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Dear Henry:

Here is my works and progress report for 2002, After our
conversations of 3-4 May, 2003, I realize I have failed to make clear just how
important the long-term, ongoing aspects of our program are and where we fit
in the broad scope of research on ecology, evolution, biogeography, and
biodiversity conservation. Two important papers have recently been
published that help demonstrate the significance of our research. I have not
included them in my report below -- but I can send you copies if you want
them. These are:

Sanford, G., W. Lutterschmidt, and V. Hutchinson. 2002. The comparative
method revisited. Bioscience 52(9): 830-836.

Emerson, B.C. 2002. Evolution on oceanic islands: molecular phylogenetic
approaches to understanding pattern and process. Molecular Ecology
11: 951-966.

In the first paper, Sanford ef al. descnbe the history of the “August
Krogh principle.” Krogh was a comparative physiologist who won the Nobel
Prize in 1920 and stated: “For a large number of problems, there will be
some animal of choice on which it can be most conveniently studied.” Not
very good grammar, but we can see his point. Guana examples include
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evaporative water loss resistance; intraisland physiological, morphological,
and genetic variation; energetics, behavior, and adaptive success; population
biology; migration; and species packing or hyperdiversity.

In the second paper, Emerson describes five exemplary groups which
are being actively investigated to great advantage: Canary Island beetles,
Hawaiian silversword plants, Hawaiian fruit flies, Galapagos finches, and --
you guessed it -- Greater Antillean anole lizards. You may recall several
years ago the U. MD team of Denno, Thome, and Hawthome undertook an
intra- and interisland study of morphological and genetic variation in three
species of insects with very different dispersal potentials, They only got
results so far for the saltgrass planthopper: it comes in winged and wingless
morphs and Guana’s North Beach population (winged) has different DNA
sequences than Guana’s Salt Pond population (wingless): indeed, the two are
as distinctive as many geographically remote populations (Anegada vs.
Tortola). September 11 stopped them in 2001 and Thome’s son had a terrible
accident last year (recovering nicely; see letter at end of Termites in this
report). This year they plan to get back to work. This is a terrific project that
will help make us famous (we are already getting very well known). Last
year, Greg Mayer’s student Kristi Mico initiated molecular analysis of our
crested anoles, sampling many BVI populations. She is finishing up and will
have resuits by October. We have demonstrated inter- and (just last year)
intraisland differences in water loss resistance i our lizards (see Abstracts of
Presentations in Reptiles, below). Jason Cryan and Lou Dietz, 2002 (see
below) used our trechopper (bug) in a molecular phylogenetic study.

You may recall, Mike Haverty and Barbara Thorne did pioneering
work on cuticular hydrocarbon biochemistry of termites a decade ago. This 1s
not “molecular” in the usual sense of DNA or RNA, but it proved to be of
considerable phylogenetic —~ systematic -- value. For example their
techniques often allow specific identification of termites from their frass
(exerement), which in turn usually allows for specific treatment: see Thome's
letter (again) at the end of Termites.

So, many of Guana’s animals are becoming “model organisms™ in

Krogh's sense (and that of Sanford et al.). This is excellent, but only works
as long as we are able to do long-term studies so that we can respond to our
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own discoveries and go through doors that we open. I would love to see
more molecular work done on Guana’s species, and have been looking for
people to do it. (We almost had a molecular frog study going, but the
investigators got side-tracked; I have been trying to get that moving again.)

Our ornithology is critically important, Fred Sibley has switched over
entirely to dragonflies, so I have recruited a new “bird man,” see below.
There will be complete continuity: Fred and Clint know each other and Clint
has Fred’s years of data. In the big McNair paper below, Guana is one of
only two banding stations in the entire Caribbean east of Puerto Rico. The
other one, on out-of-the-way Barbados, has now closed. We are it. We have
gotten really good stuff. Diseases like West Nile virus and avian malaria give
major importance to our project. I hope we can expand it.

Of course we are still doing major work in systematics (se¢ Moths,
below), but to call this “splitting and lumping” is really derogatory and unfair.
Harvard’s famous E. O. Wilson, among many prominent biologists, loudly
calls for greatly increased effort in ““alpha taxonomy™ -- just finding out what
lives on this planet. Many groups remain unstudied (there will be two more
even bigger papers on moths coming along). We even have an unnamed
Sphaerodactylus lizard from Carval Rock that Padre Sanchez keeps
promising to get formally described (he needs help; T am working on Bob
Powell to assist him). This is not splitting: no one has ever claimed that
lizard belongs to a known species. This is pure discovery. We have only just
begun. Nobody has even looked at thrips yet!

All the best
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ECOLOGY AND CONSERVATION OF SIDA EGGERSII
{MALVACEAE), A RARE TREE OF THE VIRGIN ISLANDS

FRED KRAUS

Bishiop Musenm, 15325 Bernice Sireel, Houoluln, Hawai 96817, fkruus'Thaivail. cdu

ABSTRACT.—The ecology of the tree Sida cygersit Baker (Malvaceae) was studied from 1991 to 2001 on
Guana Island in the British Virgin Islands (BVU). Known from less than 30 individuals since its discovery,
the Guana Island population of 5. cggersii increased from over 200 in 1991 to over 1100 in 2001, and I report
smaller populations from other islands in the BVIL The spocies is most common in low-elevation, dry scrub
habitat with a NE- to SE-facing aspect. Flowering and fruiting begin in and conlinue slightly past the winter
wet scason. The species appears to be relatively r-adapted, showing rapid maturation, high growth rates, and
high population turnover. Maturation can require less than two years but appears to generally ensue at 1-5
years age. Growth rate (increase in stein diameter) is approximately 5.0 mm/yr in young plants but decreases
to an average of 2.6 mm/yr in large specimens. Mortality was high, averaging 5 “o/yr, bul was not evenly
disiributed among years. Germination and mortality seemed to be highly influenced by hurricanes.

[NTRODLCTION

Sida eggersii Baker is a small tree of the
Malvaceae (mallow) family described by
Baker (1892) from a specimen collected on
Tortola in the British Virgin Islands (BVI).
The species was considered verv rare and
remained poorly known since its descrip-
tion, having been otherwise collected on
Culebra, off the eastern coast of Puerto
Rico, in 1906 and 1913, and on Jost Van
Dyke in the British Virgin Islands in 1967
{Little et al.,, 1974). The tree on Jost Van
Dyke was thought to be the only living
specimen of the species (Little et al,, 1974)
until 23 trees were discovered in 1986, in a
remote ghut (ravine) on nearby Guana Is-
land, BVI {G. Proctor, P.R. Dept. Nat. Envi-
ron. Res., pers. comm.).

Guana Island is privately owned, with
most of the island covered by intact native
forest and scrub largely undisturbed by hu-
mans at present, although sheep have
roamed it for decades. Guana occupies 340
ha, is hilly, and rises to an elevation of 245
m. In 1991, the opportunity arose to con-
duct a series of conservation initiatives on
Guana, one of which was to ascertain the
status of 5. eggersii at its largest known
population and obtain information on the
species’ numbers, distribution, and repro-

duction. | continued these studies to deter-
mine growth rates, mortality, and popula-
tion trends to better understand the
conservation status of a plant known from
fewer than 30 individuals over a century of
botanical surveys.

MATERIALS AND METHODS

Lacation of popdations

From March through October, 1991, I
censused the population of 5. eggersii in
Grand Ghut (Population ¢, Table 1), Guana
Island, and marked all trees with num-
bered aluminum tags tied to the stems with
Monel swire. [ searched by foot or boat ap-
propriate habitat throughout the island to
identify additional individuals. Discovery
of new populations with binoculars was fa-
cilitated by the species’ distinctive light
grayish-green leaf color. 1 verified all pre-
sumptive discoveries by reaching trees on
foot and tagging as above. An assistant
helped map two of the three largest popu-
lations of S. eggersii on Guana (Populations
4 and 6, Fig. 1, Table 1) to facilitate reloca-
tion of trees. The third population (I"opula-
tion 10} did not require mapping because of
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also searched appropriate habitat on other

islands in the BVI as opportunity allowed.

I measured the size of most trees by re-
cording stem diameter at approximately 15
cm above the soll surface, due to the tree’s
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relatively short stature and invariant
branching below breast height. For plants
in which lateral branches sprouted below
12 cm, [ measured diameter just below stem
bifurcation. Sapling stem diameter was
measured 2-3 cm above the soil surface be-
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cause this region is morphologically
equivalent to that measured in adult plants.

Germinatio

I collected seeds from 21 fruiting trees in
March, 1991, and attempted to germinate
them in one-gallon pets of native soil or
Pro-mix, | tmnstm red seedlings to indi-
vidual one-gallon pots when they reached
approximately 10 cm and reared them in
opert sunlisht until October, 1991, when |
outplanted them at new locations on Guana
Island {Populations 2 and 3, Fig. 1, Table 1)
I recorded stem diameter and beight and
attached numbered aluminum tags to all
plants. Outplanting was done to better de-
termine growth rates of voung plants (wild
plants were all of a lawer sl/u) light re-
guirements for growth, and relative survi
vorship, as well as to increase population
size.

The locations of saplings discovered in
1996 and 2001 were recorded and mapped
relative to the trees numbered and mapped
in 1991, Exact distances from szaplings to
adjacent nuubered trees were not mea-
surcd directlv. In 2001, sapling density at
two of several dense stands was measured
by counting sapling numbers of specific
stands and measuring the occupied arvea.

Grewth rafe and suroicorship

I remeasured outplanted individuals in
July 1992, Tuly 1993, Qctober 1996, and July
2001. In ]u v 2001, I also scarched for all but
17 trees originally marked in 1991 to osti-
mate survivorship rates {a similar effort in
1996 covered approximately half of the
wild plants and indicated high levels of
mortality), measured all individuals not
present in 1991 (also counted but not mea-
sured i 1995), and measured the height of
639 plants to determine its relationship to
stemy diameter.

Other

Habitat was characterized in 2001 by not-
ing commen plant associates and recording
aspect for Populations 1-6 and Population

0 (Fig. 1. A soil sample from the area oc-

KRALS

cupied by Population 6 was analyvzed in
1991 witly a commercial LaMotte test kit to
evaluate macronutrient levels. Ferbivory
was assigned to insect feeding guilds based
on characteristic patterns of damage to
leaves and stems, Two termites and one
psyllid were collected for identification. All
statistical tests employed SigmaStat , ver-
sion 2.0

Rescis
Habitat

Sida cggerstt occupies the Subtropical Dry
Forest life zone (Ewel and Whitmore, 1973)
and is most common in low-clevation (0-60
m), dry scrub habitat with a fairly open and
low (4-3 m} canopy. It mav also occur in
higher-clevation {up to 150 m on Guana, up
to 240 m on Jost Van Dvke [Little et al,
19741) drv forests with taller (7-10 m) and
denser canopies.

Common woody associates in the scrub
habitat include Adefia rvicteelin, Bowrreria
succtlenta, Bursera simaritba, Capparis cmo-
phallophora, C. jlexuosa, Co fdica, Cestrym
fawrifoliem, Cithavexylum fruticosum, Croten
astieites, C. flavn ssp. rivida, Eneenia biflora,
Grapira fr‘ﬁqmm Jucqitinin berterii, Knigio-
dertedron fmumz Mavtemis leevivata, Qplonia
m:oopmﬂhz Pictesia acudeata, Pilosaceres ro-
wenil, Piscidia carthagenensis, Psychetrin wii-
crvdan, Randia aculeata, Rmuu},ﬁfr viridis,
Reynosin grama, Schaefferia fridescens, Sola-
non polyeminan, and Tabebiin heterophylia,
Common understory plants in this habitat
include Avave wissiomin, Cissus tifeliata,
Melocactus mitortus, Optolia repens, Stivma-
phyllon emarginiatin, and Tragin volulbilis,

Most S egqersit on Guana occur on slopes
facing NL to SE (45°-130%), but somwe speci-
mens face NW (32573407 and others NNE
{157-20°). Soils are shallow, dryv, rocky, and
prorly conselidated. Frequent slippage
causes rocks and soil to accumulate on the
upslope side of most trees. The soil sample,
taken from the largest grove of mature trees
in Grand Ghut, had a pH of 6.8 and nutri-
et concentrations of 16.8 kg /ha for nitro-
sen, 30.1 kg/ha for phosphorus, and 3393
kg /ha for potassium.



ECOLOGY AND CONSERVATION OF 51DA LCGERS 187

Nrintbers mud distribution

In 1991, 210 individuals were discovered
in cight disjunct populations on Guana.
Most individuals were confined to the
lower slopes of Grand Ghut (Population @,
Fig. 1, Table 1), but two other populations
of modest size also eccucred (Populations 4
and 10, Fig. 1, Table 1). All trees identified
on Guana in 1991 swere mature, with the
exception of a few saplings (not measured)
found in Population 6. In 2001, 1145 indi-
viduals {mostly saplings) were discovered
and measured (Table 1).

During a 2 h visit to Ginger Island in
October 1991, [ discovered approximately
30 adult 5. e¢gersii and 300-100 saplings ap-
proxunately 1-2 m tall. Time did not allow
measurement of these plants, which repre-
sent the second-largest population. Sidn ¢g-
goisii has been reported in small numbers
from unspecified localities on Culebra (n=?,
Little et al,, 1974), Tortola (n=7, Baker, 1892;
n=?, Acevedo-Rodriguez, 1996}, Jost Van
Dvke (n=1, Little et al,, 1974), Great Thatch
(n=1, E. Gibney, St. John, pers, comm.), and
Dead Chest (n=?, L. Jarecki, H. Lavity
Stoutt Comm. College, pers. comm.). The
specics has not been reported from the UL S.
Virgin Islands, but it may have occurred on
St. Thomas (Britton and Wilson, 1924),

Repreduction

Lobserved many flowering plants during
March of 1991 (13 of 14 planis on 3 March,
1991; 36 of 83 on 24 March, lQ‘Jl) FFlower-
ing ended by late March/carly April and
resumed sparsely in late ()ctober, carly No-
vember. The species has been observed
flowering on Guana Island during Febru-
ary (. Lazell, The Conservation Agency,
pers. comm; L. Jarecki, Ho Lavity Stouit
Cormam. College, pers. comm.). Seed set oc-
curs soon after flower production, but
seeds were largely unavailable by late
April (6 of 40 plants had sced on 24 April,
1991). Seed production resumed sparingly
in one plant in carly November 1991,

One plant flowered 22 months after ger-
mination; its diameter at 27 months was 1.8
rm. The smallest trees observed flowering
in 1991 had diamcters of 2.8, 3.4, 3.7, and

3.9 cm. Assuming 2.8 om diameter as the
average size of first reproduction, 37 of 62
{60 %) outplanted individuals attained this
size by their fifth yvear and 3 of 77 (3 %)
attained it by their third vear. Based on
these growth rates, most plants probablv
reach reproductive age within 4-3 vears of
cermination. The largest trees observed
flosvering were 135, 17,5, and 23.2 am in
diameter, which are at the upper size dis-
tribution far the species, indicating that re-
production eccurs throughout life.

Seed dispersal and germination

Seeds are dispersed primarily by gravity
and wind. Fruits are dry L(’lPHUlL’b, unlike
the fleshy and colorful fruits nor mally dis-
persed bv birds, which showed no interest
in S, eggersii fruits, In March 1991, many
secds were found scattered under fruiting
trees, declining markedly in abundance a
few meters away. Virtually all new sap-
lings obsecrved in 2001 were within 4-5 m of
cstablished or recently dead trecs.

