorda: |
MNecker: 1
S Jehns
Cutena cinerea Guana: &4 Puerlo Rice, Cajade Oxborn 1933, Wolcott 1936,
Oshom. 1935 Tortola: 6 Muertos, Viegques; ¥1: SL 1941, 1950; Caldwell and
Yirgin Gorda: [ Croix Martorell 1951
Catorua sp. neal major Guana: 27 LI: Andgua Fenneh 1950
Fennah, 950 Torala: 2
Trepiduchidae
Tangella schaumi Guana | Puerto Rico, Cajade Muer- Stal 1859, Fennah 1949.
(Stal, 1859) St. John: | t0s, Viegues: V1 SLThomas, Caldweil and Martorell 1951

St. John, Jost Van Dyke
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Spedies

Island: Specimens

Previously reported taoge

Relerences:

examined {West o East type locality
inBuold) (V1 =Virginls.;
Ll=Llesward [s., Wi=
Windvead Is,
Tungia vimdiy Guany U7 Mona, Pueric Rico. Caja de Chibuim 1935, Wolcon 1936,
1y o, LS S4 Thomas: | Muesios, Viegues: VI: St, V541, [350, Fenmah 1949,
= Nywrobmetzvinidis St.Jehn Thomas, Tesola Virgin Calduweif and Mareredl 1951,
(Walker, [851% Gonds, 50 Crone Miskiren ard Bomd 1570
Fenoaty 1065
100 1431
Flatidae
Flunvdinis spmgr Guana: 2 V1: 8t. John, 1. Thomus, Calibaee)} and Mamtorel] 1951

Caibwell, 1951

Tonola

Mylommeadi baialic

(Walker, 1851) Inec.

Guars: 55
Toroia: §

Mona, Puerto Rivo, Cajade
Muiertos, Vieques: Y¥1: S.

Melichar [%01, 1923; Bewry
1947, Waloon 1923, 1941,

Caldwell, 1951) Yirgin Gorda: 2 Thamas, Jost Van Dyke, 1550, Calbwell and Marterell
= Melormenis Grea Carnange: 1 Torfela, Viegin Genda, 5L 1951, Fenrah 1949, 1965;
aryliarum St John: 2 Croix; LI: Anguilla, SU Miskismen and Bond 1970;
(Kirkalidy, 1909): Burthatomew, St Kins, Asche 1997,
Fennaht, 1965: 107 Mevws, Montsermat, Amipua;
Hawali (type locality “'Wast
[ndies™ (Walker 1851), but
stated as uriknewn by
Fennah [1965))
Prinua epilepsis Guana: 268 Cuba, Hispaniola, Mona, Melichar 1902, 1923; Myers
(Kirkaldy, |906) Tortola: 28 Pueno Rico, Cija e 1528: Wolooa 1923, 1936,
= Pemuamurgingta Ancgada: | Muertos, Vieques; V1 SL 1941, 1650; Fenrish 1941,
{Linne, 1767} St. John: 6 Tharrias, Jost Van Dyke, 1949; Beary 1947, Caldwell
Metcalf, 1957 St Thomas; | Tonela, Virgin Gerda, St 1950 Caldwell and Martorell
37342, Serub: § Croix; LI St Bantholomew, 1951, Miskimen and Bond
St Kits, Nevis, Monlserra, 1970
Antigua; Wl: Grenada;
Brazil, Calumbia (type
locahly unkicwn)
Pseudpflsoides albus Guana: 17 Puerto Rico Caldwell and Martorell 1951
Caldwell, 1951 Tonola: 6
Frenchman's Cay: |
Issidae
Thionia argo Feanah, Guana: 92 Puerto Rico, Vieques Is., Fennah 1949, Caldwell and
1549 Virgin Gorda: 4 Culebri; VI: 5S¢ Thomas, Martorel] 1951
St John: Jost ¥an Dyke, St Croix

Scrub: 1




126 ENTOMOLOGICAL NEWS
Speces Wland: Soecimeas. Previsely reponed mnge References:
exarminsd {Wews i Easl, s pe docahity

o Baldn (V= ‘L"';' nls.
Ll=Leewird |5 ;W] =

Wondward 15
Guana: 3 Moz, ¥ St Tha Crbwm 1935, Bestty 447,
Tortola: ¥ Croix: L1 Aniiza Wikoon 1950, Mitkimen wad
Boma] Y970
Acanalontidae
slrtia deprelal VL 51 Thetzas. St Joha,
hchar, T Anegads 51 Crom
Kirnaridae
Propamges Q Q Guang: 2
(P, Puarmoral St John: 4

Fermah, 1342}

uilessa fusciaa Guana 131 Puerto Rico Harmes 1357
Fenrah. 145 Toriola: |
Lantbe Thasch: |
Virgin Gorda: el
Cas Cav 51
ThomasT; |
Apegada 10

DISCUSSION

Although it is satisfying that Chao's (1984) estimator of species richness
wis only slightly higher than the observed species richness, it would be opti-
mistic to claim that all species were detected. It should be noted that these data
were not collected for the express purpose of estimating planthopper species
richness, and that abundant species were not consistently collected at every
encounter. Although additional planthopper species almost certainly occur,
these data clearly suggest that a high percentage of species have been
detected.

A variety of taxonomic problems were revealed in this study, One particu-
lar difficulty was with the forms related to Acanalonia depressa: A. brevifrons
{(type locality: Puerio Rico) and A. impressa Metcalf and Bruner, 1930 (type
locality: Cuba). Acanalonia impressa appears to be an endemic Cuban form.
Caldwell and Martorell (1951) and Fennah (1949) make conflicting statements
as to the geographical limits of A. brevifrons. Caldwell and Martorell (1951)
report A. brevifrons from St. Croix, St, Thomas, and tentatively Anegada, but

O
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curtously do not report Puenio Rico (A. brevifrons was deseribed from a single
Pucrto Rican male: Muir 19243 and do not repornt A, depressa in the Virgin
IsJands. Fenmah (1949), however, reports A, depressa from Jost Van Dyke, St
Thomas and St Croix, but limits A, bresvifrens 10 Puerto Rico. The published
marphological distinctions between A, depressa and A, brevifrons concern
their refative size and subtle ditferences in the shape of the head and tegmina
(Fennan 1949, but genitalic comparisons have never been made. Fennah (1949)
suggested that A, impressa and A, brevifrons should be subspecies of A depressa.
The status of these species clearly reguires reexamination.

The delphacid Neomegamelanus elongatus reductus was described from
Puerte Rico and Vieques lsland by Caldwell (in Caldweill and Marnorell 1951)
as a Caribbean subspecies of the otherwise mainland M. elongaris (Ball, 1905)
(found on the coastal eastern United States. Connecticut to Florida, Mc Dermott
1932, Cummins et al. 1988). Other than geography, no usetful morprological
distinctions between these subspecies were presented. Compartson ¢f chrotic
and phallic features of Neomegamelunus elongatus elongutus and N. efongatuy
reciectus suggesis thal ther are not sufticient differences to justify subspecific
status, although a detalled examination was beyond the scope of the present
work. For the purposes of this study Neomegamelanus elongatus reductus was
not considered a form nnique to the Puerto Rican Bank.

Two species found on Guana had some notable differences from described
forms. The kinnard Quilessa fasciata lacked the diagnostic markings on the
forewings noted by Ramos (1957), and had additional processes on the acdeagal
complex. These differences are probably insufficient to consider this form a
separate species, but may merit subspecific status. The achilid Caronia nr.
major {from Antigua) showed color and genitalic differences compared to
Fennah's (1950) description (this species is only recorded from the holotype),
and probably represents a new species.

Zoogeographically, more than half of the species encountered on Guiana
Island are apparently endemic to the Puerto Rican Bank. Of the remaining
species, three others are found also in the Leeward Islands (Tova venilia, Catonia
nr. majfor, and Colpoptera maculifrons flavifrons), three were distributed widely
within the Caribbean (Borhriocera eborea, Melormenis basalis and
Anchidelphax havanensis, the former two largely restricted to the Lesser
Antlies), one ranges (o northern South America (Petrusa epilepsis), three range
to the continental United States (Oligrus slessonae, O. viequensis, and
Neomegamelanus elonganis), and one is found in both Central America and
southeastern United States (Saccharosydne saccharivora). It appears odd that
more species have an affiliation to North America than to Central America.
Modem ideas concerning the origin of the Caribbean fauna (e.g., Rosen 1985,
Liebherr 1988) suggest that biclogical affinitics should be strongest with Cen-
iral America. Ramos (1988: 68) also suggested that the Caribbean Auche-

60
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norrhyncha has “little or no affinity 1o North or South America.” The eastern
position of the Puerto Rican Bank (relative to the other Greater Antilles and
Central America) and long period of time required for vicariance, however,
would most certainly obscure biogeographic affinities at the species level.

The iss1d Colpeptera maculifrons Muir, 1924 has five subspecies (inciud-
ing the nominate form) that collectively occur thraughout the Canbbean is-
lands. The noninate form along with C. m. carinaia Dozier and C. . maculara
Dozier are recorded frem Puerto Rico, with the tatter form also recorded from
Mona Island (Dozier 1931, Caldwell and Marntorell 1951). Colpoptera maculi-
frons dominicana Fennah, 1933, is known only from Hispaniola: C. m,
angustior Fennah from the Leeward Islands (Antigua. Nevis, St Kits,
Montserrat) and St. Croix: and C. m. grenada Fennah from Grenada (Wind-
ward Islands) {Fennah {9535).

The cixiid Gliarus slos-~nae was abundant on agave (Agave missionimt,
Agavaceae) on Guana, a host plant also reported for it on St. Themas (Mead
and Kramer 1982). Perhaps significantly, agave is not reponied as a host elsc-
where in its range (Mead and Kramer 1982), suggesting that Oliarus slossonuae
may represent a species complex.

The delpbacid Toya venilia was common on Guana (and nearby islands,
R. Denno. pers. comm.} in the grass Sporobolus virginicus (Poaceae) near a
salt pond. Individuals of this species are commonly brachypterous, with an
85.7% (24 of 28) brachyplery rate among the Guana specimens examined in
this study. Tova venilia was described from Moatserrat (Leeward Islands), the
only locality where this species has been unquestionably recorded in the past.
Puerto Rican and Vieques [sland records are based on Fennah's (1959: 262)
assertion that “It appears te be this species which Caldwell and Martorell [1951:
183] have reported from Puerto Rico under the name Delphacodes nigra”.

A total of 27 species and subspecies of planthoppers (including five new
species) were recorded from Guana Island. Most planthoppers found on
Guana also occur on Puerto Rico (17 of 27 species, 634%). mostly endemic 10
the Puerto Rican Bank (16 of 27 species, 39% ). The relatively high degree of
endemism observed is consistent with the high degree of endemism observed
among Auchenorrhyncha in the Greater Antilles by Ramos (1988). It should
be noted, however, that this observation is based on substantially incomplete
information because many smaller Canibbean islands have no published re-
ports of fulgoroids, and our knowledge of the planthoppers of Jamaica and
Hispaniola is quite poor (Ramos 1988). Further surveys of Caribbean
Fulgoroidea are needed to more confidently assess planthopper zoo-
geography.
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Reduced flight capability in British Virgin Island
populations of a wing-dimorphic insect: the role of
habitat isolation, persistence, and structure

ROBERTF. DENNO, DAVIDJ. HAWTHORNE.,. BARBARA L. s
THORNE and CLAUDIO GRATTON Deparument of Entomology, University of Maryland, U.S.A.

Abstract. |. The etfects of habitat isolation, persistence, and host-plant structure
on the incidence of dispersal capability (per cent macroptery) in populations of the
delphacid planthopper Tova venilia were examuned throughout the British Virgin
Islands. The host plant of this delphacid is salt grass Sporobelus virginicus, which
grows either in undisturbed habitats (large expanses on imertidal sait flats. gn_d_.
around the margins of salt ponds. or small patches of sparse vegetation on sand
dunes along the shore), or in less persistent, disturbed habitats {managed lawns).

2. Both sexes of 7. venilia were significantly more macropterous in disturbed
habitats (77.1% in males, 12.5% in females} than in more persistent, undisturbed
habitats (19.2% in males, < 1% in females). | EpCRAGROA

3. Males exhibited significantly higher levels of macroptery (26.9 = 7.6%) than
did females (2.0 = 1.7%). and per cent macroptery was positively density dcpcndcnt
for both sexes in field populations.

4. There was no evidence that the low incidence of female macroptery in a
subset of island populations inhabiting natural habitats (1.7 = 1.2%) was attributable
to the effects of isolation on oceanic islands. The incidence of macroptery in
British Virgin Island populations of T. ventlia was not different from that observed
in mainland delphacid species existing in habitats of similar duration.

5. Rather. the persistence of most salt grass habitats throughout the British Virgin
Islands best explains the evolution of flight reduction in females of this island-
inhabiting delphacid.

6. Males were significantly more macropterous in populations cccupying dune
vegetation (37.6 =9.8%) than in populations occupying salt flat-pond margin
habitats (7.6 = 3.6%). By contrast, females exhibited low levels of macroptery in
both dune (0%) and salt flat—pond margin {<1%) habitats. Vanation in salt-grass
structure probably underlies this habitat-related difference in macroptery because
flight-capable males of planthoppers are better able to locate females in the sparse-
structured grass growing on dunes. This habitat-related difference in male
macroptery accounted for the generally higher level of macroptery observed in
males than in females throughout the islands.

7. The importance of habitat persistence and structure in explaining the incidence
of dispersal capability in T. venilia is probably indicative of the key role these two
factors plav in shaping the dispersal strategies of many insects.

Key words. Delphacid planthopper, dispersai. flightlessness, habitat isolation,
habitat persistence, habitat structure, host plant architecture. life history evolution,
Sporobolus virginicus. Tova venilia. wing polymorphism.
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With the evolubon of flight in insects came an inereased ability
to lrack changing resources, negouate structurally complex
habitats, locate mates, and escape predators (Southwond, 1962:
Roff & Fawrbairn, 1991: Wagner & Liebherr. 1992; Denno.
1994a; Denno eral. 1996, in press). Moreover, associated with
the appearance of flight capability was the (remendous
diversificanon of the class Insecta (Wagner & Licbherr.
1992). As a consequence of the assoctaunon between fAight
capability and the increased radiauon and success of the
msects, reasons underlying the secondarvy loss of wings or
flight capablity, which has occurred repeatedly throughout the
Insecta (Roff, 1990; Wagner & Liebherr, 1992), are not
immediately apparent.

One of the kevs to understanding the evolunon of fight
reduction tn1asects lies in elucidating the costs associated with
building and maintaining wings and flight muscles. and in
demonstraung how such costs are levelled aganst other life-
history traits (Rotf, 1986: Denno eral., [989; Zera & Denno,
1997). Most often, the diversity of costs associated with flight
capabiliry are imposed on reproduction (Roff, 1984; Srvgley &
Chai. 1990. Marden & Chai, 1991; Roff & Fairbaim. 1991,
Zera & Denno, 1997). Such reproductive penalties are revealed
most easily by comparing the reproductive success of the
volant and flightiess wing forms of wing-dimorphic insects
(Roff, 1986; Denno et al.. 1989, in press; Roff & Fairbairn,
1991; Langellotto eral., 2000). In general. flightless tfemales
have higher fecundity, reproduce at an earlier age, and produce
larger progeny than their flight-capable counterparts (Solbreck,
1986; Roif & Fairbain, 1991: Denno. 1994b: Zera & Denno.
1697). Similariy. flightless males can acquire maungs more
successfully and sire more offspring than macropterous males
(Novorny, 1995; Langellotto et al., 2000}, Indeed. such wing-
form comparisons provide widespread ewvidence for an
antagonistic trade-off between tlight capability and repreduc-
tive success across a wide vanety of insect laxa including
crickets, planthoppers, aphids, thrips. tue bugs, and beetles
(Utida. 1972: Roff. 1984; Zera. 1984: Solbreck, 1986: Crespi.
1988: Denno eral., 1989 Dixon, 1998. Langeilotto eral..
2000).

Although flightless forms clearly have an inherent repro-
ductive advantage, they are extremely sedentary and are unable
10 effectively exploit ephemeral habitats, track spatial changes
in food avaiiability, manoeuvre cfficiently in heterogeneous
habitats, or locate widely scattered mates (Waloff, 1983; Roff,
1990; Denno eral.. 1991, 1996, in press; Langellono. 1997;
Langellotto eral., 2000). Thus, the dispersal strategy that
evolves in a particular species will reflect a balance between
the advantage of increased reproductive success resulung from
flight loss and the need for wings to track resources {Roff,
1990; Zera & Denno, [997).

Among the selective forces considered central in shaping the
evolution of insect dispersal strategies are habiwat tsolation,
persistence, and structure (Southwood. 1962, 1977; Roff, 1990;
Denno eral., 1991, in press: Wagner & Liebherr, 1992: Travis
& Dytham, [999). In general. theory predicts reducuons in
flight capability for species exploiting habitats that are very

1solated, persistent. or dense and low-profile 1n structure
tSouthwood. 1962: Roff, 1990 Langeilowo. {997. Denno
etal., in pressh, In partcular, habitat 1solation has been a
longstanding but controversial explanation for the evolution of
flightlessness 1n insect taxa inhabiting oceanic islands (Darwin,
1876; Roff, 1990), The argument asserts that the constant loss
of emigrants from oceanic islands should sefect against flight
capability (sce Roff, [990), however the spanal scale at which
habitat isolation seiects against dispersal has been a subject of
considerabie debate (Roff. 1990, Wagner & Liebherr, 1992;
Cenno efal., in press). Notably, recent modelling efforta have
shown that the propensily to disperse generally declines with
increased habital fragmentation. but that the predicied outcome
depends on parterns of habitat availability and persistence
(Travis & Dytham, 1999).

[solation. and other habitat-related hypotheses for the
evolution of flightlessness n insects, have proved difficult to
test empirically, however, primarily because of the difficulry of
assessing the dispersal ability of the inhabitants (Denno etal.,
1991, 1996, in press). Wing-dimorphic insects such as
delphacid planthoppers (Hemiptera: Delphacidae) are ideal
for investigating the effects of habitat factors on dispersaj
because migratory adults (macropters with fully developed
wings) and flightiess adults (brachypters with reduced wings)
are so easily recognised (Denno eral., 1991). Moreover, the
proportion of macropters in a population can be used as a
reliable index of the incidence of potental dispersal (Denno
eral. 1991, in press). Tesung the habitat isolation—
fightlessness hypothesis has been challenging as well because
comparisons of the incidence of dispersal between island and
mainiand populations are frequently confounded by other
factors such as habitat persistence and structure (Roff, 1990;
Denno efal., in press).

Using British Virgin Island populations of the wing-
dimorphic delphacid Tova vemtia (Fennah), the objectives of
the work reported here were threefold. First, the incidence of
dispersal (per cent macroptery) was compared between
populations of T. vemilia inhabiting undisturbed (relatively
persistent) and disturbed habitats throughout the British Virgin
Islands, with the expectation of higher levels of macroptery in
disturbed habitats. Second. 10 test the hypothesis that flight
reduction 1s more prevalent on oceanic islands, the incidence
of macroptery in island populations of T vemiia was compared
with known levels of macroptery in mainland populations of
other grass-inhabiting delphacid species. For this analysis,
possible differences in habitat persistence were controlied by
comparing the incidence of dispersal capability between taxa
inhabiting habitats of similar age. Last. the incidence of
macroplery was compared between populanons of T. venilia
inhabiting two structurally different and habiwat-associated
growth forms of its host grass Sporobolus virgimicus (L.)
{dense stands on salt flats and sparse stands on beach dunes).
Because vegetation suucture (dense vs. sparse} is known 1o
influence the ability of male planthoppers 10 locate mates
(Denno, 1994b; Langeilotto, 1997, Denno eral.. in press), its
contribution to habitat-related variation in the incidence of
dispersal capability in T, vemlia populations was examined.
Ultimately, this information was used to assess the relaave

1 2001 Blackwell Science Lid. Ecolegical Entomalogy, 26, 25-36

- ) B Y o

L e o A T T N I

TR

[ENOO. 7 i 5~

-



contnbution of habitat wsolagon, persisience, and vegetation
siructure o Wie dispersal strategy of this oceanc island-
inhabiing planthopper.

Methods
Study organisms

Tova vemilia is Caribbean n distnbution, having been
recorded from the Bridsh Virgin Islands. Puerto Rico. and
Momserrat (Fennah, 1959). This delphacid is multivottine and
monophagous on the perennial salt grass Sporobolus virgini-
cus. Like most delphacids. 7. venitia is wing dimorphic with
both macropters and brachypters occurmng in most popula-
uons. Wing form in planthoppers v determuned by a
developmental switch that responds to environmental cues
{Denno. 1994b). The senswivity of the switch. however, 15
hentable and under polygenic control (Iwanaga & Tojo, 1986,
Denno. 1994b; Zera & Denno, 1997). Of all the proximate cues
known to affect wing form in planthoppers, population density
is by far the most influential (Denno & Roderick. 1990). For
most delphacids, the production of the macropierous wing
form is density-dependent (Denno et al., 1985; Denno, 1994b),
however the threshold density that triggers the production of
macropteraus forms can differ among species. among popula-
tions of the same species, and even between the sexes of the
same species (Kisimoto. 1965; Denno eral.. 1991). Thus,
macroptery may or may not be correlated between the sexes of
a species (Denno eral.. 1991; Denno. 1994a). Moreover,
patterns of density-dependent macroptery (n the sexes. be they
the same or different. can be mantained under common
environmental conditions. suggesting an underiying genetc
basis (Denno eral., 1991).

Besides allowing for habitat escape and the colonisation of
new hibitats (Southwood, 1962, 1977), wings also funcuon in
mate location (Ichikawa, 1977: Humt & Nault, 1991
Langellotto. 1997). In planthoppers. only males search actively
for stanionary females (Ichikawa. 1977; Claridge & de Vrijer,
1994; Langellowo eral., 2000) and acoustic communicauon s
essential for locaung mates (Clandge. {985: Denno eral.
1991; Heady & Denno. 1991: Heady, 1993). Both males and
females communicate through substrate-transmitted vibrations.
whereby calls are produced by vibrating their abdomens
(Claridge. 1985). Vibralions are wransferred to the host plant
through the legs or mouth pans (Claridge, [985). Planthoppers
sitting on the same host plant or on adjacent plants in physical
contact can sense each other's calls from as far away as lm
(Ichikawa & Ishii, 1974), however planthoppers resting on
neighbourning bur slightly separated plants do not detect each
other's presence (Ichikawa & Ishi, 1974}, Sexualiy mature
males and virgin females call spontancously on their food
planis. After sensing each other, they begin to alternate calls in
a dueuing fashion (Ichikawa & Ishii, {974: Clandge, 1985;
Heady & Dennc., 1991), During duetting. males move toward
stadonarv temales and. after locating a female, courtship
ensues, followed by maung (Ichikawa & [shii, 1974; Heady &
Denna. 1991).
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Given their substrate-borme system of mate location. 1t is not
surprising that vegetanon stucture has 4 major impact on the
ablity of the male wing forms of planthoppers 1o locate mates.
When host planis are isolated and do not come into contact,
flight 15 ¢ssential for mate location because only macropterous
males can fly among plants, locate females effectively, and
acquire matings (Langellotto, 1997). Macropterous males also
locate females much more eftecuvely than brachypters under
low female-densny conditons (Langellotto, 1997). [n contrast,
in conuguous vegetation, brachyplerous males obtain most
matings. apparenty due in part to their inherent ability o
displace nval macropters aggressively dufing courtship
(Langellotto erai., 2000). s

The host plant of T. venmilia is salt grass S, virginicus, a
perennial that grows in several different habitat types
throughout the Caribbean. including most of the vegetated
Briish Virgin Islands (Chase, 1971: Acevedo-Rodriguez,
1996; Table l). Salt grass grows on intertidal salt fais and
around the margins of sait ponds., where it often occurs in
dense, expansive, pure stands, frequently in association with
mangroves. It also occurs as small patches on the dunes of
sandy beaches and the bases of cliffs along the shore. In this
beach-dune habitat, the suucture of the grass stand is spame,
with culms growing further apart than those occurring on tidal
fRats. Sporobolus virginicus is also grown in managed,
suburban habitats where it is encouraged by home owners as
a lawn grass in low-lying areas. Although frequently disturbed
by mowing. the dense structure of the grass in lawns is more
like that of grass growing on salt flats than dunes, Such
structural vanation in grass form may influence the dispersal
strategy of the resident 7. vemilia. particularly the males.

Study sites

The Bridsh Virgin Islands lie 100 km east of Puento Rico
and compnise more than 50 small islands and islets between
18°18" and 18°46'N. and 64°15" and 64°52'W (Fig. 1), Among
the largest islands are Tortola (64 km™), Anegada {34 km?),
Virgin Gorda (21.5km®). and Jost van Dvke (9km?). Other
istands (¢.g. Guana. Beef. Great Camance) measure <5km?,
and others yet (e.g. Necker. Great Dog, and Salt) are very
small (<1km®).

All 11 islands visited supported at least one populaton of
salt grass (Table i). Although vast expanses of salt grass
occurred on the intertidal flats of some islands (e.g. Anegada,
Beef, and Virgin Gorda), and wide swaths (5-20m)
surrounded salt ponds on others {(e.g. Guana, Great Camanoe,
and Tortela), only single small patches occurred on the upper
beach and dunes of other islands (e.g. Great Dog and Great
Thatch). On some islands such as Guana. sali-pond and dune
populations of salt grass co-occurred, but in this case they grew
on either side of a centrai ridge (266 m) and were separated by
500 m. Moreover, these were the only two stands of salt grass
on Guana, With the exception of the expansive salt flats on
Beef Island (Airport and Trellis Bay area) and Anegada
(Flamingo Pond area). salt grass populations were generaily
small and isolated.
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Table Y. Habiats, density, and mactoplery o1 popuialions ui the planthopper Tova veriita op sad grass Sporgpsofts virgimcus (hioughout the
Brush Virgin Jslands. The locauon vslatd and sample siles and date of samples are snown as s the sample size (1ol number ot planthoppers
taken at edch sye) and number of samples tsweeps or D-vac placementsi per site. Populations are sored by habmat, either salt flavsalt pond,

peach/dune, or disiurbed.

Density (number perr Macroptery 15§

FHabitat Sample size Sample no.
[<Jand. semple sie. date raurea, M 20 sweeps m Males  Females Overall 1ol (maie. female) and type
Salt-flat and sali-pond populanons
Aregada, Flamingo Pond. 19/10/97  Sait fat 1 8000+ - - 75 0 =0 64, 2) D-vac
Heef, Bndge. 16/10/96 Salt Aat (204 30 28 0 G ) 1543, 12) 2, 50 sweep
Beef. Aurport. 16/107/96 Salt ftar (3000} 6 14 0 0 0 27 (6, 21 3. 50 swecp
Beef, Aurpont. 22/10/98 Sale far (3000) 287 26.7 0 0 0 36 (42, 44 3, 20 sweep
Beef. E Trellis Bay, 17/10/98 Salt dar (20007 9.7 355 2 0 | 179 (93, 86) 3, 20 sweep
Cireat Camanoe, Lee Bay, 17/10/96 Pond edye (3(0) 40 63.8 4 7 7 185 (35, 15300 L. 50 sweep
Great Camanoe, Lee Bay, 141098 Pord edee 18001 53 315 3 0 ! 166 (38, 128} 3, 20 sweep
Guana. Salt Pond. 15/10/96 Pond edge (200 404 76 3 | : 202 (38, 160 3, 20 sweep
Guana. 3alt Pond. 13/10/98 Pond edge 12000y 122 0.7 4 0 1 111 (24, 87 5, 20 sweep
Guana. Salt Pond. 23/10/98 Pond edge (2000) - 17.5 0 0 0 &6 (32, 34 3, 40 D-vac
Guana, Salt Pond. 23/10/98 Pond edge (2000) 188 17.5 3 0 1 94 (26, 68) 5, 20 sweep
Jost Van Dyke, § side 18/10/98 Pond edge (600) 1.0 10.2 0 0 0 209,13 2, 20 sweep’
Salt, N Side, 15/10/98 Pond edge (200} - - - - - 2 {nymphs) D-vac
Tonola. Belmont Pond, 23/10/93 Pond edge (150 - 58 0 0 v} 22(9,13) 3, 40 D-vac
Tortola. Jostah Bayv, 16/10/98 Salt flar ¢300) - - 0 0 0 40 (9. 31y D-vac
Virgin Gorda, Biras, 23/10/97 Salt tat (2000) - - 44 0 30 15 (13, 8) D-vae |
Beach and dune populalions e g
Beef, W Trellis Bay, 17/10/98 Beach/dune (60) 19.7 133 27 0 8 59 (18, 41} 3, 20 sweep
Great Dog, § Side, 15/10/98 Beach/dune (50) - 14.2 0 I 7 15 (10, 5) [, 40 D-vac
Great Thatch. N Side. 18/10/98 Beactvdune (30) - 30.2 16 0 32 19(13, 6 1, 20 D-vac
Guana, North Beach, 21/10/98 Beactubank (25) - 325 69 Q H 57 (36, 2D 2, 40 D-vac
Necker, N Side. 24/10/97 Beach/dune (751 - - 48 0 0 43 (25, 18) D-vac
Necker, N Side. 19/10/98 Beactvdune 1751 126 1.8 9 0 1 I8N, 27 3, 20 sweep
[nsturbed habirar popuiaticns
Anegada. Seitlement, 20410797 Lawn ¢ 37 - - 78 25 62 13(9. 45 D-vac
Virgin Gorda, Pond Bav, 221047 Cuile pond 330y - - 7 1) 49 39025, 14) D-vac

Incidence of dispersal capubiliny in pianthopper populations
inhabinng undisturbed and disturbed habitats tirroughout the
British Virgin [slands

The inaidence of dispersal capability m populations of T,
vemdia (per cent macroptery 1n both sexes) was compared
between undisturbed  (relatively  persistent) and  disturbed
(relativelv temporary) habitats threughout the Bnush Virgin
[slands over the course of a 3-year penod (1996—1998). For
this companson. stands of sali grass growing on salt flats,
along the margins of salt ponds. and on the upper reaches of
beaches and dunes showed no signs of disturbance and were
considered relatively persistent habnats for 7. vemfia (Table 1)
By conirast. managed lawns and cartle trampled and browsed
stands of salt grass surrounding some salt ponds were regarded
as disturbed habitats (Table 1). Using a combination of D-vac
and sweep-net sampling, 18 populations 16 undisturbed and
two disturbed) were assessed 1n disjunct stands of salt grass on
L1 islands: Anegada (The Scrtiement and Flamungo Pand),
Beef (Bridge, Airpon, West Trellis Bay. and East Trellis Buv).
Great Camanoe (Lee Bavi, Great Dog (South Sider Great
Thatch ¢North Side). Guana (Salt Pond and North Beach), Jost

van Dyke (Great Harbor), Necker (North Side), Salt (North
Side), Terola (Belmont Pond and Josiah Bay), and Virgin
Gorda (Biras Creek and Pond Bay).

For this assessment, planthoppers were sampled in 1996
using a sweep-net (38em diameter) and in 1997 and 199§
using a portable D-vac (1 HP Echo. model PB2IQE,
Gempler’s. Mount Horeb, Wisconsin). Extracuion of most
planthoppers rom the dense stands of sait grass required a
prolonged period of vacuuming with this porable D-vac in
1997. To achieve more time-efficient exitraction of plant-
hoppers in 1998, the conventional sampling head of this D-vac
{0.093 m") was constricted to 0.031 m™ by fiting the sampler
with a smaller cyiindrical plastic head (40cm long, 20cm
Jiameter), One sample with this modified D-vac consisted of
either 20 or 40 placements of the D-vac head on the vegetation,
depending on the size of the grass stand. Each sample with the
sweep net consisted of 20 or 30 sweeps to and fro while
walking through the stand. The number and size of samples at
cach stte and the date on which they were wiken are shown in
Table 1. Given the slow extraction of planthoppers in 1997, a
cansistent number of samples was not taken, Rather, the
vegetation was vacuumed at each locanon for =30 min,

. 2001 Blackwell Science Lid. Ecelogicai Enlomalogy. 26, 25-36
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Fig. 1. lccidence of dispersal (& macroptery 1n maies) in populations of the planthopper Tova venrffa inhabiting salt ffat—pond edge habitats (S),
beach-dune habrats (B). and disturbed hatytars D) througheut the Brtish Virgin [slands. The biack porion of cach pre diagram reflects the

perceniage of MAacreplers 1n each population.

Planthopper samples were bottled in 95 ethanel and returned
to the laboratory where the 1acidence of macroptery 17) in
both sexes ol 7. vemiia was determuned for each populanon.

The incidence of macroptery (%7 in males and females of 7.
venilia was compared between persistent and  disturbed
habitats using r-tests on angular-transformed  data (SAS.
1990). For these analyses. only one value of macroptery 147)
was used for each population, and if a population was sampled
several times, macroptery was averaged across dates [0
generate this value. Populations from which fewer than five
individuals of either s¢x were sampled were oot included 1in the
analysis,

Incidence of dispersal capability in 1sland and mainiand
laxa; habitar iselarion vs. persistence

To test whether flightlessness was more prevalent on
oceanic islands, the incidence of macroptery in Bntish
Virgin Island populations of 7. vemiia was compared with
published levels of macroptery for muwnland-inhabiting
delphacids fextracted from Denno eral., 1991). Because
habitat persistence has a strong influence on the dispersal
strategies of planthoppers (Denno, 1994a; Denno eral.. 1991,

+ 2001 Blackwell Science Lid. Ecological Emomaiogy, 26. 25-36

1996, in press). it was essential o make the island and
mainland comparison between taxa cccupying sumilarly
persistent habitats. Thus, it was necessary 1o gquantify habitat
persistence roughly for several T. vendiia populations,

Habitat persistence for a particular species depends on the
relationship between the generation time of the organism (1)
and the length of time the habitar remains favourable for
development (H) (Southwood, 1962; Southwood etal., 1974),
Persistent habitats are charactenised by H/t=~1 and temporary
habitats by H/t= | (Southwood, 1962), Habilat persistence was
quantified for three populations of T. vemlia (Guana, Sait
Pond: Beef, East Trellis Bay; Grear Camance. Lee Bay) by
multiplying habitat age (years) by the maximum number of
generations/habitat/year; thus. habitat persistence was ex-
pressed as the muximum number of generations altainable
dunng the existence of the habitat (see Denno eral., 1991).

Minimum estimates of habitar age were obtained by
questioning scnior residents of the islands. in particular
Oscar Chalwell from Guana/Tortola. who placed minimum
csitmates of the salt grass habitats sampled on Guana. Beef,
and Great Camanoe at 64, 60, and 60yvears respectively,
Estimates of the annual number of geoerations tor these
populations of T. venifia were predicted from an existing
model ¢stablished explicitly for planthoppers: number of
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annual geperations = 1012 - U 1570°N) (from Denno. [994bh
By subsututing the iautudes of Guana (18°29'N). Beef
(18°26'N), and Great Camanoe (18°28N) into this cgquaton,
the number of annual generatons for the three populations of
T. venmtlia was estumated at 72. Thus, habitat persistence
{maximum number of generanions artamable) was estimated
460, 432, and 432 generanons respechively tor the Guana,
Beef, and Great Camanoe populations.

The mean incidence of macroplery (%) in these three
populations of T, ventia was then compared with the mean
level of macroptery 1n maniand taxa of delphacids in three
ways. First, the observed incidence of macroptery in these
thres British Virgin Island populanons was compared with
expected levels of macroprery predicted by a model desenbing
the relanonship between habitat persisience and macroptery for
mainland delphacid  species: mucroptery () ==5450+1/
(habitat persistence’ ™* -(L.095) (from Denno eral., 1991
Expected macroptery for the Bnnsh Virgin [sland populations
was obtained by substituung habitat persistence values for the
three British Virgin Island populauons into the mainland-
derived model. Observed and expected levels of macroptery
were compared using 4 paired r-test on angular-transformed
data (SAS, 1990). Due to small sampie size (n=13), a power
analysis was performed where power = | - . the probability of
commilting a Type H error (Zar, 1996,

Second, the observed level of macroptery in the three British
Virgin Island populations of T, verulia was compared with that
for six species of mainland delphacids [Laodelphax elegantu-
{us  {Boheman), Muirodelphar  cuiguus  (Boheman),
Paraliburmieila dalei {Scot), Pissonorus piceus (Van Duzee),
Prokelisia dolus Wilson, and  Ribawtedeiphax  angulosis
(Ribaut)| existing in sumiarly persistent ¢rassland habitats
{150-350 generanonsi (extracted trom Denno eral., 1991). For
this and the following unalvsis, the mcidence of macroptery
(%) in Briush Virgin [sland and mainiand taxa was compared
using a 7-lest on angular-transformed data.

Third, macroptery 1n British Virgin island populations of T.
venilia was compared with that observed in popuilations of
seven mainland species [Delphacodes detecta (Van Duzee), .
penedetecia Beamer, Neomevamelianus dorsalis (Metcait), N
penelautus \McDermott). Prokelisia dolus Wilson, P. margin-
ata Van Duzee, and Tova propirgia |Fieber)] occupying the
same low-profile habitat tvpe {grasses growing on marshes and
dunes) alang the Gulf of Mexico shore textracted from Denno,
1978, Denno eral., 1991). For this analysis, no estimates of
habitat persistence were required. although the habitats of all
the delphacids were generally very persistent (> 500 years: see
Denno eral.. 1991).

For these three analyses, the incidence of macroptery in
Bntish Virgin Island populations should be less than that for
mainiand taxa 1f oceanic isolation was an important contributor
to the evolunion of flightlessness in delphactds. Thus, one-
tailed tests were used lo assess sigmificance (SAS, 1990).
Moreover. for all three analyses. the assessment of macroplery
was fimiled to the female sex because the dispersal strategies
of female planthoppers are not compromised by possible flight
constrainrs associated with mate locanon, as s the case tor
males (Denno. 1994a; Denno etai.. 1991, in press).

