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HOW DO YOU KNOW IT *S A NEW SPECIES?
by
WENHUA LU

This is perhaps the question we are most frequently asked. It is a hard one to
answer because it is often very hard to be sure. Guana's tumbling flower beetles (TFB),
family Mordellidae, provide a good example. In 1992 I took on the project of writing a
synopsis of the Virgin Islands' TFB, and put in two weeks each year collecting myself for
four years. By 1995, after examining all of Mike Ivie's collection at Montana State
University, I was convinced that there were seven species of TFB in the Virgin Islands --
six of them present on Guana. My confidence was captured in the video Garden of Eden,
where I told the story of dramatic individual variation in a colorful TFB from Guana.

In this pretty group, some have one anterior yellow spot, some have two; some
have a white or light yellow head, some have a black or red head; some have black elytra,
some have red. I initially had a few specimens and was pretty sure they were just variable
individuals. As more specimens accumulated and 1 had time to examine them back in the
lab, I noticed that all the one-spot beetles were males, and all the two-spots with a white
head were females. I concluded that it was all one species and new to science.

Time flew into 1996. I caught specimens with a red head and red elytra both from
Guana and a couple from Sage Mountain. They looked the same as the female with two
anterior spots except for their body color, and they were all males. I was puzzled and
carefully studied the male genitalia. The news was that there were two kinds of males!
The genitalia are totally different. Wow! I thought I had two species new and
undescribed from Guana.

Deep in my heart, I thought that was incredible. Back in the old days in the
1930's, an entomologist named Eugene Ray found 14 species on Puerto Rico. Most of

them were new species, but two were named by Quedenfeldt in 1860's, Would



Quedenfeldt say anything about my kind of beetles? I was fortunate to get a Smithsonian
grant to study further on the matter. I got hold of a copy of Quedenfeldt's paper and
could not read it: it is in German! But, being at Smithsonian, you get many experts.
There was a German specialist on flies there and I made her translate word by word what
Quedenfeldt said in the paper. Oh no! With each word my two “new” species emerged
from Quedenfeldt's text. His leucocephala, meaning yellow head was one; his basifulva,
named after the red color on the elytra, was the other. Since his time no one had applied
these names to known populations.

To be sure of my discovery, I sent my Quedenfeldt paper all the way to a friend in
Germany and put the translation in writing. Then I realized that Quedenfeldt named
leucocephala based on the female with a yellow head and two anterior spots only. He did
not know that its male was sexually dimorphic: never with a yellow head and always with
one large anterior yellow spot. So, these two species are not new to science, but the
sexual partner of one of the two species is new. So now I am certain that there are eight
TFB species in the Virgin Islands and seven of them are present on Guana.

However, a mystery remains, Quedenfeldt named basiful/va based on the male

only, the opposite of leucocephala. Who is the sexual partner of basifulva?
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The Termites (Isoptera: Kalotermitidae, Rhinotermitidae,
Termitidae) of the British Virgin Islands: Distribution,
Moisture Relations, and Cuticular Hydrocarbons

by
Margaret S. Collins{"/. Michael I. Haverty?, & Barbara I.. Thorne?
ABSTRACT

A survey of the termites (Isoptera) of 19 islands of the British Virgin
Islands (BVI) yielded at least eight species belonging to three families.
The Kalotermitidae occurring in the BV] are Neotermes mona (Banks),
Incistterrnes specles (appear close to I snyderi {Light) and I incisus
(Silvestri)), Procryptotermes corniceps (Snyder), and Cryptotermes brevis
(Walker]. The only representative of the Rhinotermitidae we collected in

_ theBVIisoneormore undetermined specics of Heterotermes (Froggatt).
@ The three species of Termitidae found on Guanastand are Nasutitermes
acajutlae {Holmgren), N. costalis (Holmgren) and Parvitermes wolcotti
(Snyder). This report presents brief descriptions of the biology of thesce
termites, along with summaries of the collection sites. Cuticular
hydrocarbon composition is correlated with apparent moisture require-
ments of the termites and availability on the various islands.

INTRODUCTION e
The British Virgin [slands (BVI){(Fig. 1) are a complex of more than

50 land masses of various sizes, elevaions, and soil types. They are part
of the Puerto Rico Bank geological unit, which comprises a broad
plateau of land that has been dry or submerged during geological
history. The rocks underlying these islands date back to the Cretaceous.
Several islands are large cnough and possess soils that support Beard's
"Evergreen Bushland” (Beard 1945, 1948], as well as littoral and other
vegetation associations,

The geographic location and relative size of the several islands of the
British Virgin Islands are shown on the map (Fig. 1). All are of volcanic
origin except Ancgada, a coral and limestone atoll. Tortola. the largest
island, has an arca of 5444 ha. It supports a protected remnant of

("I’JD(-ccascd. Formerly at the Department of Entomology, National Musceum of Natural
History., Smithsonian Institution, 10th & Constitulion Avenue, N W, Washington, D.C.
205660

Tacific Southwesl Rescarch Station, Forest Service, U.S.D.A, PO, Box 245, Derkeley,
CA 94701, All correspondence should be addressed 1o this anthor

‘Department of Entomology, University of Maryland. College Park, MD 20742
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aridulate rain forest (D'arcy 1967) on its highest point, Sage Mountain
(522 m). Guana Island is smaller (297 ha.), with a maximum elevation
of about 260 m, but has a relatively rich, less-disturbed vegetation
cover. A partial listing of typical non-littoral trees and shrubs of Guana
Island includes 23 trees, 30 shrubs and 2 palms (G. Proctor, Dept.
Botany, University of Puerto Rico, personal communication). The floral
and faunal richness of Guana Island may be a result of its origin, size,
and history of minimal disturbance (Lazell 1989).

The termite fauna of the West Indies, which included A preliminary,
unpublished data in an early version of this report, was reviewed by
Scheffrahn et al. (1994). In this paper we present a brief report on the
biology of each species and revise and update the distribution records
of the termite species found in the BVI. A hypothesis is presented
regarding the correlation between specles distribution, apparent
moisture demands, and cuticular hydrocarbon composition of the
termites,

METHODS

Collecting periods of 2 to 4 weeks each were spent on Guana Island,
with short trips to other islands of the British Virgin Island complex,
from 1986 to 1994, most often during the month of October. Anattempt
was made to sample termite colonies from every suitable habitat that
could be reached. Data on {light times werc obtained through census
of insects attracted to lights in living quarters and trap lights, but such
records are limited seasonally. Trees housing carton nests of Nasufilermes
acajutlae (Holmgren) were sampled in designated arcas on Guana
Island. Termite samples were transported to the laboratory on Guana
Island, where termites were removed and specimens of all avallable
castes werc preserved in 85% cthanol. Species diagnoses were made
using keys and descriptions, and by comparisons with type and
previously identified material. Much work needs to be done to develop
usable keys for the Caribbean fauna, and new descriptions are needed
for some species. Whenever possible, samples from these same colonies
were collected for hydrocarbon analyses (see Haverty et al. 1997).
Voucher specimens were deposited in the National Museum of Natural
History, Smithsonian Institution, Washington D.C.

RESULTS AND DISCUSSION

Collections from 19 islands in the BVI tolaled at least eight specics
in seven genera in three families. The species of termites recorded and
the islands on which they were collected, ranked on the basis of
moisture availability as determined by vegetation type and density

Ul
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{Dmf'el et al. 1997), are presented in Table 1. These will be considered
individually by family.

Kalotermlitidae

Neotermes mona (Banks). This is the largest termite in the BVI, This
species was once thought to be endemic to Mona Island, but recent
collections extended the known range to the Dominican Republic and
the Turks and Caicos archipelago, in both natural and structural timber
{Scheffrahn et al. 1990, 1994). Guana Island was the only island where
N. mona was collected (Table 1). The two colonies of N. mona were
collected in dead wood on live trees (one colony from Morisonia
americana [family Caparaceae]); galleries extended into the live portions
of the trees. Mature alates were found on Guana lsland during the
month of October; flights occurred at night and extended over a period
of at least several days. The very large size, clear wings, and large eyes
makes this species easy to differentiate from other termites of the area.

Incisitermes species. Members of the genus Incisitermes are the
most common kalotermitids found in the BVI and were collected on
cvery island except for Carrot Rock {Table 1). Soldiers and alates appear
to be close to descriptions and identified specimens of [. snyderi (Light)
and L incisus (Silvestri). Because of the morphological variation and the
uncertainty of the taxonomy of Incisiterres in the BVY, we were unable
to unambiguously assign specimens to a specific taxon within Incisitermes
(Haverty et al. 1997). Previous species identiflcations of Incisitermes in
the BVI {Scheffrahn et. al 1994) should be interpreted with caution
because of the uncertainties in diagnosing specles within this group
(R.H. Scheffrahn, Dcpt. Entomology, University of Florida, personal
communication).

Incisifermes soldiers have head shapes of two distinct typces, the
“long-headed” and the "short-headed.” which develop from different
instars of the immature stages. The long-headed soldiers tend to be
more deeply plgmented than the short-headed morphs. Small, young
colonies have only the short-headed form; older colonies have both
morphs. The differences in appearance are so pronournced that they
might be regarded as different species if collected separately. Alates are
pale yellow or yellow-brown, relatively small night-flyers. Alates werc
collected during the months of July through November in the BVL

Incisitermes specics live in sound, dead trees of many species, as well
as in structural timber in the BVI (see Table 1). Incisitermes samples
were collected in the mangrove association fringing Beef {sland and in
trees on the wetter side of Guana [sland. Incisitermes snyderiis a major
pest attacking structures in North and Central America and in the
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Table 1. Distribution of termite species in the British Virgin Istands ranked by apparent moisture
requirements (termites) and availability (islands).
Termite species '# .

sland 3 N mon P wol Hetsp N cos N aca P cor | spp

~

Toricla X X
Virgin Gorda X X

Greater Jost Van Dyke

Beef

Guana X X
Peter

Great Camanoe X
Eustatia X

Cooper -
Lesser Jost Van Dyke @)/ X 0?7

Great Tobago

Scrub

Ginger

George Dog

Great Thatch X
Anegada

Necker X
Litlle Tobago

Carrot Reck

¥ X
>
Y
> X @
x\Lxx

>
b T A A

P R B R S B B R
x X X @Q\

-

'N mon = Neolermas mona;, P cor = Procryplotermes corniceps, | spp = Incisiternes species; H
sp = Heterotermes species; P wol = Parvitarmes wolcolli, N cos = Nasuhlermes coslalis; N aca
= Nasulitermes acajutiae. Cryploternes brevis is circumiropical, |t is only associated with
structures; records of attack from most inhabited Caribbean islands (see Scheffrahn ef al. 1994).
2Decreasing moisture requirements from left to right.

*Decreasing moisture availability from top to bottom {Dmi'el gt al 1997).

Caribbean, including the Bahamas, Cuba and Puerto Rico (Harris
1961). This species tolerates wide variations in moisture availability in
the field, as well as under experimental challenge (Collins 1969).
Procryptotermes corniceps (Snyder). P. comiceps is a relatively
xerophilic species. Soldiers of P. comiceps are distinctive with propor-
tionally long, strongly curved, sharply pointed mandibles. The heads of
the soldiers slope steeply in front and have short hornlike projections
on the anterolateral region (Krishna 1961). Alates were present in
colonies or appeared at lights at night during the months of July
through October on Guana Island. P. comiceps alates should be
redescribed, as the species was named from dealated imagoes and
soldiers. Insize, alates of P. corniceps are very near those of L nr snyderi,
C. brevis, and L incisus, and arc somewhat larger than alates of
Heterotermes: all are of a yellow-brown color, and all fly at night.
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P. corniceps was collected on less than half of the islands we visited
in the BVI, including some of the driest (Table 1), It is common in old
fence posts made from Gumbo Limbo, Bursera semaruba, a soft
resinous wood not often attacked hy other species of termites, Colonies
of P. comniceps are also frequently found in dead branches on the ground.
There are no records of attack of structural timber by this species,

Cryptotermes brevis (Walker). The pragmatic heads of the soldiers,
the presence of piles of dry fecal pellets in infested buildings, and the
paper-thin outer surface of furniture or structural wood containing
colonies of C. brevis are diagnostic of this termite. This circumtropical,
widely introduced specles has been reported only from wood inside
huildings. It is not a native termite of the BVI,

C. brevis has been observed in furniture in the lounge of the Guana
Island Club. Since dwellings were usually not included in our survey
efforts (unless infestations were brought to our attention), we did not
encounter this species in any of our collections. Flights occur at night
over a long season.

Rhinotermitidae

Heterotermes (Froggatt). Samples of species of this genus from the
Caribbean Basin are so variable that Snyder's (1924) query regarding
whether the genus comprises a single, highly variable species, a
complex of closely related species, or a cluster of evolving species still
needs to be addressed. Emerson began re-working the group and left a
series of careful, detailed measurements of known species, but had not
finished the task at the close of his work. Until useful species limits are
diagnosed, members of this group collecled in the BVI are referred to as
Heterotermes sp. (possibly H. tenuis (Hagen), H, convexinotatus (Snyder),
or H. cardin{ (Snyder) or a new species).

Heterotermes sp. was found on eight islands, ranging from the
wettest to one of the driest, Little Tobago. Soldiers of this genus are
small, with yellow to ycllow-brown heads and dark, slender, smooth,
sharply pointed mandibles curved only near the tips. The pronotum is
narrower than the width of the head capsule, unlike in soldiers of the
family Kalotermitidae. Alates are small, light-brown night swarmers;
thcy were observed flying during the month of July on Guana Island.

Termitidae

Nasutitermes acgjutlae (Holmgren). N. acajutlae is the most
obvious and appears to be the most abundant species of termile in the
BVI complex. and was collected on every island sampled in this survey
[Table 1), This species constructs enormous nests (up to 1.5 m in
diameter, up to 3.0 m in height) composed of dark to silvery-brown,
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delicate and friable parchment-like outer walls enclosing the variously
slzed, heavier-walled cells of the carton matrix, Nests are usually
spindle-shaped or irregularly rounded. The nests and the nodular food
storage bodies contained within are described in more detail by Thorne
et al. (1996a). N. acajutlae was recently resurrccted as a species
morphologlcally distinguishable from N. nigriceps (Thorne et al. 1994,
1996h).

Near White Bay Beach on Guana Island, the most heavily exploited
tree species, Coccoloba uvifera, had nests, trails, and extensive feeding
activity on 79% of 153 trees. Tabebuia lepidota had termites on 49.6%
of 355 trees. Of the 43 Pisonia subcordata 549 had termite galleries,
but only three of the trees had nests. In a survey further inland termites
were found on 90% of the C. uvifera trees, and on 53% of T. lepidota.
Bursera semaruba (Gumbo Limbo or “Terpentine Tree”} showed no
feeding tunnels and rarely had ecither nests or runways leading to
foraging sites on stems or branches. This may be related to the
similarity between some componcnts of the sap of the living trec and the
defense secretion of the nasute soldiers {as suggested in other species
by Moore (1956); Vrkoc et al, (1978); Valterova et al. (1984}).

Mature nests and individuals of N. acajutlae are larger than those of
the other carton-nest building nasute of the Guana Island, N. costalis.
Soldiers of N. acajutlae have reddish Lo dark brown heads; alates are
quite large, and chestnut brown in color {Thome et al. 1994). Flights
were observed to occur during evening hours in October.

Nasutitermes costalis (Holmgren). N. costalis Is a carton nest-
building nasute that is far less common than N. acagjutlae and is found
primarily in the wetter areas of the BVI. Tortola and Guana Island are
the only islands where we collected colonies of this arboreal species
{Table 1). Mature nests of this species are smaller, often darker in color,
and more friable internally than those of N, acagjutlae.

Soldters of N. costalis are smaller and have reduced pilosity on the
head capsule when compared to N. acajutlae. The alates are also smaller
and darker, with dark brown to black bodies and charcoal wings.
Flights occur during the day and were observed during the month of
COctober on Tortola.

Parvitermes wolcotti (Snyder). P. wolcotfi is a small nasute that
lives on dead wood in or on the ground in areas with lairly densc tree
cover. Main nests so far observed in the BV] were under stones in the
comparatively moist Pinguin Ghut area of Guana Island. Foraging
groups have been taken on three other islands in zones of fairly high
moisture. P. wolcottialates have very large, profruding compound eyes,
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‘ —, > MOISTURE RELATIONSHIPS AND TERMITE DISTRIBUTIONS

The distribution pattern shown by termite spectles collected in the BVI
during this study {Table 1) reflects the importance of moisture which,
with temperature, directly affects termite distribution {Collins 1991).
However, factors such as deforestation; agricultural, residential, and
industrial development; reduction of mangroves; overgrazing by sheep
and goats; and restrictions of aceess by collectors all determine whether
or not a termite species is collected on a glven island. Therefore, the
history of disturbance on an island, along with accidents of sampling,
may influence diversity records.

All of the species of termites collected from the British Virgin Islands
can be found on Guana Island (Table 1}. Despite its small size, Guana
Island hosts a diversity of habitats that comprise the range of habitats
of the BVI {mangroves, dry lowland shrub and cactus, dry forest, and
mesicravine forests) found within the rest of the island complex, except
for an aridulate rain forest. The great majority of our time in the field
was spent on Guana Island. This perspectlve has helped to shape our
views on specific termite habitats and ts, without doubt, the re{son we
have collected all species on Guana Island.

Species of termites are known to differ in their mois{ure requirements
(Collins 1969). The BVI fauna includes species at both ends of the
moisture-dependence spectrum, N. mona and C. brevis. On Guana
[sland N. monaappears torequire a high and constant moisture supply;
our one colony was found in wet wood in a live tree. In contrast, C. breuvis,
the “furniture termite,” {s capable of living without access to free water
and is intolerant of exposure to high moisture (Collins 1969; Williams
1977; Steward 1982). The ability to tolerate extremely dry conditions
appears to have evolved independently in several groups of Kalotermitidae,
and depends on rectal water retention and on restriction of water loss
by cuticular lipids {Collins 1991).

Ofthe species present on thisisland complex, Nasutitermes acajutlae
scems to be the least moisture sensitive of the Termitidae (Table 1); this
is reflected in collections of this species on even the most arid of the
islands (Dmi'el et al. 1997). A similar pattern is shown by the closely
related species, N. nigriceps. found elsewherein the Caribbean, Central,
and South America (Thorne ef al. 1994). N. costalis occurs on many of
the islands in the Greater and Lesser Antilles, from Cuba south to

Trinidad and Tobago (Snyder 1949; Araujo 1977). The relalive scarcity
of N. costalis in the BVI may be related to the lower moisture availability
on most of the islands of the complex. Kreeek (1970) found that N.
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costalis distribution patterns and nest composition on Cuba indicated
a higher moisture demand than that shown by the other common
nasute, N. rippertii (Rambur).

Incisitermes snyderi has been shown to have great flexibility in
tolerance of different moisture avatlability, surviving well in both moist
and arid environments (Collins 1969)}. The apparent scarcity of the dry-
adapted Procryptotermes corniceps on islands wherc Incisitermes has
been collected may reflect sampling accident. Heterotermes sp. is
commeon in buildings through the Caribbean, and in natural habitats
with suitable soil types. The subterranean habit probably permits
access to more constant water sources and thereby increases the
diversity of habitats occupied by the species. P. wolcotti and N. costalis
appear to have low tolerance to destecation; these two species are found
either on the "wettest” islands or the more mesic portions of other
islands of the BVI1.

Epicuticular lipids provide a primary barrier to water loss in terrcs-
trial arthropods (Edney 1967; Hadley 1980, 1985). The physical
properties of these lipids are involved in determining rates of water loss
from the organism. Studies of water loss rates show that specitic
temperatures, characteristic of the taxon under study, determine the
point at which transpiration rate increases rapidly {Collins 1991}, Such
“critical temperature” responses have becn postulated to resull from
lipid phase transition in the surface layer (Beament 1961, 1964,
Wigglesworth 1972). When extracts of cuticular hydrocarbons from thic
BVI termite species were analyzed and the percentage of components
dctermined (Haverty et al. 1997), the desiccation-tolerant species {C.
brevis, Incisitermnes, P. corniceps, and N. acajutlae) all showed a prepon-
derance of high-melting point (late-cluting) components that were
absent from profiles of species found in welter areas or in living trees
(Table 2}. The prescnce of large amounts of late-eluting components in
a culicular hydrocarbon mixture suggest a waterproofing layer of
higher stability at normal environmental temperatures than would be
characteristic of a mixture of lower-melting point hydrocarbons. 1t is of
interest that, for the BV] termite species, the presence of very late-
eluting components in the hydrocarbon mixture is generally correlated
with habitat (Haverty et al 1997):

Parvitermes wolcottiis the ong exception to this patlern. This species
is comprised of very small, fast-moving individuals. The cuticular
hydrocarbons of this species (I:—n sistg of two groupings: early-eluting
componentsand late-cluting components much like N. acajutlae (Haverty
et al. 1997). More must be leatned about the ego[ogy and evolutionary
biology of this species before t}'xgse pattenyan be interpreted.

- -
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Table 2. Predominant culicular hydrocarbens from pseudergales,((awae)and nymph

workers ¢l 8 termila taxa from the British Virgin isiands.!
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15-; 13~ 11-; 9-; 7-; 5-MeC29 tr +Ar~—g ‘:‘c?++
9.X-DimeC26 4
13,17-; 11,15-DimeC29 +++
9,19-; 9,17-DimaC29 +++
7.21-CimeC29 44
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" taeC2” ++ v
11,15 12,107 13,1 /-unneC3u bt p

13,17-DimeC31 +4+
15-; 13-, 1. 9-MeC31 ir + +4+
C37:2 ++ 4+
Ca9:2 + +4+ + ++
C3a9:1 Ir e+ ++ ir ++ 9
C40:1 +44+ ?
C41.5 +++ o
Ca1:4 4+ =z
C4a1:3 +4+ +++ + +4+ o
C41:2 ++ ++4+ ++ +++ o
G411 44 4t + ++ D
C43:4 Fa 4 + |
C43:3 +44+ ++ +4++ ++ —
C43:2 + ++ 4+ ++ g
Ca3:1 +4++ ++ ++ =
C43:54 +4+ + @*
C45:3 +44+ +4+ ++ <
c / > gasy_ — — e _ a
}ngf 'Relalive propriiens of 1ha tolal hydrocarben mixture for sacn species. +++ = > 3.0 %! ++ = 1.0 {a w
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Our survey of the termite fauna of the British Virgin Islands has
provided baseline information on the biodiversity of the region and the
data to evaluatc the association between cuticular hydroearbons and
the arid and mesic termite habitats.
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TRIBUTE

Dr. Margaret 8. Collins (1922-1996) passed away while on a Carib-
bean island, studying the termites that captured her interest so
completcly. Well known as an adventurous tropical field biologist, Dr.
Collins energetically devoted her career to work on termites in a variety
of locations in the Neotropics and North America. It was our privilege to
have this exeeptional person as our friend and collaborator, She lived
her life with enthusiasm, integrity, and a rich sense of humor, and she
made many substantive contributions to the fleld of termite biology.
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Associations Between Termites and Bromeliads in Two
Dry Tropical Habitats'

Key words:  Brieish Virgin [ands: Bromeliaceae; fire prorection: Guana Lland: Loprera; Minas Gerals,
Brazil; Nasutitermes; spmébiosis; Tillandsia,

THE ECOLOGICALLY AND NUMERICALLY PROMINENT TERMITE Masuritermes acajutlae (Holmgren) occurs
through the Caribbeun from Puerco Rice south wo Trinidad, possibly extending into South America
(Thorne er af. 1994). This specics builds arboreal nests that are among the largest known for uny termite,
measuring up to 2 m in height and I m in diameter (Therne e 4l 1994). Like other Masutizerines, these
termites build extensive networks of covered tunnels connecting the nest to distant foraging sites in the
tree crown and ground below. Workers and soldiers, numbering well over a millien individuals in mature
colonies, travel within these “carton” wnnels which consist of partially digested wood, fecal material, soil,
and warcr (Light 1933), We discovered an asseciation beoween N, acajutbee termices and the bromeliad
Tillandsia nericulate on Guana Island, British Virgin Islands (B.V.1.), during October 1994, T7 wsriculusa
is the largest of the local tank-forming or phytotelm bromeliads, that by definition impound water and
litter as major sources of meisture and nutrients ameng inflated, tightly overlapping leaf bases.

Guana [sland, a wildlife sanctuary which lies directly nerth of the casiern end of the isiand of
Tortola, B.V.1., covers about 340 ha and rises o abour 246 m at maximum elevation. Guana Island is
volcanic and supports a rich diversity of flora and fauna due to habitac variation and a history of minimal
disturbance (Lazell 1989, Dry lowland scrub forest predominates, while abundant cacti characterize
scattered, drier sites. Wer areas are confined rto the few ravines on the island. 77 aericidara occurs abun-
dantly in some of the drier woodlands, but they were not surveyed comprehensively,

! Received 5 April 1993, revision sccepted 13 Seprember 1993,
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TABLE 1. Traowseer swurvey of the associnrion befieen active trails of the termite Nasutietines acajutlac and the bromeliad
Tillandsia wiricwdaa in four locations on Guana Idand, Beinsh Vivgin Kavde Only tres (including cacti)
that contained botly termute trails and ar east ove bromcliad were included in the study

Number of trees with ter- Number of trecs with
mite crails interecting the termite trails nor inter-
Location transect on Guana [shand brameliad sceling the bromeliad
“Garden of Eden” nr. Guana Island Club 11 1
Trail o Longman's Point 75 2
White Bay Beach 17 0
Wei Ping Lize Tiail 1z o
Total 115 (97.49%) 3 (2.6%h)

The asseciation berween the termites and bromdliads on Guana Island was pardceularly casy to
document because N, aeajuelae builds distinctive and conspicuous trails, and 7 wiriculara ofien grows in
relatively low canapics, We inspected every tree and large cactus thar we could readily see along four
transects in four locations on the island. Only trees and cact that had both active wrmite foraging
wunnels and at least one £ wericudara plant were examined.

Termite wnnels intersected a bromeliad in 97.4 percent of the 115 possibilidies (Table 15 Fig. 1)
Usually, M acajutlas cunncls went to the root system ar above 1o the water-filled leaf axils. Often winnels
continued into the shoots to cover impounded water. Some hung suspended far shore distances (4-12
em) berween adjacent bark and the plant, A few winnels led only 1o the moist area where the bromeliad
reoted, but usually ar least one leaf axil was accessed.

FIGURE 1. Phowgraphs of tunnels buile by the wermite Navesterones avajnthes inteowecting leaf base chambers of
the bromeliad Telimmdia wrricalans on Guana lsland, British Virgin lslands. a. N wefuriue weail buili up o the meist
ot clusier and leafl base rovervoirs of T owrreceelere by N acafutiee trail buile over deaf bawes of 2 T rericeclaea plant.
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Each tree was counted only once in a rranscet, but many trees hosted more than one T utriculara
plant, and termice trails intersecred up to eight bromeliads on a single tree. We were unable 1o determine
the extent of a complete nerwork, /e how many bromeliads were tapped by 1 given M acajnelze colony,
in part because V. acapurlze foragers also travel within decayed wood. Quite likely, termites inconspicu-
ously tap bromeliads from inside supporting trunks and branches. V. acajutiae may also wp T wericulata
reoted on the ground. Hence, our data probably present a conservative measure of the termite/bromeliad
association.

Although diverse invertebrates occupy bromeliad tanks (e.g., Picado 1911, Pictendrigh 1948, Laessle
1961, Fish 1983, Benzing 1990, Nadkarni & Longino 1990}, this is the first report of an association
with termites, Most likely the termites are visiting T wrricrlata to obrain water, a scarce commeodity given
the xerophiytic vegeration and porous soils of Guana Island. No formal weather records exist, bur longtime
residents and scientific researchers agree that the two years prior to our study were uncharacteristically
dry in the Vitgin Islands. Drought was particularly acute where aridity generally prevails as on Guana
Island. Our related studies of termites on Guana Island (1989-1994), suggest diminished populations
of Nasutitermes and other wrmites caused by abnormally low rainfall in 1993 and 1994, bur mare
extensive records are needed 10 assess the magnitude and raricy of this presumed stress,

Organic matter suspended in the water impounded by Tillandsia shoots is a potential source of
termite nutrients (Hudey 1980; Benzing 1981, 1990}, However, preliminary bicagsays (M = 4) using
disks of saturated Whatman #1 filter paper and several hundred termite foragers indicared no preferences
between bromeliad extraces and 1ap water. We do not know if rermites feed on tank debris as the water
level recedes.

Although termites probably visit T srriculare primarily to exploit meisture, cffects on plants more
likely vary with local circumstances, Absorbant termite carton tunnels wick moisture away from shoots.
Up to 35-cm lengths of termite tunnel were saturated with moisture siphoned from leaf axils or areas of
seepage around roots, Tillandsia urriculara wlerates considerable drought, bur any tank bromeliad fails if
leaf axils dry out for extended intervals (Madison 1977; Benzing 1981, 1990). Conversely, overhanging
pordons of rermite carton should reduce losses from a plant’s supply of moisture.

Termites are ill-suited to match certain ants as plant mutualists, Termites typically remain confined
to tunnels and are therefore unavailable, even if disposed, to deter plant predators, Some ants deposic
nueritive materials in bromeliad shoots, thus contributing to planr welfare (reviewed in Huxley 1980,
Benzing 1990). An occasional termite may die or drown in a leaf axil, but probably not often enough
to significantly promote plant nuurition. Termite tunnel carton that ends up in the anks is also unlikely
to constitute much of a nutritional supplement for the bromeliad.

The termite diet precludes bromeliad seed dispersal, 2 phenomenon known from several ant/epiphyte
relationships {reviewed in Huxley 1980, Benzing 1990, Yu 1994). Only once did we observe a juvenile
T uericulata rooted in a termite wunnel or a bromeliad growing adjacent to a termite nest. Furthermaore,
2 number of the termite trails turned toward a bromeliad, suggesting thar the plant had arrived firsc and
iad been subsequendy located by exploring termites. Thus, the relationship between termites and plant
probably pivots on moisture rather than predator deterence, nutrition, or seed dispersal. The dynamic
may shift according to circumstance from weakly mutualistic through commensalistic o parasitic if plancs
become water-stressed.

A heavy rain in October 1994, the first following a prolonged drought, provided an opportunicy
to observe termite trail construction. As is ypical for and-land Nasretitermes, trail building escadated
because workers need moisture ro masticate and manipulate materials used for wnnel construction. Trails
were rapidly laid down on four trees which supported bromeliads that N, acajutize had only recently
discovered, In each case, the termites first lay a trail of fecal deposits and secretions on the tree bark,
typical of their normal building behavior (Jones 1980). Tunnel construction then began art the junction
with the bromeliad, proceeding down the tree, By working from the bromeliad down instead of from
the buse of the tree up, the termites had ample moisture for their work,

Do termites use rrees with bromeliads for éot# food and water, or are they exploring some supparts
only to obtain moisture from the attached epiphytes? Host trees we examined were generully marure
with apparent or probable zones of dead wood. In addition to the wnnels leading to the bromeliad,
usuzally one or more of the wails led to a feeding site through a knothole or dead branch. However,
young uces with no dead wood would, because of their age, also be the trees least likely to support
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cpiphytes. If one found & case in which the termites appeared to be occupving the wree only for access
to the bromeliad. the carton tunnels should be scraped awav to confirm presence or absence of any
covered access holes into the tree wood.

Although N, @cajutlee appears to be remarkably drought tolerant, probably mere so than other
Nasutitermes species in the Caribbean, bromeliads may at least occasionally provide essential moisture.
N. acajutlae workers possess comparatively large water sacks, sufficient to store enough water tor pro-
longed dry weather (M. S. Collins, pers. conim.). N. acajutiae is clearly not a specialist on trees with
bromeliads, burt linking to one or more tank reservoirs may enable these termites to thrive or survive in
an otherwise inhospitable season ar habitat. To further understand the ecolegical dvnamics of this as-
sociation, we plan to seck comparative duca on intersections between V. azecajuilee foraging rrails and T
arricuiara plants on wetter islunds in the Virgin Islands cluster, and on Guana Island in times of heavier
rainfall.

Preliminary observarions in the rocky, semiarid “campos rupestres” of Minas Gerais state in south-
castern Brazil indicate that associations between termites and water-impounding bromeliads occur bevond
Guana [sland. A brief foray into the field near the city of Diamantina revealed covered termice trails
leading from the soil up along the precipitous faces of large rocks to the bases of several large, lithophytic
and water-impounding Aechmea phaneraphlebia. Unlike Tillandria nericulata, Achmea phanerophlebia pro-
duces an urn-shaped sheot that intercepts no litzer, but often houses ant colonies. In all other respects,
the relationship appeared 1o be equivalent to that observed on the Caribbean island,

Several more locally abundant terrestrial Bromeliaceue representing Oyckia and Encholirium also
attracted unidentified termites ar the Brazilian site, as did some companion flora (eg. Cvperaceae, Vel-
losinceac) of similar low stature, Virtsally every mature plant coutacted mounds of termite carton. In-
spection indicated no damage from the insecrs. Root systems located in soil rather than in adjacent
termite conscruction indicated thac termites build around established plants as in the case of Tiflandsia
urricalaea in the British Virgin Islands.

Drought may render bromeliad phytotelmara an important termite resource in che high rocky
grasslands of southern Brazil as on Guana Island. A broader variecy of terrestrial herbs, including Bro-
meliaceae, could provide similar assistance, not as liquid water but as vaper to humidify termite galleries,
A varlety of benefits may accrue in turn to the flora. Abundany, charred vegeration and extraordinary
insulation on endemic flora (thick bark, persistent leaf bases on herbs) reflect frequent natural fires in
the campos rupestres, Recent fires had seriously burned some of the few exposed bromeliads, but none
of those plants embedded in termite carton (similar findings elsewhere noted by Morison er af 1948,
Harris 1961). The survivarship and fecundity of bromeliads umeng other low-growing vegetation would
also be improved if these insects premeote plant nutrition or deter herbivares. Additionally, spiny-leafed
Dryckia and Encholirium may discourage large, local ant-eaters secking termites as food.

Termires constitute preminent components in diverse ecosystems, particularly in the tropics, where
they substantially enhance nutrient cycles. Observations reported here indicate that termite colenies in
some dry habitats may establish long-term reladonships with bromelizds to access water. Consequences
probably vary for the plants. Some of these relationships seem pervasive enough to warranc further inquiry,
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ABSTRACT

Nest architecture of the arboreal Neotropical termites Nasutitermes acajutlae
(Holmgreni and V. nigriceps (Haldeman) is described, with special reference to carton
inclusions or nodules found within the normal gallery matrix of some nests. Nutrient
analyses of these nodules show that they have high cellulese and low cutin concentra-
tions in comparison to normal nest carton. These data support the hypothesis that the
nodule inclusions zerve as a form of facultative food storage in some nests of these ter-
mite species. These cases appear to represent a rare situation in which food is not
stockpiied or cultured by termites, but rather some partially processed, masticated
food is incorporated into the nest matrix for future consumption.

Key Words: Termites, Nasutitermitinae, inclusions, food storage.

RESUMEN

Se describe la arquitectura de) nido de las termitas neotropicales Nasufitermes
acajutlee (Holmgren) ¥ N. nigriceps (Haldeman), con referencia especial a inclusinnes
de cartén o nédulos encontrados dentro de la matriz de la galeria de algunos nidos. El
andlisis de nutrientes de los nédulos muestra que estos tienen concentraciones altas
de celulosa y bajas de cutina, en comparacion con el cartén normal de los nidos. Los
datos sostienen la hipdtesis de que las inclusiones de los nédulos sirven como una
forma facultativa de almacenamiento de alimenta en algunos nidos de termitas de
exas especies. Estos cados parecen representar una rara situacidn en la cual el ali-
mente no es almacenado en pilas o cultivado por las termitas, sing masticado v par-
cialmente procesado ¢ incorperado a la matriz del nido para consumo futuro.

The tropicopolitan termite genus Nasutitermes (Termitidace; Nasutitermitinae) is
the most speciose of all 1sopteran genera, containing approximately 75 described spe-
cies from the Neotropics alone (Araujo 1977), Unlike most termites, many species of
Nasutitermes build arhoreal carton nests composed of wood and salivary and fecal flu-
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ids (Light 1933), and occasionally other materials such as sand (Thorne & Haverty,
pers, obs.), Most other nest-building termites build mounds an the ground (e.g., Em-
erson 1938), but nesting in trees has enabled species of Nasutitermes and several
other genera to colonize and exploit a new habitat.

Nasutitermes nigriceps (Haldeman) is a geographically widespread termite, rang-
ing at least from Panama north throughoat the lowland forests of Central America
into Mexica. [t is also found on Jamaica and on Grand Cayman Island (Araujo 1977,
Tharae et al. 19941, N acgjutice (Holmgren), which is morpholagically very similar to
N. nigriceps, is found on Puerto Rico, the US and British Virgin Islands (BV]), Trin-
idad, and Guyans tEmerson 1925, Arauje 1977, Thorne et al, 1994). There are isolated
reports of members of the V. nlgriceps “complex” from other parts of South America,
but a comprehensive taxonomic analysis of specimens is needed to verify species iden-
tity of the South American fauna.

Despite the abundance of Nesutitermes arboreal nests, the chemiceal composition
of the carton material has not been examined in detail in auy species (but see Becker
& Seifert 1962 for data on ash and lignin content). Knowledge of the compaosition af
the nest is fundamental in determining origin of nesting materials, enst of construc-
tion, variation among colonies and spectes, and ability of the termites to allocate com-
ponents of their diet for nest constructian.

A distinctive feature of some ¥, acajutlae and N. nigriceps nests is the presence of
rounded carton inclusions or “nodules” within the typical gallery matrix (Hubbard
1877 pp. 268, 270, Andrews 1911 pp. 200-202, Emerson 1938 p. 264, Wolcott, cited in
Martorel) 1945 p. 361). These nodules appear to be of a similar carton construction as
the rest of the nest, but they are a lighter brown color, are formed in dense coneentric
sheaths (Fig. 1), and they may possibly serve as a form of food storage (Hubbard 1577;
Andrews 1911), Kemner (1929) interpreta the presence of earton nodules in the Javan
termite Microcerotermes depokensis Kemner as food storage structures, Noirot (1839)
reported compact masses of woed fragments in the central cavity of nests of Globiter-
mes suiphurens (Haviland). Some termite genera do store foad as dried vegetative el-
ements in specialized portions of their nests (“attics™) [e.g., Hodotermitinae
{Hodotermes, Microhodotermes, Anacantholermes); Rhinotermitidae (Psamemoter-
mes); Termitidae: Amitermitinae {certain Amitermes and Drepanotermes), Nasutiter-
mitinae (certain species of Tumulitermes, Nasutitermes and Trinervitermes)] (Noirot
1970, Bouillon 1970). The “fungus growing” termites (certain Macrctermitinae! cul-
ture fungus within the nest as a supplemental food source, Interestingly, some fungus
growing termites store vegetative maleriuls within the nest before they are included
in the fungus parden {(Pseudacanthotermes, Acanthotermes, some Macrotermes)
(Grasse & Noirot 1951). If the Nasutitermes nodules described in this paper arc in-
deed food reserves, they are not simply stored food but rather elements which have al-
ready been masticated and partially processed by the termites, then positioned within
the nest matrix for future consumption.

In this paper we describe the architecture of N aeqjutlae and N augriceps nests
from sites in Panama and the BVI. Ohservations of the nodule inclusions are reported.
Nutrient analyses of two nests witheut nodules and comparative chemical analyses of
nodule material versus the surrounding *normal” carton matrix of two nests with nod-
ules are presented and reported.

MLATERIALS AxD METHODS

Eight N. nigriceps nests were collected within 3 km of the Panama Canal in 1980
and 1981, only one of these contained the distinctive nodules within the carton next
matrix. This arboreal nest was collected {rom the Gigante East Peningula near Barro
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Colorado [sland on 7 April 1981, The entire nest was pried from the host tree, placed
within a plastic bag, and taken to the laboratory of the Smithsonian Tropical Re-
gearch Institute on Barro Colorado Isiand. The nest was dissected by sequential shav-
ing after being refrigerated for 24 hours to inactivate the terrnites (technique
described in Thorne 1984).

Nest carton from four colonies (one N, rigriceps nest collected near Barro Colorado
Island, Panama in 1951; three V. acajuriae nests collected in 1938 and 1959 on Guana
Island, BV1) was analyzed in 1289-1990. Two of the nesis (the NV, aigriceps nest fTom
Panama and a 1958 N, ecqjutlac nest from the BVD) contained nodules, Chemical com-
position of both the nodules and a sample of the more typical dark carton matenal was
determined from those two nests, and samples of typical carton matrix from parts of
two additional Guana Island N. acajutiae nests (which did not contain nodules) were
also analyzed. Type of nest material examined is presented in Table 1.

Matenals and Methods for Nutritional Analyszes of Nest Samples

In the laboratory, samples were dried at 60°C to constant mass (approximately 24
h}. Dried samples were ground to pass through a ! mm screen in a Wiley mill. A por-
tion of each sample was dried at 105°C o determine percent dry matter and then
placed in a muffle furnace for 3 h at 300°C to determine percent organic matter and
ash (an estimate of total mineral content). In vitro orgunic matter digestibility, or per-
cent fermentable substrate, was determined by the Tilley & Terry (1263) method as
modified by Moore & Mott (1974), This analysis consists of a 48 h incubation under
CO, at 39°C with an inoculant of steer rumen fluid followed by a 48 h acid-gepsin
treatment to remove undigested microbes. The percent of organic matter that disap-
pears during the 96 h ig the in vitro organic matter digestibility.

Percentage of neutral detergent fiber {(NDF: celluloge, hemicellulose, lignin and cu-
tin) was measured by the Van Scest technique (Goering & Van Soest 19701 with deca-
lin and sodium sulfite omitted (Golding et al, 1985). Analyses for percentages of acid
detergent fiber {ADF: cellulose, lignin and cutin}, potassium permanganate lignin,
and cutin followed Goering & Van Soest (1970). Percent hemicellulose is estimated by
subtracting ADF from NDF. Lipids werc extracted with ethyl ether in a Goldfisch ap-
paratus for 8 h, Percent concentrations of total (Kieldahl) nitrogen and phosphorus
were measured with a block digester (Gallaher et af. 1975) and an automated Techni-
con analyzer (Hambleton 1977). Energy content of food and feces was determined in
a bomb calorimeter following standard procedure (Parr Instrument Co, 1960).

One sample was analyzed from each source of nest material, In each analysis, two
subsamples were evaluated. Values for replicates of each sample were accepted within
1% relative error, Relative error is calewlated as {a-bi(a+h) where a and b are repli-
cate values. Rarely, the values obtained for the duplicates were not within 1 relative
percentage, in which case a third subsample was analyzed. Table 1 reports the mean
of the analyzed values for each sample.

RESULTS

Nest Architecture

Nests built by N, acgjutloe and M nigriceps can be among the largest of any arbo-
real nesting NMasutitermes. Maximum dimensions of an eilipsoidal nest can approach
2 m in height and 1 m in girth (Thorne et al, 1994). The exterior of these nests is typ-
ically medium to grevish brown in color and irregularly mottled, generally with
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rather shallow bumps, unlike the dark nests with small bumps characteristic of the
exterior of N corniger (Motschulsky) and M. costalis (Holmgren) nests or the lighter
brown, smooth shell tvpical of N. ephiratae (Holmgren) (Thorne 1980; Haverty et al.
1990). Young nests may be difficult to identify to species, but differences in exterior
appearance make it posaible to visually discriminate most mature nests of N, ecajut-
lae and N. nigriceps from those of N. corniger, N. castalis, or N, ¢phratae. The outer car-
ton shell of nests of all of these Nasutiterres species has small pinpoeint holes, visible
if' a piece is held up to a light. These holes presumably function in gas exchange,

The intercalated matrix of galleries within mature nests of N acajutlae and N. ai-
griceps tends to be larger (chamber diam up te 2.1 em! and with thicker carton walls
{up ta 0.6 ¢m near the exterior of a nest; exceeding 1.7 cm near the interior of the nest)
than in nests of arboreal Nesutitermes found sympatrically with one or both of these
species (N. columbicus, N. corniger, N. costalis, N. ephratae). The royal “cell” within the
nest is often positioned near the central longitudinal axis of the nest, and frequently
located in or near a branch fork or knothele of the host tree. [n small to medium sized
nests (< 60 cm diam) the royal cell is a distinctly thicker sphere or ellipsoid of layered
carton (generally up to 12-15 cm in diam) surrounding the reyal chamber, [n nests ex-
ceeding 1 m on an axis the roval chamber can be embedded in the dense carton center
of the nest, with the royal ceil becoming indistinet {from the remainder of the central,
reinforced portion of the nest, We have not lound distinguishing characters to differ-
entiate nest architecture of N acajutlae from N, nigriceps.

The carton-covered foraging trails built by large &V, acajutlae and N, nigriceps col-
onies are wider and less regular than in M. corriger, N. costalis, or N, eparatae. Ter-
mites occupying smail to medium sized V. acajutlee and N. nigriceps nests frequently
build simple, linear trails 0.9-1.5 em wide, thus they are indistinet from trails of ¥,
corniger, N. costalis, or N, ephratae. However, trails leaving large nests of N. acajutioe
and N, nigriceps are often broad (up to 14 cm in width) and deep (up to 8 cm from the
tree to celling of the gailery). Trails from large nests are often highly irregujar along
the edges. Occasionally a “floor” is built as well so that the trail becomes a tube that
can, for a limited distance, be separate from the tree or branch. As is typical for many
arbareal Vasutitermes, tunnels built on the exterior of tree branches are frequently on
the underside of the branch. We hypothesize that this minimizes disturbance by hard
rainfall or by creatures traveling along the tops of branches. Building galleries in the
“shade” of branches would alse minimize desiccation from direct sunlight. A further
advantage would be that foraging tunnels built en the undersides of branches would
receive maximum moisture from rain running off the branch. This would be beneficial
for N, acajutlae or N, nigriceps since they often live in relatively dry habitats (Thorne
et al, 1994).

Description of Nodules and Nest Population

We describe nedule inclusions in three nests: one V. migriceps nest dissected in
April, 1981 in Panama, one V. acqjutlae nest dissected in July, 1988 on Guana Island,
BVI, and a nest dissected on the island of Tortola, BVI in October, 1994 (nodules from
the latter nest were not analyzed for nutritional content).

Photographs of the interior of the V. nigriceps nest collected in Panama are shown
in Fig, 1. The nest was generally spherical, about 46 cm in diam, which placed itin a
medium size category for conspecific nests in that area. Twenty nedule formations, 14
of which measured 3.0-4.8 ¢m in diam, but seme as small as 1 em diam, were removed
fromn the nest. All nodules were positioned within 4-10 cm of the nest exterior, The
nodules were of a uniform light brown color in contrast to the dark brown surrounding




Figure 1. Photagraphs of nodules embedded within normal nest carton matrix in the Naswtitfermes nigriceps nest collected in Panama in
April 1981 (A1) and in an N. aeqjutiae nest collected on Tortola, BVT in October 1994 (C,D),
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nest matrix. Nodule shape was generally spherical although some had distortions or
were irregular ellipses, The nest contained an active population of soldiers and work-
ers, as well as a conspicuous brood of wingbud nymphs in the penultimate and ulti-
mate instars, Many of the nymphs occupied the interiors of the nodule spheres. No
reproductives, eggs or immatures were found within the nest,

The N, acajutlae nest on Guana [sland was irregularly ellipsoidal, measuring ap-
proximately 1 m in height with a maximum diam of 75 ¢m. The nest contained a pri-
maury queen, developing nymphs of a variety of instars, many eggs and white larvae,
and a lurge population of workers and soldiers. No primary king was retrieved but
that is typical during field dissections because mature kings are small encugh to re-
treat quickly and evade capture. The light-colored nodules were located in a zone sur-
rounding the hard, inner core of the nest, all pesitioned at least 2 cm from the exterior
nest wall, Many of the nedules were scalloped, possibly indicating consumption by
termites, As with the N nigriceps nest, immature termites occupied the interior of
hollowed-cut nodules.

An N, acajutiae nest collected on the island of Tortola, BVI was brought to us in
several pieces during a fleld trip in October 1994, This large nest, estimated to have
heun just over a meter in height and about 80 cm in diam, contained eggs, white im-
mature, soldiers, and workers. There were relatively few brachypterous nymphs, but
numerous mature alates were present, The primary queen and king were not recov-
ered, but the presence of egy caches suggests that the reproductives were present in
the intact nest or in the portion of the hest tree surrounded by the nest, This nest had
clusters of nedules positioned within the inner perimeter of the nest (Fig.l C, D)
Again, the outer 2 cm or more of nest material was dark, more typical carton matrix
with no nodules. Because the nest arrived in pieces, it was impossible to tell whether
nodules were built in the center core of the nest.

We did not do nutrient analyses of nodule material from the Tortola nest, but we
measured each of the 75 nodules that were retrieved. The distribution of nodule sizes
recovered from this nest is shown in Fig. 2. Some of the irregularly spherical nodules
in this nest were solid, dense material; most were hollowed to some extent as seen in
the Panama and Guana Island nests. Hollowed nodules contained large numbers of
immatures. Eight of the nodules from this nest were bilobed, as if two units had been
constructed or fused together

The nodules from all three of these nests were generally similar in size, sbape,
color, and position within the nest matrix. In each case immatures occupied excavated
noedules.

Chemical Analyses of Nest and Nodule Material

The most striking aspect of the nutrient composition of nest materials (Table 1) is
the consistency among these nests. The only apparent differences are the higher cel-
lulose and lower cutin concentrations in nodule samples than in carton samples and
the higher in vitro organic matter digestibility values of the samples from Panama.
No statistical analyses were performed because only two samples were available in
each category. Hemicellulose was absent or present in only trace amounts in the sam-
ples, 30 was not included in Table 1. Nutrient composition of the nest material appar-
ently does not change with age. The composition of recently constructed nermal
cartan was very similar to that of old carton material from the North Bay and White
Bay Beach nests on Guana Island. The high organic matter content indicates that lit-
tle, if any, soil or sand is incorporated into these samples of nest or nodule material.
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Figure 2. Size frequency distribution of nodules removed from the Nasutitermes
acajutlae nest collected on the island of Tortola, BVI in October 1994 (N = 75;x = 2.6
+ 1.2 em).

DiscussioN

Nasutitermes acajutlae and N, nigriceps are exceptional among termites in build-
ing distinctive inclusions or nodules within the normal carton matrix of their nests.
The nnly other termite reported to build similar structures is the Javan termite Mi-
crocerntermes depokensis (Kemmner 1529),

Two contrasts hetween the composition of nedules versus normal nest carton an-
alyzed in this study may be biclogically significant. First, the nedule samples have
lower cutin and higher cellulosc percentages than do samples of the surrounding,
dark carton matrix. Cutin degradation is not possible for most erganisms except some
specialized fungi; digestion of cutin by termites is unknown (Breznak, pers. comm.).
The differences in cutin and cellulose percentage may indicate that the termites are
constructing the nodules from materials with greater digestibility. The relatively high
cutin percentages in typical carton prabably enhances water-preofing and construe-
tion strength. It is unlikely that the difference in cutin abundance is due to transfer
of waxes from the insect exocuticle ta the nest wails. The percentage of cutin in fresh,
newly constructed carton (having minimal opportunity for contact transfer of waxes
from passing insects) does not differ markedly from that of old, dense, interior carton
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{see samples from North Bay and White Bay Beach nests, Guana [sland, BY1 in Table
1.

A second distinction 12 that both the nodule sample and the normal gallery within
the nodule samgple from Panama have higher in vitro digestibility than do any of the
BVI samples. This may reflect species differences in carton processing, or a difference
in diet among the two populations (V. acajutlae sampled from Guana [iland were
feeding substantially on sea grape, Coccoloba uvifera, the diet of the N. nigriceps from
Panama is unknown). Clearly, further sampling and geographic variation within each
species must he examined before differences of this type can be further evaluated.

Hubbard ¢(1877) and Andrews {1911) hyputhesized that these Nasufitermes nod-
ules serve as food storage. Kemner (1929) came to a similar conclusion in the case of
Microcerotermes depokensis. The food storage hypothesis is supported by the higher
cellulose content of nodules in comparisen to surrounding nest carton in both N, aca-
jutlee and N, nigriceps. It is difficult to know the conditions under which the nodules
might be naturally consumed in a nest, but 0.3 g portions of both M. acajutioe and A
nigriceps nodules offered to 100 workers of N. acajutlee, N. nigriceps, N. costalis, and
Zootermopsis nevadensis (Hagen) were consumed in the laboratory within 24 h, and
consumed by 100 Reticulitermes lavipes (Kollar) workers within 48 hr {N=3 per ape-
cies). These species did not consume the normal carton of either . acajutiae or N, ni-
friceps nests,

Termite nest material can be used as nutritional food reserves in some species.
Hegh (1922) commnented that termites in mature colonies of Microcerotermes fuscotib-
inlis (Sjostedt) eat the internal walls of their nests during times of food stress, Noirot
(1970) reported that central walls of Cephalotermes rectangularis (Sjostedt) nests can
be used to culture the termites in the laboratory.