Seeds planted in Pro-mix failed to germi-
nate; those planted in native soil germi-
nated 3-14 days after planting. Seedlings re-
sulted from seed of cight parent trees. Seced
longevity was not investigated, bul seeds
seemn capable of remaining viable for at
least a year or two in the soil; this inference
is based on 12 saplings present in 2001 in
the area occupied by an isolated tree that
died in 1996. These saplings must have ger-
minated at least 1-2 years after the parent’s
demise.

In 1991 virtually no saplings existed on
Guana, but in 1996 there were hundreds
and in 2001 almost 1000 were counted.
Most saplings were in arcas where adult
trecs had been toppled and killed by hur-
ricanes in 1995 or 1996. For example, 59 of
83 saplings {71 %) occurring in Population
1 in 2001 were within 4 m of two trees
killed in this manner, even though they
comprised only 13 % of the adult trees of
the 1991 population and formed a minis-
cule percentage of available habitat within
that area. Similarly, in the section of Popu-
lation 6 with the lowest density of trees in
1991 (thereby avoiding the confounding of-
feets of live trees occurring next to dead
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trees in 2001), 140 of 206 saplings (68 ©4) in
2001 occurred within 4 m of trees killed in
199571996, In many instances, these sap-
lings occurred in high densitics; for ex-
nmplc 20 saplings were found m one 8.7
m’ arca around one adult tree (2. plant\/
m?), and 136 saplings in a 245 m” area
around another (5.6 plants/m-).

Growih

The mean growth rate of 139 planls mea-
sured i 1991 and still surviving in 2001
was 3.31 = L8 mm/vr. For the 66 surviv-
ing oulplanted specimens, growth rate av-
eraged 3.77 £ 1.96 mm/yr. For the 93 sur-
viving wild plants, grouth rate averaged
299 = 178 mm/vr. Differences in growth
rate between wild and nulplantcd indi-
viduals swere significant (Mann-Whitney
rank sum test, T = 3983.3, p = 0.014), Given
the larger sizes of the wild specimens, this
difference would be cxpected if growth
rates decline with age. Using original plant
size as a surrogate measure of age, this ap-
pears to be the case (linear regressian, df =
138, F =12.26, p < 0.001); however, variance
in growth rate is great (Fig, 2) and rela-

tively little of this variance is explained by
onbmal size (R? = 0.072). A clearer relation-
ship does not appear by recourse to poly-
nomial regression.

Declining growth rates and increasing
variance in plant size with increasing age
are also indicated by following the out-
planted population through time (Fig. 3).
The samie relationship is evident by com-
paring growth rates among plants of differ-
ent size classes. Growth rates for the out-
planted individuals for their first five vears
of life post-outplanting were 322 « 2,27
mm/vr, allowing them to attain an average
of 3.26 = 1.12 cm diamcter by the end of
that time. Wild plants between 3-10 em di-
ameter had an average 10-vear growth rate
of 298 £ 190 mm/v , and wild plants
greater than 10 am diameter had an average
growth rate of 2,67 = 1.42 am.

Plants grew faster when watered: the
79 outplanted individuals reached an
average of 0.63 cm (range = 0.42-0.85)
diameter within six months of germina-
tion while maintained in pats. The rela-
tionship between plant height and stem
diameter 15 nen-lincar (Fig. 4), indicating
that upon reaching a height of approxi-
mately 3-L3 m plants direct most of their
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Was 34 m.

Swrvivorship aid Moertality

Ten-vear mortality was high; only 100 of
192 specimens (32 %) marked in 1997 re-
mained alive in 2001, Survivorship of out-
planted individuals swas higher (66 of 79

0

trees, or 81 %), Contrasting the size distri-
butions of surviving and dying trees in
wild populations (Iig. 3) indicates that
trees dyving between 1991-2001 were signiti-
cantly larger, and presumably older, than
those surviving that period (t = 6.901, df =
161, p < 0.001). This skewed martality,
coupled with strong recruitment from
1995-2001, significantly changed demo-
graphic structure during the course of this
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study (Fig. 63 and slightly reduced the
population of mature trees from 135 old
trees in 1991 to 149 much younger trees in
2001 (assuming all trees »3.0 an diameter
to be mature).

Average yvearly survivorship in the wild
population was 093, but this average is de-
ceplive because mortality is strongly clus-
tered around hurricane events. This was
clear in October 1996, when the effects of
Hurricanes Lais and Marilyn, which hit the
BVI during September 1995, and [Hurricane

Bertha, which hit during July 1996, were
still obvious. Fallen trees with numbered
metal tags were readily found in many
places and wholesale Toss of small stands
due to slumping of hillsides was apparent
in two locations, Consequently, 73 % of the
ten-vear mortality observed in Population 4
occurred as the result of those hurricances.
Seventy-cight pereent of the ten-year mor-
(ality of 87 plants {rom Population 6 as-
sessed i 1996 occurred during those same
weather events.
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Sapling mortality could not be measured
because of their virtual absence during
1991-1993. Some of the few saplings re-
corded in May 1991 had died by July 1991
apparently due to water stress (plants
shriveled but entire). An unidentified borer
caused some stem morbidity and mortality
in 2001,

Biotic relationships

Flowers were very actively visited by
bees, skippers, and butterflies. Trees were
attacked by a varicty of insects, with vary-
ing coffect. Leaf miners created noticeable
damage on the leaves, but were not abun-
dant enough to threaten survival. Greater
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damage was caused by orthopterans,
which can remove large amounts of leaf tis-
sue, giving even large adults a ragged ap-
pearance. Of greater importance is a stem
Lorer that causes frequent loss of lateral
stems and central shoots, especially in sap-
lings. These borers frequently kil the top
halt or more of plants, causing growth sct-
backs and occasional death. Termites fre-
quently colonized dead stems; Ncofermes
wona and [ncisofeniies schmeideri (M. Collins,
U.S. Nat. Mus, pers. comnu) are reputed
ta live onlv in dead wood, but T also ob-
served termite entry into living wood on
One occasion, ‘\llggk’btlnb that perhaps more
termite species live in association with S
CONOTSiLL

A single S eggersti planted for horticul-
tural purposes on 5t. John, USVI, has been
almost completely defoliated by the psvllid
Paracavsidnra dugesii. The host plants of this
insect, which has a wide distribution in the
Neotropics and is apparently native to the
Virgin Islands {Fodkinsen and White,
1981}, includes the Malvales genera Malen
and Bombixy (Hadkinson and White, 19581)
in addition to Sida. The psvllid has not been
observed on Guana Island.

Sheep were introduced onto Guana in
the 1930°s and, despite interimitent severe
hunting pressure, persist there, Thev cur-
rently scem te have little effect on S, cgeer-
sif, but in one instance several aap}mgb and
voung adults had their bark stripped by
them

DIsCUssION

Sida eggersii appears to have an r-adapted
life-history sirategy. It grows more quickly
than other dry-forest Virgin Island trees
(Weaver, 1990}, matares at an carly age,
produces large amounts of small seed, and
seems to have a relativ cly short life span,
with a maximum age of approximately 80
vr (estimated by assuming an average
s_,rowth rate of 5 mm/} r for planls smallcr
than 3 cm diameter, o decline to an average
of 3 mm/yvr until reaching 10 ¢cm diameter,
and a further decline to 2.7 mm/yr there-
after). Most plants probably dic before
reaching such an advanced age (most prob-

ably do not reach 30 years), but this indi-
cates that even undoz extremely favorable
circumstances, S, egyersin is not a long-lived
specics,

These r-adapted characteristics suggest
that 5. eggersii should be relatively resilient
to natural disturbances, an expectation
borne out by the high recrutment observed
in response to hurricanes in 1995 and 1996,
Hurricane-dependent recruitment s fur-
ther bolstered by the population structure
scen in 1991, Using the abave growth for-
mulae, tho numerically Jarge 1991 size ca-
horts at 3-5.99 em and 10-10.99 cm (Fig. 6a)
are estimated to have germinated inap-
proximately 1975-1978 and 1939-1962, re-
spectively. These vears experienced  three
of the vight hurricane/named starm events
to occur in the BVI from 1950-1985 (Jones,
1996; http://www. caribwx.com/
climate.html). Furthermore, three of the
other five hurricane/named storm events
during that period occurred in 1935 and are
also likelv to have contributed to the 10-
10.99 cm size cohort, given the considerable
variance seen in growth rates (Figs. 2, 3).
These data suggest that recruilment in 5.
czeersii is dependent on canopy opening by
hurricanes/severe storms and, hence, is
highly sporadic. Hurricane-induced mor-
talitv, coupled with the following flush of
new saplings, allows the demographic
structure of S eggersii populations to
change quickly (Fig. 6). Consequently, in-
terpretations of population viability or con-
servation status in this species based on
short-termt surveys must be undertaken
with caution.

The conscrvation status of S eygersii in
the BVI has been listed as indeterminate by
the TUCN (World Conservation Union)
(Walter and Gillett, 1998), citing informa-
tionn in Kraus (1991). The species is not in-
cluded in the JUCN s Jist of threatened taxa
(Hiltan-Tavler, 20003, The ficldwork re-
ported herein establishes that the species
occurs in more populations and at higher
mwmbers than previously belicved (e.g.,
Little et al., 1974; Kraus, 1991; G. Proctor,
P.R. Dept. Nat. Environ. Res, pers. comm.,
1991) and verifies that the Guana Island
population has remained vigorous even
while undergoing significant demographic
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turnover. Based on current information,
the species fits the catepory “endangered”
using IUCN criteria Bl or D (http:/ /www,
redlist.org/infa/categories_criteria htmil)
due to the small number of mature indi-
viduals and populations. Categorization as
endangered using criterion B3 might have
been possible immediately following the
hurricane-induced mertality cvents of
1995/1994, Lut that criterion failed to be
met in 2001 as saplings recruited after the
hurricanes reached maturity, The ability of
S, ewgersii to undergo mpld though appar-
entlv non- threatcmnq, populntlon turnosver
suggests that reliable use of JUCN critena,
such as B3, that arc based on population
decline requires some caution: the time in-
terval and circumstances for which the de-
cline is observed must be specified,

Except for the Ginger Island population,
additional large populations are unknewn,
perhaps due te inadequate survey effort,
especially in the low-clevation exposed
habitat that S, cgeersit prefers, It is surpris-
ing that this tree is unrecorded in the USV]
because it had a range extending from the

BVI to Culebra. The most promising loca-
tions to search far the species are the north-
ern shoreline of St John and its satellite
cavs because of the appropriate nature of
the habitat and the close proximity to Great
Thatch Island, which recently supported at
least one adult tree, The possibility that the
species’ range is restricted by feral ungu-
lates, which roam moest of the Virgin Is-
lands, needs to be better assessed. The enly
large populations of 5. eygersii currently
known occur on islands from which ungu-
lates have been recently eradicated (Ginger
Is.) or severely red uced in numbers (Guana
[s.).

The conservation status of 5. cyversit
scems fairly secure despite its relatively
srnall numbers and polential threat from
insect and sheep pudntnon However, a
better understanding of its distribution in
the region would be desirable for determin-
ing to what extent the future of the species
depends upen the status of the Guana Is-
land population. The most likelv threats
{0 its near-term persistence appear to be ci-
ther a radical change in management prac-
tices on Guana Island er the unintentional

introduction of herbivorous insects on im-
ported horticultural material. The former
does not secem immediately likely, but
could result should ownership of the island
change; the latter concern has been dis-
cussed by Miller (1994), who documented
the introduction of a variety of inverte-
brates to Guana Island on imported horti-
cultural material from Florida, A concern
for alien introductions pertains generally
throughout the Virgin Islands, where
meaningful and general pest-prevention
programs are nonexistent although clearly
needed (Miller, 1994).
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BY JAMES OSBORKE

When scientists arrived on Guana
[sland last month for their annual
field study, the nicws was not
good for the century plant.

Almost all of the plants, also
called agaves, tound on Tortola,
Beef Island, Guata, and the
Camanoes are dead or dying.

To blame is a 3/4-inch wee-
vil, which burrows into the plant
and lays larvae, which eat the
host. Dr, James Lazell, direcidr
lof the Guana lIsland Wildlife

Agency and -president of the
U.S.-based Conservation
Ageney, thinks the weevil was
first introduced " to ‘the BVI
through the importation of
another species of agave native
to the southwestern United
States commonly used ornamen-
tally in gardens.

Those plants possess natural
defencces that kecp the weevil at
bay until they've already flow-
ered agave only flower once
and then die.

Century plant devastation

* Importation of foreign species suspected

But native agave lack those
defences and are being killed off
betore they have a chance o
flower and reproduce. Their num-
bers have dropped off rapidly
since the Guana scientists first
noticed the problem last Cclober.

Now the weevils have been

found on Jost Van Dyke, a puezzle
for scientists. The creatures can
fly, but usually only for short dis-
tances. In the case of the outer
islands such as Guana, Dr. Lazue!)
said, evidence suggests (he wee- |
vil ftow across from Tortola —-a |
continued on p. 24

Century —fomp. 1

much snorisr distance.
“Maybe if the wind was right
hiey could have made it (to Jost
Van Dyke),” said Dr. Lazell.
. The weevil epidemuc hit the
“USVI in the mid-1980s. While
century plants there were obliter-
- ated almost to the point of cxtine-
tion, Dr. Laze!l said they are now
. making a comeback.
There is hope here, oo, One in
20 of the BV agave is immune to
the weevil, and whilc scienlists
- are not sure why, Dr. Lazell theo-
" rised those plants might be pro-
ducing a chemical repellent.
There is also the tendency in any
ecosystem 1o move towards cqui-
librium, namely that another
species, in this case the parasitic
wasp, will eventually move in and
bring the weevil poputation under
control, .
“If you don’t have total
extinetion there's a pood chance

- you'll have recovery,” said Dr

" Lazell,

But there are a number of
birds and inscets, most notably
* butterflies, which rely on the cen-
tury plant as a food source. While
~ scientists haven't observed any
_decline in their populations yet,

Dr. Lazell said it is expected to
' come so0n,

“There arc alternate food
_sources for these animals in the
“drier months. The crutch will

probably be next winter,” he said.
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Cucurbits
By
Angela Davis, Ph.D.

USDA-ARS, Lane, Oklahoma

Cucurbits are plants of the cucumber. squash, and melon family,
Cucurbitaceae. Many are of major cconomic importance virtually worldwide. Apart
from the cultivated species, there are many hittle-known wild species that we believe
are a potential genetic treasure trove for pest resistance, climatic hardiness, increased
fruit production, and other useful characteristics. We are engaged in two kinds of
projects to clucidate the features and genetics of wild cucurbits: a germplasm bank

and publication of a serics called “Profiles in Cucurbits.”

Climbing Cayaponia americana.
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Results

Numi found Cucumis sp. and collected seed and Wenhua collected foliage on
Necker Island. Mike Ivie found Cayaponia americana (specics still to be verified) on
the ridge above the laundry facility. [ collected seed from this plant, Rudy and |
found a Cayaponia americana (yet to be verified) and 2 Doyerea emetocathartica.
No fruit was found. All three plants were on the West side branch of the trail that
leads to Muskmelon Bay,

The C. americana had one tendril per node that branched into 3 tendrils about
half way. The stem had longitudinal ridges. many branches, and new stems from old
nodes. The plant was found at the top of a ridge at meter marker 425 in a dry, rocky,
open area. The plant climbed to about 7 fect high and was about 15 feet wide.

The D. emetocathartica was prickly on top of the Jeaf with smooth
pubescence on the underside of the leal. The stems were pubescent. The plants had a
fleshy stem near the ground with multiple branches coming offit. Both plants were
found in the under-story Icaf litter and were small (one plant had one branch about 1.5
feet long, the other had several branches to about 4 feet long.) The plants were found

at meter markers 675 and 15 feet betore 775.

L= iy ~

Lcaves from . americana and (. americana seed.
D, emetocatharticy.