7

Habitar structure gnd the incidence of macroptery n
planthopper populations

The stand area (m") of salt grass growing on salt flats,
around pond margins, and on beach dupes was estimated
visually or by pacing at each of the 18 locations visited
{Table 1). Stand area was compared between the salt flat—pond
cdge habitat and the beach-dune habitat using a r-test. The
structure of salt grass (culm density, culm length, and above-
zround biomass) was determuned by clip-quadrat sampling for
stands growing 1n the two major habitat types (salt fats—pond
edges vs, dunes) on three islands (Beef, Guana, and Necker)
(Denno ef al.. 1985). Five samples were taken in cach habitat
type on the three isiands during 19-23 October 1998. Each
sample consisted of the removal of all above-ground grass
within a 0.047-m’® wire frame. Subsequently, culm density
(numb‘cr per m*), cuim tength (cm), and wet weight biomass (g
per m”) were determined. Because island effects were minimal
(ANOVA), f-tesls were used 10 compare culm density, culm
length, and grass biomass between the two habitat types. For
these analyses, the five habitat sampies were averaged within
each island resulting in a sample size of three for each habitat
type.

The influence of habitat structure on the dispersal capability
of both sexes of T. venilia was examined by comparing the
incidence of macroptery between populations occurring in the
two habitat types (sparse stands of salt grass occwrring on
dunes and dense stands growing on salt flats or around salt
pond margins). For each sex, the incidence of macroptery (%)
in the two habitat types was compared using a i-test on
angular-transformed  data. Similarlv, a I-test on angular-
transformed data was used to compare macroptery (%)
between the sexes within each habitat. Sites at which <10
individuals were collected were excluded from the analysis.
The expectation was that higher levels of macroptery wouid be
found in males inhabiting the dunes than in males inhabiling
the salt flats because flight is likely 10 be essental for mate
location in the sparsely structured habitat, Habitat-related
variation in salt grass structure was not envisioned (o influence
macroplery in females because they do not search actively for
mates. Because macroptery is density dependent in most
planthoppers (Denno eral.. 1994), the slopes of the relationship
between macroptery in both sexes (angular-rransformed) and
population density in the two habitats (dune and sait flat) were
tested to see whether they differed from zero (:-test on the
regression coefficients). To test further for habitat effects on
the incidence of macroptery. the slopes of the relationship
between macroptery (%) and popuiation density (number per
m*) were compared between the lwo habitat types using
ANCOVA with density as the covariate (SAS. 1990). This
analysis was run separateiy for each sex,

Estimates of population density were necessary for the
above approaches. D-vac sampling during 1998 allowed for the
association of varation in the incidence of macroptery (%) in
7. vemdia with absolute popuiation size (number per m?).
Sweep-net sampiing, however, provided only a relative density
estimate. To convert sweep-net counts to absolute density data,
side-by-side, replicated D-vac (3. 40 placement) und sweep-net

+ 2001 Blackweil Science Lid. Ecolegical Entomology, 26, 25-16

L

R S T RO



Jost van Dyck
0%

(s
[- =4

8

Aeduced dupersal an island planihonoer noputalions 31

Areqada

OMA L)

10 km
—_—

Fig.2. Inaidence of dispersal (St macroplery in females) i populations of the planthepper Tova vemdia inhabiting salt fat-pond edge habitats
{5), beach-dune habnaws (By, and disturbed habitats (D) throughout the Brinsh Virgin Islands. The black perion ef each pie diagram reflects the

percentage of macroplers n each poepuianon

15, 20 sweep) samples were taken on 23 October 1998 in an
expansive stand of salt grass located at the margin of Salt Pond
on Guana Island. The resulting planthopper counts from D-vac
(175 =7.6m ", mean = SEM) and sweep-netting (18.8 % 7.8
per 20 sweeps) provided a conversion factor (number of
pianthoppers per m” = number of planthoppers per 20 sweeps!
L.07). which allowed for the transtormation ol sweep-net data
taken from other sampiing locanons to absolute densities. All
absolute densines (number pur my for sweep-sampled
populations were esumated using this conversion factor (see
Table 1), It was not pessible to establish a separate conversion
lactar 1n dune vegetauon because all dune habitat patches were
very small (<80 m”) and not easily swept. Regardless. absolute
esumates of planthopper density were obtained by D-vac
sampling i1n most dune-grass populations { Table ).

Results

Incidence of dispersal capabilite in planthopper populations
(nhabiting undisturbed and disturbed hubuals throughout the
British Virgin [sfunds

Maies of T. vemfia were sigmticantly more macropterous in
disturbud stands of salt grass growing n lawns or catle-

+ 2001 Blackwell Science Lid. Ecoiveical Entomaloys, 26, 25-36

trampled habitats (77.0 = 1.0%, mcan = SEM) than they were
in undisturbed stands of salt grass growing on salt flats or
dunes (19.2=64d. r=2.88. P<0.05: Fig. l). Female plant-
hoppers were also more macropterous in disturbed habitats
(12,5 = 12,5%) than in undisturbed stands of salt grass
04 =0.3%: 1=2.66, P<0.05; Fig. 2). The pattern of elevated
macroptery 1n disturbed habitalts prevailed in both sexes even
though males were  significantly  more  macropterous
{269 =7.6%) than females (20*1.7%) in all habitats
samplted (1=3.60, P <0.01) (compare Figs 1 and 2).

Incidence of dispersal capability in island and mainland
raxa: habuat isolation vs, persistence

Together. three lines of evidence suggest that the incidence
of macroptery in British Virgin Island populations of . venilia
15 not significantly lower than that exhibited by mainland
delphacids. First, the observed levels of macropterv in British
Virgin island populatons of T vemtda (1.7 x1.2%,
mean = SEM) were not significamtly lower than predicted
vaiues (5.5 = 0.03%) obtained by subsututing habitat persis-
tence values tor the British Virgin Island populations into a
mode} based entirely on mainiand delphacid spectes (paired
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Fig. 3. Relanonshup bewween macroptery (95) and habiar persistence
ithe maximum aumber of generauons aitzmabler for the temales of
41 hReld populauons (35 species; ot mainland nhabiing species of
delphacid planthoppers (C) (data from Denno e1af, 19917 and three
Bntish  Virgin [slands  populanons  Beef, Guana, and  Great
Camanoe) of the deiphacid Tova vemiiz (@), The observed levels of
macroptery 1n island populauons of T. ventlia were not signuicantly
different from those expected using the mainland model {macreptery
e ==5.450 + habitar persisience ™" -0 (955, pawred I-test, NS]
(model adapted from Denno erad. 1990). Thus, with habitat
pemsistence conmolled. the wncidence ot dispersal in fieid populatons
was the same for Brush Virgin [sland and manland taxa of
planthoppers.

r=-2.35, NS: Fig.3). Had the error assocrated with the full
regression model been taken nto account in the analysis
(Fig. 3), however, the one-tailed P-value (0.072) would most
certainly have been larger. Moreover. given an average
difference at’ 3.85% macroptery berween expected tmainland)
and observed (1sland) data. a power analvsis on arcsin-
wanstormed data revealed that the hkelihood of detecting a
difference between the two samples. 1f indeed 1t exasted, was
43%. Thus, the hint of a difference 1n macroptery between
Bntish Virgin Island and mainland popuiations does not even
verge on signuficance.

Second. the average ncaidence of macroptery in Briush
Virgin Island popuiations of T. vemlig (1.7 = 1.2 did not
differ from tbat for s1x species of mamnland  delphacids
(14 = 1.1%) existing in simularly persistent grassland habilats
(r=0.16. NS). Third, macroptery n Bntish Virgin [siand
populations of T. vemdia (1.7 = 1.2%%) did not differ trom that
observed in  populations of seven mainland species of
delphacids occupying the same tyvpe of low-protile grassland
habitats (marshes and dunesy along the shore of the Guif of
Mexico (3.4 = [ .8%) (1=-0.59, NS».

Together. these data suggest that with habutat persistence
controlled, habitat 1solanen at the scaie of oceame 1slands
contributes little to explaining the dispersal strategy of T
venilia in the Briush Virgen Islands. Be it an island or mainland
population, habitat persistence appears to be the most crucial
tactor shaping the dispersal strategy of temale delphacid
planthoppers (Fig. 3).
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Fig. 4. Relatonship between the incidence of macroptery (%) in
males and females of the planthopper Tova venilia and population
density (number per m%) in two salt-grass habitats (dense stands of
Sporobolus virginicus growing oo salt flats or aloog edges of salt
ponds and sparse siands inhabiting beach dunes) in the British
Virgin Islands. For males. macroplery was sigmficantly density
dependent in poth habitats, but the slopes of the relauonship differed
(axNvova, F=965. P<0.00]). Macroptery was significantly density
dependent for females anhabiing the salt flai—pond edge habilat
[macroptery = .85 + 0.57(densicy). R¥=0.39. P <0.05], but density-
dependent macropeery was not detected for females occurming in the
dune habuat.

Habitat structure and the incidence of macroptery in
planthopper populations

On average, stands of salt grass were significantly smaller
on dunes (48 = 9m°, mean = SEM. » = ) than on salt flats and
around the margin of salt ponds (1595 =471 m?, n= 1D
(r=2.52, P<0.05). Moreover. colms of salt grass grew
significantly denser (3753 = 352 culms m™2 vs. 2232 = 364)
and longer (49 * 2cm vs. 33 = 3) on salt flats than on dunes
(euim cenury = 300 P <006 feuim 1engn =477, P <0.001). Also,
the above-ground biomass (wet weight) of salt grass was
significamly greater for salt Aat (2755 = 221 gm™) than for
dune (761 = 228 g m™") vepetauon (1=6.28, P <0.001).

Males of T. vemuiia were significantly more macropierous in
popuiations occupying dune vegetation (37.6 = 9.8%) than in
populations occurring in stands of salt grass growing on
intertidal flats and around salt ponds (7.6 £5.6%) (+r=3.28,
P <0.0D. This habitat-related difference in male macropiery
accounted for most of the dispanty 1n macroptery between the
sexes of T venddiu throughout the British Virgin Islands

v 2001 Blackwell Science Lid. Ecological Entomeiogy, 26, 25-16
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scompare Figs 1 and 2. Moreover. there was i sigrficant
posiive relationship between macroptery in males (971 and
population densuty in both dune [macroptery=-24.12+
264(density),  RF=093, P<001]  and  sat-Har
(macroptery = 43.94 + 0. 14(density), R*=0.34, P<0.01] habi-
1ats (Fig. 4). The slope of the relanonship between macroptery
and density was signuficantly steeper for males in dune-
inhabiing populations than for males occupying salt flats
fANCOVA, F=96.5, £ <0.001), however, funther ndicating
bubuat ctfect on dispersal capabtlity.

[n conlirast, there was no difference between the incidence of
macroptery 1n female planthoppers in dune (0%} and sait-flat
{0.6 = 0.5%) populatiens (r=1.11, N8) (Fig.2). Also. the
incidence of macroptery in female (0.6 =0.5%) and male
(7.6 = 5.6%) planthoppers did not ditfer in the sait-flat habuat
f1=145. 581 In the dune habitat, however. males were
sipuncantly more macropterous (37 6 = 9 5% than temales
(0% = 0) (r=5.95, P <0.01). Thus, habitat structure appears 10
have a sclective infiuence on the dispersal sirategy oniy of
male pilanthoppers. Macroptery was significantly density
dependent for females inhabiting the salt fiai-pond edge
habitat  [macroptery = -0.85 +0,57(densiy). RS =039,
FP<0.05. Fig. 4], a slope that did nou differ from that for
males in this habitat (ancova., F=3.24, NS). Density-
dependent macroptery was not detected for females occurring
in the dune habitat (0% macraptery at all densities), probably
because the high densities that occurred occasionally in sait Rat
habitats (>35 planthoppers per m™) were never observed in
dune vegetation (Fig. 4).

Discussion

Both sexes of T. vemifia exhibit elevated macroptery 1n
disrurbed  habitats (managed lawns) and reduced  flight
capabilitv in natural, more persistent habitats (salt flats, salt
ponds. and dunes) throughout the Brinsh Virgin Islands. a
pattern that has been reperted tor manv nsects including other
deiphacid species (Reolf. 1990 Denno eral.. 1991 Novetny.
19943, Dispersal capability 15 apparentiv retamned 1o track the
frequent changes in resource guality and abundance that oceur
in disturbed and temporary habitats {Scuthwood. 1977: Denno
eratl. [991. 1996). Although the mmaidence of macroptery in
populanions of T. vemdia 1s generally low in undisturbed
habitats (< 30% on average), the dispersai strategies of males
and females are clearly different (Figs 1 and 2). Males exhibit
higher leveis of macroptery (26,9 = 7.0%) than do females
(2.0 = 1.7%) but this difference in dispersal ability 1s habitat
dependent. with males significandy more macropterous than
temales in dune habitats (37.6 vs. 0%%) but not 1n sait Aat-pond
edge habitats (7.6 vs. 0.6%). For both sexes, the occurrence of
the macropterous form 1n field popuiations 1s posiively density
dependent (Fig. 4). Thus. fluctuanions in population density n
the ficld. coupled with density-dependent macroptery. prob-
ably explain much of the within-habnat vanation n the
incidence of dispersal {Figs | and 23, The mechanism under-
lving the dispanmty in macroptery between the sexes of T
vemilia is probablv a genetically based difference n the
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:nduction of macropters under crowaed condiions. a well
Jocumented occurrence for other species of  deipbacids
tKisimoto. 1965: Denno eral.. 1991, 1954).

The selecuve forces urnderlving the discrepant dispersal
strategres of the sexes of this planthopper probably involve
several habuat-refared factors. Of the major habitat-associated
factors thought to influence the dispersal strategies of insects,
namely persistence, structure, and isolauon (Roff, 1990; Derna
cral., 1991, 1996, in press). only habitat persistence and
structure showed an ctfect on 1sland populations of T, venilia.
There was litle evidence that the low incidence of dispersal in
several island populations (1.7 = 1.2% in [lemales) was
atributable 1o the effects of iseianon on oceanic islands
(Fig.2). Three analyses revealed that the low level of
macroptery in several British Virgin Island populations of T.
venilia was no different from that observed in mainland
delphacid species existing in habitats of simiiar duration.
Rather, the persistence of the natural salt grass habitats
throughout the Brinsh Virgin Islands probably best expiains
the evoluton of flight reduction in this island-inhabiting
delphacid (Fig.3). That flight capability 1s retained under
certain condiuons on oceanic islands 15 ¢videnced by the high
incidence of macroptery (25%) in females of T. venilia
eXploinng the disturbed lawn habitats on Anegada (Fig. 2).

It might be argued that the assessments of habitat age, and
thus persistence for salt grass habitats in the British Virgin
[slands (~450 possible planthopper generations), are under-
estimates. This is probably the case. Nonetheless, two lines of
evidence suggest that brachyptery increases verv rapidly in
populations of \#ing-dimorphjc planthappers given the appro-
priale circumstances. Firsl, with an increase in  habitat
persistence, dispersal capability (¢ macroptery) in held
populations declines sharply, suggesting that when the demand
for flight 1s relaxed. Hight capability dimunishes rapidly (Denno
etal., 1991, Fig.3). Planthoppers exisung in habitats lasting
only 30 generations are nearly as brachypicrous (>90%) as
species occupying habitats a thousand times more persistent.
Second. macropierous and brachypterous lines of the plam-
hopper Nilaparvaia fugens Stil can be established afier only 30
generations of selection 1n the laboratory on an initial
populalion consisung of an equal mux of both wing forms
{Marooka & Tojo. 1992). Thus, both field data en habitat
persistence (Denne eral., 1991, 1996) and selection expen-
ments in the laboratory (Marooka erai.. 1988; Mircoka &
Tojo. 1992) suggest that dispersal characters respond very
rapidly te selection over the course of ecological time.
Therefore, the habitats of T. rvensfia. even though possibly
underesumated in age, have probably pemisted long enough
for the dispersal strategy of this planthopper 10 stabilise. The
reduction in dispersal capability of planthoppers in persistent
habitats is probabiv attnbutatie to the reproductive advantage
of brachypterous adults (Denno eral.. 1989: Zera & Denno,
1997, Langellotto eraf., 2000).

Other studies have also shown that habitat persistence rather
than oceanic isolation underlies the dispersal strategy of other
planthepper species and insects. For exampie, the incidence of
macroptery n Hawalian  island  delphacids 15 low
11.26 =0.25%), not different from the mainland average
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130 = 113 (Denno erad, mopress), and very samiiar o the
level observed in Brnwsn Virein [sland populattons of 7. centdia
(1.7 = [.2%). Notably. habitat persistenee and dirmensionaiity
were controtled in the Hawanan 1sland-mainland companson.
whereby the 1ncidence of macroptery was compared only
between taxa inhabiting persistent, low-protile vegetanon.
Sunularly, wn an extensive analvsis ot the effects or habuat
=olation on the dispersal strategies of a wide diversity of insect
taxa (Onhoptera. Hemuptera. Thysanoptera,  Psocoptera,
Neuroptera. Coleoptera, and Diptera), Roff (1990) showed
that oceamc islands do  not higher-than-expected
incidences of Hightlessness than maniand faunas.

Habitat isolatton mayv conunbute 0 reduced dispersal
capability via migrant loss only in the very smallest of habitat
patches (Roff. 19901, The highly fravmented vert persistent salt
marshes in southern Califomia mav provide an exampie where
isolanon contrtbutes (@ the evolunon of flightlessness n
delphacids. [n these habitats. dispersal 15 virtually absent 1n
populatons of Prokelisia dolus (0.16 = (L36% macroplery:
Denno e¢rail., 1996), a level below that (5-8%) predicted by
habitat persistence alone (see Denno eral., 1991). By contrast.
males of T. wenilia were much more macropterous
(32,2 £ 11.4%) in the smail. solated patches of salt grass on
dunes than they were in the large expanses of salt grass
associated with salt Rats (5.7 = 3.3%), Although this panem 1s
attributed here to the constraints associated with mate finding,
it illusrates that flight capability can be retained when
necessary cven in the smallest and most solated habitats.
Therefore, it 1s argued that at the scale of oceanic islands, and
perhaps also at much smaller spatal scales, 1solation per se
plays litle roie in the dispersal strategies of planthoppers.

Habuat tvpe (dune vs. salt fat-pond edge vegetanon)
tnfluenced the incidence of macroptery in I. venrhia, but only
in the male sex (Fig. ). Macroptery in males was almost five
times higher tn dune habitats (389 than in salt Hat and salt
pond vegetauon (8%). Higher levels of macroptery in male
planthoppers than in females are symptomatic of the
ditheulties associated with mate locanon. because onlv the
male sex scarches actively for mates (Denno eral., 1991, in
press: Claridge & de Vnjer. 1994: Denno. 1994a; Langellotio,
1997). Vamauon n salt-grass structure. coupled wuh 2
geperally Jow population densuty (23 =35 adults per m;
Tabie 1., probably underhes this habitat-related difference 1n
macroptery In males of T vemfla. The sparse structure of dune
vegetation apparently favours the retention of wings because
macropters are better able to negouate such habitats and locate
calling females, an effect that has been shown for other
delphacid spectes (Langellotto. [1997). Brachvpterous males
neither  sepse nor  locate  calling efficiently in
heterogeneous  vegetation.  The  situation 15 reversed in
contiguous vegetanon. such as the dense stands of sali grass
on tertidal flats, a suuaton where brachypterous males of
other planthopper spgecies have been shown 10 be more
successful 1n locating males and outcompeling macropiers
for access 10 them (Langellotto. [997).

Macroptery was densuy dependentin the males of T, venrlia.
but the slope of the relatonship was sigmificantly steeper in
populations occupyving dune vegetation than in sait-ftavpond-

have

temales

margin vegetauon, turther cormoborating the etfect of habitat
type on the incidence ol dispersal capabrity (Fig. 4). A
difference in the slope of this relationship 1s consistent with the
view that there 15 a genetic difference between dune and salt
flat-inhabiting populations of I° vendia, whereby the density
that tnggers the production of macropters in males differs
between the two populations (Denno eral., 1991, 1996). An
independent assessment  using amplified fragment-length
polymorphusm markers also found ua significant genetic
ditference between the dune and sait-pond populaticns of T.
venifia on Guana Island (D. J. Hawthome. unpublished). This
is a remarkable finding considering that these lwo disjunct
populations are separated by only 300 m, albeit by an upland
ndge. Other marsh-inhabiting planthopper species  with
simalarly low incidences of macroptery (< 20%) show no
evidence for the genenc subdivision of populations at such a
<mall spatal scale, although their habuats are relatively
conrguous (Peterson & Denno, 1997, 1998). Apparently, the
homogenising effects of gene How between these two
populations on Guana [sland are offset by the surength of
habitat-related differences in selecuion for the enhancement of
flight capability in one habitat and us reduction in the ather,
The strength of the oppusing forces, however, may be less than
it appears because gene flow between populations of T. venilia
depends mot only on the fraction of macropiers in the
populauon but also on the flight capability of the individuals.
One study with gerrids suggests that the flight capability of the
macropterous morph decreases as the proponion of macropters
declines in the population (Fairbaim & Desranteaw. (987).
Thus. for a planthopper species that averages < 30% macrop-
lery. maies may be relauvely weak ftvers. simply flitting
around within the habitat in search of females. a behaviour that
may dimunish frequent gene flow between disjunct populations,
It has been argued that isolanon may promote macfoptery
because only winged adults can colomse smail, isolated, and
extinction-prone patches (sce Travis & Dytham. 1999). [f this
were the case for the dune-inhabiting populations of T. venilia,
elevated tevels of macroptery would be expected in both sexes
in such habutats because planthoppers mate only after they
have dispersed to new habitals (reviewed by Denno &
Raodenck. 1990 In the 3 vears of sampling dune vegetation,
nolt one macropterous femaie was found, even though
macropterous males were  relatively  abundant (Table ).
Moreover, on Guana Island. the extensive Sait Pond popuiaton
would be the closest source of colonists for the dune-inhabidng
population on North Beach. Yet. it 1s these two populations
that show evidence for guenetic divergence. Macropterous
males in the dune population are more penetically related to
their brachypterous counterparts in the dune population than
they are 1o brachypters i the salt-pond population (D. I.
Hawthorne, unpubiished), Together. these data do not suggest
that macroptery in dune populations resulls from selective
colomsation by macropters. Rather, within-habitat selective
pressures associaled with mate finding appear 1o be a more
parsimonious explanatien for clevated macroptery in males.
The iability of dispersal characters in delphacid plant-
hoppers. coupled with their wing-dimorphism, allows the
teasing apart of the selective effects ot habitat persistence and

- 2001 Blackwell Science Lid. Ecoforical Entomelogy, 26, 25-36

)
U




structure that tersct 1o snape the dispersal sirategies of
msects, For planthoppers exsiomting low-profle host piants,
there 15 an verse relanonship between habuat persistence and
dispersal capabiity (% macroptery). with volant species
predomunaung n temporary habitats and  flightiess 1axa
occurnng  pomarily in long-lived habitats (Denno eval..
1591). Habuat dimensionality and macroptery are rejated
posiively, wih flight reduction ¢vident 1n species exploing
low-profile vegetation, and wing retention charactenstic of
arboreal species (Denno. 1994b). Habutat persistence  and
dimensionatity interact such that flight 1s retained in species
exploiting arboreal habitats, even though habitats are persistent
{Denno etai.. in press). Thas, the etfect of habitat persisience
on the incidence of flight capability is realised only tor species
occupying low-profite habitats such as T i enidia.

[n addimon to the three-dumensional nature ol the hahitat,
nner-scale differences 1n habwat structure also  affect the
dispersal strategies of planthoppers. partucularly for males. Inis
argued here that the ditference in the structure of salt grass
between dune and salt-flat habitats influences the searching
cfticiency of the male wing forms of 7. ventlia. and hence their
mantng success. Macroptercus males of other delphucids are
far more ettective at locating females 1n sparse vegetation and
under  low-density conduwions than are  brachypters
(Langellotto, 1997). The enhanced incidence of macroplery
in males of 7. venilia occupying sparsely vegetated dune
habitats probably also reflects the advantage of flight 1n mate
location.

Histopcally, coastal strand. marsh. and dune communities
have been targeted as habutats where 1solaiion may promaote the
evolution of flightlessness inansects (see Roff. 1990; Wagner
& Licbherr. 1992). Recent studies in these same habitats have
played a pnotal role 1n both challenging the wignificance of
isolation and in demonstranng the importance of habutat
persistence and structure n the evolunon ot insect dispersal
strategies (Denno eral., 1991, 1996, 0 press).
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A new peneric classification for Thaumatodryininae,
Dryininae and Gonatopodinae, with descriptions of new species
(Hymenoptera Dryinidae)

Abstract - A new generic classification is proposed for Thaumatodryininae,
Dryininae and Gonatopodinae. [n the subfamily Dryininae the following
new names are proposed in the genus Dryinus: hansonianus, harpax,
arimensis, kovanki, parkerianus, arer, australige, gibbosoides, pseudoafer
and dayvianus. The following new species of Dryininae are described:
Dryirnus muadugascolus, from Madagascar; Dryinus lini and choui, from
Taiwan, Megudryinus pulawskii, from Peru; Dryinus cruciatus, lrom U.S.
Virgin  Dvlands;  Dryinus  wasbaueri, Trom Papua. In the subfamily
Gonatopodinae the following new names are proposed in the genus
Gonuilopus. aegypti, fortunatis, tussacensis, owuini, pilosoides, ceballosi,
operasus, rufoniger, asiue, insulae, variabilis, umericae, cobbenianus,
Havoides, stephani, boucekianus. In the same subfamily the following new
combinations  are  proposed:  Gonatopus  hefleni  (Raatikainen) and
Gonatopus  nearcticus  (Fenton).  The  lollowing  new  species of
Gonatopodinie is deseribed: Gonatopus seasiivas, Irom Madagascar. [n
the subfamily Anteoninae the following new names are proposed in the
venus Amieon: hirashimuai, parafluccum, gauidense. The male ol Anteon
minimum (Fenton), from the U.S.A., is described. In the subfamily
Bocchinae the new species Bocchus rossi, from Weslern Australia, is
descrtbed. In the subfamily Apodryininac the male of Apodryinus masneri
Clmi, from Chile, is described and the genus Socchopsis Oimi is considered
senior synonym of Auwstralodryinus Olini, The new name Bocchopsis
ausirafis is proposed.

Riassunto - Una nuova classificazione per i generi di Thaumatodryininae,
Dryininae ¢ Gonatopodinae, con descrizione di nuwove specie (Hyinenoptera
Dryinidae).

Viene proposta una nuova classificazione per i generi di Thaumatodryini-
nae, Dryininae ¢ Gonatopodinae, Nella sottofamiglia Dryininae seno pro-
posti, nel genere Oryinus, | seguenti nuovi nomi: hansonianus, harpax, ari-
mensis, kovariki, parkerianus, ater, australiae, gibbosoides, pseudoafer ¢
dayianus. Sono inoltre descritte le seguenti nuove specie di Dryininae: Dryi-
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rus madazascolus, del Madacascar; Dryinis T ¢ chowe, & Tanwn: Megu-
drvinus putawski:, del Peru, Drvenies cruciaiues, delle Ivole Yeraing statun-

tensi; Oryvinus wasbauert, di Papua. Nella sontofamigiia Gonatopodinae ¢
nel genere Gongtopus sONO Proposti 1 seguentl nuoyi nomi: adgvpll, forii-
natus, russacensis, owaint, prlosoides, ceballosi, operosus, rufoniger, asiue,
insulae, vuariabilis, wnericae, cobbentunus, flavoides, stephani, boucekia-
nus. Nella stessa sottofamiglia sono proposte le seguenti nuove combinazio-
ni: Gonatopus ielfend (Raatikainen) ¢ Gonatopus rearcticus (Fenton). Fra s
Conatepedinae ¢ por descritta la nuova specie Gonatopus sensitivus, del
Madagascar. Nella sottofamigha Anteoninae ¢ nel genere d#ateon sona pro-
postl |seguent nuovi nomi: Arrashimai, paraflaccum, gauldense. Viene an-
che descritto 1l maschio di Aareon punimvam (Fenton), degh V.S AL Nella
sottofamizlia Bocchinae ¢ descritia la nuosa specie Bocchus rossi, dell’ Au-
stralia Ocadentale. Nella sottolfamiglia Apodryininae viene deseritto 1l ma-
schio di Apodryinus masneri Olmi, del Cile, ed il genere Awstralodryinus
Olmi viene posto in sinonimia di Bocchopsis Olmi. Yiene proposto il nuovo
nome Bocchopsis australis,

Rey words: 1axonamy, Dryintdae.

The main taxonomic problem of Dryininae and Gonatopodinue was the
generie classification of the males, The taxonomy of these two subfamilies in
fact was based on Tfemales. They showed apparently good generic characters,
whereas the males showed only specific differences. In his revisions in fact Olmyi
(1984, 1989) proposed keys 1o the gencra only tor temales. The males were
treated only in speafic kevs, Among the Gonatopodinae only generi as
Neodrvinus Perkins, Echthrodelphax Peckins, Haplogonatopus Perkins and
Esagonatopus Olmi were easily recognizable in the male sex 1oo.

The above situation was unacceptable of course. It was not possible to
admit that almost all the genera of 1wo subfamilies were distinet only in the
female sex, This classification was considered however provisionally valid,
awailing to know a bigger number of males. The number of known males in
fact was so small that conclusions were impossible.

The number of known males was increased in the last years. [U's possible so
now 10 propose a different generic classification for Dryininae and
Gonatopodinae, as follows.

MATERIAL AND METHODS

The examined material is kept in the following collections:
BM: Natural History Museum, London, England

3
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CACaliforma Academy of Sciences, S, Francisco, California
LAc Nawaral Histary Museum of Los Angeies County, Los Angeles, California
OL: Department of Plant Pratection, Viterbo, lialy

OT: Biosystematics Research Centre, Ouawa, Canada

TM: Taiwan Agriculture Research Institute, Wufeng, Taiwan

WA National Museum of Natural History, Washington, D.C.

The terminology 15 that of Olmi {1984).

I have much indebted to the following perions who helped with the
collections, either by sending dryinids on loan, or acting as host, when their
nstitutions were visited: Liang-yih Chou (Taiwan), Michael Day (London),
Tom Huddleston (London), Karl V. Krombein (Washington), Lubomir Masner
{Ottawa), Wojciech I, Pulawski (San Francisco), Roy Snelling (Los Angeles),

Sublamily Dryininae

tn the past the main taxonomic problem of the Dryininae was the generic
classification of the males. Whereas in fact it was possible to propose a
satisfacrory distinction among the genera on the basis of females, the males
seerned all alike, so that only specific classifications were proposable (Olmi,
1984, 1989).

On the basis of females the following genera were recognizable, according
1o the Olmi system:
Dryvinus Latrellle 1804 .
Mesaodryinus Kieffer 1906
Perodryinus R.C. L. Perkins 1907
Tridryinus Kieffer 1913
Megadryinus Richards 1953
Alphadryinus Olmi 1984
Gonadryinus Olmi 1989
Cretodrvinus N. Ponomarenko 1975 (fossil)

On the basis of studies of the last years now it's possible to add to the above
list the following two genera:
Thaumatodryinus R.C, L. Perkins 1905
Psendodryinus Olmi 1989

For the genus Thaumatadryinus in the past (Olmi, 1984) the subfamily
Thaumatodryininae was proposed, whereas the genus Pseudodryinus was
considered belonging to Gonatopodinae (Olmi, 1989). This last attribution
however was caused by a mistake tn the observation of the spurs of the mid
tibiae. According to the original description in mid tibiae of females the spurs
were absent {1,0,2 formula). Recently another study of the species of

3
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Pseuctodrvinus permitted 1o see a mid nbial spur, not seen n ibe fow previous
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observed specimens, mostly Tor the bad condinans of the iwes The formula wo
was 1.1, 2, so that this genus could be considered belonging 1o Drvininae, and
not to Gonatopodinac. These observations ol course were based all on female
specimens, because the males of Pseudodryinus were unknown.

The attribution of females of Pseudodryinus 10 Dryininae seemed soive
numerous problems. In the meantime however males ol Pseudodryinus were
found in Taiwan (Psewdodrvinus sinensis n. sp., sce later on), They have
quadnidentate mandibles, whereas the males of Dryininae have tridentate
raandibles. This character so leads to think rhat these males are belonging o
Thaumatodryininae. [t's obvious that males and lemales of the same genus
cannot belong to different subfamilies. 1 think so that the subTamily siatus of
Thaumatodryininae is not proposable. The genus Thaumatodryimus so
(together with Pseudodryinus) must be considered belonging to Drvininae, as
old Authors thought in the past.

During recent studies on the genera Bocchoiwdes Benoit and Chelotfiefins
Reinhard, both considered in the past (Olmi, [984) belonging 1o Boechinae, the
few known specimens were again examined {one lemale specimen ol Bocchoides
bekifvensis Benoil; three female specimens of Chelothelitis gryps Reinhard; one
female specimen of Chelorhelius berfandi Bernard). Recently in fact a new
important morphologic character was identified {Olmi, 1992b) 10 distinguish
the subfamilies Bocchinae and Dryininae: the presence or the absence of
epicnemia, The lateral regions of the prothorax o faet o Bovchinae are
continuous with the mesopleura, so that the epicheniium (Or prepectus) is
invisible (fig. 30 in Olmi, 1992b). [n Dryitinae on the contrary the lateral
regions of the prothorax are not continuous with the mesopleura, so that the
epicnemium is distinctly visible (fig. 31 in Olmi, 1992b). This character is visible
both in females and in males, Bocchoides and Chelothelinsy have visible
epicnemia, so that they are belonging to Dryininae and not to Bocchinae. In the
past on the contrary the main difference between Bouechinae and Dryininae was
based on the different number and shape of mandible teeth (Olmi, 1984).

After the attribution ot Bocchoides and Chelothelius 1o Dryininae a
comparation with Mesodryinus Kieffer and Alphadryinus Olmi was tried (Olmi,
1992b).

[n the past Mesodryinus and Alphadryinus were considered different mostly
om the basis of the presence or the absence of notaulices inr the females (Olmi,
1984). The recent study however of a population of female specimens of
Mesodryinus selaris Olmi, from the U.S.A., demonstrated that the notaulices
can be visible or invisible in the same species. Some specimens of the above
species in fact showed distinctly visible notaulices, whereas in other specimens
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treopotaubices were amvisible. The ssnonvmy of the (wo 2enera can B¢ s
nroposed { Mesodrvinus s senior svnonymy.

Phe companson among Bacchtordes, Chelothelius and Mesodrvinus in the
new taxonomic status showed that it was impossible to propose generic
ditferences. The three genera so are considered svnonyms and Chelothelius is
the valid oldest name, as follows:

Chelothelius Reinhard 1863

( = Mesodryinus Kieffer 1906, svn. proposced by Olmi 1992b)

{ = Bocchaides Benoit 19353, syn. proposed by Olmi 1992b)

{ = Alphadryinus Olmi 1934, syn. proposed by Olmi 1992b)

A ter the above reflections the following genera can be considered belonging
1o Dryininae;

Dryinus Latreille 1804

Chelochelius Reinhard 1863
Thaumatodryings R.C.L. Perkins 19035
Perodryinus R.C.L. Perkins 1907
Triclryinus Kieffer 1913

Mezacrvinus Richards 1933

Cretadrvinus N, Panomarenko 1975 (fossil)
Gonadryinus Olmi 1989

Pseudodryinus Olmi 1939

The above nine genera however are recognizable mosily on the basis of
femaie spectmens. A reeent study of almost ali the known males demonstrated
that the males of Drvinus, Tridryvinns, Perodryinus and Chelothelius don’'t
show  genernie differences, whereas the males of  Thawmaiodryinus  and
Pevdodryvinns are well distinet, The mades of Gaonadryinus, Cretodrvinns and
Moegadryinus arc unknown,

It the males of Dryinus, Tridryinus, Perodryinus and Chelothelins don™t
show generie differences the four genera can be considered synonyms and
Orvinus Latreille 1804 is the oldest valid name,

On the basiy of the above considerations the following new st of genera of
Drvininac ¢an be proposed:

DryinuslLatreille 1804

{ = Chelothelius Reinhard 1863, n. syn.)

{ = Mesodryinus Kieffer 1906, n. syn.}

( = Peradryinus Perkins 1907, n. syn.)

(= Tridryinus Kieffer 1913, n. syn.)

{ = Bocchoides Benoit 1953, n. syn.)

{ = Aiphadryinus Clmi 1984, n. syn.)

Thaumatodryinus R, C.L. Perkins 1905
Megadryinus Richards 1953
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] Cndarend claw veny reduceds approvomately as long eor slightly longer than arelium
i 709 Oln, 1984) i
........................... 4. Drvinus wuiwemngits (0lmi) group (Vormerly Perodryinus)

—  Enlarged claw not reduced, much lengar than arolium (fig. 367 in Olmi, 1984) ... 2

2 Enlarged claw withour subapuweal reeih (fig. 669 in Olmi. 1984) or with at least 2
subapical teeth (fiz. 702 n Olmi, 1984y rarely with one oniy subapical tooth, but in
this case with a sery broad apical lamella (fig. Y Ein Olmi, 1989y ...
......... 30 Drvenus laciedlanus (Odmyg group (ormerly Aiphadryinus, Mesodryvinus,
Chelotielins, Bocchowles)

—  Enlarged ¢law with ene subapical tooth, aever with a broad apical lamella (fig. 567
m Olmi, 1984y

3 Notaulices at least partly visible o
................ I. Dryinus constans Olmi group (formerly Drvinus, Rickardsidryinis)

— Notaulices invisible L 20 Drvinees raficauda (Richards) group (formerly Tridryvinus)

3

The new species Drvinus cruciatius is belonging to the group 1, where it's
near Dryvinus cirricolus Olmi and Drvinus flavoniger Oimi. In the key to Lhe
females ol the Neotropic Drvinus proposed by Olmi (1989 D. creeciatus can be
inserted at number 3, as follows:

I Oceipitad carina invisthle l.constans Olmi
—  Oceipital carina complete or meomplete O 2
2 Thoray and propodeuny Tully or almose Nelly (estaceous oo . 3
-—  Thorax and propodeum mostly or fully dlack ..o 4
I Unbrged chivw soithout Lunellne {(Vig, $63 in Olmi, 984y . 2. ciricotus Olmi
—  Lnfarged chow withoacrow of Lemelhie €052, 7Y oo 1
VoooOcapind carmge neeinplere; head  owith o POL almost 0,5 as long s

O 3. fluvonizer Olmi
— Ocapital caring complety; head with POL longer than O .0 290 crucianis n.sp.

Thaumatodryinus snellingi n. sp.