The function of nedules and circumstances under which they are constructed are
difficult to identify because they are found so rarely. In both Panama and the BVI, ex-
amination of nests of approximately the same size, in the same local area, at the same
season never revealed another live colony with nedules. Because young were found
within the nodules of both M. acajutlae (white immatures instars 1-3) and V. nigriceps
{developing alate nymphs) the nodule food reserves may bhe sequestered for juveniles.
Comparable nests with immatures, however, did not have nodules, Nodule construe-
tion may be influenced hy individual colony health, age, microhabitat, food resources,
caste proportions, or population size. Even among colonies producing nodules, they
may be ephemeral within a nest. Nodules may only be present seasonally, stockpiled
as food reserves and then consumed during times of high demand (as when alate
brond is present), when food is scarce, or when travel from the nest is physiologically
expensive (as in a drought). It is notable that the only two Nasutitermes species
known to construct these nest inclusions are the closely related species N. acajutiae
and V. nigriceps, both of which can cecupy dry and thus potentially stressful environ-
mentd (Thorne ef al. 1994), The facultative ability to store food in nodules, combined
with an exceptional desiceation tolerance of individuals, may contribute to the sur-
vival of these two Nasutitermes species in arid or otherwise marginal habitats not col-
onizcd by other members of the genus.
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Abstract—A survey of the termites (Isoptera) of 17 islands of the British
Virgin Island (BYI) complex yictded eight 1axa belonging to three families.
The Kalotermitidae include Neorermes mona (Banks), Cryprotermes brevis
(Walker), Procryplotermes corniceps {Snyder), and an undetermined species
of Incisitermes, likely Incisitermes nr snyderi (Light) or [ incisus (Silvestri).
The only rhinotermitid collected is an undetermined species of Hereratermes
(Froggalt), Parvitermes wolcorti (Snyder), Nasutitermes cosialis (Holmgren).
and N, acajutlae (Holmgren) comprise the Termitidae. Cuticular hydrocarbon
mixtures wene chamcterized for each of the taxa, Blends of abundant hydro-
carbons are species-specific and can be used to identify a given taxon without
the diagnostic castes, saldiers, or imagoes, although the species of fncisi-
termes were not separable on the basis of cuticular hydrocarbons.

Key Words—Cuticular hydrocarbons, chemotaxonemy. Isoptera, tropical ter-
miles, gas chromatography, mass spectrometry, Virgin Island, Caribbean ter-
mites, olefins, methylalkanes. /

INTRODUCTION

The termite fauna of the West Indies was summarized first by Banks (1919),
who descrbed termites collected from the larger islands, except Puerto Rico

*To whom cormespondence should be addressed.
*Deceased.
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and other islands of the Pueto Rico Bank, Individual coliections in the West
Indics placed in the US National Muscum were included in Snyder’s compilation
{Snyder, 1956). Scheffrahn et al. (1994) summarized the literature and unpub-
lished records of the termites of the West Indies. From this survey it is clear
that, until recently, little effort has been devoted to collecting the fauna of the
Virgin Island complex, especially the British Virgin Islands (BVI).

The BVT are a complex of more than 50 land masses that are part of the
Puenio Rico Bank. Th AP'VI were apparently not intensively collected until M.
S. Collins began systematic work in 1986 (Collins et al., 1997}, In this paper
we expand this work to- include documentation of the cuticular hydrocarbon
mixture of all termite taxa collected from the BVI. Characterzation of the
cuticular hydrocarbons of each taxon supports the species specificity of hydro-
carbon mixtures for this region.

METHODS AND MATERIALS

Collection of Termites, Collecting periods of two to four weeks each were
spent on Guana Island from 1986 to 1994, most often durng the month of
October. During those stays, short tips were made to other islands of the BYI
complex. We attempted to sample termite colonies from every habitat that could
be reached. Termite sumples were bagged and brought to the laboratory on
Guana Island where the termites were separated from soil, nest, and wood
debris.

Samples of workers, soldiers, larvae, pseudergates, nymphs, or alates were
placed in scparate dishes or vials and dried. The number of termites in a sample
varicd by species; 15-20 nymphs or pseudergates of kalotermitids or up to 200
workers of thc nasutcs were dried. These samples were placed over a single
incandescent light, Initially samples were dried in whatever vessel was available
over whatever lamp was available in the guest cottages on Guana Island. From
1991 to 1994, we dricd termite samples in 20-ml scintillation vials over a single
75-W, reflecting incandescent light. Vials were moved periodically in an attempt
te make drying uniform (Haverty et al., 1996),

The amount of time required to completely dry termites varied slightly as
a fanction of the number and size of the termites in the sample and the position
of the vials over the bulb. With some of the kalotermitid species, drying was
accelerated by decapitating termites, Internal hydrocarbons do not appear to
affect chamcterization of cuticular hydrocarbons {(Haverty et al., 1996). Once
the temmites were completely dry, specimens were placed in a vial that was
tightly capped. Dried samples were returned to our laboratory in California for
extraction and characterization of cuticular hydrocarbons. Concurrently, fresh
(i.c., not dried) voucher samples from each collection were preserved in 85%

JOBO16 852955AC0A

A
[Tk
Z\\\

34



TERMITE HYDROCARBONS 929

ethanol and deposited in the National Museum of Natural History, Smithsonian
Institution, Washington, DC.

Species diagnoses were made primarily by M. 5. Collins using keys, orig-
inal references and descriptions, and by comparson with type and previously
identified miatenial. Much work necds to be done to develop usable keys for the
Caribbecan fauna, and new descriptions are needed for some species.

Extraction Procedure and Characterization of Cuticular Hydrocarbons. In
this study cuticular lipids were extracted by immersing termites, as a group, in
10 ml of n-hexane for 10 min. After extraction, hydrocarbons were separated
from other components by pipetting the extract through 4 cm of activated
BioSil-A in Pasteur ptpet mini-columns. An additional 5 ml of clean hexane
was dripped through the BioSil-A. The resulting hydrocarbon extracts were
evaporated to dryness under a strearn of nitrogen and redissolved in 60 ul of
n-hexane for gas chromatography—mass spectrometry {GC-MS) analyses. A
3-ul aliquot was injected ino the GC-MS.

GS-MS analyses were performed on a Hewleu-Packard (HP) 5890 gas
chromatograph equipped with 2 HP 5970B Mass Selective Detector interfaced
with a computer and HP Chemstation data analysis software (HP59974] Rev.
3.1.2). The GC-MS was cquipped with an HP-1, fused silica capillary column
(25 m % 0.2 mm ID) and operated in split mode (with a split ratio of 8:1).
Each mixture was analyzed by a temperature program from 200°C to 320°C at
3°C/min with a final hold of Il or 16 min. Efectron impact (EI) mass spectra
were obtained at 70 eV.

n-Alkanes were identified by their mass spectra. Mass spectra of methyl-
- alkanes were interpreted as described by Blomquist et al. (1987) to identify
methyl branch locations. Mass spectra of di- and trimethylalkanes were inter-
preted as described in Page et al. {1990) and Pomonis ct al. (1980). Alkencs
were identified by their mass spectra and/or retention times relative to n-alkancs.
A typical alkene mass spectrum shows a molecular ion and a seres of fragments
at l4-mass-unit intervals (69, 83, 97), similar to those displayed by n-alkanes,
less 2 mass unils. Interpretation of the mass spectra of dicnes and polyunsatur-
ated hydrocarbons was extrapolated from this panem, i.e., for each double bond,
the molecular ion is decreased by 2 mass units,

Integration of the total ion chromatogram was performed using the HP
Chemstation data analysis software. GC-MS peak arcas were converted to per-
centape of the total hydrocarbon fraction. Summary statistics for percentages of
each hydrocarbon for cach taxon or geographic location of a taxon were com-
puted using SAS (1990) o make comparisons,

In the text and tables, we use shosthand nomenclature to identify individual
hydrocarbons or mixtures of hydrocarbons. This shorthand uses a descriptor for
the location of methy! groups (X-Me), the total number of carbons (Cy.) in the
hydrocarbon component excluding the methyl branch(es), and the number of
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930 HaverTy, CoLuns, NELSON, AND THORNE
double bonds following a colon {(Cyx.y). Thus, pentacosane becomes n-Cos;
3-methylpentacosane becomes 3-McCys; 3, 13-dimethylpentacosane becomes
3,13-DimeC;s; and pentacosadiene becomes Cys.. Hydrocarbons are prescnted
in the tables for each taxon in the order of elution on our GC-MS system.

RESULTS AND DISCUSSION

In their survey of the termites of the West Indies, Scheffrahn et al. (1994)
listed a total of nine speéics in seven gencmbf and three families found in the
BVI. We characterized euticular hydrocarbons for all of these species, although
we were unable to differentiate Incisitermes incisus (Silvestr) and 1. snyderi
{Light) (or 1. nrsaydreri). Most of the specimens used for these analyses were
collected on Guana [sland, and incidentally from many other islands in the BVI
complex (Table 1). Whenever possible, we used collections from locations in
addition to Guana Island to include interisland variation. We summarize the
relative proportions of each hydrocarbon for eight taxa; hydrocarbons are pre-
sented in order of elution within a hydrocarbon class (Table 2). Hydrocarbon
mixtures for pseudergaics or workers are discussed for each taxon within the
three families. Comparison of castes within a taxon or island-to-island variation
are presented separately for select taxa.

TapLe 1. SPECIES OF TERMITES COLLECTED FROM VARIOUS LOCATIONS IN BRITISH
VIRGIN ISLANDS FOR CHARACTERIZATION OF CUTICULAR HYDROCARBONS

Species Callection sites

Neotermes mona Guana

Cryptotermes brevis QOahu, Hawaii”

Pracryptolcrmes corniceps Guana, Lesser Jost Van Dyke, Great Camino, Great
Thatch

Incisitermes species Guana, Lesser Jost Van Dyke, Greater Jost Van Dyke,
Eustatia, Scrub, Anegada

Heterotermes spp/. Guana, Tortola, Grear Thatch

Parvitermes wolcotti Peter

Nasutirermes costalis Guana, Tortola

Nasuritermes acajutloe Guana, Great Camino, Serub, Eustatia, Virgin Gorda,

Lesser Jost Van Dyke, Greater Jost Van Dyke, Greal
Thaich, Cooper, Necker, Tortola

Crypratenmes brevis occurs only in structures, We were not able to collect a sample from a building
or fumiture. We received these from a colleagee in Hawaii, where this species is quite common.

14 U4 JOBDI6 882985A06A JOBO1S 882955TOOA
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TasLE 2, RELATIVE QUANTITIES OF CUTICULAR HYDROCARBONS {ROM PSEUDERGATES (LARVAE AND NYMEHS) OR WORKERS OF 8§ TERMITE
Taxa troM BrITISH VIRGIN [SLANDS"

Termite species”

Hydrocarbon N mon C bre P cor I spp' Het sp P wal N cos N aca
. n-Alkanes )

- Cn 0 ir 0 0/ + 0 0 0 +

_ Cyy tr 0 tr i + 0 0 0 1r
e} Cy +++ +++ +++ + 4+ 0 0 ++ +++

g Cia +++ ++ ++ ++ Ir 0 0 Ir
> Cyy +++ +4++ +4++ +4+ +++ +++ ++ ++

o0 Cip Ir + Ir 0/+ + -+ ++ + tr

0 R Co + ++ + + ++ ++ ++ +

e - Cu 0 0 0 0 tr 0 0 0

gr—‘lj Cy 0 i 0 0 Ir 0 0 Ir

= Interrally branched methylalkanes

- 12-; 11-; 10-MeCy, + 0 n 0 0 0 ] 0

13- 11-MeCyy ++ + 4 0 [ 0 0 0 Ir

13-; 12-MeC,y +++ 0 0 0 0 0 0 0

13- 11-; 9 T-MeCpy +++ Ir Ir 0hir + 4+ + 0 + Ir

14-; 131 1245 9, 7-MeCy,, + 0 0 0ar ++ + 0 + 0

15 13- 1= 940 70 5-MeCy, Ir 0 0 i + +++ + + 4+ 0

[5-; 14-; 12-; 11- 10-; 9-MeCy, 0 n 0 0 + 0 + 0

15-; 13- 1= 9-Me(y, Ir 0 {} 0 + It ++ + 0

[4-MeCy, U 0 o] ¢] 0 0 + 0

13-MeCy, tr 0 4] 0 0 O + 0

15-; 13-MeCy, ir 0 0} 0/tr 0 0 0 0

12-MeCy, tr 0 0 0 0 0 0 0

138
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TanLe 2. Continued

Tennite species®

Hydrecarbon N mon C bre P cor I spp” Het sp P woi N cos N aca
tmemally branched methylaikanes  Continued
17-; 155 13-McCyy I Ir 0 Oltr Ir 0 n 0
12-MeCyy r 0 0 0 0 0 0 0
15-; 13-MeC,yy + Ir + 0/ + 0 0 0 Ir
12-McCyo + 0 0 0 0 0 0 0
15-; 13-Cyy + + Ir + 0 0 0 0 I
12-MeC,, tr 0 0 0 0 0 0 0
13-MeC,y + 0 0 0 0 0 0 0
E,:; Terminally branched methylalkanes
2-MeCyy 0 + 0 Ohr 0 0 0 0
3-MeCy,y 0 ++ 0 0 0 0 0 0
2-MeC,, + + ++ + ++ + 0+ + + i} 0 0 0
3-MeCyy r + Ir 0 0 0 0 0
2-MeCy, +++ ++ +++ +++ 0 0 0 0
3-MeCy, +++ ++ + ++ + +++ 0 0 0 0
2-MeCyy ++ + t++ i+t + 0 0 0
3-MeCyy + tr Ir OAr tr 0 0 0
2-McCy, 0 ir + Irf + ++ ++ il Ir
3-MeCyy + + ++ o/ + + + + tr 0
2-MeCyoy 9} 0 Ir 0 + +++ 0 0
2-MeCopy 0 Ir 0 0 0 ++ 0 0
3-MeCyy 0 0 0 0 0 ++ ir 0
Dimethylalkanes
3,X-DimeCys ++ tr 0 0 0 0 0 0
11,15-DimeCyy ++ 0 0 0 +++ 0 ++ 0
9.17-DimeCyy 0 0 0 O Lttt 0 0 0

3%
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5.15-DimeCyq
3,13-DimeCyy

[1,15-; 12,16-DimeCyy

9, X-DimeCy,

13,17-; 11,15-DimeCy,
9,19-, 9,17-DimeCo
7.21-DimeC,,

5, X-DimeCyy

3,21-DimeCyy

11,15-; 12,16-; 13,17-DimeCy,
9, X-DimeCy,

13,17-DimeCy,
9.21-DimeCy,

3,X-DimeCy,

14,18-DimeC,y;

11,21+ 13,21 15,19-DimeCy,y
13.%X-; 11,23-DimeC,,
12,24-DimeClyg

17.X-; 15, %-; 13, X-DimeC,-
12,16-DimeC

VL 5-DimeCy,
12,16-DimeCyy
13,17-DimeCy,
12,16-DimeC,;

13, 17-DimeC,

“nmethylulkanes

9,13,17-TrimeCy,

LIS, 19-TnMeC,,
7.03.21-TrimeCy,
5.01,21-TrneCs,
3.11,21-TomeCy,

13,17,21-; 11,158,21-TrimeC,,
13,17.23-, 11,15,19-TameCy,
13,17.21-TameC,,;
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TapLg 2. Continued

Termite species’

Hydrocarbon N mon C bre P cor I spp* Hct sp P wol N cos N aca
Olefing
Cy g 0 0 0 0 0 0 0 +
Cis 0 0 0 tr 0 0 0 0
Cu ) 0 0 ++ +++ 0 0 0 +
Cuy g 0 0 0 + 0 0 0 0
Cra s 0 0 0 tr 0 0 0 0
Cy 0 0 0 +++ 0 0 tr +
Cyr s i} 0 0 Ir 0 b 0 0
Cur s 0 0 ) 0/tr 1) 0 Q 0
Cyy 0 r 0 Ohre 0N a 0 g
Cuy 0 0 [ o+ 0 0 0 0
Cia 0 Ic 0 0/ + 0 Q 0 0
Cn; Q Ir 0 Oftr 0 0 0 0
Cy 0 i 0 0itr 0 0 0 0
Cis ; 0 ++ Ir 0 0 0 0 0
Cay 0 ir 0 0 o, 0 0 0
Cus 2 0 + 0 0 0 0 1] 0
Ciry 0 + + 0 0 0 0 0
Cyy; {} +++ ++ 0 0 o 0 0
Cyr 0 ++ tr G + 0 0 +
Cu» 0 G v 0 0 0 0 0
Cu sz 0 ++ + 0 0 0 0 0
Cu 0 0 0 0 0 0 0 +
Ciq s 0 0 0 0 0 0 0 +
Cy. o 0 0 0 0 0 0 ++
Cy ) 0 + 4 ++ 0fir 0 0 0 0

0+
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=
Cyy 0 4+ + ++ + 0/ + ¢] 0 0 +
Cuw 0 ++ + 0htr tr [4] ] ++ +
Cin s 0 0 + b 0 0 0 0
Cus s 0 + Q 0 0 0 0 0
Cia s 0 ++ + 0 0 ) . 0 0
Cus s 0 0 0 ¢] 0 0 0 +++
Cyy 0 ] 0 0 0 0 0 +++
Caa 4] 0 ¥ 0 0 0 0 + 4+
Cay s 0 +++ 4+ 0/ + 0 4+ a ¢
‘ Cy s 0 + 4+ ++4 O/ + + 0 0 0 ++
Cu 0 + + ++ + 0/ + 0 0 0 + ++
Car s 0 + +4 0 0 . 0 0 0
Cez 0 + + 0nr 0 0 0 0
Ca 0 0 Ir 0 0 0 0 ++
Ciyea 0 0 0 0 0 0 0 Ir
- Cas 0 0 0 0 5} V] 0 r
s Ch . 0 a + 0 0 ++ + 0 +4 +
Cay 0 ++ ++ O/+++ 0 +++ 0 0
Coy oy 0 + 4 + 4+ + 4+ 0 0 0 +
Co 0 ++ 0 O/ + 0 0 0 + 4+ 4
Cu s 0 0 0 0Ny 0 0 0 0
Car s 0 0 0 07+ 0 + 4+ 0 0
Cus G ++ 0 0/ ++ 0 + 4+ 0 0
Ci 0 ++ b} 0/4 + 0 0 0 0
Cy) 0 a 0 0/+ + + 0 0 0 + 4

“Relative proportions of (he (ot hydrocarbon mixiure for each species. ++ + = >3.0%; ++ = 1.0-3.0%; + = 0.3-099%; und Ir = <0.3%;0 -~ not
deteeted.

"N non = Neorermes mona; C bre — Crypiniermes brevis; P cor = Pracryptotermes corniceps, | spp = Incisitermes species; H sp = Heteratermes species;
P wal = Parvitermes wolcadi, N cos = Nasutiternies costalis, N aca = Nasntitermeys acajntloe.

Chicisitermes spp. displayed a wide rnge of hydmcarbon mixtres. For example, 07+ + 4 would denote the muge from abaens to above 3%,

1%
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Kalotermitidae -

We characterized the cuticular hydrocarbons of Kalotermitidae identified
as Neotermes mona (Banks), Cryptotermes brevis (Walker),” Procryptotermes
corniceps (Snyder), and Incisitermes spp. Species of the family Kalotermitidae,
although eommonly known as drywood temmites, differ widely in their moisture
requirements, The fauna of the BVI includes species at both ends of the mois-
ture-dependence spectrum. In the BVI we fecl that N. mona is dependent upon
a high constant environmental moisture supply, usually obtained by inhabiting
living trees, whereas C. brevis, the ““furniture termite,” is capable of living
without access to free water and is unable to thrive when cxposed to sustained

¢ water (Collins, 1969; Williams, 1977). x

Neotermes mona (Banks),) This is the largest tenmite of the area. We found '

it on the relatively moist, north slope of Guana Island. The bulk of the colony

~~
developed excavations in living, as well as dead, wood. This species was once -
thought to be erdemic to Mona Island, but its range was recently extended west ? g
X

through the Dominican Republic to the Turks and Caicos archipelago {Schef-
frahn ct al., 1990; Jones et al., [995).

The cuticular hydrocarbon mixture of N. mona reflected a general pattemn
seen in most of the termite species examined thus far in the West Indies. Cu-
ticular hydrocarbons occurred in two distinct groups: earl ing
{24-29 carbons in the parent chain) and late-eluting compounds (37-43 carbons
in the parent chain) (Table 3; Figure 1), [n N. mona the earlm compounds
predominate, representing over 90% of the wtal hydrocarbon in nymphs and
pseudergates (Figure 1). The hydrocarbon mixtures of pseudc}galcs and nymphs
were very similar to the one alate sample (Table 3).

n-Alkanes present were n-Caa, 1-Cys, 1-Cag, 1-Cagq, 8-Coy, and n-Cog. The
most abundant were r-C;5 and n-C,;, comprising about 13% and 12% of the
total hydrocarbons, respectively. Slightly lower amounts were seen in the alate el
sample. The other n-alkanes accounted tor about 5% of the total hydrocarbons. '

We identified isomeric mixtures of intemally branched monomethylalkanes
with parent chains ranging from C., to C,;, except for Cyy, Ciy, and Ca,.
Positions of methyl branches ranged from C-10 to C-15. Internally branched
monomethylalkanes were the most abundant class of hydrocarbons produced by
N. mona, representing about 42% of the total hydrocarbon. One isomeric mix-
ture, 13-; 11-MeC,;, accounted for 22-26% of the total hydrocarbon {Table 3;
Figure 1),

2- and 3-Methylalkanes were identified for Cyy to Cyg. These terminally
branched monomcthylalkanes comprised approximately 17-20% of the total
hydrocarbon. Internally branched dimethylalkanes constituted < 7% of the total
cuticular hydrocarbon fraction of N. mona. There was only one type of internally
branched dimethylalkane, those with three methylene groups separating the

I JOBOI6 88295SA06A
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TaBLE 3. RELATIVE QUANTITIES (MEAN, STANDARD DEVIATION, aND RANGE) OF
CuTicuLar HyDroCaRBONS oF PORTIONS OF COLONIES OF Neotermes mona (BANKS)
FROM BRITISH VIRGIN [SLANDS?

Hydrocarbon

Larvae, nymphs, and pseudergates

JOBOL16 88293ST06R

Mean + SD Range Alates (mean)

a-Cs, 0.20 + 0.17 0-0.30 0.24
12-; 11-; 10-MeC.t " 092 £ 0.3 0.68-1.27 118
2-MeCs, 1.74 + 0.92 1.19-2.80 1.74
3-MeC,, 0.06 + 0.10 0-0.17. ]
n-Cyq 13.00 + 4,14 8.72-16.98 11.45
13- 11-MeCy,” 21.39 + 5.32 18.06-27.52 25.85
2-MeCy, 7.25 + 0.66 6.79-8.01 7.58
3-MeCay 4.78 + 1.92 1,34-6.96 4,89
#-Cag 4.04 + 141 2.41-4.97 3.00
3.13-DimeCyy 1.19 + 0.3§ 0.82-1.51 1.38
13-; 12-MeC.,* 4.33 + 1.06 3.11-4.95 5.17
2-MeCaq 2.34 + 0.42 1.90-2.73 1.71
Cap + 3-MeCy© 0.47 + 0.46 0-0.91 0.97
7-Cyy 11.94 + 6.20 7.65-19.06 9.55
13- 11-MeC* 9.48 + 1.9§ 7.72-12.89 11.51
11,15-DimeCyy; 2-MeC,y* 4,60 + 1.3 3.40-6.00 4.79
3-MeCs, 0.35 + 0.24 0-0.69 0.71
5.15-DimeCs; 0.06 + 0.11 0-0.19 0
1-Cyg 0.09 £ 0.15 0-0.27 0

© 3,13-DimeC; 0.07 £ 0.12 0-0.21 0
12-MeCyq 0.56 + 0.56 0-1.13 0.81

12,16~ 11,15-DimeCsyf 0.1t £ 0.19 0-0.33 0
a-Cr 0.66 + 0.65 0-1.31 0.84
13-; 11-MeCy" 0.25 + 0.43 0-0.75 0.44
13,17-DimeCop 0.10 + 0.17 0-0.30 0
2-MeCo 0.07 +0.12 0-0.21 ]
5,47-DimeCy 0.04 + 0.0% 0-0.13 0
15—, 13-McC,* 0.05 + 0.08 0-0.14 0
3,7-DimeCy, 0.03 + 0.06 0-0.10 0
13-MeCy,y 0.06 + 0.11 0-0.18 0
13-MeC,4 0.07 £ 0.13 0-0.22 0
13,17-DimeC,y 007 +0.13 0-0.22 0
12-MeC,y, 0.06 + 0,11 0-0.19 0
13-MeCy; 0.81 + 0.40 0.53-1.26 0.57
13.47-; 11,15-DimeC,;" 0.38 £ 0.66 0-1.15 0
12-McCya 0.28 + 0.30 0-0.59 0.20
12,16-DimeCyy 0.12 «0.20 0-0.35 0
13-MeCy, 0.94 + 0.20 0.59-1.12 0.53
11.15-DimeCy .51 + 0.41 1.26-1.98 0.76
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TanLe 3. Continued

Larvae, nymphs, and pseudergates

Hydrocarbun Mean + SD Range Alales (mean)
12-MeCyy 0.53 + 0.06 0.46-0.57 0.30
12,16-DimeC,, 022 +0.39 0-0.67 0.20
13-MeCy, ‘ 1.25 £ 0.62 0.59-1.81 0.77
13,17-DimeC,, 1.60 + 0.80 0.84-2.44 1.10
12-MeCoy 0.07 + 0.12 0-0.21 0
12,16-DimeC,, 0.11 + 019 0-0.33 0
13-MeC,;5 0.77 +£ 0.21 0.53-0.89 0.72
13,17-DimeC,, 0.98 + 1.4) 0-2.23 1.04

“The data from this table are derived from separate samples taken in 1991 and 1992 from the same
colony on Guana Island. Samples include combinations of large larvae, nymphs, and/or pseuder-
gates. The single alate sample was extracted in hexane before drying. No soldiers are included in
the hydrocarbon samples.

®An isomeric mixture, These monomethytalkanes coelute,

‘This alkene and monomethylalkane coelute,

“This monomethylalkane and two isamers of this dimethylalkane coeluse.

‘An isomeric mixwure, Twe or more jsomers of these dimethylalkanes coelute. Distinct, separate
isomers can be distinguished from mass spectra.

methyl branches. Terminally branched dimethylalkanes were not abundant
{<1.4% of the total hydrocarbon) and were trivial except for 3,13-DimeCss.
No trimethylalkanes were found. Only one alkene, C,5.,, was found in N. mona.
ryptotermes brevis({Walker)) The phragmatic heads of the soldiers, the
presence of piles of dry fecal pellets in infested buildings, and the paper-thin
outer surface of furniture or wood containing large colonies of C. brevis are
characteristic of this termite. This species has never been reported in the BVI
from habitats other than structural timber, fumiture, and objects of art not exposed
to moisture. This habitat limited our ability to collect samples in the BVI.
Because C. brevis is very common in Hawaii, we were able to obtain a sample
from Oahu, Hawaii, so that we could present the cuticular hydrocarbon mixture
of this now circumtropical species.

C. brevis clearly reflects the general pattern of hydrocarbon mixtures of
drywood termites of the West Indies. In this species hydrocarbons occurred in
two groups: the early-cluting compounds consisted almost exclusively of
n-alkanes and terminally branched monomethy! alkanes, and late-eluting com-
pounds were primarily olefins (Table 2; Figure 2).

n-Alkanes present were n-Cyy, n-Cag, n-Cag, n-Coq, n-Cyg, #-Cay, 2nd
1-Cyy- As in N, mona, n-C,q and n-C,; were the most abundant, comprising

P 506 JOBR16 882055 A06A JOBO16 §82933TO6B
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Fig. 1. Total ion chromatogram of the cuticular hiydrocarbons from Neotermes mona
from Guana Island. A = pscudergates, nymphs, and larvac; B = alates.

about 13% and 12%, respectively, of the total hydrocarbons from the sample
of larvae, nymphs and pseudergates. All of the other n-alkanes combined rep-
resented no more than 5.5% of the total hydrocarbons.,

Only isomeric mixtures of intemally branched monomethylalkanes with
parent carbon chains of Cys, Cay, Cyy, Cyg, and C,, were found. The early
cluting components (C,5 and Ci3) of this class of hydrocarbons mepresented
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Fig. 2. Total ion chromatogram of the cuticular hydrocarbons from nymphs, pseuder-
gates, and larae larvae of Cryprotermes brevis from Honolulu, Hawaii.

< 1.0% of the total hydrocarbon, The later eluting components (Cyq, Cyy, and
C,,) coeluted with a dienc and could not be separtely quantified.

amg 3-Methylalkanes were identified from Cy; 10 Cag. These terminally
branched monomethylalkares comprised about 17% of the total hydrocarbon.
In C. brevis the 2- and 3-methylalkanes almost always occurred in pairs. When
the parent chain of these hydrocarbons contained an even number of carbons,
the 2-methylalkane predominated; when the parent chain contained an odd num-
ber of carbons, the 3-methylalkane was more abundant (Figure 2).

No internally branched dimethylalkanes were found in our sample. Ter-
minally branched dimethylalkanes were not very abundant (<0.3% of the total
hydrocarbon) and occurred only at C-25 and C-31. All were found to have the
first methyl branch on carbon 3. No timethylalkanes were identified.

Alkenes, alkadicnes, and alkatrienes were the predominant class of cu-
ticular hydrocarbons, representing approximately 51 % of the total hydrocarbons.
The number of carj_g-ons ranged from 31 to 45 (Table 2).

/

Procryptoterr-n;sf cormiceps { P corniceps is moderately abundant
in the BVI (Collins et al., 1997). Darlington (1992) and Knshna (1962) reported
an extention of the known range of P. cormiceps w Antigua, Guadeloupe,
Jamaica, Montserrat, and Puerto Rico; Scheffrahn et al. (1990) added Turks and
Caicos Islands. Soldiers of P. corniceps are distinctive with proportionally long,
strongly curved, sharply pointed mandibles. The heads of the soldiers slope
steeply in front and have short homlike projections from the frons near the outer
cdge of the bases of the mandibles (Knshna, 1962},

JOROLA BR2GITACHA

46



TERMITE HYDROCARBONS 941
25
ca:z
'© 207 cat:3
- 2T
~ / oz
_J, 2meC26 \Jc‘”
8 15, SmoC'ZS\ :
: /
T 10 "1 ‘
3
e b
< J ' M
O L T T L T
0 10 20 30 40 50 60

Time {minutes)

F1G. 3. Towl ion chromatogram of the cuticular hydrocarbons from 20 psceudergates of
Procryptotermes corniceps from Great Camino.

The cuticular hydrocarbon mixwre of P. cormiceps was very similar in
gross comparson to that of C. brevis. The carly-eluting components were almost
exclusively n-alkanes and terminally branched monomethylalkanes, and the late-
eluting compounds were primarily olefins (Table 2; Figure 3).

n-Alkancs present were 1-Cay, n-Cas, #-Cay, n-Caq, 1-Cag, and n-Cag. The
~ most abundant hydrocarbons were n-C,s and 21-Cs,, comprising about 6.3 % and
11.7% of the total hydrocarbon, respectively. All of the other n-alkanes repre-
sented <2.5% of the total hydrocarbons.

Intemally branched monomethylalkanes were net common in P. comijceps.
13-MeC,; occurred in trivial amounts. The isomede mixture of 15-; 13-MeCyy
cocluted with Cig.,. In most samples 15-; 13-MeC,, made up an average of
about 0,.9% of the total hydrocarbons. 2- and 3-Methylalkanes were identified
from Ca, 10 Cpq. These terminally branched monomethylalkanes comprise about
23% of the total hydrocarbon. As in C. brevis the 2- and 3-methylalkanes almost
always cccurred in pairs. When the parent chain of these hydrocarbons contained
an even number of carbons, the 2-methylalkane predominated; when the parent
chain contained an odd number of carbons, the 3-methylalkane was more abun-
daat (Figure 3). Di- and trimethylalkanes were not detected.

As with C. brevis, the alkenes, alkadienes, and alkainenes were the pre-
dominant class of cuticular hydrocarbons, comprising over 55% of the total
hydrocarbons. The number of carbons ranged from 25 to 43. One sample con-
tained a significant amount of pentacosadiene (> 15 % of the total hydrocarbons);
this compound was not seen in any of the other samples,
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Incisitermes @ Members of the genus Incisitermes arc the most common
kaloternutds found in the BVI, Collins et al. (1997) and Scheffrahn et al. (1994)
list . snyderi {or {. nr snyderi) from all of the islands in the BVI sampled by
M. S. Collins, except for Eustatia, and /. incisus from Beef Istand, Eustatia,
Guana Island, and Virgin Gorda. Because of the morphological variation and
the uncertainty of the taxonomy of [ncisitermes in the BVI, we were unable to
unambiguously assign specimens used for hydrocarbon characterization to a
specific taxon within /fncisitermes (Collins et al., 1997).

Specimens identified as /. nr snydert were the most common found in the
BVI. They live in sound, dead trees of many specics, as well 25 in structural
" timber throughout much of its range (Light, 1993; Harris, 1961). Specimens
identified as [ incisus were collected in the mangrove swamps fringing Beef
Istand and in trees on the wetter side of Guana Island. No records of attack on
buildings were available for [ incisus.

After comparing the cuticular hydrocarbons of over 20 colonies of Incisi-
termes from the BVI including samples from Eustatia identified as /. incisus,
we concluded that the mixtures of the cuticular hydrocarbons of these samples
were as variable as the morphology of the termites. The gencral “*patterns’ of
these chromatograms varied from one similar to V. mona, where >95% of the
hydrocarbons have 23-29 carbons (Figure 4), to one similar to the kalotermitids
found in drer conditions, where a significant proportion (> 30%) of the hydro-
carbons were olefins with 33 or more carbons (Figure 5). We also found /ncis-
itermes specimens with hydrocarbon mixtures that were intermediate to these
extremes (Figure 6). Because of this broad variation, we report the extremes
and discuss the classes of hydrocarbons in general terms, describing the range
that we observed (Table 2),

n-Alkanes present were n-Cjy, n-Cyy, n-Cys, 1-Cyy, n-Cyq, n-Cag, and
n-Cay. The most abundant ones were #-Cy5 and n-C5 in all fncisitermes samples.
Internally branched monomethylalkanes were rare and were found for Cys, Cag,
Cig, Cag, Cysy Cay, and Cyg; they were not detectable in most of the samples.
Methyl branches were fourd on carbons, 7, 9, 11, 13. 15, and 17 occasionally
in isomeric mixtures. The 2- and 3-methylalkanes were identifted for C.y—Coy,
with 2-MeC,;5 being the most abundant. Of the 3-methylalkanes, 3-MeC,g was
the most abundant. These terminally branched monomethylalkanes compnised
from about 16-32% of the total hydrocarbon.

Di- and trimethylalkanes were rare in dncisitermes from the BVI. Most of
the dimethylalkanes were late-cluting (carbon numbers in the parent chain from
33 to 37). The dimethylalkancs were all internally branched with the first methyl
branch oceurring on 9, 11, or 13 carbon. The position of the first methyl branch
tended to be more intermal as the parent chain length increases. The second
methyl group was usually scparated from the first by nine methylene units.
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FiG. 4. Total ion chromatogram of cuticular hydrocarbons from pseudergates from two
scparate colonies of fncisitermes from Guana Island,

Trimethylalkanes were found at Cy;, Cys. and Cyy in very fow samples and were
trivial in abundance when present.

The unsaturated components constituted about 30-60% of the total hydro-
carbon. C,,., was the predominant olefin comprising as much as 25% of the
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Fic. 5. Total ion chmmatégmm of;cu;icular hydrocarbons from pseudergates of Incisi-
termes from Scrub Istand (A) and Anegada (B).

total (Figures 4-6), Late-cluting olefins were either totally absent (Figure 4) or
constituted 25-35% of the total hydrocarbons (Figures 5 and 6).

The results of our studies of lncisitermes from the BVI were equivocal.
Cuticular hydrocarbons have proven useful in discriminating species of many
groups of termitcs (Haverty ot al., 1988, 1990, 1991, 1992; Howard et al.,
1978, 1982, 1988; Thome and Haverty, 1989; Thome et al., 1993), but they
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Fig. 6. Total ton chromatogram of cuticular hydrocarbons from pseudergates and/er
nymphs of [rcisicermes from Guana Island (A) and Tortola (B).

were not diagnostic characters for sorting taxa in [acisitermes from the BVI
We saw no distinet differences between samples identified as L incisis and many
of those idenufied as I, nr snyderi. Further collections from the US Virgin
Islands, the Greater Antilles, and mainland North America will be necessary to
resolve the taxonomy of this refractory genus,

O



946 HaverTy, CoLLins, NELSON, aAND THORNE

Rhinotermitidae

Thus far, only one taxon from this family has been cotlected in the British

Samples of this genus are so morphologically variable
that Snyder questioned whether the genus comprises a single, highly varable
species or a complex of closely related speeies (Scheffrahn et al., 1994). There
are three described species recorded from this region: 1. tenuis (Hagen), H.
convexionotatus (Snyder), and H. cardini (Snyder). Unul the taxa are resolved,
members of this genus collected in the BVI will be referred to as Heterotermes
sp.

The cuticular hydrocarbon mixture of Heterotermes sp. from the BVI
included mostly compounds with 26-31 carbons in the parent chain (Table 2;
Figure 7). Late-cluting compounds accounted for only about 1% of the total
hydrocarbons. Mono- and dimethylalkanes with 27 or 29 carbons in the parent
chain accounted for >76% of the total. Heterotermes sp. from the BVI had a
mixture of hydrocarbons very similar to that of fi. aureus (Snyder) from the
Sonoran Desert near Tucson, Arizona (Haverty and Nelson, unpublished obser-
vations).

n-Alkanes present were n-Cag, 1-Cyy, 11-Cag, 1-Cag, n-Cag, and n-C,,.
n-C,; was the most abundant normal alkane comprising about 4.5% of the total
hydrocarbon. The others combined represented < 4% of the total. We identified
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Fig. 7. Total ion chromatogram of cuticular hydrocarbons (rom workers of Hererotermes
sp. from Guapa Island.
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isomeric mixtures of intemally branched monomethylalkanes with parent carbon
chains ranging from Cs7 to Cy,, and C,5. This class of compounds was very
abundant, representing nearly 44% of the total. Two isomeric mixtures, 13-;
11-; 9-; 7-MeCyy and 13-; [1-; 9-; 7-MeC,4, were predominant and accounted
for >37% of the towal hydrocarbon. We identified 2- and 3-methylalkanes for
Cy and Cy3: -Only the 2-methyl isomer occurred at C,4. Terminally branched
monomethylalkanes comprise only 1.1% of the total hydrocarbon,

Intemally branched dimethylalkanes predominated and accounted for over
45% of the total hydrocarbon fraction. The most abundant dimethylalkanes
occurred in isomeric mixtures with 27 or 29 carbons in the parent chain (Figure
7). Only one terminally branched dimethylalkane (3,21-DimeCy) was identi-
fied, and it coetuted with 7,13,21-TrimeC,, in trace amounts. Various isomers
of tomethylnonacosane were detected, but in trivial amounts. Only two olefins
were present, Cyz, and Cag,, constituting < [ % of the total hydrocarbon, -

Termitidae

Three species of termitids, belonging to two genera, were collected on
Guana Island and m.arby islands of the BVI complex.

Parvitermes wolcouf[ Saydery. P. wolcoui is a small nasute that forages in
dead wood or on the ground in areas with fairly dense tree cover on Guana
Island, BVI {Collins ct al., 1977). We were not able to collect large samples
until a fortuitous collection of 173 workers from a colony on Peter [sland allowed
us to document the hydrocarbon mixture of this species. The pattem of the
hydrocarbon mixture of P. wolconi was an inverse of N. mona in that nearly

. 80% of the hydrocarbons were late-eluting olefins with 4145 carbons (Figure

8).

n-Alkancs present were n1-C,,, n-Coy, and n-C,y. In total the n-alkanes
comprised only 6.5% of the total hydrocarbon., One intemally branched mon-__
omethylalkane was detected, 5-MeC,,, and represented only 1% of the toal
hydrocarbon. 2- and 3-Methylalkanes were identified for C,y and Cag, but
2-MeC,4 was the most abundant internally branched monomethylalkane (Figure
8). The five compounds in this group comprised over 11% of the 1otal hydro-
carbons. One dimethyalkane was noted (as isomeric mixture 5,19-; 5,17-
DimeCag) and amounted to < 1.7% of the cuticular hydrocarbon fraction. No
trimethylalkanes were observed.

Unsaturated components comprised the predominant class of hydrocarbons
in P. wolconi, making up nearly 80% of the total hydrocarbons present. All of
the olefins had an odd number of carbons (41, 43, and 45) and possessed three
or four double bonds.
Nasutitermes costalis N. cosralis is the less common of the
two carton nest-building nasutes found in the BVIL. [t occurs primarly in wetter
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FiG. 8. Total ion chromatogram of cuticular hydrmcarbons from workers of Parvitermes
wolcoutt from Peter [sland.

localities in the BVI; Tortola and Guana [sland are the only islands where this
species has been found (Collins et al., 1997; Scheffrahn et al., 1994). N. costalis
occurs on many of the islands in the Greater and Lesser Antilles, from Cuba
south to Trinidad and Tobago (Snyder, 1949; Araujo, 1977; Scheffrahn et al.,
1994). The relative scarcity of N. costalis in the BVI may be related to the
lower moisture availability on most of the islands of the complex. Krecek (1970)
found that N. costalis distribution patterns and nest composition on Cuba indi-
cated a relatively higher moisture demand than that shown by the other common
nasute, N. rippertii (Rambur).

All of the cuticular hydrocarbons of N. costalis had parent chains ranging
from 25 to 33 carbons. Those with 29-31 carbons in the parent chain comprised
over 88% of the total hydrocarbon mixture (Figure 9).

n-Alkanes present were n-Cas, #-Caq, n-Cyq, and n-C,q. n-Cag was the most
abundant, comprising 1.9 % of the total hydrocarbon. The other three n-alkanes
represented only 3.2% of the total hydrocarbons.

We identified isomeric mixtures of internally branched moenomethylalkanes
with parent carbon chains ranging from Cyy to C;;. Positions of methyl branches
ranged fromCarbon 9 to 15, Methyl branches located on even-numbered carbons
were found oﬁ]—_hun the parent chain of the hydrocarbon had an even number
of carbons, while branches on odd-numbered carbons were found to occur on
hydrocarbons with either odd or even numbers of carbons in the parent chain.
Internally branched monomethylalkanes were one of the most abundant classes

7. 91 JOBOTE §R29S5A068
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FiG. 9. Total ion chromatogram of cuticular hydrocarbons from workers of Nasutitermes
costalis from Tortola.

of hydrocarbons produced by N. costalis, representing about 15% of the total
hydrocarbon. Two isomeric mixtures, 15-; 13-, 11-MeC,q and [5-; 13- {1-
MeCs5,, accounted for nearly 80% of this class of hydrocarbon.
3-Mecthylalkanes were identified for Cy; and Cig. 2-MceC,; coeluted with

. 11,15-DimeCy,;. These terminally branched monomethylalkanes comprised at
least 0.45% of the total hydrocarbons, but certainly less than 3.0%.

Internally branched dimethylalkanes were the predominant hydrocarbon
class and constituted 78% of the towl cuticular hydrocarbon fraction of N
costalis (Figure 9), All of these intemally branched dimethylalkanes had three
mcthylene groups separating the methyl branches. Dimethylalkanes had carbon
numbers n the parent chain mnging from 27 to 33, Dimethylalkanes with 29
and 31 carbons in the parent chain accounted for nearly 64 % of the total hydro-
carbon complement. Terminally branched dimethylalkanes were not encoun-
tered.

Only two trimethylalkanes were identified. Each had three methylene groups
between the methyl branches. Combined, they totaled < 1% of the total hydro-
carbon; C,q. was the only olefin found and represented only 0.24% of the total
hydrocarbon.

Nasutitermes acajutlae N. acajutlae is the most conspicuous,
and apparently the most abundant, species of temmite in the BYI complex, Col-
onics of this species construct enormous nests (up to 1.5 m in diameter, up t©
2.0 m in height) composed of dark to silvery brown, delicate, friable, parch-
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950 HaverTy, CoLuns, NELSON, AND THORNE

mentlike outer walls enclosing the variously sized, heavier-walled cells of the
carbon matrix. Nests are usually cllipsoidal or imegularty rounded.

N. acajurlae was recently resurrected as a species morphologically-distin-
guishable from N. migriceps (Thome et al., 1994), Termites in the N. acajutlae/
N. nigriceps complex range from Mexico south into South America, then cast
and north through the Caribbean. Members of the two species have a tolerance
for wide variations in moisture availability and use a variety of foods and nesting
sites. Mature nests and individuals of N. acajutlae are larger than those of M.
costalis. Soldiers of N, dcajuflae have reddish to dark brown heads; alates arc
relatively large and chestnut brown in color (Thome et al., 1994).

N. acajutlae was found on cvery island surveyed and has been found on
even the smallest of islands, such as Carrot Rock (Scheffrahn et al., 1994,
Collins et al., 1997). We obtained hydrocarbon samples of this species from 11
islands (Table 1). We extensively sampled workers and soldiers-from 13 colonies
on Guana Island, and collected alates when we encountered them (Haverty et
al., 1996), To further assess interisland variability, we sampled N. acajuilae
from diverse habitats on Tortola in 1994,

We identified 33 hydrocarbons from workers, 45 from soldiers, and 43
from alates of N. acajurlae (Haverty et al., 1996). The hydrocarbons found in
all three castes aggregated into two distinct groups. The early-eluting compo-
nents were primarily n-alkancs, methyl-branched alkanes, and a few normal
alkenes. The late-eluting compounds consisted almost exclusively of unsaturated
components, with chain lengths of 3745 carbons and onc to six double bonds,
and a few monomethyl alkanes in trace amounts (especially in alates). Soldiers
had considerably greater proportions of the early-cluting compounds (23-29
carbons) than did workers or alates (Figures 10 and 11). Whereas workers and
alates had an average of 88-96% of the cuticular hydrocarbons with 33 or more
carbons, soldiers had an average of about 69% of these late-eluting compounds.
The predominant class of hydrocarbons was the olefin fraction, comprising
greater than 89% of the total hydrocarbon component in workers and alates and
about 76% in soldiers.

n-Alkanes present ranged from a-Cy; to #-Cyy. Usually n-Cas and #-Csyy
were the most abundant for workers, soldiers, and alates. The n-alkanes were
least abundant in alates (1.8-4.3% of total), moderately abundant in workers
(4-7.3% of total), and most abundant in soldiers (17.4-18.8% of the total
hydrocarbon) (Figures 10 and 11},

Intemally branched monomethylalkanes were nearly always encountered,
in trivial amounts in workers (0.4-0.9% of total), and in significant amounts in
soldiers (about 5.5% of total). Internally branched monomethylalkanes were
usually present in alates, but accounted for only 0.4-1.7% of the total hydro-
carbon, Only trivial amounts of 2- and 3-methylalkanes occurred in workers and
soldiers. Alates usually had a significant component of 2-methylalkanes, com-
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prising [,8-4.6% of the total hydrocarbon, and were always found in the early-
eluting constitwents (Figures 10 and 11), No dimethyl- or trimethylalkanes were
found in workers or soldicrs; only 5,17-DimeC,; was found in alates in trivial
amounts. ‘

The unsaturated component was the paramount class of hydrocarbons in
the cuticular lipids of N. acajurlae. Olefins comprised an average of 90-96%
of the total hydrocarbon in workers and alates. Since soldiers contained a larger
proportion of early-eluting n-alkanes, the olefin component amounted to about
76% of the total hydrocarbon in this caste. For all castes, Ciq.y, Cyp.s, Cyrsn
Ciia1e and Cy3., accounted for at least 70% of the total olefin (Haverty et al.,
1996). _

Intercaste Variation in N. acajutlaec. We observed consistent intercaste
differences in hydrocarbon mixwmres of N. acajutlae. Workers and alates pro-
duced proportionally more olefins than did soldiers. Conversely, soldiers made
proportionally more of the carly-eluting hydrocarbons, such as n-alkanes and
monomethylalkanes, than did workers and alates.

Cuticular hydrocarbons of workers, soldiers, and alates were not qualita-
tively identical. Soidiers had some early elutung compounds (11~ 9-MeC,;,
3-MeC,y, Coayy 11-MeCyy, 3-MeCyq, Cyq,y, and 13-; 12-; 11-MeC,,) that were
not found in workers or alates from Guana Island or Tortola (Tables 4 arnd 3.
Figures 10 and 11). Samples of alates from both Guana Island and Tortola
included hydrocarbons (5-MeC,g, 2-MceCig, 5.17-DimeCis. 2-MeC,,, and
3-MeC,5) not found in either workers or soldiers (Tables 4 and 5). Alates from
Guana [sland contained some abundant hydrocarbons (Cuy.5. 15-MeC,y. and
Cis.2) and trace hydrocarbons not seen in workers or soldiers from the same
island (Table 4). Alates, workers, and soldiers from Tortola have these latter
hydrocarbons as well as significant amounts (0.6-0.7%) of Cys.¢, which was
not scen in the Guana [sland samples (Tables 4 and 5). Alates from both Guana
Island and Tortola were also missing a few hydrocarbon components (Css.,
C,7.4, and 13- 11-MeC,,) that were commonly observed in workers and soldiers
(Tables 4 and 5). C,., and Cg,., were not detected in alates from Guana Island,
but were frequently found in workers and soldiers (Table 4).

Cy3.6 was detected only in alates from Guana Island that were collected in
1993, however, this hydrocarbon was found in all castes collected on Tornola
in 1994, It is eurious that in preliminary work Cya., Was also seen in workers,
soldiers, and alates from specimens taken in 1994 from some of the same col-
onies on Guana I[sland that we sampled in 1993 (Haverty, Thome, and Nelson,
unpublished observations).

These obvious year-to-year differences could, in fact, represent distinet
annual vanation. They may be an antifact resulting from variations in handling
of samples (for example, minor differences in drying technique or storage before
and after processing). Whether these differences are real or an anifact of pro-
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PEN T AL S JOBO16 882955 A06B



954 HaverTy, CoLLiNs, NELSON, AND THORNE
TasLE4. RELATIVE QUANTITIES (MEAN AND STANDARD DEVIATION) OF CUTICULAR
HYDROCARBONS OF SAMPLES OF WORKERS, SOLDIERS, AND ALATES OF Nasutirenmes

acajutlae (HOLMGREN) FROM GUANA ISLaND”

Hydrocarbon Workers (mean + SD)  Soldiers (mean + SD)  Alates (mean £ SD)
Cy . 032 £ 0.32 0.4] + 6.17 0.00 + 0.00
Cy 0.97 + 0.33 404 + 0,91 0.08 + 0.04
11-; 9-MeC,y* 0.00 + 0.00 0.5t + 0.15 0.00 + 0.00
3-MeCyq + Cpa 0.00 + 0.00 0.18 £ 0.15, 0.00 £ 0.00
Cy 0.22 +0.22 0.66 + 0.19 0.00 £ 0.00
11-MeC,, 0.00 + 0.00 037 + 0.32 0.00 + 0.00
Cu.\ 0.68 + 0.27 2.96 + 0.69 0.00 + 0.00
Cu 3.05 + 114 9.16 + 1.28 055 + 0.14
13-, 11-MeCy° 0.16 + 0.17 1.98 + 0.43 0.12 £ 0.03
5-MeCos 0.00 £ 0.00 0.00 + 0.00 0.07 + 0.01
2-MeCy, 0.00 + 0.00 0.00 + 0.00 0.20 £ 0.03
3-MeCoy + Coe © 0.00 + 0.00 0.57 + 0.13 0.00 + 0.00
5,07-DimeCy, 0.00 + 0.00 0.00 + 0.00 : 0.08 + 0.0l
Cuy 0.26 + 0.27 0.59 + 0.16 0.14 + 0.02
i3 124 11-MeCy” 0.00 + 0.00 0.42 + 0.35 0.00 + 0.00
2-MeCy 0.00 + 0.00 0.00 + 0.00 142 + 0.16
Cp 0.86 + 0.42 3.88 + 0.63 0.00 + 0.00
Cse 190 + 1.60 167 + 092 1.44 + 0.28
13-; 11-MeC," 007 + 0.11 1.14 £ 0.21 0.00 + 0.00
5-MeCs, 0.60 + 0.00 0.00 + 0.00 0.08 + 0.02
2-MeCys 0.15 £ 0.{3 0.14 £ 0.09 1.67 +0.29
3-MeCoe 0.00 + 0.00 0.00 + 0.00 072 £ 0.13
Csy 0.15 + 0.19 0.13 + 0.12 0.30 £ 0.08
2-MeCyy + Cyq.,° 0.00 £ 0.00 0.19 + 0.10 0.53 £ 0.1l
Cy 0.73 + 0.56 0.56 + 0.25 1.08 + 0.25
5-MeCo, 0.00 + 0.00 0.00 £ 0.00 0.07 + 0.05
2-MeCeg 0.00 + 6.00 0.00 + Q.00 0.03 = 0.03
3-MeCsy 0.00 + 0.00 0.00 + 0.00 0.04 + 0.05
Cu 0.00 + 0.00 0.00 1 0.00 0.05 + 0.4
Cy 0.06 + 0.15 0.02 + 0.04 0.58 + 0.08
Cy; 0.00 + 0.00 0.01 £ 0.03 0.12 £ 0.03
Cys 0.00 + 0.00 0.00 + 0.00 0.11 + 0.06
13-MeCyy 0.00 £ 0.00 0.00 £ 0.00 0.12 + 0.06
Cyrs 0.40 + 0.17 0.65 + 0.17 0.40 + 0.14
Curvi 0.53 + 0.20 0.58 £ 0.13 0.47 + 0.07
Cygi® 0.36 + 0.33 0.28 + 0.25 0.00 + 0.00
Ci.? 2.00 = 0.73 1.33 + 0.61 3.89 + 0.78
Cr 0.43 + 0.48 1.29 + 0.56 114 £ 0.11
Ch\ 20.01 £ 2.20 1577 +£.2.79 14.40 + 1.26
15-MeC 0.04 + 0.12 0.36 £ 0.27 0.00 + 0.00
Co 0.00 = 0.00 0.00 + 0.00 0.50 + 0.35
Cur 2530 0.2 2.89 + Q.62 0.00 + 000
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TanLe 4, Continued

955

Hydrocarbon Workers (mean £ SD)  Soldiers (mean + SD)  Alates (mean + SD}
Ciya+Cud 18.77 + 3.81 11.04 +£392 21.72 £ 241
Cua [.21 + 0.63 (.50 £ 0.49 331 + 0.20
Ca 2443 + 2.74 £7.42 + 3.52 20.24 + 118
15-MeC,, 0,13 + 0.23 0.46 + 0.24 0.76 + 0.15
Cay 1.60"+ 0.65 1.99 + 1.03 0.00 +£ 0.00
Cuys + Coy o 435 + 1.37 241 £ 1.9 6.24 1 1.14
Cia 0.83 + 0.52 1.14 + 043 2.63 1+ .27
Ca s 10.40 + 1.6t 7.66 + 1.48 10.28 £ 1.9
15-MeC,, 0.00 £ 0.00 0.00 + 0.00 0.43 £ 0.11
Cas.z 0.00 + 0.00 0.00 + 0.00 0.32 + 0.4
Cus.y 241 + 082 1.69 + 0.64 3.26 + 0.87

“Three subsamples of 100 workers from each of 13 colonies, Four subsamples of ca. 4 mi of soldiers
fram each of 13 colonies. Two subsamples of 25-31 alates from four colonies,

? An isomeric mixiure. These monomethylalkanes coelute.