Correspondence

Hi Deena,

Last October | went to Guana Island in the British Virgin Islands. | was helping
out a colleague with some fieldwork but while | was there | looked for
cucurbits. | found two interesting species, Cayaponia americana, and
Doyerea emelocathartica. The C. americana had set fruit and a botanist in the
VI is saving the seed for me. I'm trying to find out who to ask about
permission to have them shipped into the U.S. so | can propagate and submit
seed to the USDA Germplasm Bank. These plants are both the first reported
sightings of these species on this island. Would you be interested in having
one or both of them written up for a Profiles in Cucurbits?

Take care,
Angie
Angela Davis adavis-usda(@lane-ag.org

From: CucurbitNetwork@netscape.net
Sent: Friday, December 27, 2002
Subject: More Cucurbits.

Dear Angie,

Your BVI findings sound exciting, especially the Doyerea emetocathartica,
about which | know little. This species is listed as Corallocarpus
emetocatharticus in the 1925 Scientific Survey of Porto Rico and the Virgin
Isiands {(Vol VI, Part 1, in Britton and Wilson's Descriptive Flora -
Spermatophyta). Cayaponia americana is listed as occurring in various
islands, including Tortola and Virgen Gorda, but Guana Island is not
mentioned.

In any case, either of these species would make good topics for a future
Profiles articles. Also, any seeds you can spare would be appreciated. Even if
| don't plant them, | can make them part of my seed identification inventory.

Take Care, Deena
The Cucurbit Network
P.O. Box 560483
Miami, FL 33256
U.SA.
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Wenhua Lu

From: "Rudy O'Reilly" <Rudy.OQ_Reilly@vichristia.fsc.usda.gov>
To: "Wenhua Lu" <wenhua@etal.uri.edu>

Sent: Wednesday, February 19, 2003 2:19 PM

Subject: Re:royal palm

Hi Wenhua:

Tell Skip that I spoke to Gary Briggs of Cruzan Gardens here in St.
Croix. He has three Royal Palms with eight to ten foot trunks. Please
contact him to see if they can be shipped to Guana. His number is
(340)-773-7654. Let me know how the search is going.

Rudy

> Wenhua Lu wrote:
=

> Ruddy: Happy New Year! Skip asks again about the royal palm. We are

> off to New Caledonia this coming Monday, until late February.... WH
> Wenhua Lu, Ph.D.

> Qklahoma State University

> Wes Watkins Agriculture Research & Extension Center
>P. 0. Box 128

> Lane, OK 74555

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

3/
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ENIGMATIC TREEHOPPER GE A (HEMIPTERA: MEMBRACIDAE):
DEIRODERES RAMOS, HOLDGATIELIA EVANS, AND TOGOTOLANIA,
NEW GENUS

Jason R, Cryax axp Lewis L, Deivz

(JRC) Laboratory for Conservation and Evolutionary Genetics, New York State Mu-
sewm, Albany, NY, 12230 U.S. A, (e-mail: jeryan@mail.nysed.govy; (LLD) Department of
Entomology, Box 7613, North Carolina State University, Raleigh, NC 27695-7613, U5 AL
(e-mail: lewis_deitz@nesu,edu)

Abstract—Two poorly known Neotropical trechopper genera, Deirgderes Ramos and
Holdgatiella Evans, are revised and redescribed based on adult morphology. The Carib-
bean genus Deircderes (unplaced within the subfamily Stegaspidinae) has three valid
species including D, inornatus, new species (Jamaica), The Neotropical genus Holdga-
tiefla (currently unplaced within Mcmbracidae) has two valid species including H. stria,
new species (Veneruela). In addition, a previously unknown Caribbean genuys is here
described. Togotolania, new genus, with two species: T. fongicorna, new species (Do-
minican Republic) and T. brachycorna, new species (Guadeloupe). All species included
in these three genera are illustrated, and keys are given for the identification of adults,

Key Words:  Membracidae, Deiroderes, Holdgariella. Togotolania, Canbbean, laxononty

Trechoppers (Hemiptera: Membracidae)
are traditionally recognized by the enlarged
pronotum, which in many species is con-
spicuously ornamented with stalks, spikes,
or bulbs. In most genera, there is at least a
posterior pronotal process extending over
(or even conccealing) the scutellum. How-
ever, the pronota of the Ncotropical tree-
hopper gencra Deiroderes Ramos and
Holdgatiella Evans are remarkably unre-
markable. A third genus, Togorolania, de-
scribed here as new, also has a simple pron-
oturn, adorned only with a median horn.
These three genera are probably not closely
related, indicating that enlarged pronotal or-
namentation was likely gained or lost mul-
tiple times in Membracidae. Other treeliop-
per genera lacking a posterior pronotal pro-
cess occur in the subfamilies Nicomiinae,
Endoiastinac, Centrotinae, and Stegaspidi-

nae (fossils), though these may be cases ol

secondary loss,

Following the maost recent reclassifica-
tions of Membracidae (Deitz and Dietrich
1993a, Dietrich et al, 2001a), Deiroderes
and Holdgatiella were among several gen-
era that remained unplaced within the lax-
onomic framework. Although these two
aenera were originally deseribed in the sub-
fumily Centrotinae (Ramos 1957a, Evans
19624), emerging morphological (Dietrich
et al. 2001a, Cryan et al. in press) and mo-
lecular (Cryan et al. 20004, Cryan, unpub-
lished data) evidence 18 revealing support
for new phylogenctic placements within
Membracidae, as discussed below,

MATERIALS AND METHODS

Protocols used during this work follow
the materials and methods desceribed by
Cryan and Deitz (199%9a). The following
codens are used to refer to the collections
in which relevant specimens are located or

19



VOLUME 104, NUMBER 4

have been deposited. Arnett et al, (1993a)
listed the full postal addresses for most of
the institutions; those not found in that pub-
lication are indicated by a dagger (1) fol-
lowing the coden,

CIRAD: Labe Entotrop (Faunistique-Tas-
onomie), Montpellier, France,

CNCIE: Canadian National Collection of In-
sects, Agriculture and Agri-Food Cana-
da, Ottawa, Canadit.

JARC+: JLA. Ramos Collection, University
of Puerto Rico. Mayagiiez, Puerto Rico.

JWECT: J.W. Evans Collection, ¢/o Austra-
han Museum, Sydney, Australia,

MNHN: National Collection of Insects,
Muséum National D'Histoire Naturelle,
Paris, France.

NCSU: North Carolina State University In-
sect Collection, Department of Entomol-
ogy, North Carolina State University, Ra-
leigh. North Carolina, USA.

SHMC+: S.H. McKamey Collection; cur-
rent address: Systematic Entomology
Laboratory, USDA, % National Museum
of Natural History, Smithsonian Institu-
tion, Washington, D.C., 203560-0168,
USA.

USNM: National Museum of Natural His-
tory, Smithsonian Institmtion, Washing-
ton, D.C., USA.

Genus Deiroderes Ramos 1957

Deiroderes Ramos 1957a: 96, Type species:
Deiroderes inermis Ramos 1957a: 96, by
original designation,

Diagnosis.—The genus Deiroderes in-
cludes small stegaspidine trechoppers with
simple pronota (lacking well-developed su-
prahumcral horns and posterior pronotal
process) and dark tubercles along the veins
of the forewings,

Adult.—Dimensions (mm), otal length
{from head to apex of forewings at rest)
3.2-3.9, Structure; Head (Figs, 1-2, 8-9,
14-15) broad, wider than lang. with fine
pubescence; ocelli not raised, above centro-
ocular line; foliate lobes small, rounded or
quadrate; postclypeus weakly or strongly

269

rrilobed. Thorax: Prononsn (Figs. 2,9, 15):
simple, convex; either low or elevated; su-
prahumeral horns represented by low cari-
nac. or absent: posterior pronotal process
absent. Pronoral strfuce sculpriring: finely
punctate, cach pit associated with once short
seta; setae clubbed, normal, or flatiened.
Scurellwm (Figs, 2, 9, 13): short, acuminate;
anterior half slightly ratsed; posterior balf’
flattened, with slight median depression,
Legs (Figs. 3, 10): metathoracic femur with
or without dorsal row of cucullate setae;
metathoracic tibia with enlarged sctal rows
I, I, and III, all with cucullate setae; meta-
thoracic tarsomere [ with I apical cucullate
seta, Forewing (Figs. 4, 11, 10): punctate,
coriaceous basally; venation simple; |
[rarcly, 2] mm and 1| m-cu crossvein pre-
sent; dark wubercles, cach bearing one stout
scta, spaced nregularly along veins and
crossveins. Hindwing: venation essentially
identical to Microcentruy hindwing vena-
tion as illustirated by Deitz (1975a, fig. 37¢)
and Dietrich et al. (2001a, fig. 2B). Geni-
rafia; 2 279 valvulae (Figs. 5, 17) narrow
throughout, with distinct dorsal se¢rrations;
& lateral plates (Figs. 6, 12) free, without
hook; aedeagus und styles (Figs, 7, 13) var-
lable; aedeagus with anterior face of pos-
terior arm not denticulate.

Range.—Caribbean, from Virgin Islands
to Cuba.

Remarks.—Ramos (1937a) originally de-
scribed Deiroderes as a member of the sub-
family Centrotinae, indicating the genus
was closely related to Leoplivraspis Stal
(now 1n Aetaliontdac: Biturritiinae: Bitur-
ritiind) and Teolania Stal (now in Membra-
cidae: Nicomiinae: Tolanmiini). Defroderes
was later removed from Cenrotinae and
considered unplaced within Membracidae
(Deitz and Dietrich 1993a), Dietrich et al.
(20014 found that Defroderes was included
within a monophyletic Stegaspidinae in
some of the most-parsimenious cladograms
resulting from a more detailed morphology-
based phylogenetic analysis ol the family
Membracidae, Nevertheless, evidence {or
placement of Deiroderes remained equivo-
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cal, and therefore the genus remained un-
placed in Membracidue.

In a phylogenetic analysis of basal tree-
hopper groups, Cryan et al. {in press) found
that Deiroderes groups with the genus An-
rillotolania Ramos at the base of Stegaspi-
dinae. Morphological features that placed
the genus within Stegaspidinae included the
forewing's distal m-cu crossvein (fused ba-
sad of the fork of vein M) and hooklike
apex of the male styles,

Within Stegaspidinae, some featurcs—
forewing with one r-in and one m-cu cross-
vein, vein R, . fused basally with R,; and
male lateral plates free, lacking posteroap-
ical hooks-—suggest that Deiroderes is
more closely related to the tribe Stegaspi-
dini (reviewed in Cryan and Deitz [999a,
b, 2000a). Nevertheless, phylogenetic anal-
yses based on morphological (Dictrich et al.
2001a, Cryan et al, in press) and molecular
(Cryan ct al. 2000a, Cryan, unpublished
data) evidence suggest cither that Deirod-
erey might be more closely related to Mi-
crocentrini or that placement is equivocal.
Therefore, pending more definitive resolu-
tion, we refer Deiroderes to Stegaspidinac
but propese that the genus remains un-
placed to tribe.

When creating a generic name that refers
to a feature of the prothorax, it is customary
to modify the Greek noun “dere™ to “de-
res,”” thereby making the name masculine
{G. Kuschel, personal communication). The
first part of the compound name, “‘defre-"
means to behead something, or to cut the
neck: thus, "“Deiroderes™ best translates as
the “beheaded’™ trechopper, probably refer-
ring to cither the lack of pronotal horns or
the relatively flat head.

KEY TO THE SPECIES OF ADULT DEIRODERLY

L. Forewing vein M branching at, or immediately
distad of, crossvein e-n1, M., extending pos-
terjorly at right angle to M (Fig. 43 mentho-
racic femur with dorsal and ventral rows of cu-
cullute setae (Fig. 3y .. . ... D, fnermis Ramos

- Forewing vein M branching distinctly disiad of
crasssein r=m, Mo, extending obliguely 1o

wing margin (Figs, 11, 16); metathoracic femur

without rows of cucullate setae (Fig, 10y .. 2
. Pronatal metopidium produced dorsally, with

well-developed miedian cannag pronotunt with

suprahumeral carinac (Faig. 187 ... ... ..

.......... . punctatus (Metealt and Bruner)
~ Pronotal metopidium Tow, dorsal median carina

]

not well developed; pronotum without supra-
humeral carinae or herns (Fia. 9y ...
................. DL inornains, new species

Deiroderes inermis Ramos
{Figs. 1-7)

Deiroderes inermis Ramos 19574 96.

Type locality,—Gudnica, Puerle Rico.
Diagnosis.—Deiroderes inermis has the
forewing with vein M branching immedi-
ately distad of the m-m crossvein, M,,, ex-
tending directly to the posterior margin of
wing (nearly forming a right angle with M).
Adult.—Dimensions (mm): total length
? 3.2-3.5. & 3.5 width between humeral
angles ¢ 1.2-1.4; & 1.3; pronotal length ¢
0.8-1.0, & 0.9; wing length ¢ 2.6-2.8, &
2.4, width of head including eyes 2@ 1.1-
1.3, & 1.2. Coforation: body tan to dark
brown; forewing dark basally, dark colora-
tion sometimes extending 25 of wing length,
with dark spot at distal end of wein Cu.
Structure: Head: dorsal projections (Fig.
1y indistinct. Thorax: Pronoua (Fig, 2)
metopidium  low; humeral angles short,
blunt; middorsal crest weakly produced; su-
prahurneral horns and carinae absent. Legs
(Fig. 3): metathoracic femur with dorsal
and ventral rows of cucullatc setae: meta-
thoracic tibiae with cucullate setae row 1
less robust than setae in 11 or . Forewing
{Fig. 4): M branching immediately distal to
-m crossvein, M;., extending to posterior
edge of wing, at right angle to M. Genira-
fia;  %: 2% wvalvulac (Fig. 5) narrow
throughout, apical '3 with distinct dorsal
serrations. J: laweral plates (Fig. 6) free,
lacking hooks, sparsely sctosel styles (Fig,
7y with small hook apically; aedeagus (Fig.
7y with posterior arm straight.
Nymph.—Unknown,
Distribution.—British Virgin Islands;
Guana Island [NCSU[. Virgin Gorda

21



VOLUME {04, NUMBER 4 5371

S
e T o
g -+

#

Fies. 1-7.  Deiroderes inerons. Structures of the holetype (male genitalia illustrated from a non-lype speci-
men). 1. Head, anterior aspect {facce). 2, Head, pronotum, and scotellum, anterolateral aspect. 3, Left metathoracic
femur, tibin, and tarsus, ablateral aspect. 4, Right forewins, 5, Female second valvalae, lueral aspect. 6, Male
left Tateral plate, lateral aspect. 7. Male acdeagus and letl style, Jateral aspect Gllustrated with connective tissue).
Abbreviations: A, ansl veinds); av. aedeagus; Cu,, cubilal vein(s); os, claval suture: ha, humeral angles: m-cu,,.
muedial-cubital crossvein(s); M,, medizl vein(s) me, median carina: me, metopidiun se, seutellums s, siyvlenr,
radial crossvein; r-m,, radial-medial crossvein{s); R,, radial vein(s); I 1L 1L enlarped setal rows.,
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[NCSU], Tortola INCSUJ, U.S. Virgin is-
lands: St. John [JARC]: Puerto Rico
[NCSU].

Material  examined.—Holotype [%]
INCSU, deposited on indefinite loan 1o
USNM] witlt labels: “Insular Forest/Guan-
ica PR./3-Aug. 1945./0On Capparis nitida.,”
1AL Ramos/Collector,”  “"Helotype,”
“Deiroderes/inermis Ramos/145," Paralype
[ 9. forewings missing] [NCSU] with la-
bels: “'Cambalache/BR. 11-7-47.7 *Cald-
well &/Martorell/Collectors.”™ “*Paratype,”™
“Deitz Research/83-227e 9.7 “JARC.”
and “PARATYPE/Deiroderes/inerniis/Ra-
mos.” Other specimens: 1 ¥ (Deitz Re-
search #83-227f 2) from JARC: 2 &
(Cryan Rescarch #94-286a & and Cryan
Research #94-273b &) from NCSU: 1 %
from USNM.