DESCRIPTION OF THE FEMALE: [ully winged; length 3,75 mm; testaceous, with
scutellum brown and petiole black: antennac short, approximately as long as
heud + mesosoma, with tufls of long hairs on segments 5-10; antennal
scgments in following proportions: 12:5,5:13:12:13:14:11:9,5:8:9,5; antennal
segment 5 less than ten times as long as broad (13:2); head swollen, granulated,
dull; frontal line absent; occipital carina complete; POL = 5; OL = 2,5: OQL
= 8,5, OPL = 2; TL = 3; breadth of the anterior ocellus slightly longer than
OL (3:2,5); pronotum hairy, crossed by a strong transversal impression, duil,
granulated, with tracks of numerous transversal striac; pronotal tubercles
reaching the tegulae; scutum dull, granulated; notaulices little visible,

23
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imeomplere, reaching approximately 0.8-0,9 length of scutwim; scutellum duil,

granulated; metanotum shiny, <smocth, without sculpiure, propodeum dull,

reticulate rugose, withoul transversal or {ongitudinal keeis; fore wing with a

dark spot bencath the pterostigma; distal part ol radial vein longer than

proximal part (32:12% radial cell almost closed; fore tarsal sezments in

following proportions: 17:4:6:13:22; enlarged claw (tig, 8) with two subapical

teeth and a row of 235 lamellae; segment 3 of front tarsus (N2, 3y with 24
- lamellae withoul interruption to the apex; apex with a group of 9 lameliae;

tibial spurs 1, L, 2.

MALE: unknown

Locus rypices: Long Man's Puorad (Guana L., British Virgin Islands)

TypICAL MATERTAL: holotype @ in LA

DIsTRIBUTION: only known of the typical locality.

NOTEs: the species is namied in honor of the collector of the holanype, Mr. Roy

@y \.‘l\ i \\
¥ "‘_’/‘:k
.:,)-)1\ 'e\\ ' N N
et \\ -\,g \‘\ el
oA N oo i
Ll N\, s ‘\ N Lodi
< {\, R \\ \ / -
()‘1\ L.,‘ \ - i
A B
2 :’_,f \ | |

R L/
Y/ I RS
1/

=
= 10 *

- Figs. 8-11 - Chelac of holotypes of Thatmatodryinus snellingi n. sp. (Nig. 8), Dryvinus
wasbaueri n. sp. (fig. 9); Gonatopus sensitivus n. sp. (fig. 11); seutum and
part of metathorax + propodeum of holotype of Gonatopis sensiivus n.
sp. (fig. 10} {in dorsal view),
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Snclling: the holotype was collected by a Malaise trap in a drv evergreen

forest on October 21-24, 1992, For the very short antenna Th. snellingi is an
anomalous species of Thaumatodryinus, Usually in fact in this genus the female
aintennae are much longer.

[n the key to the females of Neotropic Thaumatodrvinus proposed by Olmi

{1984) Th. snellingi can be inserted at numaber 4, as follows:

4

Lh

Antennae very short and less slender, approximately as long as head +
RIT Yo LYo ] ) T PSSP 7. sneflingi 0. sp.
Antennae very loneg and slender, at least 1,5 times as lone as head + moesosoma . 3
Segment | oof front tarsus approximately as long as seement 4; head black or

brown-plack ........... e e 3. macilentus De Santis & Vidal Sarm.
Segmenl 1oof front tarsus longer than segment 4; head fully reddish or
reddish-12staceous Or TESIACCOUS it i R 6
Oucehiur triangle very swollen, breadth ol the anterior ocellus more than twice as
lone as OL o 3. bruchi De Santis & Vidal Sarm.
Ocellar triangle slightly swollen; breadth of the anterior ocellus as Jong as, or
shorter, or less than twice as long as OL ... I, 4. nifus Richards

Family Dryinidee. Dryinid Wasps.—Those who collect and observe
leafhoppers and related Homoptera, often find specimens which look as
though the abdomen had been ruptured, a hernia-like swelling projecting
from between certain szegments, This is the habitat of the larva of a
Dryinid wasp that forms and lives within the cyst, which is composed of
its own shed skins. When full grown the larva leaves the mortally
wounded host and spins 2 cocoon, usually attached 10 a convenient plant.
The females of the wasps, which finally emerge from the cocoons, are
remarkable in the possession of a pincher at the end of each front leg,
which is formed by the elaboration of the fifth tarsal segment. With
these pinchers the wasps catch and hold the small hoppers while they
thrust their eggs into the latter’s body. The front wings have a well-
develuoped stigma and are often pizimented, but most of the veins are
faint or obsolescent. The hind wings are almost veinless. In some
species all trace of wings has been lost. The head is broad, the body
slender, the prothorax remarkably elongate and drooping. These wasps
are very important to man, since the adults, as well as the larvae, may
destroy leafhoppers.

%5



THE LARGE MOTHS OF GUANA [SLAND. BRITISH VIRGIN [SLANDS.
A SURVEY OF EFFICIENT COLONIZERS

Vitor O. Becker. Research Associate. Depanamento de Zoologra. Universidade de Brasilia. P O.
Box 04323, 70919-970 Brasilia. DF. Brazil and Department of Systematic Biclogy. Smithsonian
Insutution, Washington, DC 20560-0103. LSA

Scott E. Miller. Department of Systematc Biology, Smithsoman [nstitution, Waslungton. DC
205600103, USA

“Good bovs 2o 1o heaven. but the bad bovs go evennwhere™*
Meatloaf. 1993

ABSTRACT. Anilustrated and annotated list of lurge moths of Guang. a 297 ha island located on
the north side of the Canbbean island of Tortola. Briish Virgin Islands. is presented for the first
time, Of the 148 species listed. Y8 are distributed throughout the neotropics. 41 throughout the
Antlles. with some ranging into Flonda, and 9 endemic to the Puerto Rican Bank. two of them
descnbed here: Catabenordes lazelli sp. n.. and Pengea gloria sp. n. The loilowing ncw svnonyms
and combinations were also recognized in this study: Leucania solita Walker. svn. n. [=L.
humidicola Guencej. L. dorsaiis Walker, sp. rev.. L. extenuata Guence, sp. rev.. Kakopoda cincta
Smith. svn. n. [=K. progenics (Guenee)], Drepanopalpia polveyma Hampson, syn. n. [=D. lunifera
(Butler). comb. n.]. Sphucelodes fusilineatus Walker. siat. rev.. Pivchopoda monata Forbes, svn. o,
and Sterrha insulensis Rindge, svn. n. [=Lobecleta natana (Walker)|, Ptvchopoda curtariu Warren.
svn. n. [=ldaea minuta ¢Schaus)]. Pterocypha defensata Walker, stat. rev . is recognized as the
sentor svnomym of P. flondata (Walker). svn. n.. reversing a recently published ssonvmy. A new
genus, Catabenoides Pocle, gen. n., type-species: Laphvgma vitring Walker, 15 also descnbed in an
appendix. including C. divisa (Herrich-Schaffer), comb. n.. C. seorsa {Todd). comb. n.. and C.
terens {Walker), comb. n.. atl by Robert W. Poolc. The palatability to birds of nwo specics.
Diphithera festiva and Calidota strigosa. was tested and the species were shown to be distasteful.

KEY WORDS. Antifles. West [ndies, biogeography. Guana Island Lepidoptera. taxonomy,
palatabiliny.

FOOTNOTE TO FIRST PAGE

*\We often pejoratively regard widespread species as "weed species” or "pests”. Parodying the
citalion ubove: "Bad" species go evervwhere, "goed"” species {may] go to Heaven [extinct]. But is «t
fair to consider them bad simply because they are able to get evenwhere? Perhaps "officient
colonizers” 1s a better term?
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Guana 1s a small island on the north side of Tortola in the British Virgin Islands (18'28'N,
04°33'W) (Fig. 1}, While ut is small. onlv 297 ha. and the maximum clevation is 266 m. it bears a
relatively nich vegetation and has sustained less damage by feral animals and humans than have
many adjacent islands (Lazell. 1996). It has most of the floristic associations of the larger Virgin
Islands. with the notable exception of the "aridulate rain foresi” of Tortola (D'Arcy. 1967). Despute
its simall size. Guana has a diverse insect fuuna. For example. Guana has 31 specics of butterflics
{Becker & Miller, 1992). compared to the larger istands of Ancgada (3872 ha) (Smith et al., 1991)
with 24 species and Tortola (3444 ha) with 31 species (Riley, 1975),

This is the first survey of the moth fauna of this island, 1 F.G. Clarke was on Guana bricfly in
1950 and 1958 (sce Schmitt, [959). but was not ablc Lo collect at lights there. Most of the species
here are previously known from Puerto Rico (e.g.. Forbes. 1930, 1931, Schaus, 1940. Wolcott,
1931). but most have not been recorded from the Briush Virgin Islands due to lack of previous
sampling, The faunal similarity 1o Pucrto Rico is expected. given that the principal islands of the
Virgin Islands (except Saint Croix) lost their connection with cach other and with Pucrto Raco only
about 8.00t) to 10,000 vears ago. duc to custatic rise in sea level (Heatwole ct al.. 1981).

We are wreating the Lepidoptera of Guana Island in parts. Becker and Miller (1992) reported 31
specics of butterflies. The present paper reports 148 specics of large moths (Macrolepidoptera.
inctuding the unrelated Cossidae and Hyblaeidae for convenicnce), represented by 1390 specimens.
The manuscript was prepared using the classification of Noctuidae of Poole (1989), before the
extensive changes in higher classification presented in Kristensen (1998). Future papers will treat
Pvraloidea and Microlepidoptera.

The moth fauna of Guana is composed primarily of species with wide distributions in the New
World tropics (Table 1), Of the 148 specics listed, 50 arc endemic to the Caribbean Islands, many
of them rcaching the Florida Peninsula, and only 9 are apparently restricted to the Puerto Rican
Bank. These proportions. however. are not the same for the different familics. The highest degree
of endermusm occurs in the Geometridae and Axctiidac, whereas the lowest occurs in the
Sphingidac. This is presumabiy because of the powerful flving capacity of sphingids. while
geometrids and arctiids are clumsy flvers.

Holloway and Nielsen (1998, following Ferguson et al., 1991) presented a chart of 12 moth
genera that are widely recorded from remote islands worldwide. Of these 12 genera, 9 genera
{including 20 species) are prescent on Guana (counting Leucania as Mythimna). 1t is likely that the
remaining three genera, cspecially Agrotis, may be found on Guana in the future,

The material upon which this list is based was collected in July 1984 and 1983 (bv S E. Miller &
P. M. Miller), July 1986 (8. E. Miller & M. G. Pogue), July 1987 (S. E. Miller & V. O. Becker).
July 1988 (S. E. Milter & C. O'Connell), October 1989 (V. O. Becker) and October-November
1990 (S. E. Miller & T. M. Kuklenski). Collections from 1984-1986 are deposited at the National
Museuwm of Natural History (USNM), Washingion, thosc of 1987-1990 arc split between first
author (VOB), Bishop Muscum, Hawaii (BPBM), and USNM. The largest collections were made
bv both authors 9-23 July 1987, with over 2200 specimens representing about 3010 morphospecies,
and by the first author in October 1989, with over 2000 specimens representing over 3340

morphospecies.

The list of species by family collected in the 1989 trip (Table 2) gives an impression of the overall
fauna, especially the diversity of Microlepidoptera, still under studv, Of these 359 species, 243
species (2/3) are Microlepidoptera and pyraloids. and 163 (nearly %) belong to pyraloids and
gelechioids.

The number of specimens listed in this work under each spectes does not reflect relative
abundance, as our objective was only to list the specics occurring on the island. Therefore, in the

LY
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case of specics that arc commoit i other parnis of the neotropics only one or a few specunens were
colleeted to voucher the record. independent of their abundance. In conirast. in the case ol endemic
or rarc specics. usuatly all specimens were caught

The excellent results ebtained by the first author during the 1989 trip wus 2 surprise. as it was
made beiwecn 20-40 davs after Hurrnicane Hugo had devastated the island on 18 September The
damage was still evident: all buildings without roofs and without most of their doors and windows,
and fallen trees and tom branches scattered all over the isiand. According (o people who were on
the island the day Hugo hit. net a single leal remarned on the trees. At the time of his arrival (9
Qctober) the 1sland was completely green ugain, That same night the collecting was fantastic, as
were also most niglits during the next 20 days spend there. Not only the quantity, bul also the
quality of the malerial was impressive. It scemed that all specimens had emerged that day.
Certannly all caterpillars that had reached development had o pupate immediately after the
hurricane. and now they were all emerging together. Leaf mines were also abundant. As thesc tiny
spceies usualty have shorter life cyveles, they had time 1o emerge and lay cggs in the 20 days that
preceded the arrival. Torres (1992) documented the impact of Hurricanc Hugo on Lepidoptera
populations on Pucrto Rico.

A svnoptic collection. containing at lcast onc specimen represcnting cach form was taken to the
Smithsontan Instiution (USNM), Corncll Umversity (CU). and most importantly. o the Natural
History Muscum (BMNH). London. by the first author. The list below s a result of the
identifications made by comparing this svnoptic collection with identified material, especially type
specimens (including important voucher specimens and vpes from Forbes 1930, 1931, Schaus.
1940). The first author has compiled a synonymic list of Antillean Lepidoptera (Becker. in prep.),
which has provided further taxonomic background.

This report is addressed not only to lcpidopterists. but also to biologists and others intcrested in
the observation and siudy of the fauna of the Virgin Islands. For this reason we give a brief
svnopsis of cach species to provide a context and o sugpest what kind of obscrvations should be
undertaken.
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SPHINGIDAE

Eighuy five specics of sphingids have been recorded from the Antilles (Becker, in prep.). 22
{25%) of them were collected by us in Guana. Nearly all occur in the United States too, so Hodpes
(1971) illustrated them in color. They arc also illustrated in color in D'Abrera (1986). Most of their
larvac were illustrated. also in color. by Moss (1912, 1920).



Sphinginac
1. Agrius cingulatus (Fabricius, 1773)
{Swectpotato hornworm. Pink spotted hawk moth)

1D: Easily scparated from other hawk moths by the pink dots on its abdomen.
DIST: United States south 1o Argentina, including Galapagos.

GUANA: | specimen. 1989,

HOST: Its variable lanvac (green to dark brown) {eed on various plants belonging o
Convolvulaceae. including sweet potato.

2. Cocviius antaeus (Drury. 1773)
(Giant sphinx)

D Eusilv distinguished from other sphingids on the island by its dark green wings and the three
pairs of vellow dots on the abdomen.

DIST: Southern United States 10 Argentina; not in Galapagos.

GUANA: | specimen, [989

HOST: Green larvae feed on various Annona specics { Annonaceac) such as custard apple.

3. Manduca sexta (Linnacus, 1763)
{Tobacco hornworm. Carotina sphinx)

ID: Easily distinguished from the other sphingids on the island by its gray wings and six pairs of
vellow dots on the abdomen,

DIST: Widespread in the New World, including Galapagos.

GUANA: 5 specimens, 1984, 1988, 1989,

HOST: Pest of cultivated solanaccous plants. such as tobacco. tomato, potato, etc.

COM: Mature larvae are green-yellow with seven pairs of white lateral bands. and red anal horn,

+. Manduca rustica (Fabricius, 1775)
{Rustic sphinx)

[D: Easily distinguished from other sphinx moths on 1he island by its dark gravish-brown tore

wings with transverse grayish-whitc waiving bands, and threc pairs of yellow dots on the abdomen.

DIST: Widespread New World species, present in Galapagos.

GUANA: 2 specimens, 1984, 1989,

HOST: Larva is greenish-gray casily distinguished by its small white nedules on the thoracic
scgments, mainiy on dorsum. They feed on various species of Bignontaceae, Verbenaceae and
Boraginaccae (Hodges, 1971).

5. Manduca brontes (Drury, 1773)

ID: Distinguished from other specices in the genus occurring on the istand by the absence of yellow
dots on the abdomen.

DIST: Antillean species occurring northward to Central Flonda,

GUANA: 1 specimen. 1989,

HOST: The larva is similar to that of the tobacco hornworm but feeds on Tecoma (Bignoniaccae)
(Hodges. 1971).

Macroglossinac
6. Pscudosphinx tetrio (Linnacus, 1771)
(Frangipani hornworm)

ID: The largest sphinx on the island; pale gray with irregular darker markings.
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DIST: United States throughout the Antilles to Argentina

GUANA: 7 specimens, 1988, 1990,

HOST: Its conspicuous bright caterpillars - banded black and vellow with reddish brown head and
orange legs - arc frequently scen defoliating frangipani. Plumena spp. (Apocynaceae) on the
tsland.

7. Erinnyis alope (Drury, 1773)
{Papava hornworm)

ID: Easily distinguished from other sphingids on the island by the combination of vellow basal half
of hind wings and aliecrnate pairs of light gray and black dots on the abdomen.

DIST: Widespread in the New World, including the Galapagos.

GUANA: | specimen. 1989

HOST: A varicty of milk plants. such as papava (Carica papaya L.) (Caricaccac). Jatropha
{Euphorbiaceae) and Alamanda (Apocynaccae).

8. Erinnyis ello (Linnacus, 17358}
(Cassava hornworm)

ID: Sexually dichromatic. Males have forc wings dark gray with a blackish irrcgular band along
the wing from near basc to apex. Females have fore wings light gray with almost no markings, The
abdomen has pairs of alternate light gray and black dets dorsally.

GUANA: 5 specimens. 1984, 1990,

DIST: The most common specics of the genus in tropical America; also in Galapagos.

HOST: Larvae varving in color from yellowish to green and to brownish have been serious pests of
cassava (Mantihot) in tropical America; feeds on various Euphorbiaceae.

9. Erinnvis crament {Schaus, 1898)

ID: Fore wings morc brownish than those of former: basal arca reddish brown and abdomen with
indistinct smarkings.

DIST: Southern United Stalcs. through the Caribbcan south to Brazil.

GUANA: | specimen, 1989,

HOST: Gravish brown larva, figured by Moss (1920: pl. 7. figs. 3a, b), has been reared on various
members of the Apocynaceac (Hodges, 1971),

Ernnyis domingonis (Butler, 1873)

ID: Same sizc as obscura (see below) but fore wings mostly dark gray.

DIST: Same as obscura. except for Galapagos.

GUANA. 2 specimens, 1987,

HOST: Unknown.

COM: Tt is very likely that obscura and domingonis are only forms of a same species (Hodges,
1971: 102; Kitching and Cadiou, 2000: notc 162). This could be verificd by rearing,

11. Ennnyis obscura (Fabricius, 1775)

ID: Simufar to E. ello, which is also dichromatic. but easily distinguished by its smaller size and
abscnce of dots on abdomen.

DIST: Southern United States throughout the Caribbean south to Brazil, including Galapagos.
GUANA: 4 specimens, 1984, 1987

HOST: Its pale vcllowish or pale green larvae have been reared on various milk plants such as
Philibertia and Cynanchum (Asclepiadaceae).
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12. Pachylia ficus (Linnacus, 173%)
(Large fig hornworm)

ID: Large. dull brown with stout bedy. quite distinct trom other sphingids on the island. Easily
recognized by the pale. inverted trapezoidal mark on costa ncar apex.

DIST: Widespread throughout the New World, but absent from Galapagos.

GUANA: 1 specimen, 1987,

HOST: Moss (1912) figured 1n color the several forms of its caterpillars. which feed on various
species of Ficus (Moraceae). Some are green banded yeilow dorsally, while the others are gray
brown ventrally and orange. banded black, dorsally.

13. Callionima falcifera (Gchlen, [943)

1D Easily recognized by its orange brown color and the metalhic silvery mark near center of forc
wings,

DIST: Southern United States to Argentina.

HOST: Early stages and food plants are unknown. Other species in the genus have been reared on
some apocynaceous plants (Hodges, 1971).

GUANA: 4 spccimens, 1987, 1990

COM: Very sinuiar to. and for a long time confused with. C. parce (Fabnicius) (Kitching and
Cadiou, 2000 note 91). The specimen illustrated as parce in Hodges (1971, pl. 10, fig. 8)
represents this species.

14. Perigonia lusca (Fabricius. 1777)

ID: Medium size dull brown sphinx easily recognized by the bright orange area along the middle of
hind wings.

DIST: Southern Florida to Argentina.

GUANA: 27 specimens, 1987, 1988, 1989, 1990,

HOST: Bluish green larva, figured in color by Moss (1912), was reared by him on coffec
{Rubiaccae). Recorded from Gonzalagunia spicata (Lam.) Maza and other Rubiaceae in Puctio
Rico by Torres (1992).

COM: Kitching and Cadiou {2000: noic 448) review names associated with P. lusca.

13. Enyo lugubris (Linnaeus, 1771)

ID: Medium size, dark brown. casily distinguished from other hawk moths in the island by the
dentate external borders of both wings.

DIST: Southern United States, throughout the Antilles, south to Uruguay and Argentina, including
Galapagos.

GUANA.: 3 specimens, 1987, 1989,

HOST: Ampelopsis spp., Cissus spp. and Vilis spp. (Vitaceae) (Hodges, 1971).

16. Acllopos tantatus (Linnacus, 1758)

ID: Small, dark gray, diurnal, sphinx moth distinguished by the conspicuous white bar dcross base
of abdomen.

DIST; New York south to Argentina.

GUANA: One specimen captured in a Malaisc trap, 1990,

HOST: Ixora venulosa Benth. (Rubiaceae) (Biezanko et al., 1949),

17. Eumorpha vitis (Linnaeus, 1758)
{Vine sphinx)
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i1D: Dark green with fore wings crossed with grayvish bands and dashes. and hind wings with anal
margins pink. A beautiful and showy specics.

DIST: United States throughout the Caribbean to Argentina (not in Galapagos).

GUANA: 2 specimens, 1987, 1990

HOST: The larvae vary in coler: somic are dark pink others arc pale green or vellow green (Moss.
1912). They feed on grape leaves (Vitis spp.).

18 Cauthetia noctuiformis (Walker, 1856)

ID: The smallest sphingid in the New World, with a wing span slightly over onc inch. Gray with
basal half of hind wings erange vellow.

DIST: Caribbean.

GUANA: 166 specimens. 1984, 1986, 1987, 1988, 1989, 1990.

HOST: Earlv stages arc unknown but the larvae of C. grotet has been reared on Chiococea atba (L)
Hitch. (Rubiaceac) (Hodges. 1971).

COM: Kitching and Cadiou (2000: note 96) discuss the taxonomy and place the Guana population
in the subspecics C. noctudformis bredini Cary, 1970,

19. Xvlophanes chiron (Drury. 1770)

1D:; Green with an obiique gravish brown irregular band on the fore wings looking as a leaf with
dead arcas.

DIST: Mexico, throughout the Antilles to Argentina.

GUANA: 1 specimen, 1987,

HOST: lts showy caterpiflar, illustrated in color by Moss (1920: pl. 8, figs. 6a-f), was rearcd by
him on Palicourea, Psvchotria and Spermacoce (Rubtaccae). They arc glossy green beaning pairs of
red. or white red-ringed eve spots on the first two abdominal segments.

20. Xvlophancs pluto (Fabrnicius, 1777)

ID: Green with irrcgular transverse light and dark bands. Easily recognizable by the wide orange
band on the hind wings.

DIST: Southern United States to Brazil.

GUANA: 8§ specimens, 1987, 1988, 1989, 1990,

HOST: Torres {2000} described larvae from Puerto Rico. reared from Hamelia patens Jacq,
(Rubiaceac). Gundlach (1881), mentioned by Hodges (1971), also descnbed the larvae, which are
of two color forms: one is basically green, the other is black, dark violet and red. Gundlach
recorded the hosts as Chiococca (Rubiaceae) and Erythroxyvlum (Erythroxylaceac).

21. Xviophanes tersa (Linnaeus, 1771)

ID: Easily recognizable from the others on the island by its pale greemsh gray fore wings which
show several il defined longitudinal lines. almost parallet to each other, running from base to
apex; hind wings black with pale vellow marks in the vein interspaces parallel to the exlernal
margin.

DIST: Ontario, across the Antillcs down to Argentina. including Galapagos.

GUANA: 4 specimens, 1986, 1987, 1989.

HQST: The larvae, beautifully illustrated by Moss (1912 pl. 14, figs. n-q), are vellowish brown
with a pair of cve spots laterally on each 1-7 ubdominal scgments. The larvae feed on Psychotria
berteriana DC, Borrenia verticillata (L.) Meyer and Diodia sarmentosa Sw. (Rubiaceae) in Puerto
Rico (Torres, [992),

22. Hyles lineaa (Fabricius, 1775)
{Whitc-lined sphinx)



iD: Rescnibles E. vitts, but is readily distinguished by its smaller size. shorter. clubbed antennac
and single wide luscia running (rom near base of dorsum 1o apex of fore wings. crossed by whinsh
lines following the veins.

DIST: Thus powertul flver. almost divrmal, has reached all continents. as well as remote isiands
such as Galapagos and Hawati.

GUANA: | specimen. 1988

HOST: Polvphugous. Most common plants arc specics of Portulaca (Ponulacaceac). but inciudes
olhers such as Fuchsia (Onagraccae). Boerhavia and Mirabilis (Nyvctaginaceac). Xantium

{ Asteruceac). .

COM: Larvac arc hughly variable in coloration and somewhat in maculation. Somg specimens
basically are black with a pattern of yellow: others are mainly vellow with some black patiern
(Hodges. 1971).

NOTODONTIDAE
23 Nystalea nyscus (Cramer, 1779)
(Fig. 15}

ID: Light grav. narrow winged. mottled with dark brown and black scales, casily recognized by the
long scales on the basc of antcnnac that forms a crest on the top of the hcad when resting,

DIST: Mexico. throughout the Caribbean south to Brazil.

HOST: Larvac foed on various Myrtaceae cspecially on species of the genus Psidium (Todd. 1973:
270,

GUANA: 3 specimens. 1989.

COM: This is the only member of the family present on the island. which is not surprising as the
Notodontidae typically occur in moister forests and less than 30 specics have been recorded from
the Antilles {Becker. in prep.).

NOCTUIDAE

Heliothinac

24 Heliothis subflexa (Guenée, 1852)
(Fig. 16)

1D Medium sized. pale olive green: fore wings crossed with three olive bands. cdged pale basad.
DIST: North Amcrica. throughout the Antilles. south to Argentina.

HOST: Solanum nigrum L., Physalis spp. (Solanaccae) (Poole ct al., 1993).

GUANA: 2 malcs. 1989,

COM: Easily confused with the tobacco budworm, H. virescens (Fabricius). not collected but
cenainly occurring on the island. Male H. subflexa present plain white hind wings. while in H.
virescens they are bordered olive-gray. More details on both species can be found in Poole et al.
(1993). Haile ¢t al. (1975) discuss movement of Heliothis spp. among the Virgin Islands.

Nocluinac
25. Anicla infecta (Ochsenheimer, 1816)
(Fig. 17)

1D: Gray. with fore wings reddish brown along external margin and hyaline hind wings. Easily
rccognized by blackish anterior border (patagia) ot thorax.

DIST: Cosmopolitan,

GUANA: 6 specimens. 1986, 1989, 1990,

HOST: General fecder, cut worm. The larvae reach nearly 3 cm when fully grown, very variable in
color; from gray to vellowish ferrugineous, olivaceous vellow and bright green. to a sordid brown
usuallv flecked with black.
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COM: s sers Bikely that it least three other cut worms shouid be present i the island. Agrous
psiion (Hufmagel). A, subterrancy (Fabricius) and Peridroma saucia (Hubner).

Hademmnae
26, Leucania hwmmidicola Guenee, 1852
(Fig. I

1D Medium sized. pale moth. Eusily distinguished from other noctuids in the island by as
forewmg pattern: a long dark dash dehimied above by o white linc. running trom basc (o imddle.
DIST: Antlles 1o Brivil and 1o Galapagos (45 soliti. sec below).

GUANA! 2 specimens. 1989

HOST. Haves (1973) [as solita. see below| gives Sporobolus virginicus (L.y Kunth. {Pouccac) as
food-plant.

COM: The Guana specimens were kindly identificd as humidicold by Mr. Morton 5. Adams. The
name humidicola (tvpe-locality: FRENCH GUIANA) has been wrongly applicd 1o a different
specics by most authors (sce dorsalis below). following the nisidentification by Humpson (1903).
The first author compared a specimen collected by him in COSTA RICA: Guanacaste. El Coco
(VOB 33636), identical 1o those from Guanil. with the BMNH collection. It matches the tvpe of
solita (tvpe-locality: HONDURAS). and certainly the specimen figured by Haves (1973). (rom
Galapagos. Therefore L. solita Walker. 1836, svn. n.. is a junior synonym of humidicola. not of
multilinea Walkcr (sensu Hampson. 1903, Poolc. 1989). We regard mululinea Walker. 1836 as a
valid specics because we believe that Haves (19753, who had the tvpes of both multilinea and selita
at hand. had good reusons to treat the latter as a vahid species,

27. Leucamia dorsalis Walker, 18356
(Fig. 18)

ID: Easilv confused with the forner: dash along middie of fore wings not as conspicuous.

DIST.: Antilles. Florida (Dickel. 1991},

GUANA | specimen. 1988,

HOST: Unknown: presumably on grasses as do its closest relatives L. infatuans Franglemont and
L. extenuata Guende,

COM: This specics belongs to a complex previously treated by the authors as humidicola.
following a misidentincation by Hampson (1903). This complex includes at least the foliowing

specics: Lo oxtenuata Guende, 1832 (nvpe-locality: BRAZIL {no further dataj (BMNH) fexamined]).

tavaudi Guenee, 1852 (tvpe-locality: [JURUGUAY |: Montevideo. MNHN. Panis [not examined).
dorsalis Walker. 1836 (tvpe-locality: DOMINICAN REPUBLIC (BMNH) [examined]). adjuta
(Grote. 1874) (tvpe-localitv: USA: Alabama (BMNH) [not examined)) and infatuans Franglemont.
1972 (tvpe-locality: USA: Florida (CU) [not examined]). The first author compared a specimen

collected by him in BRAZIL: PR, Ponta Grossa (VOB 3301) with the BMNH collcction. Externally

it iatches the tvpes of both extenuata and dorsalis. The only specimen (rom Guany unfortunately
is a female. however a male from St. Thomas, that matches it. was dissected. as well as malce
specimens from Cuba, Mexico and Brazil. The specimens from St. Thomas and Cuba have
genitalia different from those of males from Bracil. Therefore dorsalis Walker, sp. rev. and
cxtcnuata Guenée, sp. rey.. arc herchby removed from the synonymy with humidicola Guenée. The
mule genitalia of dorsalis specimens from St. Thomas and Cuba closcly resemble the iltustrations
of those of infatuans (Franglemont. 1972 145, figs. 7-8). and after a revision of this complex it
might be revealed that both belong to the same specics. Those ol male extcnuata specimens (rom
Braril match the illustration of “humidicola™ sensu Hampson. presented by Franglemont (1972:
146, figs. 11-12). It is also very likely that wavaudi is 2 svnonyin of cxtenuata.

Amphipyrinae
28 Ncopgalca sunia (Guende, 1852)
(Fig. 20)



[D Another medium sized inconspicuous griav moth rescmbling S albula. but darker. Usaally
distinguished from the latter by the dark marked veins and. for males. by the abdomen thick s
clothed with long scalcs.

DIST: Flonda to Brasil. including Galapagos,

GUANA: 0 specimens, 1987, 1989, 1990,

HOST: Lantana (Verbenaceae) (Comstock and Dammers, 1933). Introduced to Hawaii to control
Lantana (Riotte. 1991),

COM: Immature stages described by Comslock and Dammers (1933, as Catabene csuia). Although
this genus was placed in Cuculliinac by Poole {1989). we place it here following the comments by
Poole in the appendix to this paper.

29. Catabenoides terminchius (Grote. 1883). comb. n.
(Figs. 2. 3. 22)

D This and the following are verv closcly rclated species, almost impossible to be distinguished
from cach other on external characters (sce lazelli below). They resembic a small S. atbulum but
are castly recognized from it by the grav. irregular dot on tornus of fore wings. Females usually
have a black line along middle. covering the whole extension of fore wings.

DIST: Southern USA, Antilles.

GUANA: 4 specimens. 1984

HOST: Unknown.

COM: In order to correctly place this and the following species. we include a description of the
new genus Catabenoides by Robert Poole as an appendix to this paper.

30. Catabcnoides lazelli sp. n.
(Figs. 4-6. 21)

ID: Light gray. 2.2-2.6 cm. This and the former are very closely related specics. almost unpossibie
to be distinguished from cach other on external characters (see terminellus above). They resemble a
small 8. albulum but easily recognized from it by the gy, irregular dot on tornus of fore wings.
Females usuatiy have a black line along middle. covering the whole exiension of forc wings. The
only reliably external feature to disunguish this from termincllus, is the color of patagia. In
terminellus there is a transversal line of blackish scales. dividing the patagia along the middle.
while in lazclli this linc is ochreous.

Thetr genitalia are also distinet. In the male genitalia of terminellus the distal processes of sacculus
arc simple, nearly straight rods (Fig. 2), whilc those in lazelli are complex. branched (Fig. 4).
DIST: Guana, Ancgada, St. Croix.

GUANA: 35 specimens, 1984, 1985, 1989, 1990,

MATERIAL EXAMINED: Holotvpe male: BVIT: Guana Id., 1-14.vii. 1984 (S. E. & P. M. Miller)
(USNM). Paratvpes: 13 males. 12 feinales: Same data as holoivpe (USNM. BMNH. BPBM. MCZ,
VOBY. | female: Same locality and collector, 5-23.via. 1985 (USNM); 2 males. 1 female: Samc
focahity, x.1989 (V. O. Becker. 70710) (VOB). 2 males, 3 females: Same locality, 24.x-5.x1.1990
(S. E. Miller & T. M. Kuklenski) (BPBM). ANEGADA: 2 males. 1 female: 17-19.+1i.1985 (8. E.
& P. M. Miller) (USNM). ST. CROIX: 2 males. 2 females, Kingshill. x, xi.1944, v, vi.1945 (H. A
Beatty) (CUY. 1 female. same locality, 6-16vii. 1967 (E. L. Todd) (USNM); 1 female,
Christiansted. 19. xi. 1941 (H. A. Beatty) (USNM): 1 male. 2 females. Mt. Eagle, 6-16.v11.1967 (E.
L. Todd) (USNM); 4 males, | female, 1 mi W Airport, 6-16.vii, 1967 (E. L. Todd) (USNM); 2
males. ! female. Orangegrove. W End. 6-16.v11.1967 (E. L. Todd) (USNM), 1 male. Blue Mtn.. 6-
16.vii. 1967 (E. L. Todd) (USNM), 2 males. Rust Up Twist, 6-16.7ii. 1967 (E. L. Todd) (USNM); 1
male. | mi N Great Pond, 6-16.vii. 1967 ((E. L. Todd) (USNM)}).

HOST: Unknown.

COM: This species belongs to a complex formerly considered as one specics. C. vitrinus (Walker),
a specics not found in the Lesser Antilles, being closely related to it. Its genitalia (Fig. 4. 5) are
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very similar. but shows consistent differences. the most evident is the vesica armed with a single.
strong cornutus, whercas in vitrina the vesica bears a series of smaller cornuti. The complex wilh be
treated in a forthcoming revision (Becker. in prep.). This species is dedicated 1o our friend Dr
James "Skip” Lascll. who gave us the opportunity to study this interesting fauna.

21, Spodoptera albulum (Walker. 1857)
{Fg. 2%

ID: Another plain, pale gray, medium sized species. readily distinguished by the presence. on the
fore wimgs. of a very fine black line running along the middie from base to one-fourth. Hind wings
almost totally translucent whitish.

DIST: United States. throughout the Antilles. south 1o Argentina, but not including Galapagos und
Bermuda.

GUANA: 3 speciinens, 1989, 1990,

HOST: Amaranthus sp. { Amaranthaccac) (Kimball. 1965). cotion (Bruner ct al., 1975).

COM: "This is the species previously 1dentified as 'Spodoptera sunia Guenée'. The real
Xvlopmvges sunia Guenée, 1852 is actually the specics currently known as Neogalea esula Druce”
{Poole. 1989) {(see N. sunia above). Very sumilar and casily confused with S. eridania. not collected.
but very likely to occur on the island. S. cridania is dusted brownish. and lacks the line as
mentioned above. Distributions of Spodoptera species in the Caribbean are reviewed in Cock
{1985:92).

32. Spodoptera (rugiperda (1. E. Smith, 1797)
{Fall armyworm)
{Figs. 24, 25)

ID: Medium sized, sexually dimorphic, grav species. Males have an oblique whitish dash trom
imiddle of costa across the cell. Females have indistinctive pattern, lookang almost plain gray.
DIST: Widespread in New World. including Galapagos and Bermuda,

GUANA: 8§ specimens. 1986, 1990.

HOST: Polvphagous on herbaceous plants and rcgarded as a scrious pest of maize and other crops
{Andrcws, 1980).

COM: Todd & Poole (1980) give an illustrated kev to the New World species of Spodoptera.

33. Spodoptera latifascia (Walker, 1856)
(Figs. 26.27)

1D Another medium sized sexuallv dimorphic species. Male fore wings show a diffuse patiern of
reddish brown and gray on a whitish gray background. Females are darker., casily confused with S.
dolichos and bear, on the fore wings. an oblique clongate whitish mark from middic costa to end of
cell. followed by three short whitish lines along veins.

DIST: Guif States of the United States, throughout the Antillcs. south to Costa Rica. The
population from Costa Rica south to Argentina, previously included under S. latifascia belongs to
S. cosmioides (Walken), a closely related but distinct species (Silvain and Lalanne-Cassou. 1997,
M. Pogue. pers. comm.).

GUANA: | specimen, 1989

HOST: Polvphagous on herbaccous plants, sometimes becoming a pest of vegetables and nursery
scedlings.

34. Spodoptera pulchellum (Herrich-Schiiffer. 1868)
(Fig. 28)
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ID: Wing pattern simar 1n both scxes: casily conlused with the females of the fermer. i can be
scparated from other stmitar species by the cunved whitsh line along dorsum. below the anal vein,
lrom basal fourth 10 just before tomus.

DIST: Florida. Greater Antilles.

GUANA: | specitnen, 1989,

HOST: Unknown.

COM: This secris to be the first record of tius speeics to the Pucrto Rican Bank. Probabliy
overlooked due to us rarity and for been nustaken for ns simularty 1o latifascir, a more common
species.

33, Spodopicra dolichos (Fabrictus. 1794}
(Fig. 29)

1D: Almost the sizc of latifascia: both sexcs showing sinvilar patier to that of female latifascia.
Eusily distinguishcd from the last two specics by the iwo conspicuous. parallel, dark gray bands
along thorax.