“This monomcthylalkane ard the ofefin coclute.

4 These two isomers did not compietely resolve in alates. Therefore, the areas for the two isomers
were summed for alates only.

“These 1wo isomers did not completely resolve. Therefore, the areas for the two isomers were
summied.

I Cyy o was identified only in alutes. There were two isomers of Cjy  that did not completely resolve,
Therefore, the areas for the two isomers were summed,

tocol, we must consider them when evaluating minor variations in hydrocarbon

mixtures for taxonomic studies of tenmiles
Island-to-Island Variation infN, acajutlae/ Qur collections of N. acajutiae

were much more extensive, both in numbers of samples and geographic coverage
(Table 1), than for any other termite taxon in the Briush Virgin Islands. We
observed qualitative differences between samples of soldiers from Guana Island
and Tortola, two islands separated by a channel approximately 2 km wide (Tables
4 and 5). Soldiers from collections on Guana Island did not have Cy.4 or Cys.0,
whereas soldiers from Tortola possessed small amounts of thesc olefins. We did
not have samples of soldiers from other islands, and our alate collections from
other islands werc limited. However, companson of hydrocarbon mixtures from
workers indicated a range in variation, both qualitative and quantitative, possible
within one species {(Tables 4 10 6).

Workers from islands more distant from Tortola and Guana tended to have
more of the terminally branched monomethylalkanes (Tables 4-6; Figures 10-
12). Two samples in particular, those from Scrub Island and Great Camino,
displayed hydrocarbon mixtures more similar to soldiers (Figure 12); however,
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956 HAVERTY, CoLLINS, NELSON, AND THORNE

TABLES. RELATIVE QUANTITIES (MEAN AND STANDARD DEVIATION) OF CUTICULAR
HyDRrRoCARBONS OF SAMPLES OF WORKERS, SOLDIERS, AND ALATES OF Nasutitermes
acajutlae (Holmgren) FrRoM TORTOLA®

Hydméa:bon Workers (mean + SD}  Soldiers {(mean + SD)  Alates (mean + SD)

Cu.y 0.00 + 0.00 0.38 +0.13 0.00 + 0.00
Ca *0.47 £0.16 3.99 + 0.56 0.08 + 0.01
11-; 9-MeCp” 0.00 + 0.00 0.66 + 0.11 0.00 £ 0.00
3-MeCyy + Cou” 0.00 + 0.00 0.32 + 0.06 0.00 + 0.00
Cu 0.07 + 0.08 0.65 + 0.05 0.01 + 0.03
11-MeCa, 0.00 + 0.00 0.46 + 0.10 0.00 + 0.00
Cys 0.50 + 0.18 323 + 046 0.00 + 0.00
Cy ) 2,11 £ 0.59 841 + 0.8 0.57 £ 0.20
13- 11-MeCo* 0.27 £ 0.09 2.52 £0.38 0.07 £ 0.06
5-MeCy 0.00 + 0.00 0.00 + 0.00 0.02 + 0.03
2-MeCys : 0.00 + 0.00 0.00 + 0.00 0.19 £ 0.03
3-MeCag + Cag 0.00 + 0.00 0.62 + 0.07 0.00 + 0.00
5,17-DimeCys 0.00 + 0.00 0.00 £ 0.00 0.07 £ 0.02
Cue 0.06 + 0.09 0.49 + 0.08 0.08 + 0.02
13- 12-; 11-MeC,,f 0.00 + 0.00 0.35 + 0.09 0.00 + 0.00
2-MeCy 0.00 + 0.00 0.00 + 0.00 1.04 +0.24
Cur 0.54 £ 0.17 347 + 0.56 0.00 + 0.00
Car 0.74 + 0.24 328 + L.0O 0.47 + .10
13- 11-MeCyy” 0.08 + 0.10 1.08 + 0.26 0.00 + 0.00
2-MeCyy - 0.24 £ 0.15 0.12 + 0.09 0.61 £ 0.17
3-MeCyy 0.00 + 0.00 0.00 + 0.00 0.45 + 0.10
Cu 0.13 £ 0.10 0.00 + 0.00 0.07 + 0.02
2-MeCy, 0.07 +0.10 0.00  0.00 0.12 + 0.02
Co 0.00 + 0.0 0.13 + 0.1! 0.00 + 0.00
Cr 0.33 £ 0.09 0.62 + 0.43 041 + 0.14
Cy 0.04 £ 0.07 0.02 + 0.04 0.28 + 0.05
Cy 0.00 + 0.00 0.00 + 0.00 0.06 + 0.05
Cyz 0.24 +0.12 0.38 + 0.09 0.09 + 0.02
Crs. 0.39 + 0.08 0.36 + 0.09 0.26 + (.02
Cio:s 0.25 £ 0.15 0.15 £ 0.12 0.42 + 0.08
Cis.a 1.36 £ 0.67 102 + 0.46 2.60 + 0.69
Cyg 2 0.29 £ 029 0.59 + 0.18 0.87 £ 0.10
Ci 18.06 + 1.64 12.66 + 1.68 12,40 + 0,28
Cas 0.66 + 0.30 0.4 + 0.24 1.44 + 029
Cig FCou + Cos’ 20.77 + 3.00 18.98 + 3.25 30.53 £ 2.19
Cq 2 1.43 + 0.15 1.60 + 0.22 3.39 £ 026
Ca s 24.21 + 2.06 15.27 + 1.53 18.13 + 0.29
15-MeC,, 039 +0.29 0.46 + 0.25 0.83 + 0.04
Cays 2.55 £0.76 205 £ 036 318 £ 0.64
Cays 577 £ 119 407 £1.14 7.18 £ 0.90
Ci 2 1.12 £ 0.32 1.3¢ + 0.15 2,17 £ 0.19
Cay o 10.69 + 0.80 677 + 058 .04 £ 034
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TasLe 5. Continued

Hydmocarbon Workers (mean + SD)  Soldiers (mean £ SD)  Alates {mean + SD) -

15-MeC,, A 0.20 + 0.19 0.21 £ 0.10 043 +£0.12

Casos 0.69 + 0.37 0.59 + 0.28 0.66 + 0.31
Cuset 0,19 £ 0.15 0.33 + 0.06 0.26 + 0.07

Cusa 3.09 + 031 1.4 + 0,09 2.52 £ 0.36 W
“Three subsamples of 200 workers from each of seven colonies. Four subsamples oml of )

soldiers from each of six colonies, Two subsamples of 25-31 alates from three colonTes.

® An isomeric mixture. These monomethylalkanes coclute.

“This monomethylalkane and the olefin coeiute.

“These three isomers did not completely resolve, Therefore, the areas for the isomers were summed.

“There were two isomers of Cyy., that did not completely resalve. Therefore, the areas of the two -
isomers were summed.

TaBLE 6. RELATIVE QUANTITIES (MEAN AND STANDARD DEVIATION) OF CUTICULAR
HYDROCARBONS OF SAMPLES OF WORKERS AND ALATES OF Nasutitermes acajutlae
(HOLMGREN) FROM BRITISH VIRGIN [SLANDS, EXCLUSIVE OF GUANA [SLAND AND

TorTOLAY
Hydmocarbon Workers (mean + 8SD) Alales (mean + SD)
Cay . 0.63 + 0.47 0.15 + 0.31
Cay 0.08 + 0.15 0.00 + 0.00
2-MeCo + Cag ™ 0.32 + 0.75 0.00 + 0.00
Cu. 1.73 £ 4.45 0.00 + 0.00
Cas 1.65 £ 247 0.67 + 0.83
13-; 11-MeC,y7 027 +0.21 0.00 + 0.00
2-MeCy 0.56 + 1.59 0.03 + 0.06
3McCuy + Cp,\" 0.48 £ 1.29 0.00 £ 0.00
Cae 0.20 + 0.36 0.00 +£ 0.00
2-MeCag 0.32 £ 0.60 0.78 + 0.50
Cire 0.36 + 0.44 0.00 + 0.00
Cyr 178 + 1.22 0.51 £0.29
13-; 11-MeC,; 0.14 + 0.18 0.00 + D.00
2-MeCay 0.48 + 0.42 0.63 + 045
3-MeC,r 0.04 £ 0.13 0.34 +0.23
Cax 0.10 + 0.12 0.04 + 0.07
Caq 0.42 + 0.3} 0.38 + 0.12
Cy, 0.00 + 0.00 0.09 £ 0.10
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TabLE 6. Continued

Hydrocarbon Workers {(mean £+ SD) Alates {mean + SD)
Car o 0.10 £ 0.13 0.05 + .10
Cut ' 0.29 £ 0.21 0.74 £ 0.16
Cio:s 0.00 + 0.00 0.19 + 0.25
Cios 1.53 + 1.00 2.08 £ 1.73
Cio ' 0.16 + 0.28 0.24 + 0.48
Cue.z . 0.13 + 0.43 0.63 + 0.48
Cag:) 20.92 + 4.61 ‘ 18.18 + 2.68
15-MeCy, 0.07 + 0.23 0.21 + 0.42
Cuu + Cappe + Cpis” 22.28 £ 5.61 - 30.18 £ 338
Caa 0.24 £ 0.79 0.00 + 0.00
Carz 0.83 £ 1.07 2.81 + 1.93
Cor:r 27.65 + 5.53 26.30 + 2.54
15-MeC,, 0.17 + 0.34 0.14 + 0.28
Cox’ 0.00 + 0.00 0.25 + 0.31
Caz 0.77 + 0.43 0.79 + 0.55
Cq;s‘ 3.49 + 1,14 4,86 + Q.99
Caray 0.23 +£0.77 0.00 £ 0.00
Cu.z . 0.81 1 1.71 0.76 + 0.55
Ca. 8.73 1 2.67 8.50 + 1.E9

“Mean for workers is derived from 11 samples from colonies of N, acajuriae: three from Necker
[s, and one each from Great Camino, Scrub Is,, Eustatia. Virgin Gorda. Lesser Jost Van Dyke,
Greater Jost Van Dyke, Great Thawch, and Cooper. Mezn for alates is dedved from four samples
from colonies of N. acajuiiae: one each from Lesser Jost Van Dyke, Greater Jost Van Dyke, Great
Thaich, and Necker Is.

*This monomethylalkane and this olefin coelute.

“Two separate isomers of Cag., occur in the samples from Great Camino and Scrub Island. This
abundant, second isomer {maximum value of 15,1% in the Grear Camino sample) was found only
in these two samples,

“An isomeric mixture. These monomethylalkanes coelute.

‘These three isomers did not completely resclve. Therefore, the areas for the three isomers were
summed.

/ An isomeric mixture, The exact number of double bonds is difficult to determine. In some instances
two or three peaks were present with identical spectra. The areas {or all isomers of the same olefin
wene suntmed,

#This olefin had two isomers that did not completely resolve, The areas for both isomers were
sumnmed.

examination of the extracted voucher specimens confirmed that enly workers
were extracted in these samples. The single sample from Great Camino dis-
played some distinct differences from samples collected on other islands, The
later-cluting isomer of Cy5,, was present in great abundance, its peak area
exceeding that of n-C,s (Figure 12B). This sample from Great Camino was the
only one in which two isomers of C,;.4 were detected in measurable amounts.
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Fic. 12. Tatal ion chromatogram of’culicular hydrocarbons from workers of Naswei-
termes acajutlae from (A) Scrub Island and (B) Great Camino.

The retention time of Cyz.» in this sample indicated that this compound was a
different isomer of C,;., than was seen in other samples of V. acajutlac. In the
Great Camino sample, C,4,.» was not completely resolved from C,5,,; this is true
for Cys.5 and C,s., as well (Figure 12B). The existence of island-to-island dif-
ferences in hydrocarbon mixtures within one species should alert us to exercise
caution when ecvaluating the use of cuticular hydrocarbons in termite taxonomy.
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TanLe 7. DiacnosTiC CuTicuLAR HyprocARBoNS (> 1.0% of ToTaL HYDROCARBON) FRCM
PSEUDERGATES {LARVAE AND NYMPHS} Of WORKERS OF 8 TERMITE TaXA FROM BrITISH VIRCIN

JOBO1H §8298STOAC

Istaxps”
) Termite species”
Hydrocarbon Nmon Chbre Pcer [ spp* Hsp Pwol Ncos Nacu
Cay +++  +++ ++4+ ++ + 0 0 ++ +++
Cas +4++ ++ ++ ++ tr 4] 0 iy
Cu r + r tr ++ ++ + tr
Cy + ++ + + ++ ++ ++ +
13-, 11-MeC3y +++ + 0 + 0 0 0 tr
13- 12-MeCy, + 4+ 0 0 0 0 0 0 0
13+ 11+ 9-; 7-MeCy +4++ Ir tr Ir +++ 0 + 1t
4=, 13-; 12-; 9= T-MeCyq + 0 0 0 o+ 0 + 0
154 13- 1= 9-; 7-; 5-MeCy tr 0 0 0/ + +++ + +++ 0
15-; 13- 11+ 9-MeC,, tr 0 0 0 + 0 +++ 0
2-MeC,, ++ +++ 4+ + 4+ 0 0 0 0
2-MeCy +++ ++  +++ +++ 0 0 0 G
3-MeCy +++  +4++ HH+ +++ 0 0 0 Q
2-MeC. ++ + +++ +i4++ + 0 0 O
3.X-DimeCyg ++ iy 0 0 0 0 0 0
£1,15-DimeCyy ++ 0 0 0 ++ + 0 ++ 0
9,17-DimeC,, 0 0 0 0 +++ 0 0 0
9,X-DimeC,q 0 0 ] 0 +++ 0 0 0
13,17-; 11,15-DimeC 0 0 0 0 0 0 + 4+ 0
9,19+, 9,17-DimeC 0 0 0 07+ +++ 0 0 0
7,21-DimeCyy 0 0 0’ 0 +++ 0 0 0
11,15-; 12,16~ 13,17-DimeCyy 0 0 0 0 0 0 +++ 0
11,15-DimeCyy ++ 0 0 v} 0 0 0 0
13,17-DimeC,, ++ 0 0 v} 0 0 0 ]
Cu 0 0 + + +++ 0 0 aQ +
Cy r 0 0 +++ 0 0 tr +
Cyq.z 0 +4++  ++ 0 0 0 0 0
Cyoz 0 +++ +++ 0/ + 0 0 0 +
Cyg.y 0 ++ ++ tr ir 4] 1] ks
Cuo: 0 0 0 0 0 0 0 +++
Cars 0 0 0 0 0 1] 0 +++
Cas G 0 0 0 0 0 0 +4++
Ca: 0 +++ 4+ 07+ 0 +++ 0 G
Cyi.2 0 +++ +++ O+ + 0 0 0 ++
Can 0 ++  +4++ 0/+ 0 v} 0 ++ +
Case 0 ] + 0 0 +++ 0 +++
Cas 0 ++ ++ O +++ 0 +++ 0 0
Caz 0 ++ ++ +++ 0 0 0 +
Car 0 ++ 0 0/+ 0 V] 0 +++

Lo
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TasLe 7. Continued

Termite species”

Hydmocarbon Nmon Cbre Pcor I spp* Hsp Pwol Ncos Naca
E
Cis.a 1] 0 0 0f+ 1] +++ 4] 0
Cayiy 0 ++ 0 0/ + + 0 + 4+ 0 0
Cuy.x 0 0 0 0/ +++ 0 0 0 + +

“Relative propartions of the total hydrocarbon mixture for each species. +++ = >3.0%; ++ = 1.0-3.0%;
+ =03099%; and tr = <0.3%; 0 = not detected, '

"N mon = Neotermes mora: C bre = Cryprotermes brevis, P cor = Procryptotermes corniceps;, I spp =
Incisitermes  species; H  spp =  Heterotermes  species; P owol = Parviennes  wolcotti,
N cos = Nasuritermes costalis; N aca = Nasulitermes acajutlae (frem Guana Island).

“Incisitermes spp. displayed a wide range of hydrocarbon mixtures. For example, 07+ + + would denote the.
range from absent 10 above 3%.

Taxonomic and Biogeographic Value of Cuticular Hvdrocarhon Profiles.
One of the objectives of our studies of the termite fauna of the British Virgin
Islands was (0 begin to build a library of cuticular hydrocarbon profiles correlated
with species determinations bascd on morphological characters. Much of this
work will be published separately as in-depth studies of individual taxa (genera
or specics complexes) from the Caribbean Basin. BV termite species that were
readily identifiable on the basis of morphological characters of the soldiers or
- alates also had diagnostic curicular hydrocarbon mixwres. Using only the con-
sistently abundant hydrocarbons, one could unambiguously identify species based
on chamcterization of the hydrocarbons of workers, larvae, pseudergates, or
nymphs without the somctimes rare soldiers and alates needed for morphological
diagnoses (Table 7). Separation of closely related taxa has been demonstrated
for species of Nasutitermes from the Caribbean Basin and Zootermopsis from
western North America using the consistently abundant hydrocarbons (Haverty
et al., 1988, 1992).

"Cuticular hydrocarbons may eventually help resolve one of the more dif-
ficult taxonomic problems among the termite species of the British Virgin Islands,
i.e., sepamtion of species within the genus Incisitermes. Incisitermes from the
Cayman Island ,fd}:\ntiﬁcd as [. rabogae (Snyder) possess a distinct cuticular
hydrocarbon mixture clearly separable from the fncisitermes examined from the
BVI (Haventy et al., unpublished observations). Similarly, the taxonomy of
Heterotermes might be clarified if consistent hydrocarbon mixtures can be used
to presornt specimens for morphological study.

e o7 )
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962 HaverTy, CoLLINS, NELSON, AND THORNE
- CONCLUSIONS

All classes of hydrocarbons are seen among the eight termite taxa charac-
terized from the BVI, All taxa have normal atkanes present in their cuticular
hy drocarbon mixture: n-C,s and n-Cy; arc the most abundant. Intemnally branched
monomethylalkanes are not commonly seen or are present in very small amounts
relative to all other hydrocarbons; only Neotermes mona and Heterotermes sp.
incorporate these components in relatively large quantities. Terminally branched
monomethylalkanes are much more common in most of the species, but are
present only in tracec amounts in Nasutirermes costalis and N. acajutlae. Di-
methylalkanes are present in relatively large guantities only in M. mona, Her-
erotermes and N. costalls, species with rather high moisture requircments, and
arc absent or present only in trace amounts in the other taxa. Trimethylalkanes
are quite rare; they are completely absent in six of the taxa, present in trace

amounts in Jncisitermes and in small amounts in N. cosralis.

" In general, olefins are the most common of the hydrocarbons found in the
termites of the BVI. Early-cluting alkenes are abundant in Incisitermes spp.,
but absent or rare in all other taxa. Late-eluting olefins, especially those with
39, 41, and 43 carbons, are quitc abundant for many of the species. These late-
eluting olefins have one to six double bonds. The positions of these double
bonds were not determined, but {or the purposes of this paper we feel it is not
essential to know their location.

Polyunsaturated hydrocarbons are common in the termites of the BVI. This
degree of unsaturation is not common in tenmites we have sampled from tem-
perate or subtropical locations. For the termites that live in above-ground nests
in dry habitats or entircly within dry wood, cuticular hydrocarbon mixtures
consist of generally larger molecules, reflecting the moisture demands of this
habitat (Collins et al., 1997; Hadley, 1980, 1985). Termites that live within
wood on live trees or in situations with more available moisture generally have
a hydrocarbon mixture composed mostly of lower-molecular-weight components
with carbon numbers ranging from 23 to 33 (Collins et al., 1997).

Consistently abundant hydrocarbons can be used as taxonomic characters
for scparating the termites of the BVI. Varation in hydrocarbon components
was shown for N. acajurlae from different islands, but the differences were
relatively minor. Incisirermes presented the greatest challenge; the variation in
cuticular hydrocarbons was as great as that of soldier morphology.
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extend our sincere thanks to Dr. Henry and Glora Jarecki and the staff of the Guana Island Club
for their support and hespitality during the course of this project. This research was made possible
by NSF grant BSR-8607407 to B.L.T. and a cooperative agreement between the University of
Maryland and the Pacific Southwest Research Station,

(556 JOBO16 88295SAQ6C

6%



TERMITE HYDROCARBONS 963
REFERENCES

Arauso, R. L, 1977, Catalogo dos Lsopten de Novo Mundo. Academia Brasileira de Ciencias, Rio
de Janiero. |

Banks N. 1919, Antillean Isopiera. 8uil. Mus. Comp. Zool, 62:475-489.

BLomguist, G. J., Newson, D. R., and De RencaaLEs, M. 1987, Chemistry, biochemistry, and
physiology of insect caticular lipids. Arch. Insect Biockem. Physiof. 6:227-265.

CoLLiNs, M. S. 1969, Warter relations in termites, pp. 433458, in K. Krishna and F. M. Weesner
(eds.). Biology of Termites, Vol. I. Academic Press, New York.

CoLLINS, M. S., HaverTY, M. [, and THORNE. B. L. 1997. The termites (Isoptera: Kalotermitidae, o 57

Rhinotermitidae, Termitidac) of the British Virgin Islands: Distnbution, moisture relations, o

and cuticular hydsocarbons, Fla—Emtomel—Submitted?” S e et "’{’)7 T pPttaw,

DarLvGTOS, 1. P, E. C. 1992, Survey of termites in Guadeloupe, Lesser Antilles (Isaptera, Kal-
otermitidae, Rhinotermitidae, Termitidae), Fla. Entemol. 75:104-109.

Hapugy, N. F. 1980, Surfuce waxes and integumentary permeability. Am. Sef. 68:546-553.

HapLEY, N. F. 1985. The Adapuve Role of Lipids in Biological Systems. lohn Wiley & Sons,
New York.

Harris, ¥. W. 1961, Termites, Their Recognition and Control. John Wiley & Sons, New York.

Haverty, M. L., Page, M,, Newsox L. )., and Bromguist, G. J. 1988, Cuticular hydrocarbons
of dampwood termires, Zeotermopsis: Intra- and intercolony varation and potential as taxon-
omic characters, J. Chem. Ecol. 14:1035-1058.

HaverTy, M. I, THornE. B. L., and Pace, M. 1990. Surface hydrocarbon components of two
species of Nasutitermes from Trinidad. J. Chem. Ecol. 16:2441-2450.

HaverTy, M. I, NiLsos, L. )., and Pacge, M. 1991, Preliminary investigations of the cuticular
hydrocarbans from North American Reticulitermes and tropical and subtropical Copretermes
(Isoptera: Rhinowermutidae). Secivbivlogy 19:51-76,

HaverTy, M. L., Newsow, L. ], Trowse, B. L., CoLuns, M. §., DarLmgros, 1. P E. C, and
Page, M. 1992, Cuticular hydrocarbons for specics determination of topical termutes, pp. 58-
66, in C. L. Conrad and L. A. Newel! (fech. coords,). Proceedings of the Session on Tropical
Forestry for People of the Pacific. Pucific Science Congress, Honolulu, Hawaii, May 22-28,
199F. USDA Forest Secrvice General Technicul Report PSW-129.

HavErRTY, M. L., THorsE, B. L., and NELscy, L. 1. 1996. Hydrocarbons of Nausiitermes acajutiae

and comparison of methodologies for sampling cuticular_hydrocarbons of Caribbean termites /
for taxonomic and ecological studies. J. Chem. Eco[. 22 2081 -2/0%.

Howaap, R, W., McDasieL, C. A., and Brosmquist, G. J. 1978, Cuticular hydrocarbons of the
castern subtermanean termite, Renculitermes Aavipes (Kollar) ([soptera: Rbhinatermitidae). J.
Chem. Ecol, 4:233-245.

Howarp, R, W., McDanieL, C. A., Newsoy, D. R, Bromguist, G. 1., Getsaum, L. T., and
ZaLkow, L. H. 1982, Cuticular hydrocarbons of Reticulitermes virginicus (Banks) and their
role as potential species- and caste-recognition cues. J. Chem. Ecol. 8:1227-1239.

Howarp, R. W., THorse, B. L., Levisas, S, C., and McDanieL, C. A. 1988, Cuticular hydro-
carbens as chemataxonomic characiers for Nasutitermes corniger (Motschulsky) and N. cphra-
rae (Holingren) (Isoptera: Termitidae). Arn. Entomol. Sec. Am. 81:395-399.

Joxes, 8. C., NaLeea, C. A.. McManox, E. A, and Torres, J. A, 1995, Survey and ecological
studics of the termites (Isoptera, Kalotermitidae) of Mona Island, Fla. Eniwomal, 78:305-313.

Krecex, 1. 1970, Nest struciure, humidity and colony composition of wwo species of Nasuritermes
in Cuba (Isoprer). Acta Entemol. Bohemost, 67:310-317.

Krisuna, K. 1962, New species of the genera Alforermes Wasmann, Bicomitermes Krishna, Epi-
calptermes Silvesin, and Procrprotermes Holmgren (Isoptera: Kalotermitidae). Am. Mus.
Novir, No. 2119,

i N

t [ TORNTA RR2OSSANGC

69



964 HaverTy, CoLLiNs, NELSON, AND THORNE

LigeT, 5. F. 1933, Termites of western Mexico, Univ, Calif. Publ. Entomol. 6:79-164,
PaGE, M., NeLsow, L. J., Haverty, M. L., and Bromquist, G. J. 1990, Cuticular hydrocarbons

as chemotaxonomic chamacters for batk beetles: Dendroctonus ponderosae, D. jeffreyi, D. -

brevicomis, and D. frontalis (Coleoptera: Scolytidac). Ann. Emtomol. Soc. Am. 83:892-901.

Posons, J, G., Newsox, D. R., and Fatianp, C. L. 1980. Insect hydrocarbons. 2. Mass spectra
of dimethylalkanes and the effect of the number of methylene units between groups on frag-
meniztion, J. Chem. Ecol. 6:965-672.

SAS. 1990, SAS/STAT User's Guide, Versian 6, 4th ed., Vol. 1. SAS Institute, Cary, North
Carolina.

ScHEFFRANN, R. H., Su, N.-Y, and Dsen, B. 1990, Native, introduced, and structure-infesiing
termites of the Turks and Caicos Islands, B.W.I. (Isoptera: Kalotermitidae, Rhinotermitidae,
Termitidae). Fla. Entomeol, 73:622-627, .

ScHerrFRauN, R, H., DaruiNgTon, I, P E. C., Cotuins, M. 8., KReCEK, J., and Su, N.-Y. 1994,
Termites (Isopterz: Kalotermitidae, Rhinotermitidae, Termitidae) of the West Indies. Socio-
biology 24:213-238.

Sxvper, T. E, 1949, Catalog of the termites (Isoptera) of the world, Smithson. Misc, Coll. 112:1-
490.

Suyper, T, E. 1956, Termites of the West Indies, the Bahamas, and Bermuda, J. Agric. Univ.
P.R. 40:189-202, '

Tuors~E, B. L. and HaveaTy, M. 1. 1989, Accuralc identification of Zootermposis species (Isoplera:
Termopsidae) based on a mandibular charecter of nonscldier castes. Ann. Enfomol. Soc. Am.
§2:262-264.

Tuorne, B, L., HaverTy, M. L., Pace, M., and Nutmivg, W. L. 1993, Distribution and bio-
geography of the North Amerdcan termite genus Zoorermopsis (Isoptera: Termaopsidae). Ann.
Entomol. Soc. Am. 86:532-544, ’

Tuorne, B. L., Havesry, M. L., and CoiLins, M. 5. 1994, Taxonomy and biogeography of
Nasutitermes acajuilae and N. nigriceps (Isoptera; Termitidae) in the Caribbean and Central
America. Ann, Ertomol. Soc. Am, 87:762-770. .

Wiiams, R M, C. 1977, The ecology and physiology of structural wood destroying [soptera.
Maier. Org. 12:112-140.

5 TOBO16 882958A06C

)
[

¥
Ly
Py

7O



Jenirnal of Chemical Ecology, Vol 22, No. 1, 1996

HYDROCARBONS OF Nasutitermes acajutiae AND
COMPARISON OF METHODOLOGIES FOR SAMPLING
CUTICULAR HYDROCARBONS OF CARIBBEAN
TERMITES FOR TAXONOMIC AND ECOLOGICAL
STUDIES

MICHAEL [. HAVERTY."* BARBARA L. THORNE,’
and LORI J, NELSON'

'"Pacific Sauthwest Rescarch Station
Forest Service, U.S. Departmens of Agrictdtues
Bax 245. Berkeley. California 94701
*Department of Entomology
University of Marviand
College Purk, Marviand 20742

(Received Qotober 30, 1995; accepted July 2, 1996)

Abstract—Using data from the arboreal nesting MNasutitermes acajutiac
{Holmgren), we propose standard collection and extraction methodology for
characterization of cuticular hydrocerbons of termites under field conditions
in the tropics. Specifically, we evaluated: (1) the effect of the duration and
the number of extractions: (2) the effect of drying tennites before extraction:
(3) the effect of sample size; (4) the effect of solvents (ethanol versus hexane)
on cutieular hydrocarbon profiles, Olefins comprise ca. 70% of the cuticular
hydrocarbons of M. aegjurlae, Hydrocarbons consist of (wo distinet groups:
varly-eluting components, primarily s-alkanes and methyl-branched alkanes,
and late-cluting compounds, which consist almost exclusively of unsaturated
compunents with one 10 six double bonds, Soldiers have more carly-eluting
comipounds than warkers or alates. Nests from the same istand had qualita-
tively similar, but quantitatively dissimilar hydrocarbon mixtures. Brief
extractions of 300 live warkers in 10 ml of hexane for only 20 sec produced
a hydrocarbun mixture equivalent to @ L0-min extraction. Long-term extrac-
ton of 300 warkers in hexane for two yeans resulted in different mixiures of
hydrocarbuns. Drying workers tended to enhance extruction of (he less abun-
dant unsaturated compounds such as C,y 4 and Cy, «. A single extruction of a
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minimum of 100 workers (live or drcd). with hexane for 20 sec to [0 min is
bust: these extractien regimes resulied in mixiutes of hydrocarbonys that are
quantifatively very siinilar. For quantitative compansons, extracts from dried
samples should not be compared 10 thase from live samples. Storage in etharel
caused numerous unidentified, nonhydrocarbon compounds 1o be extricted
¢ither from the cuticle or from inlemnal tissues.

Key Words—Nasurirermes acajutlee, chemotaxonomy, [soptera, Termitidae,
tropical wermites, gas chromatography, cuticular hydrwarbons. olelins, nass
spectrametry.

INTRODUCTION

Termites play an essential role in the ecological dynamics of many tropical
ecosystems, recycling nutrients and acrating soils in forests, mangrove swamps,
and grasslands, Some species of termites are also economicaily imporant as
structural pests in urban. as well as rural, areas of the tropics, The tennite fauna
of tropical regions is known to be diverse, but specics diagnosis remains equiv-
ocul in many groups. Cuticular hydrocarbons are uscful for discriminating ter-
mite species in tropical (Haverty et al., 1990b, [991a, 1992, 1997; Howard et
al., 1988) and temperate (Haventy et al., 1988, 1991a; Howard ct al,, 1978,
1982a,b; Thorne and Haverty 1989; Thome et al., 1993) regions. Species sort-
ing and diagnosis based on such chemtical separation may then be used to facil-
itate discovery of morphological eniteria for discriminating species (Haverty et
al., 1988; Thome and Haverty, 1989) and delimiting geographic distributions
(Thome et al., 1993).

Comparative research for charactenizing cuticular hydrocarbons for taxo-
nomic or ecological studies will necessitate uniform protocols among investi-
gators. Field circumstances must also be considered. In the tropics, termites are
usually collected far from laboratory facilitics. Hydrocarbon extractions must
therefore be delayed until well after the insects have been collected. Standard
preservation techniques. such as freezing, arc usually impractical. Keeping sub-
colonies, groups, or samples of a specific size alive and healthy for more than
a few hours is very difficult. Hot sun and predacious ants usually render field
samples unusable, and live cultures are prone to problems with humidity, food
stress, and pathogenic fungi. Collection of specimens directly into 70% or 85%
cthanol may partially extract hydrocarbons or include some debris and potential
contaminants. Long-term retention of specimens in ethanol or in a solvent such
as hexane for extended periods, although potentially quite convenient, may also
extract internal hydrocarbons and confound the characterization of cuticular
hydrocarbons.

We have collected termites from the islands in the Caribbezn and have also
rcceived specimens cotlected by colleagues, for characterization of cuticular
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hydrocarbons. The method of collection has varied among these efforts. To
interpret these data we must know if different collection/extraction regimes are
equivalent or comparable, We also want to recommend the most appropriate
technique for a given taxon to collaborating scientists.

In the carliest studies of wermites that intreduced the concept of species
specificity of cuticular hydrocarbons, it was not specified how the insects were
handled before extruction (Howard et al., 1978, 1982a). In later studies of
chemical mimicry by termitophilous staphylinids, Howard et al, (1980, 1982b)
separated the termnitophiles from the termites and troze the beetles at —-20°C
before extraction, Haventy ct al. (1988) froze Zootermopsis spp. individuals,
then subscquently thawed them to room temperature before extraction. The
termites were brought from the Reid to the laboratory alive (Haverty et al.,
1988). However, after extracting a few live termites, one of us (L.J.N.) noticed
that the termutes convulsed and emptied their gut contents into the hexane during
the process. Freezing the insects, followed by extraction of the specimens at
ambient temperature, prevented this possible source of contamination.

Subsequent studies of cuticular hydrocarbons of termites have used live
termites extracted in the field or in the laboratory [Howard et al., 1988 (for
Nasutitermes); Haverty ct al., 1990b (for Nusutitermes), 1991a. unpublished
(for Reticulitermes)), or termites dried in the ficld and later extracted in the
laboratory [Haverty et al., 1990z, 1996b (for Coptotermes), 1991a, 1992 (for
Rericulitermes and Coprotermes)]. Qur preliminary results companing extraction
of live vemus dried Nasutitermes acajutlae (Holmgren) indicated that the result-
ing hydrocarbon mixtures were not equivalent.

Many of our colleagues find it diflicult to dry termites while collecting
termites in the tropics because of logistical problems, Ovens, heating lamps,
and electricity are not always available. Since drying is often impractical, many
rescarchers prefer to collect termites directly into alcohol or hexane. Collectors
also do not want to divert their efforts away from maximizing the number of
samples they can collect while in the ficld. The usual ficld technique is to place
termites directly into 80% or 100% ethanol for later transmittal to the muscum
or laboratory. Detailed comparisons of cuticular hydrocarbon patterns derived
from extractions of live or dried termites or termites stored for extended periods
in ethanol or hexane are thus warranted and are one focus of this study,

Another factor affecting the assessment of the cuticular hydrocarbon pattern
is the number of insects that are extracted or quantity of hydrocarbon extracted.
In some studies a variable number of individuals (and mixture of castes) was
included. Haveny etal. (1991a) used from 15 to 200 Reticulitermes spp. workers
per sample in their preliminary study of this genus. In most of our studies an
exact number of termites was extracted: individual Zoorermopsis spp. pseuder-
gates, nymphs, soldiers, or alates (Haverty et al., 1988); 100 Coptotermes
formosanus Shiraki workers or soldiers {Havery et al,, 1990a); 200 C. forme-
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sanus workers or 30 soldiers (Huvernty et al, 1996b); and [0Q Nasutitermes
costalis (Holmgren) or &. ephratae (Holmaren) large workers (Haventy et al.,
1990b).

Extraction of too few individuals can resuit in a diluted extract and require
a deviation from a standurd technique, Charucterization of hydrocarbons from
dilute extruacts would likely underestimate or not detect the less abundant com-
pounds and overestimate the abundant compounds. We know of no published
studies to determine the minimum number of individuals necessary to charuc-
terize the cuticular hydrocarbons of any termite taxon.

One of the primary reasons we began studies of extruction methodology
wits to remedy a problem cncountered during studics of the cuticular hydrocar-
bons of N. corniger {(Motchulsky), V. ¢phiratac, and N, cosialis (Haventy et al.,
1990b; Howard et al., 1988)., Huverty et al. (1990b) experienced difficulty
obtaining a sufficiently large hydrocarbon sample by extracting 100 laree work-
ers of N. costalis or N. ephratae in the field in Trinidad. The samples taken
during that study were barely sufficient to allow quantification of the hydrocar-
bon mixtures, Thus, we designed a first set of experunents in 1989 o better
understand the difficulties expenenced with the characterization of cuticular
hydrocarbons from N. costalis and N. ephratae.

Given that any taxenomic or ccological study entails processing a large
number of samples, it is essential to keep the method of analysis as consistent
as possible. We have developed chromatographic conditions and mass spectral
acquisition parameters that give optimal results for the vast majority of insect
satnples. We therefore focused our effonts on comparing varous collection and
extraction regimes using our standard analytical technique.

In the present study, we attempted to define a standard methodology for
collecting and extracting termites under field conditions. Our field work was
based at our research site on Guang Island, British Virgin Islands (BVI) (Thome
ct al., 1994, Haverty et al., 1997). This island has a diverse termite fauna
consisting of nine specics in three families. The most conspicuous, and appar-
ently abundant, species is the acboreal nesting N. acajurlae {Thome et al., 1994;
Scheffrahn et al., 1994). This species, as well as a closely related species, N,
nigriceps (Holmgren), is numerically and ecologically conspicuous on many of
the Canbbean islands (Thome et al., [994). A better understanding of the appro-
priate procedure(s) for sampling and extracting cuticular hydrocarbons of N.
acajutlee is impontant o our understanding of the taxoromy, ecology, and bio-
geography of this and other Nasutitermes species. The methodology described
here is optimal for sampling and extracting cuticular hydrocarbons for this spe-
cies and should be applicable to most termites in the tropics. Yery small termites,
such as Parvitermes spp., will likely require larger sumples, whereas the larger
termites, such as Neotermes spp. and [ncisitermes spp., will require fewer indi-
viduals,
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For taxonomic studies we consider cuticular hydrocarbons useful primanly
for separating species within a genus; obvious and consistent morphological
characters usually suffice to separate taxa at higher levels (Haverty et al., 1991b).
Hydrocarbons beneficial for taxonomic studies should be abundant, not minor
components (at least 1.0%, but preferably 5.0% of the total hydrocarbon com-
ponent). However, if a hydrocarbon is consistently detected, even in quantities
below 1.0%, we would consider it a useful taxonomic character, Usetul hydro-
carbons should also be unique or present in only a few of the species, or con-
versely, thev should be common in mest of the species yet completely absent,
rare, or of insignificant quantitics in one or a few species, Furthermore, they
should have a unique elution time so that they do not coclute with another
hydrocarbon in the same species, nor should they elute at a time similar to that
of a different hydrocarbon in a different species (Havernty et al., 1991b). From
a set of hydrocarbons with these charactenstics, dichotomous keys can be con-
structed. For ecological or biogeographic studies of the same species, exami-
nations of the quantitative differences of the hydracarbon mixture would be of
paramount impornance.

[n this paper we report the results of studies conducted in 1989 and 1993
to compare and improve our sampling and extraction techniques for the char-
acterization of cuticular hydrocarbons of tropical termites. In 1989 we examined
influences of the number and duration of extractions. In 1993 we tned to design
studies that would ultimately provide us with an optimal field method for char-
acterizing both the composition and relative abundance of the cuticular hydro-
carbons of N, acajutlae. We compare methodologies and suggest standard and
altermative, acceptable methodologies for both chemotaxenomic and ecological
studies of this termite. Specifically, we evaluate: (1) the effect of the duration
and the number of extractions; (2) the effect of drying termite specimens betore
extraction; (3) the effect of samplc size; and (4) the effect of solvents (ethanol
versus hexanc) on the reproducibility of cuticular hydrocarben profiles.

METHODS AND MATERIALS

Collecting and Sorting Termites. We collected workers and soldiers of M,
acajurlae during two separate trips (1989 and 1993) to Guana Island, BVI.
During each trip different collection techniques were used. In 1989 two nests
were sampled near White Sands Beach. Portions of nest material containing
workers and soldiers were retumned to the laboratory. Nest materna! was placed
in pans and folded cardboard index cards were placed on top of this material.
Workers and soldicrs climbed onto the cards and then were tapped off into trays,
where they were sorted, counted, and prepared for hydrocarbon analyses as
descnbed below.
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In 1993 we selected 13 colonices from the same area, and we used a mod-
ification of a technigue demonstrated to us by Dr. Jan Krecek. This is the best
technjque for collecting large numbers of workers and soliders with the least
¢ffect on nest structure. A tangential slice, 2-3 em deep and 13-20 ¢m in
diameter, was removed from the more fragile exterior portion of a nest and
discarded. Over this breach we placed one or two 20-cm X 20-cm squares of
moist corrugated cardboard. If we were able to cut the slice from the top of a
nest, the corrugated cardboard squares were secured zgainst the surface of the
nest with a stone. If the slice was taken from the side of the nest (often we
could not reach the top of a nest) the corrugated cardboard squares were secured
(o the nest with 7.5 em, galvamized, finishing nails.

As soon as the slice of nest was remnoved and the corrugated cardboard
squares put in place, soldiers swarmed out of the breach and covered the squares:
workers immediately retreated into the nest. In less than 60 see the squares were
removed and a collection of nearly pure soldiers was tapped o a collection
pan. To readily obtain a nearly pure sample of hundreds to thousands of soldiers,
this process can be repeated several times. We then visuafly scanned all indi-
viduals in the cotlection pan and removed the few workers in the sample.

Workers were collected by leaving the moist squares of corrugated card-
board on the nest for up to 60 min. Once the zlarm reaction of the soldiers
began to dissipate, workers ventured to the underside of the squares and began
to repair the breach. When the cardboard was gently removed. a dense sample
of workers adhered to its surface. In contrast to the technique for collecting
soldiers, the squarcs of corrugated cardboard containing the workers (and rela-
tively few soldiers) were placed in a collection pan and retemed to the field
laboratory for sorting, counting, and preparation of workers for hydrocarbon
analyses as described below,

Preparation of Termites for Extraction. Because soldiers squint glue over
the containers and themselves, they were difficult to count individuaily. For the
purposes of cuticular hydrocarbon analyses, we measured ca. 5-8 mi of soldiers
(about 500 individuals) in 20-m! scintillation vials (Wheaton scintillation vials,
foil-lined caps) for extraction or drying. Workers were separated and individ-
ually counted into 20-ml scintillation vials for extraction or drying of the appro-
priate number of individuals. Alates were occasionally present; when collected,
they were individually counted into vials and handled in cxactly the same way
as the workers.

Additional termites from each of the sampled colonies (with soldiers and
alates, when available, as diagnostic castes) were placed in 80% cthanol (from
Quantum Chemicai Comp., 200-proof punctilious dehydrated alcohol) to serve
as voucher specimens. These voucher specimens are kept at the Pacific South-
west Research Station, Albany, Califomnia, and the Department of Entomology,
University ot Maryland, College Park, Maryland.
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Standard Extraction Process. Cuticular lipids were extracted by immersing
termites in r-hexane (EM Science OmniSolv, suitable for HPLC, GC, and
residuc analysis), Qur usual procedure has been a 10-min extraction of 100
termites in 10 ml of a-hexane. In this study, we used this procedure as the
standard to evaluate the various extraction reginws described in the following
sections. The lipid extracts resulting from each of the various methods were
pipetted through 4 cm of activated BioSil-A (silica gel, BioRad Laboratories,
100-200 mesh) in Pasteur pipet minicolumns (3 mm (D) in order 1o isolate the
hydrocarbon components. The resulting hydrocarbon extracts were evaporated
to dryness under nitrogen and redissolved in 60 gl ot #-hexane for gas chro-
matography-mass spectrometry {GC-MS3) analyses.

Duration and Number of FExtractions. In 1989 we evalvated the following
extraction regimes using M. acgjutiae from Guana Island, BVI, 10 determine
whether we could improve upon extracting 100 live workers in 10 ml of
n-hexane for 10 minutes:

A. Extract 300 workers in 10 mi #-hexane for 10 min (standard technique
with an increased sample size).

B. Extract 300 workers three times in 10 mi of n-hexane for [0 min,
keeping cach extract separate 1o determine if the standard technique left signit-
icant gquantities of hydrocarbon on the sample.

C. Extract 300 workers in 10 ml of n-hexane for 20 sec followed by a 10-
min extraction in 10 ml of n-hexane, keeping each extract separate to determine
whether a brief extraction would produce a mixture of hydrocarbons comparable
to the standard, A, extraction.

D. Extract 300 workers in 10 ml of n-hexane for 20 sec followed by
extracting for 24 hr in 10 mi n-hexane, keeping each extract separate (same as
extraction B with an extended second extraction) to determine whether an
extended extraction would remove additional hydrocarbons from the cuticle or
from other tissues.

E. Extract 300 workers in 10 ml] of n-hexane for 24 hrwo allow for a less
stringent extraction schedule.

F. Long~ten ¢xtraction of 300 workers in 10 ml of n-hexane for two years
to allow field collection with subscquent laboratory storage for an extended
period.
Effect of Drying. In 1993 six samples of 100 N. acajutlae workers from
each of 13 nests were allocated to cvaluate the effect of dryving termites prior to
extruction. The cuticular hydrocarbon profiles of the dried termites were com-
pared to those generated from an extraction of [ive termites. Live termites were
extracted at the Guana Island. BVI, field laboratory by placing each of three
samples from each colony directly into separate 20-ml scintillation vials and
extracting these samples in 10 ml of #-hexane for 10 min (standard procedure
A). The hexane from each of 39 vials was then decanted into separate 20-mi
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scintillation vials and subsequently retumed to our laboratory in Califomnia for
purification and analysis of cuticular hvdrocarbons.

The other three samples of N, acajutlae workers from each of 13 colonies
were dricd by placing 20-ml scintiflation vials, euch containing 100 individuals,
in a wire box over a single 75-W, reflecting, incandescent light. The amount
of timwe required to completely dry termites vaned slightly as a function of the
position of the vials over the bulb. The position of the vials over the bulb was
changed in an attempt to make the drying time similar for each sample. Once
termites were completely dried, we attempted to keep them dry by tightly sealing
the vials. The vials were returned to our laboratery in California for extraction,
purification, and analysis of cuticular hydrocarbons. Until they were extracted,
dricd samples were kept in @ freezer at —20°C in California to prevent possible
fungal arowth,

Effects of Sumple Size. In 1993, samples of 25, 50, 100, or 200 N. acajurlae
workers from five different colonies were extracted either live or dried as
described above. Each combination (sumple size X live versus dricd X colony)
was replicated three times.

Effects of Solvent. In 1993, for each of five colonies, three replicates of
200 workers were placed in 20 ml of 100% cthanol and left in the solvent for
60 days. The c¢thanol extract was decanted and evaporated to dryness under
nitrogen, The extract was then redissolved in 10 ml of hexane and processed
by the standard procedure. After the ¢thanol was drained from the termites, the
insccts were dried and extracted with hexane following the standard procedure.

Characterization of Cuticular Hydrocarbons. Each sample was analyzed
by GC-MS in order that the presence of all compounds could be verified by
mass spectral data. These data aliowed us to obtain information about coeluting
compounds in particular. GC-MS analyses were performed on a Hewlett-Pack-
ard (HP) 5890 gas chromatograph equipped with a HP 5970B Mass Selective
Detector interfaced with HP Chemstation software. The GC-MS was cquipped
with an HP-1, fused silica capillary column (25 m X 0.2 mm ID) and operated
in split mode (with a split ratio of 8:1). A 3-ul aliquot was injected into the
GC-MS. Each mixture was analyzed using a temperature program from 200°C
to 320°C at 3°C/min with a final hold of 16 min. Electron impact (EI) mass
spectra were obtained at 70 eV. n-Alkancs were identified by their mass spectra.
Mass spectra of methylaikanes were interpreted as described by Blomgquist et
al. (1987) to tdentify methyl branch locations. Alkenes were identified by their
retention times relative to s-alkanes and/or mass spectra; the latter only for
olefins with 35 or more carbons. A typical alkene mass spectrum shows a
molecular ion and a series of fragments at 14-mass unit intervals (c.g., 69, §3.
97), similar to those displayed by n-alkanes, less 2 mass units. Interpretation of
the mass spectra of dienes and polyunsaturated hydrocarbons was extrapolated
from this pattern, i.e.. for each double bond, the molecular ion is decreased by
2 mass units,
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In the text and tables, we use shorthand nomenclature to identity individual
hydrocarbons or mixtures of hydrocarbons. This shorthund uses a descriptor for
the location of methy! groups (X-Me), the total number of carbons (subscript
XX) in the hydrocarbon component excluding the methyl branch(es), and the
number of double bonds following a colon (subscript Y). Thus, pentacosane
becomes n-Cyq; Fl-methylpentacosane becomes 11-MeCyg and pentacosenc
becomes Caq . Hydrocarbons are presented in the tables in the order of elution
on our GC-MS3S system.

Integration of the total ion chromatogram was performed by the data anal-
ysis software (HP39974] Rev. 3.1.2) iv the HP Chemstation. GC-MS peak
arcas were converted 1o percentages of the total hydrocarbon fraction. These
percentages for each hydrocarbon peak were the response variables used to make
statistical comparisons among preparation and extraction technigues,

Statistical Analyses. The effect of drying termites before extraction was
assessed by a series of ¢ tests of the differences between the mean percentage
of a given hydrocarbon (three samples from each colony were averaged, which
resulted in 13 replicates, one for each colony) from the two conditions (Stee!
and Torme, 1960). The significance of the calculated ¢ value was tested at o =
0.00227 [0.05/22. the number of consistently abundant (0.3% or greater of the
total) hydrocarbon peaks for workers]. Our null hypothesis was that the 10-min
extraction of 100 dried termites was not significantly different from the standard
[0-min extraction of 100 live termites.

The effect of group size was tested with an analysis of variance for each
hydrocarben (Steel and Torrie, 1960). Each treatment combination (sample size
% colony) was replicated three times. The four sample sizes were compared
scparately for termites extracted live or doed. Our null hypothesis was that all
sample sizes provide cxtracts with the same percentages of each hydrocarbon.
The significance of the F statistic was also tested with & = 0.00227. Significant
differences among mean percentages for cach hydrocarbon were determined by
Tukey's honestly significant difference (HSD) procedure. We were looking for
the smallest sample size that results in a hydrocarbon prefile equivalent in per-
centage of hydrocarbons to that of the next greatest sample size. A sample size
was considered inadequate if it yielded a hydrocarbon mixture that had signifi-
cantly different percentages from that of the next larger sample size.

RESULTS AND DISCUSSION

Cuticular Hydrocarbans of N, acajutlac

We identificd 33 hydrocarbons from workers, 45 from soldiers, and 43
from alates of M. acajutluae; a total of 60 different hydrocarbons or isomeric
mixtures in this species (Table 1; Figure 1), The hydrocarbons found in all three
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TABLE }. RELATIVE ABUNDANCE (MEAN PERCENT AND STANDARD DEVIATION) OF
CuTicULAR HYDROCARBONS OF WORKERS, SOLDIGRS. AND ALATES OF Nusutitermes
acajuilae (HOLMGREN) FROM GUANA IsLanD, BV

Warkers Soldiers Alates

Hydrocarbon” Mean SD Mean sD Mean SD
Cu 0.32 0.32 0.41 0.17 0.00 .00
C, 0.97 0.33 4.04 0.91 0.08 0.04
11-; 9-MeCyy 0.00 0.00 0.51 0.15 0.00 0.00
3MeCoy + Cyy 0.00 0.00 0.18 0.15 0.00 0.00
C., 0.22 0.22 0.66 0.19 0.00 0.00
[1-MeC, 0.00 0.00 0.37 0.32 0.00 0.00
Cu 0.68 0.27 2.96 0.69 0.00 0.00
Cu 3.03 114 9.16 1.28 0.55 0,14
13- 11-MeCoy' 0.16 0.17 1.98 0.43 0.12 0.03
§-MeCy, 0.00 0.00 0.00 0.00 0.07 0.0l
2-MeCyy 0.00 0.00 0.00 0.00 0.20 0.03
1-MeCae + Cog f 0.00 0.00 0.57 0.13 0.00 0.00
5,17-DimeC 14 0.00 0.00 0.00 0.00 0.08 0.01
C.a 0.26 0.27 0.59 0.16 0.14 0.02
131 12-0 11-MeCyy' 0.00 0.00 .42 0.35 0.00 0.00
2-MeCy, 0.00 0.00 0.00 0.00 1.42 0.16
Cor 0.86 0.42 3.88 0.63 0.00 0.00
Cy 1.90 1.60 1.67 0.92 h.44 0.28
13- 1-MeC 0.07 0.1 1.14 0.21 0.00 0.00
§-MeCoy 0.00 0.00 0.00 0.00 0.08 0.04
2-MeCoy 0.15 0.13 0.14 0.09 1.67 0.29
I-MeCyy 0.00 0.00 0.00 0.00 0.72 0.13
Cun 0.15 0.19 0.13 0.12 0.20 0.08
2-MeCay + Coy 7 0.00 0.00 0.19 0.10 0.53 0.1t
Co. )
Cxy 0.73 0.56 0.56 0.25 1.08 0.25
5-MeCay 0.00 0.00 0.00 0.00 0.07 0.05
2-MeCay 0.00 0.00 0.00 0.00 0.03 0.0
3-MeCyy 0.00 0.00 0.00 0.00 0.04 0.05
Ciy 0.00 0.00 0.00 0.00 0.05 0.04
Cy, 0.06 0.15 0.02 0.04 0.58 0.08
Cy 0.00 0.00 0.01 0.03 0.12 0.03
Cue 0.00 0.00 0.00 0.00 0.11 0.06
i3-MeCy 0.00 0.00 0.00 0.00 0.12 0.06
Cur 0.40 0.17 0.65 0.17 0.40 0.14
Ca 0.53 0.20 0.58 0.13 0.47 0.07
Cua ' 0.36 0.33 0.28 0.25
Cud 2.00 0.73 1.33 0.61 3.89 0.78
Cu 0.43 0.48 1.29 0.56 114 0.11
Cu, 20.01 2.20 15.77 2.79 14.40 1.26

15-MeC,, 0.04 0.12 0.36 0.27 0.00 0.00
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TasLe |, Continued

Workers Soldiers Alates

Hydrocarbon” Mean D Mean SD Mean SD
Cu s 0.00 0.00 0.00 0.00 0.90 0.35
Cuw 2.51 0.42 2.59 0.62 0.00 0.00
Cay s + Cop o 18.77 3.41 11.01 392 2072 2.4
Cy » 1.21 0.63 .50 0.49 3.31 0.20
Cu 24.43 2.74 17.42 3.52 20.24 1.18
15-MeCy, 013 0.23 0.46 0.24 0.76 0.15
Ca 1.60 0.65 1.99 1.03 0.00 0.00
Cop +Ca s 4,35 1.37 2.41 1.09 6.24 1.11
Ca s 0.83 0.52 114 0.43 2.63 0.27
Cay 10.40 1.61 7.66 1.48 10.28 .09
15-MeCyy 0.00 0.00 0.00 0.00 0.43 0.11
C-O_\ ,\e
Cisz 0.00 0.00 0.00 0.00 0.32 0.0
Cus | 2.4 0.82 1.69 0.63 3.26 0.57

“Three subsamples of 100 workers from each of 13 colonies. Four subsamples of ca. 4 ml of soldiers
fram each of 13 colonies, Two subsamples of 25-31 alutes from four colonjes.