Remarks,—The holotype of D. fnermis
was collected on Capparis sp. (Cappara-
ceae), though there is a discrepancy con-
cerning the host species. In the original de-
seription of D, inermiy {(Ramos 19574), the
holotype is listed as “on Capparis indica
(L.) Fawc and Rendle™: however, the ho-
lotype label information indicates the host
as C. witida (C. indica and C. nirida arc
not synonyms). This insect’s Latin specific
epithet translates directly to “unarmed’ or
“weaponless,” presumably referring to the
complete absence of pronotal projections
(suprahumers]l horns and posterior pro-
Cess),

A specimen of D, inermis from the Brit-
ish Virgin Islands was included in a mo-
lecular systematic investigation of mein-
bracid rclationships (Cryan et al. 2000a).
Results based on parsimony and maximum
likelithood analyses of DNA nuclentide se-
quence data trom two nuclear genes (EF-
la and 288 rDNA) indicated that Deifrod-
ercs was a member of a clade that also
mcluded Antillotolania Rumos and Micro-
centrus Stal,

Deiroderey inornatux Cryan and Deitz,
new specics
{FFigs. B-13)
Type locality.—Jamaica.
Diagnosis.—Deiroderes inornatus has a

simple, unadorned pronotum, strongly de-
Nected postclypeus and beak, and sinuate
acdeagus.

Adult &.—Dimensions (mm): t1otal
length 3.1-6.0; width between humeral an-
alex [.9-2.1; pronotal length 1.4-1 5; wing
length 4.0-4.9. width of head including
eyes 2.1-2.3. Coloration: body tan o dark
brown; forewing tan or dark brown basally,
light brown apically. Structre: Head: dor-
sal projections (Fig. 8) smuall or indistincet;
postclypenus and ameclypeus strongly de-
Nected under thorax. Thorax: Pronotan
{(Fig. 9): mectopidium low; humeral angles
weakly produced; mid-dorsal crest weakly
produced; suprahumeral carinae and horns
absent. Legs (Fig. 10): metathoracic femur
without rows of cucullate setae. Forewing
(Fig. 11): vein M branching well after -m
crossvein; M, extending obliquely to pos-
terior margin of wing; some specimens with
2 r-m crossveins on one or both forewings,
Genitalia:  lateral plawes (Fig, 12) free,
without heoks: styles (Fig. 13) sinuate,
hooked apically; aedeagus (Fig. 13} with
posterior arm  sinuate, narrowing apical-
lv. 7: unknown.

Nymph.—Unknown,

Distribution.—Jamaica [USNM, CNCI].

Material examined.—Holotype [J]
[USNM] with labels: “Jamaica/19-VII-35.”
“Sta 16/Chapin and/Blackwelder,”” " Vouch-
er Specimen/Cuticular Hydrocarben/Anal-
vsis Study/Jason R, Cryan. 1995 and
“HOLOTYPE dJ/Deiroderesiinornatust
Cryan & Dcitz.” Paratype [ 3] [CNCIH] with
labels: “JAMAICA, 4000 /Hardwar Gap/
VII-23-1966/Howden & Becker,” *Speci-
men data/captured—NMNH/Biota (Col-
well) file,” and “"PARATYPE &/Deirod-
crestinornatms/Cryan & Deitz.” Paratype
1. disscected; head and pronoturn miss-
ing] [USNM] with labels: “Jamaica/19-
VII-35," “Sta 16/Chapin and/Blackweld-
er.”” "CRYAN RESEARCH/#94-273a &.7
and "PARATYPE d&/Delroderestinornatus!
Cryun & Dentz.” Other specimens: 13
from CNCI; 1 & {rom USNM,

Remarks.—Dveiroderes inormatius s de-
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TERMITES

The following major paper illustrates the increasing problem -- after ncarly a quarter
century of fieldwork -- of the aisappeaﬁng source in derivative, synthetic works. People simply
forget where they got their information. Data generated on Guana long ago are now entering the
scientific literature as “common knowledge.” In a sense, that is good: our material is not only
entering the mainstream, it is becoming it. This paper, for example, relies considerably on
information about the termite family Kalotermitidae: 1 have put arrows in the margin indicating
where. Four of Guana’s eight termite species are kalotermitids and two of these -- Incisitermes
incisus and Neotermes mona -- huve been intensely studied by Jan Krecek, Barbara Thorne,
Margaret Collins, Mike Haverty, and other termite experts on Guana. Much, if not most, of the
world’s knowledge of kalotermitid societies, life histories, and behavior wus generated on
Guana. But check that paltry acknowledgement at the end of Barbara’s paper: not a word about
us.

When Wenhua found this paper she asked me about Guana’s role, and I called Barbara.
“Oh, yes,” Barbara said, “You should definitely regard that as a Guana publication.” So [ do.

Barbara wants to come back this October specifically to try new, highly specific poison
baits on the drywood termites that invade Guana’s buildings. There has been little defense
against them before, but she thinks she has got a method now. I'said I thought you would be

delighted: a wseful scientist, at last.
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M Abstract Lacking a comprehensive fossil record, solitary representatives of the
taxa, and/or a definitive phylogeny of closely related ipsects, comparisen of the life
history and social biolegy of basal, living groups is onc of the few available options
for developing infercnces regarding the carly cusocial evolution of ants and termites.
Camparisons of u select group of basul formicid and isopteran taxa suggest that the
reproductive organization of eolonies and their pattems of division of labor were par-
ticularly influenced, in both groups, by nesting and feeding ccology. Opporiunities for
serial inheritance of the nest structure and colony population by kin may have been
significant in the evelution of multiple reproductive forms and options. Discase has
been a significant factor in the evolution of social orpanization in ants and termites,
but thie adaptive mechanisms of infection control differ, Evaluations of the convergent
antd divergent social biology of the two taxa can gencrate novel domains of rescarch

and testable hypotheses.
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INTRODUCTION

The study of the evolution of complex traits is preatly facilitated by the existence
of phylogenctic intermediates that express gradual transitions in character states,
and the comparative analysis of thesc transitions often provides the most comn-
pelling data for revealing patiens and developing robust hypotheses regarding
selective factors that influence evolutionary change. Such stepping stone interme-
diates, however, arc rarely presemt as a relatively complete fossil or living series,
reflecting incomplele prescrvation and discovery of fossils, species extinclion, the
evanescence of annectant formns, and the fact that evolution is not always a gradual
process. Eusociality is a highly complex trait of profound evolutionary interest be-
cause of the existence of subfenile or sterile colony members. Comparative studics
of sister groups and basal taxa have heen insightful in examining the evolution of
cusocility in clades of bees and wasps because maoden specics show a¢line of life
historics that range from solitary to cusocial. Similar cladistic analyses arc absent
in ants and termiles because all the roughly 10,200 specics of living ants and over
2600 species of extant termites arc cusocial, and solitary ancestors are sufficiently
distant 1o obscure the Jinkages among sclective regimes.

The structural clements of social erganization in the Hymenoptera and lsoptera
arc highly convergent. Unlike the haplodiploid Hymenoptera, however, both sexes
of termites are diploid, rendering cxplanations for cusocial evolution based on
asymmetrics in genetic relatedness penerated by meiosis and fentilization inappli-
cablc to termites. Nevertheless, the similaritics and differences in the preadaptive
characteristics of cach group and ccological forces that impclled the evolution of
social organization may offer significant sociobiological insight. Lacking the op-
portunity for comparative study within taxa, here we explore commonalitics and
contrasts in the life history, coleny structure, reproductive dynamiics, and socioccol-
ogy of the most primitive living lincages of ants and termiles. Although these phy-
logenctically divergent inscets differ in fundamental ways (such as holomctaboly
in Hymenoptera and hemimctaboly in Isoptlera), cusociality is based on the clabe-
ration of farmily units in both groups, and cusocial evolution may be constructively
discerned through focuscd comparative asscssments, Observations on the biol-
ogy of cxtant laxa cannot be uscd o definitively reconstruct ancestral states prior
to the cvolution of worker subfertility or sterlity and thus cannot appropriately
be uscd to test hypotheses or predictions regarding the evolation of cusociality.
Once protoants or protolermites crossed the threshold of cusociality, life history
constraints, cspecially those related 1o reproductive division of labor, may have
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been essentially irreversible, Data that allow specific comparisons are ot always
available, so a collateral goal of this paper is to identify domains of rescarch that

swould further advance such an approach. We begin with an overview of the phylo-

genetic origin of amis and termites, identify the basal taxa considered in the review,
and justify the inclusions of those groups central to our comparative analysis.

ORIGIN OF ANTS AND BASAL ANT SYSTEMATICS

The origins of the formicid theme of social organization have been sought in the
vespoid wasps, There 1s a void in social behavior between basal ants and their
closest vespoid relatives, although the fossil record offers some evidence of how
and wlien ants attained their morphological distinctiveness and sugpests a basic
timeline for the emergence of the socially advanced groups. The hypothetical
anceslral vespoid wasps arc thought to be linked 1o ants through the subfamily
Sphecomyrminae, the pleisiomorphic sister group to all ants, with its extinet Cre-
taccous fossil penera Sphecomyrma and Cretomyrma (124), Sphecomyrma freyi,
dating from New Jersey amber of the late middle Cretaceous, exhibits a con-
stellavon of nonsocial wasp and ant traits: short bidentate mandibles, a reduced
and wingless thorax, a petiolar constriction, and significantly, what appears to be
a metapleural pland (33). It is considered the “nearly perfect link between some
of the modem ants and the nonsocial aculeate wasps™ (33, p. 23). Kyramyrma neffi,
the first specimen of an extant ant subfamily (the Formicinae), also collected from
the New Jersey amber (c. 92 million years ago, has an acidopore and is 50 mya
older than Sphecomyrma (23). This suggests a divergence of the basal lincages of
ants from the Sphecomymminac approximately 105-110 mya, Further details of
the fossil record and adaplive radiation of ants are given in Holldobler & Wilson
(33) and Crozicr et al, (14), which provide molecular data dating the origin of ants
to the Jurassic,

The basal division of the 17 ant subfarnilics (5) separates the Myrmicinze, Pscu-
domyrmecinac, Nothomyrmeciinae, Myrmeciinac, Formicinae, and the Dolicho-
derinae from the remaining subfamilies. The Nothomyrmeciinae, Mymmeciinac,
and Ponerinac include pencra considered pivotal in ant social evolution because of
their comparatively primitive morphology and sociul organization (33). The final
basal group of ants is the Ancurctinac, a formicoid complex subfamily once global
in distribution but today represented by a single species, Anewretuy simoni, found
in limited arcas of Sri Lanka (41).

The subfamily Nothomyrmeciinae is monotypic, known only from the single
extant and clusive Nothemyrmecia macrops Clark from Australia, Its rediscovery
in 1978 (104) was somewhat akin 1o finding the “Holy Grail” of mynnecology,
and the collection and observation of queenright colenics made possible detailed
accounts of the social organization of this rclict species (31, 104). The basal char-
acteristics of this ant include a wasp-like morphology (14}, an cxceplionally high
level of inactivity, and fow levels of social exchanges among workers in their small
colonies (40). Queens do not receive food or other preferential treatment: indeed,
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queens and workers rarely interact, Remarkably, queens living in intact laboratory
colonies collect and feed on insect prey on their own. The subfamily Myrmici-
irac is represented by the Australian bulldog ants of the penus Myrmecia, which
forms colonics of 600-900 workers {25). Colonies can be founded independently
by single queens or polygynousty by proups of females (12).

The Ponerinac is a large and diverse subfamily whose representatives display a
mixture of basal and derived morphelogics and social characters. Primitive poner-
incs include Amblyopone, an ant that exhibits morphologically and behaviorally
primitive traits, although other gencra in the tribe Amblyoponini show highly
derivative charactenisties, Because of the great diversity of ponerine ants, includ-
ing numerous specics with clearly derived traits (81,82), we concentrate on the
more primitive forms, using A. pallipes as a model, while noting that other speeies
of Amblyopune may vary widely in their biology and even include queenless forms
(37). InA. pallipes, alate queens discard their wings to establish new colonies and
forage during the colony foundation stage (33). Nests, which house small colonies
averaging roughly 2 dozen workers, are composed of simple chumbers and gal-
leries in soil and decayed wood. Populations of A. pallipes are patchy but can be
locally abundant (112),

ORIGIN OF ISOPTERA AND INTERFAMILIAL
RELATTONSHIPS

The higher-level phylogeny of termites bas received considerable interest in the
past decade. Although monophyly of the Diclyoptera is accepled (28, 50), relation-
ships among the dictyopteran orders Blattaria, Mantodea, and Isoptera are not fully
resolved (6, 17,42, 44—47, 51, 57, 59, 108). Despite the topelogical uncertainty re-
garding whether cockroaches or some lincage(s) of a paraphyletic cockroach clide
are the sister group to termites, there is consensus that study of the life history and
social organization of the relict wood roach genus Cryprocercus provides con-
struetive comparison and potential insights into the biclogy of prototermites and
potential sclective forces favoring the evolution of cusociality (10, 67,68, 107). To
date, the fossil record exposcs no mussing links that indicate intermediale stages
between the orders, so identifying the most immediate ancestors of Isoptera, and
gleaning the hints that they might reveal regarding the transition from solitary 1o
cusocial life bistories, has becn impossible,

The carly evolution and intrafamilial relationships of Isoptera also are not fully
understoed, but several lines of evidence identify the most basal lincages and pro-
vide increasing definition of their phylogeny, The carliest known fossil termites are
from the Cretaccous and are representatives of the Hodotermitidae, Termopsidac,
and possibly Maslotermitidae, These Mcsozoic termites are distinetly primitive
but reasonably diversified, supgesting an origin of the order in the Upper Jurassic
{109). Hodotermitidae, represented in moderm {auna by three genera (19 species) of

!
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highly specialized "harvester” termites, has the oldest described fossil (~ 130 myu)
(52) and a total of six genera (seven species) in the Crelaceous, Although the for-
2aing behaviors and colony erganization of extant hodotermitids are derived, they
rctain pleisiomorphic morphological characters (18).

Termopsidac, the sister group of Hodotermitidae [(16, 18, 73); butsee (105)], is
represenited by at least four known genera (five species) in the Cretaceous and five
modem gencra (20 species, the “dampwood™ termites). Termopsids, especially the
relict Himalayan Archotermopsis wronghioni Desncux, are considered by many to
bethe most primitive living termites with respect Lo colony size, social organization,
nesting biclogy, and caste polyphenism (35,71, 101, 105, 107, 108).