DIST: Sympatric with latifascia. including in Galapagos.

GUANA: | specimen, 1989

HOST: The larvac feed on a wide varicty of plants, both crops and weeds (Ferguson ct al.. 1991).

36, Magusa orbifera (Walker, 1857)
(Fig. 30)

ID: An extremely polymorphic medium sized {3~ cm). gray to brown species. [n the Guana
population, somc males have a wide pale area along dorsum of fore wings, others have a very
complex and contrasting maculation, while the females tend to be less marked and more brownish.
One constant fcature is the conspicuous round pale dot near the apex of fore wings and the very
broad dark fuscous hind wings. A. affabilis and E. agrotina also have the pale mark at end of apex
of fore wings but arc al most half its size.

DIST: Widespread throughout the New World. from Canada to Argentina (not reported {rom
Galapagos, but ercma Hayes (1975) may be another local varicty of this species).

GUANA: 57 specimens. 1989, 1990,

HOST: Various legumes, including Karwinskia and Condalia (Fabaceac) (Kimball, 1965).

37. Condica albigera (Guenée, 1852)
(Figs. 31. 32)

1D: Medium sized, 2.5-3 ¢m wing span. dark fuscous; fore wings with an irregular small white dot
at end of ccil, followed by a paier. almost straight trunsverse linc.

DIST: Mexico, throughout Antilles, south 1o Paraguay.

GUANA: 3 specimens, 1989, 1990

HOST: Unknown.

COM: Easily confused with C. circuita (Guenée), not collected but likely to occur on the island. In
circuita the white dot on forewing is round and has a white lunule just under .

38. Condica mobilis (Walker. [1857])
(Fig. 33)

{D: About same sizc as preceding. but more reddish brown and orange: white dot on cell usually
larger than previous,

DIST: Southern United States, throughout Antilles. south to Argentina,

GUANA: | specimen. 1989,

HOST: Unknown.



COM: Commoniy reterred 1o in the ierature as Pengea apamcoides Guenee. The Latter is 4
svnonym of C. sutor (Guenée) (Hascs, 1973),

9. Condicy sutor {Guende, 1832)
{Fig. 34)

1D: Same siz¢ s the preceding specics in the genus: fuscous with forc wings showing hule
contrasting pattern. Distingutshed from albigera und mobilis by the absence of the whitish mark on
cell.

DIST: Southern United Stales. throughoul the Antilies. south 1o Argeitina, including Galapagos.
GUANA: 1 specimen. 1990.

HOST: Scveral specics of herbaceous plants including Wedellia. Tagetis (Asteraccac). and celery
(Kimball. 1963).

40, Perigea glona sp. n.
(Figs. 7-9. 3%)

[D: Medium sized. 3 cm wing span. pale moth; fore wings shaded dark fuscous. with a serics of
small dark marks along costa and small black dots along termen, on the spaces between verns,
Simalar to the fonmer specics but with more contrasting pattern and. readily separated bv the series
of black dots along termen.

DIST: Guuna. Tortola.

GUANA: 2 specimens, 1989.

MATERIAL EXAMINED: Holotype male: BVT: Guana Id., x. 1989 (V. O. Becker. 70722)
(USNM). Paratvpes. 1 female. same data as holotvpe (VOB):. 1 malc Tortola, Mt. Sage National
Park. 460m, 13-15.vii. 1987 (V. O. Becker & 5. E. Miller, 66865) (VOB).

HOST: Unknown.

COM: Very similar in appearance to P. berinda (Druce). a species from the Greater Antilles and
Central Amcrnica. but with genitalia (Figs. 7-9) very different from those of berinda. being very
similar to those of P. piaucoptera (Guenée). This species is dedicated to Ms Glonia Jarecki, for her
and her family's support of The Conscrvation Agency's biodiversity research on Guana Island over
the vears.

+1. Elaphria agrotina (Guenée. 1852)
{Fig. 30)

ID: Small. 2-2.3 ¢m wing span; forc wings dark fuscous with a paler arca :Hong costa and a
conspicuous pale dash ncar apex. Similar to A. affabilis (see below), but larger and with hind
wings bordered whitish.

DIST: Flonda. throughout the Antilics. south to Argentina.

GUANA. 5 specimens, [987, 1989, 1990,

HOST: Cotton and beans (Phascolus) (Fabaceae) (Silva ct al., 1968).

42. Elaphria nucicolora (Guenée. 1852)
(Figs. 37. 38)

1D: Same size as former; forc wings dark fuscous, with a broad. ill contrasting. darker triangulur
mark with basc on middle of dorsum and vertex at €nd of cell. Hind wings whitish,

DIST: Throughout New World tropics including Bermuda. Immigrant to Hawaii.

GUANA: | specimen. 1989,

HOST: Various herbaceous plants (Ferguson et al., 1991).

43. Anatcinoma affabilis Mdschler. 1890
(Figs. 10, 11, 151. 152)

A



1D Smalk, 13 mm wing span: fore wings reddish brown with transverse sinuate lines allerniing
paic and dark. and with a conspicuous whitish dash on apex. Simtlar to E. agrotina (see above) but
smaller. and fore wings lacking pale arca along costa. M. orbifcra also has a pale mark on apex.
bul 15 almost three times the size ol affabilis,
DIST: Puerto Rico and Virgin Islands.
GUANA: 22 specimens. 1987, 1989, 1990,
HOST: Unknown.
COM: Despite the good color illustration presented by Moschler (18903, who described 11 [Tom
Puerto Rico. Hampson (1910} treated this species as an unrecognized taxon in the Erastriinae
{=Acontiinac]. where it has remained. Onc of the rcasons for this situation is because 1o materiai
except for the types. which are supposcd to be in MINHU. Berlin. has been avatlable to subsequent
authors who studied the New World noctuid fauna. No material of this species was found in the
BMNH and USNM:; for this rcason vouchers from the scrigs studied here have been deposited
there.

This specics does not belong in Acontitnae. but is related (o some specics currently placed in
Elaphria Hibner. However. we prefer not to synonvinize Anateinoma under Elaphna as the group
nceds revision. The male genitalia are illustrated in Figs. 10, I

44. Micratheus triplex (Walker. 1837)
(Figs. 39. 40)

[D: Small. 1.3-2.2 cm wing span. slightly dimorphic, variable in color. Males have pale fore wings
speckled with darker small dots, termen dark brown and with a conspicuous dark brown dot at end
of cell. Females are darker. Hind wings whitish slightlv bordered with dark grav. Easily recognized
by the dot on cell and by the two rows of small blackish dots forming two arches, almost paraticl to
each other, from costa o dorsum.

DIST: Throughout the New World.

GUANA. 14 specimens. 1987, 1989, 1990,

HOST: No foodplant has been reported.

Agaristinac
45. Caulars undulans Walker, [1838]
(Fig. 47)

ID: Undoubtedly the most autractive noctuid on the island. Forewings white bordered and marked
olive: hind wings golden vellow bordered reddish-brown with a lunular blackish marsk on tornus.
DIST: Hispaniola. Jamaica, Puerto Rican Bank (Kiriakofl. 1976).

GUANA 9 specimens, 1989,

HOST: No hests grc known for any of the four specics in this genus.

COM: Male penitalia illustrated by Kinakoff (1976).

Bagisarinae
46. Bagisara rcpanda (Fabricius, 1793)
(Fig. 41)

ID: Smali. 2-2.5 cm wing span. pale veliow. dusted gray. Easily identificd by the three palc lines
crossing the fore wings, more or less cquidistant and parallel to cach other. These lines arc bent
basad near costa.

DIST: Widespread from Southeast United States to Paraguay. including Galapagos (Haves, 1975,
Ferguson, 1997},

GUANA: 4 specimens. 1987, 1989,

HOST: Sida glomerata Cav. (Malvaceae) (Haves, 1975).

COM: Verv common on disturbed arcas where malvaceous weeds often occur.

O
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Aconunae
47 A axis (Guenée, 18325
(Fig. 42)

1D Small. obscure, (uscous species. castly contused with some small Condica species. Males are
castly distinguished trom those by the presence of i round, senutranslucent arca nedr base of fore
WIngs.

DIST Pantropical. including Tahiti and Hawail

GUANAC 2 specimens, 1989,

HOST: Chenopodium (Chenopodiaceae). Cardiospermuin (Sapindiceae), Parasponia (Ulmaceae).
and Amaranthus (Amaramhaccac) (Ferguson, 1991).

COM: The large distribution and obscure paticrn have contribuied to long synonymy: it was
descrtbed 18 times (Poole. 19893, Frequently referred 10 in the Hiterature as A. octo (Guenee), a
synom i based on the prionty of names cstublished by Nielsen et al. {1990: note 690).

48, Ponometia exigua (Fabricius, 1793)
(Figs. 43-43)

1D Small. variable. sexually dichromatic species: males are pale vellow with fore wings crossed
with difTuse. sinuate olivaccous bunds. Females (ore wings dark fuscous with a wide. contrasting,
pale fiscia along costa. In some females this pattern is less conirasting.

DIST: Southern United States. throughout the Antilles, south to Bravil. including Galapagos.
GUANA: 9 speclinens, 1989, 1990

HOST: Waltheria ovata Cav. (Sterculiaceac) (Haves, 1975),

COM: Commonly referred to in the Iiterature by its junior svnonyvm P indubitans {Walker).

49. Cyvdosia nobilitella (Cramer. 1779)
(Fig. 46)

iD: Small showv moth: onc of the most attractive noctuids on the island. Forewings present a
rehiculated pattern with white arcas enclosed by dark bluish metallic gray and red lines. Hind
wings semitranslucent white in males. dark gray in females.

DIST: Southern United States. throughout Antilles. south to Argentina,

GUANA | specimen. 1984,

HOST. Hampson (1910) mentioned "?Spigelia anthelmia L." (Loganiaceae), following Cockercil
{18973, No species of this plant family known from the island (G. Proctor. pers. comun.). although
the specics occurs on other Virgin Islands (Acevedo-Redrigucz, 1996).

COM: Pattern resembles somge species of Atleva (Yponomeutidae) and specimens are often found
mixed in collections. Cockercll (1897) and Dvar (1897) described the lanvac.

30. Tripudia quadnfcra (Zeller. 1874)
(Figs. 133, 1534

TD: The smallest noctuid on the island. 0.7-1.2 cnt wing span: resembling a small Olcthreuatinae
(Tortricidac). and C. metaspilaris (see belowy Dark gray: fore wings with conspicuous quadrate
mark on middle of dorsum.

DIST: Southern Uniied States. throughout the Antilles. seuth 1o Brazil.

GUANA 22 specimens, 1989, 1990

HOST: Unknown.

31. Tripudia balteata Smith. 1900
(Fig. 133)



1D Small, on average slightly larger thun T. quadrifera. Dark grav. Easiby idennfied by the broad.
oblique. vellowish band on forc wings.

DIST: Southern United States. Anudles, south to Brazil

GUANA: 10 specimens. 1987, 1989, {990

HOST. Unknown.

32, Ommatochila mundula (Zeller, 1872)
(Fig. 130)

ID: Small. | 5-2 em wing span. dark grayv. resembling some Olethrcutinae specics (Tontricidae).
Fore wings arc divided across the middle by a pale, almost straight tine. the basal half much darker
than outer half

DIST: Southern United States. Antilles. south to Argenting.

GUANA: 14 specimens. 1986, 1989, 1990

HOST: Unknown.

33 Cobubatha metaspilaris Walker, 1863
(Fig. 137)

1D: Small, 1.3 cm wing span. gray: similar to. but larger than T. quadrifera. In the latter the mark
on dorsum is quadrate whereas in metaspilaris it is trapezoidal.

DIST: Antilles.

GUANA.: 3 specimens. 1990

HOST: Unknown.

34, Eumicremma minima (Guence, 1852)
{Fig. 158)

[D: Verv small, 1 2-1.5 cm wing span; fore wings palc crossed with olive and dark olive waiving
bands. and with some very small. black dots along termen, the most conspicuous the one near upex
and the other near tornus. In resting posture looks like some of the cochylid species (Tortricidac).
DIST: Southern United States, Antilles. south to Argentina.

GUANA: 3 specimens, 1987

HOST: Gnaphalium (Asteraceac).

54. Eublemima rectum (Guenée, 1852)
(Fig. 161)

ID: Small. 1.5 ¢cm wing span. pale vellow: fore wings clouded with red brown with oblique paie
fascia from middle of dorsum o near apex.

DIST: Southern United States, throughout the Antilles. south to Argentina, including Galapagos
and Bermuda.

GUANA. 3 specimens, 1989,

HOST: Ipomoeea and Convoivulus (Convolvulaceac) (Forbes. 1954) fas E. obliqualis (Fabricius). a
homonym].

55. Spragueia margana (Fabricius, 1794)
(Figs. 159, 160)

ID: The smallest of the two Spragucia species on the island; also dimorphic. Similar to S,
perstruciana (sce below). Males casily distinguished from the latter by the absence of orange. by the
pale costa, and by the olivaceous shadcs and marks on fore wings; females by the olivaceous
thorax. which 1s edged pale sellow in S. perstructana.
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DIST: Southern Unuted states. throughout the New World tropics. including Galupagos.
GUANA: | specimen, 1987
HOST: Abutilon and Sida (Malvaccac) (Hayes. 19753,

56, Spragucia perstructana (Walker. 1863)

ID: Very simular and shightly larger than former (sce above). and also dimorphic,
DIST: Southern United States, Antilles. south to Costa Rica.

GUANA: 1 specimen. 1989,

HOST: Unknown.

COM: Mustrated 1n color in Kimball (1965 P1 IV, figs. 31. 37).

57. Thioptera aurifcrum {Walker, [1838])
(Fig. 162)

1D: Small, 1.5-1.8 cm wing span, vcllow, fore wings usually with two very small black dots. and 1l
defined reddish line bevond the cell. from costa 1o dorsum. termen ¢dged with laden gray.

DIST: Southern United States. throughout Antilles, south to Brazil.

GUANA: 4 specimens, 1989, 1990

HOST: Unkmown, however Kimball (1965 gives Digitaria ischacmum |Synthensma impomoeal
(Poaceac). as the food plant for T. nigrofimbria, a closely related specics.

Sarrothripinac
58. Characoma nilotica (Rogenhofcr, 1882)
(Figs. 163-165)

ID: Small. I-1.2 cm wing span. highly vanable. gray species.

DIST: Described from Epypt. hence its name, now Pantropical, including Galapagos, Bermuda.
and the Pacific Islunds.

HOST: Whitc mangrove. Lagunculana racemosa (L.) C.F. Gacrtn. (Combretaceae) (Hayes, 1975).
willow. almond. azalea. and "black olive” (Ferguson, 1991),

GUANA: 25 specimens. 1985, 1986, 1990,

COM: Rests flat. looking like some tortricids.

59. Collomena filifera (Watker, 1857)
{Figs. 49. 50)

1D: Mcdium sized grav species, similar to female S. frugiperda. Distinguished by the whitish
diffused band across the subterminal arca of fore wings and by the entirely whitish,
scmitransiuscent hind wings (narrowly bordered gray in femalcs).

DIST: Florida throughout the Antilles. south to Brazil.

GUANA: 4 specimens, 1989, 1990

HOST: Unknown.

60. Motya abscuzalis Walker, 1839
{Fig 48)

1D: Slighttv smaller than C. lifera; whitish grav, Easilyv recognized by the two. almost paralicl.
rows of small. black dots along termen, with the one near tomus conspicuously larger. The
abdomen of males show two paired black dots dorsally, near apex. Hind wings scmitransiuscent
whitc. bordered gray.

DIST: Florida. throughout the Antilles. south to Brazil.

GUANA. 1 specimen. 1989.

HOST: Unknown.
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Eutcliinac
61, Paccies obrotunda (Guence, 1832)
(Figs. 31, 52)

1D: Medium sized. gray. irrorated brown. males have basal half of antennae strongly pectinate. and
fong slim abdomen: females have filiform antennac and short stout abdomen. Fare wings with a
conspicuous paic hunular mark ncar base. detimited externally by a narrow, doubic linc.

DIST: Southern United States. throughout Antilles. south to Paraguay.

GUANAC G4 speaimens. 1984, 1987, 1988, 1989, 1990,

HOST: Unknown, howcver, its larvac should be scarched on Burscra simaruba (L) Sarg.
{Simarubaceae). as a related species. P arcigera (Guenée), was reared on B. gruveolens (Kunth)
Trnana & Planch. in Galapagos (Hayes, 1973).

Plusiinac
62. Pscudoplusia includens (Walker. [1838])
(Fig. 53)

ID: Medium sized. gravish brown with bronze luster. Recognized by the small silver markiogs near
center of fore wings.

DIST: United States to northern Chile and Argentina, inciuding Galapagos and Bermuda
(Lafontaine & Poole. 1991 30).

GUANA: 2 specimens. 1989

HOST: Polyphagous; Ferguson ct al. (1991) lists plants belonging to 14 familics as foodplants. Can
be a minor pest of beans, sov beans, and other leguminous crops.

COM: Generally referred to in the literature as P. oo {Cramer), an homonym. Other specics
belonging to this subfamily, such as Trichoplusia ni (Hitbner) and Argyrogramma verruca
(Fabricius) ar¢ likely to be collected on the island in the future. These also bear silver marks on the
forc wings.

Catocalinae

63, Ptichodis immunis (Gucnée, 1852)

(Figs. 54. 55)

ID: Medium sized. 2.5-3 cm wing span. pale species. Fore wings crossed with 11l defined
olivaccous lings, two of them highly contrasting: the antemedial and the postmedial. both bordered
internally with lemon vellow,

DIST: Mexico, throughout the Antilics to Brazil,

GUANA.: 6 specimens, 1987, 1989, 1990,

HOST: Unknown.

04. Mocis latipes (Guence. 1852)

(Fig. 38}

ID: Medium sized, 3 .54 cm wing span, broad winged., dark species. Highly vaniable in color and
pattern, Ground color varies from pale brownish through fuscous to reddish brown. Females tend
to have pattern less contrasting than malces, and the paler fonns could be easily confused with the
darker forms of female M. disseverans, a neotropical specics recorded from the Greater Antitles.
Smaller than M. repanda (sce below).

DIST: Southern United States, throughout the Antilles. south to Argentina, including Galapagos
and Bermuda.

GUANA: | specimen, 1989,

HOST: Several species of grasses, sometimes a pest of grazing tand.

COM: The mules of the species belonging to this genus can be easily distinguished from other
noctuids by the thickly hairy hind legs. Generally referred to in the litcrature as M. repanda. a
different species (see below),
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63 Moars antillesia Hampson, 1913
(Figs. 56. 37)

1D: Same size and casily confused with the former. Ground color pale 1o pale vellow. Clothing of
hind Iegs usually vellowish in this whercas gravish in M. latipes. Smaller than M. repanda (sec
below).

DIST: Lesser Antilles. Bahamas.

GUANA: 4 specimicns. 1989, 1990,

HOST: Unknown.

66, Mogis repanda (Fabricius, 1794)
{Figs. 39, 60)

ID: Larger than the former two species in the genus, 4.5-3.5 cm wing span. Smaller specimen
larger than larger specimens of both M. latipes and M. antillcsia. Easily disunguished from the
others by shape of postmedial lines in both wings: tn the fore wings it is bent inwards afier the
angle near costa, and fades away before tomus whereas in the former two it 1s stratght and reaches
tornus, in the hind wings 1t is strongly angled outwards before tornus whereas in the others it is
straight,

DIST: Antilles and Guatemala.

GUANA: 2 specimens, 1987, 1990,

HOST; Mucuna deeringiana (Bort) Merr. (Fabaceac) Jas M. megas] (Martorell. 1976).

COM: Generally known in the literature as M. megas (Guenée). a junior svononym (Poole. 1989).
Berio (1933) clarificd the status of M. repanda and illustrated the male genitalia.

G7. Ophisma tropicalis Guenée. 1852
(Fig. 61)

ID: Same size as M. repanda. but with stouter body. Extremely variable in pattern and color. Easily
recognized by the small, conspicuous white dot on basc of fore wings closc to thorax,

DIST: Southern United States. throughout the Antilles. south to Argentina,

GUANA: 2 specimens, 1987,

HOST: Cupania americana L. (Sapindaceac) (Martorell, 1976).

Ophidcrinae
68. Azeta versicolor (Fabricius, 1794)
{Figs. 62, 63)

ID: Medium sized polymorphic species. groundeolor varics from ferrugincous to dark gravish
brown. Easily recognized by the pointed forc wings and by the transverse pale dash at middic of
fore wings costa.

DIST: Throughout the New world tropics from Florida 1o Argentina.

GUANA: 23 specimens, 1987, 1989, 199%).

HOST: Canavalia (Fabaccae) (Kimball, 1963).

COM: Commonty referred 10 in the literature by its junior ssnonyvm A, repugnalis (Hiibner).

69. Mectallawa absumens (Walker, 1862)
(Figs. 64-66)

1D: Medium sized, hughly variable species. Ground color from reddish brown to gray. Sinular to E.
cacawa but readily separated by the dark brown head and anterior border of thorax. by the ncariy
rounded border of hind wings. and by the filiform antennac in both scxes. Some specimens bear 4
black reniform mark at the end of forc wings cell.



DIST: Southern United Stntes. throughout the Andilles. south to Brazil including Galapagos.
GUANA; 12 specimens. 1987, 1989, 1990,
HOST. Unknown.

70. Plusiodonta thomac (Guende. 1832)
(Fig. 67

1D~ Medium sizcd dark brown species with some shinning golden arcas on fore wings. Recognized
bv the single dentate expansion on middle of dorsum of forc wings.

DIST: Deseribed from St. Thomas. considered endemic 1o the Antilles.

GUANA! 4 spectmens. 1987, 1989,

HOST: Unknown.

COM: Itis very likelv that the continental populatton. P. clavifera (Walker). belongs to the same
specics. There is some degree of variation in both the Anollean and the continental populations.
and specimens from both regions intergrade into cach other. The latter has becn reported to
Galapagos (Haves, 1973).

71, Svllectra erveata (Cramer, 1780)
(Fig. 68)

1D: Medium sized reddish ferrugineous species. Fore wings with three transverse lines. angled
basad near ¢osta, and with one or two small, round pale dots on outer side of postmedial line.
Males also easily distinguished by unique shape of antennae. which are uncommonty thick
throughout its length cxcept tip.

DIST: Florida. throughout the Antilles, south 0 Brazil.

GUANA: 3 specimens, 1986, 1987,

HOST: Unknown.

72. Litoprosopus puncticosta Hampson, 1926
(Fig. 69)

1D: Large. velvet fuscous spectes. Its narrow wings and stout bodv resemble s small sphinged.
Readily distinguished from other noctuids of satne size on the island by the orbicular black mark at
lower cdge of hind wings.

DIST: Haiti, Virgin Islands.

GUANA: | specimen, (989,

HOST: Unknown, however, a closc refative, L. futilis (Grote & Robinson). has been found boring
into the flower stalks of Sabal and Screnoa (Arccaceae) (Ferguson ct al.. E991).

73. Diphthera festiva (Fabricius, 1775)
(Fig. 70)

1D Medium sized. bright vellow, with an elaborate pattern of bluish gray lines and threc parallel
rows of dots parallel to external margin. Hind wings dark gray with pale cilia.

DIST: Widespread throughout the New World tropies. from Florida to Argentina.

GUANA: 2 specimens, 1987, 1989,

HOST: Casuarina equisctifolia L. {Casuarinaceae), Corchorus hirsutus L. (Tiliaceac), Schrankia
portoricensis Urb. (Fabaceae), and Waltheria indica L. (Sterculiaceac) (Martorell, 1976). Bright
colored larvac reared in Brazil on Sida sp. (Malvaceae) (VOB). a common weed in disturbed areas
on the island.

COM: Commonly found in the literaturc under the svnonvm Noropsis hicroglyphica (Cramer). Its
pattern may be aposematic. One male was tossed towards a grav kingbird. Tyrannus dominicensis
(Gmelin), who caught it in the air. retumed 10 its perch, tried to swallow the moth, then spit it out
and cleaned its beak against the branch (Becker. personal observation).
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74 Gonodonta bidens Gever. (832
(Fig. 71)

I Showy medium sized moth. cannot be contused with amy other in the 1slind. Fore wings sehvet
durk brown: basal and postmedial arcas paler. crossed with waving dark and reddish brown fines.
Hind wings dark gray with a bright elongate vellow arca at middie. Head conspicuously white.
DIST Flonda. throughout the Antitles, south 1o Argentina.

GUANAC | specumen. 1990,

HOST: Guarca trichiliotdes L. (Meliaccue). Cupania (Sapindaceac) und Diospyrus (Ebcnaceac)
(Todd. 1972). Adults have been reponted causing damage 1o oranges i northern Mexico by
picrcing npemng (rurts (Todd, 1959

75 Mchpous aconnoides (Guendée)
(Fig. 72)

ID: Mcdium to large sized. 3.3-5 em wing span. light gray specics. Hind wings semitransluscent
white with a broad grayv band along cxternal margin nol rcaching lower angle: just betore lower
angte there 1s. often. a small gray dot.

DIST: Flonda. Antilles. south to Brazil. including Galapagos.

GUANA: 4 spccimens. 1989,

HOST: Delonix rcgia (Bojer ex Hook.) Raf. (roval poinciana) and Parkinsonia aculcata L.,
(Fabaccae) (Martorell. 1976).

COM: Except for M. acontioides. the other specics of the genus are very difficult to identifv as they
look very similar to cach other and complicated by the high degree of vanation among specimens
of one same specics. Most Mclipolis species recorded for Guana also occur in Southern United
States and were reviewed by Richards (1939). and illustrated in color by Bordelon and Knudsen
(1999,

The specics of this genus arc often the nost abundant moths coming to fight in dry arcas of the
New World tropics. Ong of the reasons is thal they feed on various leguminous plants such as
Acacia. Cassia. Prosopis. and other species that are abundant in such habitats. Durning certain
collecting trips. cspecially immediztely afier the beginning of rain season. thev came to light in
such great numbers that the entire sheet were covered. making it impossible to collect any other
moths. In somc occasions the lights had to be disconnected and ¢ollecting discontinued (Becker.
personal observation).

76. Mclipotis fasciotans (Habner. {1831])
(Figs. 73. 74)

1D: Medium 1o large sized, 345 cm wing span. vanable specics. The most variable specics of the
genus occurring on the isiand. [n some specimiens the pattern is little contrasting while in others
the contrast is strong. Most specimens can be casily distinguished from those of other species on
the island by the antecmedial oblique. pale fascia of fore wings. In this the fascia is straight and
with the same width throughout. [n some specimens the arca basad to this fascia is pale olivaceous.
DIST: Southern United States. Antilles, south o Uruguay.

GUANA: 7 specimens, 1989,

HOST: Unknown. however. "Numerous caterpiilars hiding under loose bark of trecs of Guatacum
officinale L. (Zygophyllaccae), presumabiy after feeding at night on the foliage” (Wolcou. 1931).
This obscrvation should be checked as (his tree generilly grows together with many Ieguminous
specics. known as food plants o other specics of Mclipotis.

77. Melipotis contona (Gucnce, 1852)
(Fig. 78)



[D: Same swee as lurger specimens of former 1wo. but not as vanable. Ven sinular 1o the following
with which it sharcs the white basal arca of lund wings, and palc head and dorsal arca of thora.
Eastly separated from M. famelica by the pale irregutbar arca at the end of ¢ell. [n the latter this 1s
ncarly rounded whereas in contorta its lower end extends widely wwards the external margin,
DIST: Florida. Antilles.

GUANA: 4 specimens. 1989, 1990

HOST: Unknown,

74, Mclipotis famelica (Guende. 1852)
(Fig. 70)

ID: Very similar 1o the former ¢ither in size and pattern. Color pattern not highly variable but
sexually dimorphic. Females have pattern less contrasting than males. Some males have
antemedial fascia inged reddish brown.

DIST: Southern United States. Antilles, south to Veneruela. including Bermuda (Ferguson ct al .
19913

GUANA: 9 specimens. 1987, 1989, 1990,

HOST- Leucacna latistliqua (L) Gillis & Stearn (Fabaceac) (Martorell, 1976).

79 Melipotis ochrodes (Guenée, 1852)
(Fig. 77. 78)

ID: Easily confused with M. indomita, a neotropical specics also recorded from the Greater
Antilles. but not collected on Guana, Highly variable. Basal area of hind wings semitransluscent
gray. not whitish as in contorta or famclica, or almost dark gray as in januans.

DIST: Antites. Mexico. south to Brazil.

GUANA: | specimen, 1989

HOST: Prosopis juliftora (Sw.) BC. and Schrankia portoricensis Urb. (Fabaceae) (Martorcll, 1976).

COM: The specimen illustrated here, identical to the one collected on Guana, matches the seres at
BMNH identificd as M. ochrodes (tvpe specimien in MNHN, Paris, not examined). [t could
represcnt only a smaller form of M. indomita.

80. Mehpotis januaris (Guenge, 1852)
(Figs. 79, 80)

ID: On average slightly smaller than all other Mclipoiis species on the tsland; sexually dimorphic.
Males have fore wings with very contrasting, dark brown pattern; fcmales little contrasting,
reddish brown. Easily distinguished from all other species in the island by almost entirely dark
gray hind wings.

DIST: Southern United Statcs, throughout Antilles, south to the Guianas and Colombia.
GUANA: | specimen, 1987,

HOST: Inga laurina (Sw.) Willd {as [. fagifolia] (Fabaceac) (Martorell, 1976).

81. Ascalapha odorala (Linnaeus, 1758)
{Witch moth, biack witch)

[D: Readily distinguished by very large size and broad wings showing bluish hue. Sexually
dimorphic: males blackish gray, females lighter in color. with more contrasting pattern. and with
three close. parallel, zig-zag. white lings crossing the wings.

DIST: Originatly South American. now Pantropical.

GUANA. 3 specimens. 1982 (1. Lazell). 1983, 1939,

HOST: Various leguminous threes, including Acacia, Cassia and Piptadenia (Hayward, 1969,
Haves, 1975). Comstock (1936). Schreiter (1936) and Bourquin (1947) describe its life history and
immature slages.

LO#



COM- [Hustrated in several works. including Covell (1984), Ferguson et al. (1991), Haves (19730,
and Kimball (1963).

82 Epidronua lienaris {Hubner, 1823)
(Fig. 81)

ID: Large. 3 cm wing span. highlyv variable gray fuscous specics: fore wings with conspicuous
renuform biack mark at nuddle and a postmedial. almost straight. pale linc.

DIST: New World tropics.

GUANA: | speciimen. 1990

HOST: The larvac (as E. pannosa Guenée) were found on Psidium longipes (O. Berg) McVaugh
(Myrtaceac). and were fed in the laboratory on P, guavava L., Eugenia axillaris (Sw.y Willd.
(Myrtaceac) and on Mctopium toxiferum (L) Krug & Urb. and Rhus copailina L. (Anacardiaccac)
(Dickel. 1991).

COM: This is a widespread and highly polvmorphic species. described more than 10 times
{Becker. 2001). and 1s commonly known in the literature as E. zctophora Guenée (Haves. 1975)
and E. pannosa {Solis. 1986, Dickel. 1991).

83. Manbuta pvraliformis (Walker. 1858)
(Fig. 80)

ID: Medium sized gray species. Fore wings speckled with small black dots and with an oblique
postimedial vellowish fascia, basad area of thus fascia light gray, distal arca dark gray. Malcs have
pectinate aniennae.

DIST: Florida and Antilles.

GUANA: 1 specimen, 1980.

HOST: Unknown.

COM: Poole (19891 listed this species under Epidromia Guenéde. however, its genitalia and
pectinate antennae are similar to those species currently 1in Manbuta Walker (Becker. 2001).

84. Ephvrodes cacata Guenée. 1832
(Figs. 82, 83)

ID: Same size and resembling M. absumens (sce below). Variable in coler, from reddish brown to
gray. moitled with black scales. Easily wdentified by the strongly angled termen of both wings,
cspecially on the hind wing forming a smali tail. Male antennae strongly pectinate, female filiform.
DIST: Southern United States. throughout the Antilles. south to Colombia.

GUANA: 3 specimens, 1989

HOST: Sesbania grandiflora (L.} Pers. (Fabaceae) (Brunner et al., 1975).

85. Concana mundissima Walker, [1858]
(Fig. 84)

ID: Medium sized silky shining gray species; fore wings have fine. broken. transverse lines and a
dark dot near middle, closer to dorsum. Hind wings semitransiuscent white, edged gray.

DIST: Florida. throughout the Antilles, south to Bruzil

GUANA: 7 specimens, 1989, 1990.

HOST: Unknown.

86. Massala asecma Hampson, 1926
(Fig. 85)

o
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[D: Medivm sized. 3.5 e wing spatn. stout badied. pale brownish specics. Wings shaded brown
with 11l defined. irregular brownish lines, nearly parallel to cach orher. from costa to dorsun.
DIST: Antillcs

GUANA: 2 specimens, 1989

HOST: Unknown,

%7. Lesmone formutaris (Gever, 1837)
(Figs. 90, 91)

ID: Medium sized grayv, sexually dimorphic species: males have two wide ill-defined dark gray
bands across the wings: in spread specimens the bands are continuous, crossing both fore and hind
wings. Females do oot show these bands. however. the edge of the postmediat band in the hind
wings is replaced by a straight vellow fascia running from apex to tornus.

DIST. Southern United States, throughout the New World tropics. including Galapagos.

GUANA 3 specimens, [987, 1989,

HOST: Cassia and Mimosa (Fabaccac).

#4%. Lesmone hinna (Gever, 1837)
(Figs. 87-89)

ID: Same size and similar to the former. Easily dislinguished by the conspicuous round, pale dot
on the cell of fore wings.

DIST: Southern United States, throughout the Antilles, south to Brazil.

GUANA. 3 spccimens, 1989,

HOST: Unknown.

89 Baniana rciapsa (Walker, 1858)
(Figs. 92. 93)

ID: Small to medium sized pale ochreous. sexually dichromatic species. Male fore wings have a
conspicuous tnangular black patch near base. close to dorsum; postntedial arca black, fading
gradually towards termen. Females lack the tnangular patch and have the distal area lighter gray.
rescmbling P immunis, but readily distingutshed by the dark brown anterior edpe of thorax.
DIST: Restricted to the Antilles.

GUANA: 18 specimens. 1986, 1987, 1989, 1990,

HOST. Unknowm,

90, Eulepidotis addens (Walker. 1858)
(Fig. 95)

ID: Small. grayish brown: for¢c wings with three straight lines across. the medial and postmedial
double. enclosing a conspicuous ochreus band. Hind wings with diffusc orbicular mark followed by
a short tail on the lower part of extcrnal margin.

DIST: Antilles.

GUANA: 12 specimens. 1987, 1989, 1990,

HOST: Inga vera Willd. (Fabaceae) (Martorcll, 1976).

91. Eulepidotis modestuia (Herrich-Schiiffer. 1869)
(Fig. 94

ID: Small. white tinged vellow species. It also has lines crossing the fore wings and a short tail on
the hind wings similar to those of former specics.

DIST: Antillcs.

GUANA: | specimen, 1989
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HOST: Cetbi pentandra (L) Gaertan, (Bombicaccie) (Martorell, 19701,

92. Toxonprucha diffundens (Walker. 18338)
(Fig. 96)

1D Small sized. 1.8-2.2 cm wing span. gray specics. Highly variable: most specimiens have pattern
45 in K. progenics (see above).

DIST: Anulles. south to Brasil.

GUANA: | specimen, 1990,

HOST: Unknown. however. other species in the genus have been reared on Acacia (Fabaceace)
(Crumb, 1456).

43 Kukopoda progenics (Guenée. 1852)
(Fig. 97)

ID: Medium sized. 2.3-3 cm wing span. broad winged. dark gray moth. Wings crossed wath many
finc waving lines alternating black and pale. Very similar 1o and casily confused with T.
diffundens (see below). but readily separated by size. The smalicr specimens of this specics are
always larger than the largest of the latter. Males arc also ¢asily scparated from T. diffundens by
the pale brush at the tip of abdomen.

DIST: Flornida. throughout the Antilles to Brazil.

GUANA: 4 specimens, 1987, [989.

HOST: Unknown.

COM: Therc is no rcason to regard K. cincta Smith. 1900, syn. n.. described from Florida. as
distinct.

94, Parachabora abvdas (Herrich-Schiffer, [1869])
(Fig. 98)

ID: Small to medium sized, cupreous brown specics; hind wings semitransluscent white. bordered
with a wide, diffuse gray area. and veins contrastingly grav.

DIST: Mexico. throughout the Antilles, south {0 Brazil.

GUANA: 3 specimens, 1988, 1989,

HOST: Unknown.

93 Cecharismena abarusalis (Walker, 1859)
(Fig. 99

1D: Small brown species with fore wings tinged copper and ferrugineous: apex of fore wings
pointed. Very similar to the following. but casily separated by the oblique straight mediat line.
DIST: Flonda throughout Antilles south to Brazil.

GUANA: 9 specitmens, 1987, 1989

HOST: Unknown, however C. nectarea Moschler has been reared in Puerto Rico on Caperonia
palustris (L.) A. 5t.-Hil. (Euphorbiaccace) (Schaus, 1944)).

96. Cechansmena cara Moschier. 1890
(Fig. 100)

ID: Same size and casily confused with the former. Fore wings with violet hue. Readily
distinguished from the former by the medial oblique line curved in this and straight in the former.
DIST: Antilles.

GUANA.: 2 specimens, 1989.

HOST: Unknown (sce C. abarusalis).



47 Glymps cubolialis (Walker. | 1866])
(Fig. 101}

1D: Small gray spectes with fore wings crossed. in the middle, with ill defined. straight dark brown
band. arca distad to this band usually darker than basal arca. Shape. sizc and color makes it casily
conlused with Bleptina species (below). Easily distinguished from Bleptina by the porrect fabial
palpt, which arc long, upturned in those species (sec below).

DIST: Anulles.

GUANA: 22 specimens, 1989, 1990

HOST: Unknown. however. the larvac of G. concors were found feeding on Sesbanta grandiflora
(L.) Pers. (Fabaccac) in Pucrto Rico (Martorcll, 1976).