*This shorthand (X-McCyyx and Cyy ) uses descriptors for the location of the methyl group
(X-Me), the otal number of catbons (XX), excluding the methyl branch(es), and the numnber of
double bonds (Y). Locations of double bonds are undetermined.

“An isomeric mixture, These monomethylalkanes coelute.

“This monomethylaikane and the olefin coelute.

“These hydrocarbons werne not detected in samples from Guana Island, but were {ound in samples
from Tortola, BVI. Cx ( was found in trace amounts in soldiers only; Cuy.4 was found in all three
castes, but in amoums averaging < 1.0%.

{These two isomers occasionally did ot resolve in alates, Therefore, the areas for the two isemers
were summed for alates anly.

fThese 1wo isomers occasionally did not resolve. Therefore, the arcas for the twa isomers were
summed.

"Cyv p was identified only in alates, There were two isomers of Cyy « that occasionally did not
resolve. Theretore, the areas for the (wo isumens were summed.,

castes segregale into two distinct groups. The early-eluting components are
primanly n-alkanes, methyl-branched alkanes, and a few normal alkenes, The
late-eluting compounds consist almost exclusively of unsaturated hydrocarbons
with chain lengths of 37-45 carbons and one to six double bonds and a few
monomethyl alkanes in trace amounts (especially in alates). Soldiers have con-
siderably greater proportions of the early-eluting compounds (23-29 carbons)
than do workers or alates (Table 1; Figure 1). Whereas workers and alates have
at least 88% of the cuticular hydrocarbons with 31 or more carbons, soldiers
have only about 69% of these late-eluting compounds. The predominant class
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Fig. 1. Touwl ion chromatograms of the cuticular hydrocarbons of workers, soldiers, and
alates of Nasutitermes acajurlae (Holmgren) from two colonies (A and B)Y from Guana
Island, BVI. The cuticular hydrocarbon extracts were derived from dried samples of 100
workers, ca. 8 ml of soldiers, and 25 alates collected in October 1993,

of hydrocarbons in all three castes is the olefin fraction (Table 1). No dimethyl-
or tomethylakanes were found in workers or soldiers,

n-Alkanes. Normual alkanes ranged from n-Csy 1o n-Cys; n-Cys and n-Coy
were usually the most abundant. The n-alkanes were [cast abundant in alates,
moderately abundant in workers, and most zbundznt in soldiers (Tables 1; Figure
1).

Internally Branched Monomethylalkanes. This class of hydrocarbon was
nearly always encountered, in troivial amounts in workers and in significant
amounts in soldiers (5.2% of the total hydrocarbon), and accounted for only
1.4% of the total hydrocarbon in alates. For soldiers most of this class of
hydrocarbon eluted early, while those found in alates were in the late-cluting
fraction (Table ).

}2
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Terminally Branched Monomethvialkanes, The 2- and 3-methylalkanes
occurred in trivial amounts in workers and soldiers. Alates usually had a sig-
nificant component of 2-methylalkanes. These hydrocarbons were always found
in the early-eluting constituents (Table !: Figure 1),

Dimethyl- and Trimethyialkanes. Only one dimethylalkane was identificd:
5,17-dimeCag. It was found only in trivial amounts in alates {Table 1).

Olefins. The unsaturated component is the paramount ¢lass of hydrocarbons
in the cuticular lipids of . acajuriue. Olefins comprise over 90% of the total
hydrocarbons in workers and alates. Because soldiens contain a larger proportion
of earty-cluting n-alkanes, the olefin component amounts to an average of 75.6%
of the total hydrocarbons in this caste. For ail castes, Cyo.p0 Cyy.sv Carogr Carrs
and C,,., combined account for >70% of the towl olefin fraction (Table 1).

We are confident in our identification of the late-eluting monounsaturated
alkenes. The spectra of Cyy., and C;,., display the parent ion (546 and 574,
respectively) as well as the charactenstic fragmentation pattern with the pre-
dominant peaks of fragments (83 and 97) being 2 mass units less than would
be expected from a-alkanes and exceeding fmagment 67 in abundance {Figure
2}. The polyunsaturated components, for example, Cy, . and C, .5, are identified
by the presence of parent ions (568 and 566, respectively) which are 8 and 10
mass units less than the normal alkane with the same number of carbons (Figure
3.

Polyunsaturated alkenes have not been commonly reponted from the cuti-
cular hydrocarbons of termites, However, Moore (1969) was the first to describe
the cuticular lipids from a termuite, Nasutitermoes exitiosis (Hilly, from Australia.
He found a complex mixture of unsaturated components with the predominant
component identified as a quadrupally unsaturated, unbranched hydrocarbon,
Cig.4- Similarly, we have identified high-molecular-weight dienes, trienes, and
tetraenes from the cuticular lipids of Cryprotermes brevis (Walker), Procryp-
tenermes corniceps (Snyder), Incisitermes spp.. Parvitermes wolcoti (Snyder),
and N, acajutlae, as well as other species of Nasuritermes from the Caribbean
Basin (Haverty et al., 1992, 1997).

Effect of Duration and Number of Extractions

Early in our research on the chemotaxonomy of termites we extracted live
or recently frozen individuals. The standard 10-min extraction of 300 live work-
ers of N. acajutlae (Figure 4A) allowed us to resolve and characterize most of
the components identified for this species (Tables | und 2). Additional com-
ponents were identified by drying termites first (see Table 1 and Effects of Drying
below). We also discovered that different nests of this species from the same
island produced qualitatively similar (not identical), but quantitatively dissimi-
lar, hydrocarbon mixtures (Figure 1; and unpublished observations). Further-

%3



2094

Abundance / 10*

Abundance / 10*

2015
C39:1

151

u97
10+

(R]]

54
0 |llllkllir“t‘r‘r =TT T rrs‘:sr T

HaviErTY, THORNE, AND NELSON

50 100 150 200 250

300 350 400 450 500 550 60

m/z
207
c4a1:1

15-

or

[ =]
101

1
54
0 ,L‘L-;Llr".'. =TT T r—rs-{At

50 100 150 200 250 300 350 400 450 500 550 600

miz

Fig. 2. Mass speetra of nonatriacontene (Csg ) and hentetracontene (Cy, ) from cuticular
hydrecarbons from workers of Nusutitermes acajurlae from Guana Island, BVI.

more, these colony-specific hydrecarbon analyses arc repeatable; when a second
group of 300 live workers was extracted using the standard procedure, the
hydrocarbon mixtures from each colony were qualitatively identical and quan-
titatively quite similar (Figure 4A and Bl; Table 2). A second 10-min extraction
of the same 300 workers resulted in a hydrocarbon mixture that was quite similar
to the mixture from the first extraction (Figure 4B2), although the jon abun-
dances of the peaks were about half those in the first extract. A third, [0-min
extruction resulted in an extract that did not resemble those from either of the
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Fig. 3. Mass spectra of hentetracontatetraene (Cy, ) and hentetracontapentaene (Cy.5)
from cuticular hydrocarbons from workers of Nasutitermes acajutiae from Guana Island,

BVIL

fimt two extractions; only the predominant peaks (C,s, Caq, Cag.y, and Cy,.))
were detected (Table 2; Figure 4B3).

An cxtraction of 300 live workers in 10 ml of hexane for only 20 scc
appeared to be ¢quivalent to a 10-min extraction (Table 2, Figure 4A, Cl, and
1), Furthermore, the 20-sec extraction was repeatable. A subsequent 10-min
extraction of the same workers produced a hydrocarbon mixture similar to that
of a 20-scc extraction, although the ion abundances of the peaks were about
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Fig. 4, Chromatograms of cuticular hydrocarbons extracted from 300 live workers from
one nest of Nasutitermes acajutlae from Guana Island, BVI. A = extraction with 10 ml
hexane for 10 min {(standard); Bl = first extraction with 10 ml hexane for 10 min
(equivanem to the standard); B2 = sccond extraction of the same termites as Bl with
10 ml hexane for 10 min; B3 = third extraction of the same ermites as Bl and B2 with
10 ml hexate for 10 min; Cl = first extraction with 10 ml hexane for 20 sec; C2 =
second extraction of the same termites as C1 with 10 ml hexane for 10 min; D1 = first
extraction with 10 nil hexane for 20 sec (equivancent o C1), D2 = second extraction of
the same termites as D1 with 10 mi hexane for 24 hr; E = cxtraction with 10 ml hexane
for 24 hr; F = extraction with 10 ml hexane for two years. Samples A-F were cach
derived from independent groups of 300 workers.
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TABLE 2. RELATIVE ABUNDANCE (MEan PERCENT FROM Two COLONIES) OF
CuricuLar HYDROCARBONS OF WORKERS OF Nasutitermes acajuilae (HOLMGREN)
FROM GUaNA IsLAND, BV, RESULTING rROM DIFFERENT EXTRACTION REGIMES?

Hyvdrocarbon® A Bl B2 B3 Cl1 2 Dl D2 E
Cn 0.3 0.4 0.0 0.0 0.2 0.0 0.3 [.5 0.6
Cu 0.3 0.3 0.0 0.0 0.2 0.0 0.2 0.5 0.3
Cre o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cus 4.7 4.7 53 18.4 3.5 4.9 39 7.5 5.6
C.y 0.9 1.0 0.9 0.0 0.7 0.9 0.7 1.4 1.1
2-MeCapy + Cpr 0.4 0.3 0.0 0.0 0.1 0.0 0.2 1.2 0.5
Crr 5.1 6.1 7.5 201 4.2 7.5 4.3 9.5 6.7
Cox 04 0.6 0.3 0.0 (0.4 0.4 0.4 1.3 0.7
Cu 1.0 1.3 1.8 0.0 0.9 1.8 0.8 3.0 1.7
Cyrai 0.2 0.2 0.2 0.0 0.3 0.0 0.3 0.0 0.3
Cin s 0.4 0.6 0.7 0.0 0.3 0.0 0.6 0.2 0.4
Cro.g 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0
Cwo 32.0 30.0 31.7 3 3.3 32.6 34 23.0 28.4
Ceri 2.7 2.9 2.4 0.0 2.9 1.6 3.0 1.8 2.5
Caris 0.7 0.7 1.6 0.0 0.7 1.2 0.7 39 0.7
Co 0.9 0.9 2.4 0.0 0.9 2.3 1.5 8.0 0.7
Con 37.1 354 359 27.2 37.7 38.2 372 259 353
Caay 0.9 i1 0.4 0.0 1.2 0.0 1.2 0.0 1.0
Cars 0.0 0.1 0.0 0.0 0.0 0.0 0.4 2.0 0.0
C 11.2 11.2 8.0 0.0 11.3 8.3 11.3 6.3 10,9
Coxa 0.6 1.5 0.4 0.0 1.6 0.0 1.7 a.i 1.4

“Extraction regimes A-F are outlined in the Methods and Materials and in the Jegend of Figure 4.
Extraction prcedure F owas not included because of numerous umque, unknown, undetermined,

or different peaks.

"This sharthand (X-MueCyx and Cxx ) uses descripters for the location of the methyi group

{X-Me), the to1al number of carbons (XX), excluding the methyl branchiées), and the number of
double bends (Y3, Locatiens of double bondy are undetermined,
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half those in the fimt extract (Table 2: Figure 4C1 and C2). Extraction of 300
warkers for 24 hrafter a 20-sec extraction resulted in an extract that was different
from the standard extraction {10 ml for 10 min) or the 20-sec extraction. Pro-
portional relationships changed dramatically: Cy¢ and Cy; were much more
prominent as were C,y., and C,, 5, in extracts from the second extraction (Table
2, Figure 4A, D1, and D2).

Extraction of 300 workers for 24 hr resulted in a mixture of hydrocarbons
that appeared similar to the standard 10-min extraction or to a 20-sec extraction
{Tuble 2; Figure 4A, Cl, DI, and E). Holding a samiple of 300 workers in
hexune for a period of two years provided a rudicailv different mixture of hydro-
carbons than the standard 10-min extraction (Figure 4F). Many hydrocarbons
that we rarely see in N. acafutiue workers (such as Cia, Caq, Cayyy two isomenrs
of Cag.yv Cagy. L= and 13-MeCaq, Cagiay 2-MeCag, Cag s, 5-MeCay, Cyy,y, and
C,a.2) were present in guantities exceeding trace (X < 0.3%) amoums. One
wsomer of Cyg.y was identified in extractions of workers of N. acajutlae in 1993,
However, the additional isonier (same mass spectrum with a different retention
time) was not seen in the 1993 extructions. Furthermore. some compounds (Cag,
C,;, Cyyesy and Cyy ) were present in much greater proportions. As a result of
these qualitative and guantitative differences, we feel that a charactenstic mix-
ture of cuticular hydrocarbons can be obtained with extractions lasting from 20
sec to 24 hr. We do not consider the hydrocarbon mixtures from two-year
extractions to be comparable to the standard 10-min extraction.

Effect of Drying

Mixtures of cuticular hydrocarbons extracted from live or dried workers
were quantitatively different from one another. Of the 32 hydrocarbon peaks,
the percentages of 20 of them were significantty ditferent (Tuble 3). The most
striking differences were exhibited in the late-eluting alkenes (Table 3; Figure
5). Drying the workers before extraction resulted in highly significant differences
in the relative amounts of C,,., and C,,.s. Related to the apparent increased
efficiency of the extraction of these compounds was the apparent decrease in
the relative amounts of the most abundant compounds, Csg.,, Cyy.y, and Cyy,.

In general, drying workers pror to extraction tended to enhance extraction
of the less abundant unsaturated compounds. Extraction of 100 dred workers
did not result in equivalent mixtures of hydrocarbons when compared to extrac-
tion of 100 live workers; these extraction regimes are not comparable for tax-
onomic or ecological purposes. Using either one of these extraction regimes
exclusively would suffice for characterization of cuticular hiydrocarbons for eco-
logical studies, because the primary consideration would be for comparing the
relative or absolute quantities of hydrocarbons. However, for taxonomic studics,
the goal is to identify hvdrocarbons that are consistently present even in quan-

238



HYDROCARBONS OF Nasutilernaes deajutiue 2099

TABLE 3. RELATIVE ADUNDANCES (MEAN PERCENT AND STANDARD DEVIATION) OF
CuTlcULAR HYDROCARBONS FROM SAMPLES OF 100 WORKERS OF Nasuritermes
acajitlue (HOLMGREN) FROM GUANA [5LAND, BVI, EXTRACTED ALIVE OR AFTER

DryING
Extracted live” Extructed dry”

Hvdrocurbon® Mean SD Mean SD ¢ value”
Cy 0.30 0.29 0.97 0.33 -3.029
C., 0.45 0.27 0.22 0.22 3.348
Cuy 0.36 0.35 0.68 0.27 —4.445
Cis 164 0.95% 3.05 I.14 ~2.613
Cuy 0.53 0.32 0.26 0.27 4.453
Co 0.34 0.33 0.86 042 —-6.610
Car [.40 0.95 1.90 1.60 —2.706
Cw 0.37 0.22 0.15 0,19 3.251
Cw 0.53 0.34 0.73 0.56 —-2.438
Cyr 0.45 0.22 0.40 0.17 1.724
Cu .63 0.25 0.53 0.20 3.537
Cuw s 0.54 0.40 2.00 0.73 =7.526
Cyy s 0.08 0.36 0.43 0.48 -327n2
Cw 28,12 .49 20.01 .20 17.314
Cu 2.84 0.27 2.51 0.42 3.928
Co s + Cyi s 6.23 3.64 18.77 3.81 -~ 16,929
Car 33.77 2.73 24.43 2.74 15.720
Cia 1.46 .50 1.60 0.65 ~1.650
Cut-s 1.01 [.13 4.38 Ly -9.746
Cis 2 0.04 0.12 0.83 0.52 —5.376
Cap 13.15 1.41 10.40 1.61 11.519
Cu 3.4 0.66 2.41 0.82 6.233

“This shorthand (X-MeCyy and Cyy v} uses descriptors for the location of the methyl group
(X-Me), the total number of carbons (XX}, excluding the methyl branch{es), and the number af
double bonds (Y). Locations of double bonds are undetermined.

“Three subsamples of 100 workers from 13 colonies were either placed in 2 sciniillation vial alive,
then eatracted for 10 min with 10 ml of hexane or placed in a vial, dried over an incandescent
light, then exiracted for 10 min with 10 ml of hexane.

“The critical ¢ for & = 0.00227 with 12 df is 3.339 for ¢ach comparison for each hydrocarbon. 1f
[f[ > . then the difference is significant.

tities as low as 0.3% of the total hydrocarbon. Drying termites prior to the
extraction greatly increases the chance of consistently detecting hydrocarbons
of low abundance, especially the olefin fraction; therefore we feel drnied samples
should be used for taxonomy.

There 1s the possibility that these differences are due to the extraction of
hydrocuarbons from internal tissues. By definition, these hydrocarbons are not
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Fic. §. Chromatograms of cuticular hydrocarbons extracted from 100 workers from two
nests (A and B) of Naswitermes acajutlae from Guanma Island. BVI. Workers wene
extracted with 10 ml of hexane for 10 min either alive or after drying.

cuticular lipids, although the components may be the same (de Renobales et al.,
1991). Dred termites are mare fragile and often lose legs, antennae, or even
heads during shipment, and also, the cuticle can become crucked. These con-
ditions could ailow the hexane to penetrate and extruct lipids from the inner
layers of cuticle and intemal tissues. It is conceivable that some of the hydro-
carbons extracted from our dried samples are not surface hydrocarbons, but
those deposited on the external surface of the cuticle of the next instar (Howard
ct al., 1995). We found no evidence that any abundant hydrocarbons were
unique to dred samples. However, the minor components C,,., and C,3., may
have been unigue 1o dried samples (X < 0.1% in live samples; X > 0.8% in
dried samples for each component).

After examining hundreds of samples of termites extructed alive or after
drying, it appears to us that the chromatograms from dried individuals are sharper
and have 2 flatter baseline than those from live, field-extracted individuals. Threc
possible reasons are: (1) live termites void gut contents when placed in hexane
and thus introduce contaminants, (2) live insects have a higher water content in
the cuticle and less hydrocarbon is extracted because hexane is hydrophobic, or
(3) hexane extracts in vials solubilize comtaminants from the vial lids during
transit from the field to the laboratory. The vials used were lined with foil, not
Teflon, When we stored clean hexane in vials that were upside down, the
resulting chromatogram had an uneven baseline similar to that resulting from
extraction of live termites; however, no hydrocarbon peaks were seen, Further
study of this phenomenon is warranted.

G0
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Effects of Sumplie Size

Statisticaily significant differences (oo = 0.00227) in the percentage ol
hydrocarbon components among sample sizes were found for 16 hydrocarbon
peaks from workers extracted afive (Table 4). The most abundant components,
Cu and Cyy. . were not significantly different among sample sizes. Samples
of 25 or 50 workers were found to be significantly different in only three cases:
Cis, Cogv and Cay. Samples of 25 workers yielded extracts with hydrocarbon
propontions significantly different from samples of 100 workers in 13 cases and
from samples of 200 workers in 16 cases (Table 4). Samples of 50 workers
yiclded extracts with hydrocarben proportions significantly different from sam-

TaBLE 4, RELATIVE ABUNDANCE (MEAN PERCENT AND STANDARD DEVIATION) OF CUTICULAR
Hy¥bROCARBONS FROM FOUR SAMPLE S1ZES OF WORKERS FROM Five NESTS OF Nasutitermes
acajutlce (HOLMGREN) FROM GuUANA ISLAND, BVI, EXTRACTED ALIVE'

25 workens 50 workers 100 workers 200 workers

Hydrocartbun® Mean sSD Mean sSD Mean SD Muean sD F

C,s 1.33a 0.50 1.26ab 0.40 0.85bc 0.20 0.74¢ 0.14 10.82
Cyy 1.18a 0.59 0.9% 0,25 0.41b 0.18 0.41b 0.09 20.52
Cys | 0.00a 0.00 0.01a 0.05 0.33b 0.20 0.25b 0.13 15.31
C,, 4.7 1.31 4.05ab 1.15 2.34b 0.48 2.78b 0.44 15.66
Cae 1.49a 0.53 [.01b 0.24 0.49¢ 0.18 0.45¢ 0.13 39.79
Cory 0.14a 0.44 0.l1a 0.2 0.42a 0.31 0.36a 0.15 4.03
Cyy 2.48a 1.23 1.97a 0.73 1.59% 0.65 1.44a 0.66 4.44
Cay I.E7a 0.41 0.75b 0.19 0.32¢ 0.21 0.2%¢ 0.10 41,75
Cx 1.18a 0.39 0.73b 0.15 0.46be 0.26 0.35¢c 0.10 32.58
Cir 0.07a .13 0.14a 0.22 0 50b 0.18 0.48b 0.15 22.52
Ciyy 02la G.38 0.33ab 6.27 0.648bc 0,23 0.80c 0.16 15.49
Cas 0.10a 0.22 0.15a 0.27 0.73b 0.4 0.81b 0.38 21.39
Cy 3 0.00a 0.00 0.00a 0.00 0.00a 0.00 0.08a 0.18 3.70
Crey 29.2a 2.47 28.7a 1.62 27.9a 2.70 26.4a 1.32 5.04
Cua 201a 0.35 2.47ab 0.40 2.87b 0.13 3.23¢ 0.52 14.10
Coe + Cyy s $.d47a 2,51 6.43a 2.44 7.92a 4.12 9.27a 2.52 4.70
Ca 35.5a 2.79 32.2a 8.38 32.4u 2.90 30.4a 1.98 .79
Caz 0.99 0.749 1.50ab 0.77 . 54ab 0.58 2.12b 0.66 6,50
Ciy s 0.23a 0.50 0.94ab G.97 1.4%ab 1.44 2.20b 0.71 11.14
Ciyez 0.0 0.00 0.02a 0.08 0.03a 0.11 0.33b 0.11 49.69
Cuvy 10.7a 1.26 11.5ab 0.37 12.5b .48 12.4h 1.11 7.10
Cue 1,293 1.10 1.96ab 0.84 321c 0.59 2.70b¢ 0.98 1218

“Means are from three samples from cach of five scparate nests (W = 15). Mecans for & given hydrocarbon
followed by the same letter are not significantly different at the a0 = 0,00227 level.

"This shorthand (X-MeCy and Cyy,y) uses descriptors for the location of the methvl group (X-Me), the total
number of carbens (XX), excluding the methy] branchies), and the number of double bonds (Y). Locations
of double bonds ure undetermined.
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ples of 100 workers in seven cases and from samples of 200 workers mn 11
cases. Sumples of 100 and 200 workers yielded extracts with hydrocarbon pro-
portions significantly different in only two cases. If workers were extracted while
alive, 1t appears that the cuticular hydrocarbon mixtures change the least in
samples of 100 or more.

Statistically significant differences (e = 0.00227) in the percentage of
hydrocarbon components among sample sizes were found for 13 hydrocurbon
peaks when workers were extracted after drying (Tuble 5). Contrary to the results
from live workers, the most abundant hydrocarbons Cyy., and C, ., did display
statistically significant differences among sample sizes, Samples of 25 workers
yielded no statistically significamt differences from samples of 30 workers for
any hydrocarbons. Samples of 25 workers yielded extracts with hydrocarbon
proportions significantly different from samples of 100 in 12 cases and from
200 workers in only five cases. Samples of 30 workers yiclded extracts with
hydrocarbon proportions significantly different from samples of 100 or 200
workers in only one casce each (Table 5). Samples of 100 and 200 workers were
not found to be significantly different for any of the 22 hydrocarbons analyzed.
Similar to the result of extracting live workers, extracting workers after drying
changed the least in sample sizes of 100 or more; however, extracty of samples
of 50 workery were significantly different only for Cy,.;. which hud a relative
abundance of 0.0% in samples of 25 or 50 workers and ca. 0.7% in samples
of 100 or 200 workers.

The less abundant or trace compounds from exiractions of the standard
group size (100) are either missing or infrequently recorded (resulting in a lower
mean valuc) in samples of 25 or 50 workers (Tables 4 and 5; Figures 6 and 7).
The mest abundant compounds, such as Cyy., and C,,.,, have a lower mean
value in samples of 100 or 200 workers than in groups of 25 workers (Tables
4 and 5; Figures 6 and 7). This undoubtedly results from the greater contribution
of the minor compounds to the total hydrocarbon mixtures in the larger sampte
sizes; many of these truce compounds are not recorded in the samples of 25 or
50 workers. and they do not add to the total hydrocarbons (Figures 6 and 7).
Most of the less abundant components fall below the line of equality (dashed
line).

Thus, for workers of N. acajurfae, 100 appears to be the optimum sample
size for adequately characterizing the cuticular hydmcarbons for quantitative
comparisons using our operating parumeters, regardiess of whether the workers
are extracted while alive or after drying. If the goal is to charcterize all hydro-
carbon components, even though they might be present in trivial amounts, then
a larger sample (200-300 workers) should be taken, the extracts should be
concentrated beyond our standard 60 zl, or the split mtio of the gas chromato-
graph should be altered. Collecting fewer inscets in the field would save time
and add to the convenience of field workers, but altering the chromatographic
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RELATIVE ABUNDANCE (MEAN PERCENT AND STANDARD DeviaTion) oF CUTICULAR

HYDROCARBONS FROM FOUR SAMPLE Si2ES OF WORKERS FROM FIVE NESTS OF Nasutitermes

acajutlae (HOLMGREN) FROM GUANA [SLAND, BVI, EXTRACTED AFTER DrRYING?

25 workers 50 workers 100 workers 200 workers

Hydrearbon” Muean SD Meun sD Mean SD Meun SD F

Ca 1.20a 0,38 .08 0.28 0.93a 0.20 1.12a 0.26 2.36
Cs, 0.1a 0.4 0.39 0.28 0.242 0.23 0.362 .20 0.39
Cia 0.24a .41 0.40ab 0.27 0.64b 0.21 0.59ab 0.19 6.29
Cis 5.25 2.4 3.83ub .09 3.04b 0.77 3.6%b 0.41 6.20
Cu D4la 035  0O4la 031 0382 029  04la 026 014
Cir 0.33a 0.43 0.58ab 0.22 1.599b .56 0.74ab 0.25 5.71
Csy 2.7%5a 1.62 2.4% 1.47 2.13a .34 2.65 1 46 0.49
Cy 0.05a 0,13 0.2% 0.20 0.26a 0.22 0.29a 17 5.55
C 0.62a 050  0.69% 042 08 052  0.85%  0.50 0.8
Ciyr 0.12a 0.22 0.22ab 0.15 0.47h 0.07 0.434b 0.15 16.98
Cuy 0.26a 0.35 0.45ab .16 0.57b 0.10 0.63b 0.21 .03
Cu 0.97a 0.75 }.30ab 0.43 2.00b 0.68 1.91ab 0.92 7.07
Cia 2 0.00a 0.00 0.004 0.00 0.67b J.46 0.65b 0.28 31.89
Cu 22.6a 1.99 21.34b .57 19.6b 1.97 19.6b 1.79 .23
Cur 190 0.29 2.054b 0.13 2.41b 0.19 2.27ab 0.55 5.85
Co s +Cuis 18.6a 4.60 13.9a 105 19.4a 3.39 17.4a 2.43 .87
Ca 28.7a 2.20 26.3ab 1.35 23.1b 1.77 23.4b 3.16 19.09
Cisy 1.33a .02 1.75a 0.30 1.72a 0.52 §.44a 0.49 .19
Coy s 3.10a 1.58 4.17a 0.98 4.25 1.92 +.40a 1.09 2.54
Cov s 0.42a 047  048b 032 091h 063 0.%b 037 10.62
Ca 9,544 1.01 9.84a 176 10.0a 1.77 10.3a 1.30 a9.78
Cis 1,354 0.72 1.89ab 0.54 2.47h .53 2.26ab 0.383 7.99

“Means are from three subsamiples from each of five sepamte nests (V= 15). Means for a given hydrecurbon
tollowed by the same letter are not significantly different at the o = 0.00227 leved.
“This shorthand (X-MeCyy and Cyx ) uses descriptons for the location of the methyl gruup (X-Me). the total
number of curbons (XX), excluding the methyvl branch(es), and the number of double bonds (Y), Locations
of double bonds are undetemnined.
"The F statistic has 2 P < 0.00227, yet the Tukev's procedure did not separate any of the means for this
hydrocarbon,

parameters would increase the complexity and repeatability of laboratory oper-
ations. If a sample of 100 workers is not attainable, then concentration of the
extract or altering the split mtio must be done or the sample will not be usable.

It is likely that our carlier pmblem with quantifying hydrocarbons from N.
costalis and N. ephrarae (Haventy et al., 1990b) resulted from two confounding
problems, First, the workers were extracted live, in the field, which resulted in
a less efficient extraction ot the hydrocarbons. especially the less abundant com-
ponents. Second, while 100 workers were used in the extractions, due to the

O



2104 HaAVERTY, THORNE, AND NELSON
% 35
L a0 28 Worksra {Dry) Jo{ 160 Workars (Bry) ]
. - fnde
= g S s | i 1
2 204 i Pt =i
£ 154 ks [ 2 Iﬁj | =
E " ",‘ Cak
] 104 € 10 - o=
i cat K \ [
n.3 :nm:y Aa Ll < 5 -'ﬂlmm cari A b
o 5 i JLv—‘L*
] &0 30 40 53 L] 10 v i) AQ L) L]
Time (minules) Tima (minutes)
s 25 — -
50 Workers (Dry) - T 00 wormame Oy s
- 04 = X+ l Sat
=imd ~ 25
o
& 204 . 8 20 cant
k3 Casd E e
u: 15 :.-‘lﬁr.-n g 5 )
ERLE [ é 10 o | = \ Fon
< 5 = =T 2 5 = i
o | 1 okt Ll
. } —d Ly iR L
[ At - a el b S
Q 19 0 ) 40 0 & 16 20 an 40 5 &a

Tima (minutes)

Tima (mirutes)

Fic. 6. Chromatograms of cuticular hydmcarbons extracied with 10 ml hexane for 10
min from four sample sizes (25, 50, 100, and 200 of dried workers from one colony of
Nasusitermes acajutiae from Guana Island, BYI.

size of N. ephrutae, these collections could very well have been below an
acceptable size. Large workers of V. ephrarae. (dry weight = 0.6 mg) are
considerably smaller than large workers of N. acajutlae (dry weight = 1.3 mg)
{Thome, 1985); 100 large workers of the tormer species may not have had
sufficient surface lipids to provide an adequate chromatogram.

Effects of Solvent

For field entomologists working in the tropics it would be convenient if
stotage of termites in 100% cthano! (EtOH) allowed for equivalent extraction
of hydrocarbons. Preliminary observations of 5. I. Seybold and L. I. Nelson
(personal communication) indicated that EtOH will extract cuticular hydrocar-
bons of adult fps pini (Say) (Coleoptera: Scolytidae). Furthermore, the longer
beetles were in EtOH, the greater the extraction efficiency. Their work showed:
(1) that the EtOH-extracted insects can be further exiracted with hexane, (2)
that the EtOH extract can be dried and the lipids redissolved in hexane, and (3)
that the hexane solutions of the EtOH extract and the EtOH-extracted-insect
extract can be recombined to provide a reconstituted extract for charactenization.
They have not shown whether the resulting hydrocarbon mixture is comparable
to anr extract gathcred by a standard 10-min extraction with hexane of live or
dead insects.

Unfortunately, the resulting extracts for both workers and soldiers of N
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FiG. 8. Chromatograms of cuticular hydmcarbons (and other compounds) from 200
workers (A) or 200 soldiers (B) collected into [00% ethanol, For cach caste the fimst
chromatogram (Al or Bl) represents the pattern of compounds that were extracted by
the cthanol. The second chromatogram for each caste (A2 or B2) represems the pattern
of compounds extracted from the termites after they werne stored in ethanol for 60 days,
subsequently dried, then extracted with 10 mi of hexane for 10 min.

ucajuilae stored in cthanol were not comparable to those where the standard
technique was utilized. Storage in ethanol caused numerous, hexane-soluble,
unidentified, nonhydrocarbon compounds to be extracted or these nonhydrocar-
bon peaks were in the ethanol as denaturing components (Figure 8). These
compounds were not removed after evaporating the ethanol under nitrogen,
redissolving in hexane, and pipetting through activated BioSil-A. Furthermeore,
enormous amounts of nitrogen and time were required to dry the cthanol sam-
ples. As a result of these problems, we did not characterize all 15 samples,
because we presumed such a course would only waste resources and could affect
aur GC-MS. Therefore. unless a different cleanup procedure is developed, stor-
age In etharol is unacceptable for characterizing the hydrocarbons from Nasu-
Htermes,

CONCLUSIONS

Different colonies of N. acajutiae produce qualitatively similar, but quan-
titatively dissimilar hydrocarbon mixtures. These colony-specific profiles appear
to be reproducible; multiple extracts from separate samples of cach colony are
qualitatively identical and quantitatively quite similar. Only one extraction of a
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sample of workers is necessary. A very brief extraction {in 10 ml of hexune for
only 20 sec) of live workers produces a mixture of hydrocarbous equivalent to
a 10-min or a 24-hr extraction. Helding a sample of workers (or soldiers) in
hexane for a period of two years results in a radically different extract than the
standard 10-min extraction and is not recommended.

Drying workers of N, gcajurlae before extraction results in highly signifi-
cant increases in the relative amounts of Cy .y and Cy .« and an apparent deerease
in the relative amounts of the most abundant compounds, Cyy.y, Cyy.p, and Cyy .
In general. drying workers prior to extraction tends to enhance extraction of the
less abundant unsuturated compounds and dees not result in equivalent mixtures
of hydrocarbons when compared to extraction of live workers. Extracting a
minimum of [00 workers (live or dred) with hexane for 20 sec to 10 min scems
to be the best method for characterizing cuticular hydrocarbons of N. acajutlae.
For smaller species, samples of at least 200 would probably guarantee a satis-
factory chromatogram.

For quantitative comparisons, the extraction technigue should ideally be
the same for all samples, i.e.. hydrocarbon mixtures extracted from dred sam-
ples should not be compared to those extracied from live samples. Extraction
of either live or dried tenmnites would suffice for characterization of cuticular
hydrocarbons for ecologicul studies but may nrot be comparable for taxonomic
purposes. For quality of chromatograms and for several logistical reasons, we
obtained the best results by drying at least 100 termites and then extracting them
by the standard technigue (10 min in 10 ml hexane) in the laboratory. Extraction
of live termites in the field requires twice the number of vials and transportation
of flammable liguids. Even with the potential logistical difficulties involved with
drying termites in the tropics, we recommend this as the optimal technique to
use.
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SYSTEMATICS

Generic Revision of the Smaller Nasute Termites of the }
Greater Antilles (Isoptera, Termitidae, Nasutitermitinae)
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Labaratoire de Biolagie animale et cellulaire (CP 160/12), Université Libre de Bruxelles,
50 Avenue F.D. Roosevelt, 1030 Brussels. Belgium

Ann. Entamol. Soc. Am. S#6): T73-757 (1996)
ABSTRACT The generic stutus of the Greater Antillean smaller nasutes (all zenera except
Nasutitermes) is revised, paving special attention to anatomucal churacters of the workers. Two
new nwonotvpic genera, Carbitermes and Antillitermes, are created. Terrenitermes Sgaeth,
1967, is synonvmized with Parviteres Emerson (in Snyder 1949), The following new com-
binations are proposed: Parvitermes gegualis {Snvder, 1924a) (formerly in Ohtusitermes), Far-
vitermes antillarum {Hobingren, 1910) (formerly in Vidocitermes), Parvitermes toussainti '
{Banks, 1919} (formerly in Terrenitersnes), Carbitermes discolor (Banks, 1919) and Antilliter-
mes subtills (Scheffrahn & Ktedek, 1993) (both formerlv in Parvitermes). The T muainland
species formerly assigned to Pareitermes should be removed from this genus: one resulting
new combination is Vefocitermes laticephalus (Snvder, 1926), whereas the actual taxonomic
position of the species deseribed as Paruvitermes bacchanalis Mathews, 1977, remains unclear,
With the exception of a Constrictoternes species present in Cuba, the smaller nasute fauna
of the Greater Antilles and adjacent Bahamas and Virgin Islands now appears endemie to this
region at the genus level, We hypothesize that an ancestor related to Obtusitermes diversified
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Region

THE GREATER ANTILLES form an integrated bio-
geographic entity which comprises 4 major islands:
Cuba, Hispaniola, Puerto Rico, and Jamaica, Geo-
logical evidence (Buskirk 1985, Burke 1988,
Donnelly 1988, Ross and Scotese 1988, Perfit and
Williams 1989) indicates that their origin resides
in an island arc that arose between North and
South America during the Cretaceous and started
to migrate eastward =80 million years ago. Since
then, Cuba, North Hispaniola, and Puerto Rico re-
mained isolated from the mainland and at least
partly emerged. Episodes of land connections or
at least close proximity between these 3 islands are
thought to have occurred until the Miocene (Bus-
lirk 1985, Rass and Scotese 1988). Jamaica, as well
as a former island now forining the southwestern
peninsnla of Hispaniola, was probably entirely sub-
merged for a large part of the Tertiary, to rise again
above sea level guring the Early Miocene (Buskirk
1983}. The Greater Antilles remained constantly
isolated from the Lesser Antiiles, almost entirely
af Tertiury (Eocene—Miocene} velcanic origin, and

Hessarch Assocrate, Fornds National de l Becherchia Scienti-
fique i Belgruml. To whom reprint requests should be addressed:
e-mal: yrowin@ulh.ac be.

University of Flonda, [FAS, Fart Lauderdale Research and
Education Center, 3205 Coilege Avence. Fart Luuderdale, FL
33314,

from the Bahamas, situated on the North Ameri-
can continental platforin, although the channel
separating Cuba from the Bahamian Bank must
have been considerably narrower during Pleisto-
cene glaciations than today.

According to catalogs and faunal lists {Snyder
1949, 1956; Araujo 1977, Scheffrahn et al. 1994),
the subfamily Nasutitermitinae is represented in
the Greater Antilles by the genera Nasutitermes
Dudley (in Dudley and Beaumont 1880}, Constric-
totermes Holmgren, 1910, Velocitermes Holmgren,
1912, Obtusitermes Snyder, 1924a, Parvitermes
Emerson (in Soyder 1949), and Terrenitermes
Spaeth, 1967. The genus Nasutitermes is pantrop-
ical and comprises 6 species in the Creater Antilles
(Scheffrahn et al. 1994, Thome et al. 1994}). The
other Nasutitermitinae recorded from the Creater
Antilles belong to genera restricted to the Neo-
tropics. Thev consist of small to medium-sized spe-
cies, with more or less constricted soldier head
capsules and variable patterns of soldier and work-
er polymorphism. None of them has until now
been recorded from Jamaica, but at least 2 species
are present in Puerto Rico (one of which reaches
the Virzin Islands), 4 in Cuba (one of which reach-
es the Bahamus) and 8 in Hispanicla (Scheffrahn
et al. 1994). The generic taxonomv and biogeog-
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raphy of these smaller nasutes will be the focus of
the current work,

The genera Velocitermes and Obtusitermes were
originally described {rom the neotropical main-
land. Their type species are respectively V. fieter-
opterus (Silvestri, 1901), from Brazil, und ©. pan-
amae (Snyder, 192%a), (rom Panama. According to
current generic taxonomy, they are represented in
the Greater Antilles by V. antillerum (Holmgren,
1910}, from Hispuniola, and O. wequalis (Snyvder,
1924a), from Cuba. The specimens listed by Schel-
frahn et al. {1994) as Velocitermes® n. sp. A were
found to be conspecific with Parviterraes pailidi-
ceps (Banks) (see Scheffrahn and Reisin 1995),
whereay the stutus of the species listed as Veloci-
termes? n. sp. B, from Hispaniola. will be discussed
below.

The genus Parvitermes was created by Emerson
(in Snyder 1949) to accommodate 6 species: P
brookst (Snvder, 1925b) from Cuba and adiacent
Baharmas Islands (type species), P. discolor {Banks,
1919) from Hispaniola and Puerto Rico, £ flateo-
lus (Banks, 1919) from Hispaniola, £ pellidiceps
{(Banks, 1319) from Hispaniola, P wolcotti {Snvder,
1924b) from Puerto Rico and adjacent Virgin Is-
lands, and with a question mark, B faticephalus
{Snyder. 1926) from Bolivia. A 7th species, P. bac-
chanalis, was described by Mathews (1977) from
Brazil. and an 8th, £ subtilis, by Scheffrahn and
Ktetek (1993) from Cuba and Hispaniola. Recent-
lv, Scheffrahn and Roisin (1993) described f{rom
Hispaniola a 9th species, P. collinsae (called Par-
sitermes? n. sp. in Scheffralin et al, 1994) and re-
ported the discovery of a rare major soldier morph
in this species as well as in P. pailidiceps and P
waolcotti. The genus Terrenitermes was created by
Spaeth (1967) for a single species from Hispaniola,
T. toussainti (Banks, 1919).

The Antillean species P, discolor, P. flaveolus, P
pallidiceps and T. toussainti were originally placed
in the genus Constrictotermes Holmgren, 1910
(type species Eutermes cyphergaster Silvestr,
1901), by Banks (1919). This genus now comprises
3 species from South America {Araujo 1977} aud
1, C. guantanamensis, recently described from
Cuba (KfeZek et al. 1996). £ brocksi, B latice-

phalus, and P wolcotti were originally included in
Tenuirostritermes Holmgren, 1912 (type species:
Ternws tenuirostris Desneux, 1904), at that time
considered a subgenus of Nasutitermes (Snyder
1924k, 1925b, 1926). Tenuirostritermes has cur-
rently full generic status and includes 4 species
confined to Central and North America {Araujo
19773,

Up to now, generic assignments of Antillean na-
sutes have been mostly based on soldier external
morphology and polymorphism patterns. Accord-
ing to Spaeth (1967), the 2 soldier morphs of Ve-
locitermes would be homologous to the minor and
intermediate soldiers of the trimorphic mainland
genus Diversitermes Holmgren, 1912, whereas the
soldier morphs of Terrenitermes and Qbtusitermes

Vol §9, no. 6

would correspond to the intermediate and major
soldiers of Diversitermes. Heod capsule shape and
number of antennal segments would separate Ter-
renitermes from Obtusitermes. Parvitermes would
be characterized by mnoenomarphic soldiers (Spaeth
1267).

It was not until Mathews (1977) that worker
anatomy was used to provide taxonomic characters
in neotropical termites. Fontes (1987a) proposed
on this basis to transfer B hacchanalis to OLtrm'-
termes and to svnonvmize Terreniterines with Par-
vitermaes. [The work of Fontes {19571} is a doctoral
dissertation which does not constitute :L[_mb]icution
in the sense of the Internationai Code of Zoological
Nomenclature, 3rd ed. (see Article 9 [111). There-
fore, the nomenclatorial modifications introduced
therein should not be considered as published;
Fontes himself {Fontes 1987u, p. 2) stated that
these inodifications needed to be propesed in the
future.] The goal of the current study is to clarify
the generic status and propose a moderu basis to
establish the phylogeny of all smaller nasutes from
the Greater Antilles with the help of anatomnical
characters now known to be extremnely impertant
in Termitidae systematics (Noirot and Kovoor
19538; Kovoor 1969; Sands 1972; Johnson 197%9;
Miller 1986; Fontes 1987a, b).

Materials and Methads

Specimens of all Greater Antillean species of
smaller nasutes and of species of speciuy interest
from the neotropical mainland were used for an-
atomical studies (see list in Appendix 1}. For the
sake of clarity, all nomenclatorial combinagons
used in Appendix [ and figure legends are thosc
considered valid in the eonclusion of the current
study; former generic assignments are designated
under parentheses by an equals sign. The digestive
tube of large workers was observed in situ after
removal of the abdominal wall and fat tissue under
a dissecting microscope, then drawn at 30X mag-
nification with the help of a camera lucida. P1 to
PS5 represent the different parts of the procto-
deum, nurabered as in Noirot and Noirot-Timo-
thée (1969). Mandibles and split enteric valves
were dehydrated and mounted on microscope
slides. Specimens for scanning electron microscopy
were prepared according to the method of Nation
(1983). slightly modified: after dehydration by ab-
solute ethanol, the specimens were left in hexa-
methyldisilazane for at least 12 h before being air
dried and sputter coated with gold. Microphoto-
graphs of mandible molar plates were taken with
an 151 DS-130 scanning electron microscope.

Systematicy

Diagnostic Characters of Previoudly De-
seribed Genera. For all smaller nusute genera re-
ported from the Greater Antilles, we review in this
section the characteristics of the fipe species that
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could be of dingnostic value in generic tasonomny.
Tenuirostritermes is included for comparative pur-
poses, although the Greater Antillenn species orig-
inally described in this genus are currently placed
in other genera.

“iriteres (bvpe species: B drooksi), Soldier

awmorphic, with head capsule slightly constrict-
et behind the antennal sockets. Antennal seg-
ments: 13 in the imago, 12-13 in the soldier. 13~
14 in the worker. Soldier mandibles vestigial, with
or without points. Digestive tube of the worker
{Fig. 1A) wath long mixed segment, all 4 Malpi-

ghian tubules inserted contiguousiy at inesentero-
proctadeal junction. PL extremely elongated to-
ward the right side of the abdomen and fonmning
ventrally u U-shaped loop. Enteric vaive (Fig, 2a)
of trlateral svmmetrv, 3 elongated, weakly sclero-
ized areas bearing long, curved spines, alternating
with areas gamishéd with tiny spines. Worker man-
dibles (Fig. 3a): apical teeth approxmately equal
to first marginals; molur areas slightly concave, mo-
lar plate with T-8 ndges (Fig. 4A).

Terrenitermes (tvpe species: T, toussainti), Basi-
cully distinguished fromn Parvitermes brooksi by its
dirnorphic soldiers. Soldier mandibies vestigial,
with points. Antennal segments: imago 13-16, mi-
nor soldier 12, major soldier I3, worker [4-13
Warker digestive tube configuration (Fig. 1B), in-
sertion of Malpighian tubules and enteric valve ar-
mature (Fig. 2D), and worker mandibles {Figs. 3B,
4B) very similar to those of P brooksi,

Obtusitermes (type species: Q. panamae). Sol-
diers dimorphic, minor soidier head stronglv nar-
rowed posteriorlv. Soldier mandibles vestigial,
without points. Antennal segments: minor and ma-
jor soldiers 11, worker 12. Cut configuration of
worker (Fig. 1C) as in Parvitermes, except for mes-
enteric part of mited segment, positioned ventrally
rather than dorsally. Malpighian tubules contigu-
ous, Enteric valve (Fig. 2H) very wealdy armed:
spines tiny, visible only with great difficulty, Work-
er mandibles resembling those of Parvitermes, but
with straighter molar plate.

Velocitermes (bype species: V. heteropterus). The
description of this species by Silvestri (1901, 1903)
was complemented by Mathews (1977) and Fomtes
{1987a). The species Ulustrated here is V. barro-
coloradensis (Snyder, 1925¢), whose anatorny
closely resembles that of V. hieteropterns. Soldiers
dimorphic. Mandibles vestigial, with points. Ap-
pendages elongated. Worker gut (Fig. 1D) char-
acterized by lurge erop, short mixed segment, P1
short and strmght. Accarding to Mathews (1977)
and Fontes {1957a), Malpighian tubules inserted
slightly before end of mesenteron in V. heteropte-
rus, but this feature could not be ascertained in
the type material availuble to us. In V. barrocolo-
radensis, Malpighian tubules in 2 pairs at mesen-
tero-proctodeal junction. Enteric valve of both
species composed of 3 major sweilings alternating
with 3 slightlv smailer ones, all bearing small tri-

angular spines {Fig. 2[), Waorker mandibles (Fig.
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3C) elongated, apical teeth as long as first margin-
als,

Constrictotertnes (bype species: C. cyphergas-
ter). Medium-sized species. Soldier monomorphic
with head cipsule conspicuously censtricted, Ves-
tigial mandibles with peints. Worker with well-pig-
mented head capsule and tergites. Appendages
e]onguted. Enormous crop, mixed seginent rela-
tivelv short (=1.3 times the diameter of the mes-
enteron), P1 shorter than mesenterou, Malpighian
tubules inserted contiguously (for illustrations see
Fontes 1957, fiwmres 181, 185-192). Apicul tooth
of mandibles deflected downward, molar area well
developed, with munerous ridges (Fig. 3D).

Tenuirostritermes (bvpe species: T, tenuirostris).
Soldier monomorphic, with head cupsule strongly
constricted, Vestigial mandibles with points. Di-
gestive tube of warker resenbling that of Veloci-
termes, but with mixed segment longer, about
twice the width of the mesenteron (for illustrations
see Fontes 1987, figures 202-203). Malpighiun
tubules inserted in 2 pairs almost diametrally op-
posed. Worker mandibles elongated, curved at
apes. resembling thase of Velocitermes but with
narrower space between apical teeth and 1st mar-
ginals,

Species Assicnments to Genus. P flaveofus fits
the description of P. brooksi closely in all respects.
Although O. gequalis was suspected to possess di-
morphic soldiers {Snvder 19244), up to now a sin-
gle soldier morph has been described in this spe-
cies. This soldier possesses 11 antennal segments,
as in Q. panamae, or 12, as in P brooksi. Vestigial
points on mandibles are present in P, flaceolus und
missing in O. aequalis, but this criterion seems of
little value here because such points inay be pres-
ent or absent in soldiers of P brooksi; even in a
single soldier, the left and right mandibles may dif-
fer in this respect. Workers possess antennae with

1314 seements, as in £ Drooksi. The digestive
tube conﬁguran‘on and enteric valve (Fig. 2B) of
the workers of Q. aequalis are not distingnishable
from those of P. brocksi (Fig. 2A), but are distinct
from those of O. panamae (Fig. 2H). We therefore
propose to transfer O. gegualis to Parvitermnes.