Mastotermitidae, apparently represented in the Cretaceous by Llwo genera and
radiating broadly by the Tertiary (4 gencra with more than 20 species known from
Australia, Europe, North and South America, and the Caribbean) (109), now exists
as only a single species, Mastotermes darwiniensis Froggatt, with u natural distri-
bution in moist, tropical regions of Northern Australia, Mastolcrmitidac is viewed
uncontroversially as the most basal living lincage within Isoptera and as the sister
taxon to all ether living termites (16, 17,43,47, 48). M. darwiniensiy has distinct
pleisiomorphic characters, but it also features a number of highly derived char-
acteristics, For example, M. durwinicnsis bas an carly and apparently irreversible
split in development of nondispersive forms, seldiers secrete a defensive cherical,
male reproductives have a unique type of multiflagetlate sperm, colony population
sizes can be Jarge (several million individuals), gallery construction occurs within
nests, 2nd extensive foruging tunnels connect food sources located away from the
nest (21,53, 105, 108), M. darwinicnsis thus excmplifies a comumon cvolutionary
pattern: It retains some primitive featurcs but also has apomorphic anatomical and
life history clements,

Along with these three confirmed ancient familics, some classic (48, 75) and one
recent family-level phylogeny (43) place Kalotermitidae, including the “drywood”
termites along with some dampwood species (53), as among the most basal clades.
Kalotermitids do not appear in the fossil record until the Paleocene; there are 446
modem species in 21 genera (11). Current hypotheses of relationship among the
four basal termite families Mastotermitidae, Hodotermitidae, Termopsidac, and
Kalotermitidac differ only in the position of Kalotermitidae. Taxonomic sampling
issues and lack of integration hetween morphological and molecular studies have
impeded resolution of family-level phylogemics, but for the purpuses of this paper
we assumc that Mastotermitidae, Hodotermitidae, and Termopsidae comprise the
most basal living termite clades, This is in accordance with recent phylogenelic
analyses that differ in topolopy. but include the same three familics as most basal
[((CT. RY, S), K), (Tp. H)), M), BY! (105): ((((((T. R), $), K). Tp). H), M). B)]
{Denovan et al, (16) and Eggleton’s (17} “majority consensus rule” phylogeny].

'B, Blatlaria; M, Mastotermitidae; H, Hadotermitidae; Tp, Termopsidac; K, Kalowermitidae;
S, Serritermitidac; R, Rhinotermitidae; T, Termitidae,

!
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ANCESTRAL ECOLOGY OF TERMITES:
FOCUS ON TERMOPSIDAE

Because social organization of living members of the Mastotermitidac and Hodoter-
mitidac appears to be derived, we typically draw inferences regarding ancesiral
socioccology from life listory patiermns of modem Termopsidae, This interprela-
tion has been broadly held among termitologists (18, 72,76, 101, 107), although
there is some controversy regarding whether the developmental flexibility typical
of Termopsidac is an ancestral or derived characteristic of termites, The traditional
view is thal "truc workers,” 1.e., individuals that diverge carly and irreversibly
{rom the imaginal line. arc a derived feature in termites (1.70,72, 76). Accord-
ing to this view, the worker caste developed at least three times independently
hecause true workers eccur in Mastetermitidae, Hodolermitidae, Scrritermnitidac,
Rhinowermitidae, and Termitidae (3,29, 66,76,77, 35,86, 107). In Termopsidac,
Kalotermitidae, and the most primitive Rhinotermitidae, helpers have marked de-
velopmental flexibility throughout their lives; all individuals except soldiers may
differentiate inte reproductives (70, 76,87, 101, 107) or undergo regressive molts
to revert from the nymphal linc into “pscudergates” (76).

Based on hypotheses of interfamilial phylogenetic relationships, however,
Thompson et al. (105) follow Watson & Sewell (118, 119) in supporting irreversible
worker differentiation as an ancestral element of termile social evolution rather
than a derived, phylogenetic state. It is difficult to evaluate this postulate, however,
because there are so few living representatives of laxa key to this interpretation,
1.c., the families Mastotermitidae and Hodotermitidae, and those species that exist
are highly derived in other social attributes (18, 48, 101, 107). Nesting and feeding
habits may drive the evolution of social behaviors, obseuring phylogenctic analy-
ses based on presumed homologous traits, For example, true workers are invariably
found in species thal forage away from the nest expleiting multiple resources, and
helpers with lifelong flexible developmental options oceur in “‘ene-picee nesting”
groups that consume enly the wood in which they live and therefore face eventual
resource limitation and instability (1,3, 29, 53). This correlalion suggests biolog-
ical significance between termite nesting biology and presence or absence of true
workers in modem species. The ancestral worker by pothesis (105, 118, 119) thus
carries linked implications, suggesting for example that organized {oraging away
from the nest is an ancestral trait and that the one-picce life type with minimal
nest architeclure and foraging restricted 1o the nest wood is secondarily derived.
Eggleton (17) rationally advocates resolution of phylogenies before altempting to
map social, behavioral, developmental, or biogeopraphic characlers,

INFERENCES REGARDING ANCESTRAL LIFE HISTORIES

Considering extant basal ants and ternites as “windows™ into ancestral life his-
torics, it is apparcent that individual specics in either taxon rarely provide an en-
tirely credible model reflecting the biology of the group carly after the evolution of
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cusociality. Modern species belonging to even the most basal lincages have blended
assemblages of poimitive and derived traits, thus confounding interpretations, DNA
sequences help resolve this issue for phylogenctic analyses, but no methodological
safety net exists for evaluating social evolution because homology of behavioral
traits can be difficult to verify and may be influenced by ceology or other de-
rived lifc history atiributes. We are thus left to draw infercnces based ornt suites of
characters considered to be primitive, compiled from a number of living taxa to
yicld a composite of likely traits and ancestral ccology of extinct lincages rela-
tively close Lo the cusp of cusocial evolution, Qur comparisons of tikely ancestral
character complexes from ants and termites ideally will yield productive insights
regarding both commonalities and differences, and therefore potentially signifi-
cant influcnces, favoring the evolution of cusociality in these insects. We focus
on four broad and interrelaicd arcas: reproductive plasticity, division of labor,
foraging biology, and evolutionary pathobiclogy. We then conclude with a discus-
sion of potential commonalitics influcncing the evolution of cusociality in these

Eroups.

REPRODUCTIVE PLASTICITY IN ANTS AND TERMITES

Colony Structure, Gynes, and Replacement Reproductives

Developing a conceptual framework for the comparative analysis of reproduc-
tive variability in ants and termites has historically been impeded by the num-
ber and complexity of fentile and sterile forms, the existence of anatomical and
physiological intermediates, nomenclature differences, end semantic coptroversy,
To facilitatc comparison and clarify our discussion wc catalog the types of re-
productives found in each group using currently recognized terminology (33, 88,
106).

In ants, reproductive division of labor presents itself in the typical dimorphic
queen and worker castes: The queen is derived from the dispersing alate form,
establishes a4 new colony, and is distinguished from her daughters by size, the ex-
tent of ovarian devclopment and behavior. Amaong basal ant species, the wings
may be reduced {as in the case of Nothomyrmecia (31)] and size differences
may be limited to a somewhat broader thorax heuring the scars of the wings that
are discarded following the dispersal flight, Some basal ants have fertile forms
(crgatogynes) that are morphologically intermediate hetween independent, dealate
colony-founding queens and workers and inseminated workers (gamergates). Er-
gatoid qucens, which arc found in some species of Myrmecia (13,26), have a
greater nuinber of ovarioles than workers do, a filled spermatheca, and may re-
placc a typical queen. Some ponerine ants, including Ambiyopone (37,83), are
queenless. Repreduction by gamecrgates, which possess a functional spermatheca
and are inseminated, oceurs in these species, Colonies having gamergatcs occupy
stressful environments, have reduced dispersal, mate within or ncarby the nest,
and reproduce by fission, as may colonies with ergatoid queens (83).

!
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Recentrescarch (96, 97) has begun to uncover uncxpected and eaciting details of
the reproductive and genctic organization of colonies of Nothomyrmecia macrops.
‘his basal ant is facultatively polyandrous; sampled queens were singly ormultiply
mated to unrclated males, with an overall average of 1.37 matings per gueen
(96). Worker nestmates are related by h=0.61 +/— 0.03, Workers appear to
be incapable of laying cggs. The mechanism of queen replacement in colonies
of N. macrops is rarc among ants and bears some resemblance Lo the pattern of
colony inheritance exhibited by some basal termites. Although newly inseminated
queens found N. macrops colonics monogynously, comparisons of worker and
queen penotypes in some sarmpled colonies comained resident gueens that were
the sisters rather than the mothers of workers, Furthermore, larvac were genetically
identified as the queen’s progeny and not the offspring of reproductive workers.
The Jikely explanation for this genetic structure is that the original colony-founding
queen had died and been replaced by one of her daughters.

The colony life cycle of N. macrops has been reconstructed as follows (96,97):
New queens, one of which may inhierit the parental colony, are produced from
overwintering larvac that can develop from cggs laid in the autumn into gynes
during the following year, cven in the cvent of death of the queen mother, A re-
placement queen can preduce sexual offspring in her first year, Overall, N. macrops
illustrates a low level of serial polypyny; primarily daughters, but at least occa-
sionally unrelated queens, arc adopted hy arphancd colonies. Under the condition
of colony inheritance by daughters, inclusive fitness benefits extend to the origi-
nal colony-founding queen (through the rearing of grand-offspring following her
death) as well as to workers (through the production of nieces and nephews). The
brachyptery of new qucens may reflect limited dispersal and a reproductive sirategy
designed to favor replacement of the mother queen by her daughters, Ecological
consiraints such as habitat patchiness, nest site limitation, and the risk-prone for-
aging behavior of the partially claustral founding queens may have favored colony
inheritance in N. macrops.

Does the presence of such reproductive flexibility in one of the most primitive
extant ants accurately reffect an ancestral condition? Although it has been argued
that the brachypterous queens of N. macrops favored the evelution of daugh-
ter replacement (97), it is also possible that brachyptery cvolved concomitantly
with daughter adoption under the sclective pressure of dispersal-related mortality.
Agpain, we note the difficultics inherent in analyzing the evolution of social maits
in basal species whose biology may be a constellation of primitive and derived
characters,

Scveral types of reproductives exist in termites, The terms king and queen 1yp-
ically refer to the colony-founding male and female, These primary reproductives
arc imagoes (alates) that drop their wings after pairing. Founding pairs in basal
groups are nearly always monogamous, githvugh there are some records of usso-
ciated groups of primary reproductives (27). Neetenics are termite reproductives
that are not derived from alates, but difTerentiate within their natal colony, breeding
with a parent, sibling, or othcr inbred relative. Neotenic differentiation typically
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oceurs upon death or senescence of the founding reproductive of the same sex (55).
Multiple neotenics of cach sex develop, persisting as typically consanguineous re-
productive groups in most basal termites (21} bul surviving as only one pair in
Kalotermitidac (72). Neoteny, literally meaning reproduction as an inumnature, is
related 1o hemimetaboly, requiring one or two molts that modify morphology and
produce functional scx organs (72, 106). In Mastotermes, ncotenics may develop
from workers (119); in tcrmopsids neetenics may form from any individual in
instar four or above (except soldicrs or imagocs) (71), although no true neotenics
are known in Archotermopsis (35,89), Soldier neotenics occur in six species of
termopsids (64, 107). In Archotermopsis, the ponads of all soldiers arc us well
devcloped as in alates (33),

All offspring helpers in termopsid families (except soldiers) retain the capacity
to differentiate into fenile reproductives (in the casce of termites, cither alates or
neotenics). They are thus poised to potentially inherit their parents’ resources off a
nest, food, and established family (65, 107). In such a system of serial reproductive
inheritance by kin, as in the cases of crgatogyne and gamergale ants reproducing
in their natal nest, all colony members gain inclusive fitness bencfits and some
individuals attain dircet fitness advantages. These cumulative fitness components
may well exceed average individual fitness prospeets of dispersing, fentile offspring
in a similar, solitary species, thus favoring helpers that remain in their natal colony,
In Zootermopsis, numerous colonics may be initiated in the same log, eventually
resulting in intercolony intermctions, which can lead to death of reproductives and
opportunitics for reptacement by neotenics (107).

In ancestral groups, the reproductive skew between reproductives and liclpers
may havc been less discrete, Imms (35) reported that worker-like individuals of
Archotermopxis wroughtoni have extensive gonad development and a fat body
equivalent to alates, He obscrved a captive worker-like A. wroughtoni lay scven
cges. The eggs did not develop normally, but whether due 1o sterility, lack of
fertilization, or laboratory conditions is unknown, Eusociality itsclf is viewed as
a continuously varying categorization depending on the portion of progeny that
reduces or foregoes reproduction (101, 103),

The possibility of merged or indistinet colonies functioning within single picecs
of wood has been ratsed several times. Concermng Archorermopsis, Iinms (35,
p. 126} observed, “'I have, on several occasions, come across three or four queens
with a single large colony of ova and larvae, which probably represemt several
colonics which have become confluent.” Fused colonies or colony complexcs
have also been suggested in Swlotermes (20,63, 110) and Zootermaopsis (B.L,
Thormue, personal obscrvation), These observations and their gencrality, context,
and implications arc difficult to evaluate; identification of discrete but adjacent
colonics within 4 log is often impossible. Sufficient descriptive evidence exists,
however, 10 encourage genelic examination of thesc circumstances, especially
rclationships among the reproductives found with the possibly merged groups.
Recemt work on M. darwiniensis (21) suggests that although neotenics within 4
colony are often inbred, they sometimes originale from more than two penctic
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lineages, as has been indicated in some more derived termites (8). Extensive study
onceolony penetic structure and the possibility of merging or introduction of foreign
reproductives is required for both basal ants and termites,

Reproductive Conflict

Conflict amony neslmates whose fitness interests are incongruent is common in
social insects. The apparent racity of nuptial flights in some basal ant penera (13),
the presence of fertile helpers in both ants and termnites, and multipie replacement
reproductives raise the possibility of intracolony reproductive conflict. Repro-
ductive conflict is manifest in oophagy, the existence of inhibitory pheromones,
dominance structures, mutilation, and policing behaviors (37,62). In basal ants,
larval hemolymph feeding by queens has been described in Prionopelta and Am-
bylopone silvestrii (38, 60) and has been interpreted as 4 form of queen nutrition,
although the behavior could also represent a mechanism to regulate reproductive
capability.

Because of the monogynous and monoandrous orgarization of basal termite
societics, conflicts similar to those observed in ants would not be expected until
colony members approach a state of reproductive compelence; then policing or
other related mechanisms of reproductive competition might be evident in specics
with flexible development because nearly all individuals have the potential to differ-
entiate into reproductive forms. Roisin (85) cites reports of intracolony mutilation
in termopsids, kalotermitids, and some rhinotermitids and proposes that compe-
ttion among late instar helpers, including nymphs attempling to become alates
might explain such bechaviors, He suggests that siblings bite wing pads, which
causcs some individuals to deflect from alate development, creating “lower status™
helpers with reduced chances of future dispersal. Subsequent wing bud regencera-
tion and formation of a nonmal alate is possible, but with delay and additional molts
{107, 118). Roisin (85) proposes that the mutilated *loscrs™ in intracolony conflicts
formed the original helpers in termites, The contexts under which primitive ter-
mites lose wing buds nced to be betier understood before this hypothesis, or the
implications of mutilation behaviors in termites, can be rigorously evaluated (107).
For example, wing bud scars in termopsids are often due 1o self-induced abscis-
ston rather than matilation by coleny members (35, 107). Research on complete
colonics of Zeotermopsis in the laboratory supgests that self-abscission occurs
when there are opportunitics 10 become a repiacement reproductive, perhaps in-
ducing pre-alates to shed wing pads and differcntiate into a neotenic in the natal
colony (107).