Herminiinae
98. Drepanopalpia lunifera (Butler. 1878). comb. n.
{(Figs. 102, 103)

ID: Small to medium swzed. 1.3-2 cm wing span. dimorphic dark fuscous specics. Males have very
long labial palpi thickly covered with long scales. reflexed over the head back to the posterior
margin of thorax. Females have long. porrect palpi. Forewings in males with a reniform, pate mark
at end of cellt in females this mark 1s reduced to smali dot.

DIST: Antilles.

GUANA.: 9 specimens, 1987, 1989,

HOST: Unknown.

COM: The scries in VOB, including specimens from Guana Island. Tortola, Pucrto Rico and Cuba,
was compared with material in BMNH. The males match the type of D. polycyma Hampson, 1898,
svn. n.. and the females match the type of Hypena lunifera Butler, 1878. D. polycymna 1s also
curated in BMNH as a synonym of Mastigophorus latipennis Herrich-Schaffer. There 1s no
specimen of latipennis in Coll. Gundlach (IES, Havana) where the tvpe matcrial of the Cuban
species described by Herrich-Schaffer is supposed to be deposited. It might be possible that some
material is in MNHU, Berlin. After examination of the type(s) it could be possible that both
lunifera and polyvcyma become junior svnonyms of latipennis.

99 Lascorta orncedabis (Guenée. 1854)
(Figs. 104, 105)

ID: Smail 10 medium sized, 1.5-2 cm wing span, dark fuscous species. resembling the former.
Males also have labial palpi as the former species. but the fore wings have a sirong tndentation at
middle of external margin. Females have long upcurved palpi as in Bleptina.

DIST: Florida, Anulles.

GUANA: 3 specimens, 1987,

HOST: Tomato leaves {Solanaceac) (Martorell, 1970).

100. Bleptina hydriltalis Guenée, [854
(Fig. 108)

ID: Dark brown, 1.8-2.0 cm. Fore wings crossed by three, well defined, pale lines: a straight line
near basc, and two sinuate lines, one afier the reniform mark on cell, the other before external
margin. Reniform muark aiso pale, but bluck in some specimens.

DIST: Southern United States. Central America, Antillcs.

GUANA: 34 specimens. 1986, 1989,

HOST: Unknown,

10}, Bleptina caradrinalis Guende. 1854
(Figs. 106. 107)

111



1D: About same sizg as the former. pale. vanable. Durk band across fore wings. 1n those speciniens
which bears i1, closer to the middic

DIST: Southern United States. threughout the Antilles. South to Brasil

GLUANAL 6 specimiens, 1989,

HOST: Dead leaves (Kimball. 1963,

162, Bleptina menalcasalis Walker. [ 1859

(Figs. 109, 110}

1D Medium stzed. 2.2-2.7 cin wing span. pale specics. Forewings diffusclv crossed with 11l
deflined. 1regular lines. Easily distinguished from other noctuids of same size by the long.
upcunved labial palpr

DIST: Antilles. south to Vencruela,

GUANA: 27 specimens. 1986, 1987, 198Y. 1990,

HOST: Unknown. but likelv dead Icaves (sce B. caradrinalis).

103, Bleptina aracalis (Hampson. 19401)
(Figs. 167, 168)

(D Verv small. 1-1.3 cm wing span. vanable. fuscous to dark fuscous specics. Fore wings often
with a dark grav fascia on basal fourth: arca basad to this band paler than rest of wings. Eusily
distingwshed from other small species on the island by the verv long upcunved labiul palpi and by
three veny small. round. pale dots on fore wings. the first just outside the basal band and the two
others closc together at end of cell.

DIST: Anuilles. The first author collected one muale and onc female in Mexico: Tamaulipas. EI
Encino. Reeently discovered in Florida (Dickel. 1991).

GUANA: 12 spccimens. 1987, 1990,

HOST: Unknown (sce previous species).

Hypeninag
104, thpena lividalis (Habner, 1790)
(Fig. 11D

1D Small. gray: fore wings with postmedial line straight. white: area basad to this line olive, distud
aray.

DIST: South Palearctic. Pantropical.

GUANA. 2 specimens. 1989, 1990,

HOST: Unrtica and Panctana spp. (Lodl. 1994; 502).

COM: In a revision of the genus. Lodl (1994) listed six synonvms under hvidals. two of them
orginaily described from material coliected mn the Antlles.

105, Hypena minualis (Guenée. 1834)
(Fig. 166)

[D: Small dark grav spectes with little contrasting markings. Forewings show a slightly paler basal
arca. separated from the external dark arca by an 1] defined oblique. dark gray line from ncar basc
of costa 1o middle of dorsum: they also have a fainted dash near apex. The palpi resembic thosc of
female D. polvcvma., but readily scparated by the absence of the pale dot on cell.

DIST: Anulles. south to Brazil.

GUANA: 3 specimens. 1989,

HOST: Sida rhombifotia L. (Malvaccae) (Ferguson et al.. 1991).

ARCTIIDAE



Arctinsic
196 Hypercompe simplex (Walker. 1833)
(Figs. 112, 114)

ID: Large. white: fore wings with outer half trunslucent. basal half with a series of innulate black
cdged spots. Abdomen orange with subdorsal pairs of dark bluish dots. Females much lurger than
males: spots on the abdomen white.

GUANA 6 specimiens, 1987, 1984,

DIST. Pucrto Rico. Virgin Istands and Lesscr Antilles.

HOST: Martorell (1976) lists over a dozen hosiplants. including Cedrela (Mcliaceae), Cissus
(Vitaceae). Erechtotes (Compositac). Ernvthrina (Fabaceae), [pomaca (Convolvulaccac). lomato.
bunana. beans. guava. cggplant and Solanum tonum Sw. (Solanaccac).

COM: Commonly found in the literature, including in Martorell (1976}, as Ecpanthena icasia
(Cramer). a sinilar species from continental South America.

107, Cahidota strigosa (Walker. 18535)
(Fig. 115

ID: Large gray moth with pink abdomen. Forewings with veins darker than ground color. shonly
interrupted with pale. Cannot be confused with any other moth from the 1sland.

DIST: Antilles and Southern United States.

GUANA: 28 specimens, 1984, 1987, 1989, 1990,

HOST: Dvar (1901: 270) reared it on Guettarda elliptica Sw. (Rubiaceae) and desenbed its larvae:
Murtorcll (1976) lists the same plant as its host in Puerto Rico.

COM: Franclemont (1983) and Watson & Goodger (1986) resurrected, respectively, laqueata
{Edwards, 1887) (type-locality: USA) and cubcensis (Grote, [1866]) (tvpe-locality: Cuba) from the
svnonymy of strigosa. We believe they are only geographical forms of the same species.

In the resting position, the moth looks cryvplic but when touched it opens the wings exposing the
bright pink abdomen that scems to be aposematic. A specimen was picked from the collecting sheet
by a pearly-cved thrasher. Margarops fuscatus (Vieillot), and rejected. The samc specimen was
picked from the ground and placed buck on the wall where the bird ofien perched. The samc bird
picked up the moth again and then dropped it (Becker, personal observation).

108, Eupseudosoma involutum (Scpp. [1855])
(Fig. 116}

ID: Medium sized white moth, with red abdomen. Cannot be confused with any other specics in
the island.

DIST: Southern United States, throughout Antilles, south to Argentina.

GUANA: 4 specimens, 1987,

HOST: Guava (Psidium guincense Sw.), Eugenia, Eucalyptus and other Myrtaceae.

169, Utetheisa ornatrix (Linnaeus, 1758)
(Fig. 117)

1D: Medium sized. variable white moth. Mosi specimens have fore wings white tinged pink: pink
costa interrupted regularly with dark gray dots. In other specimens most of the white is replaced by
prnk and the wing is crossed with transverse rows of dark gray dots. The proportion of gray in the
hind wings also varics; in some specimens it is restricted o the borders, while in others it covers
most of the arca.

DIST: Southern United States. throughout the Antilles, south to Argentina,

GUANA: 5 specimcens, 1984, 1988, {989, 1990

HOST: Various species of Crolataria (Fabaceac).



COM: Commonty found flving during the dav in open, disturbed arcas where s host plants often
grow. Pecasc (1973) discussed the vanation of this moth in the Virgin Islands.

110, Utctheisa pulchella (Linnacus. 1758)
(Fig, 11$)

D Easily confused with the doted form of UL ornatnix (se¢ above): casily separated by the dots on
dorsum ol tharax. . ornatrix has three pairs: pulchclla has only three dois

DIST: African and Oricntal specics now cstablished in the New World tropics. but very rare in
collections. The first author collecled two other specimens in Bravil. one at Pipa Beach, south of
Natal, Rio Grande do Norte. and the other in Planaltina, DF. ncar Brasilia, which is the southem
most record for the species in the New Waorld.

GUANAC 1 specimen. 1990.

HOST: Myosolis (Boraginaceae) and grasscs (Hampson. 190 1),

Pericopintac
111 Composia credula (Fabricius, 1775)
(Fig. 113)

ID: Large black. with body and wings dotted white: fore wings with deep red markings on basal
half below costa.

DIST: Endemic 1o the Antilles, this is the only specics of the genus found in the Puerto Rican
Bank.

GUANA; 10 specimens, 1984, 1986, 1987, 1989

HOST: Unknown, Its closest relative. C. fidelissima Herrich-Schiiffer. from Cuba and Flonda. has
been reared on Canavalia (Fabaceae). oleander {(Nertum) and Echites (Apocynaceae) (Kimbatl,
1963).

COM: Commonly referred to in the literature by its junior synonvm C. svbaris (Cramer).
Crepuscular moths commonly found flving along the trails before dark. Todd (1982) states 1t
"occurs throughout the Greater Antilies. and south to Brazil” but that the "continental distribution
nceds to be studied.” Previous authors (Forbes, 1930; Bates. 1933) have considered it to be
endemic to the Antilles. In the senics in USNM there is only one non-Antillean specimen. an old
specimen labeled only "Brazil." which we believe to be mislabeled. We arc not aware of any other
continental records for this large and colorful species, which would not be missed by collectors.

Cienuchinae
112. Empyreuma pugione {Linnacus, 1767)
(Fig. 119}

ID: Large sized wasp like moth with conspicuous red wings and biack body. Wings bordered dark
gray and body tinged iridescent green.

DIST: Apparcntly restricted to the Puerto Rican Bank.

GUANA: 9 specimens, 1984, 1987, 1989, 1990.

HOST: Oleander, Nerium oleander L. { Apocynaceae) (Gundlach, 1881).

COM: Day flving; very likely a Miitlecnian mimic of Pepsis rubra (Drury) (Hymencpicra:
Pompilidae) (R. Snelling det.). as its larvae feed on a loxic plant. Similarly to other arctiids. the
larvae presumably sequester poison alialoids from the host plant. Referred to in the older literature
4s E. lichas (Cramer).

113. Horama pretus (Cramer, 1777)

(Fig. 121)

ID: Large sized wasp like, ochreous brown species. easily distinguished by the broad white band
across base of abdomen.

DIST: Antilles,



GUANA 36 speaimens, 1984, 1985, 1987 1949, 1990

HOST: Cassine xvlocarpa Vent. |as Elacodendron syvlocarpum| (Celastraceac) (Wolcott. 1951).
COM: Day flving. commonly seen visiting tlowers. Presumably a Miillerian mimic of Polistes
major Palisot dc Beavois (Hymenoplera: Vespidae) (R Snelling det ).

114, Horama panthalon (Fabricius. 1793)
{Fig. 120}

[1D: Similar but smatler than former. Easily distinguished by pattern on abdomen: onlyv a small
white dash across base. followed by altcrnated ochreous and biack buands.

DIST: Southern United States throughout the Antilles. south to southern Brazil.

GUANA: 13 specimens, 1986, 1989, 1990

HOST: Unknown.

COM: Dietz & Duckworth (1976) divided the specics mto three subspecics, regarding the
Antillean population belonging to the nominal form. Verv likely a Miillerian mimic of Polistes
crimtus (Felton) (Hyvmenoptera: Vespidac)(R. Snciling det.).

115. Cosmosoma achemon (Fubricius, 1781)
(Fig. 122)

1D; Small wasp like moth with unique combination of colors for the island. Mostlv orange with
vertex of head and subdorsal sides of abdomen metaltic bluish green: fore wings with translucent
iareas.

DIST: Antilles south 10 Brazil.

GUANA: 10 specimens, 1989, 1990.

HOST: Unknown,

116. Eunomia colombing (Fabricius, 1793)
(Fig. 123)

ID: Medium sized wasp like moth with black body and translucent wings. Fore wings bordered
black with a dark. centered red mark at end of cell connected with costa. Thorax striped whilg,
abdomen with a carmine red band across the base, expanding laterally. followed by a white band.
partially interrupted dorsally; the rest banded with alternating. narrow. red and white lines,
DIST: Antilles. Hampson (1898) gives also Honduras and Brazil, but the material studied by him
should be checked.

GUANA: | specimen. 1989

HOST: "Oruga en las convolvulaceas” (Gundlach, 1881).

COM: Listed as columbina, a misspelling, by Wolcott (1951),

117. Nvnidela chalciope (Hibner. [1831])
(Fig. 124}

ID: Medium sized. wasp like. black moth with transparent wings. Head. thorax dorsally, base of
wings, legs, and abdomen dorsally and lateraliy with iridescent blue. Antennac vellow. Forewings
bordcred black with an oblique transverse band from middle of costa to tornus.

DIST: Described from Havana, known from throughout the West Indies and Central America
south to Panama.

GUANA: | specimen, 1990.

HOST: Cupania americana L. (Sapindaceae) (Mdschler. 1890).

COM: Some authors regard the Central American population as belonging to a separate species. N.

xanthocera (Walker).

Lithosiinae



118 Afnida charienusma Dvar, 1913
{Fig. 169)

ID: Very Small, 8-12 qun wing span. slightly variable speeies. Forewings mostly gravish, slightly
tinged with green, crossed by alternating, il defined whitish and dark gray bands. Easily
recognized by the antemedial whitish band across fore wings. starting from costa and running
obliqucly outwards to middlc then bent to base towards dorsum.

DIST: Antilles.

GUANA: 27 specimens, 1985, 1986. 1990,

HOST: Unknown. however. most of the specics of this subfamily are lichen-fecders {Himpson.
F930).

I19. Progona pallida (Méschler. 1890)
(Fig. 170)

ID: Small pale species. with no markings at all. Forewings slightly dusted gray.
DIST: Previously known only from Puerto Rico.

GUANA: 6 specimens. 1986, 1990,

HOST: Unknown.

120. Lomuna mgripuncta (Hampson. 1900)
(Fig. 17D

ID: Smail, 1.3-1.7 cm wing span. whitish moth. Forewings dusted gray, conspicuously spotted with
small. dark grav dots.

DIST: Previously known only from Pucrio Rico (Ficld, 1952).

GUANA: 29 specimens, 1984, 1985, 1986, 1990, 199].

HOST: Unknown (sec former specics).

GEOMETRIDAE

Oenochronunae

121. Almodes terraria Guenée, [1858]
(Fig. 134)

ID: Medium sized gray species. Wings denscly dusted with dark gray scales and crossed with pale
and dark ill defined. irregular bands. Males casily recognized by the strongly pectinate antennae
ncarly the length of fore wings. Females have a siight olivaccous tinge and external margins of
both wings morc strongly dentate.

DIST: Southern United States, throughout the Antitles to Colombia.

GUANA: 2 specimens, 1990

HOST. Unknown.

Ennominae
122. Pero rectisectaria (Herrich-Schiffer, [1853])
(Figs. 125. 126)

ID: Medium sized, sexualiv dimorphic, variable species. Males with ground color varving from
pale to dark brown: fore wings with antemedial band. when visible, strongly bent (o the basc near
costa, postmedial band nearly straight, with area distad to it much paler than rest of wing. Females
morc reddish brown. Easily distinguished from other species of same size by the conspicuous
indentalions on ¢xternal margin near apex.

DIST: Puerto Rico. throughout the Lesser Anlilles.

GUANA: 42 specimens, 1986, 1987, 1988, 1939, 1990

HOST: Unknown.
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COM: Poole (1987). who revised this karge genus. stated that "Edher 1t is rarc. or 1t occurs 1 arcas
not commoniy collected”. Judging from the long series collected by us. 1t is not rare. It was quite
common n October 1989, just aftcr hurnicane "Hugo”. when the first author had dozcns of
specimens on the light and sclected 10 males and 4 feinales.

(23, Oxvdia vesuha (Cramer. {1779])

(Fig. 127)

1D Large, extremely varnable specics. Almost impossible to collect two identical specimens.
Ground color of both wings varving from pale vellow. through pale gray to brown. clouded and
irroraled in various degrecs by gray. Fore wings have an oblique post medial band from apex to
near middle of dorsum. Easily recognized by the white veriex of head.

DIST: Southern United States, Antilles. south to Argentina.

GUANA: 4 specimens, 1987,

HOST: Acalvpha (Euphorbiaccac). Cinchona (Rubiaceac), Cissampelos (Menispermaceac). Citrus
{Rutaccac), Persca (Lauraceae). Rosa (Rosaceac). and Secundaca (Polvgalaceae) (Martorell, 1976,
Torres. 1992).

124, Erastria decrepitaria (Hibner. |18231)
(Figs. 128. 129

[D: Medium sized vetlow moth. Sexuallv dichromatic: males suffused olive, cspecially forming a
wide bar along external margin, females more vellowish with the external olive area reduced to a
fainted irregular band. with a conspicuous dark spot on this band close 10 tornus.

DIST: Southern United States, throughout Antilles. south to Brazil.

GUANA. 4 specimens. 1987, 1989,

HOST: Unknown.

125. Sphacclodes fusilincatus (Walker. 1860), stal. rev.
(Figs. 130, 131)

ID: Medium sized dichromatic species. Males dark olive brown: fore wings crossed with three
equidistant, nearly paralicl lines and with a subtnangular gray mark on ¢osta befween medial and
postmedial line. Females brown with lines same as males, but mark on costa absent.

DIST: Antilles.

GUANA: 25 specimens, 1986, 1988, 1989, 1990,

HOST; Unknown.

COM: This species has been confused in the literature with S, vulnerarius (Hiibner), They difier in
many features, the most obvious the color of antenna and costal mark of fore wings. In fusilincatus
they are light gray, whereas in vulnerarius the antenna is echreous and the costal mark reddish
brown, S. fusilincatus was described from matenal with no locality label. There is 4 series in VOB
collecied in Guana, Tortola, St. Thomas and Cuba. One of these was compared with and maiches
the type of fusilineatus. It is very likely that this is the species referred to by Kimbuall (1965: 192) as
~522%, 1 S. SP.". and listed by Ferguson (1983: 95) as S. haitiaria Oberthiir. The series of
vulneranus in VOB was collected in Cuba, Mexico, and Brazil. in Cuba, fusilincatus was capturced
at Pinares de Mavari. Holguin, while those of vulnerarius at Vifales, Pinar del Rio. The first
locality is drv. similar to the conditions in St. Thomas and Guana. while the second is humid,
stmilar to thosc arcas on the American continent from where the series of vulneranus came.

126. Macaria paleolata (Guende. [1858])
(Fig. 132)

1D: Small. stightly vanabie. pale species. Wings crosscd with two ill defined. nearly straight bands:
distal area, external to postmedial band. darker than rest of the wing. Distinguished by head and
anterior margin of thorax ochreous.

11
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DIST Annlles

GUANAL 24 spcamens. LYRY. 1940

HOST: Unknown. however. other species of thus large genus have been found lceding on several
leguminous species (Fabaccug).

COM: [t1s very hikely that other. sinular species occur on the island. Transtcrred from Scmiothisa
to Macara by Scoble (1999).

127 Patalene ephyvrata (Guende, | 183X])
(Fig. 135)

[D: Small. variable. pale vellow to pale brown specics. Forewings with anlemedial band nearly
cvenly rounded. postiedial band straight to near apex then strongly angled basad to costa. Hind
wings with a single, straight band across ncar middic. Easilv recognized by pointed apex and the
siuate external margin of fore wings,

DIST: Antilles (Herbulol, 1984

GUANA: 41 spcamens. 1986, 1987, 1988, 1989, 1990,

HOST: Ficus {Moraceac) and Ricinus (Euphorbiaccac) (Brunner ct al.. 1975).

128 Cvclomia mopsaria Guenee. | 1838]
(Figs. 182, 183

ID: Small, extremety variable specics. Ground color often pale tinged reddish brown. to dark
reddish brown. Fore wings varsving from unmarked to marked with transverse. i1l defined. irregular
lincs. Hind wings pale to orange. often bordered with reddish brown. If it were not for the
bipcctinate antennac in the males it could easily be confused with a small noctuid such as
Eublemma spp. Easily distinguished from other small geometrids by sharply pointed. porrect labial
palpi. unusually long for a geometnd.

DIST: Antilles. south to Brazil.

GUANA: 11 specinens, 1987, 1989, 1990,

HOST: Unknown. however, Ervthroxylum havanense Jacq. (Ervthroxylaceac) has been listed as
food plant of a "Cvllomia sp. [presumably a misspelling] Un gusano medidor”. in Cuba (Brunner ct
al.. 1975)

COM: lts extreme variation led 1o its description several times. It is likely that after revision morc
names will be added to the six junior svnonyms currently listed (Becker. in prep.).

Geonetrinac
129 Eucana simplaria Herbulot, 1980
(Figs. 12-14. 141, 142)

ID: Small to medium sized bluish green species. Lines on wings almost indistinet. Vertex of head
white; abdomen with traces of a whitish line dorsallv. Genitalia (Figs. 12-14) very similar to those
of E. niveociliaria (Herrich-Schaffer). illustrated in Ferguson (1983: fig. 23a-¢).

DIST: Guadaloupe.

GUANA: 17 specimens, 1986, 1989,

HOST: Unknown. but Scoble (1999) records E. miveociliana from Rhamnaceac.

COM: Of all greens from the island this is the oniy bluish specices, and slightly larger than the
other specics. The subfanuly was revised for North America by Ferguson (1983) and for the
ncotropics by Pitkin (1996),

130 Phrudocentra centrifugarium (Herrich Schiiffer. 1870)
{Figs. 143-146)

ID: Medium sizcd. extremely variable, bright green species. Some specimens, usually males. have
onlv small, dark brown dots on wings. on¢ on ¢ell and the others along what would be the

113



119

antemedial and postimedial hines, others have furger marks. of various sizcs and shapes. whitish or
browmsh. above tornus. Abdomen has a series of minute. white dots dorsallv. onc on cach segment.
DIST: Flonda. throughowt Greater Anulles 1o Pucrio Rico (Ferguson, 1985),

GUANA: 4 specimens. 1990

HOST: Mxrica cerifera L. (Myricaccue) (Scoble. 1999).

131 Chloropters x paularia (Moschier. 1886)
(Fig. 186)

LD: Smull olivaceous species, Wings with antemcdial and postimedial rows of minute whitish dots
forming irregular lincs,

DIST: Flonda, throughout the Antilics.

HOST: Unknown.

GUANA: 11 specimens, 1987, 1989, 1990,

COM: This 1s the only species of the greens with this color,

HOST: Myrica cerifera L. (Myricaceae) in Florida (Fergusen. 1985).

132. Svnchlora frondaria {Guence, [1858)])
(Fig. 187

ID: Small. bright green species. Easily distinguished from next spectes by the concolorous fringes.
DIST: United States. throughout the Antilies, south to Argentina.

GUANA: 29 specimens, 1986, 1988, 1989, 1990,

HOST: Stilingia (Euphorbiaceac), Pluchea, Bidens, Chrysanthemum, Helianthus ( Asteraceae),
Rubus (Rosaccae). Glycine max (L) Merr. and Prosopis (Fabaccac) (Ferguson, 1985).

133 Synchlora cupedinana (Grote, 1880)
(Fig. 138)

{D: Small. bright green species. Wings thickly bordered with brown. Thorax and abdomen brown
dorsally, abdomen usually with white dots dorsally. Easily distinguished from the other greens by
the brown thorax and abdomen.

DIST: Flonda, throughout Greater Antlles to Virgin Islands, to Nevis (Herbulot, 1984).
GUANA: 41 specimens, 1985, 1986, 1988, 1989, 1990.

HOST: Lantana camara L. ( Verbenaceac) (Scoble, 1999).

Sterrhinae
134, Semaeopus malefidarius (Maschler, 1890)
(Fig. 135)

ID: Medium sized pale moths densely irrorated with reddish brown scales. Wings crossed with il
defined, hardly contrasting. irregular bands, slightly darker than ground color.

DIST: Puerto Rico, Virgin Islands.

GUANA; 14 specimens. 1989, 1990,

HOST; Unknown,

COM: Closcly related to S. castarium (Guende), from the Greater Antilles.

133. Leplostales noctuata (Guende. [1858])
(Figs. 136, 137)

1D: Small to medium sized pale specics, denscly irrorated with olive scales. Fore wings with
antemedial and postmedial bands darker than ground color, termen sinuate, apex pointed Malcs
show a dark mark on cell. in females this mark is reduced and faint.

DIST: Aniilles.



GUANAC 1Y specimiens, 1986, 1987, 1988 1989, (990,
HOST: Unknown.

136, Acratodes suavata (Hulst, 1900)
(Fig. 185)

I1D: Smatl white species. wings crossed with three il defined. linle contrasting. gravish bands:
medial und postmedial closer tagether. The only white geometrid on the istand with no contrasting
marks on wings.

DIST: Southern United States, Antilles.

GUANA: 3! specimens, 1985, 1986, 1987, 198K, 1989, 1990,

AOST: Randia aculcata L. (Rubtaccae) (Kimba, . 1963}

COM: Itis very likely that A, virgotus (Schaus). descnibed from Jamaica, is another svnonvm of
this. Cur scrics matches the type of this in USNM very well.

137. Loboclcta natana (Walker. 1866)
(Figs. 172. 173

ID: Very small grav specics; antemedial and postmedial lines dark grav, strongly contrasting,
especially in the males: in some males the arca between these two lines are dusted dark gray,
forming a wide band across the wings.

DIST: Antitles.

GUANA. 29 specimens, 1985, 1986, 1989, 1988, 1990.

HOST: Unknown.

COM; Females from our series maich the tvpe of L. natana. whercas the males match that of
Ptyvchopoda monata Forbes, 1947, syn. n., and a specimen 1n the BMNH, identified by C. Covell as
Sterrha insulensis Rindge. 1958, syn. n.

138. Lobocleta nvmphidiata (Guencée, {1858])

ID: Small, white species with wings crossed with 4-3 narrow. irregular dark brown lines, more or
less interrupted. looking like rows of dark dots.

DIST: Anulles.

GUANA: | specimen, 1985

HOST: Unknown.

139, Scopula larcsana Schaus. 1940
(Fig. 178)

[D: Small, pale whitish, irrorated with scattered pray scales. fore wings crossed with ill defined,
irrcgular. narrow pale vellowish lines. Same size and similar to the former. but readily
distinguished by the blackish veriex of head, white in L. nymphidiata.

DIST: Pucrto Rican bank.

GUANA: Y specimens, 1985, 1988, 198Y.

140. Idaea amnesta (Prout, 1922)
(Figs. 179. 180)

[D: Small light gray. denscly irrorated with dark gray scales; wings crossed with three. il defined.
irrcgutar. narrow, dark grav lines morc or less interrupted. giving the impression that they are
densely dotted: both wings with black dot on cell. Females slightly lighter than males.

DIST: Antilles.

GUANA: 27 specimens, 1985, 1986, 1988, 1987, 1989

HOST: Unkoown.
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[41. Idaca minuta (Schaus. 1901)
(Figs. 176. 177)

ID: Very small. 8-10 nun wing span. pale specics. Wings crossed with several, narrow. 1l defined.
irregular. light brown lines, One of the smaliest gecometrid specics on the island.

DIST: Antilles. USA.

GUANA: 19 specimens. 1985, 1987, 1988, 1989,

HOST: Unknown.

COM: Specimens belonging 10 this series were identificd as minuia by C. Covetl. as well as
maliched the 1vpe of Ptychopodd curtaria Warren, 1904, ssn. n., from Jamaica, in BMNH.

142. Idaca cupitheciata (Guenée, [1858])
(Figs. 174, 175)

ID; Very small, sexually dimorphie, pale species with wings crossed with irregular reddish brown
bands. Males paler than females; fore wings with small tuft of dark scates near dorsum: hind wings
with a small tail ncar tormus, Females darker than malcs and withoul the tufis and tails as in males.
DIST: Antilles.

GUANA: 16 specimens, 1985, 1933, 1989, 19494,

HOST: Unknown,

143. Leptostales phorcana (Guenée, [1858])
{Fig. 181)

1D: Small reddish brown; wings crossed with narrow. ill defined. irregutar, vellowish lines: thorax
dorsally und fore wing costa yellow, Cannot be confused with any other on the isfand.

GUANA: 2 specimens, 1989,

DIST: Antilles.

144, Leptostales oblinataria Moschier, 18%0
(Fig. 184)

D Small olivaceous specics with a broad reddish brown band across fore wings, delimited by
medial and postmedial bands. Some specimens with this band faded. Cannot be confused with any
other specics on the istand.

DIST: Southern United States, Antilles, to Guyvana,

GUANA: 15 specimens, 1988, 1989, 1990,

HOST: Unknown.

Larcnninae
145, Obila praecurraria (Mdschier, 1390)
(Fig. 138)

ID: Large species with velvet moss green fore wings and orange ochreous hind wings. Forewings
crossed with numerous alternating pale and dark grav waving bands. Hind wings with a wide gray
band that extends inwards, along internal margin, (o the basc. Females have middle of fore wings
crossed with a wide. irrcgular whitish band.

DIST: Antilles.

GUANA: 1 specimen, 1989,

HOST: Unknown.

COM: The specimens of our series match the type of Prerocypha xantholiva Warren, 1895,
synonvmized with this by Schaus (1940: 326).
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140, Picrocypha defensata Wulker. 1862 stal rev.
(Figs. 139, 140)

[D: Medium sized. variable, moss gray. Slightly smaller und similar to the previous species. but
tacking the orange ochreous on hind wings.

DIST: Southern Uniled Stiates. Anulles.

HOST: Unknown.

GUANA: 20 speamens. 1986, 1987, 1989, 1990,

COM: Commonly referred 1o in the literature, including Scoble (19995, by Uts synonvm P. floridia
(Walken). bul defensata was described in 1862 and floridala in 1863, so delensats is the older
name.

HYBLAEIDAE
147. Hvblaca pucra (Cramer, 1777)
(Fig. 150)

1D Medium sized fuscous species with hind wings beautifully decorated with vellow to orange
patches. Abdomen, dorsally, crossed with narrow lines behind cach segment.

DIST: Pantropical.

GUANA 2 specimens, 1989, 1990,

HOST: Crescentia cujete L., Spatodea campanulata P. Beauv., Tabebuia heterophylla (DC ) Britton
(Bignoniaceac), Petitia domingensis Jacg. (Verbenaceae) (Martorell, 1976).

COM. Immature stages described by Singh (1995} and taxonomy of the related species discussed
by Berio (1967). However. H. puera may represent a species complex (Shaffer and Niclsen, 1996).

COSSIDAE
148. Psychonoctua personalis Grote, 1863
(Figs. 147-149)

ID: Medium sized to large. 2-4.5 cm wing span, narrow winged. gray specics. Its short strongly
pectinaie antennac, and abdomen thickly clothed with long scales makes it easily recogruized from
any other large moths on the 1sland.

DIST: Antilles and Mexico.

GUANA: 5 specimens, 1990,

HOST: The larvac arc wood borers into many trecs, somelimgs causing severe damage 40 orange.
coffee. white mangle. sea grape. ctc. (Wolcott, 1951},
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Appendix
Catabenoides Poole. gen. n.

| The following new generic description was ntended o appear in a fascicle of the serics Moths of
America Nerth of Mexico, Because this fascicle will not be published 1n the forcsecable future. the
author hus permitied us inciude the new generic name here. in order 10 allow us 1o describe
Catabenoides laselli in the proper place.|

Tyvpe-species: Adipsophanes terminelius Grote

Catabenoides contains the majority of the specics previously placed in Catabena. The genus
appears to be an outlicr of a lurge group in southern South America, prnimarily Paraguay and
Argentina. The genus is postulated to be closest phylogentically to Catabena und Neogalea, but it
has a number of curious synapomorphics making its affimtics somewhat problematical. The
principle identifving characters arc in the male and female gerutalia. In the male valve the bottomn
margin of the sacculus in both the right and left valves ts produced into a long process scparate
trom the clasper. The ventral margins of the valve have strong elongate setac. The sacculus is
lightly chitinized proximal to the clasper separating off a much more heavily sclerolized plate.

In addition to the three specics known from North America (the tyvpe species. C. vilrina {Waltken),
comb. n.. and C. divisa (Herrich~Schaffer). comb. n.}. there is onc previously descnbed specics:
Catabenoides scorsa {Todd) (Catabena scorsa Todd) comb. n., from the Galapagos Islands. There
are two undescribed specics in the West Indies {one of these is described herein as C. lazelli], one
undescribed specics from central Mexico. und at lcast two unnamed species from Paraguay. The
cxact affinitics of Catabenoides. Catabena, and Neogalea with the Argentina and Chilean faunas
rcmain to be determined. The single remaining described species in "Catabena® of Poole (1989),
Laphvgma terens Walker, was described from "Venezuela”. The type 1s hopelessly rubbed and its
abdomen is missing. [ have not becn able to maitch it with any specimens from Lhe extensive
Venezucla matcerial in the USNM. It appears superficially to be a Catabenotdes. Therefore for
book-keeping purposcs. Catabenoides terens (Walker), comb. n. The technical description follows.

Head: Lashes absent; eyes large, naked: frons slightly swollen, very closely scaled, antenna
simple, faintly ciliate; palpi unremarkable for the tribe: proboscis normal: two thin nidges of
flaticned scales between the bascs of the antennae. Thorax: Patagia capable of being raised in a
hood: vestiture of dorsum of thorax of flattened scales without hairs; slight metathoracic wft;
vestiture of wings of flattened scales: no sign of sexually modified scales in male. Prothoracic leg:
Tibia with later ridge of hair giving it 2 flattened look: no tibial claw: tibia approximatcly as long
as first threc tarsal segments; first four tarsal segments with three rows of spines: tarsal claw
without a tooth, Mesothoracic and metathoracic legs: Proximal third of tibia with tufl of long hairs
and scales; tibia approximately as long as first three tarsal segments. External tympanic region:
Approximately as in Supralathosea Barnes & Benjamin, however first tergum much shorier than in
Catabena and Supralathosea and with a strong definite proximal lip as in Apharetra Groie: hood
strong. Internal tvmpanic region: Not examined. Abdomen: Very weak tuft on first tergite; male
with basal hair pencils and accessory hair pencils in known species. Eighth sternum with strong
row of hairs in middle of U-shaped pleurite. Male genitalia: Figs. 2, 3 Valve characterized by
production of ventral margir of sacculus into a process of various shapes: ventral margin of valve
with strong modified setae; a weak unsclerotized area before origin of clasper; uncus swollen with
an apical tooth; juxta and single pointed plate: vesica in type species clongate-ovate. connected by
a short neck to body of aedoeagus. tvpe specics with a group of elongate, fused spines at apex of
vesica and with groups of short, stubby spines near the middle and ventral margin of the vesica;
vesica variable in other species, Female genitalia: ovipositor lobes square unmodified, ductus
bursae well sclerotized. elongate, mushroom shaped in type species. separated by a distinct junction
from the heavily sclerotized upper part of bursa; bursa bilobed, but lobes not distinctly scparate;
corpus bursae with stellate ndges, but no signum. Larva and foodplants: Unknown for North
American specics but recorded as Lantana pecduncularis Andersson (Verbenaceae) in Catabenoides
scorsa from the Galapagos.
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LEGENDS TO FIGURES

Fig. 1. Map of Guana Island. Contours are 20 m. Bar. botiom nght, is 400 m. Inset shows the
position of the Virgin [slands in the Antilles.

Figs. 2-6. Geniwalia of Catabenoides specices. 2. 3. ternunellus (Grote): 2. male. ventral view,
aedeagus removed. 3. acdeagus. lateral view: 4-6, lazelli sp. n.: 4. male, ventral view, aedeagus
removed. 3. acdeagus. laierul view, 6. female. ventral view.

Figs 7-9. Genitalia of Perigea gloria sp. n. 7. male genialia. ventral view. aedeagus removed: 8.
aedeagus, lateral view: 9, female genitalia. ventral view

Figs 10, 11. Malc genitalia of Anatetnoma affabilis Maéschler. [0, ventral view. left valva end
aedeagus removed: 11. aedeagus, lateral view.

Figs 12-14. Genttalia of Eueana simplana Herbulot. 12, male. veniral view. left valva and aedeagus
removed, 13, aedeagus, lateral view,; 4. female, ventral view.
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Notes 87

Caufethia noctuyformis (Walker 1856: 232) was based on

a single male from “St. Domingo,” that is, Santo Do-
mingo, Domirican Rerubiic. For guite some perned
subsequently, virtually all further Greater Antillean
specimens of Cautefiiiz came from Cuba. Many of
these were identified as necuvorpts but are acraally
Cautetiiz grotel. including the specimen illustrated by
d’Abrera i[1987)) as noctuiomis. It is very difficult to
distinguish grotel from rectuiformus on features of the
colorand pattern. Certainly, the “black dash at the basal
end of the dorsum, and triangular black dash on the
tornus of the f.wv.r. [forewing upperside]” that were said
by d'Abrera ([1957)) to be characteristic of nectuiformis
are not. Both species have Zoth these leatures, which
are individually variable in their degree of develop-
ment. D'Abrera was misled by the fact that the collec-
tion in the B¥INH was curated such that those speci-
mens of groter that had the black dashes were placed
under roctuzfermis and those that did not were placed
under grotel. Fortunately, there are good characters in
the male genitalia to separate the two species. It now ap-
pears that grotel is tound in Cuka, the Cayman Islands,
the Bahamas, and Florida, while noctuiformis is found
in the Turks and Caicos islands (T. L. McCabe, personal
communication 1988), Hispaniola, Puerto Rico, and the
Leeward Islands.

Cary (1970: 267) described the nectuiformis from An-
tigua and Barbuda as a subspecies, Cautethia noctuifor-
mis bredini. (As an aside, it should be noted that Mar-
garet M. Cary and Mrs. C. Reed Cary are one and the
samme person. The Cautethia paper was published post-
humously under her married name.) Cary character-
ized n. bredini as baving pale gray forewings with
very fine, sharply defined transverse lines. [n contrast,
the nominotypical subspecies had forewings in which

38
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Notes

the areas tasal to the antemedian line and Detween the
postmedian line and submargnal line werz simaest en-
tirely black and the transverse lines were tuck with
somewhat indisrinct edges, However, it would appear
that Cary compared . bredini not with neminetypical
nectufferrmis but with a female g groter ther Figure 1),
and the habttus features she described are actuallv
characteristic of the female of this sexuallv dimorphic
species. The darkened celoration is partictlarly evident
in the specimen of g. yroter illustrated ov d'Abrera
{{1987]), although he mislabeled it as a maie.