The following species are extremely similar to P,
brooksi by their worker mandibles, gut configura-
tion and enteric valve: B wolcotti, P collinsae, a
new species from Hispaniola (Vefocitermes? u. sp.
B), B pallidiceps and Velociterines antillaruom (Fig,
2C}. An imnportant feature by which these species
ditfer fromn P brocksi and among themseives is
their caste system: whereas £ brooksi, P. flaveolus,
and P aequalis have monomorphic soldiers, the
other specics possess 2 soldier morphs. Major sol-
diers are very rare in P wolcotti and B coilinsae,
uncoinnen in P pallidiceps, common in Veleciter-
mes? . sp. B and V. antillarnm. To a varving de-
gree, all soldiers show a constriction behind the
antennal sockets. This constriction is weukest in
the najor soldier of B wolcotti, Mandibular points
are generallv present, but are missing in P paili-
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C

(A} Parvitermes brooksy,
rmes panamee, (D) Velociternes barrocoloradenses. (E)
= Paruitermes) subtilis. C, crop; G, gizzard; M, mesenteron

Fig. 1. Configuration of warker digestive tube in situ, seen from above, right, below, left.
(B) Parvitermes (=Terrenitermes) towssainti. (C) Obtusite

Caribitermes (= Parviternes) discolor (F) Antillitermes {




104

Vol. 89, no. 6 November 1996 ROISIN ET AL: REVISION OF ANTILLEAN NASUTITERMITINAE SYSTEMATICS 779

P ——

TN ELe g CTRRR

g 4 3 b T e BP

e g LT L R

~ Eir g"ﬂ%m

(stippled); MS. mixed segment; PL to P35, proctodeum; PL. lst proctodeul segment; P2, entenc valve: P3J, paunch;
M brogicst. P4, colon; P35, rectum; T. Malpighian tubules (densely stippled). Lawercase letters are used to mark corresponding
idensis, (E) spots in different views of the digestive tube in the same individual. Scale bars = 0.3 mm.
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Fig, 3. Worker left mandible. (AY Parvitermes brocksi. (BY Parvitermes (=Terremtermes) toussainn, (C) Velociter-
mes barrocoloradensis. {D) Constrictotermes cyphervaster. (E) Caribitermes [ =Parvitermes) discolor. {F) Antillitermes

(=Parvitermes) sudtilis. Seale bar = 0.1 mm,

diceps, some specimens of P brooksi and rare in-
dividuals of B coflinsae and Velocitermes? n. sp. B
Antennal segments are 12 or 13 in the minor sol-
dier. 14 or 13 in the major soldier. and 14 or 15 in
the worker, The worker molar plate beuars 43 ridg-
es distal to the basal notch, 65 in total. There is
thus no consistent morphological character which
wonld justifv the assignment of any of these spe-
cies to a zenus ather than Parvitermes. Althoush
soldier caste patterns appear highly varable in this
aronp, the strking anatomical nniformine of the
workers tavors the placement of these species in a
single genus. Vdooitermes antillarn shonld with-

out doubt be transferred to Parviterines, as well us
the undescrbed species formerly cited us Veloe:-
termes? n.osp. B

Spaeth (19677 created the new genus Terrend-
termes for T, toussaingi on the basis of soldier di-
morphism. This arginent can no lenger be up-
held, hecanse the 2 soldier castes of 70 tonssainti
appeur verv similar to those found in Parsitennes
(formerly Veldocitermes?) n, sp. B and P antillurin
The duark pigmentation of T tonssainti resembles
that of P antillurum. Bv the momhology of its
mandibles (Figs. 38 and 5H) and the anatomy of
its digestive tube (Figs. 1B and 2D, the worker of

g
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Fixz. 4. SEM views of warker molar pfﬂte {right mandible). {A) Purviteries hrooksi. (B) Parvitermes (= Terreni-
termes) toussainti, (C) Caribitermes (= Parcitermes) discolor (D) Antillitermes (=Parvitermes) subtilis. Arrow, basal

notch, Scule bar = 50 pm.

T toussainti fits the Purvitermes pattern closely,
There is thus no consistent character that would
jusrify maintaining T towssainti in a separate de-
nus. We therefore suggest, like Fontes (195870), to
transfer T, toussainti to Parvitermes. Terrenitermes
thereby becomes a junior subjective symomvm of
Parvitermes,

The Brazilian species P bacchanalis shows a dis-
tinctive digestive tube configuration: P1 is long,
formns a loop on the right side of the paunch, but
this loop is shorter than in O. panamae and P
hrooksi and directed anterjorly, so that the junction
of the enteric valve with the paunch is situated
below the mesenteron {(see Fontes 1957a, figures
285-302), The enteric vulve anmatnre of P Dac-
chanalis, which Mathews (1977) untortunately de-
scribed  among  the generic  characters ol
Parvitermes, is characterized by small stont spines.
Bemaosing this species from Parvitermes thus ap-
pears fullv justified. altbough its transfer to Obtn-
sitermes, suggested by Fontes (1987a4), is dubious
as well. Emerson {in Snvder 1949, . 376) tenta-
tively assigned the Bolivian species, Nasutitermes
(Tenuirostntermes) laticephalus Snvder. 1926, to
Paruitermes, ulthongh he snspected that it might
actuallv belong o Velocitermes. Observation of
workers from the tvpe series of this species showed
that their digestive tube is charicterized by a short

mixed segment and short, straight P1, thus fitting
unambiguously the description of Velocitermes
rather than that of Parvitermes.

No Greater Antillean species are thus left in the
genera Obtusitermes and Velocitermes. None fits
the description of Tennirostriternes. However, an-
atomical observations confirmed the generic statos
of the species listed by Scheffrahn et al. {(1994) as
Constrictotermes? n. sp.. which was discovered in
sontheastern Cuba ung is now known ay C. gran-
tanamensis (Kfedek et al 1996), )

Descriptions of New Genera. Two species, up
to now known as P discolor and P. sulstilis, do not
fit into any existing gens, Twwn new monatyvpic
genera are erected be-fow to aceormnmodate them.
Caribitermes, new genus

Type species. Constrictotennes discotor Banks,
1919.

Soldier monomnorphic, fullv nasute. Heuad cap-
sile very slightlv constricted behind antennae, Na-
sus slender. Mandibles vestigal, with points. An-
tennae of 12-13 segments.

Waorker distinguished from Parvitcrimes by
mnixed segment (Fig. 1E), whose inesenternc part
is isolared from the remainder of the mesenteron,
connected to it only by proctodeal folds. Malpi-
ghian tubnles inserted ot mesentero-proctodeal
ninction in 2 contiguous piors. Entenc valve (Fig.

Vol 89, no. 6 1O¥



Sy (.—: TL'"'CT.IJ’-

S Arrow, basal

21, thus ﬁtting
Vilocitermes

s left in the
5. None fitg
HO“'EVE!" an-
jeneric statys
<al. (1994) ag
"liscovered in
s C, guan-

_‘ SPBC‘:'ES, up
tilis, do nae

' monotypjc
date them.

"P().-r ETR Banks

”’"‘ad cap- f
¢nae. N
Gis, An-

ermes bw
HeTic part
-)(:'Sc'meron.
s, Ma!pi-
yroctodea]
e (F}g

- e g e,

a1 with 3 swellings bearing shont, thick, trangular
spines. Mandibles (Fig. 3E) with apieal teeth as
Jong s or slightly shorter than Ist marginals, Malar

.~ Hat (Fig. 4C). with 10-11 ridges. Antennae
oi  -l4 segments,

Andiifitermes, new genus

Type speeies. Paruitermes subtilis Scheffrahn &
Kfelek. 1993. Soldier mononiorphic. Head capsule
pilosity dense, of short, parallel setae, leaning an-
teriorlv. Head capsule slightlv constricted behind
antennae. Nasus slender. Mandibles vestigial, with-
out points. Antennae of 12 seaments,

Workers distinguished from all other genera by
digestive tube configuration (Fig. 1F). Main bady
of mesenteron almost straight, short, Mived seg-

nt verv long (from a to d on Fig. 1F), much

ager than remainder of mesenteron: Pl very
ong, forming a wide leop on right side of aubde-
men, then a complicated pattern of loops along
posterior left and dorsal part of paunch. Malpighi-
an tubules inserted at mesentero-proctodeal june-
tion on small, bulbous swellings, in 2 pairs sepa-
rated by a short space. Enteric valve with 3 major
cushions gamisheg with long, curved spines. Three
minor cushions alternate with the major ones.
These minor cushions are barely less developed
than the inajor ones in North Hispaniolan speci-
utens (Fig 2E), but are garnished with much
smaller spines in South Hispaniolan and Cuban
ones (Fig. 2F), thereby greutly resembling the Par-
vitermes pattern. Mandibles (Fig. 3F) more elon-
gated than in Parvitermes species, apical teeth lon-
ger than Ist marginals, molar areas of both
mandibles concave, molar plate with 6 weak ridges
{Fig. 4D). Antennue of 13 segments,

Etymeology. Both names recall the geographic
distribution of the new genera. Thev are tormed
on Spanish “Caribe,” “Antillas™ and Latin "Ter-
mes,” termite,

Discussion

The smaller nasute fauna of the Greater Antilles
now appears almost completely endemic at the ge-
nus level. The only genus present on the neotrop-
ical mainland as weﬁ as in the Greater Antilles is
Constrictotermes, represented by a single endemic
species in Cuba (Ktefek et al. 1996). The study of
anatomical characters demonstrated that Greater
Antillean species previously included in Obtusiter-
mes or Velocitermes show only superficial resem-
blances with these genera and must be reassigned
to Parvitermes. By contrast, the mainland species
formerly known as £ laticephalus should be trans-
ferred to Velocitermes, and P bacchanalis to an-
other genus which is still to be detenmined. These
transfers make Parvitermes itself a Greater Antil-
lean endemie, apart from the incursion of P brook-
si into the Bahamas.

The most striking features of Parvitermes and
Caribitermes is the'conﬁgurution of their worker
digestive tnbe: all species are characterized by a

long loop of the Ist proctadeal segment (P1) on
the right and ventral side of the abdomen. This
loop is a clearly apomorphic character. The only
non-Antillean genus to possess this feature is Ob-
tusitermes. This suggests that Parvitermes and Car-
ibitermes are descended {rom a single ancestral
form and have the genus Obtusitermes as sister-
group on the neotropical mainland.

Did the ancestors of the Greater Antillean gen-
era Parvitermes und Carbitermes possess a dimor-
phic soldier caste? Soldier monomorphism, as
tound in Tenuirostritermes, most Nasutitermes,
and many other Zenera within and outside the Na-
sutitermitinae, is generally considered plesio-
morphic, although evolution can also praceed from
soldier polymorphism to monomnorphism (Emer-
son 1962). Because Obtusitermes passesses dimor-
phic soldiers, it is possible that this trait was al-
ready present in the common ancestor of
Ohbtusitermes, Parvitermes, and Caribitermes. One
soldier morph should then have disappeared duc-
ing the evgfuﬁon of Caribitermus discolor and 3
Parvitermes species (P, brooksi, B aequalis, and F.
flaveolus), while being retained in the other Par-
vitermes, although major soldiers are rare in soine
of them (Schetfrahn and Roisin 1993}, The high
variability of soldier polymorphism within groups
ot species verv similar in other respects suggests
that this polymorphism varies widely according to
the ecology of each species und is of little value as
a taxonomical character at higher levels. Attempts
to use soldier poiymorphism patterns to character-
ize genera have also met with great difficulties in
the mainland complex comprising Velocitermes
and Diversitermes, which superficially resemble
Farvitermes (Mathews 1977). Although the occur-
rence of vestigial points on soldier mandibies may
be of taxanomic value in other nasutitermnitine lin-
eages (Sands 1937}, this character shows an erratic
pattern in Parvitermes.

The worker mandibular morphology of C. dis-
color is that of a typical wood feeder (like most
Nasutitermes species) and may represent the an-
cestral condition. Parvitermes species display a
tendency toward more concave molar areas with
fewer ridges. which probably indicates a diet of
softer muaterial such as decaved wood or herba-
ceous plants, The armature of the enteric valve is
remarkably similar in all species of Parvitermes.
Whereas the trilateral symmetry of the enteric
valve is the rule in the lower termites and wide-
spread in the Termitidae, and thus likely plesio-
morphic (Noirot 1993), the marked difference be-
tween minor and major cushions of Parvitermes
and the presence of long, curved spines on the
latter are probably apomorphic.

Antillitermes subtilis is characterized by a
unique digestive tube configuration. Although its
origin and affinities are unclear, this genus might
also be derived [romn some Obtusitermes-like an-
cestors, Oftusitermes, Parvitermes, and Carihiter-
mes all passess a long mixed segment and a very
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long P1. These 2 generally correlated features
(Bignell 1994} reach an extreme developmcnt in
Antillitermes. The ]ong and curved enteric valve

spines in all samples of A, subriliy. and the whole vicariant from the Cretaceous separation of the
uppedrance of the enteric valve armmature in the

Creater Antillean island are or i more recent dis-
Cuban and South Hispaniolan species of this spe- perser cannot be ascertained. Cror.md-(hveﬂing
cies are remarkably similar to thoge of Parviternues termites often show low dispersal ability compared
species. As no such spines ]'5{"? so far been djs- to wood-dwelling ones, hecynse log rafting seems
covered in other rasutitermitine  genera world 5 he the exclusive means for incipient colonies or
E;""dg (lK_ovoordl!;GQ: -\’t]m}i‘;‘é’;)lg-f};’{ Fontes 195‘_3' self'-susmjning calony fragments to cross water
. Roiy astevly . ir presence in ) . lome ; . 1908
both Parcitermes and antiig e T likely 1o b 5 more anon @ few o i o he 1054
a synapomorphy. Alternatively, Antillitermes could the Lesser Antilles can serve as an indication of
?ntor:-g?vlgiccrlriﬁlf: ézl";;cgt;gn;2%&?;:1;"?5:???2 their dlsp.er:sajl ah:l:nﬁs. So far, no nﬂsutehgenus exh-
workers of'OC. silvestrii (Hofrngren, 1910), P1 is C}?Pt Na}.;utm,mwsh as pclanetrultedi f;c-ln‘ =T nﬁn{-
also very long and forms an almost circylar loop t ahn To ;15,0. on t eTlC(?nnnerlltfl plat 01.1;1 (Se ; )
on the right side of the paunch, as in A, subeiliy 72BN et al 1994).'. NS constitutes evi enee for
(Fontes [987u. faures 269-272). However con. PoOr dispersal abilities in this Zroup, consistent
; . T T ’ ith our hypothesis of 4 single ancient inoculation
trary to A, subtilis, P] lacks 4 complicuted pattern w; OF po s-related oacespon the Cre:
of Ioops on the left side of the paunch in ¢ gi). ©ofan .Jf'z.mrenm.s-re ated ancestor into the Great-
vestrii. According to Mathews (1977), the enteric  ©T Annlie.\f.‘ . _
valve armature of C. sifvestrii i very similar to that 4 remaining question is the total. absence ‘ofrec-
described by Kovoor (1969) for the South African ©Tds of smaller nasutes fromn Jamaicu. Jamaica has
species Buucaliotermes hainesi (Fuller, 1922), been less extensively CO“"?red bl." recent surveys
which consists of extremely elongated swellings  than the other‘ Creater Antillean istands, However,
gamished with smalj spines (6 um long or less), thanks to earlier collectors {see Snyder 1936), the
Such a pattern is thus extremely different from number of termite specics recorded from Jamaica
that observed in A, subtilis, An increase in length  reaches 19, which seems proportionate to this is-
and volume of the proctodeum is one of several lands area, by comparison with Pueno Rico (22
features characteristic of an evolution toward hy- species), Cuba (30), or Hispaniola (33) (Scheffrahn
mivory, although this increase may affect different et ] 1994). If confinned by future records, the
sections of the proctodeum in different taxa (Noir- absence of smaller nasutes from Jamaica could be
ot 1992, Bignell 1984), Other features of Anrilli- explained by their low dispersal ability, conjugated

termes indicating humivory include the enlarge-  with the extensive or complete submersion of this
ment of the angle between apical and 1st marginal

island during the mid-Tertiary, Such a distribution
teeth, the concavity of the molar area and the re- pattern has been described for several other insect
duction of the molar ridges. The almost hexalateral taxa (Buskirk 1983).
Symmetry of the enteric valve observed in the
North Hispaniolan population of A. subrilis is
probably a derived trait, common in humivorous

be—antillitermes still remaining donbtful—the re.
sult of radiation from a single ancestral species,
related to Obtusitermes. Whether this ancestor wag
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Appendix 1: Collection Data of
Material Examined and THustrated

Antillitermes {=Parvitermes) subtilis; Paratypes,
DR451, Las Lavas. Santiago Provines, Domini-
can Republic, §-VI-1392, collected by R. H.
Scheffrahn, ]. A, Chase, J. R. Mangold, and ].
de la Rosa C. {(NMNH and authors’ eollection)
(Figs. 1F. 2E, 3F and 4D)—Plava Siboney, San-
tiago Province, Cuba, 2-VI1-1966, coilected by
1. Hrdy (Fig. 2F)—DRS74, § km N of Peder-
nales, Dominican Republic, 28-X-1993—4 sam-
ples {rom 4 other localities in Dominican Re-
public and 3 samples from 3 other localities in
Cuba (see Scheffrahn and Kredek 1993).

Caribitermes (=Parvitermes) discolor: Paratypes
from type colony, Adjuntas, Puerto Rico, 8-13-
VI-1913 (AMNH)—DR300, Los Haitises Na-
tonal Park. Hoto Mayor Province, Dominican
Republic, 10-VI-1992, collected by R. H. Schef-
frahn, J. A. Chase, ]. R. Mangold, and ]. de la
Rosa C. (Figs. 2G and 3E}—2 samples from La
Vega Province, Dominican Republic, 19-VI-
1991—PORTI1, Maricao, Puerto Rico, 3-VI-
1993, collected by Y. Roisin (Figs. 1E and 4C)—
62 samples from 19 other localities in Puerto
Rico,

Constrictotermes cyphergaster: Syntypes, Coxipd,
Mato Grosso, Brazil (MCGD); MZUSP0133,
Brasilia, Brazil, X-1961, collected by R. L. Ar-
aujo (Fig. 3D).

Constrictotermes guantanamensis: Paratypes from
type colony (C236), Lama de Macambo, Guan-
tdnamo Province, Cuba, 1-XII-1971, collected
by J. de la Cruz.

Obtusitermes panamae: Paratypes from type colo-
ny, Quipo, Panama, 1§8-V-1923, collected by L
Molino and ] Zetek (NMNH}—PANT79,
Parque Nacional Soberanfa, Rio Agua Salud,
Panama, 26-IV-1991, collected by Y. Roisin
{Figs. 1C and 2H). .

Parvitermes (=Obtusitermes) aequalis: Holotype
soldier, Camagiley, Cuba, 11-VI1-1923, collected
by B. T. Barreto (NMNH—C26, La Piftuda
Buey Cito, Bayamo Orlente, Cuba, 10-XI-1964,

collected by [. Kretek (Fig. 2B)—6 samples
from 6 localities in Cuba {collected by [. Hrdy
or J. Kfetek).

Parvitermes (=Velocitermes) antillarum: Syntypes,
Santo  Domingo, collected by M. Salls
(MNHNP—Haiti, 22-VI-1976, collected by V.
A, Spaeth (Fig. 2C).
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Parviterines brooksi: Paratypes, Soledud, Cienfue-
gos, Cuba, 1-1V-1924, collected by T. Barbour
and W. S, Brooks (NMNH)—CI0, Campo Flor-
ida, Loma de Coca, Cuba, 21-VI-1972, collected
bv J. Kiefek (Figs. 1A and 3A)—C88/22, 2 km
W Ciudad Trinidad, Sancti Spiritus Province,
Cuba, 20-VI[-1988, collected by ]. Kfedek (Figs.
24 and 4A}—3 samples from 5 other localities
in Cuba, collected by ]J. Kfedek—22 samples
from Andros Island, Bahamas, 29-V to 1-VI-
1995.

Parvitermes collinsae: Holotype and paratypes
from type colony (DR801-502), 2 km W Fondo
Negro, Barahona Province, Dominican Repub-
lic, 20-111-1993, collected by J. A. Chase, ]. de

la Rosa G. {NMNH, authors’ collections)—Para-

tvpes, 24 series from 10 localifes, Dominican
Republic {see Scheffrahn and Roisin 1993).

Partitermes flaveolus: Paratypes from type colony,
Manneviile, Haiti, X1I-1912, collected by W. V.
Mann (AMNH)—66 samples from 28 localities
in the Dominican Republic.

Parvitermes pallidiceps: Paratypes from type colo-
ny, Diquini, Haiti, XI-1912, collected by W. V.
Mann (AMNH)—48 samples from 12 localities
in the Dominican Republic {see Scheffrahn and
Roisin 1993).

Parvitermes (=Terrenitermes) toussainti: Paratypes
from type colony, Millot, N. Haiti, I-1913, cal-
lected by W. V. Mann (AMNH}—DR378, Santo
Domingo, old amusement park, Dominican Re-
publie, 4-V-1992, collected by R. H. Scheffrahn
and J. A. Chase (Figs. 1B, 2D and 3B)—DR927,
Bao, Santiago Province, Dominican Republic,
20-VT1I-1994, collected by J. A. Chase, |. Kfe-
gek, ]. de la Rosa G. and R, H. Schefirahn (Fig.
4B)—350 samples from 27 localities in the Do-
minican Republic.

Parvitermes wolcotti: Holotype soldier, Boquetdn,
Puerto Rico, 7-XI1-1923, collected by G. N. Wol-
cott (NMNH)}—18 samples from 6 lecalities in
Puerto Rico (see Scheffrahn and Roisin 19935)—
4 samples from 3 localiies on Guana Island
{British Virgin Islands), 18-26-X-1992, collected
by J. Kretek.

Parvitermes (=Velocitermes?) n. sp. B: DR131-
132, Bomba de Gaunuma, Dominican Republic,
16-V1-1991, collected by R. H. Scheffrahn, ] A.
Chase, J. R. Mangold, and J. de La Rosa G.—
DR495-496, Los Haitises National Park, Hoto
Mayor Province, Dominican Republic, 10-VI-
1992, collected by R. H. Schefirahn, . A. Chase,
J. R. Mangold, and J. de Ia Rosa G.

Tenuirostritermes tenuirostris: Syntypes, Sierra del
Nayarit, Jalisco, Mexico, 1990, collected by L.
Diguet (IRSNB}—Calabazas Canyon, Santa
Cruz County, Arizona, 20-VII-1969, collected by
W. L. Nutting and J. M. Pasteels—MEXTS,
Road Mazatlin-Culiacdn, Mexico, 3-X-1993, col-
lected by Y. Roisin.

Velocitermes barrocoloradensis: Paratypes from
type colony, Barro Colorado Island, Panama,
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BETHYLID WASPS

"The Bethylidae attack the larvae of beetles and of moths living in hidden
situations, such as in the soil, in burrows in wood, leaf mines and galls, etc. These are
minute wasps, the females often wingless and sometimes blind. They are usually much
smaller than their hosts, and the female typically lays several eggs on the host and several
larvae develop onit...,

"Phoretic copulation: the male carries the female about for an hour or more during
mating, suspended from his posterior end by the interfocking genitalia."

H. E. Evans and M. J. Eberhard. 1970. The Wasps. University of Michigan Press, Ann
Arbor,
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SYSTEMATIC NOTES ON SOME BETHYLIDAE FROM THE VIRGIN
ISLANDS AND PUERTO RICO (HYMENOPTERA: CHRYSIDOIDEA)

Roy R. SNELLING

Research Associate, Natural History Museum of Los Angeles County, 900 Exposition
Blvd., Los Angeles, California 90007,

Abstract.—Fourteen species in eight genera are treated. New distribution records are
given for six previously described species. Eight species are described as new: Anisepyris
arawak, A. chupah, Epyris jareckii, E. karli, E. guana, Holepyris skip, Rhabdepyris
maboya (all from the Virgin Islands) and Apenesia yu (Puerto Rico). A key is provided

for temales of the known Epyris of the Greater Antilles.
Kev Words: Hymenoptera, Bethylidae, Bethylinae, Epyrinae, Pristocerinae, taxonomy

Dedication.—I am pleased to dedicate this paper te Karl, a friend and celleague and a
Hymenopterist in the truest sense, one whose work and productivity have been an inspi-

ration to many of us.

This paper is the first of at lcast two that
will treat the bethylid fauna of the islands
comprising the Puerto Rice Bank: Puerto
Rico and its immediately adjacent islands,
as well as the Virgin Islands (British and
American). Although poorly collected,
these islands very likely have an impressive
bethylid fauna, as evidenced by the diver-
sity seen in the small collection reported on
here. Most of the specimens were collected
during three brief trips to Guana Island (at
approximatcly 18°29'N, 64°34'W), situated
less than half a mile off the eastern tip of
Tortola, the largest of the British Virgin Is-
lands (BVT).

Guana Island is owned by Dr. Henry Ja-
recki and is a wildlife sanctuary. Only
about 340 hectares in size, Guana is a dry
island, now mostly regrown sccondary for-
cst. During the celonial period it supported
a small sugar cane plantation. Currently a
small hotel and support structures occupy a
portton of the island;: most of the island is
forested and little disturbed.

In addition to the specimens that [ have
been able to collect on my trips to the Ca-
ribbean, I have been able to study tvpes
critical to the current study from other in-
stitutions: the Canadian National Collection
(CNC), Ottawa; the Museum of Compara-
tive Zoology (MCZ), Cambridge; the Na-
tional Museum of Natural History
(USNM). Additionally, I have been able to
examine a smail collection of miscellaneous
bethylids from the US. Virgin Islands,
principally St. Croix, from the collection of
Meontana State University (MSUC). Unless
otherwise noted, all specimens are depos-
ited in the collections of the Natural History
Museum of Los Angeles County (LACM).

The most important works on New
World Bethylidac are those of H, E. Evans;
especially important as a starting point is
his synopsis (1964) with its keys to the sev-
eral subfamilies and their constituent gen-
eri. Subsequent to that synopsis of the fam-
ily, there bave been several important re-
visions of genera, especially those of
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Pseudisobrachium (1961), Rhabdepyris
(1963), Anisepyris (1966}, and Epyris
(1969). Pertinent smaller papers are listed
in the Literature Cited.

TERMINOLOGY

The terminology, abbreviations and ac-
ronyms used in the descriptions below fol-
low those estublished by Evans in his var-
ious publications on the systematics of the
American Bethylidae. The only notable ex-
ception is that I employ the term “‘meso-
soma’ in preference to his use of "“thorax.”
The following explanations tor the terms
are mostly those of Evans.

HE—Height of eye: maximum height (or
length) of eye as measured in lateral view,

LEFW —ILength of fore wing: measured as
a more accurate indication of size (in fully
winged forms) than body length, since the
latter is much influenced by the position of
the head and the amount of extension of the
abdomen.

LH—IL.ength of head: measured from
median apical margin of clypeus to median
point of vertex, expressed in millimeters
and/or as a ratio with width of head,

LT—Length of *‘thorax,” i.e. mesosoma:
measured in lateral view from the pronotum
{excluding the collar) to the apex of the
propodeum,

OOL—~Ocellocular line: shortest distance
from a lateral ocellus to nearest eye margin,

PD—Puncture diameter.

WF—Width of front: minimum width,
i.e. at the point of closest approximation of
the eves,

WH—Width of head: maximum width,
including eyes, usually expressed as a ratio
with length of head and/or maximum width
of mesosoma,

WOT—Width of ocellar triangle: dis-
tance across and including lateral (posteri-
or) ocelli.

Antennal  segments;  Antennal segments
are numbered from first to last, the scape be-
ing the first segment; refercnee to following
segments is abbreviated o A2, A3, A4, etc.

Discal carinae [of propodeum]: the ma-
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jor longitudinal carinae of the propodeal
disc, including median but excluding sub-
lateral and lateral carinae.

Lateral carinae [of propodeum]: the
longitudinal carinae atong the sides of the
propodeal disc.

Length of propodeal disc: measured
along midline, but exclusive of declivity.

Length of propodenm: measured in full
dorsal view including declivity and includ-
ing the projections which embrace the sides
of the mesonowm (in females in which
these are present),

Propodeal formula: in wingless females,
the width of the propodeum anterior (o the
constriction as compared to the width at the
constriction and as compared to the greatest
width posterior to the constriction.

Transverse carina [of propodeum]: the
trunsverse carina margining the propodeal
disc behind (i.e. separating it from the de-
clivity).

Width of propodeal disc: the maximum
width in full dorsal view.

In order to facilitate comparison, the de-
scriptions of new species follow the same
format and style as those of Evans in his
various publications on bethylids,

SUBFAMILY BETHYLINAE
Goniozus crassifemur Evans

Garniozus crassifemur Evans, 1969a: 10—
1 9. ‘

This species was described from Dom-
inica (type locality) in the Lesser Antilles
and from St. Croix. Evans (1970} reported
on and characterized a male from Cuba that
he tentatively assigned to this species.

Specimen examined: BRITISH VIRGIN
ISLANDS, Guana [: 1 2, White Beach
flats, 2430 June 1993, Malaise trap (R. R.
Snelling).

Parasierola rivularis Evans
Parasierola rividaris Evans, 196%a: 7-8; €.

Although originally based on specimens
from Dominica, P. rivularis was later re-
corded from Jamaica by Evans (1970).
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Specimens  examined: BRITISH VIR-
GIN ISLANDS, Guana .. 2 9%, North
Beuch woods, [5-20 Apr. 1993, Malaise
trap (R. R, Snelling); 1 %, same except 20—
25 Apr. 1993: 1 2, same except 24-30 June
1993 [ 2, same except White Beach, -7
July 1993,

SUBFAMILY EPYRINAE
Anisepyvris aurichalcens (Westwood)

Epvris aurichaleens Westwood, 18374 160-
161, pl. 31, fig. 3; 2.

Anisepvris aurichalceus: Kieffer, 1905: 96.
Kieffer, 1914: 442, Evans. 1964: 99,
Evans, 1966a: 7, 21--24; figs. 10-11, 20-
22,29, 2 8.

Anisepvriy viridis Kietfer, 1907: 12-13; &.
Preoccupied.

Anisepvris viridellus Kieffer, 1914: 438,
New name. Evans, 1959: 70, 71.

Anisepyris cubensis Fouts, 1928: 125-
126; 2.

Evans (1966a) noted that this species,
originally described from Cuba. is widcely
distributed in the Greater Anttlles, includ-
ing Puerto Rico, St. Thomas and St. Kius;
one specimen was recorded from Miami,
Florida. It is probably also present on His-
paniola and Jamaica.

Specimen examined: BRITISH VIR-
GINS ISLANDS, Guana [: 1 &, lower
Quail Dove Ghut, 20-25 Apr. 1993, Mal-
ais¢ trap (R, R. Snelling).

Anisepyris arawak Snelling,
NEW SPECIES
Figs. I, 11, 23, 26

Holotype: &, BRITISH VIRGIN IS-
LANDS, Guana I.: Long Man's Point trail,
23-30 Oct. 1962, Malaise trap (R, R, Snell-
ing, in LACM).

Pararvpe: 3, same data as holotype, in
LACM.

Descriprion: Length 3.6-3.8 mm; LFW
2.23-232 mm.

Head and most of mesosoma bright me-
tallic green, with scattered coppery reflec-
tions (most conspicuous on lower frons).

side of pronotum and side of propodeum
blackish green; carinate area of propodeal
disc blackish; metasoma black: antennae
blackish, bul with weak greenish reflec-
tions, especially on scape: mandibles and
legs testaceous; wings hyaline and slightly
brownish.

Margins of head above eyes, in frontal
view (Fig. 11), slightly convex and con-
vergent, broadly rounded onto weakly con-
vex vertex, Clypeal apex acute, median ca-
rina projecting slightly beyend margin.
Mandible 5-dentate. apical and preapical
teeth subequal and larger than inner 3
teeth. Antennal scrobes weakly carinate.
Median impression of trons elongate,
weak, WH 1.0-1.04 X LH; eves conver-
gent below; WF 0.62-0.63 X WH, 1.23-
1.24 X HE: distance from eye summit to
summit ot vertex 0.48-0.53 X HE. Ocellar
triangle compact, OOL 0.92-1.00 X WOT.
Antennae elongate, A3 about 0.3 as long
as A2, Ad and All each about 4% as long
as wide. Frons strongly alutaceous and
moderately shiny, [ower one-half appear-
ing granulose; punctures minute, sepurated
by 1.5-3.0 PD.

Dorsuem of mesosoma slightly shinier and
less strongly alutaceous than frons; punc-
tures of pronotum and mesoscutum similar
to those of frons but mostly separated by
about 3.0 PD, Scutellar groove curved back
and slightly enlarged at each end. Propodeal
disc (Fig. 1) about 1.4X as wide as long,
with five well developed carinae and two
much weaker submedian carinae; posterior
fovea distinct; sides of disc alutaceous and
moderately shiny; side of propodeum very
delicately longitudinally striate, Lower
mesepisternal fovea broadly open above.
Tarsal claws dentate.

Apical margin of subgenital plate dis-
tinctly projecting in middle and concave be-
tween short submedian tecth (Fig. 23). Dor-
sal arm of cuspis obliquely narrowed to
subacute apex (Fig. 26); apex of paramere
truncate in profile (Fig. 26).

Ervmology: Named for the Arawak peo-
ple. resident in the Virgin Islands prior to
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Dorsal view of propodeum: |, Anisepyris arawak; 2, A, chupah; 3, Epyris guana, 4, E. jareckii,

5, E. karli, 6, Holepyris skip, 7, Rhabdepyris mahaya; 8, Apenesia yu. Figs, 9-10, forewing: 9, Epyris guana:

13, E. karil.

the arrival of Europeans; the name is a noun
in apposition.

Remarks: This species belongs to the ex-
cisus group of Evans (1966a), the males of
which are characterized by the very elon-
gate antennae, the distinctly carinate anten-

nal scrobes, and the head and mesosoma
metallic greenish or bluish. There are four
described species in this group, three of
which (A. excisus Evans, 1959; A, darling-
roni Evans, 1966a; A. jocundus Evans,
1966a) are found in the Grester Antilles and
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21

20
19

Fips. 11-18. Frontal view of head: 11, Anisepyris arawak; 12, A, chupal, 13, Epyris guana; 14, £, jareckii,
15, E. karii; 16, Holepyris skip; 17, Rhabdepyris maboya, 18, Apenesia yu. Figs. 19, 20, clypeus and mandible,
respectively, of A. yu. Fig. 21, mandible of Epyris manni.

one (A. dominicanus Evans, 1966a) in the tures of the frons, the well defined carina
Lesser Antilles. Males are known only for  bordering the antennal scrobe, and the pro-
A. darlingtoni and A, jocundus; both differ file of the genitalic capsule (Fig. 25). These
from A. arawak by the coarser, closer punc-  are also larger species. Other species of An-
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25 26

Figs. 22, 23.

=
27 28

Male subgenital plate: 22, Anisepyris chupah; 23, A. arawak. Figs. 24-28, lateral view of male

genitalia: 24, Anpisepyris ecuadoriunuyy 25, A. jocundus, 20, A, arawak; 27, A. chupaly, 28, A, mewallicus. Figs.

24, 25, 28 redrawn from Evans (1966).

isepyris occur in the Greater Antilles, but
males of these, when known, have shorter
antennae (A3+A4 no more than 2.8X as
long as thick, All no more than 3X as long
as thick), many lack scrobal carinae, or dif-
fer in various other features.

From A. chupah, described below, A. ar-
awak differs in the much coarser sculpture
of the lower frons, the partially metallic
greenish propodeal disc, the presence of
seven discal carinae, and the generally
areenish color.

Anisepyris chupah Snelling,
NEW SPECIES
Figs. 2, 12, 22, 27

Holorype: 4, BRITISH VIRGIN I[S-
LANDS, Guana [.: North Beach woods, 7-
12 July 1993, Malaise trap (R. R. Snelling),
in LACM,

Pararypes: | &, same data as holotype
(LACM), U.S. VIRGIN ISLANDS, 5§t
John: 1 &, Estate Caneel Bay, Caneel Hill,
240 ft., 17 Dec. 1991-2 Jan. 1992 (" VIBFP
collectors™; MSUC). §r. Creix: 1 &, Estate
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North Star, 60 1t., 23 Feb,—23 Mar. 1993 (J.
Keularts; MSUC); 1 &, same except 23
Muar-23 Apr. 1993, 1 &, same except 19
Jul.~23 Aug. 1993,

Descriprion: Length 3.4-4.5 mm: LFW
2.03-2.55 mm,

Head, pronotal disc, mesoscutum, scutel-
lum, and mesepisternum dark blue-green;
side of pronotum, entire propodeum, and
metasoma black; antennae blackish brown,
scape with very weak metallic retlections;
mandibles brown at base, becoming testa-
ceous distad: legs testaceous, except coxae
and femora brown: wings hyaline and
slightly brownish.

Head (Fig. 12) ubout as described above
for A. arawak, but lower frons evenly alu-
taceous. not appearing granulose, and not
contrasting with upper frons. Mandible
with 5 prominent teeth, inner 4 approxi-
mately equal in size, smaller than apical
tooth. Lower margin of clypeus anguiate
in middle. WH 1.04-1.05 X LH; WF
0.62-0.67 X WH, 1.25-1.50 X HE; dis-
tance from eye summit to summit of vertex
0.43 X HE: OOL 1.33 X WOT. A3 about
0.5X length of A2; All about 2.1X as long
as wide.

Mesosoma about as described for A, ara-
wak, but scutellar groove distinctly en-
larged at each end; propodeal disc (Fig. 2}
about 1.4X as wide as long, with five ca-
rinae, submedian pair extending about 0.66
of distance to posterior carina and outer pair
about cne-half length of submedian pair;
carinate area shiny, with irregular trans-
verse rugae, remainder of disc alutaceous
and duller.

Apical margin of subgenital plate nar-
rowly rounded in middle (Fig. 23). Apex of
dorsal arm of cuspis acute (Fig. 27). apex
of paramere truncate in profile (Fig. 27).

Ervmology: This species is affectionately
dedicated to a long-time resident of Guana
Island, **Chupah,” a large female of Iguana
pinguis, who has a definite “sweet tooth™;
the name is a noun in apposition.

Remarks: This species differs from the
preceeding most notably in the stouter an-

tenna, the presence of only five discal cari-
nae and the narrowly rounded subgenital
plate.

In Evan’s revison (1960) of Anisepvris,
A. chupah keys to couplet 20 separating A,
merallicus Kieffer, 1905, and A. ecuadori-
anus Evans, 1966, These species belong 10
the proteus group of Evans, a large complex
with about 30 species ranging between the
southwestern United States and Brazil and
Bolivia: one species. A. insularis (Ash-
mead, 1394) has been described from St
Vincent in the Lesser Antilles, Both A. ecu-
adorianus and A, insularis have seven dis-
cal carinae and the integument of both head
and mesosoma is black (limited “weak™
metallic reflections present on frons, pro-
notum and mesonotum of A. ecuadorianus).
From both species A, chupah further differs
in genitalic features (compare figure 27
with 24 and 28). The antennae of A. me-
tallicus are more elongate (All 2.5-3.0X as
long as thick) and the propodeal disc is
transversely striate outside the median car-
inate area.

Epyris guana Snelling,
NEW SPECIES
Figs. 3,9, 13

Holorvpe: 2, BRITISH VIRGIN IS-
LANDS, Guana I.: Long Man's Point trail,
23-30 Oct. 1992, Malaise trap (R. R. Snell-
ing), in LACM.

Description: Length about 3.5 mm;
LFW 1.91 mm.

Front of head and dorsum of mesosoma
dark metallic green, except anterior band on
mesoscutum and entire propodeal disc
blackish; side of mesosoma blackish but
mescepisternum  with dark greenish tints;
metasoma piceous, two apical scgments
dark reddish brown; untennae and legs tes-
taceous. Wings hyaline and with weak
brownish tinge.

Mandible tridentate. Clypeus with nar-
rowly rounded median lobe; lateral lobes
much shorter and much more broadly
rounded. Antennal sockets about on level
of lower margin of eyes (Fig. 13), scape
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about 3X as long as wide; ratio of first four
antennal segments, 30.7:6:7, A3 slightly
wider than long. All slightly longer than
wide. Eyes with sparse, long hairs. WH
about 0.85 X LH: WF 0.69 X WH, 1.57
X HE: vertex nearly flat in fromal view,
distance from summit of eye to summit of
vertex about 0.71 X HE. Ocellar triangle
compact, well above level of tops of eyes:
OOL 1.60 X WOT. Frons shiny, weakly
alutaceous, especially betwcen eyes and
ocelli, punctures sparse and well defined.

Pronotal contours evenly rounded; pro-
notal disc about 2X as long a5 mesoscutum;
pronotal disc more sharply alutaceous than
frons, similarly punctate; mesoscutum sim-
ilar, with 2 few close, fine punctures be-
tween notauli; scutellum shinier, with scat-
tered punctures; scutellar pits short and
oblique, separated by more than their
lengths. Notauli complete. Propodeal disc
(Fig. 3) distinctly wider posteriorly, about
1.18% as wide as long; median area shiny,
reticulate but without lateral discal carinae
other than cutermost defining median area;
lateral area becoming almost smoeoth pos-
terolaterad. Profemur stout, about 2X as
long as wide; mesotibia strongly spinose;
submedian tooth of tarsal claw minute.
Transverse median vein of forewing strong-
ly oblique, recurrent posteriorly (Fig. 9).
Metasoma polished.

Erymology: Named for Guana Island; the
name is a noun in apposition to the generic
name,

Remarks: In the revision of Epyris
(Evans, 1969b), £. guana will key to the
tricostatus group and, within that group, to
E. hirsutus Evans, a Brazilian species. As
in that spccics, the head and mesosoma are
very sparsely punctate, but E. guana has the
head more lengthened above the eyes (dis-
tance from eye summit to leve! of vertex
margin only about 0.50 X HE in I hirsu-
tus) and the mandibles are tridentate. Sep-
arable trom other Antillean Epyris as indi-
cated in the key below.
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Epyris jareckii Snelling,
NEW SPECIES
Figs. 4, 14

Holorvpe: 2, BRITISH VIRGIN IS-
LANDS, Guana [.; Long Man's Point trail,
23-30 Oct. 1992, Malaise trap (R, R. Snell-
ing), in LACM.

Pararvpe: %, same except White Beach,
1=7 July 1993.

Description:
LFW 2.7 mm.

Head. pronotuni, mesoscutum, scutellum
and mesepisternum dark green; propodeum
{including disc) and metasoma black, last
two metasomal segments reddish; mandi-
bles, antennae, tegulae and legs testaccous.
Wings hyaline, weakly brownish,

Mandible simple, i.e. with no defined
teeth based of apical tooth. Median lobe of
clypeus narrowly rounded; lateral lobes
much shorter and more broadly rounded.
Antennal sockets well below leve! of lower
end of eye (Fig. 14), scape almost 3X as
long as wide; ratio of first four antennal
segments, 28:6:6:7; A3 about as wide as
long, All slightdy longer than wide. Eyes
nearly bare, but with scattered long hairs
behind. WH about 0.82 X LH; WF 0,74 X
WH, 1.70 X HE;: vertex nearly flat in fron-
tal view, distance from summit of eye to
leve! of vertex margin about equal to HE.
Ocellar triangle compact, anterior angle
nearly 90°, OOL about 1.9 X WOT. Frons
slightly shiny and sharply alutaceous be-
tween fine, well defined punctures that are
1.5 PD or more apart.

Pronotal contours evenly rounded, disc
about 2X as long as mesoscutum; sculpture
of disc, mesoscutum and scutellum similar
to frons, but mesoscutum anteriorly im-
punctate and with (ine, close punctures on
posterior half, Notauli complete. Scutellar
pits oblique and separated by slightly more
than their lengths. Propodeul disc (Fig. 4)
about 1.4X as wide as long; median area
shiny, coarsely reticulate, reticulae with
more or less longitudinal bias; lateral areas
shiny and very weakly roughened. Pro-

Length about 5.1 mm;
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femur stout, about 1.8X as long as wide:
mesotibia strongly spinose: submedian
tooth of tarsal claw minute. Transverse me-
dian vein of forewing strongly oblique, re-
current posteriorly. Metasoma polished.

Pararype agrees generally with above de-
scription except: length about 4.8 mm:
LFW 2.3 mm: WH 0.89 X LH: WF 0.70 X
WH, 1.64 X HE; distance from summit of
eye o level of vertex margin slightly less
than HE; OOL about 1.8 x WQOT.

Ervmology: This species is dedicated to
Dr. Henry Jarecki, in appreciation of his
support of my research on Guana Island.

Remarks: This is another member of the
tricostatus group and will run to couplet §
in Evans® key but fails to agree with either
lug. This species is separable from other
Antillean Epvris as noted in the key below,

Three males from Guana Island may be-
long to this species: [, North Beach woods,
20-25 Apr. 1993, malaise trap (R. R, Snell-
ing): L. same except White Beach, 1-7 July
1993, 1, same except Long Man’s Point
trail, 23-30 Oct. 1992,

The mandibles are slender and possess an
oblique, edentate cutting edge. The third
antennal segment is not ring-like, and is
about 1.5 as long as the second, and about
0.75% as long as the fourth. The frons is
modcerately shiny, sharply alutaceous and
with sparse, minute punctures. WH about
equal to LH; WF about 0.8 X WH, about
1.6 X HE; distance from eye summit to lev-
el of vertex margin about 0.4 X HE: QOD
about 1.1 X WOT.

Epyris karli Snelling,
NEwW SPECIES
Figs. 5, 10, 15

Holotype: €. BRITISH VIRGIN I[S-
LANDS, Guana .. White Beach, -7 July
1993, Malaise trap (R. R, Snelling), in
LACM.

Description: Length about 4 mm; LFW
1.9 mm.

Head and dorsum of mesosoma dark
green, except median area of propodcal
disc; median area of propodeal disc, side of

mesosoma, metasoma all blackish, but last
two metasomal segments somewhat red-
dish: mundibles. antennae (except blackish
dorsum of scape), tegulae, tibiae and tarsi
ull yellowish brown; femora blackish ex-
cept at base and apex where they are vel-
lowish brown. Wingly hyaline, faintly
brownish,

Muandible tridentate. Clypeus with nar-
rowly rounded median lobe; lateral lobes
much shorter and more broadly rounded.
Antennal sockets shghtly below level of
lower eye muargin; ratio of Arst four anten-
nal segments about 27;10:7:10; A3 about as
wide as long, All shightly longer than wide.
Evyes with sparse short hairs. WH (Fig, 15)
about 0.9 X LLH; WF 0.63 X WH, 1.26 X
HE. vertex margin nearly flat in frontal
view, distance from summit of eye to level
of vertex margin about 0.71 X HE. Ocellt
in compact triangle well above level of
eyes. near vertex margin; OOL 1.30 X
WOT. Frons shiny and weakly alutaceous,
punctures sparse and well defined.

Pronotal contours evenly rounded, disc
more than 2X as long as mesoscutun; pro-
notum, mesoscutum and scutellum texture
similar to frons, pronotum with similar,
more widely spaced punctures. Notauli
complete, but narrower anteriorly. Scutellar
pits short and oblique, separated by about
3% their length. Propodeal disc (Fig. 5)
about 1.5X as wide as long, median area
granulopunctate and with about six short,
obscure discal carinae in addition to com-
plete median carina; remainder of disc
slightly shiny, sharply and finely aluta-
ceous. Profemur stout, about 1.7X as long
as wide; mesolibia conspicuously spinosc;
median tooth of tarsal claw minute. Trans-
verse median vein of forewing moderately
curved, not recurrent behind (Fig. 10).
Metasoma polished.

Eryvmology: It is with pleasure that I
dedicate this species to my respected friend
and colleague, Karl Krombein, a fellow
Hymenopterist (as opposed 10 myrmecolo-
eist, melittologist, sphecidologist, ete.).

Remarky: Unlike the foregoing two
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species, £, karli 1s 4 member of the rufipes
group and in the key to members of that
aroup by Evans (1969b) lails at couplet i1
since it dees not agree with the combination
of features in either lug. Separable from
other Antillean Epyris as noted in the fol-
lowing key.

KEY TO GREATER ANTILLEAN [ZPYRIS,
Females Only

1 Mandibles lacking claw-like apical tooth and
never with ventral toeth beneath it; head lon-
gerthan wide ... oL P

- Apical ooth of mandible curved and claw-
like and with smmall 1ooth on margin (Fig.

21 head shightly wider than leng ... ...
........................ mranai Evans

2{1) Heud and dorsum of mesosoma (except pro-
podeum) dark metallic green; discal cannae
not as below; wings uniformly light brown

- Head and pronowmm (except dark posterior
margin) rufotestaceous; mesosoma otherwise
black: propodeum with three median discal
curinae extending 1o posterior carina; fore-
wing with 2 brown spows . . Aispaniolae Evans

32} Median area of propedeal dise more or less
shiny, not dull and grunulopunctate . . ... 4

- Median arca of propodeal disc dull and graa-
ulopunctate, discal carinae very short

......................... karli, n. sp.

4(3) Transverse median vein of forewing strongly
oblique, sharply recurremt behind (Fig. 9) 5

—  Transverse medion vein only moderately
oblique, rounded behind but pot recurrent
(Fig. 1) ............ ..., cubanus Evans

5(4) Ocellocular area as densely and sharply alu-
ceous as middle of frons: propodeal dise,
adjacent to median arca, without transverse
striolation; eye about as long as distance
from cye summit to level of verex margin

....................... jareckii, n. sp.

- Ccellocular area censpicuousty shinier and
less definitely sculptured than middle of
frons; propodeal disc, adjacent to median
areq, with uansverse siriolation; eye length
about [.25% distance from eye summit (o
level of vertex margin ... ... .. guana, n. sp.

Genus Holepyris Kieffer

The genus Holepyris has not, as noted
previously by Evans (1970), been subjected
to u modern revision. Fourteen species were
reported from the New World by Evuns
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(1964), three from the Caribbean. One addi-
tional Caribbean species was described by
Evans (1970).

Holepyris incertus {Ashmead)

Epyris incertus Ashmead, 1894: 189: 4.
Holepyris incertus: Kiefter, 1914: 389,
Evans, 1969: 5. 1970: 347-348,

This appears to be o common and widely
distributed species. The type locality is St.
Vincent; Evuns (1969) recorded it first from
Dominica and then (1970) from St. Croix,
St. John, and St. Thomas, in the U.S. Virgin
Islands, and from Cuba.

Specimens examined: BRITISH VIR-
GIN ISLANDS, Guana I: 2 2%, lower
Quail Dove Ghut, 15-20 Apr. 1993, Mai-
aise trap (R. R. Spelling); 2 ¢ %, same ex-
cept 20-25 Apr. 1993; 1 &, same except
North Beach woods, 15-20 Apr. 1993; 1 ¢,
same except North Beuach woods, 24-30
June 1993; 2 29, same except White
Beach flats; 2 29, same except White
Beach, 1-7 July 1993, 2 29,4 &4, same
except plantation area, 16-20 Oct. 1992; 2
% ¢, sume except Long Man's Point trail,
23-30 Oct. 1992, PUERTO RICO, Mona
1.1 9, Casuarina plantation, 7-13 Nov.
1992, Malaise trap (R. R. Snelling & J. A.
Torres).

Holepyris skip Snelling,
NEW SPECIES
Figs. 6, 16

Holotype: %, BRITISH VIRGIN IS-
LANDS, Guana I.; White Beach, 7—-12 July
1993, Malaise trap (R. R. Snelling), in
LACM.

Paratypes; 2 2%, sanie except 1-7 July
1993; 1 2, same except White Beach fats,
24-30 June 1993; 1 ?, same except plan-
tation area, 16-20 Oct. 1992. Paratypes in
LACM and MCZ,

Description: Length about 3.4-3.9 mm;
LFW 1.66-2.15 mm.

Head and body blackish; mandibles
{mostly), antennae and legs testaceous,
Wings hyaline, brown tinged.
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Entire front of head with abundant long,
course, reclinate sc¢tae, those of frons di-
rected dorsad, those of vertex exceptionally
long and directed mesad; several exception-
ally long setae at dorsolateral angles reach
down along head muargin to slightly below
eye summits, Similar setae also present on
eula, dorsum and sides of mesosoma: somne
long setae present also on primary wing
veins,

Margins of head (Fig. 16), above level of
eves subparallel and abruptly rounded onto
vertex: vertex nearly straight in frontal
view. Clypeus targe, median lobe extending
well below [ateral lobes and its apex nar-
rowly rounded; median carina evely arched
in profile. Antennae arising well below low-
er ends of eyes, scrobes ecarinate; ratio of
first four segments about 30:9:6.5:9; All
about 1.3X as long as wide. WH 0.71-0.72
X LH; WF 0.65-0.68 X WH, 1.26-1.36 X
HE. distance from ¢ye summit to summit
of vertex 1,06—1.07 X HE. Anterior ocellar
angle obtuse; OOL about 1.3 X WOT
Preoccipital carina wceakly defined across
back of vertex. Frons alutaceous and shiny
between numerous minute punctures sepi-
rated by 1.5-2.5 PD.

Pronotal disc about 1.3X as wide as me-
dian length; anterior margin without defi-
nite thickened ridge; posterior margin not
paralleled by a series of small foveae, Par-
apsidal furrows complete, but notauli ex-
tending only slightly beyond midlength of
mesoscutumn; scutellar greove about 53X as
wide as median length. Propodeal disc (Fig,
6) about as wide as long, margins subpar-
allel in dorsal view for most of length, very
slightly convergent distad; median carina
complete; two very short and weak sub-
median carinae present; outer discal carina
strong and extending beyond midlength;
disc irregularly transversely striate. Profe-
mur about 1.8X as long as deep; mesotibia
aspinose.

Erymology: This species is named for
James *“*Skip” Lazell, whose interest and
enthusiasm were instrumental in fostering
my work on Guana Island,

Remarks: In addition to the above type
material I have seen a single female from
PUERTO RICO, Mona I.: Casuarina plan-
tation, 28-30 Oct. 1991, Malaise trap (R.
R. Spelling and J. A. Torres).

Among the species of Holepyriy present-
ly known from the Greater Antilles, H. skipi
is casily recognized by virtue of the closely
punctate frons with abundant coarse, recli-
nate setae. Somewhat similar setae are pres-
ent in H. incertus, but they are finer and the
surface of the frons is dull, owing 1o the
denser and more sharply defined sculptur-
ing, In that species, too, the dorsolateral an-
ales of the head are more rounded and the
median clypeal lobe is short and propor-
tionately broader,

The only other species in our area is H.
vison Evans, 1970, a smaller and conspic-
uously more gracile species that lacks the
cephalic setae; the WH is only about 0.62
¥ LH and the distance from the eye summit
10 the summit of the vertex is about 1.5 X
HE. Only the type of H. vison, from St
Croix, is known,

Rhabdepyris maboya Snelling,
NEwW SPECIES
Figs. 7, 17

Holotype: 2, BRITISH VIRGIN IS-
LANDS, Guana [.; North Beach woods, 1-
7 July 1993, Malaise trap (R. R, Snelling;
LACM).

Paratypes: 1 %, same daia as type; 1 2,
2 &4, same except 20-25 Apr. 1993; in
LACM. U.S. VIRGIN ISLANDS, St. John:
1 2, Estate Coral Bay, 14 May 1984 (W.
B. Muchmore; MSUCQC),

Description:  ?: Length about 2.5-2.9
mm; LFW 1.37-1.45 mm.