DIVISION OF LABOR

The primary axis of division of labor in basal ant and termite species 1s reproduc-
tive, but colonics theoretically may partition lasks according to the size and age
of subfertile or sterile individuals, Phcromones, lemperature, and nutrition direct

!
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caste expressien in both ants and 1crmites (33, 71, 72), Histerical factors, including
deveclopment, cause ant and termite castes to form in fundamentally different ways
#nd therefore potentially preadapt these two groups toward disparate mechanisms
of task panitioning. In ants, morphological varation is gencrated through allom-
etry within a single adult instar; size variation and polymorphism in terinites is
found across instars, from immature threugh imago. Although the caste systems of
termites with true workers show u sirong convergence with ants, similaritics among
hasal species may be ohscure because of the prevalence of monomorphism in ant
workers. Duc to hemimetabolous development, immature termiites contribute to
colony needs as juveniles, whereas ant larvae are scemingly unable to meet labor
demands unless they are involved in food processing and nutricnt distribution,

Basal ant species such as Amblyopone pallipes have small colonies, and ac-
livity is restricted to a limited number of nest chambers and associated tunnels
where prey eapture occurs {112), Workers, which bunt vermiform anthroped prey,
initiate foraging scon after eclosion. Foraging and brood-care are codependent
tasks because larvae are carried 1o freshly paralyzed prey where they feed directly,
Brood-care is thus reminiscent of the direct provisioning habits of solitary wasps,
and the same individual often performs both foraging and brood-care tasks. A.
pallipes lacks age-based division of labor (111), but interspecific comparisons of
polycthism in Amblyopone suggest that age-related division of labor inight take on
clements similar to that of higher ants (61), although the reasons for such differ-
ences are unclear, Colony demography, feeding specialization, and the retention
of ancestral behavioral traits seem to be important determinants in division of la-
bor in ants (40, 111, 113). The degree of sociality, which varies in ants, may also
influence patterns of division of labor in A, paflipes and N. macreps, in which
queen-worker and worker-worker interactions are rare and polyettusm is lacking
(40). In addition, some Amblyopone species are queenless but contain multiple
mscminated gamergates that form dominance hicrarchies (37), which could in-
fluence division of labor (84). Among basal ants, Areuretus simoni exhibits an
age-related polyethism that foreshadows the form of temporal task partitioning
typical of ants of the higher subfamilies,

Like primitive ants. basal termopsid species have small colonies (35, 33), ac-
tivity is limited to nest galleries, and there has been no indication of age-based
division of Jabor (94). It has been hypothesized that termite caste systems should be
fully discretized due to hemimetabolous development (79). Noirot (72, p. 9) notes
that the combination of helpers of both sexes and hemimetaboly gives termites, in
comparison to Hymenoplera, “many more possibilities for the diversification of
polymorphism and consequently, for its adaptations.” Termites may also advance,
regress, or retard their metabolic development (71,76, 87) to respond to colony
needs or mdividual fitness initiatives. During its postembryonic development, an

individual termite, cspecially in Termopsidac and Kalotermitidac, may “belong é—’

to different physical castes in succession” (72, p. 8), possihly terminating by be-
coming a soldier or repreductive, Noirot & Bordereau (74) termed this paltern
temporal polymorphism, juxtaposed with remparal palyethism, or change in task
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functions of a worker during its lifetime, as is characieristic in Hymenoptera and
derived termites (80, 123), Flexibility in metamorphosis in basal termite species
mizht provide 2 mechanism of task switching similar to, but less rapid than,
the patierns of behavioral acecleration and regression seen in more advanced
species of the social Hymenoptera. The multiple age (instar) cohorts generated
by hemimetaboly would divide tasks along 2 finely graded scale, resulting in the
evolution af onc caste pertask (79). Yetif first and sccond instar larvae are inaclive
{94}, gradual metamorphosis may in essence yield a caste distribution that resem-
bles only moderate polymorphism, although the duration between molls would
seemingly provide ample time for temporal specialization, In any case, the cr-
gonomically adaptive nature of polyethism in hasal termites is virtually unknown.
There is some suggestion that demography serves a function in infection centrol
(95).

Tennite soldicrs arc without equivalent in Hymenoptera (72); hasal ants have
few allometric size variants such as majors and minors, with the cxception of
Ancuretus simoni (33,113), although large workers, possessing a disproportion-
ately large number of ovariolcs, have been described in Myrmecia (39}, Soldier
termites appear to be monophyletic (71, 76). In Maslotermitidac and Hodoter-
mitidae, soldiers have “continuous™ polymorphism because they originate from
successive and numerous worker instars (72). 1n Termopsidae and Kalotermiti-
dac, all except the youngest larvae [icrmite terminology uses “larvae™ to describe
apteran immatures differentiating along a nonreproductive pathway (87, 109)], all
nymphs (termites with wing pads), and all pscudergates can produce soldiers with
a tendency toward a later origin, and therefore larger soldiers, in older colonies
(71,72), The first tcrmite soldicrs may have had functional ponads, as in cxtan!
Archorermapsis (35), but it is unknown whether soldicrs appeared and were se-
leeted for as a defensive caste or as replacement or supplementary reproductives
as in modem neotenic soldiers (64, 86, 107).

Single-picce nest species, such as the dampwood penus Zootermopsis, provide
an opportunity to examine the significance of the spatial organization of tasks to
the evolution of division of labor, Brood-care and foraging both oceur within the
same picee of wood; in ants and multiple-picce nesting termites the nursery and
foraging are scparated inside and outside of the nest. Maluring termite farvae are
likely to eclose in the proximity of the primary reproductives and egg pile and
could care for reproductives early in life and (ransition to nonbrood-care tasks
such as ncst maintenance and feeding at more distal sites before they develop
into reproductive forms and leave the labor force. Howevcer, Zootermopsis scems
to show no temporal polycthism (94); third through scventh instar larvac attend to
tasks with no apparent bias,

Reproductive plasticity may alse influence polycthism in Termopsidae (76).
The ability of larvae 1o achicve repreductive status in the patal nest and potential
conflicts with siblings could reduce selection for behavioral schedules that enhance
colony-lcvel fitness al the expensc of individual reproductive success, The repro-
ductive plasticity of lower termnites could cause individuals to remain near the egg
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pilc where they might deposit their own cgps or engage in oophagy, performing
brood-care as they age, rather than providing libor at other work sites. West-
Fherhard (121, 122) offered a similar argument concéming temporal polyethism
in the social Hymenoptera, suggesting that worker reproduction should result in
a brood-care bias toward newly cclosed adults that have functional ovaries, If
reproduetive competency in termites increases with age, older larvac could be pre-
disposed to brood-care behavior or at least be spatially associaled with broed in
basal isopteran specics. In any case, comparisons of polycthism among termite
specics indicate that worker sterility and temporal division of laber are correlated
(94, 114). The loss of reproductive options amonyg workers and foraging ccology
of termites have been prerequisites for the evolution of termile polyethism. A
comprehensive theory for the evolution of age-related division of labor in termites
requires an understanding of how and when individuals can become reproductively
competent and a species” foraging ceology.

FORAGING BIOLOGY

Striking variation is scen in the foraging biolopy of the basal ants, a spectrum of
ancestral and derived habits has been documented (33), In some specics, solitury
huntresses search for arthropod prey in subterrancan soil gallerics and tunnels in
deccayed wood. In 2 manner reminiscent of their wasp ancestors, the sting injects
paralylic venom into prey, which arc subsequentty transported to the nest. Feeding
specialization and recruitment communication are diverse within and between
genera in the tribc Amblyoponini. Amblyopone pallipes, for example, solitarily
hunts prey such as geophilid centipedes, whereas other species may cooperate in
prey capture and transport (36). Amblyoponine species, as well as species in more
advanced ponerine wibes, may specialize on certain prey. Prionopelta amabilis
workers, for cxample, [ced exclusively on campodeid diplurans (33). Other basal
ants such as NV, macrops and N, myrmecia forage epigacically as solitary individuals
and use the sting to paralyze prey (31,33). A. simoni workers also use the sting to
subduc prey, but supplement their diet with carbohydrate foods such as decaying
fruit, and have well-developed chemical trail communication (113},

The (oraging ccology of basal termites, like baszl ants, reflects the feeding
habits of Lheir solitary and subsocial ancestors, Termopsids are one-piece nesters
{2,33,69), living in and consuming their host log. They do not forage away from
the nest wood, and colonies do not leave one stump or log w occupy another. The
gajleries resulting from the consumption of their host wood become nestchambers,
panitioned only by fecal pellet walls, The entire life cycle of most colony members
transpires within a single piece of wood, Mature colonies produce fertile offspring
(alates) seasonally, and many individuals within the colony differentiate inte alates
and disperse when resources in the nest wood are depleted (78).

Although termites prefer nutritionally valuable food sources that are low in
sccondary plant compounds {114), Termopsidac appear to have a limited array of

N
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mechanisms that could be implemented to harvest encrgetically rich cellulose
sources. A choice mechanism exhibited by Zootermopsis nevadensis involves
tr2 foraging discrimination of colony-founding alates that settle on and defend
nitrogen-rich wood cambium (53, 100). Whether workers in established colonies
direct feeding at nutritionally rich sites in their nest log is unknown. If food selee-
\ion occurs, it is likely regulated by secretions of the stemal gland, the source of
trail pheromones in termutes (114).

EVOLUTIONARY PATHOBIOLOGY

Many social insects nest and feed in soil and decayed-wood environments where
diverse, abundant, and potentially pathenogenic microbial communities flourish.
Group living may compound mortality risks through the interindividual transmis-
sion of infection (92). Adapting 1o discasc has long been considered 2 major cvent in
the evolution of sociality and the diversification of the ants (123), but only recenily
has the evolutionary significance of social insect pathobiology been Ui focus of
cmpirical and theorelical investigation, primarily in Hymenoptera (24, 98, 99).

Ants have adapledto the constraints of living in infectious environments through
the powerful antibiotic secretions of the metapleural gland (30, 33, 123). The meta-
pleural gland is phylogenetically ancient, appearing in the extinct Sphecomyrma
and found today in all ant subfamilies. Its evolution is considered 1o have been
critically important to the ecological dominance of the ants (33, 123). Rescarch on
discase defenses in Myrmecia (58) supgests that the nictapleural gland is highly
significant but perhaps not the sole mechanism of infection control in basal species,
Mectapleural gland sccretions alone, nevertheless, provide extraordinarily cffica-
cious control of microbcs.

Termiles, like ants, nest and feed in arcas where microbes thrive, and it §s
likely that pathogens have influenced their social biology. Termite life history
wraits (monogamy and long lifc span) as well as several characteristics of their
host/pathogen relationships (likelihood of vertical and horizontal wransmission
among genetically related individuals, probability of prolonged contact with infec-
tion agents, and disease transfer through trophallactic exchanges) suggest that key
aspects of termite biology could reflect adaptations o reduce pathogen virulence
(19,91), In basal isopteran species, diseasc resistance represents a confluence of
the behavioral, physiological, and biochemical adapiations that characterized the
soluary and/or presocial dictyopteran ancestors of termites and the newly adaptive
mechatisms of infection control that accompanied their transition 1o cusociality,
Although susceptibility to disease transmission was likely a cost of termite social-
iy, Zootermopsis angusticellis shows a number of infection-control adaptations
such as allogrooming {92), colony demography (95), inducible humoral defenses
(90), and the *“social wansfer” of immunocompetence (115), Z. angusiicoilis also
communicates informaticn about the presence of pathogens (90) and has antimicro-
bial exudates (92). In contrast to ants, (crmites appear to lack a metapleural gland
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cquivalent (22), perhaps because the evolution of polent antimicrobial defenses was
compromised by the need to protect their antibiotic-sensitive cellulose-digesting
symbionts (92),

The life histories of primitive termites, which feature outbreeding by alales and
inbreeding by offspring, may have in part allowed these insects lo escape from
or adapt to pathopcns and lower discase risk (91), In contrast to the hypothesis
that genelic similarily fosters the spread of diseasc in a colony (24), Lewis (54)
proposed that pathogen and parasite avoidance, operating through the preferential
assoctation of relatives, could be a driving force for sociality. In this model, the
spatial association of relutives and kin-directed altruism lowers the probability of
infection by an unfamiliar pathogen, favoring reproduction of group members and
the maintenance of its kin structure. In basal termites, the cycle of inbrecding by
offspring is punctuated by the introduction of new genes through outbreeding,
which nmay cnhance discase resistance, Genetic studies on Z. nevadensis support
alate outbreeding (102), In light of Lewis” model, inbreeding could alzo be consid-
cred as having afunction in the avoidance of new and unfamiliar pathogens because
it would faver the continued association of relatives. Based on the observation that
primary reproductives of Z. angusticollis have significantly lower mortality when
paired with sibling rather than distantly collected, nonsibling mates, outbreed-
ing depression could occur if infections are transferred through social contact be-
tween males and females (93). Infections can be trans ferred socially between mates
91).

An alternative discase-related cxplanation for both outbreeding and inbreed-
ing basal lermiites concems sclection for genetic variation and the maintenance of
adaptive genotypes. Cycles of outbreeding by founding reproductives could in-
fusc colonics with penotypes that vary in discase resistance. As colonics mature,
cocvolutionary intcractions could result in selection of the most resistant host geno-
types and/or the least virulent pathogens, Some individuals bearing these adapted

~ genotypes may differentiate into inbreeding reproductives, thus maintaining the

resistant trait in their offspring.

DISCUSSION

Inscct social systems are shaped from the. inertial, phylogenctic propertics of
species and their interaction with environmental forces. Despite the fundamen-
tal differences between Formicidae and Isoptera, such as ploidy and hole- versus
hemimetaboly. formulating comparisons between basal taxa of these two diverse
and cntirely cusociul clades reveal commonalities and potentially constructive
insights into their carly cusocial evolution, This process is not as satisfying as cx-
amining cvolutionary prades in a group containing a spectrum of solitary through
cusocial species such as wasps or bees (123) or in a clade with recent and repeated
evelution of cusociality such as halictid bees (13), but no alternalive approach
cxisls in extant ants and termites.
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Here we attempt 10 understand the relative contribution and significance of
phylogenetic history and ecology in the cvolution of colony structure in ants and
termites by examining their commonalties and divergences, restricting our analysis
to thase specics that appear to most closely approximate nascent cusocial forms, In
doing so we acknowledge the inference restrictions inherent in using cxtant taxa
to reconstruct the social past and the limitations imposed upon comparisons of
analogous systents, as well as confounding issues surrounding the existence of both
primitive and derived traits in modern basal specics. After careful consideration
of these caveats, however, we remain confident that studenis of both isopteran
and hymenopteran socicties can mutually benefit from an understanding of the
predispositions and ccologics that have puided social evolution in cach group, and
that our preliminary attempt at a synthesis of the two literatures will encourage
productive discussion and collaboration.

Reproductive Structure and Division of Labor

For basal ant and termite specics, we suggesl that the reproductive orzanization
of colonics and patterns of division of labor were alfected by suites of ceological
factors that operated at various stages of colony life histories. We idemify nesting
and feeding ccology as the cnvironmental influences that impelled the adaptive
medification of reproductive organization and division of labor in both groups,
In basal ants and termites, the nest (including the colony it houses) represents a
resource that provides nutrition, 4 structured environment to rear offspring, and a
labor force, In termites with the most primitive social structure, the nest and the
food source are the same picce of wood, In some basal ants the nest is a collection
of gallery sysiems and chambers from which foraging excursions are conducted
over short distances within restricted arcas, The nutdtional aspect of the ant nest
lics in the quality of its foraging territory. Nest structure is the result of prior
colony labor, The ncest, in the broad scnsc including ant foraging territory, is thus
a valuable resource. Opportunitics to inherit the nest and coleny may have been
significant in the evolution of multiple reproductive forms and oplions in both
taxa.