We examined the male genitalia of the holotvpe of
nnoctulfermis and of a second specimen from the Do-
minican Republic, and compared them -vith those or
the helotvpe of n. breding (as |Jlustrated by Cary (197C)
and McCabe (1954)) and a specimen from the British
Virgin [slands (Guana Island). We found a number ot
small differences between Hispaniolan and Lesser An-
tllean neciurforns that justify maintaining . breding as
a subspecies. This conclusion is further supported by
the observation that in all n. sectuiformis that we ex-
amined, including the holotype, the hindwing yellow
band is divided by a thin black line along vemn 1A —2A
This line {s absent in n. Bredini {and, indeed, in all other
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Fresedent 6 Jwindurne Street
207 498 -2052 RT 09855 US A

November 4, 2000

Dr. Pl. DeVries
Milwaukee Public Museum
800 West Wells St
Milwaukee, W1 53233

Dcar Phil,

Gad Perry sent your vita and publs. list. Obviously you are a terrific candidate to investigate the
butterflies of Guana Island. We are really deeply disgruntled at coming in behind Lignum Vitac Kcy and
want our log specics number 1o get up around 2. If MacA-W are right, this will ipso facto increase the log

area of Guana to over 4.5 and the owner will be exuberant. This is the only way we can envision to beat
sea level rise.

Bob Denno, U. MD (rd 12 @umail. umd.edu, 301-405-3955) has additional records, so we arc on the way.
Scott Miller {miller.scott@nmnh.si.edu, 202-357-1355) directs our entomology program. so please be in
contact with him. It is high time he and Vitor Becker came back because Guana has undergone a
spectacular metamorphosis since the severe drought years, pre-1997. Today, the Island is [ush and green
bevond the imaginings of those who onty knew it in the bad old days.

Miller and Becker work preferentially on moths, I believe, and do not yct have Avagadro's Number of
specics from the Island - surely a modest goal 10 stnve for.

I hope we will all meet on Guana in October 2001, so you can give these vicious defoliators the thrashing
they deserve for endangering vegetarians and the other weak and defenceless creatures of the world.

S L«-v&?

James Lazell, Ph. D.

A Seientsfpc Nonprofit Gorporation «  Contrébutions Faw-deductible + FARS 05 -0392995
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ADDITIONAL COMMENTS ON THE
DRAGONFLIES OF THE BRITISH VIRGIN

ISLANDS

Fred C. Sibley, 203-729-35382 235 Shirlev Street,
Naugatuck, CT 06770

In an ARGIA note of a year ago [ discoursed on an
odonate invasion of The Brtish Virgin Islands
(BVID) dunng a strong storm in October 1997, The
present note adds to and expands on the BVI list
presented there and descibes an invasion of
Pantalu flavescens following Hurriczne Jose.

LIST ADDITIONS -- The previous note proposed
the naive view there were no really permanent
water sources on Tortola (the largest and taflest
island in the BVI). Fortunately publishing this view
resulted in several people suggesting the purchase
of a map and what to do with it. Not all of the
recommended sites have been visited.

The botanical garden in Roadtown, Tortola, has a

small permanent pond and this supports a variety of |

dragonflies. During two visits in mid-October eight
species were found at the pond. The three
widespread and common temporary pool species
(Ischnura ramburii, Erythrodiplax umbrata, and
Orthentis ferruginea) were present but uncommon.
Brachymesia furcata and Brachymesia herbida
(both new species for the BVI) were the most
conspicuous  species. Two  individuals of
Perithemis domitia (new as a resident species)
were present on both visits. Tramea abdominalis
and Pantala flavescens were only represented by 1-
2 individuals, but the 17 exuwviae recovered
represented 13 Pantala flavescens, 3 Tramea
abdominalis and | Brachymesia herbida. Only one
Pantala flavescens was circling the pond, but when
it was collected another appeared in less than a
minute.

18

1999 was an unusual year with rain showers at
regular intervals for months rather than the usual
few intense showers foliowed by long periods with
no rain. As a result the temporary roadside puddies
and ditches had contained water for months rather
than the few davs or week of a normal year.
Dragonflies  were  exceptionally  numerous,
conspicuous and widespread. In addition to the
normal three species of temporary pools three
species normally rare to non-existent, Erythemis
vesiculosa, Pantala  flavescens and Tramea
abdominalis, were encountered in several places.

At Brewers Bay, Tortola a small, normally
seasonal, siream contained a narrow pool some 100
feet long. In August Lianna Jarecki, biclogy
professor at Tortola Community College, had found
farval dragonflies here, so we revisited in mid-
October. Ischnura ramburii were abundant
(commoner than 1 have seen them at any site) and
Empthrodiplax umbrata common. The third of the



uoiguitous  species, Orthemiis  ferruginea, was
apsent. Ore pair of Tramea abdominalis, several
Panptala  flavescens and several Erythemis
simplicicollis completed the list. Four of the five
species were laying eggs but there were no larvae
ound despiie exiensive searchung.

On Guana Island there are several steep guilies
ighuts) which have small pools atter heavy rains. A
creck of ail the major ghuts revealed only one pool
stifl in existence a few days afer the last rain. This
was a tinv, but deep, rock pcol with lots of algae,
Sweeping 1his produced large larvae of Tramea
abdominalis.  However only Enthrodiplax
umbrata and Orthemis ferruginea adults were
present at sne pool. Orthemis ferruginea larvae (2)
were found in a iiny, heawvily shaded. semi-
cermanent, garden peol. Thus in what may have
been the Dest vear ever for dragenflies on Guina
Island there were fewer than a dozen larvae
developing and ail in pools that were not present in
cther yeurs. As in other vears the smail Teshwater
seep where the vast majority of the dragonflies
congregated and lzy eggs was oil coared and didn
nave larvae. Orly one fschnura ramburii was sesn
ihis vear on Guana Island. This and e scarcity of
larvae would support my previous posiiicn that the
adults seen on the island are all immigrants from
other breeding siies.

La
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The BVT list now cenmains one damszifly and ten
dragonfly species. Larvae or exuviae have been
found of only 3 species but all except Panrafa
ymenaea and Tramea calverti zre now corsicerad
1o be resident or regular transient breeders. A sigit
record of Anax sp? (jurius) in 1997 and a sighting
after Hurmicane Jose of an Aesfna sp? (Oct. 21, 99
cn Guana Island) indicate the list is sult very
incomplete

RESPONSE OF PANTALA FIAVESCENS TO
STORMS -- The small size of Guana Island and
limited water habitat provides an opportunity to
document the sudden appearance cf dragonflies
after a hurmicane. In the predawn of October 21 the
minimal hurricane Jose passed directly over the
island and for most of the day there were sw winds
of 30-5¢ mph burt very little rain,

Pantala flavescens suddenly appeared in numbers
within hours after the passing of the humicane.
There were 1S in one spot and the species was
widespread ¢n the island. In the afterncon a single
female was laying eggs at the seep. Pror to the
Aurricane there had been sightings or possibie
sightings on only 5 of 14 days and never more than
2 individuals. The only egg laying was a female at
the recently painted dining room floor.

19
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On the morming of the 22nd (24 hours afler the eye
of the hurricane had passed) it was sunny and caim
and there were at least 6 pairs at the seep and
several unattached males patrolling. Four of the
females laid in tandem, one with male guarding and
one scparately.

[t appears that the sicrm conditions stimulated the
individuais 10 move, congregate and breed. The
species was certainly uncommen en Guana prior 1o
the storm and although more common on Torela
there were no COMCenirations or egg laying
observed. Unfortunately we left the island at 10ANS
the 22nd and were not able o watch the conclusion
of this buildup.
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CAMPONOTUS USTUS FOREL AND TwoO SIMILAR NEW

SPECIES FROM PUERTO RicO (HYMENOPTERA:
FORMICIDAE)

Roy R. SNELLING!' AND JUAN A. TORRES?

ABSTRACT. Althaugh Camponoties wstues Forel, onginally deseribed from S Thomas, now a pait of the
Armerican Virgm Islands, has been long considered commaon in Poerto Rico, we fourd char such specnmens

ATE TTHRE t

dentified and actually represent twa gisunct species, both previvusly ondescnibed. These are Je-
scribed herein as C. &ewera and C, taio. Based an the types and additiona] matenial from Mona [iland,
we have redescribed C.oustas, The follswing new synorymy s prapased: C.orstus = C, whvires Forel = C
frernissd Wheeler and Mann = C. swblantis Wheeler and Mann = C. depalitus Wheeler = C. lanigerus
Wheeler and Mann = C. larvigerus maculifrons Menoezi. One purported Colombaan var irhaictrs
Forel, [s rentasively edevated 10 species, All theee species are fllustrared, and a key s provided, in Enzglish

and Spamsh. for the separation of the Carsponotus of Puerto Reco and the Viegm Islands,

RESUMEN. Aunque Caompusiones jetns Forel, onginalmente descrita- de |z [sla de 5t Thomas, <¢ ha

omun en Puerto Rico, hemes encontrado que estos evpecimenes had sido ademificad
Jimente v aceuslmente representan dos especies diferentes v sin diescnbin Estas nuevas especies son
deseritas agui como C. Eunera vy C, taine. Basado en los tipos de C. wstas v matenal adiconal de la kla de
Monz, hemos redescrito exia especie; las subespecies de C. nstus de La Espadoly (nlysses Forel, furmsst
Wheeler ¥ Mann, sulilzutus Wheeler y Mann, y depolitus Wheeler) son tratadas como sindnimos. Una
variedad presumiblemente Colombiana, arftvacus Forel es tentivamente elevada a especie. Las tred sspecied
son illusiradas v una clave es presentada, en inglés y espafial, para identificar las especies de Camponotus

[

de Puerto Rico v las Isla Virgenes,

INTRODUCTION

Wheeler (1%98) recorded specimens frem several
Puerto Rican localities as Camponotus ustus, and
subsequent researchers (e.g., Smith 1937) have been
content to accept that identification. We examined
many of the specimens seen by Wheeler, Smith, and
athersy it quickly became apparent that we were
dealing wicth a mixed lot that actually consisted of
twin epecies. In order to determine which was the
true C. usties, described from St. Thomas, Virgin
[siands, RRS examined the syntypic series in the
Museum d'Histoire Natureille, Geneva (MHNG).
Despite the unusually poor condition of the few
specimens available, it became clear chat neither of
the Puerto species was conspecific wich those syn-
rypes. We were further able to determine, after ex-
amining rype material of similar-appearing taxa de-
scribed from other Greater Antillean islands, that
neither had been previously described from else-
where and that both appear to be Puerto Rico Bank
¢ndermics,

1. Entomology Scction, Emenitus, Natural History Mu-
seom of Los Angeles County, 900 Expostion Bivd., Los
Angeles, CA 90007,

2. Departamente de Biologia, Universidad de Puerto
Rico, PO, Box 23360, San Juan, PR 00%31-3360, and
Instituto Internacional de Dasonomia Tropical, USDA
Forest Service, P.O. Box 25000, Rio Piedras, PR 00928-
2500,

Contributions in $cience, Number 469, pp. 1-10
Natural History Museum of Los Angeles County, 1928

[n order chat the names might be available tor
use by other researchers, in advance of our general
treatment of the Pucrio Rican ants, we here re-
characterize C. ustus and describe as new the two
Puerto Rican species.

SPECIMENS EXAMINED

In addition to the abundant Puerto Rican material
deposited in the Los Angeles County Museum of
Natural History (LACM), we have studied impor-
tant syntypic and other specimens in the collections
of the Museum of Comparative Zoology (MCZ),
the Museum d'Histoire Naturetle, Geneva
(MHNG), and the National Muscum of Natural
History (USNM),

TERMINOLOGY

The morphological terminology used below is con-
sistent with most recent literature on ant system-
atics {e.g., Bolton 1994). We differ from Belton in
some respects. For examptle, we consider the ant
head to be hypognathous; therefore, the vertex
{“occiput” of some authors) is dorsal, rather than
“posterior” and the mandibles are ventral, rather
than “anterior.” It follows, then, that the antennal
sockets and frontal lobes are on the front of the
head, not on the “dorsum.” The following acro-
nyms and special terms are used in the descriptions:

Cepkalix Index (CI)—The ratio of head length



wide as Jung dnd almost 4 a5 wide as propodenm
at summmie af “declivioe” Protemur abour 3.5 as
long as deep.

Pronotum with 4-6 long erect sctae on cach side
that are weakly inclined forward, longest about 0.9
X MOD; mesonotum with (usually) 3 sceta pairs,
middle pair longest; summit of propodeal “declivi-
ry” with 4 or § long setae. Profemur with 1-3 long
serae on posterior face and about 6 well-spaced,
short sctace along ventral margin, longest about
0.20 X depth of femur; meso- and metafemora
cach with varable number of ventral serae on basal
onc-fourth to one-third; tibiae without erect or sub-
erect setac; meso- and metaubae withour row of
graduated bristles along flexor surface.

Petigle scale thin-cuneate in profile, summit
acute; summir, in posterior view, broadly and ceven-
lv convex; summit with 3—4 long sctac on each side,
longesr at {east subequal 1o longest pronoral sctae,

Gaster moderately shiny, weakly transversely lin-
colate. T1 with 2 or 3 weakly defined rows of long
discal sctac in addition to marginal row; longest
sctae ar summit of basal declivity longer than
MOD; cach following tergum with 1-3 ill-defined
transverse rows of leng setae,

Color yellowish to brownish or reddish vellow,
usually with lower face and frons conspicuously
darker; mesosoma with varving degrees of infus-
cation; terga more or less brown banded.

Media and minor workers, measurements {(mm)
{n = 43) HW 1,07-1.41; HL 1.49-1.80; 5L 1.79-
1.96; WL 2.3-2.7, TL 6.2-7.7. Ratios and indices;
CI 127-141; S1 109-122; OI 27-28; OMR 63-71,
Generally similar to major workers, but more slen-
der and with more elongate and parallel-sided
heads that lack defined dorsolateral lobes (Fig, 2).

Female, measurements {mm) (n = 6); HW 1.58-
1.86; HL 1.84-2.12; SL 1.68-1.30; WL 3.4-3.8;
TL 10.1-10.7. Ratios and indices: CI 114-119; Sl
87-90; OI 29-32; OMR 83-91.

Head {Fig. 3} margins less convergent below than
in major worker, LHW about 0.74 X HW,; vertex
weakly convex and without defined dorsolateral
lobes. Eves large and extending slightly beyond
head margins in frontal view; ocelli small, IOD
about 3 X OD; OVD {frontal view) about 2.5 x
QD. Scape surpassing vertex margin by abour 0.3
* SL. Sculprure and pilosity about as described
above for major.

Mesosoma ({Fig. 5) normal-shaped for alate fe-
male. Propedeum with short dorsal face, broadly
rounded into declivity and with several (4-6) long
sctae slightly above middle of declivity. Legs as de-
scribed above,

Petiole and gaster about as described above,

Male: see Discussion below,

DISCUSSION. Males of the 3 species treated
here are similar: all are yellowish to brownish yel-
low, often with limited darker brownish areas on
the head and mesosoma. They are similar in size,
about 4.5-5.5 mm long. The smallest of the 3 spe-
cies is C. taino, in which males are seldom over 4.6

Conuibutiens in Science, Number 469

mam Jong, but seme mdinvrdeal

1

have been seen; HW wsuadty falls between 0 839-
.73 mm and occaswenally reaches 0.78 mm. Males
of the 2 remaining specares, C. kanra and C. istus,
are usually abour 5.4-5.6 mm long, but with some
individuals above and kelow that range. In C, 1es-
fies, HW ranges between 088 and 0.95 mm; too
few are available for a wrend e ke clear, but HW
is usually over 0.90 mm. Males of C. kawra are 3
little smaller, with a HW ranging between 0.78 and
0.91 mm, and in aver 90% of the 34 males mea-
sured it exceeded 0.80 mm, with over 70% falling
berween 0,82 and 0.91 mm.

The ocelli of C. karra males are generally larger,

and the [OD ranges between 1.5-2.5 % OD; mn
nost examples, 1t is 2.2 or less. In both C. wsties
and €. tammo. the ocelli are smaller, and the [OD s
2.3-2.6 X OD, usually about 2.5 X OD.

Pilosity of the anrennal scape is consistently dif-
ferent berween the 3 species, 1n C, kaura, it consists
exclusively of fine, fully appressed pubescence, ex-
copt for several long, subereet distal serae. The sca-
pal pubiescence of C, raino, in cantrase, is abundanr,
coarse, and subdecumbent to suberect; the setae are
quite shorr, less than 0.025 mm long. Camponctus
ustus is alse provided with an abundance of similar
short setae, but in addition there are scattered fine
suberect setae that are about 0.08 mm long.

The metatibiae reflect similar differences: sctac
are fine and fully appressed in C. baira, relatively
coarse and subdecumbent to subercer and uniform-
ly short in C. zaino, and, finally, similar to C. taino,
but with addinional scattered longer setae in C, wus-
s,

syt 4.9 mm ¢ ne

Camponotus kaura
Snelling and Torres, new species
Figures 7-12

Camponotus ustus: Wheeler, 1908:156. M. Smith,
1937:571-872. In part, misidentification.

Camponotus (Pseudocolobopsis) ustus: Wheeler
and Wheeler, 1974:61. Misidentificanion,

DIAGNOSIS. Female casies, Head margins, in
frontal view, subparallel and withour standing setae
berween mandible base and dorsolateral angle; an-
tennal scape without standing sctae along shaft;
free clypeal margin transverse, thin, and without
median beveled area above margin; mandible with
6 teeth. Male: See Discussion under C. ustus.

DESCRIPTION, Major worker, measurements
(mm) (v = §3): HW 1.88-2.16 (2.16); HL. 2.10~
2,48 (2.44); SL 1.45-1.66 (1.66); WL 2.5-2.9(2.9),
TL 7.5-10.5 (10.5). Ratios and indices: CI 105-
123 {113); SI 67-72 (68); OI 20-22 (20); OMR
45-50 (500,

Head (Fig. 7) longer than wide in fronral view,
sides straight or nearly so, weakly converging be-
low, HW about 0.8 X UHW, dorsolareral lobes dis-
tinct and margin berwcen them deeply concave.
Eyes large and fiar, their cuter margins failing to
attain lateral head margins by less than minimum

Snelling and Torres: Puerto Rican Campornotus B S
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Figures 7-12. Camponotus kaura, 7. Major worker, frontal view of head, 8. Minor worker, same. 9, Gyne, same. 10.
Major warker, lateral view of mesosoma, 11, Gyne, same. 12, Major worker, mandibles and lower clypeus, enlarged ca.
2, slightly oblique view. Figures 13-16. C. raino. 13, Major worker, frontal view of ead. 14, Minor worker, same. 15,
Major worker, lateral view of mesosama. 16. Major warker, mandibles and lower ¢y peus, enlarged ca. 1.2, shghtly
oblique view, Figures 7-11 to same scale; Figures 13-15 to same scale,

diameter of antennal scape. Frontal lobes broad,
greatest intercarinal distance about 0.4 X HW, up-
per intercarinal distance about 0.9 X greatest in-
tercarinal distance. Clypeal midline subangular for
most of its lengeh; disc slightly depressed on either
side above lower margin; free margin shallowly
concave and with blunt median tooth (Fig. 12); in
profile, evenly sloping to ventral margin.

6 W Contnbutions in Science, Number 469

Antennal scape distinctly widened distad, exrend-
ing to, or nearly to, level of dorsolateral lobe, Man-
dible with 6 teeth.

Front of head slightly to moderately shiny, sur-
faces finely tessellate; entire front of head sparsely
and minutely punctate, clypeus least obviously
punctate; mandible moderately shiny between
sparse fine punctures that become finer, closer, and

Snelling and Torres: Puerto Rican Camponcius
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nice clungate basad and along lower margin; short
costae present distad ar base of dentate margin.
Posterior surface of head shinier, with sparse 10
scartered minute puncrures and coarser, pihigerous
punctures,

Side of head {including malar area) in frontal
view withimt erect setae; eyes bare; vertex and up-
per frias with several Jong setae on each side, out-
ermost longest; frontal lobes with 3 long erect setae
widely spaced aleng canimae. Clypeus wich usual
basal seta pair and 2 or 3 similar setae along cach
lateral margin; 4-8 short, erecr submedian sctae
present; 4-6 long, shghtly curled, flatrened bristles
present along ventral margin, extending over closed
mandibles, Scape shaft without crect setae. Hypo-
stomai area with 0—3 short vrect sctae.

Mesosoma (Fig. 10) robust, dorsum moderately
convex in profile, meranotal depression weak; pos-
rerior declivity weakly cancave. Pronotal dorsum
about 1.2 45 wide as long and about 2.2x as
wide as propodeum at summit of declivity. Pro-
fermur about 3% 1s long as deep.

Pronotum with about 10 long subercer 1o erect
setae; longest about 0.4 X minirwum eve diameter
{MOD); mesonotum with {usually) 4 similar setae;
sumamit of propodeal decliviry with 1 pair of long,
erect setae. Profemur with 2 or 3 widely spaced
crect setae along ventral margin, longest no more
than 0.5 x depth of femur; mese- and metafemora
withourt erect serae along either domal or veutral
margins all femora with several serae at their api-
cesy all tibiae without erect or suberect setae, but
cach with several bristles at apex; meso- and meta-
tibiae without row of graduated bristles on flexor
surfaces,

Petiole scale thin-cunearte in profile, summir nar-
rowly rounded; summit, in posterior view, varying
from weakly concave across middle one-half to
weakly convex; summit with 2 or 3 erect setae on
cach side, longesr subequal to longest pronotal se-
tae.

Gaster moderately shiny, weakly transversely lin-
colate, T1 with 2 long submedian suberect setae at
summit and usual marginal row; following seg-
ments with transverse median band of wide spaced
ercct setae in addition to marginal row, setae pro-
gressively longer on succeeding segments; appressed
pubcscence of terga widely scartered and extremely
short (<0.03 mm long].

Color basically yellow; areas of varying extent on
the head may be darker reddish or even brownish;
simitarly, metasomal terga imay be weakly brown-
banded.

Media workers, measuremients (mm) (n = &)
HW 1.29-1.70; HL 1.38-1.84; SL. 1.17-1.35; WL
1.8-2.2, TL 5.8-6.7. Ratios and indices: CI 101~
108; SI 74-89; Q1 23-31; OMR 54-72.

Generally similar to major workers but head
more quadrate and without pronounced dorselat-
cral lobes.

Minor workers, measurements (mm) (n = 43
HW 0.85-1.27; HL 1.09-1.56; 5L 1.19-1.62; WL

Contributions in Science, Number 469

1.6-2.4; TL 4.6-6.6. Ratios and indices: C1 117-
138: 51 104-113; OI 27-33; OMR 62-90.

Distinctly mare slender bodied and with more
clongate and parallel-sided heads, vertex cvenly
convex in fromal view {(Fig. 8); antennal scape
clearly longer than head; free clypeal margin broad-
ly convex,

Gyne, meastirements (mm) {n = 11} HW 1.56-
1.71; HL 1.78-1.94; SL 1.37-1.49; WL 3.0-3.4,
TL 8.8=9.7. Ratios and indices: CL111-117; 51 73-
78; OI 28-33; OMR 79-97,

Head (Fig. 9) in {rontal view [ess convergent be-
low than in major worker, LHW abour 0.75 X
HW, vertex nearly straight across middle. Eyes
large and extending shightly beyond head margins;
EL about 0.8 X OMD; ocelli small, IOD abcut 4
X OD; OVD about 3 % OD (frontal view). Scape
surpassing vertex by about 0.17 % SL. Sculpture
and pilosity about as d~scribed above for major.

Mesosoma (Fig. 11} normally shaped for alate
female. Dorsal face of propodeum only slighely
shorter than declivitous face, abrupdy rounded
onto it and with 4-6 long setae near summit of
declivaty. Legs as described above,

Petiole and gaster about as described above,

TYPE MATERIAL, Holotype major worker,
PUERTO RICO: Cafie Gorda, 0-20 m, vic. Guin-
ica, 26 Ocr. 1991 (Snelling, Torres, and Canals,
RRS #91-14), ex dead wood of black mangrove
(Avicennia germinans), deposited in LACM, Para-
types: numercus workers, gyvnes, and males, same
data, RRS #' 91-14 tc 91-17; workers, same data
except from dead wood of Coccoloba (RRS 491-
18} nararypes in BMNH, LACM, MCZ, USNM.

ETYMOLOGY. The specific name is a Taino
{Arawak) word for a forest dweller; it is ro be treat-
¢d as 2 noun in apposition,

DISCUSSION. In addition to the above paratype
material from Puerto Rico, we have seen specimens
of all castes from ncarly 30 additional sites in Pucr-
to Rico, as well as samples collected by RRS on
Torrola and Guana Island, British Virgin [slands.

As noted above in the Discussion under C. ustis,
we believe that this species is probably a member
of the subgenus Psendocolobopsis as that taxon 15
currently defined,

The marenal avadable is generally quire uniform
in its fearures, the most obvious variation being in
color, While che color is basically yellow or brown-
ish vellow, the amount and intensity of infuscation
of the head of the majors is quire variable. In some
individuals, the lower rwo-thirds of the head may
be blackish, but more usually the lower portions of
the head are distinetly brown and the remainder is
somewhar reddish.

One major worker, from the type nest sample, is
unusual in that the head, the longesr of any mca-
sured, is disproportionately stender tor the major
subcaste, with a CI of 123. This is the only major
examined in which rhe CI exceeds 113,

This is by far the more common of the two spe-
cies previously misidenrified by Wheeler (1908) and

Snelling and Torres: Puerto Rican Camponotus Bl 7
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all subsequent authors as C. restus. It is readily sep-
arated from C, r2in0 by the smooth malar irea and
lateral margins of the head, since both are devoid
of erect serae. This species i3 separable from true
C. ustus by the differences in head shape and clvp-
cal structure as noted In the key and figures. In
Pucrto Rice, C, wstis is presently known only from
Mena Island,

-
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REDESCRIPTION OF NEOTERMES MONA,
A DAMPWOOD TERMITE ([SOPTERA, KALOTERMITIDAE)
FROM THE CENTRAL WEST INDIES

JAN KREGEK, Nan-Ya0 SU aAND RUTOLF H. SCHEFFRAHN
Fort Lauderdale Besearch and Education Center
University of Florida, Institute of Food and Agricultural Sciences
3205 College Avenue, Fort Lauderdale, Florida 33314

ABSTRACT

The winged imago of Neatermes mona (Banks) is deseribed for the first time and
the soidier casts is redescnbed as two size morphs. The distribution of ¥V, mona in-
cludes Hisparuala, Turks & Caices [slands, Puerto Rico, and Virgin Islands. It 1s the
largest kalotermitid in this region. i

Key Wurds: taxonomy, Canbbean, Neotrapics, diztribution, imago

RESUNMEN

Se deseriben por primara vez los adultes alades de Neotermes mora (Banks! y se
redescrite la casta de soldados como formad de dos tamafos. La distribucidn de N
mona incluve Espafiola, las Islas Turcas v Caicos, Puerto Rico y las Islas Virgenes,
Este es el mavor kalotermitido de esta regicn,

For his orizinal description of Neotermes (=Kalotermes) mona from Mena Is.,
Puerio Rico, Banks (1919) offered little more than a brief soldier eompanison with fn-
cisitermes (=Kualotermest schwarzi (Bankst and V. (=K.} joureli (Banks) (Banks & Sny-
der 1920). The description of iN. mona lacked mensurements and wag accompanzed
only by a simple line drawing of a soldier'’s head and pronotum that resembles
Krishna's (1961) definition of the genus Newtermes. In light of recent collections of N,
mona from the Turks and Caices 14, {Scheffrahn et al, 1990), Mona Is. {Ramos 1948,
Jones 19931, Dominican Republic, Puerto Rico, and Guana Is., B.V 1. {(Scheffrahn et al.
1504, Collins £t al. 1987}, and now Vieques [s. (Puerto Rico) and 8t. John, U.S. V.1, we
herein redescribe the soldier as a dimorphic caste and describe the winged repredue-
tive for the first time.

MLATERIALS AND METHODS

Morphometrics of specimens preserved in 85:15 ethanol:water were made with a
stereomicroscope fitted with a calibrated ocular micrometer. Specimens for measure-
ment were selected from 81 colony series collected during 1988-1999 from 50 localitiey
on 10 islands in the West Indies (Fig. 1), Measurements of the large and small soldier
morphs are presented separately, but other characters do not differ sufficiently to
warrant separate descriptions,

Scanning electron micrograph prints were scanned at 600 dpi, and the digital im-
age outline traced using photograph-enhancing software (Photo Magic, Micrografx,
Inc., Richardson, TX), The background was converted to black, and the scale bar was
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digitally redrawn. Latitude and longitude coordinates of collection sites were cun-
virted to decimal degrees and mapped (Fig. 1) using ArcView GIS version 3.0a =oftwire
and relevant map data from Digital Map ef the World version 1.0 (Environmental Sys-
temns Research Instituts, Inc. Redlands, CA).

Neotermes mena (Banks)

Kalotermes mona Banks 1919: 478 [soldier; Fig. 6].
Kalotermes (Nealermes) mona; Snvder in Wolcott 1948; 62.
Ralotermies mona; Snyder 1949: 18,

Nyotermes mona; Krishna 1961: 322.

Imago (Fig. 2 A-B, Table 1).

In dorsal visw peneral color almost uniformly ferruginous, except for darker, ¢hest-
nut brown frons and anterior vertex in majority of specimens, and dark chestnut
brown posterior halves of three posterior abdominal tergites, Mandibles dark cheatnut
brown. Anteclypeiss vellowish, Antennae ferruginous oranige except for chestnut hrown
third article. Comprund eyes almost black. Chevron pattern on pterothorax faint and
wide. Femora yellowish, tiblae ferruginous. Sclerotized wing venation ferruginous, re-
mainder of wings, arclia, and abdominal sternites pale ferruginous orange.

In dorsal view, head capsule suboval with sides rectate and faintly converging to
anterior especially in ventral aspect; postericr of head capsule broadly rounded. In ab-
lique view, frons broadly concave, with raised lateral marging, and with delicate stri-
ations. {n lateral view, frons plane continucus with plane of vertex. Compound eyes
large and protruding, subcircular, with long subrectate cr slightly concave margins
along antennal sockets. Ocelll slightly protruding; comparatively large, oval; broadly
contacting eyes, Mandibular bases with striations, Shallow, small, and circular de-
pression centersd at intersection of epicranial suture. Head, pronotum, wing scales,
abdominal tergites, and sternites with numercus and long setae. Antennae with 19 to
22 articles, usuaily 21 or 22, relative length formula 2 > 3 > 4 = 5. Pronctum about
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Fig. 1. Neotermes mona localities and termite collection sites from 1988-1999.
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Fig. 2. Scanning electron micrographs of N. mona. Oblique (A) and dorsal (B) views
of an imago head from Guana Island. Dorsal (C) and lateral (D) views of a large sol-
dier from Guana Island. Dorsal (E) and lateral (F) views of a small seldier from Mona
Island. Scale bar equals 1 mm for A-B and 2 mm for C-F.

Lwice as wide as median length; anterior and lateral margins with raised and rounded
rim. Anterior margin of prenotum concave; posterior margin slightly concave. Ante-
rior wings with very long subcosta and radius; subcosta terminating at costal margin
near % of wing length from suture; radius reaching costal margin at 24 of wing length.
Radial sector with 4-5 branches along distal half of wing. Sclerctized media with sev-
era] fine transverse hranches to radial sector; posteriorly, few short diagonal and sele-
rotized branches fade inte membrane except for most distal branch that terminates at
wing margin. Texture of wing membrane with very faint nadulations. Arolia large.

Comparisons

The alate of Iv. monag resembles that of N joutell, but the former 15 larger. Head
width at eyes in N mona is 22.00 mm, while in ¥ joutell it is <1.8]1 mm; maximum
pronotumn width in &Y. mona is 22.22 mm versus <2.05 mun in N jeufel), and pronotum
maximum fength is 21.49 mm and =1.32 mm for N. mena and &, jouteli, respectively:
Total length with wings of the N. mona alate 1s 217.89 mm compared to <16.05 mm in
N, jouteli; and wing length from suture is 213,35 mm and £11.79 mm, respectively. The
imago of ¥. mona differs from all other Weat Indian conpgeners by its darkened three
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Taple L. MEASUREMENTS OF MEGTEEMES Hova [MAGO.

Measuroment in mm

n =3 males, 3 females from & colanies) Range Mean = 5D
Head Yengh with labrum 2.14-2.52 238 =012
Head length to postelypeus 1.63-1.97 1.3 £ 0.10
Head width, maximum at eyes 2.00-2.17 2.10 20051
Hexd height withowt pestmentum 1.11-1.21 1.15 = 0.032
Labrym width, maximum 0.73-0.89 QB2 = (1.049
Eye dinmeter with sclente, maximum 0.57-0.67 062 = 0.033
Eye 1o head hase, minimum from sclerite 0.29-0.28 0.34 = 0.027
Crellus dinmeter, maximum 0,22-0.27 0.24=0014
Ceell Amaler, minimum 0.16-0.20 0.17 £ 0.011
Zye sclerite Tu t 0 0
Pronotum, max! 1.49-1.68 1.538 = D155
Pronotum, maximum width 2.22.2.47 2.35 = 0.093
Totz] length with wings 17.89-22.01 19.26 = 1.17
Total length without wings 9.09-11.08 10.08 2 0.63
Fore wing length from suture 13.35-16.47 14.81 = 0.80
Fore wing, maximum width "3.56-4.13 AHT 2 0.17
Hind tilna length 1.77-191 1.65 = 0.041

posterior abdominal tergites. The irmaga of N meng has a generally darker, ferrugi-
nous coloration compared with @ lighter ferruginous orange color in N, jouteli. The N,
nisng image has dense pilesity compesed of Jong setae (0.3 mm) on the head, prono-
wum, wing scales, and sbdominal sternites and tergites, while the V. jouteli imago is
adorned with sparse short setae (»0.03 mm long). The setal foilicles of N, mona are
strikingly lighter than the surrounding cuticle, while in V. joutell the follicles are un-
apparent. The frond of N. mora is on an even plane with the anterior vertex, while in
N.jetitels there 18 about a 15° slope between the planes of the frons and vertex.

Although alate pilosity characters of V. monag are similar to these of V. casteneus
Burmeister, V. castancus is smaller overall, has much smaller comprund eyes than N,
maona, and its head color is brownish compared to the ferruginous N. niena head. The
frons of the ¥ mona nlate ia famtly concave and delicately striate; in M.castaneus the
frons is faintly convex and striations are absent.

Soldier (Figs. 2 C-F, Tables 2-3),

The soldier caste consists of two distinet morphs, large and small, both usually
present in mature colonies. Other than size, there are few distinguishing characters
that separate small end large soldiers of N. mona compared with some congeners and
specied in several other Kalotermitid genera.

Head capsule generally ferruginous in dorsal view, in some specimens postclypeus,
frontal carinae and antennal carinae darker, chestnut brown, Thorax and abdeminal
dorsum ferruginous orange. Mandibles glossy, almost black, with very dark chestnut
brown areas near articulations. Epicranial suture faint or absent. Eves almost black.
Femora yellow-white; remaining sternum pale ferruginous orange. Darker ferrugi-
nous postmentum contrasting with ferruginous orange genae.
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TazLE 2. MEASUREMENTS OF NEGTERMES MOMA SMALL SOLDIER.

September, 2000

Measurement in mm (n = 10 from 9 celenies) Range Mean 2 8D,
Head length to tip of mandibles 4.37-3.76 4852052
Hewd length to postelypeus 2.77-3.42 3.04 = 0.22
Head width, maximum 231313 266 = 0.24
Antennal carinae, outside span 2.18-2.80 2.40=0.19
Head hesght, excluding postmentum 1.52.1.93 1.83 = 0.13
Labrum, maximum width 0.64-0.87 0.71 = 0 069
Postelypeus width, maximum 0.558-..18 0.98 = 0.079
Left man-ible length, tip 1o most distant

vistnle point of ventral condyle 2.24-2.84 246 =0.18
Postmentum, length in middle 1.88 2.34 2.08=0.14
Pestmemum, maximum width 0.78-1.06 0.59 = 0.077
Pestmenium, minimum width 0.44-0.64 0.52 = 0.056
Pronotum, maximum width 2.73-328 299 =018
Pronotura, maximum length 1.63-2.02 1.82 = 0,10
Hind tiia length 1.60-2.15 1.76 = 0.16
Tatal length 9.94-13.35 11.39 = 1.01

In dorsal view, head capsule subsquare, shightly longer than wide, with sides sub-
parallel in large saldiers, faintly convex in small anes; pasterior ecorners of both mor-
phia rounded; median posterior of head capaale rectate. In some individuals of both
morphs, sides of head capsule faintly converging anteriorly. Head capsule covered

TABLE 3. MEASUREMENTS OF NEUTERMES MOMA LARGE SOLDIER.

Measurement in mm {n = 10 from 8 cnlomiss)

Range

Mean = S.D.