Head coppery, becoming metallic emer-
ald green on vertex; mandibles and anten-
nae testaceous, scape paler beneath, Aagel-
lum darker above. Dorsum of mesosoma
metallic emerald green, except propodeal
disc darker: side of pronotum emerald
grecn, mesepisternum more or less coppery,
side of propodeum darker, more bluish: legs
testaceous, except outer face of profemur

124




CONTRIBUTIONS ON HYMENOPTER A

mostly blackish, with strong greenish to
biuish reflections. Wings hyaline, brown-
tinged. Metasoma piceous.

Mandible slightly longer than malar area.
Clypeus obtusely angulate in frontal view
and with distinct median woth (Fig. [7):
median carina sinuate in profile. Ratio of
first four antennal segments about 22:7:6:7;
distal segments (except last) slightly wider
thun leng. WH 1.02-1.03 X LH: WF 0.59-
0.62 X WH, 1.16-1.18 X HE. Ocelli small,
angle at anterior ocellus slightly less than
90° OQOL and WOT subequal. Frons so
coarsely alutaceous as lo appear granulose,
but strongly shiny, scattered minute punc-
tures almost indiscernible.

Pronotum, mesoscutunt and scutellum
shiny., much more weakly alutuceous than
frons and with scattered obscure punctures.
Prenotal contours evenly rounded, groove
purallel with posterior margin absent across
middle one-half. Notauli strongly divergzemnt
cephalad, strong behind, but barely percep-
tible anterorly. Scutcllar groove slightly
widened at each end. Propodeal disc (Fig.
7) about 1.4X as wide as long; disc shiny;
median area tricarinate and with one ob-
scure, very short carina at lateral margins
of median area; entire disc irregularly trans-
versely striate, more coarsely so in median
area. Profemur about 2.7X as long as wide.

d. Length 1.8-2.0 mm: LFW 1.10-1.13
mm,

Color about as in female but frons less
strongly coppery and with more greenish
tints, mesepisternum cmerald green, side of
propodeum blackish. Antennae brown, pal-
er bencath, especially scape. Coxae, tro-
chanters and femora blackish and with
strong green reflections. Protibia testaceous.
meso- and metatibiae brown; tarsal seg-
ments testaceous.

Quter two teeth of mandible much stron-
2er than three inner teeth, Ratio of first four
antennal segments 14:5:8:7, segments 3 and
11 each about 2X as long as wide. WH
[.O8—1.13 X LH; WF 0.62-0.65 X WH,
1.45-1.48 X HE; OOL 0.82-0.88 X WOT.

Ervmology: The specific name is a Taino
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{Arawak) word for a perversc or trouble-
some spirit.

Remarks: Both this species and the next
helong to the nominate subgenus of Rhubd-
epvris as defined by Evans (1965): The eyes
are bare and the head, body and principal
wing veins are clothed with muany course,
dark setue: the posterior margin ot the pro-
notal disc is paralleled by a groove, usually
foveate, aithough this groove is broadly in-
terrupted in the two species found in the
Virgin Islands. In Evans’ key to the species
of this subgenus R, mabova will run to cou-
plet 3 separating R. fwmac/iucae Evans (Ar-
izona) and R. muesebecki Evans (México to
Bolivia) and is most similar to R. muese-
becki. From that species, as described by
Evans, R. mubova differs by the more ro-
bust untennal segments, the different pro-
portions of the head and the characteristic
sculpture of the frons.

This specics differs from R, versicolor
Evans by the much coarser sculpturing, es-
pecially of the frons, as well as the brighter
color. A median clypeal tooth is conspicu-
ous in R. mabova but lacking in R, versi-
color. A third species present in the Greater
Antilles, R. muesebecki Evans, ranges from
the southeastern United States (Missouri
and Florida) south to Bolivia, and was re-
ported from Hispaniola (Dominican Repub-
lic) by Evans (1979}, but is a more typical
member of Rhabdepyris s. str., in that the
head and body arc black and without me-
tullic coloration.

Rhabdepyris versicolor Evans

Rhabdepyris (Rhabdepyris} versicolor
Evans, 1970:342; fig. 1; 9.

This species was originally described
from u single female collected at East Point,
St. Croix. The specimens recorded below
agree very closely with the type except that
the metallic green color of the mesosoma is
more brilliant, especially on the propo-
deum. In my specimens the mundibie, scape
and second antennal scgment are very pale,
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almost white: these areas are only slightly
more yellowish in the type.

Specimens examined: BRITISH VIR-
GIN ISLANDS, Guana f: 1| 2, North
Beach woods, 20-25 Apr. 1993, Malaise
trap (R. R. Snelling): | %. same except -
7 July 1993; | 2, same except White
Beach, 7-12 July 1993.

Scleroderma wilsoni Evans

Scleroderma wilsoni Evans, 1964:179; 2.

This odd little species was originally de-
scribed from an apterous female from Pinar
del Rio, Cuba. The present specimens differ
from the type most obviously in their color:
the head and body are brown, rather than
bright testaceous. But, as in the type the
posterior portion of the propodeum is very
pale, almost white.

One of the females is fully alate; the oth-
ers are apterous. Such polymerphism is
usual in Scleroderma, as pointed out by
Evans (1964). Aside from the presence of
wings and the mesosomal structure usual to
an alate wasp, this specimen closely resem-
bles the apterous specimens, especially in
color, However, in addition to the largely
pale propodeum, the pronotum is also pale,
but the pale color of both areas is tinged
with brown.

The following measurements and propor-
tions will augment the description of the
type; figures for the alate individual are in
parentheses. Length about 2.0-3.5 (2.9)
mny;, (LFW 1,70 mm); LH 1.14-1.19 (1.14)
X WH; WF 0.53-0.55 (0.57) X WH, 1.50-
1.62 (1.47) X HE; mesosoma length 0.60-
1.00 (0.91) mm.

Specimens  examined: BRITISH VIR-
GIN ISLANDS, Guana f: 1 %, North
Beach woods, 15-20 Apr. 1993, Malaise
trap (R. R. Snelling): 1 2, same except 20—
25 Apr. 1993; 1 € (alate), same except 1-
7 July 1993, PUERTO RICO, Mona f.: 1
2, near airstrip, 13 Nov. 1992, ex gallery
in dead branch of Leucaena leucocepihala
{Fabaceae) (R. R. Spelling and J. A. Tor-
res),

SuBFAMILY PRISTOCERINAE
Genus Apenesia Westwood

Apenesia 1s a large tropicopolitan genus
with extensions into temperate regions. The
New World fauna was revised by Ewvans
(1963). At that time 63 species were rec-
ognized, three of which were known to oc-
cur in the Caribbean. Later, Evans (1969a,
¢} described an additional six Canbbean
species. Previously described species from
this area are;

A. caribbea Evans, 1969a, ¢ (Domini-
ca); A. cubensis Evans, 1963, 4 (Cuba); A.
delicara Evans, 1963, ¢ (Jumaica); A. dom-
inicana Evans, 1963, 2 (Domintca); A.
Aaviscapus Evans, 196%a, & (Dominica): A,
imsulana Evans, 1969¢, & (Jamaica); A. ja-
maica Evans, 1969c, 4 (Jamaica): A, luteo-
la Evans, 1969¢, & (Cuba); A, vauricorum
Evans, 1969¢, £ (Jumaica).

One additional species, represented by a
single temale, is now available from Puerto
Rico, the first Apenesia from that island.

Apenesia yu Snelling,
NEW SPECIES
Figs. 8, 18-20

Holotype: ¢, PUERTO RICQ: EI
Yungue, 2000 ft elev, 29 July 1950 {(W. E
Buren), in LACM.

Description: Length 3.7 mm; LH 0.78
mm; WH 0.64 mm; LT 1.19 mm,

Head and body reddish yellow, append-
ages paler, tips of mandibles reddish.

Head shiny (Fig. 8), almost polished be-
tween dense to subcontiguous, codrse,
sharply defined piligerous punctures. Man-
dible with three distinct teeth, basal angle
of dentate margin broadly rounded (Fig.
20). Clypeus (Fig. 19) with decply V-
shaped median emacgination, median carina
or ridge present along distal 0.60, terminat-
ing at apex of emargination, Margins of
heuad, in frontal view, weakly divergent be-
low s that greatest WH is about 1.2X least
WH: LH 1.22 X WH: vertex very weakly
convex in frontal view, Eye slightly longer
than wide, apparently consisting of a single
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facet; distance between eyes 6 X HE and
eye width slightly greater than length of
malar area. Scape curved, about 4X as long
as wide;, flagellum much widened distad.
Pronotul disc 1.2 its posterior width: sur-
face shiny and weakly alutaceous, with
some widely scattered punctures laterad.
Mesoscutum about .53% as [ong as wide:
sculpture similar to pronotum. Maximum
length of propodeum (Fig. 8) about 2.0 X
maximum width; maximum width of disc
1.30 X minimum width; distance from mid-
point of constriction to anterior margin of
disc equals about one-halt width of con-
striction; propodeal formula 22:28:30; disc
shiny, alutaceous, laterally with coarse,
close punctures, delimited posteriorly by
transverse carina. Dorsal face of mesepi-
sternum broadly rounded onto lateral face.
Mesotibia strongly spinose; metatibia pilose
only,

Metasoma petiole short and broud, length
about 0.2 X length of metatibia.

Ervmology: The name is a Taino (Ara-
wak) word for clear or white, in reference
to the prominent. single-faceted eye.

Remarks: Females of Antillean Apenesia
are known only for A, delicara and A. dom-
inica. In each of these the punctation of the
head is fine and inconspicuous and the pro-
podeal constriction is much more profound,
It is possible that A, yu is the female of one
of the Cuban or Jamaican species presently
known only from males. In the Apenesia
revison by Evans (1963) this species would
kKey o A. dominica cxcept that the propo-
deal disc lacks the longitudinal median im-
pression found in that species,
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UNIVERSITY OF MARYLAND AT COLLEGE PARK

CULLEGE OF LIFE SCIENCES o DEPARTMENT OF ENTOMOLOGY

30 October 1996

Dr. James D. Lazell
The Conservation Agency
3 Swinburneg Strest

Conanicut Island, Rl 02835

Dear Skip,

As always, the only problem with my time on Guana Island was that it was too short. Even with the
time constraints, however, the stay was productive, and both Bob Denno and | are extremely
pleased with the way that cur Tropical Ecology Course developed. Each of the students had a
valuable experience, and their short but insightful projects will hopefully serve as pilot studies for
future work on the fauna of Guana.

Skip, you were an immense help to the course - first in supporting the concept, and throughout
our stay in facilitating its success. You went out of your way to make sure that we had what we
needed and to acquire it if it was missing (e.g. having the list of plants faxed for Bob's reference).
The students learned not only from their individual projects, but also from the field station
atmosphere that Scientists’ Month generates. You are the central part of that, and we all greatly
appreciated your invoivement,

With best wishes,

Barbara L. Thorne
Assistant Professor
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The Numerical Response of Pit-Building Antlion Larvae

to Sustained Movement of Arthropod Prey

John C. Carlson

Department of Entomology
University of Maryland at College Park
College Park, Maryland 20742

Introduction

Predators often aggregate in areas of high prey density (Price 1984). It
has been shown that pit-building antlion larvae (family Myrmeleontidae)
aggregate in numbers correlated with prey density within suitable habitats
(Boake et al. 1384) However, no studies have yet been conducted to ascertain
the methods by which antlions identify areas of high arthropod abundance.
Because pit-building antlion larvae wait submerged at the bottom of their pits,
with only their long mandibles protruding out from the soil (Lucas 1985), it is
unlikely that sight is the mechanism used to access prey density. Ants are an
antlion's principal prey. Antlion larvae often converge upon nests of ants,
where there is a constant source of prey on the soil surface. (Lucas &
Brockmann 1981). Non-pit building antlions have been shown to sense
vibrations through the dry, particulate soil in which all antlions live (Stange
1970). My field experiments on Guana Island, B.V.l. were designed to examine
the aggregation of pit-building antlion larvae in arthropod prey rich areas, and
to investigate whether sustained movement of prey on the soil surface
stimulates antlion aggregation. My hypotheses were that antlion larvae would

preterentially build pits in microhabitats with high prey density, and that
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transmitted vibrations of prey movement on the surface of sand would induce

antlions to move towards areas of high prey traffic.

Materials and Methods

Areas with dry, loose soil, and dense, low foliage, located on White Bay
Beach, Guana lIsland, BVI were used in all experiments. These habitats
contained a large number of antiion pit aggregations.

To determine the relationship of antlions to arthropod prey at various
sites in this habitat, 5 cm diameter plastic cups were filled halfway with
isopropyl alcohol and buried in the soil so that the lip of the cup was even level
with the ground. Of the twenty four cups buried, twelve were in areas that
contained no antlion pits; the remaining twelve were buried in areas in which
there were at least two pits within 15 cm of the cup. The number of antlions
within 15 ¢cm of each cup was then recorded. These cups were left for twenty
four hours, collected, and the number of preserved organisms counted.

The submerged alcohol filled cups were used in this experiment gave a
more accurate measurement of prey densities than would collection with a light
source or other attractant. The collection cups were left out for a complete
twenty-four hour span of time to collect insects at all times of day and night,
thereby providing a thorough estimate of prey abundance. Different ant and
termite species have different daily cycles; some have activity during the day
while some are only out at night. 1sopods are much more active at night than
during the day.

For the portion of experimentation devoted to determining the
mechanism by which aggregation is stimulated, twelve sites which contained
numerous pits were located. At each of six of these sites, two 5 ¢cm diameter

plastic cups were placed inverted on the ground, 30 cm apart, and weighted
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down by a medium sized stone. Ten live termites (Nasutitermes acajutlae
(Holmgren); Nasutitermitinae; Termitidae) were placed under each cup. In trial
feedings in this species of termite was readily eaten by antlions in their pits.
The number of ant lion pits within a 15 cm radius of each cup was recorded at

the time of experimental set up, and again after 24 hours.

Results

The mean number of arthropods caught in the submerged, alcohol-filled
cups away from antlion pits was significantly lower than the mean number of
arthropods captured in areas with antlions ( Graph I; t=5.637; P=.0000114),
Isopods and ants were the most common arthropods found in the collection
cups.

There was a positive correlation between the number of antlions located
within 15 cm of each alcohoi-filled collection cup and the number of arthropods
collected (Graph II; R2 = 0.141). The cups placed away from all antlion pits were
not included in the calculation of the regression coefficient.

After 24 hours there was a mean increase in the number of antlion pits
within 15 ¢cm of inverted cups containing live termites. There was a mean
decrease in the number of antlion pits around empty inverted cups (Graph ).
The difference between the two treatments was found to be significant (t= 2.40;

P= 0.037).

Discussion

This study supported previous work suggesting that antlion larvae
aggregate in areas of higher prey densities (Boake et al. 1984). The strongest
evidence comes from the convincing two fold difference between numbers of

potential prey near and away from antlions. This aggregation response to prey



density indicates a ciassic numerical response of predators to prey (Price
1984).

Ditterent species of antlions have different spatial characteristics
reflecting aggregation response (Boake et al. 1984). Although the relationship
between predator and prey density in my experiments was weak (Graph 1),
these data suggest trends which should be investigated with further replication,
and compared similar relationships in other populations.

One factor contributing to high variation among replicates was a storm
that occurred during the night that the alcohol-filled collection cups were in the
field. The rain diluted the alcohol, enabling stronger arthropods to escape.
Thus, an area with a high ant density but a low isopocd density might have
appeared as having less prey than an area with a high isopod density and
lower ant density. Because changes in weather directly affect the quality of the
soil and the guantity of available food, it also affects the activity of pit- building
antlion larvae (Rosenberg 1987). Future experiments should be conducted
over extended periods of time to sample antlion activity under a variety of
environmental conditions.

Although further replication is needed, the preliminary results of the
“imprisoned termites” experiment support my hypothesis, and suggest that
sustained movement of arthropods on the soil surface stimulates aggregation of
antlion larvae. The rain storm during the night of the field experiment may
account for a large portion of the variation among replicates. Antlion larvae
prefer to build pits in dry sand (Rosenburg 1987). Moistening soil or
destruction of a pit by the rain may have prompted antlion movement to
sheltered areas. If wet soil inhibits the transmission of vibrations through the
soil, then movement of termites trapped on a damp soil surface many not have

been perceived by as many antlions as in dry soil.
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Finding areas of high prey abundance is unlikely the sole information
that antlion larvae gain from sensing vibrations through the loose, dry soil.
Antlions are able to appraise the size and other physical aspects (such as
physical and chemical defenses) of a potential prey item that nears its pit
(Heinrich & Heinrich 1984). Antlion larvae secrete a paralyzing chemical into
captured prey (Stange 1970). Anticipating the size of a potential prey might
enable the antlion to gauge the amount of chemical needed to sedate it.

More replicates are needed to understand the density and spatial
relationships of antlions and their prey, and to verify that prey movement on the
soil surface does indeed stimulate aggregation antlion larvae. The preliminary
results of these field experiment provide the first suggestion that soil surface
vibrations may be a signal that antlion predators use to locate microhabitats

with high prey abundance.
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Introduction

Many cpiphytes impound water in their leaf axils, providing habitats for aquatic
organisms. Aquatic impoundments, or phytotelmata, can be useful systems for asking
community-level questions because the limits of the phytotelmata community are relatively
discrete (Maguire 1971; Cotgreave et al. 1993). Furthermore, natural phytotelmata have the
advantage of retaining environmental heterogeneity in a well defined community. Thus,
questions concerning the effects of habitat ephemerality and harshness on community
structure can be addressed.

For example, epiphytes may be subject to extremes of temperature, wind, sunlight,
and rain resulting in fluctuating or ephemeral conditions for the organisms inhabiting them
(Madison 1977). Insect species residing in ephemeral, aquatic habitats are expected to be
opportunists with life history traits such as rapid development, small body size, high
fecundity, and resistance to desiccation (MacArthur 1962; Stearns 1976). In addition, such
ephemeral habitats should support relatively few species due to the difficulties of colonizing
and exploiting such short-lived resources (Connell 1978).

Tillandsia fasciculata occurs both attached to the ground and to trees on Guana
Island, BV1 (Fig. 1). Being farther from the ground, arboreal bromeliads may provide a
more variable or ephemeral habitat than terrestrial bromeliads due to the greater extremes of
temperature, light, and moisture in the canopy. Thus, I hypothesized that arboreal
phytotelmata of Tillandsia fasciculata would support a lower species diversity and density of
agquatic insects than terrestrial phytoteimata. In addition, the life histortes of the inhabitants
of phytotelmata should be characterized by rapid development and small body size (Stearns
1976). 1 tested these hypotheses by comparing the structure (species diversity) of the aquatic
community and the life history characteristics (body size) of the fauna in arboreal and
terrestrial phytotelmata,

Materials and Methods
Distribution of the Bromeliad on Guana Island

Tillandsia fasciculata grows on many trees, shrubs, and cacti, as well as on the
ground along the trail to Long Man’s Point on Guana Island, British Virgin Islands.
Furthermore. this bromeliad also occurs on the ground (Fig. 1). To determine the
distribution and abundance of 7. fasciculata in trees and on the ground along Long Man's
Point trail, I conducted a survey and scored the location of all bromeliads relative to their
height (arboreal versus terrestrial) and host tree affiliation. The survey was conducted by
scoring all bromeliads growing along a 65m swath within § and !0m of the trail on the
south-facing slope.

Sampling Phytotelmata and Determining the Aquatic Community Structure

Using a glass pipet, I transferred the aquatic layer from three randomly selected leaf



axils on each plant 1o 2 ounce plastic cups with lids. [ sampled two terrestrial and two
arboreal plants on October 15 and five of each on October 16, 1996. Care was taken to
select bromeliads of similar size for this assessment. All arboreal bromeliads were anchored
between I and 2 m from the ground. [ measured the total volume of each sample and then
sorted and counted the inhabitants in each family using a dissecting microscope.

In order to determine the maximum capacity of each leaf axil, I flooded each plant
with water and remeasured the volumes of the sample leaves after the plants had drained for
24 hours. I compared the terrestrial and arboreal bromeliads with respect to actual sample
volume, maximum capacity, insect diversity, and insect abundance using t-tests. In order to
determine if there was a relationship between mosquito abundance and volume of water in a
bract. I conducted linear regressions on terrestrial and arboreal bromeliads separately.

Results
Distribution of the Bromeliad on Guana Island

The bromeliad, Tillandsia fasciculata, was about twice as abundant in trees as it was
on the ground (Fig. 2). Furthermore, in the arboreal habiat, T, fasciculata occurred most
abundantly in the tree Tabebuia heterophylla tollowed by Pisonia subcordata, Plumaria alba,

Jacquima berteri, Randea aculeata, Capparis cynophallophora, and Morisonia americana
(Fig. 2).

Water Volume in Terrestrial and Arboreal Phytotelmata

The mean water volumes from terrestrial and arboreal phytotelmata were not
significantly different (1=1.659, P=0.122), although there was a trend toward terrestrial
phytotelmata containing more water (Fig. 3). The mean maximum capacity per leaf axil,
however, was significantly higher for the terrestrial phytotelmata compared to the arboreal
ones (t=2.434, P=0.041; Fig. 3). Thus, there is a tendency for the water volume to be less
in arboreal compared to terrestrial phytotelmata, perhaps suggesting that this microhabitat is
more ephemeral for bromeliads growing in trees.

Structure of the Insect Community Associated with Terrestrial and Arboreal Phytotelmata

All of the insects present in the aquatic samples were small ( <4mm in body length)
dipteran larvae or pupae. Mosquitos (Culicidae: Culex) were most the most abundant taxon,
followed distantly by Ceratopogonidae, Thaumaleidae, and Psychodidae (Fig. 4). The
density of individuals (no. per phytotelmata) in each family did not differ significantly
between terrestrial and arboreal bromeliads (Culicidae: t=1.686, P=0.118; Ceratopogonidae:
t=0.835, P=0.420; Thaumaleidae: t=0.942, P=0.365; Psychodidae: t=1.087, P=0,298)
(Fig. 4). The mean number of insect families present was also not significantly different for
terrestrial and arboreal bromeliads (t=0.234, P=0.819). However, if one outlying
observation is removed, the Culicidae became more abundant in terrestrial phytotelmata
(t=3.076, P=0.011; Fig. 4). Thus, there was a slight tendency for terrestrial bromeliads to
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house more mosquitoes than arboreal ones.

Linear regression of mosquito abundance per phytotelmata against the actual volume
of water in the phytotelmata indicated that there was a positive relationship between mosquito
abundance and the volume of water in the microhabitat, with arboreal bromeliads having a
steeper slope (slope = 1.2, R*=.71; Fig. 5) and tighter fit than terrestrial bromeliads
(slope=0.44, R*=.12; Fig. 6).

Discussion

The insects found inhabiting both terrestrial and arboreal phytotelmata were all small
larvae and pupae within the Diptera, an order with many aquatic larvac adapted to life in
ephemeral or fluctuating environments (Istock 1981). Some dipteran larvae live in very wet
soil or water that is sawrated with organic or inorganic matter (Teskey 1984). Barrera and
Medialdea (1996) found that mosquitos in phytotelmata had slower development times and
increased resistance o starvation compared to mosquitos inhabiting water sources on the
ground. In light of their results, one would expect that bromeliads provide a more persistent
aquatic habitat than is available in water sources on the ground, but that food availability is
the stressor. This is consistent with other researchers’ findings which suggest that tank
bromeliads are efficient collectors and holders of water, an adaptation that enables the plant
to obtain water without being rooted in soil (Madison 1970; Maguire 1971, Benzing 1990).
These authors point out that although vascular epiphytes tend to exhibit xeromorphic
adaptations for retaining water and the ability to impound water in somc species, such as the
tank bromeliads studied here, they also tend to live in very wet areas. Considering the
predominance of succulents in the area where 1 sampled, I would expect to find more water
stress than is encountered by species living in wet areas. [ would also expect the organisms
inhabiting the phytotelmata to exhibit adaptations to living in ephemeral habitats.

A trend towards mosquitos being more abundant in terrestrial bromeliads than in
arboreal bromeliads is suggested by the significant difference in mosquito abundance obtained
when one outlier is removed (Fig. 4). This is the only significant difference in abundance of
an insect family, but the sample sizes were small and the results should probably be
interpreted as suggestive. Nadkarni and Longino (1990) found a lower density of most
invertebrates sampled from canopy organic matter as compared to ground organic matter.
They suggest that differences in microclimate leading to greater desiccation in the canopy, as
well as dispersal difficulties and possible substrate differences could explain the difference in
abundance. Although their study did not focus on aquatic communities, they did find
differences in abundance of invertebrates at different levels of forest.

Harsher conditions for mosquitos in arboreal phytotelmata are suggested by the
greater slope and higher R* value for the linear regression of mosquito abundance on liquid
volume in arboreal bromeliads compared to terrestrial bromeliads (Figs. 5 and 6).
Phytotelmata that are experiencing more severe desiccation would be expected to exhibit
mortality due to increasing density of mosquitos as the liquid volume decreases. less severe
desiccation would not be expected to result in high mortality and a steep regression slope
unless the carrying capacity had been exceeded prior to desiccation.

The results of this research provide mild support for the hypothesis that the
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Figure 1, The bromeliad Tillandsia fasciculara occurs both attached to the ground (seen
here) and to trees on Guana Island, BVI. The phytotelmata (leat axils) contain water
which supports a community of aquatic insects.
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community of insects inhabiting the arboreal phytotelmata of Tillandsia fasciculata is less
structured (mosquitoes are less abundant) than the community residing in terrestrial
phytotelmata. The phytotelmata community in general reflects the harsh and ephemeral
nature of the phytotelmata environment (frequent evaporation) because it is characterized by
low species diversity (4-5 taxa) and small opportunistic species (dipterans) which undergo
rapid development.
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Introduction

Migration is essential to the success of insects that exploit temporary habitats,
otherwise local extinctions would result (Southwood 1977, Denno et al. 1991, 1996).
Migration can have a strong stabilizing influence on population fluctuations and the outcome
of species interactions, and it directly determines gene flow and the genetic structure of
populations (Denno et al. 1991). Finally, migration is considered to be as important as
reproductive components of fitness by those who study insect life history strategies (Dingle
1985; Roff 1986). Consequently, those factors that determine the frequency, timing, and
success of migration events are generally important in population biology, and of particular
interest in the management of highly mobile agriculwural pests (Denno et al. 1991).

Here | investigate how habitat persistence has influenced the migration strategy of a
the wing-dimorphic planthopper, Tova vinilia (Hemiptera: Delphacidae), a phloem-feeding
insect which occurs throughout the British Virgin Islands on Salt Grass, Sprobolus virginicus.
Wing-dimorphic insects such as planthoppers are ideal organisins for investigating the
advantages of wings and the evolution of dispersal because flightless and dispersive forms are
so easily recognized. Brachypterous adults have reduced wings and cannot fly, whereas
macropterous adults possess fully developed wings and can disperse long distances (Fig. 1).
The advantage of macroptery (dispersal) is that it allows for escape from deteriorating
resources and for the colonization of new habitats (Southwood 1977). The advantage of
flightlessness in female planthoppers is that brachypters are both more fecund and reproduce
earlier in life compared to their long-winged counterparts (reviewed by Denno et al. 1989).

Wing form in planthoppers is determined by a developmental switch which responds
to environmental cues (Denno et al, 1991). Various environmental cues such as crowding
and host plant condition; the sensitivity of the switch, however, is under polygenic control
(Denno et al. 1991).

Here I test the general hypothesis that habitat persistence determines the incidence of
dispersal in populations of Tova vinilia. A model exists for planthoppers documenting a
negative relationship between habitat persistence and the fraction of the migratory form in a
population (% macroptery} (see Fig. 2; Denno et al. 1991). Thus, planthoppers in
temporary habitats should have a high incidence of flight-capable forms. I used this model to
predict the incidence of dispersal in BVI populations of 7. vinilia. By aging patches of Salt
Grass and by determining the proportion of migratory forms in planthopper populations on
Guana, Beef, and Great Camanoe Islands, I was able to assess the effect of habitat age on the
incidence of dispersal in this planthopper.

Methods
Distribution of Salt Grass and Planthoppers

Sporobolus virginicus (Salt Grass), the host plant of Tova vinilia, grows abundantly
throughout the British Virgin Islands (Chase 1971). This grass is restricted to and dominates
the upper fringe of salt flats on the intertidal marsh or around isolated salt ponds where it
grows in expansive pure stands (Marx, Denno, and Thorne personal observation). The
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populations of Salt Grass I sampled were located on Guana Island (periphery of Salt Pond),
Beet Island (1km west of the airport), and Great Camanoe (just W of Lee Bay). The
planthopper was very common on all patches of Salt Grass I sampled.

Aging of Salt Grass Populations

I was able to obtain minimum estimates of habitat age by asking a long-term resident
of the arca, Mr. Oscar Chalwell, how long Salt Grass had existed at the three sites. Mr.,
Chalwell estimated the age of Sporobolus habitats on Guana Island, Beef Island, and Great
Camanoe at 64, 50, and 50 years respectively.

Sampling Planthopper Populations and the Incidence of Macroptery

The incidence of flight-capable wing forms (macropters) was determined by sweep-net
sampling the three Salt Grass patches. One sample transect consisted of 10, 180-degree
passes of the sweep net across the surface of the grass taken while walking through the
habitat. Five transect samples were taken in each patch at each site (Guana Island, Beef
Island, and Great Camanoe). Samples were bagged, returned to the Club Area, and the
number of macropters and brachypters in each sample was counted under a
stereomicroscope. The proportion of macropterous forms in each populations was
determined by dividing the number of macropters by the total number of adults (macropters
+ brachypters) in cach sample.

Relationship berween Habitat Persistence and Incidence of Dispersal

For an insect, habitat persistence (maximum number of generations that can occur)
can be estimated from the product of habitat age (years) and the number of generations an
insect undergoes each year (Southwood 1977; Denno et al. 1991). Most tropical
planthoppers pass through six generations per year. Thus, habitat persistence for Toya
vinilia was estimated at 384 generations for Guana (64 years X 6 generations), and 300
generations (50 years x 6 generations) for both Beef and Great Camanoe.

To determine if the incidence of dispersal in the three populations of Toya vinilia fit
the expectations of the model, I plotted the relationship between macroptery (%) and habitat
persistence onto the existing model (Fig. 2; Denno et al. 1991). [ used a T-test to assess if
macroptery (%) in BV1 populations of 7. vinilia differed from those predicted by the model
for the same range of habitat persistence (100-500 maximum generations).

Results

The incidence of migratory forms (% macroptery) was very low in all three BVI
populations of Tova vinilia. For Guana, Beef, and Great Camanoe, % macroptery was 2%,
0%, and 7% respectively. These results provide strong support for the hypothesis that the
incidence of dispersal is low in habitats that have persisted for a very long period of time.
When these data were compared against data for other planthopper species (Denno et al.



154

1991), there was remarkable agreement (Fig. 3). Moreover, there was no significant
difference between the incidence of macroptery in the BVI populations (3.0 £ 2.1 %) and
that for all planthoppers species occupying habitats which have persisted for a similar period
of time (1.5 = 1.1 %) (t = -0.704, P = 0.504). Theses results provide strong support tor
the notion that habitat persistence dictates the dispersal strategy of insects. Most individuals
of Toya vinilia are flightless, because there is apparently little advantage to dispersal in the
permanent Salt Grass habitats throughout the BVI,

Discussion

The results that I obtained for Toyva vinilia in patches of Sporobolus virginicus in the
BVI clearly show that tlightlessness is advantageous in persistent habitats (Fig. 3).
Furthermore, my findings are entirely consistent with the predictions of a general model
based on dispersal and habilat persistence data for a wide variety of planthopper species
sampled across a great diversity of habitats varying in their durational stability (Figs. 2 and
3, Denno et al. 1991). The advantage of flightlessness in permanent habitats stems from the
higher reproductive potential of the flightless brachypter compared to the flight-capable
macropter in planthoppers (Denno et al. 1989). Brachypterous females are both more fecund
and reproduce at an earlier age than their macropterous counterparts. High fecundity
(brachyptery) may be favored to offset the high mortality inflicted on planthopper populations
by either natural enemies (I observed a large number on spiders in my sweep samples) or
physical tactors such hurricancs which occasionally devastate these sensitive marsh habitats.
My results provide strong support for the view that habitat persistence, rather than habitat
insularity, is the primary factor influencing the dispersal strategies of wing-dimorphic insects
(Southwood 1977; Denno et al. 1991, 1996:; Roff 1986).
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Brachypter

Figure 1. Macropter (flight-capable wing form) and brachypter (flightless wing form) of the
planthopper Toya vinilia.
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Figure 2. Relationship between macroptery (%) and habitat persistence (the maximum
number of generations attainable) for the females of 35 species (41 populations) of
planthoppers. Habitat persistence was estimated by multiplying habitat age (yrs) by
the number of generations attainable/habitat/yr for each species. Some overlapping
points occur. Fitted curves are of the form y=a+ 1/(x"+c¢) where y =macroptery

(%}; x=log habitat persistence; a=-4.812, b=0.045, ¢=-0.948 (From Denno et al.
1991).
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Figure 3. Relationship between macroptery (%) and habitat persistence (the maximum
number of generations attainable) for the females of 35 species (41 populations) of
planthoppers (dark circles). Habitat persistence was estimated by multiplying habitat
age (yrs) by the number of generations attainable/habitat/yr for each species. Some
overlapping points occur. Fitted curves are of the form y=a+ 1/(x"+c) where
y=macroptery (%); x=Ilog habitat persistence; a=-4.812, b=0.045, c=-0.948 (From
Denno et al. 1991). Points for Toya vinilia (open circles) from Guana Island, Beef
Island, and Great Camanoe, BVI are plotted on the general model.
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Introduction

Most species of Lepidoptera are free living as larvae and feed on their host plants in
an exposed position (Scott 1986; DeVries 1987). Quite a number of species, however,
construct shelters as larvae by tying leaves together with silken strands (Damman 1987,
Loeffler 1996). Such larvae either feed within these shelters or conceal themselves within
these structures during periods of nonfeeding (Damman 1987; Loeftler 1996). Shelter
building provides several potential benefits for caterpillars which include protection from
natural enemies or desiccation (Damman 1987; Loeffler 1996). Furthermore, larvae which
are unable to form their own shelters have increased survival when placed into artificial leaf-
shelters (Cappuccino 1993). Despite these advantages, shelter-building does not occur
without a cost to the larva often resulting in delayed development (Loeftler 1996).

Most free-living Lepidoptera species incur a tremendous amount of mortality during
the carly larval stages (Price 1984)., However, due to the protection shelters provide their
makers, | hypothesized that shelter-building should reduce larval mortality, particularly
during the early instars which are so vulnerable to both invertebrate and vertebrate predation
(see Damman 1987).

Shelter-building provides a unique opportunity to determine survivorship schedules of
these caterpillars in the field, because most shelter makers vacate their old shelter and
construct a new one as they molt to a larger instar (Loeffler 1996). Thus, individual larvae
leave a record of their development and survival behind which is evidenced by a sequence of
increasing shelter sizes. 1 was able to make use of this behavior to devclop a lifc table
(survivorship and mortality record) for the larvae of the shelter-forming Hammock Skipper,
Polygonus leo (Lepidoptera: Hesperiidae) which occurs abundantly on Guana Island, BVI.
These life table statistics were used to test the hypothesis that shelter formation reduces larval
mortality, particularly during the early instar stages.

Methods
Study Site and Life History of the Hammock Skipper

This study was conducted on Guana Island, a privately owned resort and nature
preserve in the British Virgin Islands. Larvae of the Hammock Skipper, Polygonus leo, ted
and built protective leaf shelters on the leguminous tree Piscidia carthagenensis. This tree is
an abundant species occurring throughout the lowlands of Guana Island where it frequently
grows along the edges of paths and clearings between White Bay Beach and North Beach.

Females of the Hammock Skipper lay their eggs on the leaf undersurfaces of their
host tree. After hatching, first instar larvae begin to construct a leaf shelter by chewing a
rectangular trench around three sides of the lamina leaving a leaf flap. The flap is then
folded over trom within and the larva secures the flap to the laminar surface with silken
strands. The completed shelter looks much like a purse with the larva concealed within.
First instar larvae build two shelters as they grow, and each of the remaining four larval
instars (2-5) constructs a single shelter. With the exception of the first instar larva, all larvae
leave their old shelter after molting and thereafter construct a new, but larger, shelter. With



few exceptions, larvae remain within the shelters during the day and leave the shelter to feed
at night. Last instar larvae (5th) leave their larval shelter and build a new one within which
they pupate. The pupal shelter, however is of a different construction than the larval
shelters. The pupal shelter is made by attaching two whole leaves loosely together with what
are essentially silken guy-wires, whereas the larval shelters are made by folding a rectangular
picce of leaf over and securing it tightly to the remainder of the leaf with silk.

Larval Survivorship and Mortality

Because individual larvae usually remained on the same or neighboring leaves as they
grew, and because there was rarely more than one larva per leaf, it was easy to observe the
larval developmental history and its survivorship simply by measuring the distribution of
shelter sizes on the leat. Because the shelters persist on the leaves, taking a large random
sample of shelter sizes of this skipper allowed for the calculation of survivorship and
mortality schedules (Price 1984).

[ gathered larvae of every instar, as well as the leaf-shelter from which each was
taken. [ then measured the width of the head capsule of each larva, and the area (length X
width) of its shelter. These data were analyzed by linear regression to establish the
relationship between larval instar and shelter size.

Knowing this relationship allowed me to determine life table statistics for larvae from
the distribution of shelter sizes in the field. Subsequently, I took a large random sample of
shelters in the ficld.  Altogether, 1 sampled 360 shelters and measured their sizes. From
these data, I was able to calculate survivorship ({, = the number of larvae alive to begin each
larval instar), mortality (d, = the number of larvae which died within each larval instar), and
stage-specific mortality (¢ /1)) (see Price 1984). Because first instar larvae build two shelters,
I calculated life table statistics separately for these two stage classes. During the course of
the sampling schedule, I recorded any observed acts of predation on skipper larvae and noted
the identity of the predator.

Results
Relationship berween Larval Instar and Shelter Area

Linear regression found a significant positive relationship between the head capsule
width of a larva (instar) and the area of its shelter (R* = 0.952, P<).0001; Fig. 1). Asa
larva grew and molted, it made a larger shelter. Furthermore, there was virtually no overlap
in shelter size among the different larval instars. This relationship enabled me to predict
which larval instar made each shelter by simply measuring shelter area. From this
relationship, I was also able to determine that first instar larvae relocate and build a new
shelter once before they molt. Thus there were six shelter-area classes (Fig. 1).

Larval Survivorship and Mortality

The distribution of larval shelter sizes in the field allowed me to deterniine the
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survivorship (/), mortality (d,), and age specific mortality (g,) for the five larval instars of P.
leo. My data indicate that most larvae died between the first and second instar (Figs. 2-4).
Stage specific mortality was highest during the second instar (0.58), fotlowed by the third
(0.50) and fourth instars (0.40) (Fig. 4). Spiders were the most frequently encountered
predators near and within the larval shelters, and these invertebrate predators were the most
likely source of mortality for P. leo. Stage specific mortality was least during the first larval
instar (0.15 and 0.36 for the two stages of first instars). These data provide support for the
hypothesis that shelter building behavior results in increased larval survival during the early,
vulnerable instars.

Discussion

Survivorship data for many free-living lepidopterans indicates that there is a
tremendous amount of mortality during the first instar stage (Price 1984). My data for the
shelter-building skipper, Polygonus leo, contrast with this pattern for free-living species. For
this skipper, shelter-building was associated with reduced mortality during the early larval
instars.

One possible reason for the reduced mortality in the early instars is that shelters
protect these sensitive larvae from desiccation during the dry season on Guana. A more
likely alternative is that shelters provide some protection from natural enemies (see Damman
1987). It is likely that the larger instars of P. /eo spend more time outside of their shelters
feeding to meet their greater metabolic requirements. This behavior in combination with
their greater size and visibility may make them much more vulnerable to predators. [
observed several acts of spider predation on larvae of P. leo. 1 found caterpillar remains in a
few spider webs, and actually observed a newly emergent larva crawl into a spider web. [
also observed the presence of spiders in a large number of empty P. leo shelters, although it
was difficult to determine whether the spiders killed the larva or simply colonized it after the
caterpillar vacated the shelter. Nevertheless, spiders appear to be a very likely mortality
source for the larvae of P. leo.

The results of the life-table analysis for larvae of P. Jeo indicate that this shelter-
building species survives better during the early larval stages than many free-living species of
Lepidoptera (see Price 1984). The advantage of shelter-building behavior in the predator-
rich tropics may be evidenced in part by the increased diversity of shelter-building skipper
species at tropical latitudes (Scott 1986).
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ABSTRACT

Habitat isolation/tfragmentation can have profound effects on the genetics of local
populations by disrupting gene flow and permitting genetic drift to eliminate variation. As a
result, local populations may be faced with an increased probability of extinction due to both
inbreeding depression and an inability to adapt to environmental changes. Thus, the
persistence of such local populations may be dependent on recruitment from neighboring
populations. In making complex decisions concerning habitat conservation, we need to take
into consideration these population genetic and metapopulation dynamic factors, but currently
such efforts are hampered by a lack of data on the population genetic and dynamic effects of
fragmentation.

We propose to survey allozyme variation and population density of six salt
marsh/mangrove insect species occupying both isolated and contiguous habitats in the British
Virgin Islands (BVI) and US Virgin Islands (USVI) to determine the effects of habitat
isolation on gene flow, genetic diversity, and metapopulation dynamics. Insects are ideal for
examining such issues because of their abundance and diversity. Specitically, we will sample
pairs of populations both within islands (contiguous) and between islands (isolated across
open water) that are separated by similar distances. By comparing gene flow between the
populations in isolated marshes with that found among populations in contiguous marshes, we
will determine the effect of habitat isolation on gene flow in each species. Furthermore, we
will discover whether populations within the same island are indeed less genetically
differentiated than their counterparts on different islands. Additionally, we will determine
the effects of habitat fragmentation on population dynamics by comparing population size, the
dynamical synchrony of populations, and predator/prey ratios within (contiguous habitats)
and between islands (fragmented habitats).

Furthermore, because the insects we have selected for study are found in the same
salt marsh/mangrove habitats, but differ markedly in dispersal ability, wc can examine the
role of mobility in determining the population genetic and population dynamic consequences
of habitat isolation. Two flightless species, a cricket and a scale insect, are predictably
sedentary, and we expect that of our six focal species they will be most influenced by habitat
isolation. We hypothesize that two more mobile species, a termite and a planthopper, will
show a weak response to the fragmentation of their habitats. Finally, we predict that two
highly mobile species, a katydid and a leafhopper will be least affected by disjunctions in
their habitat.
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INTRODUCTION

The preponderance of research on the effects of habitat fragmentation has focused on
short-term ecological responses, including declines in species diversity, altered predator-prey
interactions, and shifts in nutrient dynamics (Saunders et al. 1991). Recently, researchers
have begun to emphasize that the population genetic and evolutionary consequences of habitat
fragmentation may be equally important to the long-term persistence of populations (Boecklen
1986; Gilpin 1987, 1991, Lande and Barrowclough 1987, Falk and Holsinger 1991; Hanski
1989). Of particular importance is understanding whether populations in fragmented habitats
maintain sufficient genetic variation to limit inbreeding depression and to allow future
adaptation, thus reducing chances of extinction. In theory, levels of genetic variation within
a population will be shaped by both gene flow from neighboring populations and genetic drift
within the population itself, and these factors in turn may be influenced by rates of dispersal,
population size, and the degree of habitat fragmentation and isolation (Boecklen 1986; Gilpin
1991; Peterson and Denno in press). Unfortunately, few empirical studies have examined
these issues.

Of the three studies to date that have examined the hypothesis that habitat
fragmentation reduces gene flow among populations, two found no evidence that this is the
case (Foré et al. 1992; King 1987). This should come as no surprise, however, because ong
of the studies was of wind-pollinated sugar maples (Foré¢ et al. 1992), and the other involved
beetle populations separated by very small distances (< 1km) (King 1987). The third study
involved a comparison of cave cricket species in habitats of varying fragmentation (Caccone
and Sbordoni 1987). In these crickets, a surface-dwelling species exhibited much greater
levels of gene flow than species which were restricted to caves. Furthermore, gene flow
levels in the cave-dwelling species were correlated with the contiguity of their caves. To
our knowledge, no other studies have explicitly examined the hypothesis that genetic
variation is reduced in insular/fragmented habitats, so we remain relatively uninformed
regarding how habitat fragmentation influences the genetics of natural populations.

Underlying the effects of habitat fragmentation on the genelic structure of populations
are its effects on metapopulation dynamics and local population persistence (Hanski 1987,
1989; Kareiva [987; Hanski and Gilpin 1991; Saunders et al. 1991; Thomas and Harrison
1992 ). Isolated habitat fragments may harbor small populations due to high rates of
emigration (Kareiva 1983, 1985; Hanski 1987, 1989; Hanski and Gilpin 1991; Thomas and
Harrison 1992). Furthermore, fragmented populations may experience reductions in natural
enemies and thus fluctuate more dramatically (Hanski 1987; Kareiva 1987). Thus, isolated
habitat fragments may house smaller populations which fluctuate more chaotically and
experience frequent extinctions (Hanski 1987, 1989; Hanski and Gilpin 1991; Thomas and
Harrison 1992). The rescue of such populations is dependent on the arrival of dispersers
from other habitat patches, a phenomenon which is less likely if all sub-populations fluctuate
synchronously (Harrison and Quinn 1989). Because dispersal is often density dependent and
associated with deteriorating resources (Denno and Peterson 1995), the probability of
successful rescue will be less if all sub-populations simultaneously experience poor resources
and emigrate (Harrison and Quinn 1989). Thus, small populations fluctuating in concert
should be associated with extinction (Harrison and Quinn 1989), the loss ot genetic
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variability within population fragments, and discrepancies in genetic structure among sub-
populations (Boecklen 1986; Gilpin 1991; Peterson and Denno in press). No study of any
organism has successfully linked population dynamics with the loss of genetic variability.

The British Virgin Islands (BVI) and United States Virgin Islands (USVI) offer an
ideal opportunity for studying the effects of habitat fragmentation and isolation on the
population ecology and genetics of phytophagous insects. The Puerto Rico Bank includes all
the islands (BVI and USVI excluding St. Croix) from Puerto Rico itself to Anegada, the
northeasternmost island in this geologic unit (Lazell 1989, 1996; Fig. 1). During the last
glacial maxima (17,000 yr ago), the entire Puerto Rico bank was emergent and what are now
oceanic islands became hills or ranges on a lowland plateau (Donnelly 1988; Lazell 1989;
Thome et al. 1994). During such times, lowland habitats expand and coalesce (Lazell 1989),
and gene flow is likely much more extensive. In contrast, during interglacial periods the sea
level rises resulting in the fragmentation, constriction, and oceanic isolation of once
widespread lowland habitats (Donnelly 1988; Lazell 1989). Thus, insects inhabiting lowland
habitats likely experience population bottlenecks, the loss of genetic diversity, or extinclion.

Using six species of insects that occur in the salt marsh/mangrove habitats of the BVI
and USVI and that vary in their dispersal capability, we will determine the effects of habitat
fragmentation and isolation on gene flow, genetic diversity, and population dynamics.
Specifically, we will sample pairs of populations both within islands (contiguous) and
between islands (isolated across open water) that are separated by similar distances. By
comparing gene flow (estimated from allozyme surveys) between the populations in isolated
marshes with that found among populations in contiguous marshes, we will determine the
effect of habitat fragmentation on gene flow in each species. Furthermore, we will elucidate
whether populations within the same island are less genetically differcntiated than they are
from their counterparts on different islands, Also, we will determine if populations on small
isolated islands (fragmented habitats) compared to populations on large islands are smaller in
size on avcrage, fluctuate more chaotically, or incur an imbalance in trophic structure created
by reduced densities of natural enemies.

The insects we have selected for study can be found in the same salt marsh/mangrove
habitats, and yet they differ markedly in dispersal ability (Thorne et al. 1994; Denno and
Thorne unpublished data). Two species, a cricket (Gryllidae), and a scale insect
(Diaspididae) are very sedentary, and we hypothesize that their genetic structure and
population dynamics will be the most influenced by habitat fragmentation. We further expect
that two somewhat mobile species, the termite Nasutitermes acajutlae (Temitidae), and the
planthopper Toya venilia (Delphacidae), will show a weak response to the fragmentation of
their habitats. Finally, we predict that two highly mobile species, a katydid (Tettigoniidae)
and the leathopper Tideltellus marinus (Cicadellidae) will be less affected by disjunctions in
their habitat. Importantly, to control for phylogenetic nonindependence we have selected
insects belonging to two distinct insect lineages. The crickel, termite, and katydid belong to
the orthopteroid lineage, whereas the scale insect, planthopper, and leafhopper are
hemipteroids. Thus, within each lineage, each of the three dispersal categories (low,
moderale, and high) is represented allowing for a non-phylogenetically confounded
assessment of how fragmentation interacts with dispersal capability to affect the genetic
structure and population dynamics of populations.
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OBJECTIVES

In the proposed research, we will assess the influence of habitat fragmentation on the
population genetics and dynamics of a suite of herbivorous insects occurring in the
marshes/mangroves of the BVI and USVI. Because these insects vary in mobility, we expect
them to respond differently to habitat fragmentation. Our work will document how
fragmentation influences both gene flow among populations and levels of genetic diversity
within populations. It will further elucidate how the genetic effects of fragmentation are
shaped by species-specific mobility. Furthermore, the work will examine the effects of
fragmentation on population dynamics. This information will aid in the design and
maintenance of habitat refuges that maximize the long-term preservation of genetic diversity
within populations occupying the marshes of the BVI and USVI, a critical step in ensuring
the persistence of these vitally important habitats,

Objective 1:
To determine the effect of habitat fragmentation on levels of gene flow among
populations.

Objective 2:
To assess whether the influence of habitat fragmentation on gene flow is correlated
with species-specific mobility.

Objective 3;
To determine the effect of habitat fragmentation on levels of genetic diversity in local
populations.

Objective 4:
To determine the effect of habitat fragmentation on population size, population
fluctuation, and trophic structure of the insect community.

RESEARCH PLAN

The six insect species we have selected for this work all occur in the marsh/mangrove
habitats of the BVI and USVI. Three of the species (the hemipteroid insects) are specialist
sap-feeders on Salt Grass (Sporobolus viginicus). This grass is restricted to and dominates
the upper fringe of salt flats on the intertidal marsh or around isolated salt ponds where it
grows in expansive pure stands (Chase 1971; Denno and Thorne personal observation). The
remaining three insect species (the orthopteroid insects) are associated with mangroves,
adjacent to which Salt Grass frequently grows (Thorne et al. 1994; Thorne and Denno
personal observation. Because these six insects are more or less restricted to these lowland
habitats, we can be fairly certain that they all face a similar degree of habitat fragmentation
both within and between islands. In addition, because these six species are all common
(Thorne et al. 1994; Denno and Thorne unpublished data), it will be easy to obtain a
sufficient number of insects for genetic and population analysis. Finally, although these
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species occur in the same habitat, they differ dramatically in mobility. This key life history
difference allows us to make predictions about the relative effects of habitat fragmentation on
the population genetics and dynamics of the different species.

Study Organisms

Salt Grass and mangroves occur extensively throughout the BVI and USVI and the
West Indies in general (Chase 1971; Lazell 1996; Jarecki and Denno personal observation).
The three hemipteroid insects feed exclusively on Salt Grass. One undetermined scale
species (Diaspididae) is small (2mm in length) and very immobile. As with many scale
insects, dispersal 1s primarily performed by crawling nymphs or males with poor flight
capability (Hanks and Denno 1993). Because areas of unsuitable habitat or open water
undoubtedly form significant barriers to dispersal for nymphs of this species, we predict that
gene flow will be much greater among populations of this scale species in contiguous habitats
(within islands) than in fragmented habitats (between islands). As a result of these low levels
of gene flow, we also predict that genetic variation (heterozygosity) will be greater in
populations occupying contiguous habitats.

Intermediate in mobility is the wing-dimorphic planthopper, Toya venilia
(Delphacidae) (2Zmm in length). Most individuals of this planthopper are short-winged and
flightless (>95%), but there is a low incidence of migratory forms in all populations we
sampled (Denno and Marx, unpublished data from Guana, Beef, and Great Camanoe
Islands). Nevertheless, the production of migratory forms in planthoppers is density
dependent and is associated with population outbreaks (Denno et al. 1991; Denno 1994),
Thus, this species has moderate dispersal capability as the result of sporadic bouts of migrant
production (see Denno et al. 1996). Also restricted to Salt Grass is the highly mobile
leathopper Tideltellus marinus (Cicadellidae) (Kramer 1971; Denno personal observation).
We predict that due to its limited mobility, this planthopper will show slightly reduced gene
flow and heterozygosity in fragmented habitats (between islands). In contrast, we expect that
habitat fragmentation will have little or no effect on the population genetics of the highly
mobile leafthopper (all adults are macropterous and potentially highly mobile).

Similarly, the orthopteroid species also encompass a spectrum of dispersal capabilities
ranging from a flightless cricket, through the moderately mobile termite, to the more mobile
katydid, all of which are associated with lowland marsh/mangrove habitats. The cricket is
brachypterous with reduced wings (C. Bartlett, S. Miller personal observation), and as a
consequence we expect this species to be most affected by habitat fragmentation. The
termite, Nasutitermes acajutiae occurs throughout the BVI and USVI including many of the
small islands (e.g. Guana, Great Thatch, Little Camanoe, George Dog, and Necker) (Thorne
et al. 1994), This termite constructs arboreal carton nests of variable size on the trunks of
mangroves and other trees (Thorne et al. 1994). Colonies consist primarily of wingless
reproductives, workers, and soldiers which have very limited dispersal capability (Thorne et
al. 1994). Mature colonies release an annual brood of winged reproductives which have
moderate dispersal capability (Nutting 1969). Thus, we expect populations of this termite to
exhibit some evidence of genetic differentiation in relation to habitat fragmentation, but only
at the largest spatial scale (between the furthest islands). In contrast, we predict that the
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fully-winged katydid will exhibit high levels of gene flow among islands and that its genetic
structure will be relatively uninfluenced by fragmentation.