Ancestral ants likely foraged relatively close 1o the nest and had little if any
polyethism because of the sequential unity of prey paralysis, transport, and direct
provisioning of larvae (33, [11). Because of small colony size, relatively synchrous
brood development eycles, and large prey size, foraging cxcursions may have been
few in number, close to the nest, and within the confines of subterrancan gallerics
or tunnels and crevices indecayed wood. Predation rates in species such as Ambly-
opone may be low in comparison to the higher ants, which have large colony size
and forage epigacically at greater distances from the nest, Our mode] assumes that
Amblyopone, rather than Nothomyrmeeia, represents a closer approximation o the
biology of mncipient cusocial ants, In basal termites the nest is the food source:
in basal ants the distinction between nest and foraging territory is minor. The ex-
pansion of the dict, foraging away from the nest chamber, and increased colony

l
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size in termites is correlated with the eveolution of a true worker caste and division
of labor (3,53). It is a rcasonable hypothesis that spatial separation of nest and
freding territory and their unambiguous discrimination was also of significance
in the evolution of social organization of ants. Together with nest structure, age-
rclated changes in the reproductive physiology of helpers, predation, and decreased
reproductive competition were likely imterrelated and important determinants of
polycthic task schedules and division of labor, although understanding the in-
fluence of these factors requires further detailed investigation. It is a challenge,
for cxample, to explain why Nothomyrmecta, which forages away from the nest,
shows no division of labor (40). Perhaps ancestral social states, including limited
interaction and cooperation, were retained in this relict ant,

Serial Reproductive Inheritance by Kin

Simifaritics in reproductive structure found in seme basal ants and termites are
striking and potentially revcaling. Recent genctic work on the primitlive ant
N, macrops suggests colony inhertance by daughters (97). Other basul ants such
as Myrmecia and perhaps some Amblyopone have life historics in which farily
members, even helper family menbers in some cases, may become repreductives
within the parental nest. These dynamics and the associated resource and inclusive
fitness advantages of nest inficritance n ants have similarities with the develop-
mental plasticity and colony inheritance characterisiic of replacement (neotenic)
reproductives in basal termites, The commion feature of serial reproductive in-
heritance by kin means that all colony members gain enhanced inclusive fitness
benefits, and same individuals acquire dircet fitness advantages. These cumulative
finess components may well cxeeed average individual fitness prospects of dis-
persing, fertile offspring in a similar, solitary species, thus favoring helpers that
remain in the natal colony,

The influence of potential reproductive opportunitics on the evolution of help-
ing behaviar have long been recognized and arc compounded by inheritance of
resources and the fitness advantages of reproducing in the natal nest, West-Eberhard
(120, p. 853) observed, . . . Michener has long insisted that helping behavior with-
aut altruism can occurif male production by *workers' . . . is importantenough (56},
The significance of this argument has not gencrally been appreciated, Whether
among relatives or not, s long as a female has “hape” of laying cpgs—at least
some small probability of future reproduction-—her participation in the worker
tasks can be viewed as possibly or paniially an investruent in her own teproduc-
tive future. ... As long as a cerlain percentage of functional workers ultimately
lays some eggs, then every worker—cven those which never do lay egps—<can be
considered *hopeful’ in the sense of having a cerlain probability of reproduction.”
The “hapeful reproductive™ dynamic is influenced by colony size. As colony size
increases, individoual workers have a lower chance of becoming replacement repro-
ductives (7), The most primitive ants and termites have small famnily sizes (33, 33),
thus favoring opportunities for individual offspring to become reproductives.
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Discase Risk, the Evolution of Resistance,
and Social Organization

In anccsiral ants, the problems thal discase risk posed for coloniality may have
been fully solved by anc key innovation: the cvelution of the metapleural gland
in ancestral species. This gland is well developed in all basal ants studicd to date
(30, 33). In basal termitcs, the ability to control infection with powerful antibietic
scerelions biochemically similer to these secreted by the ant metapleural gland was
likely compromised by the need to maintain gut symbionts (92). In contrast to the
chemical mode of infection control in ants, cycles of inbreeding and outbreeding
in basal tcrmites may have resulted in the selection and maintenance of diseasc-
adapted genotypes. We note, however, that we do nol identify diseasc as the sole
factor influencing termite life cycles and acknowledge that other factors were also
significant (101, 107). Nevertheless, the dispersal of reproductive forms from the
parcital nest and the colonization of new foed source nest sites may have involved
local adaptations 1o pathogens that were generated and preserved by outbreeding,
and inbreeding, respectively.

Conclusion and Prospects

In both ants and termites, cusociality wus probably fostered by a suite of con-
tribuling factors and the interacuing selective pressures that they generated, Hap-
lodipleidy, malemal care, and femalc-biased sex ratios have favored the evolution
of cusociality in Hymenoptera [reviewed in (33, 116}]. Kin-based cxplanations
anchored by inclusive fitness pay-offs arc also the premise of the nonmutually
cxclusive theories explaining the evolution of cusociality in the diploid-diploid
Isoptera. These include cyclic inbreeding (66), shift in dependent care (67), intra-
group conflict (B5). discase resistance (92,95, 115), and predispositions related 1o
ceological and life history attributes that favored helping behavior and reproductive
skew (101, 107),

In addition to expanded study of key primitive laxa, priority domains of future
research on basal ants and termites eenter on further understanding their mating
and reproductive biology. Specifically, topics should include: (u) determination of
rclatedness among mates and number of mates of individuals that inherit colonics
(e.g., daughter queens of Nothomyrmecia, ergatogynces, gamergates, and termite
ncotenics); (A) study of fertility or sublertility of workers and soldiers in Archoter-
mopsis; (¢) investigation of the possibility of foreign reproductives joining an
existing colony, either through immigration or fusion; (d) further research on the
circumstances surrounding policing and mutilation, and their implications for re-
productive conflict; and (e) detailed studics of the mechanisms and organization
of division of labor, Expanded knowledge of thesc subjects/areas will provide a
stronger foundation for resolving reproductive palterns and their fitness implica-
tions for reproductives and helpers, thus facilitating broader synthesis of paticms
of evolution in ants, termites. and other cusocial animals.

2
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Wenhua Lu

From: "Barbara Thorne" <bt24@umail.umd.edu>
To: <wenhua@etal.uri.edu>

Sent: Tuesday, January 28, 2003 1:43 PM
Subject: Hi Skip

Hi Skip,

Hope that you and Wenhua have had a pleasant fall and winter, and
that wherever you are as [ write this, it's a hell of a lot warmer than it is
around here. When the weather gets dull and icy, I think of Guana Island,
hence the motivation for this email.

My son continues to recover amazingly from the massive head injury he
suffered in mid-September; the doctors can't believe it, but he's doing very

well and if we can keep his head reasonably protected for another 8
months they think he'll be in the clear. KeepmcT a teenage boy away from
sports and risk-taking is not easy, but we're trying to find a reasonable
middle ground, and so far so good. We were super lucky.

I have every reason to expect that all of this will be behind me by next
fall, and no matter what Hawthome and Denno do or don't do, I would
really like to come to Guana again, this time for a bit of applied termiting,
with the focus on Heterotermes (those rascally creatures who mimic dry
wood termites by diving into the structural beams in the ceiling beams and
other critical timbers in the buildings on Guana and elsewhere in the BVI).
They have been tough to treat because of their diffuse, subterranean
nests, often hidden gallery system, and dislike of commercially available
baits. Based on a brief trial that I did when I was there a couple of years
ago, I've got a new bait that I think they won't be able to resist, and by
October I think I can have a test version that will come impregnated with a
not very nasty but highly effective insecticide {which would reach only
termites because they would be the only beasts interested in consuming a
cellulose-based bait).

So let me know what you think. I'd like to come for 10 days or so, and
may well call on some of my contacts on other islands to see if we could
also set up some trials on either Tortola or Virgin Gorda, or anywhere else
willing to let us run an experimental treatment.

Back to braving the elements here -- sleet and ice expected for tonight -
would like to catch the first flight south to the tropics!

Best wishes,
Barbara

Dr. Barbara L. Thorne

Professor

Department of Entomology

4112 Plant Sciences Building
University of Maryland

College Park, Maryland 20742-4454
Telephone: 301-405-7947

Fax: 301-314-9290

email: bthornef@umd.edu
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Guanais a small island on the north side of Tortola
in the British Virgin Islands (18728N. 64733"W) (Fig,
Lo AWhile it s siadll ondy 297 hagand the nswimam el-
evation is 266 m. it supports a relddivels rich vegetation
and lias sustamed less dumiage by feral animals and
humans than have .1d_|.1u‘nt islands {Lazel!

19962 It has most of the floristic associations of the

ANy

Lrger Virgin IsTands. sith the notable eveeption of the
“aridulate of Tortola (1Y Avev 19671 De-
spite its soall size. Gnana has o diverse inseet fina
(Davies & Smith 19971 For example. Goana has 31
species ot butterflios {Becker & Miller T992) com-
pared to the Targer ishnds o Anecada

rain forest”

3872 ha
(Smith ot al 19911 with 24 species wud Tortola (3444
baa? withs 31 species, and St Thomas £ 7660 Ja with 32
species [(Miller 19940, Alminas et al. (19947 review the
geographical setting of the Vivgin Islands.

This is the fivst survey of the wmoth G ol dhis is-
land. John F. G. Chuke was on Guana bricllv in 1956
ancd 19385 (see Schimite 1939) hnt was nuable to collect
at lichts there. Maost of the ﬁlwci('s reported hereh are

known from Paerto Rico feg, Forbes 1930, 1931,
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Sehaus 1940, Woleott 19313, hat most Liave not been
recovded from the British Virgin Ishinds due to lack of
presious sampling. The famal similarity to Puerto
Ricois expected, given that the lmnup alislands of the
Virgin Jslands (except Saint Croiv) lost their connee-
tion with cich other and with Prerto Rico only abont
S000 to 10,000 vears ago, due to custatic rise in sea
level (Heatwole ¢t al. 1051}, Only scattered records es-
ist in the literature for moths of the Viegin Islhinds,
with two of the Tongest Tists heing Beatty (1()-15) for St.

Crois and Greemsood and Greenwood (19713 for Pe-
ter Ishind.

We are treating the Lepidopteracof Guana Iskaid in
parts. Becker and Miller (1992} reported 31 species of
butterflies. The present paper veports 1S species of
l:ll'f_{(' moths (Macrolepidoptera, incloding the unre-
lated Cossidae and Hvblacidae for convenieuce), rep-
resented by 1390 specimens, The manuseripl was pre-
pared using the clissification of Noctuidae by Poole

(1959), belore extensive recent changes in }115_,]1( rclas-
\1ﬂmlmn of Lepidoptera (Kristensen 1998, THolloway
et al. 20010 Future papers will treat Pyraloidea s
.\Iu'rulvpn!nptem.

The moth fawna of Guanasis composed primardly of
species with wide distributions in the New World trap-
ies (Table 1 OF the 146 species listed, 30 are endemic
to the Caribbean Lshnds, iy of them reaching the

50
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Florida Peninsula, and onlv nine apparenth are ve-
stricted to the Puerto Rican Bank. These prapoertions,
however, are not the same for the difterent Tamilics.
The highest degree of endemisim oceurs in the
Ceometridae and Arctiidae. whereas the owest ocenrs
in the Sphingidae. This is presumably becanse of the
powerful ving capacity of sphingids, wlile geometrids
and arctitds are climsy flvers.,

Ttolloway and Niclsen (1998, following Ferguson ct
al. 1991) presented a chart of 12 moth genera that are

widely recorded from remaote ishnds worldwide, OF

these nine genera (including 20 species) are present
on Guana (counting Leweania as Mythimma), 1t s
hkely that the renuaining three genera, especially Agro-
v iy be found on Goana in the fntare. Manv of the
spreies whose ranges include the sonthern United

States {especialle Sphingidae) also ocenr as vagrants in
the Northeast United States and into Canada {c.g,
Forbes 1934, 19600, Species recorded from the Gala-
pagos Isfands Dy Haves (1973) are noted as indication
of their dispersal ability: (note that none of the
Geometridae recorded from Galapagos are also known
from Guana).

MaTERIAMS AavD METHODS

The miaterial vpon which this list is based was col-
lected in Joly 1954 and 1985 (by SUFL Miller & PAL
Millerh, July 198658, 15 Miller & M. G Pogoe), [nly
1987 15 o AMler & v O. Becker), _]n]_\' 1088 (8. .
Miller & CO'Connell, October 1959 (V. O, Becker),
and Octeber=-November 1990 (S, 15, Miller & T, M.
Ruklenski), Collections from 1981-1956 are deposited

s1



VOLUME 36, NUsiiEnr |
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TaeLe 20 Moth species collected on Guana Ishind hetween 10
anel 20 October 1954,

Snmher of speeics Family Nunder of speeies
Pucro Sphingidae 1
Famaly Neotopical®  Autilles Rican Bank Rl S istondonihilie 1
Splangid e 24 b 0 a2 Noctmidue o
Notodoniidae 1 0 0 1 Aretiidie 12
Nuctiidae 63 16 3 52 Geometridae 2
Ali'i;'"-'l" I 5 4 15 “.\1‘.13'“!."‘ 1
Cioonmetridae G} s 2 24 C""iﬂdd"" ?]‘
4 Wi ndae 1 0 4] 1 l’.‘"""d‘“' 36
Crssitfae | 0 0 1 Preroplisridae 4
bl s 41 G 14% Oecaphoridae 2
Blastolasiclae 13
* i lncdes Cosnglitan wnl Pantropiial species. Ceotoriiclie 15
Sextliridickae 1
Lo . . - Costnoplerigdae 13
at the National Musewmn of Natural History ([USNM), ],m,w;_u__ X
Wishington. those of 1957-1990are split hetween {irst Trieltas 33
anthar (VOB), Bishop Musemn, Hawait (BPBND, and Grac il wiidae 13
USNM. The largest collections were made by hoth an- Vpemennunlidar l
thors 9-23 Julv L9ST, with over 2200 specimens repre- ':;"."”L;‘m'.nlw 1
(R 1E0 e LRI M4
senting about 300 m(]]‘]‘)]}().\l}ttlt‘.\. ane by the fulst - Cliamentutae 1
thor in October 1959, with over 2000 specimens Crssitlae 1
representing over 330 morphm‘lwcic 3 Tortricidues 14
The list of species by fanmily collected during the f{}i*"]'""-'-i‘]-"' ‘_1’
kil $ 51

1959 trip i Table 2) gives an impression of the overall
Fauna, expeciallv the div ersitv of Microlepidoptera, still
mnder study. Of the 359 species recorded, 243 species
{two thirds) are Microlepidoptera and pyraloids, and
163 (nearly one hall) are pyraloids and gelechioids,

The mmber of specimens listed in this work 1
cach species does not reflect relative abundance, as
onr abjective wus only to Dist the species occurring on
the island. Thercfore, in the case of specics that are
common in other parts of the neotropics onlv one or a
few specimens were collected to voncher the record,
independent of their abundance. ln contrast, in the
case of endemic or rare species. usually all specimens
were caught.

The tesults obtained by the first anthor during the
1959 trip were a surprise, as it was nle 20— 100 1wy
after Hurrcane Hugo had devastated the island on 1S
September. The (Lun.lge was still evident: wll huildings
without roofs and withont most of their doors and win-
dows, and fallen trees wad torn branches seattered all
over the ishind. According to people who were on the
isfand the day Tngo hit, vot a single leal remained on
the trees. At the time of arrival (9 October) the ishisd
was completely green again, Fhat same night the col-
leceting was fantastic, as were most nights dnring the
next 200 davs, Not only the quantity, but also the quﬂ
itv of the matevial was impressive. It seemed that all
specimens had emerged that dav. Certainly all cater-
pillars that hid reachied duelopm('nt ad Lo pupide

immediately after the hurricune. and thev were all
emerging together. Leaf mines were also abundant. Ay
thew tiny species usualle have shorter life eveles, they

had time to emerge and 1; woegos iy the 20 davs that
preceded the ficld work. Torres 11892) documented
the impact of Hurricaue Hugo on | epldnptcr.t popu-
lutions on Puerto Rico.