Head length to tip of mandibles
Head length to postelypeus

Head width, maximum

Antennal carinae, outside span
Head height, excluding postmentum
Labrum, maxdmum width
Postelypeus width, maximum

Left mandible length, tip to most distant
visible point of ventral condyle

Pestmentum, length in middle
Postmentum, maximum width
Postmenturm, minimum width
Pronotum, maximum width
Pronotum, maximum length
Hind tibia length

Total length

8.69-6.49
3.81-431
2.87-3.43
2.57-3.10
1.88-2.47
0.72-0.83
1.05-1.19

2.67-3.07
297310
0.94-1.14
0.49-0.54
3.37-3.96
2.00-2.37
1.93.2.20

[1.64-15.62

6.07 = 0.30
4.04 = 0.17
3.13=0.20
2872017
227017
0.75 = 0.044
1.13 = 0.048

2.87=0.13
2.90=012
1.06 = 0.067
0.52 = 0.022
3.60 =021
222=:0.12
2.04 = 0.091

13.48 = 1.51

5%
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with dense mat of setae except on occiput. Body also covered with dense mat of setae.
Frona flattened, usually faintly concave. In small soldiers, frons surface smooth; in
some of large soldiers frons with very faint reticulate rugosity. Frontal carninae lobed
with short peinted tubercle. Labrum linguiform. Mandibles comparatively long and
robust; in large soldiers, slightly more robust, with faint, and slightly pilose bassl
hump; dentition distinet. Antennae with 13 to 19 articles, usually 15 or 17 in both
morphs; in small soldiers often only 13 or 14 articles present; third antennal artacle
subclavate, terminal articles usually markedly elongated; antennal formula 2 < 3> 4 = 5.
Antennal carinae markedly protruding and rugose. Pronotum about twice as wide as
long. Anterier margin of pronotum deeply concave; sides of pronetum slightly convesx;
poeterior margin weakly emarginate. All soldiers with short wing pads on meso- und
metathorax,

In lateral view, head capsule slightly dorso-ventrally flattened; frenis plane elnping
20° from plane of vertex; mandibles moderately curved upward, =ves moderately elon-
sated or less often subcircular, with peripheral satellite facets. Pilosity of frons and
anterior vertex much more dense than on scciput. Hind fermnora moderately broadened
in small soldiers and noticeably inflated in large ones. Postmentum narrowed near
middle in large soldiers,

Comparizons

Because of size overlap, biometrical separation of small soldiers of N. mona from
those of Y. joutell is possible unly on ¢examination of a series of specimens. Both smail
and large soldiers of N. mona tend to be larger than those of ¥ joz22l [nlarge soldiers,
the following measurements do not overlap between these two species. The maximum
head width is 22.87 mm and in N jouteli <270 mm, left mandible length is x2.67 mm
and £2.42, maximum width of pronotum is 23.37 mm and £3.03 mm, and maximum
length of pronotumn is 22,00 mm and <1.85 mm, in V. moena and V. jouteli, respectively.
In large soldiers, the mandibles of M. mona are more robust but with less developed
basal humps and pilosity than those of N. jouteli. [n small soldiers, the mandibles are
more robust in V. mona compared ta N, joutelt, while pilasity and humyp proportions
zre similar, The bedy of N rona (s penerally much more pilose than that of N joutell.
The {rontal carinae and adjacent frontal area of V. mona soldiers exhibst much denser
pilosity than in N, joute/i in both morphs, especially in large soldiers. The tergum and
sternum of V. mona soldiers are conspicuously more pilose than in N, joutal,

Material Examined and Measured

USA. Puerte Rico, All samples collected by J. Chase, d. Mangold, J. de la Rosa and
R. Scheffrahn. Bosque de Aguirre; 17.93°N, 66.15°W; 1-VI-1993; 1 small soldier (PR-
175); 2 large soldiers (PR-176); 1 small, 2 large soldiers, 3 alates (PR-177). Mona ls-
land. All samples collected by S. Jones. Uvero Beach; 18.06°N, 67.90°W,; 11-X1-1982; 1
large soldier (PR-409); 8. W. airstrip; 18.06"N, 67.91°W: 12-X1-1992; 1 small soldier, 1
alate (PR~416); same data; 1 small soldier (PR-417). British Virgin Islands. Guana Is-
land. North slope near resort; 18 49°N, 64.44°W, 27-X-1992;.J. Krecek; 1 smail soldier
{no. VI-59), same site; X-1991; L. Herndndez; 1 large soldier, 1 alate {no. VI-60}; same
site; 19-X-1992; Krecek, light trap; 1 alate {no. VI-61). British West Indies. Turks &
Caicos Islands. Grand Turk Island. 21.46°N, 71.14°W,; §-11-1990; Scheffrahn, and B,
Diehl: 1 small soldier, 1 alate (T€-21). Dominican Republic. Barahona Prov.,, Cabral/
Barshona Hwy; 18.23°N, TL.13°W, 20-VI-1991; Chase, Mangold, de la Rosa, and
Scheffrahn; 1 small, 1 large soldier {DR-27); La Altagracia Prov., Juanillo; 18.48°N,
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65,42 W, 11-V1-1992: Chase, Mangold, de la Besa, and Scheflrahing 2 small, 1 largs
soldier (DR-362); Pedernales Prov, 25 km E. Pedernales; 17.920°N, 713", 25-X-
1993; Chase and de la Rosa; 1 alate {DR-864); Puerto Plata Prov, Punta Rucia;
19,868 N, 71.20°W: 21-V1I1-1984; Chasa, Krecek, de ia Rosa, and Scheilrahn; 1 small,
1 large soldier (DR-546); Peravia Prov,, 5 km W, Bani; 18 30°N, T0.12°W,; 4-V111-1995;
Chase; 1 alate (DR-1209); Pedernales Prov., Pedernales, beach, forest; 18.03°N,
71.74°W; 3-X1-1996; Chase and Krecek; 1 iurge soldier (DR-1300); Saona Island (new
record), La Romana Prov., Punta Catuano; 18.20°N, 68.78°W; 14-111-1995; Chase and
de la Resa; 1 alate (DR-1130).

Additional Material Examined

Paratype: Puerte Rico, Mona [s. No date or collector given; 1 large seldier, 5 small
scldiers, 1 presoldier, and many nymphs (MCZ Type 10076). Vieques Island {new
record). Between Red Beach and US. Navy observiation post installation; 21.90°N,
§5.37°W 24-VI1-1999, Scheflrahn, Maharayh. and Chase; 1 nymphoid supplementary,
many soldiers and nymphs, 2 larvae (PR-648, £30), U.S. Virmin Islands, St, John (new
record;, Terminus of paved road, Hwy 107, 18.31°N, 64.71°W,; 29-VII-1999; Chase; 1
nymphoid supplementary, many soldiers and nymphs (no. VI-97),

DiscuUssIoN

Long considered endemic to Mona Is. (Wolcott 1948), N. mona is now recorded from
a wide geography of the central West Indies (Fig. 1) Within this region, Haiti, the
larger Cawess [4, and wmany of the Virgin [s. have not yel been satisfactorily surveyed
for termites (Fiz. 1) and may suppert pepulations of N mona. Surveys of Cuba, Ja-
rmaica, the Bahamas, and the Lesser Antilies have neot vielded collections of N miona
[Zcheffrahn & Krecek. unpubl data), A record of N, mona from Barbados by Bennett
& Alam (1983} is almost certainly based on misidentification. A Neotermes species
listed as “nr. nona” from Cuba (Scheilrahn et al. 1994) is now recognized to be new
specias {Krecek & Scheffrahn, unpubl. data).

Neotermes mona is the largest kalotermitid in the West Indies. Snyder (1259) men-
tions that the alate of N araguaensis Snyder, comparable in size with N. mora, is the
largeat Neptermesin the New World. At 22, the maximum number of antennal articles
for the N mona imrgo exceeds Krishna's (1961) disgnoses of <21 antennal articles for
the rres and the Halotermitidae.

Digpersal fiights of N mona are nocturnal. On several occasions, JK observed
alates flying around lights between 0104 and G200 hours in the Dominican Repubhc
and Guana Is. in October and December. Compared with some Kalotermitidae (e.g.,
Cryptotermes and Incisitermes), the alates of N, mona exhibited robust flight behavior
and lacked the tendency to shed wings shortly after alighting.

Neotermes mona is usually a coastal inhabitant where it colonuzes substantial
woody growth of dry littora) forests, including arboreal cacti and mangroves. This spe-
cies has also been collected from wood in service (Wolcott 1948, Scheffrahn et al.
1990), however its economic significance appears limited. Galleries of &. mona infes-
tations cccasionally extend into the xylem elementy of living trees or near the tidal
zone of dead mangrove trunks; possibly as moisture refugia during drought. Collins
et al. (1997) rank V. mona us the termite specied from the British Virgin [s. having the
greatest moisture requirements. Their ranking was based on climatological factors of
the 19 islands surveyed and not on experimental data. We contend that, contrary to
the rankings of Collins et al. (1997), N. rnora has a substantially lower moisture re-
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guirement than sympatric termite species in the lamilies Rhinotermitidas and Ter
matidae that have soil access.

In & study of the phylogeny of 10 halotermitid species, Luvkx et sl (15000 selected
13 morphological characters (7 image and 8 soldier) for cladistie analysis. In their
data matrix, the eye pigmentation character for the M mona soldier was erroneously
scored as being absent, when it is indeed heawly pigmented. As a result, there are no
morphological differences for the selected characters among V. monag and its prima-
nly allopatric congeners, N, joutell and NV luykxi (Nickle and Collinst. Therefore, the
morpholozical cladogram of Luyky et al. (1990) must be revised to show these three
Neotermes 45 sister spicies.
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Nest Growth and Survivorship in Three Species of Neotropical

Nasutitermes (Isoptera: Termitidae)
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Environ. Entomol. 23(2}: 256-264 (2000}
ABSTRACT Long-term growth and sunvivership of individual arboreal nests were studied in three
specics of Neotropicad termites in the genus Nasutifermes, Of the 29 N, comiver (Motschuisky) and
seven N ephratae {Holmgren) nests monitored in an area of voung second-growth in Panama 12
(41%) N, comnizor vl four (3752) N, ephratac nests remained active throughout the 9- to 1 1-mo stucdy.
There was no sicnificant difference in sun ivorship betw een smadl and large nests of cither species.
In suniving N corniger nests with asingle queen, the net increase in volume was highly correlated
{r =057, 2 = 9 with queen wet weight. There was a marked seasonality to nest expansion in both
N comier and N, opliratae, with' growth occurting almost exclusively durine the wet scason.
Seventeen N acgjutlue (Holmuaren) nests were monitored for 4-9 v1 on Guana Island. British Virgin
Llands. Fourof the 17 (23.57%) N acajullae nests sun ived the study penod, and two more abandoned
their original nest and relocated. Within this imited sample of colonies. N, acajtdlac nests that were
large (=130.000 cm?) at the beginning of the study had ahigher probability of sunvival than did sivail
(<< 100,000 cm?) nests. Nest budding, relocation, and resprouting are mechanisms that Nasutitcrmes
may Use to create a new nest for all or a portion of an established coleny. The ontogeny of incipient
Nasttitermes colonies is discussed as a sequence in which a voung colony remains envptie within
woed, building its population size to a point where the colony can maintain and defend a nest. Eurly
in a wel seasou, termites then venture from within wood to build and cecupy u small arboreu nest.

KEY \WOQRDS  Nasuttermes ucajutlar, Nasutitermes corniger, Nasutiteymaes ephratee, termite colony

sunvivorship, termite colony longevity, arboreul nests

THE TROPICOPOLITAN TERMIVE genus Nusutitermes (Ter-
mitidae: Nusutitermitinae) is the maost speciose of all
{sopteran genera, containing 74 described species
from the Neotropics alone {Constanting 1998). Unlike
most termites, many species of Nasutiterrnes build ar-
boreal carton nests composed of musticated wood und
gceasionally other materials such as sand cemented
together with salivary and fecal fluids (Lizht 1933,
Emerson 1938, Thome et al. 1986a). The majority of
nest-building  termites construct mounds on the
cround, but nesting in trees has enabled species of
Nusutitermes und several other genera o colonize and
exploit a new habitat {Emerson 1938, Noirot 1970).
Nasutitermes nests are built on the trunk or on or
around a branch of a host tree, Typically, the termites
build a network of trails or “galleries” from the nest to
other rerions of the tree, down the trunk (somctimes
within the trunk), or along the underside of branches
tc connect the nest with other food sourcesinthe area
Nusutitermes nests reach enormous sizes in some spe-
cies, occasionally exceeding 2 m in height (e.g., N
acajutlue Collins et al 1997, Haverty et al. 1997, N.
rippertii {Rambur) R, H. Scheffrahn, personal com-
munication). In all species of arboreal Nasutitermes,

! Department of Entomoloxy, Plant Sciences Budding, University
of Manland, College Park, MD 20742

 pacific Southwest Research Station, Farest Service, USDA, P.O.
Box 245, Barkolev, CA 4701,

nests are built with reinforced, dense zones of carton
that act to protect at least the queen cell from verte-
brate predators, damage from a falling branch, or top-
pling of the nest by a storm or decav of its host tree
(e, Hubbard 1877, Andrews 1911, Emerson 1938,
Thome 1950, Lubin and Montgomery 1951). These
termite nests thus represent the focal reproductive
location for the colony, the hub of its foraging net-
work, and a substantial investment of time and energy
in construction and maintenance,

In this article we report on long-term studies of
arboreal nest growth and survivorship in three species
of Neotropical Nasutitermes. "Nest growth” refers to
the cxpansion of their carton nest by the termites
housed within; “nest survivership™ means survivorship
of the termite colony, or portion of the colony, active
within the nest. Twenty nine nests of N, corniger
(Motschulsky) uand seven nests of N ephratae
(Holmgren) were followed for 9-11 mo in Panama,
and 17 nests of N. acajutlac (Holmgren) were moni-
tored for 4-9 yr on Guana Island, British Virgin Ls-
lands. We tested the null hypothesis that colonies in
large and small nests have an equal probability of
survival, even though larger nests have a greater vol-
ume and physical structure to protect them from in-
Jjury or disturbance, and they have already survived
through the early age classes. The processes of incip-
ient nest formation and relocation of established nests
are wlso discussed.
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Materials and Methods

Studhy Arew Allofthe individund N comiger (n = 29)
and N epliratue (n = 7) nests momtored in Panama
were located in an area of voung second-growth that
had been burned 3-6 vr previously, with only smuldl
trecs left standing, near Frijoles. a settlernent on the
wouth shore of the Panama Canal, Panzuna (9° 097 N,
79731 W) (Thorne 1953), Every arborcal nest within
that remon of second-zrowth way included in the
study. All nests were located within a radius of 0.5 k.
The N. wcajutlac nests {n = 17) were on or near the
flats of White Bay Beach of Guana Island, a small (340
ha: hizhest peak 246 m), but biologically diverse, re-
<enve in the British Virgin Islands (Lazell 1996), The
majonty of N aeajutlae nests on the White Bay Beach
flats were part of the studyv; howey er not every nest in
the area was included because some were 100 high in
the canopy to measure accurately. In the Panamna site
by agreement with the lindowner, and on Guana Is-
fund Becouse it is managed as o conservation area, all
nests were left undisturbed by humans during the
course of the stady.

Newt Measuremnents, Allindividual nestsincluded in
this studv were aceessible by standing or climbing.
Measurements of the hemiaxes (height, width, and
depth) were taken with a mewsuning tape and re-
corded on each monitoring date. The position of these
measurements was generally at the madmum dimen-
sion of height, width, or deptly, although if the nest had
an exaggerated protrusion that compromised the byp-
ically ellipsoidal shape (imregularities most likely to
occur in N. corniger), account was taken and the re-
corded measurement was the best 6t to a more regular
cllipsoid. Nest volumes (em®) were estimated as the
volume of an ellipscid (473 wab ¢, where o, b, and ¢
are lengths of the hemiaxes) (Thome 1980, 1983, 1984,
1953; Levings and Adams 1954; Leponce et al, 1995).
[ Note that Weigert {1970) and Weigert and Celeman
{1970} used nest length X width X height as an index
of arboreal Nasutiterrnes nest volume, and Clarke
(1993} used the maxmum perimeter of arboreal Na-
stititermes as a volumetric correlate]. In Panama, por-
tions of all host tree trunks or branches eneased by the
nest were measured. Their volumes were calculated as
cyvlinders, and subtracted from the total nest volume
measurement to vield the volume of the nest carton.
On Guana Island the N, acajutlae nests were built on
substantially larger trees {often on mature sea grape,
Coccoloba ucifera; Polyzonaceae), and were typically
perched on the trunk, on a branch, or at the junction
of the trunk and a branch. Wood from the host tree did
penctrate nests, but for practical reasons the volume
of enclosed wood could not be measured precisely.
Because these N. acajutles nests were much larger
than the Panama series in total and in proportion to
wood encased by the ncst, host tree wood was not
measured cr subtracted from the calculation of nest
volume.

In Panama, nest mensurements were taken during
the months of May to July 1979, with additional nests
added to the study group throughout that time as
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differeut areas of the wte were expploved (o geddi-
tionad nests were added te the stady o Octeber 19735,
Intatal, 29 N cormizer nests w ere included inthie study,
along with seven N ephiratae nests within the same site.
Further measurements on the Panama nests were
taken from October 1979 to Junaury 1950, with the
finul measurement of suniviug nests imade on 1 April
1950,

In total, 17 nests of N acajutloc were ineasured on
Guana Istand. Ooe was first measured in July 1959, and
11 additional nests were first measured in October
1992, Subsequent measurements were made in Octo-
Ler of 1993, 1994, and 1098, An additional nest wus
adlded to the study in 1993 and oo more nests were
added in 1994,

At the same time that individual nests were mea-
sured, photographs of each nest were faken from a
specific position and crentation and repeated at cach
monitoring interval to recurd the nest profile{s). Scale
ralers included in the photos could be used subse-
quently to cbeck mensurements. and photos could be
comparcd with document nest growth.

Nest Dissections. Weights of queens in N comiger
colonies were determined following complete dissec-
tion of the nest and removal of the queen from the
roval cell. Entire carton nests were excised from the
host trees (wood encompassed by the nest was in-
cluded in the sample), placed in thick plastic bags, and
tansported to the Smithsonian Tropicat Research In-
stitute’s laboratory on Barro Colorado Island, Repub-
lic of Panama Colonies were refrigerated for 24-48 h
to inactivate the termites. Nests were then sequen-
tially shaved and shaken overa collection tray, allow-
ing termites to fall from the exposed galleries. Upon
location of the royal cell, the sides were scraped care-
fully to cpen the royval chamber and collect the
queen(s),

Data Analysis. Nest volumes were calculated for
euch observation and plotted over the entire length of
each study to visualize the variation in growth rate for
the nests of all three species of Nasutitermes. Initial
size of nests of N, corniger and N. acajutlue were strat-
ified into small (<3.000 cm® and <100,000 cm®, re-
spectivelv) and large (>6.000 cm” and >130,000 cn®,
respectively) size categories. Survivorship of small
and large nests was compared with logistical regres-
sion {SAS Institute 1995) and contingency table anal-
vsis (Steele and Torre 1960), Chi-square values were
tesled at the e = 0.03 level.

Newly Constructed Nests. Observations on incipi-
ent nest formation and on nest relocation were made
during the course of the study in both sites, Recog-
nition of these events was possible because of long-
term familiarity with established nests, making new
nests that appeared during the course of the research
available for investigation.

Voucher Specimens. Voucher specimens are depos-
ited in the USNM collection of the Smithsonian In-
stitution.
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Fiz 1. Growthof N comiger nests that survis ed thronsh-
out the monitoring period. Note consistent lack of zrowth
during the dry scason {January throush mid-Apnl in 1950).
{Figure does not show growth of budded nests)

Results

Nest Growth and Survivorship, Ofthe 29 N corniver
nests, 12 (415 survived the 9-11-mo study period. Of
those., only two (175 of the survivors) did not mrow at
allin external dimensions, but one increased in volume
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Fiz. 3. Growth of N. corniger nests that died during the

course of the study.

from 296 cm’ on 22 June 1979 to 14781 cm’ on 3
Junuary 1980, a 4893% increase in volume in just 6.5
mao {Figs. 1 and 2). Thirteen of the 17 N, comizer nests
that ultimately died during the study (76%) showed no
signs of zrowth even during the periad that they re-
mained active (Fig. 3). There was no relationship
between nest volume for N comiger at the beginning

Fig. 2.
1979, (d} 14 November 1979

Growth of N. comiger nest FF in Frijoles, Panama, over 5 mo. (a) 22 June 1979, {b) 7 July 1979. {c) 18 October
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Fiwe 4. Heluticoslip Letw eon N cornizer nest volume at
the end af the crowth perned relative to the initial volume.
Dats are only from pests that suraved the entire study pe-
aod. The correlation was nat sicnificant (r = 0.32),

of monitoring and st the end of the moaitoring period
{r=203%n 123 (Fiz. 1), Thus, nest size at the
Leginning of the shady was nota good predictor of nest
size at the end of the studw.

The volume of N. corniger nests at the beginning of
monitoring {May. Junc, or July 1979) associated with
survivorship to Apirit 1950 is shown in Fig, 3. The two
nests for which measurements did not begin until
October 1979 (both of which died before April 1950)
were not included in this analvsis because of a differ-
ent total monitoring interval. We tricd a simple fit
using logistical regression and found no significant
relationship between initial nest size and survival
{x* = 0.74). To test the original hypothesis {Ho: PS =
PL, where PS is the probability of survival of smull
nests, and PL is the probability of survival of lurge
nests), we compared the probability of survival of
nests with volumes of <3,000 cm® at the beginning of
monitoring (PS = 0.373) versus survivorship of nests
with a first recorded volume exceeding 6000 cm®
(PL = 0.60). There was no significant difference in
survivorship over the 9-11-mo period between small

Numbe: of Hesls

000 4000 6000 BOO0D 10000 12000
Ne1t Volume (am’) 5l Beginning of Monitoriag

Fiz 3. Survivorship of N. comiger nests based on initial
size. Monitoring of individual nests began in May, June, or
July of 1979,
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Fiz 6. Relationship between gueen wet weight (M
cerniger colonies with monogymous ueens only) and net
incrense in nest volume during the course of the study. The
correlation was highly significant {r = 9.57). Monitoring of
individual nests began in May, June. or July of 1970, Mests
were collected and dissected in April 1980 1o expose and
measure reproductives.

and large nests of N corniger (x° = 0.88), leading us
to accept the null hypothesis that large und small nests
have an equal probability of survival within this pop-
ulation.

Another consideration in evaluating growth of N
corniger nests is that this species is facultatively po-
lygynous. Because colonies with multiple primary
queens grow faster in both population size and nest
volume in the early age classes (Thome 1984, 1983),
some of the observed variance in nest growth rates
might be explained by queen number. The N. comrger
nests that survived until April 1950 were collected and
all but one (Y) were fully dissected (technique de-
seribed in Thorne and Noirot 1952), All but two of the
nests had a single primary queen; nest G had bwo
queens and nest T contained numerous wingless alates
in the queen cell, suggesting that queen replacement
was underway. In the monogynous sundiving N, comni-
ger nests, the net increase in volume from summer
197%S to April 1950 is highly correlated {r = 0.87) with
queen wet weight at the time of nest dissection (Fig.
6). Notably, several of the nests with the highest
growth rates (E, FF, C) also had large queens (>0.35
g). However, nest EE also had a high growth rate, but
only a moderately sized monogynous gueen (0.22 g}
at the time of dissection.

Cenerdlizations about growth rates of N. ephiratae
nests from Frijoles, Panama are risky because of the
relatively small number of ncsts monitored. Four of
seven (57%) nests in the study survived the period of
the monitoring. The highest growth rate among the
survivors was a nest that increased from 1,044 cm” on
24 May 1979 to 4,938 em® on 21 Novemher 1979, and
then remained at that size through 1 April 1950 (Fig,
7). None of the three nests that ultimately died grew
during the study (Fig. 7). One of the four survivors did
not increase in size during the monitoring period. The
largest N. ephratae nest, estimated at 42272 cm® on 24
May 1979, feil to the ground when its host tree, par-
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§ i Talde 1. Volume (vm ) of ne=is uf N, aecietlie wn Guana Ldand,
Nasutitermes ephratae Hritich Vinan lelands, frem 1992 10 1998
g Colony Year
1992 1493 L1994 [Eer.3 1995
< S — C1 160,739 156,326 142,424 Belocatine f1El 432y
=il [ ey [ AR5 TR0S) 902172 1251055
1 ! o 3 20730 200D 255500 D ad
g, =] G4 3,657  Dead
b, , - () 1L 3351 0092 Dead
i GH 30738  Dead
[y 43,629 68,757 ST.1S6  Dead
19 [ 9,050 1.3.206 13134 Dead
. o 9 S2491 01937 Deud
D T e Gl 159409 208575 197072 Dead
N F Cll 19944 — 323421 Belocating  (279.759)
AR AT AREETD Gep I SemIET i) Uerr TSR M T cl2 %370 124220 28T.oaT
Fig. 7. Growth of N ephratac nesis. including survivors E':j H.63 160,506 Deud 174713
{opensymbols) and colonies thatdied {durk sywbols) during Gl3 56451 251 e
the course of the study. Note lack of nest expansion during Gl6 34013 Dead
the dry season (Junuary through mid-April in 1950). (Wi TEH 16,155 Dead

tially consumed by termites, fell over (event noted
and nest dead at 13 July 1979 monitoring). The N
cphiratae nests that began as the two langest in this
study, as well as the smallest nest at the beginning of
the project (373 em?), died durning the course of the
research, These trends also suggest acceptance of the
original hypothesis (probubility of survival is indistin-
wuishable for small and large nests) for N, ephratac,
although the sample size of seven nests is too small to
evaluate with statistical rigor.

There was a marked seasonality to nest expansion in
hoth N. cormtiger and N, ephratac (Figs. I and 7), with
growth usually being limited to the wet season. During
the vear of the study, the dry season lasted from early
Junuary until mid-April 1980. The rare cases in which
nest growth did occur over the dry season were in two
cases of nest budding in N. corniger. Buds had been
initiated during the wet season, but there was limited
continued growth of the satellite nests during the dry
season (budded nests not included in the above data
see below for further discussion of budding).

Nasutitermes acajutlae nests monitored on Guuna
Island wre obvionsly much larger nests, on average,
than for either N. cormiger or N. cphratee at the Panama
site (Table 1), N. acajutiae characteristically builds
larger nests than N. corniger or N. cphratae, and the
habitat for the N. acajutlae study was mature vegeta-
Hon, whereas the Frijoles, Panama, site was young
second growth. Of the 17 N. gcajutlae nests tracked on
Cuana Island, only four of the 17 (23.3%) sunvived the
duration of menitoring (generally 4-6 yr; 9 yr for a
single colony which was a sunivor) (Fig. S}, Of the
remaining 13 nests, [ (64.7% of the total) died (Fig,
9}, and two (11,8% of the original number) abandoned
their original nest and relocated (see below). Includ-
ing the two relocated but surviving colonies, plus the
four nests that remained active during the course of
the study, six of the total of 17 colonies (35%), sunvived
the tota) period of the rescarch. The simple fit using
logisticul regression revealed no significant linear re-
lationship between initial nest size and survival ()} =
2.47). In contrast with N, comiger. N. acajutlac nests

“Valume of this colony was 212,171 em’ in 1954

* Hurmicane Luis darmaged buildings on Guana Island in 19563 and
limited aceess to Beld ties dunng October, thus no measursments
were taken.

< Thete measurements were taken after the colony had relocated.

that were large at the beginning of monitering
{150,000 cn®) had a higher probability of survival
than small nests (<100,000 cm?) {y~ = 3.84) (Fig, 10),
although we caution that the sample size was limited,
particulurly among large nests.

New Nests [rom Old. There are three circumstances
in which 2 new Nasutitermes nest ean arise from an
established nest. Nest budding, or active division of a
Nasutiterines colony, involves construetion of a satel-
lite nest that remains, for at least some duration, con-
nected to the healthy original nest by alleries and
termite traffic between the two (or more) nests
(Thorne 1952a, 19%4; Levings and Adams 1954: Atkin-
son and Adams 1997 for further discussion of budding
in termites, which can also be a passive procuss, see
Nutting 1969, Thome et al. 1993), Nest relocation
occurs when a colony abundons its original nest and

140"
Nasutitermes scajutiss: Surning Nests .
120" - i
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Fig. 8, Growth of N. acajutlae nests on Guana Island that
survived until October 1998, Growth of relecated nests is not
shown.
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mos es in entirety (includ.ne the physogastric queen)
into afreshly constructed iest, From our observations,
the circumstances initiuting such o move always in-
vohved dislocation and ¢len substantial injury to the
srizinal nest foliowing a fall from its host tree or being
tipped overin amass of fullen branches during a storm.
The new nest sites that we observed were all within
10 m of the downed nest, often closer. In one case on
Cuana Island, an N. acujutlae colony (G11) had pre-
viously construeted a small, satellite unit of thin car-
ton, apparently used as a foraging hub without repro-
ductives or brood. When the main nest was knocked
down, apparently by a storm, the coleny relocated into
the already ostablished satellite nest, which was rap-
idly expanded.

Resprouting of acolony eccurswhen a nest is totaily
destroved or removed (as by an armadillo, anteater, or
human), and the orphaned termites that remain in the
colony's gallery network and foraging locations con-
solidate and build a new nest. If it is an opportune time
of vear with alates mature or in development, then
alates within the nest imay develop inte adultoid re-
productives and carry on growth of the colony. If

Nasutitermes acajullae
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Fig. 10. Survivorship of N. acajutluc nests based on size
at the beginning of monitorng.
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nymphis or Alates are not present. worker Nasutiteres
may differentinte inta functional erzatoid reproduc-
tives under seme circumstances {Thorue and Noirot
1952, Noirot und Thome 1958), or the resprouted nest
may remain without reproductives and survive ouly
until its echort of workers senesce,

B.LT observedall three ol these rapid nest creation
processesin Punamanian N, corniger, and documented
nest relocation and resprouting in N ephratae in the
sarrre habitat. Both wuthors witnessed relocation of two
ofthe N. acajutlac nests in our Guana Island study area.
and previously B.LLT, and Margaret Collins observed
relocation of a third nest and respronting of another,
also on Guana Island.

Incipient Nests. Lonz-term observation and famil-
iarity with the sites cnabiled us to recognize and study
newly appearing nests in both the Panama and Cuana
Isiand research plots. In Panama during the course of
2 yr early in the rainy scason, B.LT. observed the
appearance, virtually overnight, of four N. corniger
nests, each 7-10 cm in diameter {ncarly spherical,
therefore =180-324 cm™) and containing - 10,000 -
16.000 termites (nest only; excludes individuals in for-
aging zalleries and at food sources) (Thome 19843, On
three occasions she found small incipient colonies
housed completely within wood, one of which she
collected and dissected. That decaying log had no
termite carton inside except around a knothole, which
was later found to house the tiny roval cell, less than
1 by 1 em. The primary Mg and queen inside weighed
0.0063 and 0.0152 ¢, respectively {wet weights). Ap-
proxmately 2.000 termites accompanied the royal pair
in a 20-cm section of the log.

Arboreal N. corniger and N. epliratae nests fre-
quently surround a trunk or branch which, when ex-
posed after nest dissection, often contains a hollowed
cavity or knothole that served us the original royal cell.
In small nests the roval pair may still be lodged in
wood; in larger nests the roval cell is generally con-
structed adjacent to the original copularium. We sug-
zest that the probuble ontogeny of arboreal N. comiger
colonies is that the royal pair remains sequestered in
their original copularium embedded in wood for sev-
eral years as theirincipient colony grows, Workersand
soldiers in the young colony also remain within the
wood, first eating local areas of the host tree and
eventually traveling through the tree core, or perhaps
building external galleries. to other food sources. Col-
onies also may be initiated in stumps or logs. When the
colony population size approaches 10,000 termites,
and when the Brst mins of the wet season create the
right conditions, the colony blossoms into a rapidly
constructed arboreal nest. normally adjacent to the
royal cell, roughly 10-12 cm in diameter. In this pro-
posed sequence of colony development, arboreal ter-
mites remain hidden within their host wood until their
colony population size reaches a point that they can
repair, maintain, defend, and ultimately expand a vis-
ible and exposed nest, although a freshly constructed,
small nest remains quite vulnerable. Although some
incipient colonies were found within logs, all observed
new nests were on trees, This suggests that founding

U‘_\
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puirs within trees liuv e w higher probubility of survival,
or that colonies that begin in wood on the ground may
move to a tree before or during nest construction. The
sizo of a colony, and its queen, at the time of first nest
construction may intfluence its subsequent rate of
arowth,

Nasutitermes acgjutlae nests on Guana Island were
monitored o1y at vearly intervals so it is impossible to
precisely age aew recruits or to know their size when
they fist uppeared as carton nests. However, in 1993
we found three new nests that had not been present
in 1997, Thio e nests had volumes of 17981, 7,930, and
7037 cm . We have never seen a N acajutlae nest
smaller than 7.000 cm”® in any habitat, so if they remain
enptic within wood and then “bloom™ as does N
cornizer. a size of <7.000 cm? may reflect their usual
debut size as .rboreal nests,

Discussion

There have been very few studics of long-term nest
arowth and/or survivorship in termites. Banerjee
{1973) monitored growth of five incipient colonies of
Cdontotermes redemanni (Wasmann) in Indiafor 2 vr,
finding that the annual growth rate of individual
mounds was higher for smaller mounds (<75 ¢m in
height) than for larger mounds (=100 em in height).
All ive of the mounds that he followed survived the
2-vr study. Roonwal (1977) studied the ratio of height
to diameter expansion during growth of mounds of
three species of Odontoterrmes in India, determining
that the crowth pattern was allometric. Korb and Lin-
senmair {1998) conducted the most detailed demo-
graphic study vet completed on ternites, measuring a
variety of fitness parameters (probability of survival,
age of ficst reproduction, number of alates produced
per colony, and lifelong probability of reproduction)
on individual Macrotermes bellicosus (Smeathiman)
micunds in an [vory Coast savinna This work will be
a landmark study when published.

The results of our work on three species of Neo-
tropical, arboreal Nasutitermes suggest thatarelatively
low percentage of individual nests survive forthe long
term, at [east in the sites that we studied. Smaller nests
of N. vcajutlae had lower survivorship than langer nests
within this study; the probabikity of survival of small
and large N, comiger nests was indistinguishable
among nests in this study. Our sample of N. ephiratae
nests was too small to evaluate the association of size
and probability of survival. Both the Panama and
Guana Island sites were free from human perturba-
tion, but had other risks for termites. In Panama there
were anteaters that can climb trees and swipe their
sharp claws into Nasutitermes nests {Lubin and Mont-
gomery 1981), Once a nest is injured, there are many
species of predaceous ants that readily invade Nuste-
titernies colonies. B.LT. observed Campenotus sp. ants
clean out an injured N, corniger nest in <24 h. Ant-
eaters, ants, or armadillos may attack Nasutitermes
nests cracked or otherwise damaged after fulling from
their host tree during a storm. In contrast with Pan-
ama, no vertebrate termite predators live in the British
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Virvin Islunds other than lizards that cut termites ex-
ploring outside of their nest or galleries. During our
9-vr study, the lurgest cause of mortality to N, acajutlac
nests on Guana Island appeared to be hurricanes, with
drought stress us another possibly signficant fuctor.
Hnrricanes create ternmite food and habitat by down-
ing trees and branches, but the storms may alse dis-
lodze and injure established nests, causing death or
inducing the colony to relocate. Inter- and intraspe-
cific competition and territorial interactions amoug
neighboring Nasutitermes may also affect erowth and
survivorship of nests (Thome 1952a; Lovings und Adl-
ams 1994 Adans and Levings 19870 Lepence et al.
1995, 1996, 1997). n ull three species, the stnivorship
infonnation presented here does not include the ear-
liest age classes of colonies, which beain sequestered
within wood and arc therefore invisible to scientists in
this tvpe of survev,

In this study we report on the growth and swni-
vorship of individual nests. as opposed to celonies
because some Nasutitermes are polydomous, meaning,
that a single intermingling colony may construct and
occupy more than one nest (Levings and Adams 1954
Roisin and Pasteels 1956: Adams and Levings 1957
Clarke 1993; Leponce et al, 1995, 1996, 1997; Atkinson
and Adams 1997 Thompson and Hebert 1998a, b).
Although N. corniger colonivs are known to form buds
and occupy those satellite nests in some habitats
(Thome 1982b, 1984; Levings and Adams 1984; Adams
and Levings 19587; Atkinson and Adams 1997), we feel
confident that the N. corniger nests monitored in this
study were each single colonies, not interconnected
buds, None of the trils leading from N. cornizer nests
was connected to anv other nest, Termites from all
nests in the site were evaluated for agonistic behavior
in pairwise bioassays, alwavs resulting in aggressive
interactions between neighboring nests (Thome
1952a). The queenright condition of surviving nests,
determined upon dissection. suggests that they were
independent colonies. Furthermore, the habitat had
been cleared of larger trees and burned 3-6 yr pre-
viously, so although the N. cerniger colonies in our
study may have been founded before the habitat de-
struction, they bloomed into arboreal nests within a
relatively few years of the beginning of the study.
They were thus generally too young to bud, although
two of the colonies were observed in the process of
budding during the study.

Nasutitermes ephratae colonies ure not yet known to
bud: the seven in this study were spatially dispersed
and almost certainly represented individual colonies.
Little is known of colony structure in N. acajutiae.
Although the monitored nests on Guana appear to
represent independent colonies because of ascattered
spatial confguration, colonies of the closely related
species N, nigriceps (Thome et al. 1994, 1996b ) may
oecasionally occupy more than one nest (Levings and
Adams 1984, Clarke and Garraway 1994). Further
study of N. acajutlae is needed before we can Rilly
interpret the association between nests and colonies.

In both N, corniger and N. epliratae, nest expansion
was confined to the wet season during our study, the
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only excoeption Leing vrawth of some budded nests,
Termites need min for imoisture to open existing walls
and effectively masticate muterinds needed to build
additional galleries (Thorne 1954), Colonies may be
forced 1o repair nests during the dry season if that is
when an injury occurs, but volume expansion appears
to be restricted to the wet season. The oceasionadly
cnormous growth rmtes observed durine the course of
the wet season mav refleet accommeodation of o pop-
ulabon increase that already occurred, and/or antic-
ipation of growing ranks in the near future, Seasonal
patterns of nest growth, particularly following mins,
was also noted by Noirot and Noirot-Timothée {1962)
in Cubiterines fungifaber (Sjdstedt) and by Bodot
(1967) in Amiternes cvuncifer Silvestri, Cubitermes
serers Suvestri, and Trnervitermes trinervious (Ram-
bur) en savannas of the Ivory Coast. Bancrjee (1973)
reported an inverse relationship between mound
building and rainfall in the Indian temmite Odunto-
termes redemannt (Wasmann}, with reduced con-
struction during heavy rmins.