For practical reasons, we restrict our assessment of metapopulation dynamics to the
guild of multivoltine hemipterans on salt grass. The long-lived orthopteroid insects would
require a long-term commitment to adequately assess their population dynamics, not to
mention the greater sampling difficulties in the mangrove habitat, Nevertheless, for the
hemipterans, we predict a low mean population size with high variance for the sap-feeders on
small isolated istands where population bottlenecks seem frequent and rescue effects are more
unpredictable. In contrast, we expect a larger population size with less variance on the more
contiguous habitats on large islands where rescue effects are more likely (Harrison and Quinn
1989). In the metapopulation context, we predict that population size will be smaller on
small isolated islands if populations fluctuate synchronously among islands. Synchronous
population fluctuations across small islands will deminish the probability that one island will
act as a donor of colonists (usually when population outbreaks occur) at a time when rescue
by colonists on another island population is needed (when population size is critically low)
(see Harrison and Quinn 1989). We also envision the effects of fragmentation on population
size to be stronger as dispersal ability decreases. Last, we predict that the trophic structure
will differ between contiguous and fragmented situations such that predator/prey ratios will
be higher in contiguous compared to fragmented habitats. Low predator/prey ratios on small
islands should promote herbivore escape, foster population instability, and increase the
probability for extinction.

Population Genetic Surveys (Objectives 1-3)

To estimate levels of gene flow among populations and genetic diversity within
populations of each species, we will employ starch gel electrophoresis, following the methods
of May (1992) and Peterson (1995, 1996). The advantages of allozyme electrophoresis over
the more recently developed DNA-based techniques include low cost and rapid results, both
of which are critical for large surveys of variation within and among populations (Amos and
Hoelzel 1992; May 1992). In addition, it typically offers numerous independent measures of
genetic variation, a feature that is desirable for estimating levels of gene flow among
populations (Slatkin and Barton 1989).

For this study, we will collect 50 individuals per population of each species (termite
excepted, see below) from six selected island pairs in the BVI and USVI, with each pair
consisting of one large island (e.g. Tortola) and one small island (e.g. Guana) (see Fig. 1).
Within each island pair, we will sample (sweep-net or hand collect, see Denno 1977) two
populations from the large island and one population from the offshore small island. Because
the termite is a social insect which forms large arboreal colonies, only 10 colonies per island
(10 workers per colony) will be sampled for allozyme analysis.

Thus, a comparison of gene tlow can be made between contiguous habitats
(populations within the large island) and fragmented habitats (populations on the large and
small island). For each island pair, populations both within and between islands will be
separated by a similar geographic distance (~5-15 km), depending on the configuration of
the island pair. Because two populations from large islands will be sampled, the population
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nearest in distance to the small island population will be chosen for comparison. All species
will be collected at the same locations to control for distance in comparison among different
species. The six island pairs along with populations to be sampled and distances separating
these populations are listed in Table 1 (refer to Fig. 1 for island locations). All field-
collected samples will be placed immediately in liquid nitrogen prior to allozyme analysis.

Following an initial survey of allozyme variation in each species, we will select 5-10
polymorphic loci per species, a simple accomplishment for most insect taxa (May 1992;
Peterson and Denno in press). We have already performed this survey with Prokelisia
planthoppers, revealing 7 polymorphic loci in P, marginata and 6 in P. dolus (Peterson and
Denno, unpublished data). After selecting the loci for each species, we will determine the
genotype at each locus for each individual collected from the 18 populations.

Genetic Analyses (Objectives 1-3)

From the allele frequencies in each of the populations, we will estimate levels of gene
flow between the populations in fragmented (between island) and contiguous habitat (within
island) situations using both Weir and Cockerham’s (1984) theta and Nei's (1973) G, both
of which are good estimators of Wright’s (1951) F;; (Slatkin and Barton 1989; Cockerham
and Weir 1993). Fg; is a measure of the degree to which populations are genetically
subdivided, and can be used to estimate gene flow among populations by the equation: Fy, =
1/(4Nm + 1), where Nm is the average number of individuals exchanged between
populations per generation (Wright 1951).

To assess the influence of habitat fragmentation on levels of gene flow in each species
(Objective 1), we will compare the gene flow estimates in contiguous and fragmented habitats
using ANOVA with habitat configuration (fragmented or contiguous), lineage (hemipteroid or
orthopteroid), and dispersal capability (low, moderate, or high) as sources of variation in the
model (Sokal and Rohlf 1981; SAS 1990). We hypothesize that gene flow will be greater in
contiguous habitats, due to the presence of a corridor of suitable habitat along which genes
can flow. We further hypothesize that this ditference in gene flow in the two habitat types
will be greatest in the sedentary species due to their inability to cross areas of unsuitable
habitat (Objective 2). A significant effect of dispersal capability on gene flow will support
this hypothests,

To assess the influence of habitat fragmentation on local genetic diversity (Objective
3), we will calculate average levels of heterozygosity (across all allozyme loci) in each
population using the program "Genes in Populations” (written by May, Krueger and Eng,
1992). We will use ANOVA (Sokal and Rohlf 1981; SAS 1990) of the heterozygosity
measures of each species to test our hypothesis that genetic diversity is lower in the
populations occupying fragmented habitats. The estimates of heterozygosity will be
artificially high for all populations since we will only have data from polymorphic loci.
However, since all populations of a species will be surveyed for the same loci, these
estimates will nonetheless provide a good measure of the relative differences in
heterozygosity in the two habitat types.



Populations Dynamics and Trophic Structure (Objective 4)

Using another subset of islands (Fig. 2), we will determine the effects of habitat
fragmentation on the population size, population dynamics (synchronous or asynchronous
fluctuations among island populations), and trophic structure of the hemipteroid insects
(scale, planthopper, and leathopper) associated with Salt Grass (Objective 4). For this
objective, we have selected Tortola, Virgin Gorda and Anegada (large islands) and an
archipelago of smaller satellite islands including Guana, Great Camanoe, Scrub, Great Thatch
Ginger, Peter, and Norman (Fig. 2). Each population will be sampled tri-monthly for two
years to determine (1) average population size, (2) temporal and spatial variance in
population size, and (3) predator/prey ratios. Three samples per location, each consisting of
10 sweeps with a net, will be taken on each date in predefined patches of Salt Grass. The
effect of habitat fragmentation on the population and community parameters will be assessed
using ANOVA (Sokal and Rohlf 1981; SAS 1990). The major predators of hemipteroid
insects in the BVI appear to be spiders and ants (Denno unpublished data from Guana, Beef,
and Great Camanoe Islands). We expect populations to be smaller, temporal population
fluctuations to be greater (higher within-island variance), spatial population fluctuations to be
more asynchronous (higher between-island variance) and predator/prey ratios to be lower on
the more highly fragmented small islands than the more contiguous large ones.

PROSPECTUS

The marsh and mangrove habitats of the BVI and USVI have undergone severe
fragmentation over the last 20,000 years as a result of changes in sea level (Lazell 1989).
Human intervention and developing land use have exacerbated the effects of constricting
habitats (Lazell personal communication), These habitats are vital to the natural resources
and cconomy of the region, so we must make every effort to ensure the long-term persistence
of the remaining marshes and mangroves (Jarecki REPORT). To reduce the likelihood of
population extinctions, it is important that we design preserves and retain marshes that will
allow the maintenance of genetic variation in populations of organisms associated with these
sensitive habitats. To do so, we must understand how habitat fragmentation has influenced
the population genetics of marsh/mangrove inhabitants. We propose to examine the effects
that habitat fragmentation has had on gene flow, genetic diversity, and population dynamics
in six dominant herbivores of the marsh/mangrove community of the BVI and USVI.
Because these insects differ significantly in mobility, comparisons between species will
provide important data on the role of mobility in determining the population genelic
consequences of habitat fragmentation. This work will provide important background data
for future studies of the population genetic response of individual marsh species to varying
levels of habitat fragmentation. With information such as this, we will be able to make
specific recommendations for the design of wetlands preserves that take into account the need
to maintain genetic diversity and critical population size.

17%
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Table 1. Island pairs and sampling locations used to assess the etfects of habitat
fragmentation (between island comparison) versus habitat contiguity (within island
comparison) on gene flow belween populations of salt marsh/mangrove insects. The large
island in each pair is listed first.

Island Pair

Tortola/Guana
Tortela/Peter

Virgin Gorda/
Ginger

Anegada/Necker

Jost Van Dyke/
Great Tobago

St. John/Norman

Within Island Comparison
{Locations, Distance in km)

East End, Road Town, 5km
East End, Belmont Pond, 1Zkm

Spanish Town, Gun Point, 7km

East End, Flamingo Pond, 10km

West End, Little Harbor, 7km

Reef Bay, Round Bay, 8km

14

Between Island Comparison
(Locations, Distance in km)

East End, White Bay, Skm
East End, Great Harbor, 10km

Spanish Town, White Horse, 8km

East End, Necker, 16km

West End, Man O War Bay, 5km

Round Bay, The Bight, 7km
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FIGURE DESCRIPTIONS

Figure 1. Island pairs and sampling locations in the British Virgin Islands and US Virgin
Islands used to assess the effects of habitat fragmentation (between island comparison,
dashed line) versus habitat contiguity (within island comparison, solid line) on gene
flow between populations of salt marsh/mangrove insects, For each island pair,
populations within and between islands are separated by a similar geographic distance
(~5-15 km), depending on the configuration of the island pair. See Table 1 for
names of specific sample locations.

Figure 2. Islands in the British Virgin Islands and US Virgin Islands used to compare the
effects of habitat fragmentation (small island versus large island) on the population
size, population dynamics (synchronous or asynchronous fluctuations among island
populations), and trophic structure of the hemipteroid insects associated with Salt
Grass. Tortola, Virgin Gorda and Anegada (large islands) and an archipelago of
smaller satellite islands including Guana, Great Camanoe, Scrub, Great Thatch
Ginger, Peter, and Norman are designated. Each population will be sampled tri-
monthly for two years to determine (1) average population size, (2) temporal and
spatial vanance in population size, and (3) predator/prey ratios. We expect
populations to be smaller, temporal population fluctuations to be greater (higher
within-island variance), spatial population fluctuations to be more asynchronous
(higher between-island variance) and predator/prey ratios to be lower on the more
highly fragmented small islands than the more contiguous large ones.
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Guana Island Microcrustacea and Associated Invertebrates
Preliminary Report of Activities, October 6-13, 1996

Eric A. Lazo-Wasem
Peabody Museum
Yale University
170 Whitney Avenue
New Haven, CT 06520

Introduction

The taxonomic status of most microcrustaceans and their associated infaunal
invertebrates is relatively unknown for most regions of the Caribbean at this time.
Only a few groups have been documented in any detail, and most of this work has
been concentrated at the few Caribbean marine biological laboratories such as those at
Discovery Bay, Jamaica, and Carrie Bow Key, Belize; the latter a facility established
relatively recently by scientists associated with the United States National Museum. In

the case of microcrustaceans, 1.e. amphipods (scuds, beach hoppers), and
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1sopods (sea roaches,

sowbugs, pillbugs), tanaids, cumaceans, and leptostracans, only the isopods have been
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Isopod Crustacean

documented in faunal reviews encompassing the entire
Caribbean region (Kensley, 1989). For the amphipod and tanaid crustaceans, most
investigators of the Caribbean fauna still rely heavily on the outdated monographs of
B.W. Kunkel (1910) and H. Richardson (1902) focusing primarily on the presumably
related, but distant, Bermuda fauna. Most subsequent work has focused on single
species descriptions of new taxa based upon material from a variety of Bermuda and
Caribbean localities; in the case of the latter these have focused almost exclusively

upon the fauna associated with Carrie Bow Key, Belize, Florida, and Jamaica.

With respect to microinveriebrates, which must be targeted specifically, the fauna
of the British Virgin Islands is almost unknown. In light of this fact, my goal was to
begin developing a collection that would help contribute to a much needed accounting

of the microinvertebrate fauna of this region. From a faunal collecting viewpoint,
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the BVI is ideally situated between the northern Bahamian and southern

tropical South American regions.

Field Work and Methods

In October, 1996, I visited Guana Island to make a preliminary assessment of the
microfauna associated primarily with the near-shore shallow intertidal and subtidal
zones. Collecting was concentrated in areas of high algal diversity or an abundance of
coral debris (rubble); both areas typically harbor large numbers of microinveriebrates
rarely seen by specialists focusing on the conspicuous macrofauna. The collections
were made utilizing the formalin-wash technigue, whereby small samples of algae
encrusted rock and rubble are rinsed off in a bucket of seawater laced with a small
amount of formalin (formaldehyde). This rinsing stimulates microcrustaceans and
other invertebrates to abandon their nestling habitat where they can be easily collected
by washing through a small (0.5 mm mesh) screen. This sort of technique has proven
invaluable at targeting the smallest nestling organisms that can not be collected by
casual “sight picking” with forceps. Typically, this latter method only targets the
larger, easily seen, crustaceans (and other invertebrates) and entirely misses the hidden
nestling, or cryptic, fauna. Furthermore, the number of specimens obtained by the

wash technique is quite high, increasing the likelihood of finding the rarer forms.

Because of the difficulty of reaching the remote parts of Guana Island, only twenty
five lots (each lot containing from a few to several hundred individuals) were obtained
during the week of my stay. Six of these samples were made utilizing SCUBA in the

shallow subtidal region proximal to the main boat launch area. Many of the more
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remote locations were sampled only once and more than half of the potential sites

were sampled only once.

When the collections were returned to my laboratory at the Peabody Museum,
Yale University, I and various students working under my direction, and that of my
research collaborator, Dr. Michael Gable of Eastern Connecticut State University,
have been sorting the specimens to their respective taxonomic groups. Once the entire
collection has been sorted and cataloged ( target date, end of May 1997), I will send
specimens to various specialists, nationally and internationally, for final taxonomic
workup. Finally, as specimens are catalogued the data records will placed on the
Peabody Museum World Wide Web server (URL address:
htip://www.peabody.yale.edu), so that the specimen data are of immediate use to

interested scientists,

Presently, the list of specialists (and their area of interest) involved in the Guana

Isiand micro-invertebrate survey are as follows:

Ms. Tara Casanova, Southern Connecticut State University, New Haven, CT -
gammaridean amphipods (with E.A. Lazo-Wasem)

Dr. Michael F. Gable, Eastern Connecticut State University, Willimantic, CT -
Willimantic, CT - melitid amphipods and leptostracans

Dr. Leslie H. Harris, Polychaete Section, Los Angeles County Museum of Natural
History, Los Angeles, California - polychaete annelids

Dr. Franz Krapp, Museum Alexander Koenig, Bonn, Germany - pycnogonids

Dr. Traud! Krapp-Schiekel, Museum Alexander Koenig, Bonn, Germany - stenothoid
and leucothotd amphipods

Mr. Eric A. Lazo-Wasem, Peabody Museum, Yale University, gammaridean
amphipods (excluding groups mentioned above)

Mr. Thomas Sawicki, Eastern Connecticut State University - leptostracans
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Synopsis of Preliminary Results

Although the sorting process is far from done, the faunal diversity of the near
shore habitats investigated at Guana Island is certainly very great, and will reveal many
new Caribbean records for the groups collected, Furthermore, microcrustaceans such
as amphipods and isopods do not have planktonic larvae and most forms do not
migrate far from their nestling habitat. Because of this, a relatively high degree of
endemism can be expected for the BVI microcrustacea once the fauna is carefully

surveyed.

Predictions made by Dr. Lazell, specifically, that the fauna of the island will vary
considerably between localities due to habitat variability, have been correct. Some

organisms were found in great abundance at only a single collecting site. For example,
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the marine bristle worm Polyopthalmus pictus, often

cited as a common, cosmopolitan species, was found only in a few wash samples of
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Paranebalza sp.
P abundant in a single algal sample at the

southern end of White Bay Beach; repeated collections at adjacent sites did not yield
many additional specimens. Many amphipod crustaceans have been found which are
definitely not well studied for the Caribbean region. For example, lysiannassid
amphipods, generally not abundant in tropical habitats, were represented by only a few
individuals, and more specimens are needed before an identification can be made,

because the present material does not include both sexes of this group.

This documentation of the Guana Island microcrustacean fauna is preliminary, as
many crustaceans, mainly amphipod species, are represented by only a few specimens
in the collection I made. Furthermore, some entire groups, such as the tanaid
crustaceans, are represented by only a handful of individuals.. This scenario is typical
of tropical/subtropical shallow-water collecting. For example, E.A. Lazo-Wasem and
M.F. Gable have been conducting surveys of the Bermuda amphipod fauna for over
ten years, amassing a tota! of over 10,000 specimens, and yet, many species are still
only represented by a few individuals. Centainly, repetitive collecting “en masse”, over
a period of years, is necessary to achieve complete coverage and include the rarer

species,

191
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It should be noted that some algal nestling invertebrates, such as the polychaete
annelids, will not be well known without further, separately targeted collecting, even
though the relative biomass and diversity of these organisms is extremely high in
tropical reef habitats. Unfortunately, the method utilized (formalin wash) to secure
microcrustaceans and other arthropods (pycnogonids, or sea spiders), does not favor
the collection of soft bodied forms such as annelids because these techniques typically
cause these organisms to tightly adhere to their surrounding algal/rubble habitats,
rather than abandon their hold. As a result, only the larger forms will be documented
unless more specialized collecting methods (hand picking of bulk samples) are
employed. Even though only a few annelid specimens were collected along with the
microcrustaceans, the material has yielded some unusual forms. Dr. Leslie Harris (L.os
Angeles County Museum) believes that one specimen may represent an entirely new
genus, and several other forms have distinctive, and possibly unique characters. We
hope that further sorting of the collection will result in our finding more specimens of

these interesting worms.
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ABSTRACT

We studicd water loss in eight intular populatioms of the Trzard Amelis crinatrifan wrilepse and in one population of A
ernetunliiamyi in the British Virgin Isdands. We found 2 nrong negative correlation berween habitar andity and ol
and cutancous water loas rate (ranging from 1.5-10.3 mg g°! h'') and a srong potitive correlation berwoen habiost
aridity and infegument resistance to water Joss (28.5-199.0 5 em~!). Warer lows and inregumentary resiscance of A
ememunfliams were similar to what would be predicted for A. crigeanllies living in the same habitat. The Guana Isdand

population of A. cristatellus was st
sponsible; phenotypic plasticity
for the distinction of lizards from Guana.

ificandy different from afl other populations. We belicve two processes are -
int maost of the oberved variability, bur genetic differentiarion may be responsible

Koy word:  Anolis cristarellus; A, emnestwilliamsi; rndpererior surrr looe Aaditat avidity; Sawvia,

MANTAINING WATER BaLANCE is critical for survival
in all terrestrial organisms. Evaporative water lows
(EWL) is 2 major avenuc of water loss to the en-
vionment. In lizards and snakes, evaporation
mainly occurs at the skin surfsce (Ec), rather than
through the raspicatory tract (Exr). It is likely, there-
fore, that physiological adaprations leading to min-
imization of EWL (and especially Ec) might be im-
portant to survival in terrestrial biotopes. It is not
surprising, therefore, that there is a documented
correlation between habitat andity and EWL in
many species of reptiles (Bendey & Schmidt-Niel-
sen 1966, Maurz 1982), Often, scale size is also
comrclated to habitat aridity {reviewed in Malhotra
& Thorpe 1991),

Little information exiso regarding intraspecific
vaniation in EWL Previous studies (Hillman &
Gorman 1977, Herz 8 &L 1979, Hillman o &l
1979, Kobayashi et af 1983, Kattan & Lillywhire
1989, Eynan & Dmi'el 1993) have often allowed
lizards to acclimate to uniform conditions before
testing them and only utilized a few populations in
cach species studied. Until recently (Katran & Lil-
lywhite 1989, Eynan & Dmi'd 1993), the rois-
tance of the integument to water vapor, R, was not

' Received 23 January 1995; revision aceepted 25 Sep-
tember 1995,

teported in intraspecific comparisons, This s e-
pedally important because R is relatively insensitive
to short-term environmental variation (Eynan &
Dmi'd 1993). To awid confounding phylogenetic
effecs (Harvey 8 Pagel 1991) and 1o increase our
undenunding of the importance of within-species
variation in physiological parameters, we chose o
study different populations within the same species.
Intenspecific comparisons led us ro hypothesize that
environmental andity would be reflected in lzard
EWL. Spcdfically, we predicted that, as the envi-
ronment becomes more arid, population-spedific
EWL will drop to compensate for the lower avail-
ability of water. Unlike previous studics, we wanted
1o test unseclimatized lizards, so that their EWL
would reflect that in nature as cosely as possible.
Thus, we were interested in the toral level of ac-
dimatiration of a lizzrd (o is environment, rather
than scparating phenotypic plasiicity from genetic
™

Anolis cristateilns is an arboreal lizard common
on many of the Greater Puerto Rico Bank islands,
Hillman and Gorman {1977) studied two popu-
lavions of A. ¢. crirtareliaes in Pucrto Rico, and Hertx
et al (1979) examined an additional Puerto Rican
population. There is a large amount of vanation in
environmental conditions on these islands, provid-
ing an ideal natutal setup for our study. Because

11
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FIGURE 1.

Map of rhe British Virgin ldands. Study populations of Anelis cistatellus and A, cnorwnilliamii. 1—

Sage M., Tortola; 2—Virgin Gords; 3—Beef Iddand; 4—Guana ldand; 5-—Bridge, Tortota; 6—MNorman Island; 7—
Mecker liland; B—Ancgada; 9—Camror Rock. Insent shows the position of thia idand group in the Caribbean,

the larger A. ermevwilliamsi, which is derived from
and dosely related o A. aristatellns, has consider-
ably smaller scales (Lazell 1983), we thought a
comparison of EWL berween these two species
would also be valuable. We therefore studicd eight
disjunct populations of A mistarelixs from scven
islands in the British Vigin lslands (BVI; Fig. 1).
Additionally, we studied A. erncsnenlliamai.

MATERIALS AND METHODS

We noosed lizards in the field during October 1993
and transported them 1o the laboratory on the
same day. A. crisearelius was found in habitao rang-
ing from the subuopical moist forat of Sage
Mountain of Tortola {sce Ewel & Whitmore 1973,
for full description of this habitay type} to the

AN




TABLE 1. Lacaions, sample sizes (N), relative bumidicy
at collecrion ute (RIT), and body dimentions of
Anolis crisatetus from cight inmdar popula-
tions. Data from Carrot Rock are A a-
nevrwilliamu onfx SD is one standard devia-
nion of the medn.

Body

surface

RH Mass (g) {cm?)
Location N (%) Man SD  Mean SD
Sage Mi., Torola 6 79 594 0.46 402 29
Virgin Gorda 6 67 411 030 314 49
Bridge, Beef L. 6 70 767 L14 479 4.0
Bridge, Tortola 6 70 785 1.77 458 66
Guana Id. 12 63 7.63 196 493 40
MNorman Id. 6 67 527 0BO 425 49
Necker I, 6 67 827 146 553 6.9
Ancgada 6 62 640 1.66 449 58
Caerot Rock 5 67 1319 208 584 62

scrubby ridges cypical of Guana Idand. However,
it was ncver encountered under a dosed canopy.
Our perception is that A crietellus usually 1akes
shaded perches in all habiaoa but cccasionally
moves into the sun, apedally in carlly moming ot
following rain showers. Patches of both sun and
thade are ubiquitously available in all habitats in
which we observed this species, and temperatures
at collection sites varied from 27-33°C.

Average ninfall ac Tortola ranged in the years
1960-1991 from 790-1840 mmlyear and the av-
erage was 1200 mmfyr (A Swain, pert. com.). As
there are no rainfall records for most of the ilands
in the BVI, we used scveral methods to represent
habitar aridicy. Following Malhotra and Thorpe
(1994), we repeatedly measured relative humidicy
(RH) at cach sitc during the collection period
(which coincided with animal activity times and the
duration of laboratory axperiments; sec below). We
used a poruable eectrical psychrometer (Prychro-
Dyme, Environmenual Tecronica Corporation} at the
actual collection sites, thus measuring the conditions
expericnced by the animals at their chosen
Average RH values are given in Table 1. However,
repeated measurements tken at Guana over the en-
tire study period yiclded daily RH values ranging
from G0-90 percent, refleaing the differences be-
tween dry and rainy days; this is enough to place
Guana at both the highest and lowest ends of the
spectrum (Tzble 1). Similar Auctuations were noted
at all sices. Unless they are taken over long periods,
RH measurements thus repraent highly transicory
conditions and are misleading,

At both arreme habitats (Guana lstand and Sage
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Mountain), we quantified microhabitat insolation
(availability of sunlight at the perch site) a¢ sites
where lizards were perchied. On cach of 39 Sage
Mountain and 46 Guana Island perch iites, we
centered a 14 X 21.5 cm piece of paper. Shaded
areas were muarked on the paper and later cut ow
and weighed to determine the percentage of inso-
lation in the immediate microhabitat of cach lizard.
Ar both sites, lizards had perched in towal shade,
full sun, and intermediate condirions. A1 Sage
Mountain, insolation was 25 * 34.6 percenc (mean
> SD) and on Guana Island it was 17 = 30.2
pereent. The difference between the sites was not
satistically significant (2 = 1.16, P = 0.25, 2-sided
s-test). Thus, we do not consider canopy cover a
utcful measure for determining habitat andicy.

In the absence of a quantitative measure of anid-
ity we anempred te produce a qualiative onc. Fol-
towing Hillman o af (1979), wc mostly based our
assessment on vegetation type and cover. Two of us
{GP and JL) who have been to all the srudy sites
independently ranked them on a scale of 1 (wet)
10 10 (dry). The two ranking systems were highly
similar. We then asked three additional biologists
{all of whom have worked in the BV for several
years at leart) to rank the same sites using the same
scale; they were asked to use their toul axperience
and take into account different seasons and times
of day. We averaged all five values 10 produce a
single index, which was also very similar w our
original estimates. The averaged value of this and-
ity index for each site is presented in Table 2. We
prefer this system because it represents a long-term
estimate of habitac aridity, rather than the mansi-
tory one¢ presented by RH measurements,

In the laboratory, animals werc individually
housed in plastic boxes (inner dimensions: 20 X 9
X 7 cm) covered with 2 small-mah wire net dhat
permitted froe air exchange between die box and
room atmosphere. Lizards were provided with
moistened paper and were kept in the bones withow
food for 8-12 h before the experiments commenced
(Claussen 1967). A criling fan was used to contin-
uously circulate room air and prevent the formation
of temperatures and humidity gradienos in and near
lizard boxes. Dara on sample size, body tize and
mass for each populition are provided in Table 1.

On each lmard we performed two cxperiments
that were carried out on two successive days. Before
commendng experiments we moved lizards to dry
boxes. During the first day, we measured total crap-
orative water boss (EWL). We used a Precisa balance
{modd B0OM) to measure the mass change of the
lizards to the nearest mg over a period of 648 hours.

b p—
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TABLE 2.  Sperrfic svaporurioe wasrr bon (EWL,

1 h ) cwtancoss water lons (Ec. mg cw 7 b)) and integument

revistarce (R, 3 cw-?) of Anolis arsatdhus owd A, emestwilliamai. Rerwdts of corrrlations benween A, cxista-
wellus phyriclogical charactrrittics and island aridity indicer are provided o1 the botiom, with 2-1ided P-oalues
Liven in parentheies, The avidiry index poes from | (=wer) to 10 (=dry).

. EWL Ec R
Andicy

Location index Mean SD Mean sD Mean 5D
Sage M., Tortola 1.0 5 1.2 0.5 0.1 59 14.3
Vigin Gorda 23 10 4.7 1 0.5 29 14.6
Beef 1l 5.0 4 1.1 0.5 0.1 54 11.4
Bridge, Tortola 5.0 3 1.2 0.4 0.1 55 226
Guana Tsl. 5.0 1 03 0.2 0.1 199 734
Norman L. 6.3 3 0.4 0.3 0.03 114 15.4
Necker 4, 6.9 2 0.2 0.2 0.04 155 248
Ancgada 8.3 3 0.2 0.2 0.05 128 27.5
Carrot Rock 23 1 04 0.2 0,07 168 71.3
r {Guana induded) ~0.66 (0.04) -0.71 (0,02} 0.57 (0.1)
r {without Guana) -0.71 (0.04) -0.77 (0.02) 0.78 {0.02)

At the ame time we also measured room pelative
humidity (using a Psychiro-Dyne psychrometer, En-
vironmental Tectonias Corporation) and skin and
room temperature (using 36-gauge copper-constan-
tan thermocouples connecred 10 2 Wescor TH-65
dectronic  thermometer). All measurements were
taken 2t 30 min intervals. Ambicnt RH in the im-
mediate vicinity of experimental boxes was nearly
constant at 75.8 * 2.20 pereent (average and SD);
the temperature inside the box and in the room were
identical (29.8 * 0.61°C), and that of the skin was
29.7 * 0.46"C. Animals which defecated during the
ttudy were re-wrighed and the study restarted.

Mecasurements of respinatory (Er) and cutancous
({Ec) water loss were conducted on the following
dzy. Using a polyethylenc bag, we enclosed each
lizard in 2 box with its head extruded. We assumed
that any change in box mau (measured every 30
min for 56 hours) was due to loss (respiratory and
cutancous) from the head. By subtracting these re-
sults from those obtained from the same animal on
the previous day we could isolate body Ec; dividing
body Ec by surface area (sce below) provided us
with EWL per unit surface. We then multiplied
this value by the surface area of the head and ob-
tained head Ec. Er was then calculated as total loss
from the head minus head Ec. R, the integument
rasistance, incorporates the retistances of the skin
and of the 1ir boundary layer surrounding it; we
calculated it using the equation given by Lillywhire
and Sanmartino (1993).

Because of the easticity of repiile skin, removal
and direct measurement of skin 2rea (Claussen
1967) was deemed inadvisable. Unlike many other
Anolis, however, A. critatelius closely approximates

an isosceles triangle in cross section, with the venter
gt its base and the sides of the body ferming the
two sides. We thercfore caleulated lizard body sur-
face by pressing cach lizard onto graph papet and
tracing its ventral side and its flank. These tracings
(which included both tail and limbs) were then cut
out and weighed: finally, we used the mass of a
100 em? picce of the same graph paper 10 calculate
the surface area of each lizard.

Whenever possible, individuals were released at
the end of the study at the site of capture. Other
specimens were deposited in the Tenas Memorial
Museum at the University of Texas at Austin and
in the Museum of Comparative Zoology at Har-
vard Univenity,

RESULTS

We found sutistically significant correlations be-
tween aridity and all physiological characieristics
measured (Table 2). Lizards from Guana were con-
sistently more resistant to water loss than expected
from the island’s andity index. Because Guana val-
ues were well outside the 99 percent confidence
limits, we present two sets of correlations in Table
2, one with Guana dara included, the other with
those data excluded. The correlations were statis-
tically significant for afl physiological indices (P <
0.0% in all cases) but not for mass (P = 0.3), and
cotrclation coefficients were higher when Guana
data were excluded. Values for A enesswilliamsi
could be predicted with great accuracy from the
relationship between aridity and water loss in A,
cristatells (Table 2, Fig. 2).

The relationship berween surface area (S, cm?}
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FIGURE 2. The rationship berween habitar aridity

and integument resistance in Amolis cristarellus (circles)
and A. ernemwillismyi (inangle). Guana s red by
an empry square, The regrossion line is b:j::;au for

A cristaeelius only.

and body mass (M, g) could be desaribed by the
equation § = 16.59 M®33 (12 = 0.69). Cutancous
water loss comprised on average 75.3 percent
{range 71.0-78.5 percent) of EWL. Differences be-
tween populations in the imponance of Ec relative
to that of Er were not statistically significane (P >
0.05, Kruskal-Wiallis non-parametric ANOVA),
nor were they correlated with habitat addicy.

DISCUSSION

Due to methodological differences, our EWL resuls
may not be comparable to those of previous research-
ers. Our findings on Amolis cristarelhs EWL and Ec
are nonctheless similar o those reported by Claussen
(1967) for A amrolinesi from Louisiana. A eme-
nvilliamsi were nearly twice as large as the largest A
cristasellus we collected, and their rotal water loss val-
ues were the highest. Once corrected for sipe, how-
ever, A. ernestuniliamsi conforms in terms of water loss
to the tend indicared by its parent species; is EWL
values were very similar to what we would predict for
A. erintatellus in the same envitonment.

The constancy of aperimental conditions malaes
intraspeafic comparisons within our sample highly
informative. With the excepion of lizards from
Guana, A cristatellus EWL was strongly negatively
correlated, and R values were strongly poditively cor-
related, with environmeneal aridicy. This supports our
initial prediction and agrees with the findings of stud-
jes on lizards in other locations (Hillman «r £/ 1979,
Karuan & Lillywhite 1989, Eynan & Dmi'd 1993).
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Our findings could be due to genetic differen-
tiation between populations, but are also consistent
with a phenotypic plasticity explanation {Hillman
et al 1979, Kobayashi er al 1983). In the first case,
we may be sering the beginning of 2 multiple spe-
ciation event; if the sccond explanation is true,
howevet, then no such event is indicated. Hera o
al {(1979) reported an EWL value of 8.3 mg/g/h
from 2 Puerto Rican population of A. crisasriiss,
and our data suggest this is a reasonable value for
a population dwelling in a moist habitat. Hillman
and Gorman (1977), however, reported conswdei-
ably lower values (1.9 and 1.8 mg/g/hn) in two
other Puerto Rican populations, one of them geo-
graphically close to that srudied by Hera & of
{1979). Because lizands from virmually the same sice
were so different but lizards from two distant and
climatically different sites were very similar, we sus-
pect the disparity might be due to differences in
methodology. This. and the findings of Hillman «
/. (1979} and Kobayashi ol {1983), support the
phenotypic plasticity explanation for the differences
we found berween populations. The lack of signif-
icant differences in masy between islands also sup-
porns this interpretation.

The consistent deviation of Guana lizards from
prediced values is difficult ro explain. Though our
evaluation of the island's anidity may have been er-
roncous, Guana was the only island for which all
evaluators amsigned the same rank, suggesting that
this is unlikely. Not is a biogeographic explanation
plausible: no relation between geography and EWL
was evident (Fig. 1). Why then arc Guana lizards
so different? We suspect that the Guana
may represent a diverging lincage, and that the be-
sis for these differences might be genetic. 1f 5o, spe-
cial attention should be paid 1o is conservation.
With an underlying pHenotypic plasticity enabling
rapid adjustment 1o local conditions, selection is
only likely to induce genetic differentiation under
extreme conditions. This is not the case at Guana,
Gencetic drift appears tb be a mote likely explans-
tion, especially when the small size of Guana (340
ha) is taken into account.

Maclean (1985) found scale size o be inversely
correlated with water loss rares in the gelkonid lix-
ard genus Sphacrodactylus in the BV1. Malthotra and
Thorpe (1991) similarly found that Anedis ermlena
inhabiting the wettewt habitais in Dominica had
the largest scales, whercas the subspecies that in-
habirs arid arcas had the smallest. Lazel] (1994) also
found a good cormspondence between sale size
and habitar andicy in the Spharrodaciylus vimernni
group in the Windward lslands, Lesser Antilles.
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Thus, the very small sales of A onetwilliams,
which inhabin the most arid ket in the group,
relative 1o that of A. crissatelis (Lazell 1983} were
highly suggestive, This led us to hypothesize that
scale sire might be related to EWL in the A, cris-
tateilus complex. However, no significant differ-
encas in scale size have been found among popu-
lations of A. crirtatellus wilepae in the BV1 (Lazell
1983); this, and the similarity in EWL berween A.
cristasellis and A. emexiwilliamsi, suggest that scale
size is not a good peedicror of the resistance of
lizard integument 1o water loss. Indeed, Malhotra
and Thorpe (1991) noted some cases in which the
correlation berween scale size and aridity was op-
posite to their own findings. Kattan and Lillywhice
{1989) have shown that lipids in the skin are re-
sporsible for reducing cutancous EWL, and this
remaing the Tikely mechanism for the differences
we obscrved berwren these populations. Sheer mans
may provide all the additional resistance to water
loss A ernesowilliamsi requires for survival.
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Though A. cristatelfus s clearly able to modify
its EWL to local environmental conditions, the ex-
act mechanism remains unclear, Cross-fostering ex-
periments, in which animals of different popula-
tions are maintained under similar conditions for
prolonged periods. are required. However, we be-
lieve that twoe mechanisms are involved: genetic dif-
ferentiation appears to be oocuring on Guana ls-
land, and phenotypic planiicity is apparent in the
differences between all other populations.
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HerPeETOLOGIC AL RENIEW

ANOLIS CRISTATELLUS WILEYAE (Virgin Islands Crested Anole). FRUGIVORY. "Anoles have long
been known to eat fruit (Lazell 1972, Bull. Mos. Comp. Zoot. [43; 22-74) but the frequency and
cnthusiasm with which they do so have not oficn been documented. On X Octlober 1996 we watched an
adult male crested anole consuming the sweet, magenta fruits of Melocactus intortus (Cactaceac)...

[ Perry doks \n&u]
On 11 October 1996 a pair of crested anoles worked a patch of Trichostigma octandra (Phytolaccaccae)
profusely in (ruit with crimson berries. Access scemed to be a problem; although the anoles could easily
have ridden these small, semi-vining herbs down, this apparently did not occur to them. The fruits were
about 30cm above the ground in clusters. The female anole climbed down a small vine to consume as
many berrzes as she could reach. The male (now Muscum of Comparative Zoology 1820073) anacked the
berrics from the edge of a large beulder. He ate all the berries he could reach, even to the extent of
lunging out, loosing his forefect, and sprawling forward, retaining a grip on the rock only with his rear
feet. When captured, this individual defecated Trichostigma sceds and skins in a red matrix. On
dissection, his entire gut was packed with fruit. We are indebted to Dr. George Proctor, Puerto Rico
Department of Narural Resources, and Dr. Fred Kraus, Hawaii Division of Forestry and Wildlife, for
idenufying the plants.

Submitted by JAMES LAZELL and GAD PERRY, The Conservation Agency, & Swinburne St.,
Jamestown, RI 02835

ANOLIS STRATULUS (Saddled Anole). NECTIVORY. Nectar feeding has been recorded in anoles
(Liner 1996. Herpetol. Rev. 27: 78), but we believe it is far more commonplace and widespread than
published records indicate. On X October and adult male saddled anole......

[Pf—rry Aate v kt"‘l e
Nectar droplets form on the top of the coral-red flowers of Pedilanthus tithymaloides (Euphorbiacac) and
arg sweet to the taste. We are indebted to Dr. Richard Howard, Gray Herbarium, Harvard, for
confirmaticn of the plant's identity.

Submitted by GAD PERRY and JAMES LAZELL, The Conservation Agency, 6 Swinburne St.,
Jamestown, RI 02835, U.S. A

16.x1.96
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‘—“—“é Subj; Re: 1996 data

Date: 96-11-14 10:34:22 EST

From: 72370.1210@CompuSene.CCM (Gad Permry)
To: razdmiel@post.tau.ac.il ('razi dmi'el")

CC: jcinjtown@aal.com (Skip)

Gents,

I've now graphed all the R data for ali 1996 lizards. As you said, there is no
change in average population values with time. That is consistent with mortality
being the main factor in the cahnges we saw before, On the other hand, there is

a lot of indivdual variation, The same individuals have huge changes, and that

is consistent with phenctypic respanses. As in the past, Guana's line is highest.
and Sage Mt's is lowest. | havent run any stats yet, but from the graphs it :
looks like Sage and Necker ought to be different, whereas Necker and Guana have
a lot of overlap and may not. ' ' ‘

Vanation is very low in Sage Mt lizards, very high in Guana, and intermediate
in Necker lizards, That makes me think of Razi's note on the feeding habits of
the beasts, and whether that had anything to do with it. t will try to plot
defta-R versus delta-mass to see if there is a pattern there.

I am a bit concemed that R may not be as goed at removing effects of driving
force {especially RH) as it is supposed to be. This comes from a note from Skip
saying you saw that R was higher an dry days. | do not have RH data on the
sheets | got, and would appreciate getting those data so | could try and see if
there is something to this, '

As for Table 3 for the previous MS - Razi, I'd appreciate it as scon as you can
get it to me, because | am anxious to get that MS out of the way ASAP. Obvously
the GIF report comes first, but please do this as soon after as you can.

A general comment: this is probably premature - data analysis is still far from
over, after all - but I am thinking we may need to repeat some of this work next
year - if there is a next year that is.

Gad
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INTRCDUCTION

Intraspecific terrtoriality in reptiles is cften based upon competition for food and mates (Stamps
1977, Myers 1981, Schoener 1982). A terrilory is defined as an exclusive area that is defended
to keep out rivals {Krebs & Davies 1978). Previous research has demonstrated that female Anolis
hzards typically defend territories to protect food resources while males prolect mating territories
{Stamps 1977). In October, 1966, | studied intraspecific competition for territories among Anolis
cristatellus males on Guana Island, B.V.1.

Anolis cristateflus lizards are sexually dimorphic, both in body size (males are larger than
females) and in the presence of a male tail crest that is held permanently erect and extends the
entire length of the tail. The taif may grow back if it is lost, but the crest will never regenerate, Itis
therefore possible for a large male to have a reduced or absent tail crest. Experienced
herpelologists working on related species on Guana Island predicted that crest size would not
correlate with competilive superiority in territorial interactions belween male lizards (personal
communication, G. Perry, J. Lazell}. In other species of Anolis, the incumbent male is commonty
the winner in a forced territorial interaction (Stamps 1977). My hypothesis was that resident males
would dominate interactions with an intruding male, with outcomes independent of the relative

length of their tail crest,

MATERIALS AND METHODS

Dr. Gad Perry shared with me his detailed maps of the terrilories of marked Anolis cristatelius
male lizards near the hatel compound on Guana Island. These maps had been updated in the two
weeks prior to my arrival. The interaction experiments that | conducted involved introducing a
tethered, nonresident male lizard into the territory of an undisturbed resident A. cristateffus. Dr.
Pemry's data provided identifiable territories associated with previously measured, marked (by toe
clips and nail polish) male lizards. | designated those marked lizards as the "residents". Outside of
the study area | collected unmarked male lizards to be the introduced "nonresidents”. Al

nonresident lizards were measured for body size and tail crest length. The lizards were held in



individual mesh bags until the time of the interaction experiment. Individual nonresident and
resident lizards were used in only a single interaction.

| used a fishing pole-like apparalus to lower each nonresident lizard into a resident's territory.
The pole was a long stick that had a monofilament line threaded through a series of tape loops
down its length, with the line wound onto a spool at the base. The loose end of the line was tied
in a slip knot around a lizard's torso. After the lizard was placed into the territory it was given
sufficient line slack to move about at will. Resident lizards were left free and undisturbed.

Immediately after the introduced lizard entered the terrilory | observed and recorded behaviors
of both the resident and nonresidemt males, noting the time al which each behavior occurred.
The introduced lizard was removed as soon as a clear "winner” was determined. | defined the
"winner" of an interaction as the individual that demenstrated dominance in one of the following
ways. If the lizards fought with physical contact and biting, the winner either chased away the
loser, or the loser voluntarily retreated. If there was no physical fight, dominance was associated
with behaviors such as an erect stance, the appearance of coloration contrasting with the
substrate, or raised erectile tissue along the neck and back of the animal. Submissive behaviors
associated with losers included a prone posture flat against the substrate, shut eyes, cryptic

coloration, and lowered erectile tissue.

RESULTS

The data obtained from twelve interactions demonstrate that resident males do not always
dominate when a nonresident lizard is placed in their territory. In four cases the resident lizard
"won", in four cases the introduced lizard "won", and in three cases there was no clear winner.
Based on these observations, the hypothesis was incorrect,

Crest length of resident and nonresident individuals, however, did correlate with outcome of
territorial interactions (Figure 1). Crest length of the introduced male was always larger than that of
the losing resident in all cases in which the nonresident won. When the resident won, it had the

longer crest in three of four cases. In the ambiguous interactions, both individuals had crest



206

lengths of approximately equal size. The diagonal line in Figure 1 represents the 1 : 1 ratio of
crest lengths between introduced and resident male lizards. Points above the line indicate a
larger crest on the nonresident male; data points that fall below the line represent cases in which
residents had larger crests. A residual analysis of these data demonstrates that points
representing the introduced winners fall significantly above the 1:1 line, while the group of
resident winners fall along the 1:1 line. This suggests that introduced lizards must have large tail
crests to win in territonal disputes with residents.

Another parameter measured in these experiments was the elapsed time before the interaction
was resolved (Figure 2). When a resident lizard won an interaction, it always look more than
twenty minutes to resolve. There was extensive posturing and pausing before a fight. However,
when an introduced lizard won the inleraction, resolution was prompt. In the longest such case it
tock six minutes until a clear winner could be determined; in the others resclution occurred within

two minutes (compared with over an hour for three of the trials in which the resident dominated.

DISCUSSION

The results of my 12 experiments show that residency alone is not an accurate predictor of
dominance in territorial interactions between resident and introduced male Anolis cristatelfus on
Guana Island. If the tail crest length of nonresidents is greater than that of the resident male then
the introduced male has a high chance of dominating in the encounter. interactions between two
lizards that have long and relatively equal tail crest lengths often result in ambiguous outcomes.
The elapsed time until resolution of the interaction was consistently sth(G minutes or less) when
the nonresident lizard won; and significantly longer (11 - >80 minutes} when the resident won.

Similar patterns correlating behavioral dominance and body / crest size have been shown in
other species of Anolis. For example, aggressive responses of A. aeneus males are grealest
when the body size ratio of the two fighting lizards are approximately equal (Stamps 1977). Fox et
al. {1981) suggests that dominance need not involve aggressive action, but may be relayed

threugh the intimidation of body size alone,
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During the course of my field experiments there were cccasional confounding elements 1o the
trials. A third male appeared in two cases. QOccasionally a smaller subordinate male occupies the
same lerritory as a larger, dominate male, but the smaller males typically have little reproductive
success (Stamps & Crews 1976). Females also appeared during the experiments, crealing
distractions for both lizards. Sometimes the resident would turn away from the introduced male to
follow the female, and occasionally her presence seemed to calalyze the fight. Females also
postured at intrecduced males. Females of other species of Anolis "multibob”, a display indicative
of fear , performed when she is courted by a new, intruding male {Stamps 1977).

It is important to slate that although this type of interaction does occur in nature, any
manipulation of an animal may affect its behavior. The process of catching the nonresident males,
then keeping them in a bag for several hours may have been traumatic, and affected their
behavior when placed into the territory of an undisturbed resident. Further replicates are needed
lo better understand factors influencing the resolution of territorial interactions between male A.

cristatelfus in the field.
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In addition te an advertisement call thal may func-
tion both in mate attraction and intermale spacing,
male frogs of many specics produce a variely of other
calls that are used in short-range encounters with fe-
males and other males (Wells, 1977a, b, 1988, Gerhardt,
19494). Vocalizations used during courtship are poorly

14y

documented for most spevies, although they may play
animportant rele in the courtship of particularly those
species in which the male leads the {female te a nest
site,

Frops of the penus Eleutherodactyties form a domi-
nanl component of terrestrial anuran communities in
man® nectropical arcas (Miyamoto, 1952; Drewry and
Rane, 1983; Lynch and Ruiz-Carranza, 1985), The few
species examined in detail show a diversity of vocal-
izations, including calls associated with the delense of
retreat sites (Stewart and Rand, 1991, 1992) and with
courtship and mating, (Townsend and Stewart, 1986;
Michael, 1996). Based on observations in captivily,
Michael {1996) described courtship calls that differed
in struclure from the advertisement calls for three spe-
cies of Eh‘ulhcrw!acryn'us {coqui, cochiranac, and anlitlen-
sis) and noted that their courtship calls were more
similar than their advertisement calls. The observa-
tions were based on courlships by only two male F.
cochraner and one male E. antillensis (in interspecific
courlship with female E. cocliranac), precluding de-
Lailed analysis of the calls,

We describe the behavior and vocalizations by E. an-
tillensis and E. coclranac during courtships under natu-
ral conditions on the British Virgin Islands. The two
species are closely related based on alectrophoretic
analysis (subgenus Clettlerodactylus, aricutatis sec-
tion; Hedges, 1989). Qur observations complement
those recorded in captivily (Michael, 1996) and pro-
vide a context for the vocalizations.

We observed courtships of E, antillensis on 10 occa-
stons in October 1993 and 1994 on Guana Island, Brit-
ish Virgin Islands, and recorded calls of males on
audio-tape in six of these cases. The microphone was
approximately 20-80 cmi from the male, and light from
a headlamp directed away from the frops provided il-
lumination for observations. We compared calls emit-
ted during courtship to advertisement calls of 10 male
£ antiflensis recorded on Guana Island in 1594 as a
part of a study on call variation among islands. [n
1993, we used a Panasonic® tape-recorder wilh a
built-in microphone (RQ-320), whereas in 1994 we
used a portable JVCo casselle recorder (CD-1636) and
A Sony Professional Walkman® (WM-D6O) fitted wiath
unidirectional Audiotechnica® shotgun microphones.

We analyzed all calls o a DS Sona-Graphos Model
5500 (Kay Flectronics). We randomlby selected five long
(5 notes) and five short (=25 notes) courtship calls
emitled by each Loantillensis male during three stages
af the courtship for detailed analysis. The stages,
which carresponded to the sequential progress of the
courtship, were (1) male and female in vegetation or
an the pround, {23 male under leaf litter, and (3) Both
male and female under teaf litter. Tor comypranisons, we
also selecled 10 advertiseent calls from the second
mintte of cach 5 min recording of vocalizations of
males thal had not been approached by {females. We
measured the dominant frequency of each note, time
from the start of one nole do start of subsequent pote
{nede period), and tatal duration for cach call, and cal-
culated the average for each individual male. We ap-
plied Banferroni's correction when using the same set
af data in lwo analyses (Snedecor and Cochiran, 1950).
As a resull, oo was set at 0,025 when comparing char-
acteristics of the advertisement and courtship call.

In October 1995, we observed a courlship of £ co-
cheanae on Tortola, British Virgin Islands, and recorded
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vocalizations using a portable cassette recarder (Sony
I'rofessional Walkman®, WM-D6C) with Electret®
(SME V-6502) unidirectional condenser microphone.
For analysis, we randomly selected five courtship calls
before and after the pair disappeared into the pre-
sumed nest site, We compared these calls to advertise-
ment calls emitted by five other males from the same
site in the absence of females based on five randomly
sulected calls/male.

We abserved courtships of E, antillensis on 17, 21,
22, and 23 October in 1993 and on 8 and 17 October
in 1994, The courtships began between 2100 b and
1010 h, vsually after a heavy rain. On the night of
17-18 October 1994, following a heavy downpour at-
ter 10 d with no rainfall, we noted six courtships (but
obtained detailed observations for only two of these
simultancous events). In contrast, searches on eight
nights between 7 and 20 October 1994 in the same area
resulted in the lecation of enly one courtship. The ob-
servations lasted from 20-130 min and were termi-
nated when the pair either entered a presumed nest
site under leaf litter or was otherwise lost from sight.

In the absence of females, male E. antillensis emit-
ted two-note advertisement calls (Drewry and Rand,
1983) and oecasional “irill” calls (series of repeated
notes) that were interspersed among the advertise-
ment calls (Drewry, 1970}, In nine of 10 courtships of
L. agutiflensis, a female approached a male that was
emilting these calls at an ¢levated site in the vegeta-
tion. The female hopped close to the male, sometimes
landing, on top of him. The male immediately moved
downward, usually approximately 50 ¢m, and
changed his call fram the advertisement call to a
multi-note courtship call (Fig. 1), The process was ne-
peated until the pair reached the ground (N - 7; in
the remaining cases, the frogs were disturbed by the
abservers or were already on the ground). On the
ground, the male moved slowly, emitting series of
countship calls, and the female crawled closely bvhind
hign as if in slow metion. The male then moved un-
der the Teaf litter, fallowed by the female. The male
continued to emit multi-note calls,

In addition to courtship calls, male E. antillensis con-
tinued to produce advertiserment calls and trill calls
thraughout the courtship, The male typically cmitted
a courtship call immediately after the female moved
towards him, but reverted to the advertiserment call if
the female did not mave or was lagping far behind.
The courtship call seemed much softer than the ad-
vertisement call, but we did nat measure sound pres-
sure levels,

Twice, we observed two gravid ferales orienting ta-
wards the same male F. antilfensis in early couriship.
In bath cases, the second female left after the other be-
gau to follow the male, Once, o second, silent male
joined in a courtship, moving behind a female that
was following a courting male on the ground.

We located a globular egyr-mass at the site where a
pair of courting L. antillensis had disappeired under
the leaf litter on two occasions (23 October 1993 and
17 Qctober 1994). The distance from the original call-
g site of the male to the nest was 450 cm and 580
cm for the two observations. By raking thmugh the
teaf litter, we found a third e mass on 20 Octaber
1994 AN epz-masses were abawt 2-3 om ander the leaf
litter in an open (ie, not directly under plants) maoist
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lacation in the forest. We examined the nest site on 17
October 194 about 4 hafter the courting pair had dis-
appeared under the leaf litter. Both the male and fe-
male were by a newly-laid egg; mass. No frog attenched
the other two epg masses or this nest on checks dur-
ing subsequent days,

The number of notes in the courtship calls emitted
by male E. antillensis during courtship varied from 1
to 22 (Fig. 2). Two-note advertisernent calls and trill
calls, also emittesd by males during courtship, could
be distinguished from the courtship calls by their
deminant frequency and are not included in Fig. 2
The mean number of notes/call tended to increase as
the courtship progressed from when the pair was in
vepetation (X — 38, SD - 1.5, N — 94 calls by (ive
frogs) to when the male or both frags were on the
ground (X = 5.7, 50 = 2.2, N = 296 calls by six frogs)
and to when the male (50 90,50 - 2.6, N - 70 calls
by two frogs) or bath the male and female (X= 8.7,
SD - 18, N 30 calls by two frags) were under the
leaf litter. However, bath short and long calls eccurred
at all stages of courtship (Fig. 2).

Aboul 80% of the courtship calls by E. antillensis
(397 of 489 calls by six males) began with two intro-
ductory nates. These were very similar to the notes in
the two-note advertisement call both in the dominant
frequency (Students t-test: t = ~0.338, 7 - 0.74] for
comparisons of Ist notes, t = —0.381, P - 0.709 for
comparisons of 2nd notes) and the note period (t =
1.158, P - 0.266; Table 1), In early courtship (before
the pair disappeared under leaf litter), the third and
subsequent notes of the caurtship call resembled the
first note of the advertisement call but were somewhat
higher in frequency (L - 3.09, P 0.008; Table 1) and
often showed a downward frequency sweep (Fig. 1).
The mean note period between the remaining notes
it the courtship call was longer than that between the
notes in the advertisement call (t —~ 4.778, P = 0.001).

The dominant {requency of the courtship calls of
each of the two L. amtillensis males that we recorded
both in early and late courtship changed when the
male or both the male and female were under the leaf
litter in the presumed nesting site (Fig, 1), The domi-
nant freguency of the first note of the call was similar
to that carlier in courtship (Frog 1: t - —1.06, P = 0.30;
Frag 2: 1 (85, P 042), whercas the second note
wirs lower (Frog, 10t = 502, I < 0.001; Frog 2t -
13, P — 0.002) and the repeated set of notes was
Iigher (Frog 1:t — —9.17, P < 0.001; Frog 2:t < ~2.58,
P -- 0.021) than the respective notes in the call when
the palr was above ground (Stuctent’s 1-test lor
unpaired obscrvations; each call treated as an inde-
pendent observation for the purpose of analysis). A
comparison of the mean dominant frequencies of the
calls of these two males in late courtship to that of all
six males in early courtship suggests a similar pattern
(Tahle 1. The frogs were not visible at this stage, and
the behavior associated with the vocalizations is un-
known.

O 7 Octaber 1995 at 2445 h, we observed a court-
ship of [ cochranae v Sage Mountain National Park
ou Tortola, British Virgin Islands. When fiest sighted,
the male was emitting a 1ypical one-nate advertise-
ment call (Drewry and Rand, 1983) from a crack in a
sroall, dead tree 170 cm above the ground, The male
eroerged fram the crack, facing towards a plump fe-
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Sonagrams of adverlisement and courship calls of male Llewtherodaclyius antillensis recorded under
natural conditions on Guana Island, British Virgin Islands, A—advertiscment call, B—courtship call in early
courlship when the frogs were above ground, C—courlship call in late courtship when the male or both frogs
were under teaf litter.

Fus. 1.

male who was climbing up the truok. The female ap-
proached the male, mud the pair then disappeared into
the crack with the male leading the female. The vo-
calizations of the male consisled of multi-nate calls
that sliowed a downward frequency sweep (Fig. 3
The mean number of notes in these calls was 3.3 =
34 (range: 1-24; N o~ 126 calls; Tag. 4). Ab calls emit-

ted by the male in the prosence of the female were in-
cluded in Fig. 4, as we could not distinguish possible
one-note courtship calls from the one-nate adverlise-
ment ¢all by their dominant frequency, Most calls be-
pan with a long introductory note that resembled the
advertisement call. The dominant frequency of this in-
troductery note varied from 3270 Hz to 4200 1z (-
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TasLE 1.

Caminant frequency and tming of nates in calls of Dleatheradactylus antitlensis iy the absence and

presence of a receptive female. Notei—Tst note of advertisement call or introductory o courtship call, Notez—
2nd nole of advertisernent call or introductory 1o courtship call, Set-remaining, repeated notes in coortship
call. The note period is the ime from the start of one note to the start of the subsequent note.

Dharnimani |'rr:qm-|1cy (50, Mz

Nire pericd X(5D), s

Context Motel P2 Sed Notel Nate2 Set Na. frops {IN) - Nooealls
Advertisement call in the 2026 2427 - 0.066 — — 10 50
absence of lemale () (101) (0.004)
Early courtship (male and 2010 2805 2174 0.069 .19 0.16d 6 53
female above surface} (92} (131} (80) (000 (0.025)  (0.064)
Late courlship {(male or 1960 2398 2393 0095 0122 Q171 2 R

pair under leaf itter)

3690 Hz, SD = 392 Hz, N - 10 calls; mean domi-
nant frequency of advertisemnent calls of five other
males - 3864 Hz, S0 = 139 Hz). The remaining notes
of the courtship call were shorter and had a lower
dominant frequency (0 3249 1z, SD = 177 Hz) than
the first note (Student's t-test for paired samples: t =
364, P = 0,005, N = B, Seven of 126 calls, all at the
end of the courtship when the pair was in tree cavity,
lacked an introductory note. The male continued to
emit these vocalizations sporadically throughout the
cvening while the pair was in the cavity.

The following evening, the heads of two [rogs, a
small one on lop of a larger one, protruded from the
cavily, suggresting tral the frogs were still in amplexus.
On 14 October, the head of one frog was visible in the

5

41
17
2

cavity, but no frog was in attendance the following,
night.

In the presence of receptive females, males of L. an-
tllensis and E. cochrantae emitted courtship calls that
differed both in the timing and frequency frons the ad-
vertisement calls of the species. These calls were simi-
lar in basic structure to the courtship calls of the two
species recorded in captivity (Michael, 1996), although
differences in details existed. The calls of both spuecies
were longer than these in captivity (maximum nunm-
ber of noles/call = 22-24 versus 10 as reported by
Michael), and most calls began with introductory
notes that resemibled the advertisement calls of the
species, The presence of these introdudlory notes may
be important in mulli-species assemblages under

FREQUENCY (KHz)

1F
i Ly P I PN 4 1 N N o L P L
1.0 2.0 3.0 4.0
TIME (s)
G, 3.0 Somagrams of advertisement and courtship calls of male Cleptherodaciylus cochranae recorded under

natural conditions on Tortela, British Virgin Islands. A—advertisement call, B—courtship call.
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A. EARLY COURTSHIP
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verlisement call I caplivity, F. coqued emitted mulli-
note calls of relatively los dominant frequency when
compared to the two-note adverlisement call of the
sprectes (Michael, 1996). We suspect that conrtshipcalls
are camnumy, i nat ubiguitous, among Eleutherodacty-
fus and  perhaps also among ather  terrestrially-
breeding species in which the male leads the female
to a nesting site, If multi-note calls are attractive Lo fe-
males, then the Tow nunmiber of notes in the advertise-
ment calls of Eoamtiilensis, . cochranae, and E. coqui is
puzzling, as those males (hat added notes to their calls
vould patentially enhance their ability to attract mates,
Experimental studies of the relative responses of Te-
inales and males o the coortslnp and advertisement
Jealls may prove a fruitful field for investigating the
constraints and driving forces that have shaped the
evolution of vocal conmunication in these frops,
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Abstract. The vocal repertoire of male Eleutherodactylus and the communicative

significance of two calls (the trill and courtship call) were investigated under natural
conditions on the British Virgin Islands. Interspersed with two-note advertisement calls,
males emitted trill calls, which typically consisted of an introductory note followed by 5-
13 rapidly repeated notes. The introductory note and the repeated notes were within
the range of the dominant frequencies of the first and second note of the advertisement
call, respectively, but their mean frequencies were 5-8% higher. The temporal and
spectral characteristics of the trill and advertisement calls were similar on three islands
(Tortola, Virgin Gorda, Guana), except that the number of repeated notes in the trill was
higher on Guana. Body size and air temperature had no detectable effects on the call
characteristics. In response to experimental playback of trill calls (either synthesized or
constructed from actual calls), males emitted more trills in the period following the
stimulus than during the baseline. During the playback itself 5 of 22 males produced
an unusually high number of trills that alternated with the stimulus trills. These
responses suggest that the trill is an aggressive call used in the defence of a calling
territory. In response to the playback of courtship calls (multi-note calls that males
emitted only in the presence of a female and that differed from the trill call mainly in the
dominant frequency of the repeated notes), 11 of 28 males left their perch sites and 9
approached the speaker. In contrast, males never left their perches during the
baseline or the trill stimulus. These responses suggest that males may exploit the

courtship calls of rivals to obtain mates through interference.
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The presence of an advertisement call that may function both in mate attraction and
inter-male spacing is an almost ubiquitous feature of anuran communication systems
(Wells 1977a). Males of most species also roduce a variety of more specific calls that
are used in encounters with females or other males (Wells 19772, b, 1988; Gerhardt
1994). The examination of the structure and function of these calls provides a
potentially fruitful field for investigating the constraints and driving forces that have

shaped vocal communication within groups of frogs.

Frogs of the genus Eleutherodactylus are widespread in the neotropics and

form a dominant component of many terrestrial anuran communities (Drewry 1970;
Miyamoto 1982; Drewry & Rand 1983; Lynch & Ruiz-Carranza 1985). The relatively few
species so far examined have complex and diverse vocal communication systems,
including graded aggressive signalling (Stewart & Rand 1991, 1992), intricate
avoidance of acoustic interference (Brush & Narins 1989; Zelick & Narins 1983) and
courtship vocalizations (Michael, 1996; Ovaska & Caldbeck, in press). In E. coqui, the
species that has been studied in most detail, variable use of the two notes of the
advertisement call results in a complex system of vocal communication (Narins &

Capranica 1978, Stewart & Rand 1991).

The calls of E. antillensis form a conspicuous feature of the night sounds on
most isfands of the Puerto Rico Bank in the Caribbean Sea, but the communicative

significance of their various vocalizations is poorly known. We investigated the vocal
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3
repertoire of male E. antillensis on the British Virgin Islands, located in the nertheastern
extremity of the Puerto Rico Bank. The species is present on a number of islands,
including Guana, Tortola and Virgin Gorda, where we conducted our study (Lazell et al.
1983; Mayer & Lazell 1988). Populations on the different islands have been isolated
from each other by physical barriers for approximately 8,000 - 10,000 years. Rising
sea levels after the last glacial maximum, when the entire Puerto Rico Bank was united
into a single land mass, resulted in the fragmentation of the bank into numerous islands
{Heatwole et al. 1981). The extent of subsequent over-sea dispersal by frogs among

islands is unknown.

We compared the characteristics of two calls (the trill and the advertisement call)
of males from Guana, Tortola and Virgin Gorda. To obtain information on the
communicative significance of the calls, we examined the responses of males to two
categories of natural and synthesized calls: the trill call {(occasional call of Drewry
1970) and the courtship call (Michael 1996; Ovaska & Caldbeck, in press; Fig.1). Both
of these calls begin with 1-2 introductory notes, which are followed by a set of repeated
notes. The calls differ mainly in the dominant frequency of the repeated notes. Under
natural conditions, males intersperse trill calls among the advertisement calls at
irregular intervals, and we predicted that the trill represents an aggressive call that
functions in inter-male spacing. Males emit the courtship call only when leading a

receptive female to a nest site (Ovaska & Caldbeck, in press).
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if the trill call is an aggressive call, we predicted that the playback of recorded
trills would elicit responding trilis by male E. antillensis. Such behaviour has been
observed in playback experiments of aggressive calls in other species {e.g. Wells &
Schwartz 1984; Schwartz 1986 Stewart & Rand 1991). In contrast, we predicted that
males would either ignore the playback of the courtship call or silently approach the
speaker, based on the suggestion that males exploit the courtship calls of rivals to

locate courtships that they can interrupt to obtain matings (Wells 1988).

METHODS
Trill Call
To obtain information on the spectral and temporal properties of the trill call, we
recorded calls of individual male E. antillensis on Tortola, Guana and Virgin Gorda on
the British Virgin Islands. We determined the repetition rate of trills in relation to
advertisement calls in 25-min tape recordings of 12 males recorded between 1900 and
0100 hours on 11-21 October 1993 on Guana (n=6) and Tortola {n=6). To determine
the timing and spectral characteristics of the trill, we recorded vocalizations of 28 males
(n=10 on Guana and Tortola, 8 on Virgin Gorda) for 5-10 min for a minimum of three
trill calls per male in October 1994 using either a portable JVC {CD-1636) cassette
recorder or a Sony Professional Walkman {(WM-D6C) fitted with unidirectional
Audiotechnica condenser microphones. The microphone was approximately 50 ¢cm from

each male. At the end of the recording, we measured the snout-vent length (SVL) to the
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nearest 0.1 mm and weighed each male to the nearest 0.1 g. We also recorded the air

temperature.

We determined the timing and dominant frequency of 3 trill calls/male (randomly
selected from the beginning, middle and end of the recording in cases when the
number of trills was greater than 3) using a DSP Sona-Graph Model 5500 (Kay
Electronics). We measured (a) number of notes in the introductory sequence, (b)
number of repeated notes, (¢) call duration, (d) time from the beginning of the last
introductory note to the beginning of first repeated note, (e) mean time from the
beginning of each repeated note to the beginning of the subsequent repeated note, (f)
dominant frequency of the introductory note(s) and (g) dominant frequency of the
repeated notes. For comparative purposes, we randomly selected 5, two-note
advertisement calls from the second minute of the recording of each male for analysis.
The parameters measured were (a) call duration, (b) time from the beginning of the first
note to the beginning of the second note, (¢} dominant frequency of the first note and

(d) dominant frequency of the second note,

Playback Experiments

To examine the communicative significance of the trill and courtship calls, we
presented individual calling males with a series of both call types sequentially under
natural conditions and recorded their responses. The stimulus calls were prepared by

(a) using vocalizations of two individual male E. antiliensis recorded on Guana Island in
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October 1994 (referred to as real trill and courtship stimuli) and (b) synthesizing series
of sounds that imitated these calls in the timing and dominant frequency (referred to as
synthetic trill and courtship stimuli). Each sequence began with three advertisement

calls and was followed by either two courtship or two trill calls, each of which consisted
of 8 repeated notes (Fig. 2). In both the real and synthetic stimuli, the interval between
the advertisement calls and the repeated notes was 1 s, and that between the two sets
of repeated notes was 2 s. The interval between the end of the second repeated set

and the first advertisement call was also 2 s. Each 8.5-s sequence was iterated for 2.5

min to produce a stimulus tape.

The dominant frequencies of the first and second notes of the synthetic
advertisement calls were set at 2200 Hz and 2800 Hz, respectively. The synthetic trill
and courtship calls differed only in the dominant frequency of the repeated notes (2800
Hz in trill, 2200 Hz in courtship call). The dominant frequency of the lower note was
based on the mean of repeated notes of courtship calls by 6 males (Ovaska and
Caldbeck, in press) and is within the frequency range of the first note of the
advertisement call of the populations examined. The dominant frequency of the higher
note in the stimulus was basad on the mean of the second note of the advertisement
call by 28 males. The calls were synthesized on a Commodore Amiga computer (J.

Schwartz, unpublished software).
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We tested the responses of 28 males to the stimulus calls between 1930 adn
0100 hours on 5-15 October 1995 on Sage Mountain, Tortola (n=21), Beef Island
(connected by bridge to Tortola, n=1), and Guana (n=6). We recorded the vocalizations
of each male during five consecutive 2.5-min periods: (a) undisturbed baseline, (b)
playback of either the trill or courtship call stimulus, (c) interval with no playback, (d)
play-back of the remaining call stimulus (trill or courtship) and (e) no playback. One-
half of the males were presented with the synthetic call stimuli and the other with the
real call stimuli. The real trill and courtship stimuli used in any one trial were derived
from calls of the same individual source male. The order of presentation of the trill and
courtship stimuli to individual males was randomly determined within the limits that

each call type was played first to an equal number of males.

We broadcast the stimulus calls using a portable Sony cassette recorder (TCM-
9) connected to a Genexxa (SM200) speaker. The speaker was positioned about 2 m
from the frog to be tested (x + SD =185 + 22 cm, n = 28). The maximum amplitude of
the stimulus calls at the location of the target frogs was about 70 dB SPL (c-weighting),
which corresponded to the peak amplitude of the advertisement call of E. antillensis at
a distance of 1 m, as measured using a Realistic Sound Level Meter. C-weighting was
used because this setting on the instrument used corresponded most closely to a flat or
no-weighting option. We recorded vocalizations of the frogs from a distance of about 2
m using a Sony Professional Walkman (WM-D6C) fitted with an Electret (SME V-6502)

unidirectional condenser microphone. Initially, we carried out the experiment in
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darkness. Because we could not always locate frogs that had left their calling perches
during the experiment, however, we subsequently observed their behaviour with
illumination from a headlight directed away from the frogs. The frogs appeared
undisturbed by the dim light. At the end of each trial, we measured and weighed the
frog and recorded the air temperature. We also measured the distance from the

location of each frog to its original calling site and to the speaker.

Data Analysis

We used multiple regression analysis to examine the influence of (a) island, (b) body
size (SVL) and (c} air temperature on the 10 call characteristics measured (call
duration of the trill was omitted because it is a function of another variable, the number
of repeated notes). We used the mean per male for each of the independent variables
in the analyses. We compared the dominant frequency of (a) the introductory note of
the trill call to the first note of the advertisement call and (b) the repeated notes of the
trill to the second note of the advertisement call using Student's t-test for paired
samples (2-tailed). We used the mean values for each male, and the data conformed

with the assumptions of parametric statistics.

To analyze the vocal responses of males to the trill stimulus in the playback
experiments, we compared the number of trills males emitted during the baseline period
to that during (a) tne trill stimulus and (b) the period following the trill stimulus (no

stimulus), using the Wilcoxon signed ranks test for paired samples. Because the same
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variable (number of trills during the baseline period) was used in two analyses, we
used Bonferroni's correction and reduced o to 0.025 (Snedecor & Cochran 1980). We
compared the number of spontaneous advertisement calls produced during the
baseline period and those elicited during playback of the courtship stimulus using
Wilcoxon signed ranks test for paired samples. All descriptive statistics are expressed

as x + SD.

RESULTS
Characteristics of the Trill
Males emitted trills relatively infrequently during bouts of calling, although rates of both
trills and advertisement calls varied widely. An average of 0.4% of the calls of individual
males were trilis during 25-min recordings in October 1993 (4.6 + 3.1 trills to 1159 +

454.2 advertisement calls; n = 12 males).

The trill call typically consisted of an introductory note followed by a set of 5-13
repeated notes of a higher dominant frequency (Fig. 1a). The lower introductory note,
which was not present in 16% of the 77 trills by 28 males recorded in 1994, was slightly
higher than the first note of the two-note advertisement call (2192 + 182 Hz versus
20256+ 76 Hz; t=44,df =1, n=28, P <0.001, all islands combined). Two trills by
one male had two introductory notes. The repeated note was higher than the second
note of the advertisement call (2908 + 84 Hz versus 2763 + 105Hz; 1 =5.7,df=1,n=

28, P < 0.001, all islands combined). Occasionally (2 of 12 males in 1993, 2 of 29
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males in 1994), a male repeatad the higher-frequency note during a period of intense

calling without producing a complete trill call (Fig. 1c).

The call characteristics measured differed significantly among the three islands
(adjusted ? = 0.51, E,,,4 = 3.49, P = 0.02. This difference was largely due to variation
in one variable, the number of notes in the repeated series of the trill (partial 2 = 0.40,
P =0.0008). The other call variables explained little of the total variation among islands
(partial r’< 0.03 for each individual variable). The mean number of repeated notes in
the trill was greater on Guana (9.9 + 1.4) than on Tortola (7.5 + 0.6) and Virgin Gorda

(6.7 + 0.8).

The SVL of males, which ranged from 23.5 to 34.0 mm, had no detectable effect
on the call characteristics measured (adjusted 2 = 0.0001, E,,,, = 0.75, P = 0.67.
Similarly, air temperature had no detectable effect on these characteristics (range: 22-

26°C; adjusted 2= 0.18, F,q,3 = 1.52, P = 0.24).

Responses to Playback of the Trill Stimulus

The air temperature during the playback trials varied from 23 to 28°C (24.5 + 1.2°C),
and the frogs were perched on vegetation at heights of 30-225 cm (121 + 63 cm) at the
beginning of the trials. The body size of the males tested ranged from 26.0 to 30.0 mm

(29.8 + 1.4 mm) in SVL.
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All males that were presented first with the trill, rather than the courtship
stimulus, remained on their calling sites throughout the playback of the trill stimulus.
However, six of the 14 males that were presented with the courtship stimulus first had
already left their calling sites before the playback of the trill stimulus began and were
omitted from the analysis. Thus, the sample size was reduced to 22 males. The number
of trills was 0.9 + 1.0 during the baseline peried, 2.2 + 3.1 during playback of the trill
stimulus and 1.8 + 1.7 during the period following the trill stimulus. Males produced
significantly more trills in the 2.5-min space following the trill stimulus than during the
baseline period (z = 2.42, P = 0.016, n = 14 males with non-zero values; Wilcoxon
signed ranks test for paired samples). The synthetic and real trill stimuli were equally
effective in producing this response (P = 0.64; binomial test). However, the number of
trills during the playback of the trill stimulus itself was similar to that during the baseline
period {z = 1.55, P = 0.12, n = 16 males with non-zero values; Wilcoxon signed ranks

test for paired samples).

Five of 22 males behaved as predicted and emitted an unusually high number of
trills {6-10) during the playback of the trill stimulus. n contrast, the highest number of
trills any male emitted during the baseline period was 3. These males placed most of
their trills (29 of 39 trills; n = 5 males) after the second stimulus trill, and only four of the
total of 39 trills overlapped with the stimulus trills. In contrast, the responding trills

frequently overlapped (in 18 of 39 cases) with the advertisement calls that began each
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iteration of the stimulus sequence. One of these males was presented with the

synthetic trill stimulus and four with the real trill stimulus,

Responses to Playback of the Courtship Call Stimulus

Thirteen of the 28 males tested fell silent when the courtship stimulus began, and 11
left their perch sites during or immediately after the playback of this stimulus, Nine
frogs approached to within 10-170 cm of the speaker (covering 43 + 23% of the initial
frog-to-speaker distance). The remaining two could not be located at the end of the
playback series but could have been hidden by vegetation. One additional male also
silently left his perch site, but we could not determine at what point in the playback
sequence this occurred, because this trial was carried out in darkness. In contrast,
males never left their perches during the baseline period. The synthetic and real
courtship stimuli were equally effective in eliciting a silent approach (real = 5, synthetic
= 4 cases). Those males that remained on their perches and continued calling emitted
advertisement calls at the same rate as during the baseline period (109 + 54 versus
105 + 48 calis/2.5 min, respectively; z = 3.14, P = 0.975, n = 14; Wilcoxon signed ranks

test for paired samples).
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DISCUSSION

Males of E. antillensis have a vocal repertoire that consists of three basic call types:
advertisement call, courtship call and trill call (Fig. 1). In addition, during intense bouts
of calling, males occasionally repeated the second, higher frequency note of the
advertisement call. The trill and courtship calls were composed of variable repetitions
of notes that resembled but were not identical to those in the two-note advertisement
call. This system is similar to the vocal repertoire of E. cogui, where variable
combinations of the two basic notes of the advertisement call form a complex system
used in aggressive signalling {Stewart & Rand 1991, 1992) and in courtship {Michael
1996). Both the trilt and the courtship calls of E. antillensis consisted of 0-2 introductory
notes followed by a series of rapidly repeated notes. In the courtship call, the
introduction was identical to the advertisement cali, but the dominant frequency of the
repeated notes was slightly higher (about 7%) than the mean of the first note of the
advertisement call {(Ovaska & Caldbeck, in press). The trill usually began with one
introductory note that was higher (by 8%) than the first note of the advertisement call
and was followed by repeated notes that resembled but were also somewhat higher (by
5%) than the second note of the advertisement call. The repeated notes in both the trill
and the courtship calls were within the range of the dominant frequencies of the notes

of the advertisement call.

The results of the playhack experiment suggest that the trill is an aggressive

call. Males produced more trills in the 2.5-min space following the presentation of the
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trill stimulus than during the baseline period. However, although we have frequently
heard neighbouring males exchanging alternating trills during bouts of calling in nature,
only five of the 22 males tested responded to the playback of this stimulus as expected.
Such an alternation of aggressive calls have been reported for E. coqui (Stewart &
Rand 1991) and E. urichi (Wells 1981). The location of the speaker, which was usually
on the ground, in relation to the perch height of the frogs tested (x = 120 cm) could
have influenced the effectiveness of the stimulus. Males would typically hear trills of
other males from heights of 1-3 m in the vegetation rather than from the ground. The
intensity of the stimulus could also have affected the responses, as it does in E. coqui

(Narins & Capranica 1978).

Males emitted trill calls interspersed with advertisement calls at irregular
intervals throughout the observation periods from dusk to after midnight. In contrast,
the aggressive calls of male E. coqui are used in nest/retreat defence and occur mainly
at dawn and dusk, although males may also emit these calls from outside their retreats
in the absence of intrusions (Stewart & Rand 1991, 1992). The trill of E. antillensis
may function in the defence of a calling territory and/or advertisement of the occupancy
of a territory to ottier males. Whether it also functions in retreat defence is presently

unknown.

Spectral and temporal characteristics of the trill and advertisement calls of E.

antillensis were similar on Tortola, Virgin Gorda and Guana, except that the average
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number of repeated notes in the trill was greater on Guana. In E. coqui, the aggressive
calls of males form a graded system, in which the number of notes increases with the
intensity of threat (Stewart & Rand 1991). The observed inter-island variation in the trill
may have reflected differences in the calling environment experienced by individual E.
antillensis. On Guana, the habitat differed from that on the other two islands in two
obvious respects: the acoustic environment was less complex, because E. antillensis

was the only species of Eleutherodactylus present (versus two species on Virgin Gorda

and three species on Tortola), and the distribution of the frogs was very patchy on this
relatively dry island. The information content in longer calls could potentially be lost in
the complex acoustic environrment on Virgin Gorda and Tortola. Alternatively, the
patchy habitat distribution on Guana could have increased competition for suitable
calling and retreat sites, resulting in aggressive signalling of increased average
intensity. A high density of calling males could similarly result in increased competition
and more frequent and/or longer trill calls. Playback experiments with trill stimuli of
different duration in combination with high and low background noise could be used to

test these hypotheses.

Upon experimental playback of the courtship call, about 40% of the males
tested, silently approached the speaker. This result suggests that males may use calls
of their rivals to locate courtships in which they can interfere. Supporting this
hypothesis, the operational sex ratios of E. antillensis on each island were heavily

biased towards males, and males occasionally interfered in courtships of rival males
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(K.E. Ovaska & J. Caldbeck, unpublished data). Opportunistic interference in
courtships of rivals on neighbouring territories is a common male mating strategy in E.
johnstonei (Ovaska & Hunte 1992), but whether males use acoustic cues to locate
courtships is unknown. Males of E. antillensis (Michael 1996; Ovaska & Caldbeck, in
press), as well as E. coqui (Townsend & Stewart 1986} and many other species
(reviewed in Wells 1988), decrease the amplitude of their calls when courting a female.
Wells (1988) suggested that the softer calls may be advantageous to males in reducing
the probability of detection by rivals. The results of our experiment support this

hypothesis.

Michael (1996) pointed out that the courtship calls of three species of

Eleutherodactylus (coqui, cochranae, antillensis) are similar, although their

advertisement calls are markedly different. The aggressive calls of the few species of

Eleutherodactylus so far examined also show similarities in basic structure. The retreat

and nest defence call of E. coqui, which includes a rapid repetition of the second (qui)
note of the advertisement call (Stewart & Rand 1991, 1992), resembles the trill of E.
antillensis. Call intensity may complicate the pattern in E._coqui (Stewart & Rand 1991),
however, and the first (co) note, if it exceeds a threshold of loudness, may also function
as an aggressive call directed toward other males (Narins & Capranica 1976, 1978).
The aggressive encounter calls of male E. urichi (Weils 1981) and E. cochranae (S.F.
Michael, personal communication) also consist of rapid repetitions of short, relatively

high-frequency notes. The comparison of aggressive and courtship calls from a wider
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range of species and from different species groups of Eleutherodactylus would provide

a fruitful field for further study.
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FIGURE LEGENDS

Sonagrams of different calls categories emitted by male

Eleutherodactylus antillensis. (a) trill call; (b) two-note advertisement

calls, (c) advertisement calls with second note repeated, emitted during
intense bouts of calling; (d) courtship call. All calls were recorded on

Guana Island in October 1994,

Sonagrams of stimulus calls used in playback experiments with male

Eleutherodactylus antillensis. Each 8.5-s sequence began with three

advertisements calls and was followed by either two trill or two courtship
calls. (a) computer-synthesized (synthetic) trill; (b) computer-synthesized
(synthetic) courtship stimulus; (c) trill stimulus composed of calls of a
male E. antillensis (real trill); (d) courtship stimulus composed of calls of a

male E. antiliensis (real courtship stimulus).
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OCTOBER 1996 - GUANA ISLAND BIRDS
BANDING

Nets run on all days from October 3 to 22 with the exception of the
9th.
Nets - Placement
SP1 - Same place as last year on north side of Salt Pond from road
to pond and at right angles to both.
Vegetation higher than net on both sides of net but all brushy
and vegetation not much higher - 10 foot poles and 2 nets.

SP2 - On flat near Donkey Pasture and at east end of brush starting
from road and running at right angles to road toward other road on
flat.

Grass on one side with one bush and brush on other - brush
higher than net but not by much. 10 foot poles and 2 nets.

SP3 - Same as last year - from road over fence into garden area and
at right angles to road.

Vegetation higher than net on both sides although both ends
flanked by grass. Hedgerow very wide and only a little higher than
net. 10 foot poles - 2 nets.

SAND - A variety of nets set in the salt pond. All sets were one
net running from shore out at right angles and another net running
parallel to shore and end of first net. Forming either an L or a T.

Shore net always far enough on shore that shore pole was hidden
in grass. Bottom trammel usually pushed down to ground. Birds
sometimes flew in on their own but most of birds were pushed along
until they were trapped in the L and then frightened so they flew
into net.

LR - Laundry Room - Only run one day but set from laundry room
along north side of path back toward hotel.

Essentially under tall tree with limited vegetation to north and
then 15-20 foot high vegetation on downhill slope on opposite side
of trail.

One net on 6 ft. poles.

SD - Satellite Dish - Also run one day. ©On trail between SD and LR
with north end very close to dish. Running essentially N-S to catch
birds going upslope toward peak.

Vegetation on both side a little higher than net.

One net on 6 ft. poles.

AH - Anegada House - Net set to protect lizard bags. Sort of weaved
through the bags and vegetation and only portions of it useable.
Just off SE corner of Anegada House.

Set under large tree in thick vegetation but with one open path
leading to it at right angles to net.

One net tied to vegetation and covering area 3-7 feet off ground.
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Pyramid Nets - Series of nets following trail around northern side
of Pyramid. Numbered in order they were set out - 1 to 7 were
progressively further away. 8 & 9 were closer to beginning of trail
than 1 and 10 & 11 were at right angles to the trail and on trail
to top of the Pyramid.

P1 -~ Starting from jct. with trail to water? disposal line.
1 net on 6 ft. poles - vegetation on both sides -~ side hill
setting but fairly open.

P-2 - Another 40-50 feet out - as for P-1 but less open
P-3 - Another 40-50 feet out - as for P-1 but less open
P-4 - Another 40-50 feet out - as for P-1 but less open
P~5 - Another 150 feet out - as for P-1 but less open
P-6 - Another 150 feet out - as for P-1 but less open

P-7 - Another 50 feet out - more open and drier than any of the
other nets.

P-8 - Under trees but fairly level and lush vegetation on both
sides of net.
One net on 6 ft. poles

P-9 - Connected net 8 and net 1 - under trees at one end and ocpen
at other - slope progressively steeper as it approaches net 1
One net on 6 ft. poles

P-10 - A short ways up the trail toward Peak from Anegada House -
cut at right angles to trail and extending to both sides.

Tall vegetation on both side, fair slope but set on a more level
bench and on the main ridge line.

10 foot poles and 2 nets.

P-11 - Near the top of the peak on another level bench and running
at right angles to trail and extending to both sides.

Shorter and drier vegetation on both sides. In some places the
net extended above the vegetation.

Initially set on 10 foot poles at one end and 15 at the other.
Then reduced to the standard 10 foot poles and 2 nets.



SPECIES BANDED

244

Total of 170 unbanded birds and 9 previously banded birds [1994 or

1995] were caught representing 20 species.

Hatching Year After Hatching Year

American Kestrel - 1
Lesser Yellowlegs - 3
Semipalmated Sandpiper - 2
Spotted Sandpiper - 6
Wilsons Plover - 8

Zenaida Dove - 3

Commen Ground Dove - 9
Mangrove Cuckoo - 1
Caribbean Elaenia - 5
Pearly-eyed Thrasher - 22

Red-eyed Vireo - 2 2
Bananaquit - 42 - 8 recaptures 27 15
Black and White Warbler - 4 3
Blackpoll Warbler - 27 18 S
Black-throated Blue Warbler - 2 2
Magnelia Warbler - 1 1
Nerthern Parula - 2 2
Kentucky Warbler - 1 1

Northern Waterthrush - 3 3
Black-faced Grassqult - 26 and 1 recapture

TOTALS CAUGHT BY DATE AND NET
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The 28 May 1996
Ornithological
Council Dr. James D. Lazell

The Conservation Agency
6 Swinburne Street
Conanicut Island, RI 02835

Dear Skip,

Attached is the report on our visit to Guana Island, and to
Great Tobago. It was another very successful trip, and nice
SCIENTIFIC ~ that our visits overlapped. I hope all is going well with
INFORMATION ~ the pigeons!

ADBOUT BIRDS

Just before we left on Sunday, Henry asked me to come talk
to the Chief Minister about the goats on Great Tobago. Mr.
O'Neill thought the goats had all been shot and were no
longer a problem. So I explained the situation to him, and
the devastation. He asked for a copy of my report, so I am
forwarding just the Tobago information to him. In fact, I
wrote the report in a style which I could use with him -
thus the recommendations for management which I included.

Amevcan Orahiiogors Unien T was thinking about the attempts to re-establish mangrove
on Guana. A colleague has been deoing this throughout the
s ol feld oo sSouthern US and Caribbean for 20+ years and might well be
able to give you some hints on solving the problem out
it %ok y there. He really knows how to do it: Robin Lewis, Lewis
Environmental Services, Tampa FL, 813 889-9684.
Conper Ovnithaligied] Socwy
Meanwhile its back to politics here! The Navy is killing
Macic seatird Group off the last of the shrikes on San Clemente Island (17
left) and the Army wants to run tanks over 45,000 acres of
Raptor Research Faandation red-cockaded woodpecker habitat in Louisiana.

Wilsan Cimithalagival Saciery Thanks so much for the opportunity to do this work. I
really appreciate it. Just establishing adult and eqg
sizes has never been done for these species, so everything
we have been able to do is extremely valuable. I am going
to pursue a permit for, at least, taking bloocd for
comparison to seabird species in other parts of their
range. Are you interested in taking samples of land bird
species which breed on Guana also? There are so few genetic
data for island species. The Smithsonian molecular lab is
glad to have the samples for future analyses. They like to
have voucher specimens with them though, and that may be
the rub - can I get a collecting permit!

Best n%gards,
/ 1
; 2 -
. } } .r_

7Eetﬁy Anne Schreiber

3

David Blockstein, Ph.D. E.A. Schrelber, Ph.D.
Chalrman of the Board Executive Directer
730 11th St., NW, Suite 300 4109 Komes Court

Washington, &C 20001-4521 Alexandriq, Va 22306
(202) 628-1731 703 768-6726
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ORNITHOLOGICAL VISIT TO THE BRITISH VIRGIN ISLANDS
11-19 MAY 1996

Betty Anne Schreiber, Ph.D.
Executive Director, Ornithological Council

Introduction

Guana Island and Great Tobago Island in the
British Virgin Islands were visited during the above
period by Dr. Betty Anne Schreiber and Mr. Gary Schenk
to collect data on breeding seabirds and assess the
status of the seabird populations (see attached report).

During this visit we also gave lectures to school
groups on seabirds and their preservation, and assisted
in setting up the Smithsonian Migratory Bird School
Exchange Program between BVI schools and U.S. schools.
We conducted a radio interview at ZBVI about the
migratory bird program and our work on Guana Island. We
met with several people to discuss bird conservation
issues in the BVI and will provide these people with
further contacts to conservation funding groups and
further information on conservation education programs:
the Director and staff of National Parks Trust; staff of
the Department of Conservation and Fisheries; members of
the Association of Reef Keepers.

The Smithsonian Migratory Bird School Exchange
Program, called "Partners in Art", promotes an interest
in birds and the environment through a cross-cultural
exchange program between primary school classes.
Migratory birds were chosen since children in the U.S.
see these birds in the spring breeding season, and
children in the Caribbean see the same birds during the
irds’ winter visit south. The goals of the program are to:

1) Stimulate cross-cultural exchange of impressions
and information regarding migratory birds, a common
thread linking the lives of the students.

2) Instill in students an appreciation for birds,
bird migration and the natural world around them.

3) Increase awareness among students about the
important roles birds play in the environment, such as
eating insects which destroy crops, and dispersing
pollen.

I met with elementary teachers at Athlea Scatliffe
Primary School in Road Town and Bregado Flax Education
Center on Virgin Gorda to discuss the program. They will
begin participating this coming Fall. If the teachers
like the program and it works well, it can be expanded
to include more classes and schools.

I presented lectures at these schools on birds,
their adaptations to life and their conservation needs.

E.A. Schreiber, Ph.D.
Executive Director
4109 Komaes Court
Alexandria, Va 22306
703 768-6726
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RESULTS OF ORNITHOLOGICAL VISIT BRITISH VIRGIN ISLANDS
11-19 HMAY 1996
Betty Anne Schreiber
Oornithological Council

Guana Island

Following is a species list of birds observed during our
visit. While work on seabirds was our main objective, we did
make casual observations on all species present on Guana for
future reference.

Brown Pelican B R Fl
Magnificent Frigatebird R F
Brown Booby R F
White-tailed Tropicbird B
Red~billed Tropicbird B

Laughing Gull
Sandwich Tern
Roseate Tern

Great Blue Heron
Little Blue Heron
Green Heron

Snowy Egret

Greater Flamingo
Semipalmated Plover
Lesser Yellowlegs
Black-necked Stilt B
American Oystercatcher
American Kestrel ?
Red-tailed Hawk
Smooth-billed Ani

Mangrove Cuckoo
Yellow=~billed Cuckoo
Scaly-naped Pigeon
White-crowned Pigeon

Zenaida Dove

Common Ground Dove

Bridled Quail Dove

Antillean Crested Hummingbird
Green-throated Carib
Antillean Mango

Gray Kingbird

Caribbean Elaenia

Pearly-eyed Thrasher
Bananaquit

Black-faced Grassquit

ecently introduced

TonowwmHN W v
il s ilies vl sl v e i sl v i s sl e e sl e B s e s e B v i ol e B s v B e v e i e e

e e B By s Mo e e ML e e B i B B B B B e B ey B B e By B B e By B |

Tomwm

34 species observed on Guana Island

1 B = breeds or recently reported to do so. U = used to
breed, but no longer does so. R = roost on the island. F
feeds in the nearshore waters around the island or on the
island

1l
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Brown Pelicans.

There were a total of 22-26 nests present on Guana at
the time of our visit and more were under construction. Two
nests had 10-12 week old chicks, 1 had just hatched chicks
and other, unreachable nests, had either eggs or very small
chicks. The predominance of nests with eggs or small chicks
suggests that April-May is the beginning of the nesting
season. Guana Island provides one of the last safe nesting
sites of this species in the whole Virgin Islands and Puerto
Rico area. Young of this species are commonly eaten by local
people when they can get to the nests,

Data from measurements of 12 sets of eggs and from
counts of diving success of feeding pelicans are being
analyzed and will be provided.

Data were collected on age ratios of pelicans present:
adults, subadults and immatures, The proportion of subadults
and immatures in the population is a good indication of the
productivity of the birds over the past several years.

Diving success rates of adults versus immatures were
counted to determine if immatures are less successful at
catching fish than adults. This has been found to be true in
populations in Florida, indicating that there is a learning
period for young birds, when they are less efficient at
catcing fish.

Terns.

Several tern species nest or used to nest in the British
Virgin Islands, but they are quickly being extirpated by
human pressures. Terns nest on the ground on open beaches.
They are very susceptible to mammalian predators, so that any
island with goats, cats, sheep, etc. quickly loses its
breeding population. Additionally, with increasing boat
traffic in the Virgin Islands, tern nesting beaches are
constantly disturbed by human visits. This causes desertion
of existing active colonies and total lack of nesting
attempts when terns return to find their colony site
constantly disturbed.

There are few to no data on which terns still nest in
the British Virgin Islands. Once a year the US Fish and
Wildlife Service attempts to do a survey of nesting
populations during one day in June, providing the only
available data on the status of the terns. We counted 75
Roseate Terns roosting on Monkey Point and 100 Sandwich Terns
roosting on the rocks at Long Man's Point. Both groups were
courting and standing in pairs but moved on to attempt to
nest elsewhere.

It might be possible to re-establish some tern nesting
populations on Guana Island, which could provide the terns
with potentially their only safe, undisturbed, nesting sites.
The area on North Bay beach to the south of the vehicle
access road would be an ideal tern nesting area. It would
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need to be posted and reserved for bird use from May through
August. This would leave most of North Beach, and all of
White Bay, Muskmelon Bay and Bigelow Beaches open for human
use. A re-introduction program could be designed for a
specific tern species by using carved decoys and courtship
calls broadcast over a speaker during the beginning of the
nesting season.

Mangroves

Several bird species commonly seen on and around Guana
Island nest in stands of mangrove. The number of nesting
species on Guana could probably be increased if mangroves
were grown successfully around the salt pond. As mangrove
areas have been destroyed around the British Virgin Islands,
there are few areas left for these species to nest.

The comparison between Guana Island and what we have
experienced on Great Tobago is dramatic. Guana can serve as
an example of what restoration could do for Tobago now that
it has been made a National Park.
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Great Tobago Island

We visited Great Tobage on 14 and 18 May, 1996,
accompanied by personnel from the Department of Conservation
and Fisheries who were kind enough to take us in their boat.
The purpose of the visit was to assess the status and health
of the seabird populations. Tecbago has very significant
colonies of Brown Boobies (Sula leucogaster) and Magnificent
Frigatebirds (Fregata magnificens); in normal years there are
an estimated 500 frigatebird nests and 150-250 brown booby
nests (from previous counts}). The hurricane last year
destroyed many nests and disrupted the nesting cycle which
should return to normal by Fall 19%6.

These species have been little studied due to their remote
nesting locations. As a result, there are few data on nesting
numbers of birds, their nesting success, size of the birds,
eqgg size, and chick growth rates. We are collecting data on
all these parameters.

Unfortunately Tobago also has a population of an
estimated 12-20 goats. We saw 5 just in the saddle area where
hiked up over the island ridge from our landing site down
into the frigatebird colony. Over the years these goats have
not only eaten most of the vegetation of the island, they
have prevented any new trees or bushes from beginning to grow
by eating all new shoots. Goats hooves break up the surface
soil and cause extensive erosion. Goats are an introduced
animal which is not native to these islands. In general, it
is a bad idea to introduce any new animal into a biological
system which has existed in the absence of that animal for
many, many years. Animal introductions usually cause the
whole biological system of an area to fall apart: many
natural species are killed off and fewer total species are
supported by the ecosystem,

The presence of goats on Tobago has several
ramifications:

1) Since the goats have eaten most of the vegetation and
kept new vegetation from growing, there is extensive erosion
of the soil into the surrounding reef area. This eroding soil
smothers and kills the filter-feeding coral of the reef and
kills larval fish and crustaceans.

2) With fewer bushes and trees on the island, there are
fewer species of birds nesting. Many birds need trees or
bushes in which to build nests. The few trees left are
heavily used by frigatebirds, whose nests are crowded into
very limited space. This crowding is killing the trees as
frigatebirds pick them apart for nesting material and build
nests in them.

3} Ground nesting birds, such as terns, gulls and brown
boobies have their nests and eggs trampled by goats. Terns
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and gulls have abandoned the island as a nesting site due to
this disturbance. The remaining boobies who nest there are
only able to raise young successfully if they build their
nest under a tree where goats cannot walk.

Each of these problems diminishes the economic value of
the area. When reefs are destroyed nursery grounds for many
fish and crustaceans are lost. If fish and crustaceans have
no nursery grounds they die, depleting the human food supply.
Tourists and sailors come to an area like the British Virgin
Islands because of their snorkling opportunities and natural
beauty. When islands and surrounding reefs are destroyed,
fewer people are likely to come and income to the local
economy 1is lost.

Magnificent Frigatebirds

We estimated 480 to 500 frigatebird nests present on
the island at the time of our visit. They were nesting in
large o0ld seagrape trees on the north east side of the
island. Most nests had chicks and most chicks were within 4
weeks of fledging. About 10-20 chicks were of various ages
younger than this. No nests with eggs were seen. During our
visit last October there were about 500 pairs of adults
courting, nest building and laying eggs. The birds appear to
have had a very successful nesting season.

We measured 22 frigate bird chicks to determine the
growth rates of young. These data are being entered in to the
computer for statistical analysis. All chicks appeared to be
healthy and only 5-6 dead young were found. Generally dead
young are from newly mated pairs who don't quite get the
system right their first time and this extent of mortality is
normal.

Brown Boobies
There were about 40 brown booby nests present at the

time of our visit. There were about 20 nests during our visit
last October. Nests present during this visit were in all
stages from adults incubating eggs to nests with large
chicks. Since all nesting was destroyed by the hurricane last
Summer, their nesting cycle and numbers may be off schedule
this year. They nest on the slope of the north east side, on
the lower half of the island, toward the water. Most nests
were under trees or next to some obstruction that prevented
goats from walking on them.

We measured growth in 12 chicks and were able to catch
and measure 13 adults. Three clutches of eggs were measured.
All chicks appeared healthy.

Ideally we need to measure at least 40 adults and 40 eggs of
each species for comparison to these species nesting in other
areas, If we are able to obtain that many measurements, we
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will be able to do the statistical comparisons to other
populations. Preliminarily, I can say that the brown boobies
of Tobago are much smaller than those nesting in the Pacific.
They also have different voices and bill colors. This means
they are a unique genetic population.

Recommendations for Improvement of Tobago

1) Remove the goat population as soon as possible.

2) Do a general ecological study to determine what plant
and animal species are present. To do this a botanist,
herpetologist, mammologist and ornithologist should visit the
island. Each scientist should be asked to produce a fairly
complete list of species present and suggestions for
restoration of the island flora and fauna. It may be possible
to let restoration occur naturally, but it may also be
necessary to remove some introduced species that compete with
naturally occurring species,

3) Post the island with signs saying that it is a
National Park and ask people to respect the wildlife. At a
minimum, entry onto the south and east beaches should not be
allowed from April through August when terns could be
nesting.

4) Encourage interested researchers to do studies in the
British Virgin Islands. This can provide an inexpensive way
for government to obtain the information they need to help
manage the islands since most researchers have funding from
other sources. As part of obtaining a permit to conduct
research on the islands, the governement could receive a
report on the findings of the research. These reports would
provide valuable information on how to manage the resocources
of these islands.

With the amount of boat traffic and number of visits to
islands occurring in the British Virgin Islands, added to the
damage done by goats, cats, dogs etc., I suspect that few
seabirds still nest successfully and that the number of
landbirds is diminishing. Ideally, several islands should be
restored to their natural state and entry limited or
prohibited if populations of nesting birds are to be
maintained.
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27 March 1997

Dr. James Lazell

The Conservation Agency

6 Swinburne Street
Conanicut Island, RI 02835

Dear Skip,

Hope is all is well with you guys. Spring has come to
DC at last - all my daffodils are up, the red-
shouldered hawk is on eggs and house sSparrows are
claiming all my nest boxes!

I have recently been able to get blood samples and
adult measurements of bhcobies and frigate birds from
the Cayman Islands and from Barbuda which is great. It
will be wonderful comparative material for the Pacific
Islands data.

With that in mind, I would like to return to Guana in
October when the boobies and frigates should be
incubating eggs and get more adult measurements and
some blood samples. I have given up on getting a permit
to band; have heard nothing from the government.
Perhaps coming the week of 11-19 October if you are
thinking of schedules yet!

Also, do you know if anyone has checked the cave for
procellariiform bones? If this hasn't been done, I
would like to set up a small dig and see what we can
find. I would like to check on the status of the
nesting pelicans and possibly get blood samples from
them, too.

Had you ever thought about hosting a symposium on
conservation needs in the BVI, or wider Virgin Islands?
Might be interesting to think about. What brought this
to mind is that at the upcoming meeting of the Society
of Caribbean Ornithology we are having a symposium on
the status and conservation of Caribbean seabirds (Aug.
in Aruba). The status of each species will be reviewed
and in a set of workshops we will address the problems
of each country and needed action for conservation. We
are trying to have representatives from as many
Caribbean countries as possible present. I have told
Nick Drayton about it in the hopes they will send
someone, but if they do not, I would try to address

E.A. Schreiher, Ph.D.

Executive Director

4109 Komes Count

Alexandria, VA 22306

{703) 768-6726

Fax (703} 768-9010

Email SchreiberBdgaol.com
httpr//www.nnnh.si,edwBIRDNET
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some of the problems so that there is a report from the BVI. Do
you have any suggestions on this, or anything you would like to
see included? We want to publish the proceedings. It seems to
have a lot more effect on countries and help in getting aid when
something about their needs is in print, especially from a
scientific meeting.

Best regards,

A

.L_fbﬁ\ ;ilvkhniw_

Betty Anne Schreiber
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VEGETATION RECOVERY MONITORING PROGRAM

Numi Mitchell and George Proctor

Degraded habitat is a problem on many Caribbean islands, Guana being
one of them. Since the 1700’s islands have been damaged by numerous human
activities. Islands were first denuded by charcoaling, a selective cutting process
which reduces hardwood tree species. After selective cutting vast areas were
cleared for farming, Clearing led to loss of the humus layer because trees were no
longer generating the leaves for the rich organic layer, and because rapid soil
erosion occurred on the tarmed slopes. The popular custom of burning to clear
old cane trash caused further nutrient depletion. Free-ranging grazing animals
(goats, sheep, cattle, burros, pigs) foraged and ate whatever they could find in
regions that were not farmed. In such areas, opportunistic plant species, often
exotics or species with distasteful or toxic secondary compounds, colonized
denuded areas. By the 1800’s the West Indies was left with mineralized nutrient-
poor soils and low plant species diversity.

In the Virgin Islands, modern degradation of entire islands has been
alleviated or reduced by private ownership (e.g., Guana, Mousquito, Necker).
Public reserves on other cays (e.g., Saint John, Tortola, Prickly Pear) protect
some percentage of their open space. Stewards of these properties concerned
with restoring native habitats have a common problem, however: how to
facilitate a process retarded by previous damage.

Here we propose to initiate a study on the Guana Island Wildlife
Sanctuary, to begin to determine the requirements for restoring natural vegetative
communities in denuded areas. In this first year we will set up a single
experimental treatment with appropriate control. In this stage we hope to
determine the effect of fencing out non-native grazers. Though this work will
stand alone, we hope subsequently to propose additional treatments and
empirically examine methods for speeding forest recovery. It would be ideal to
combine this project with the biomass vegetative plot studies tentatively proposed
by Gad Perry and Gordon Rodda.

METHODS

Five 10 x 10 m plots will be fenced in habitats that are wooded in native
vegetation but which are currently heavily grazed by sheep or goats: North Bay
woods, west side of Liao Wei Ping trail, east side of Liao Wei Ping trail, north
shoulder of Quail Dove Gut, and the abandoned plantation on south shoulder of
Quail Dove Gut. Five unfenced 10 x10 in control quadrats will be located close
(5-10 m) to the fenced plots. Control quadrats will be placed in habitat similar to
that in the adjacent experimental quadrat. Once established, both fenced and



untenced plots will be botanically surveyed. All vegetation will be identified, and

basal stem counts of all trees (> 2 m high and > 2 ¢m basal area), tree seedlings (<
I m high), and saplings (1- 2 m high), as well as shrubs and herbs will be assessed.

Humus depths (cm) will be taken at 1 m intervals in each quadrat.

Fencing will consist of 1.2 m high “field fence” (Southeastern
International Sales, Miami, Florida). The fencing will be graduated with lowest
tier smallest (8 cm high by 15 cm wide) and top tier largest (20 ¢m high by 15 cm
wide). Graduated fencing will permit the passage of native animals (including
iguanas of all sizes) but not goats, sheep, or their offspring. No treatment other
than fencing will be applied to the experimental quadrats.

Follow up vegetative surveys will be conducted annually in October to
determine whether there are differences between the fenced and control quadrats
at each site.

BUDGET
60 fence posts (each post place 3 m apart in five fenced plots)
@ $2.76 ea. $165.60
1.2 m high field fence (12 gauge) 200 m (656 ft)
@@ $0.71/f. $465.76
Total $631.36

These are US prices, presumably BVI prices will run 20-30% higher and
there may be some shipping charge.

R
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POSTSCRIPT

A new horizon for biological field stations

and marine laboratories
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S April 1997

Dr. Susan Lohr
Rocky Mountain Biological Laboratory
P.O. Box 519
Crested Butte, CO 81224
Rer A Cartbbean RSMI.
Dear Dr. Lohr:
[ have been meaning to write for nearly a year, but have been oo much in the field. This Agencey
operates a lield station at Guana Island, Britsh Virgin Islands. Generally. we have a marine science

ropram cach July, and a terrestrial program cach Octlober.
E ) g

[ enclose a brochure about the Island and a list of our publications (perpetually incomplete). We
welcome proposals tor rescarch.

Regular mail (address above) is the best way (o contact us, but short messages can be faxed to (401)
423-2396 or c-mailed to wenhuaZiuriace.urt.edu, or jeinjtowniwaol.com.

Please add us to your network,

With best wishes,
Slup bageel

James Lavell, Ph.D.
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