The ability of tenmite colonies to relocate to a new
nest site has been documented in several species.
Emerson (1929) witnessed migration of a colony of
Nasutitermes costelis (Holmgren) including the royal
couple, and Emerson (1933} made a persuasive case
that every visible arboreal Constrictitermes cacifrons
{Holmgren) nest is the result of a colony migration
because the nests are constructed on living trees with
smooth bark, and there is no evidence of excavation of
a royal cell into bark beneath the nests. Noirot and
Noirot-Timothée (1962) describe nest relocation in
Cubitermes fungifaber in the Ivory Coast. In the cases
of nest relocation that we observed in N, acajutlac. N.
corniger, and N. cphratae, colonies abandoned their
original nest and moved to a newly built replacement
following major disturbance, such as the nest falling to
the zround or becoming angled at a severe tilt follow-
ing storm damage or decay of the host tree, The orig-
inal nest sometimes was not visibly injured, but repo-
siicned, often in a more vulnerable site.

Growth rates and survivorship of termite nests of a
particular species are almost certainly influenced by
habitat, season, inter- and intraspecific competitors,
and disturbance from predators, drought, storms, and
humans. For ¢xample, all N. corniger nests monitored
in this study were in an arca of young second growth,
a habitat chameterized by high vegetative productiv-
ity, an age distribution skewed toward young colonies,
rapid succession of the young forest and therefore of
nest sites, and moderate predator pressure (Thorne
1984). Nest and colony growth and survival rates in
this young habitat may be quite different than in a
primary forest.

Species of arboreal Nasutitermes appear to be re-
markably adaptable and resilient, capable of colony
budding, relocating, and resprouting to expand and/or
adjust to changing circumstances ordestruction of the
original nest. Despite this flexibility, long-term survi-
vorship of arboreal Nusttiterres nests and their asso-
ciated colonies is low, even though these conspicucus
nests appear to be abundant in many Neotropical
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habitats. Conzenvation of social insects has ounly ee-
contly been eaabdished as an inpertant issne; colonies
are now recoznized to be more vulnerable than they
appear on the basis of numbers of individuais (Pamilo
and Crozier 1997). Because of their ecological intpor-
tance as decomposers, and because they have a lower
survival mte than previously predicted. efforts should
e made to preserve active Nasititennes nests in nat-
ural communities.

Acknow leduments

We thank Dr. and Mrs Henry Jurecki. the staf of The
Cuana Ishwmd Club, and James D. Lazell for their suppert and
hospitadity charina the couree of the research on GuanaIsland,
and L J. Nelson for hielp with the sraphies included in this
article. The rescarclin Panama s as bindec by fellow <hips to
B.L.T. from the Smithsonian Tropicul Rescarch Institute and
the American Assceiation of Unis ersity Women, and by NSE
dissertation imprasement Grant No. DEB-S0-1G415 to E. O.
Wilson and B. L. Therne. Besearch on Guana Island was
supported by a wrant from the Falcenwgod Foundation to
The Conservation Awency. and by i Cooperative Agreenment
with the Pacific Southwest Rosearch Statian, Forest Service,
US. Department of Aaricyinure,

References Cited

Adams, E. 5, and 5. C. Levings. 1987, Termitory size and
population limits in mangrove termites. J. Anim. Ecol. 56:
1069 -10S1.

Andrews, E. A, 1911, Obsenations on termitesin Jamaien J.
Anim. Behav. I: 193-235,

Atkinson, L, and E. 5. Aduns. 1997. The ongins and relat-
edness of multiple repreductives in colonies of the ter-
mite Nasuditermes cornizer. Proc. R. Soc. Lond, (B) 264:
1131-1136.

Banerjce, B. 1973, Growth of mounds and foraging territo-
ries in Odantotermes redomanni (Wasmann) {Estoptera:
Termitidae ). Insectes Soc. 22 207212

Bodot, P, 1967, Cyvcles saisonnicrs dactivité collective des
termites des savanes de Basse Cote d'Ivoire. Insectes Soc.
I4: 339 -158.

Clarke, P, A. 1993, Alate producton in colenies of Nasuti-
trmus nigriceps and Nasutitermes costalis (Isoptera: Ter-
mitidae) in Jamaica and Trinidad. Sociobiology 23: 167-
174,

Clarke, P. A, and E, Carraway. 19, Development of nests
and compositon of colonies of Nasutitermes nigriceps
{Isoptera: Termitidae) in the mangroves of Jamaici, Fla
Entomol. 77: 272-250.

Collins, M. 5, M. £ Haverty, and B. L. Thorne. 1997. The
termites (Lsoptera: Kalotermitidae, Rhinotermitidae, Ter-
mitidae) of the British Virgin Islands: distribution, mois-
ture relations, and cuticular hydrocarbons, Sociobiology
3 63-76.

Constantino, R. 1998, Catalog of the living tcrmites of the
New World (Insecta: Lsoptera). Arq. Zool. Mus. Zool.
Univ. S.P. 33: 133-231.

Emerson, A E. 1929. Communication among termites
pp.7X2-727. In Fourth Intemmational Congress of Ento-
mology, Ithaca, NY, vol. 2 Comnell University Press,
Ithaca. NY.

Emerson, A, E. 1938, Termite nests A study of the phylog-
eny of behavior, Ecol. Monoyr, §: 247-254,

Haverty, M. I, M. §. Collins, L. J. Nelson, and B. L. Thomne.
1997, Cuticular hydrocarbons of the termites of the Brit-



2G4

ish Viewin Tslnds (Teeptera Kadotermitidae. Bhinoter-
mitidaer, Termitidaey, J. Chem. Ecel. 23 927-064

Hubbard, H. G. 1877, Notes on the tree nests of termitesin
Jamuicw Proe. Boston Soc. Nat. Hist. 19: 267-274.

Korb, J- amd K. E. Linsenmair, 199%, Reproductive suceess
of Macralermes bellicosus (Isoptern Macrotermitinae) in
two neighbouring habitats, p. 284 In M. P Sclwwarz and
K. lovendoomn [eds. ], Proceedings of the XHI Interma-
ttonal Gorgress of TUSSL Adeluide, Mustralia 29 Decem-
Ler 1995 -3 Jumary 1999, Flinders Univorsits Press, Ad-
elaide. Australia

Lazell, J. 1996. Guana Island: a naturul lustory woide. The
Conservation Ayency. Jamestown, RL

Leponce, M., Y. Roisin, and J. M. Pasteels, 1993, Environ-
mental influences on the whored ne<ting teomite com-
nmnity in New Guinean coconut plantations. Environ.
Euntomol. 24: 1 H2-1452.

Leponce, M., Y. Roisin, and J. M. Pasteels, 1996, Intruspe-
cific interactions in a community of arborea nesting ter-
mites { Isoptera: Termitidae). J. Insect Behav. 9: 799-817.

Leponce, ML Y. Roising and J. M. Pastecls, 1997, Structure
and dy namics of the arloreal termite community in New
Guincuy coconut plantations, Biotropica 24: 143-203,

Levings. S, C.and E.§. Adams. 1954, Intra- wd interspecific
territortadity in Neswhformes (Isoptera Termitidas} in a
Panantanian mangrove {orest. J. Anim. Ecol. 33 T05-T14.

Light, §. F. 1933, Termites of western Mexico, Univ, Calif,
Publ. Entomiol. 6: 79164,

Lubin, Y. D, and G. G. Montzomery. 1981, Defenses of
Nasutitermes termites (Isoptera Termitidae) azainst tu-
mandua anteaters (Edentatn, Myrmecophagidae). Bio-
tropica 13: 66-76.

Noirot, C. 1970, The nests of termites pp. 73-123. In K.
Krishna and F.M. Weesner [eds.]. Biology of termites,
sol. 2. Academic, New York.

Noirot, C.. and C, Noirot-Timothée, 1962, Construction ¢t
reconstruction du nid ehez Cubitermes funzifaber Sjost.
Symposia Genetica et Biologica Italica, Att. IV Congresso
UILELS.-Pavi, 9-14 Sett 1961 11: 160 -158.

Noirot, C., and B, L. Thorne. 1985, Function of ergatoid
reproductives in Nasutitermes columbicus (Isoptera: Ter-
mitidae). J. Morphal. 195: §3-93.

Nutting, W, L. 1969. Flight and colony foundation. pp. 233~
252, In K. Krishna and F. M. Weesner [cds. |, Bioloyy of
termites, vol. L Academie, New York.

Pamito, P, and R. H. Crozier. 1997. Population biology of
social insect conservation. Mem. Mus. Victoria 38; 411-
419.

Roisin, Y, and J. M. Pasteels. 1986, Reproductive mecha-
nisms in termites: polycalism and polyoyny in Nasuti-
termes polysimous and N, costalis. Insectes Soe. 33: 149-
167.

Rooowal, M. L. 1977. Growth ratics of termite mounds
{ Odontotermes, Termitidae) . Comp. Physiol. Ecol. 2:139-
141,

Sieele, R.G.D, and J.H. Torre, 1960, Principles and proce-
dures of statistics, McGraw-Hill Book Company, Ine.,
New York, NY.

Thompson, G. J., wnd P.D.N. Hebert. 1998a Population ge-
netic structure of the Neotropical termite Nasutitcrmes
nigriceps (Isoptera: Termitidae). Heredity $0: 49-35.

ENVTRONMEN TAL ENTOMOTOGY

160

Vol 29, na. 2

Thampwn, G Lo and P.D.X, Hehert, 1998b. Probing ter-
mite «ociad w <tems throueh allozyme and mDNA anal-
vsiss a case sludy of Nasutetermes nigriceps and Nasubi-
termes eostalis {Isoptera Termitidae). Insectes Soc. 43
259299,

Thorne, B, L, 1980, Dilferences in nest architecture be-
tween the Neotropical arboreal termites Nesutitermes
cormcer and Nasutitermes cphratae (soptera: Tormiti-
dae). Pavele 57: 235-243.

Thermne, B, L. 1952w Termite-termite interactions: workers
as an agonistic caste. Peyche $9: 133-1350.

Thormne B, L. 1952b. Polyyryny in termites: multiple primary
queens  in colonies  of  Nasutitermes  cermicor
{Motschulsky) (Lsopterae Termitidae) . Insectes Soc, 29:
102107,

Thorne. B, L, 1953, Alite production and sex ratio in the
Neotropicdl termite Nesutifermes comiger. Oweologia
{Berly 38: 103-109.

Thorme, B, L. 1984, Polvuvny in the Neotropical termite
Nasutitermes comiger life history consequences of queen
mutualism. Behav. Ecol. Saciobiol, 14 117-136.

Thorue, B, L. 19%, Numerical and biomass caste propor-
tions in colonte< of the termites Nasutitermes comicer and
N eplratac (Lsoptera Termitidae). Insectes Soc. 32: 411-
176.

Thotme, B. L., and C. Neirot. 1952, Eryatoid reproductives
in Nasutitermes comiger (Motschulsky) (Isoptera: Ter-
mitidae). Internat. J. Insect Morphol. Embryol, 11: 213-
226.

Thorme, B, L., M. I. Haverty, and M. S. Collins. 1994, Tax-
onomy and biogeography of Nasutitermes acajutlac and N,
nigriceps in the Caribbean and Centrad America Ann.
Entomol. Soe. Am. §7: 762-770.

Thorne, B. L, M. S. Colling, and K. A. Bjorndal. 1996a.
Architecture and nutrient analysis of arborzal earton
nests of bwo neotropical Nasutitermes species (Isoptern
Termitidae) with notes on embedded nodules. Flo En-
tomol. 79: 27-37.

Thorne, B, L., M, §. Collins, and M. I. Haverty, 1996b. An
Antillean termite named fora locality in Central Americic
taxonomic memorial to a perpetuated error. Ann. Ento-
mol. Soc. Am, 5%: 346-3H7.

Thorne, B. L., .F_A. Traniello, E. 8. Adams, and M. Bulmer.
1999. Reproductive dynamics and colony structure of
subterranean  termites of the genus Beticufitermes
{[soptern; Rhinotermitidae): a review of the evidence
from behavioral, ecological, and genetie studies. Ethol.
Ecol. Evol. 1 149-169.

Weigert, R. G. 1970. Energetics of the nest-building termite,
Nusutitermes costalis (Holmgren), in a Puerto Rican For-
est, pp. 37-64. in H. T. Odum [ed.]. A tropical ruin forest,
US. Atomic Energy Commission, Washington, DC.

Weigert, R G, and D, C., Coleman. 1970. Ecologicid siunif-
icance of low oxvgen consumption and high fat accumu-
lation by Nasutitermes costalis ([soptera: Ternmtidae),
Bioscience 20: 663-6635.

Received for publication 23 July 1999; accepted § Decomber
1999




16l
Yale University

Peabody Musewen af Nitural Hinory Campis Addres,
Diirien of brvervebrase Zoology 170 Whimey Avenue
170 Whimey dveruse Tolephone:

P.O. Box 208114 20% 432-3784

New Taven, Cormecticus 06520-8118 203 432-9818 FAX

27 March 2001

Dr. James D. Lazell

The Conservation Agency

€ Swinburne Street
Conanicut Island, RI 02835

Dear SKip,

I am vriting to summarize the activitles of me and Adam
Baldinger (Museum of Comparative Zoology, Harvard University)} on
Guana Island this past October, and update you on our progress
and future plans.

AS you will recall, Adam and I spent much of the initial
visit arranglng and eventually attending meetings with Bertrand
Lettsome (Chief Conservation and Fisheries Officer, BVI) and
Jocaph sSmith Abbott (Director, National Parksa Trust). The
neetings were held at the request of the the Minister of Lakor
and Resources, Mr. Jullan Fraser, so that Mr. Abbott and Mr.
Lettsome could review our research prograrn. I am pleased to
report that the meetinge went wall, and we have agreed to provide
periodic updates on the progress of our findings.

As to our collecting, we were finally able to adequately
survey the patch reef and rocks proximal to Bigelow Baach.
Unfortunately, time did not allow us to return to Monkey Point,
the site of many interesting discoveries, where we hoped to find
some of the rare forms we found befora. Terrestrially, we
collected nminute isopods and some land snails from the soil
debris adjacent to the "“Bat Cave."

We met with an interesting surpri=e on the patio of tha room
this year. We collected several larga terrestrial iscpods which
I have not seen before on the island. These conspicucus (10 mm)
isopods are closest to Venezillo culebrae, which has been found
recently onh a few islands other than culebra. But, as you might
be aware, the taxonomy of these terrestrial crustaceans is a
nightmare, hampered by the older literature often replete with
terribly inadequate descriptions. Eventually, I hope to convincae
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Dr. Stefano Taiti of Italy, a noted expert on tropical
terrestrial isopods, to examine these specimens.

Currently, Wa are working on several projects. First, Adam
and Dr. Michael Gable (Eastern Connecticut State University) are
describing a new species of the sponge inhabiting amphipod,
Podocerus, Erom Mcnkey Point. They also will report on another
species of this genus, previously known only from Brazil.

Second, Adam and I are evaluating the two most conspicuous
gencra of shora dwelling amphlpods, Ampithoe and Hyale. This i=
an enormous task because the only reliable way to determine the
identity the relevant speciaes 15 to wade through approximately
125 original descriptions; no world or regional faunal raviaw
exists that would allow us to bypase thls "legwork."

Finally, aside from the above mentioned projects, we are
planning tweo new venturas. We hope to visit Guana this year with
the express purpose of photegraphing freshly praserved or live
specimens. I ncw have an excellant setup, which we plan to bring
to the island, that will allow us to make digital images rapidly.
The resulting coler information will be valuabkle in highlighting
species differencas. Furthermore, after much delay I am
developing a website devoted to the microcrustaceans cf the
island, and our resaarch in general. I expect to go "live" with
the wabsite by fall; the new photographs we take on Guana will
make a great addition to the wabsite,

Again, both Adam and I wish to thank you and Dr. Jarecki for
the opportunity to &tudy on the island.

Best regards,
f;ﬁJ_ & Lalmfamfﬁ\

Eric A. Lazo-Wasen
Collections Manager

cc: Adam J. Baldingex
Museum of Comparative Zoology
Harvard University
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Environmental Issues in the
British Virgin Islands

By Ulve Petrovic, T Lavity Stoutt Commnernty Coilege. Roud Toven, Tortols, British Vingie Ishands

Koacl Town, Tortolae, capatal of the Brish Virgu fsLinds

The British Virgin [slands lie on the castern end of the
Puerto Rican platean at approximately 18 N, and 64 W. This
island group is comprised of more than sixty islands, cays
and offlvingr rocks with a total land area of just over 150
square k. The cighteen inhabited islands have only 18,000
residents but support over 300,000 tourists annually. To
appreciate the environmentai problems of the BVI, it is
necessary 1o understand the geological and historical
development of the islands.

Volcanic eruptions, carthquakes and other scismic events
formed the majority of the British Virgin Islands. Geologic
activity stretching back some 70 million vears to the lawe
Cretaceous produced the mountainous terrain characteristic
of the Fastern Caribkean island are. These islands remain
active as wittessed by recent eruptions on Montserral, some
300 km o the Southeast. Even today, the Virgin Islands
expericnce numerous carthguakes annually, although most
are minor tremors generally going unnoticed. However.
carthquakes eccnring approximately once ¢ach century have
aliered the topowraphy and cansed widespread damage 1o
human hakitations. Further changes in topography were
associaled with seatevel ftuctuations during glacial maxima,

As recently as 10,000 years ago most of the Pucrto Rican
plateau was above sea level, Dispersal over land was possible
between all the British Virgins and neighbouring islands as
well as to Puerto Rico approximately 150 km west, Clearly,
the present distribution of flora and fauna was aifected by
these sca level fluctuations.

Today, the Virgin Island group are pinnacles on the Puerto
Rican plateau suvparated by channels rarcly exceeding 50
meters in depth. Both the U.S. and British Virgin Islands
cxtend over a distance of more than 130 km.

The first humans arrived in the castern Caribbean at Jeast
G000 vears ago, probably island hopping from South
America. Evidence of human scttlements from the nearby
islands of Puerto Rice and Anguilla suggrests the British
Virgins were inhabited over 4,000 vears ago. Recent
excavations of a pre-ColumMbian site on Tortola produced
artifacts from the Saladoid and Ostioneid tradition,
approximately 600 AD. Pieces of marine shells, sea
turtle and other animal bones recovered from
middens reveal a dependence upon marine
resources for food, wols and other antifacts.

T
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Plantaton Era

The recent history of the area begins with the European
vovages of discovery. Columbus sailed past the islands in
1493, naming them Las Virgenes after St. Ursula and the
11.600 martyred virging. Following the initial *discovery,”
Spaniards briefly inhabited the islands, particularly Virgin
Gorda where they started a copper mine. The mine had
several periods of activity during it’s 400 year history and is
currently a national park managed by the BVI National Park
Trust. The first permanent European presence was
established in the mid-1600's when Dutch colonists settled
the western end of Tortola. By the late 160(0's, Britain took
control of the islands. This ushered in the plantation era
with the lucrative sugar, rum and stave trade. Following a
brief period of unimayinable wealth for a few and
unspeakable miseries for most, the islands entered inte a
long downward economic spiral. Changes in international
politics and economies such as the decline of Spain's
influence and the rise of Britain's sea power, the loss of value
of sugar production and the abolition of slavery all
contributed to the European abandonment of the BVL

The newly emancipated slaves, lacking education or money,
inherited a land stripped of valuable resources and largely
depleted of the nuirients necessary for commercial
agriculture, For more than a century the Territory
languished with a subsistence economy. Small scale peasant

Kovdd cries crveast cnd oF Toriod

agriculture and artisanal fishing provided the economic
mainstay for the islands, Trade with nearby islands
produced small returns and the area’s chief export was labor.
It was not until some years after World War I that the BVI
began to build the twin pillars of its future economy; tourism
and offshore banking. Through the determined efforts of a
few farsighted individuals, the Territory’s ¢conomic outlock
gradually began to improve, Tourism, in particular, was
embraced for its potential in providing employment
opportunitics for the local population. Paralleling the
worldwide development in tourism, the BVI began to
capitalize on its tropical climate and its excellent combination
of sun, sea and sand. Within two decades the economy made
dramatic improvements and with it, the expectations of the
local populace rose.

Economic Onslaught

The new found economic success fucled desires to emulate
the standards and lifestyle of the developed world. The rush
toward growth proceeded without a master plan for
development. Construction experienced a boom that has not
vel subsided. Pressures for development of coastal areas
escalated year by year. Lacking a comprehensive plan,
zoning restrictions or development controls, an assault on
the environment began on numerous fronts, Coastal
wetlands were reclaimed at an alarming rate. New roads
began to crisseross the islands. The road cuts, coupled with
extensive construction projects forged ahead without proper
environmental safeguards. Consequently, torrential rains on
the steep slopes caused large-scale erosion. Following heavy
rains, much valuable topsoil was washed into the sea
contaminating once clear water,

This loss to the land also had catastrophic consequences to
the marine environment where coral reefs and seagrass beds
suffered repeated and often fatal smothering from land bhased
sediments. Modern technological achievements allow local
fishermen to use improved materials in traps, fish new arcas
farther afield and process, freeze and export their catch. As a
result, populations of fish, crustaceans and molluses were
rapidly decimated. Without effective enforced fishing
regulations, fishermen continued to overharvest virtually all
species of marine life including endangered species of sca
turtles.

The economic onslaught has placed entire habitats at risk.
Endangcred specics of endemic wildlife are poorly
understoed, lack protection and may beecome extinct before
their plight is recognized. Already, at least one species of
lizard, a bird and the Caribbean Meonk Seal have been lost
forever. One species of amphibian, a toad, not reported since
the 1960's, is almost certainly extinet. Several additional
species balance precariously on the brink of extinction.
Natural habitats and indigenous specics are threatened by
the large-scale introduction of exotics, both intentional and
accidental. Exotic plants imported for ornamental and
agricultural purposes have introduced pest specices of insects,
mites and snails, Numcrous viral, bacterial and fungal
discases are now established on the islands and causing
considerable damage. Mongoose, feral goats and cats
represent a monumental plague on fragile island ecosystems
in the BVI and worldwide.
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Coeastal Development

The tourist industry, which caters largely to boating,
yachting and diving interests nceds a healthy, pristine
marine enviromment. It is not surprising that the demands of
the tourist industry come into conflict with the results of
commercial activitics along the coast. What little flat land
exists, lies along the coast. Conscguently, development
pressures are greatest along the shore, especially in
wetlands, Mangrove communities, estuaries, shallow water
seayrass beds and corai reefs are particularly vulnerable.
Since many of these ecosystems are clase to the shore, they
are easily affected by human activities. Many of the bays and
litoral zones of the BVI contain alluvial and salt pond
depesits. Thus, they are likely sites for reclamation projects.

Lol boviivabdor s o adze 1o Puald o Forioli shoop

Well over 75% of the mangrove communities on Tortela have
been lost. The remaining few stands are under assault,
cither by slow piccemeal reclamation projects or by large-
scale development plans. A classic example concerns a large
heaithy Red Mangrove forest that existed at Pockwood Pand
on e south coast of Tortela. The mangroves were adjacent
to the power station, incinerator, cement plant, rock guarry
and various conumercial ventures. The commercial interests
necded 1o expand but available land was scaree. An
“accidental” fuel spill killed most of the forest. Rather than
clean up, replant and restore the mangrove community,
permission was granted to reclaim the area as an industrial
site. Furthermore, the reclamation efforts extended well out

to sea beyond the limits of the mangrove forest. Coral reefs
and all near shore marine communities were affected.

The largest stand of mangroves still intact lies on the south
coast of Tortola at Paraquita Bay. This large semi-enclosed
lagoon supports a healthy thriving mangrove ccosystem.

The government has designated the bay an official hurricane
shelter for boats and yachts and given mangrove protection a
high priority. Nevertheless, trees are cut, presumably for the
making of charcoal, and the shoreline is filled for human use.
Effective enforcement of Jocal environmental laws is sadly
lacking.

Salt ponds have not fared much better, These “wastelands”
that do nothing but “stink and breed mosquitoes” have also
heen filled or dredged for marina development. Few salt
ponds remain intact.

The need for raw materials for the construction industry
encouraged the mining of beach sand in several locations.
Josiah's Bay on the north coast of Tortola has been heavily
mined for years. The result is disastrous for the beach and
dune ecosystems in the area. Erosion by the sea, particularly
during the winter months caused considerable habitat loss.

Extensive dredging at numerous locations in the islands
provide fill for reclamation projects, sand for the construction
industry and create channels and basins for shipping
interests and the yachting industry. Dredging gencrally
proceeds without the use of turbidity screens or other
mitigation efforts. The impact on the surrounding marine
communities has been devastating.

Waste Disposal

The problems associated with waste disposal are becoming
acute in several areas. Sewage, solid waste disposal, oil, fucl
and chemical contamination have become topics of concern
and debate in recent years. The develaping tourist economy
has onlv exacerbated the problems. In general, per capita
energy consumption and wastle production is greater in areas
dependent on tourism. Tourlists require more waler, more
fuel for transport and activities and tend to prefer foods
imported from their home couniries. The resulting waste
must be disposed hy the host community. On small islands
like the BVI, solid waste disposal consumes valuable flat
land. The incinerator processes a large portion of the waste
praduced. However, abandoned cars, large appliances,
batteries and much debris still litter the landscape.
Recycling is of limited value because of the prohibitive casts
of shipping recyclable materials to recovery or reprocessing
cenlers.

Sewage treatment facilities are virtually non-existent. Most
dwellings still use septic tanks while a few discharge their
effluent directly into the environment. Until recently, a
drainage channel functioning as an open sewer ran through
downtown Roadtown, Tortola and empticd inte Road Harbor.
The noxious odors emanating from that channel became a
potential health hazard and such an embarrassment teo
government, that it was finally covered. Few

yachts or boats sailing in the BV have or use ~
holding tanks for thelr waste. In crowded ~
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anchorages or marinas the sewage produced affects water
quality. When yacht generated scwage is combined with run
off, sewage and poilution from land, the result is often
devastating to the marine environment. Two examples in the
BVI include Virgin Gorda Yacht Harbor and Wickhams Cay
in Road Harbor.

Unfortunately, even if boats were required to use holding
tanks, not one pump out facility is currently operating in the
BV1, Furthermore, no treatment facilities exist which can
handle the effluent produced by the hundreds of charter
yachts cruising the BV waters every day. A few hotels,
resorts and commercial enterprises have installed smail scale
sewage treatment plants. These are commendable efforts
and deserve encouragement, but much larger, more
comprehensive government mandated and supported
projects are desperately needed.

Boatyards and yacht haulout facilides are environmental
nightmares. Lacking government controls and exercising
little self restraint, these businesses are caught in a catch 22
position where they cannot afford to initiate environmental
safeguards while trying Lo survive in an increasingly
competitive world. The result is that toxic anti-fouling paints,
hazardous residues from painting, fiberglassing and other
yacht work, including oil and fuel, foul the waters near
boatyards. The detrimental affects on marine life can be
secn by even the most casual observer. In addition,
boatyards, and auto service stations have become storage
areas for large quantities of used motor oils. This oil waste is
often stored in metal containers which eventually corrode
and spill their contents on the ground. Much of this ol finds
its way into the sca. It is hoped that in the future most of this
oil will he burned in the incinerator.,

Environmental Management

It is against this backdrop of environmental deterioration that
the future of the BVI must be planned, While development is
likely to continue long into the foresceable future,
environmental concerns are becoming a high prionity issue.
Individuals and organizations are advocating new approaches
to environmental management. As habitat loss and
environmental degradation become more apparent, and
occasionally critical, the collective voice of the community is
beginning to be heard. Government is responding by
providing support for envirenmental education, initiating
monitoring programs, encouraging public cooperation and
proposing legislation to protect the remaining natural
resources. Nearly evervone recognizes the problems and the
dire predictions for the future if no action is taken,

The economy of the BV is based on tourism that markets a
pristine environment, Advertising itself as "Nature's Little
Secrets”, the BY1 is attempting to attract ecotourists.
Yachting and diving are among the most popular activities
attracling visitors to the islands. Both depend on healthy
cnvirenments. The lass of these environments, or even the
public percepiion of environmiental degradation, would have
dirc consequences for businesses dependent on tourism.
Any stagnation in tourism could reverberate throughout the
cconomy very quickly and government would be hard
pressed to remedy the situation.

The primary branch of government mandated to deal with
the environment is the Conservation and Fisheries
Department that functions under the Ministry of Natural
Resources and Labor. With a staff ¢xceeding a dozen
individuals and headed by Bertrand Lettsome, the C&FD has
wide ranging responsibiliies. The Department is subdivided
into two divisions, Conservation and Fisheries, each with
different activities and respoasibilities, Monitoring water
quality throughout the Territory, sea turtle nesting studies
and marine resource management represent a few ongoing
efforts. As the official government representative, the C&FD
is often the frst agency to respond to an environmental
problem. Oil spill response, pollution and wildlife issues are
ali under the jurisdiction of the Department. In addition, the
C&FD patrols the marine environment abeard its own
vessels or those of other governmental agencics.
Environmental education programs for the public schools are
frequently developed and implemented. Within the
limitations imposed by finances and staffing the C&FD docs
a commendable job,

The National Parks Trust is an NGO that receives some
government funding. Public education, establishing and
maintaining protected areas and a boat mooring system are
major activities of the NPT. The most popular parks and
protected arcas include the wreck of the RMS Rhone, a
mass of huge boulders on the shoreline called the Baths at
Virgin Gorda, The Copper Mine, the rainforest at Mt. Sage
National Park and the J.R. O'Neal Botanical Gardeas in
Roadtown. Substantial resources are required to manage
and maintain a park system that encompasses both
terresiyial and marine habitats. The Trust's marine patrol
boat, the Rhone Ranger, is used primarily to install and
maintain the boat mooring system on popular dive sites
throughout the BVI.

This mooring system, originally conceived, funded and
implemented by the BVI Dive Operators in the mid-80's, now
covers most dive sites in the islands. Well aver 100 moorings
are in use and plans call for more than twice that number.
The value of moorings in reducing anchor damage to marine
habitats is well documented. [t is encouraging that the BVI
has been a world leader in this area. In addition to the cfforts
by the National Parks Trust, private businesses and
individuals have instajled and used moorings in the BVL

One private company, Moor Seacure, Lid. began installing
moorings in 1983. With over 100 moorings currently in use,
this company is at the forefront in demonstrating how a
private cnterprise can protect the environment and still make
a profit

In addition to the mooring project, the NPT is invelved in
reforestation programs, primarily on park lands. School
groups, service organizations and private individuals all
participate in tree planting activities, Efforts are also
underway to establish a new national park on Anegada.

The Guana Island Wildlife Sanctuary is privately funded but
works closely with gevernment and NGO's. The Sanctnary’s
goal is to preserve the island ecosystems of the BVI. Toward
this goal, visiting scientists from many countries conduct
ccological research on land and in the sea.
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Community College

The H. Lavity Stoutt Community College is a center for
environmental education and research. This tertiary
institution began offering classes in 1990, Since that tinte
student enrollment has increased more than tenfold with new
courses and programs introduced every semester, The
College is funded primarily by government and enjoys broad
community support. As the Territory's highest educational
institution, the College is frequently called upon to provide
scitentific assessment and education in environmental
matters.

Community involvement goes well beyond conducting
scientific research and the teaching of courses. The College
seizes every opportunity to serve the local population
through enrichment programmes, technical guidance or
collaborative projects. A public lecture series focuses on
environmental issues. Whenever posstble the College
prefers to work with the NPT and C&FD on environmental
matters. This cooperation covers both marine and terrestrial
related issucs,

In its efforts to serve the larger Caribbean region, the
College has been designated a Centre of Specialization in
Marine Studies by the Organization of Eastern Caribbean
States [OECS|. This designation helped secure OECS
funding for the pending construction of a Marine Science
Center. While the marine studies programme is intended to
focus on the yacht tourism industry, environmental issues
are also a major cansideration. The marine science center is
envisioned as a resource for the local community with a
sphere of influence that will extend throughout the
Caribhean region and beyond. Marine related projects and
interests of the science facully include mangrove
reforestation, hypersaline pond ecology, Queen Conch
biology, artificial reef construction, reef monitoring and fish
population studies to name but a few,

H Lty Steutt Commmnnny College, Faraquita Bay Campus

Aquaculture has recently been introduced into the islands to
provide additional sources of income for the population and
to help reduce fishing pressure on the reef fish communities.
This project started with the introduction of hybrid varietics
of Tilapia, particularly Oreochromis mossambicus. This fish
wits stocked in small ponds used by farmers to irrigate crops
and water livestock. Since the BV lack sigmificant fresh

water ecosystems, the introduction of Tilapia pose little
threat to native flora and fauna. Future plans call for the
mariculture of marine algae, mollusks, crustaceans and fish.
Several projects have been proposed and are under
consideration.

N ot T L BT A e
Chuef ivestock officer with focal farmers introductng Tiiapia 1nio fish

ponds

As a project linked to the International Year of the Reef,
Reefcheck 97 evaluated the current status of coral reef health
throughout the world, The BVI's involvement was first
proposed by the Asseciation of Reef Keepers [ARK], and the
project gained momentum and considerable public support.
Scientific lcadership was provided by College faculty and the
International Center for Living Aquatic Resource
Management [ICLARM)| office in Tortola. Reefcheck
enlisted dive shops, local SCUBA divers and many
enthusiastic individuals, In the future the BVI plans to build
on this success by participating in the Global Coral Reef
Monitoring Network [GCRMN].

The BVI has long depended on technicai expertisc from
outside sources, Despite intensive educational efforts by the
College and other organizations, the needs are too great Lo
be met by such a small population. Consequently, numerous
cnvironmental projects are funded and staffcd from external
sources, most often the UK. One such project currently
underway is funded by ICLARM. Under the direction of
John Munro and Maggie Watson, this study focuses on larval
recruitment of coral reef fish populations. As part of a long
term investigation, it seeks 1o understand the dynamics of
population change in important commercial specics of fish.

On the terrestrial side, significant steps are being taken to
restore natural habitats and prevent the extinction of
cndangered flera and fauna. College staff are working with
the NPT 1o protect and preserve the Anegada Rock lguana
which faces extinction from habitat loss and competition
from feral goats This effort has several facets including the
creation of a national park on Anegada. This imporiant
project is facing considerable local oppesition. Issuus related
to land ownership and rights of use are of great significance
to the native Anegadians. Until the problems

surrounding the land ownership issues are

resolved, most locals will oppose the creation ~

of any park, protected area or environmental “~

Pl
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project. They generally insist that their long standing
demands be given first priority. Numerous political issues
must be solved before a park could have any chance of
SUCCLSS,

The reintroduction of Flamingos to the Ancgada salt ponds
has been hailed as a resounding success. Flamingos, once
abundant throughout the islands, were extirpated as a
brecding species carly in the 207 century. Through the
combined cfforts of the NPT, Guana Island Wildlife
Sanctuary, Bermuda Zoo, Conscrvation Agency and others, a
small flock was reintroduced nearly a decade ago. The birds
quickly adapted to their new surroundings and responded to
the abundant food supply. Within a few years, courtship and
nest building was observed. In 1995, breeding members of
the flock successfully fledged five young. With the
occasional arrival of transient Flamingos, the flock now
exceceds 20 hirds and further increase is expected.

The reintroduction of additional extirpated species is
underway, Whitecrowned Pigeons have been released at the
Guana Island Wildlife Sanctuary and additional species will
be reintroduced in the future, Attempts are underway to
build enclosures to protect young iguanas during their most
vulnerable period. The idea is to release the headstarted
animals in fenced areas where feral competing livestock is
excluded.

Members of the student Nature Club have joined with the
Department of Agriculture to begin a native plant nursery.
The use of native plants, rather than exotics, will be
encouraged wherever new landscaping is planned, Such
plants can also be used in habitat restoration projects,
particularly when re-vstablishing native animals like the
Anegada Rock Iguana,

Preventing the extinction of additional flora and fauna is the
goal of an Endangered Specics Restoration Project.
Ecological rescarch into the life history needs of rare species
is used to develop captive breeding programmes, Offspring
produced by this effort can be used to rebuild wild
populations and restore natural habitats.

Growing Environmental Awarcness

Numerous additional environmental initiatives are underway
and the Ancgada Horseshoe Reef protected arca deserves
special mention. As the largest coral reef system in the BVI,
and one of the largest in the Caribbean, its value cannot be
overstaled. Several vears ago. the government declared the
entire reef area off limits to commercial and recreational
activities. Patrolled by the Conservation and Fisheries
Department, the protection scems to be working,  Although
some fishermen are still permitted to work the waters, most
of the reef remains undisturbed.

Meanwhile, the local government has 1aken steps to deal
with the growing oroblem of sewage disposal. The first
public sewage treatment facility will be constructed at Cane
Garden Bay on the porth shore of Tortola. This moderately
populated bay is lined with houses, hotels, restaurants and
bars which service the many pleasure vachts stopping every
day. Discharges from the boats cambined with run off fram

the land has significanily reduced the water quality. Periodic
algal blooms discelor the water and discourage the visiting
tourists. Public opinion is firmly hehind efforts to preserve
the water quality along Tortola’s most popular beach.

Private businesses have also made strides in environmental
protection. Some have taken pride in demonsirating how a
businuss can make a profit while preserving the quality of the
environment. A case in point may be found at Hodges Creck
in Tortola. Two adjacent marinas have adopted vastly
differing views on environmental awareness. The marina
developed by Tropic Island Yacht Management excrcised
considerable care in preserving the mangrove fringe along
the shoreline. Docks were constructed outside the
mangroves with few access points through the trees,
Dredging was controlled and at some distance from the
mangroves to minimize disturbance. The result permitted
the operation of a successful business while saving a valuable
mangrove ecosystem. The adjacent marina project has
removed all shoreline mangroves in its reclamation and is
proceeding with virtually no environmental safeguards.

— g b

Hodses Creek, Tortolt, Tropre Ishand Yacht Minssement on et Dredins
without crrvironmentad safisuards i the foresroud

The British Virgin Islands was catapulted from a sleepy third
world economy to the mainstream of the 200 Century
experience within the timespan of a generation, The
problems of environmental degradation are more severc
when space is limited. With a small land mass and
population, the Territory was ill prepared for the hordes of
tourists and rampant development of modern times. As the
cconomy boomed, the cnvironment suffered. The
scriousness of the problems and the speed with which they
arrived caught government and the people by surprise. Yet,
despite the probicins, hope is on the horizon. Government,
supported by NG(Y's and a concerned citizenry, is taking
steps to mect the challenge. While the problems
surrounding the environment are complex and often political,
everyone recognizes the need for action.

The B, V. Islanders want a clean healthy environment for
themselves, and for their children. It is the responsibility of
the cunrent generation to hold the environmental future as a
sacred tnist. Most in the BVI believe that a clean. heaithy
environment is the way to remain “Nature's Little Secrers”