A ssmoptic collection, containing at least one speci-
inen representing each form, was taken to the Smith-
senian Institution (CSNAL Cornell University (CU),
and most importantly. to the Natural Thstory Musenm
(BMNTID, London, by the first author, The list below is
a resnlt of the identifications made by comparing this
synoptic collection with identified inaterial. especially
tpe specimens (ineluding important voucher speci-
mens and tvpes from Forbes 1930, 19310 Schaus
1H0). The first athor has compiled a ssnonvinic list
of Antillean Lepidoptera (Becker in prep. which has
provided forther tasonomic background.

This report is aimed not only at lepidopterists, but
also at biologists and students interested in the fama
of the Virgin Iskds.
svnopsis of cach species to provide a contest and to

For this reason we give a hrief

suggest what kind of obsenvations should he under-
taken. Intormation on cacly species is provided under
the Tollowing headings: 11D Diagnostic characters al-
lowing identification of the species i the contest of



thie other species know from Guana Island: DIST:
General distribution of the species, as represented in
the literature VOB and USNAM collections:
GUANA: The Guana Island specimens seen by us in
preparing the manuseript {see the introdnction for the
dates sampled cach vear); BIO: Known host records,
somoetimes m(hulmﬂ notes on immature stages; COM:

and

.\n_\ other connments.
SPECIES ACCOUNTS

SEHINGIDAY

Eighty five species of sphingids have heen recorded
from the Antilles: Beeker in prep ). 22 (25%) of them

were collected bvns in Guana. Color illostrations of

adults cun he found in Hodues (1971 and 1" Abrera

(195671 color illustrations of lanvae can be found in
Moss (1912, 1920 .

Sphinginee
Agriny cheaulatis (Fabricius, 1773)
{Sweetpotiato hormworm, Pink spotted hawk moth?
11Y: Separated from ather hawk moths By the pink dots
on e abdomen.
DIST: United States south to
Gulapagos.
GUANAC L specimen. 1989,
BIO: The vartuble Tuvae (green to dark hrown) feed

Argentina, includine

onvarions plants belonging to Convolvalacene, includ-
mg sweet potato.

Cocytins antacus (Drun. 1773)

(Chiant ,\'pllin.\')
113: Distinguished from other sphingids on the island
b the dark green wings and three pairs of vellow dots
on the abdomern.
DIST: Southern United States to Argentina: not in
Gulupagos.
GUANA: L specimen. 1959,
BIO: Green larvae feed on various Annona specics
Camonaceue) such as custard apple.

Mandvea sexta (Linnaeus, 1763)
CTobaceo hormworm, Caroling .\pllin.\‘)
1D Distinguished from other sphingids an the island
by the grav wings and six pairs ol vellow dots on the
Ahdomen.
DIST: Widespread in the New World, including Gali-
PAgos,
GUANAS specimens, 1954, 1955, 1959,
BICY: Pest of cultivated solanaceous plants. such as to-
bacco, tomato, potato, ete. Mature Tovae are green-

[OURNAL OF TI LI DOVTERINS IS SOUIETY

vellow with seven pairs of white deral bands. and red
anal horn,

Meniduca vustica (Fabricius, 1773)
(Tnstie sphiny

[1>: Distingnished from other sphins moths on the js-
Jand by the dark gravish-brown forewing with trans-
VETNe m‘msh white w: wing hinds, and throe pairs of
vellow dots en the abdomen.
DIST: Wide sprewd New World s
Galapagos.

GUANAZ 1951, 1958,
BIO: Larva is greenish-grav, distinguished by its small

specics, present in
'pt’(‘ill]('l]\'

white nodules on the thoracic seoments, m.‘unl\ on
dorsunt, They feed on varions species of Bignoniaceac,
Verhenaceae and Boraginaceae (Hodges 1971).

Manduca hroutes \Drun 1773)

I12: Distinguished trom other species in the genas -
enrring on the iskd by the absence of ve Now dots om
e abdomen.

DIST: Antillean species oconrring nortlnvard to Con-
tral Florida.

GUANA: L spechmen, 1959,

BIO: The lurvais similar to that of the tohaceo homworn
bt feeds on Tecomea (Bianoninceae! Hodges 19713

Macroglossinae

Pseudospliny tetrio { Linnaens, 1771)
(Frangipani hormeorm)

I113: The largest sphinx an the iskind: pale gray with ir-
regular darker markings.
DIST: United States throughout the Auntilles to Ar-
aenting,
GUANA: T specimens, 1955, 19490,
BIO: The conspicuons bright caterpillars—handed
black aud vellow with re dish brown Liead and orange

legs—are  frequently seen defoliating fdngipdm

U”."HH‘N ric SPP. .‘\l)()(._\'l]il(_'(‘ill_‘) an Hl(_‘ i.‘Gl'dIl(].

Evinuyis elope (Drun, 1773)
(Papiava liormvarn)

1D: Distinguished trom other sphingids on the island
by the combination o vellow basul halt of hindwing
and alternate madrs of ll”]]l arav and black dats on the
abdomen.
DIST: Widespread in the Newe World, ineluding the
CGalapagos.
GUANAL T specien. 1059,
BIO: Larvac onavandety of plants sith milky sap. such as
paprva (Carica pepaya 1., Caricaceac), j(.'h‘u])hu V-
ll]lnl‘hi;lt'(’;u'). wnd Alemendda LApoeyIacese],

53



Vorose 56, Novneu 1

Erimangis offo (Linnacns, 1738)
{Cassava hormmworm)

112: Sexually dimorphice. Male forewing dark aray wath
a blackish frregulie Land along the wing from near
base to apex. Female forewing light gran sith alinost
ne narkings. Abdomen with pairs of alternate light
aray s bluck dots dorsaily,
DIST: The most connnen species of the genis in trop-
ical Arnerica: also in Galapagos,
GUANA T spechmens, T9S4, 1990,
BIO: Lamvie varving in color from vellowish to green
and to brownish have been serious pests of cassava
Manihott in tropicad Dinerica; feeds on varions Fa-
phorhiaccac.

Gonitalin of Cataln anddes terrsetles 3. male, sisotea] vies .u'l!:'..:_'_n\. rirtniels 3 pedasizus Tferl e,

Ervinnyis eramert (Schaus, 1595)
1D: Forewing more hrownish than those of I effo;
basal avea reddish hrown and abdomen with indistinet
markinys,
DIST: Seuthern United States, throngh the Caribbean
south to Brazil.
GUANA: Tspecinen, 14985,
BIO: Gravish brown Larva, Ganred Iy NMoss (1920: pl.
7 figs. 3aL bl has been reared on varions menbers of
the Apocvmieene tHodges 19710,

Frimmyis dowmingonis  Butler, 1573)

113 Same size as o absetera (see below) it forewing
mosthy dark arav.

G4



DIST: Saane as E. ebseura, except for Galapagos.
GUANA: 2 specimens, 1957,

BIO: Unknown,

COM: Tt is very Bkelv thit . obyverra and E. domingo-
nis are only forms of the same species (Hodges
1971:102, l\ll(]‘llll" aned Cadion 2000 note 162). ‘This
conld be verified 1)_\ rearing.

Erinuyis obscrre (Fabricius, 1773)

1D: Similar to Fo eflo, which is also dimorphic, but

casily distingnished by its smaller size and absence of

dots on abdomen.

DIST: Umted  States throughout  the
Caribbean sonth to Brawil, including Galapagos,
GUANN A speciniens, 1954, T987,

BLO: The pale vellowish or pale green Tanvae Tave

Southern

heen yeared on various milk plants sncly as Plilibertia
and Cynanchuny Asclepiadacene).

Pucliglia fuieus (Linnaens, 1738)
«Large fig hormworn)

1D Large, dull brown with stout hods, quite distinet
from other sphingids on the ishnd, B d\ll\ recoguized
b the pale m\utcd trapezoidal
apes.

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

GUANA: ] specimen, 1957

BIO: Moss (1912) fignred in color the several {orms of

the caterpillars, which feed on various species of Ficus
OMoraceae). Some are green, handed vellow dorsally,
while the others are grav brown \L'nlmll\ and orange,
banded hlack, dovsally,

Callionima fulcifera (Gehlen, 1943)

[D: Recognized by the orange brown color and the
metallic silven mark near center of forewing,

DIST: Southern United States to Araentina.
GUANA: 4 specimens, 1957, 18590,

BIO: Unknowar Other species in the genus have been
reared on sone apecvtaceaus plants Lllud"(i\ 1971,
COM: Similar to, and frequenthy confused with, €.
paree (Fabricins) (Kitching and Cadion 2000: note 91).
Tl spe (inmn illnstrated as € parce in Hodges (1971
pl B fig, 8) represents this species,

Pevigonia lusea (Fabricins, 1777}

ED: Medinn size dalt hrown sphing, recognized Ty the
bright orange arcicalong the middle of hindwi ing,
DIST: Sonthern Florida to Argentin

GUANA: 27 speciinens, FOST, 1958, 1989, 14990,
1310

Bluish green v figured e color T Moss

mark on costa near

JOruNaAL OF U1k LEFIDOITERIS TS SOCITETY

(1912), was reared by b on cotfee (Rubiacene).
Recorded from Gonzelegunia spicata (Lam.) Maza
and other Rubiaceae in Paerto Bico Iy Toyres (1992).
COM: Kitehing and Cadion (2000: note LS veview
names associated with P heea.

Enyo lugihis (Linmacus, 1771

ID: Mediwm size, dark hrown: distingnished {from
other ik moths on the island by the dentate borders
of both wings,

DIST: Southern United States, throughout the An-
tilles, south to Urngnay and Aveentina, including Gala-
pagos.

GUANA S specimens, 19570 1955,

BIO: Larvae ou Anpelopsis spp., Cissus spp.,
tis spp. itaceae) (Hodges 1971)

and Vi-

Acflopos tantalus (Linnaens, 17581

ID: Small. dark aray dinenal. sphine maoth distin-

cuished by the conspicuons white bar across base of

abdemen.

DIST: New York south ta Argentina.

GUANA: One specimen captured in a Maluise tra,
1990.

BIO: Larvae on Ivora conelose Bently,
(Bicmmko ot al. 1949).

Rulsiacene?

Fumorphae vitis (Linnacus. 1738)
(Vine sphinx)

ID: Forewing dark green crossed with gravish hands
and dashes, and hindwing with anal margin pink, A
beautiful and showy species
DIST: United Stites throughout the
gentina (not i Galapagos),
CGUANA: 2 specimens, 1957, 1990,
BIO: The farvae vy in color: some are dark pink. oth-
ers are pale green or vellow areen (Maoss 1912), They
feed on arape leaves {\ itis spp.).

Caribbean to Ar-

1556)

N Warld,

Canthetia neciuifermis (Walker,

11: The smallest \phmtrl( in the N with «

wing span shightly over 3 em. Grav, with basal half of

hindwing orange vellow,
DIST: Caribbesan.

GUANA IG6 specimens, 19540 1956, 1457, 1998
1959, 19490,
BIO: Cuknown, but lanae of € greted hinve been

reared an Chioeecea afba (1. Hitch.
tHodges 1971

COM: Kitching wnd Cadion (2000: note 96) discuss
the tonomy and place the Guana population in the

subspecics C. noctuifornds breding Canv, 1970.

Rnbiacess)

)
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Nylophanes chiron (Drun 1770

1D: Creenwith an obligque gravish brown irregular band
on the forewing looking like a Teaf with dead areas,
DIST: Mexico. tlmmglmut the Antilles to Argentina,
GUANA: L specimen, 1957

BIO: The showy caterpillar, ifTustrated i color by Moss
(1920: pl. S, ﬁﬂa Gt wis reaved by hiinon Palicourea,
I’,s‘_r,'(hnrun, andd Spermacoce {Rubinccae). Thev e
clossy green. bewing pairs of red ar white red-ringed
eve spots on the first two abdominal segments.

.\’g/u,u/um(’\' p/um iabricius, 1777}
1D Green sty irregalar transverse light and dink
bands. Recogmizable by the wide ovange band on the
hindwing,
DIST: Southern United States to Brazil,
CUANA Sspechnens, T987, 1955, 19849, 1940,

Conitalla of Catabenoides luzell, new specivs. 4 male, ventrad view, aedeagos remos eds 30 aesbensas, Literal views; 8, feaulie,

BIO: Torres (20060 deseribed larvae from Puerto Rico,
rearcd from Hemiclia patens Jacq. (Rubiaceae), Gand-
lach {18810 mentioned by Todges (1971), also de-
seribed the Limvae, whiclvare ()fhm(()lm forms: one is
hasicallv green, the other is black, dark violet and red.
Gundlach (18517 recorded the hosts as Chiococea (Ru-
biaceac) and Erythoxyhon (Knthrowlaceae).

Srlophanes tersa {Linnacus, 1771)

1D: Distingnished from its congeners on the island by

the pule greenish aray forewing with several ill-defined,
muul\ pavallel, l(mnfllndm il lines, mnan, from base to
apex; hindwing ik ack with pale vellow imarks in the vein
interspaces paralled to the (>>;l(‘1'|ml margin.

DIST: Ontario. across the Antilles down to Argentin,
including Galapagos.

GUANACEspecimens, THSH, 1957, 1959,
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Fies, 7-9,

cepiifiliz, ventral view:

B[()' The lunvae, heautifnllv ilnstrated by Moss (1912
pl. 14, figs, n-gq), arc ve HNowish brown with a pairof eve
spots ].ltu v on abdominal seaments 1-7. The Lrvae
feed on P\gﬂ hotria bereriena DG, Borreria vedticil-
lata lI U Mever and Dicdia sarmeniosa Sw. (Rubi-

aceae! in Puerto Rico (Torres 19920,

Hyles Tineata {Iabricing, 1773)
iWhite-lined sphiny)

[D: Resembles Eoocitis, but s distingnished by its
srnller size, shorter; elubbed smtenmae, and single wide
fascia rmuming from near bise of dorsum to apex of
forewing, evossed by whitish lines following the veins.
IS This power ful ver, wlmost dinmal, has reached
all continents, as well as remaote ishnds suely as Gala-
o anel FLawaii.

GUANA: T specimen, 1954

BIO: Pohvphagons. Most commonly used plants e

Grnitalic of Perigea gloria, new species, T omale sepitalia, vonrral viess aedeigns mmeds 8, aedvase, Lol s 9, fenile

species of Portuleca (Povtnlacaceae) It includes oth-
ers such as Fuehsia (Onagracene), Boerhavia and Mi-
rabilis {Nyvetaginaceae),
others. Lanae are highly variable in coloration :oud

Nentivni {Asteraceae), and

somewhat in md(n](lll(m Some specimens basically
are black with a pattern of vellow: others are m dlll]\'
vellow with some black pattern (Hodges 1971).

NOTODONTIDAE

Nystaleanysens (Crioner, 1773)
(g, 15}

mottled with dark
brown and black scales: vecognized by the long seales

1D Narrow winged, light gray,

on the base of antennue that fors a erest on top of

the head when resting,
DIIST: Mevxico, throughout the €
GUANA S

nribhean sonth to Brazil,
specimens, THSH.

1
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{CNTRFES LS

B1O: Lanae feed on varions Myrtacene especially on
speeies of Psiclivei (Todd 19732710,
COM: This i the rm]_\' notodontid present on the is-
land: dess this 30 speaies liave heon recorded from the
Antilles (Becker i prepa). Notodontidae tpically oc-
cur i naiEley forests.

NOCTUIDAR

Heliothinae

{Teliothiv subflexa . Coende, 1552)
(Fig. 16

1 Medinnm stzed, pale olive srecn: forewing crossed
with three olive hands, edged pade hasad.

Nde genitubea ol Aot saffalalie, V0 ventsadview, Jedt sabeanel sedeagm reen e 1) aesleagos. ke view.

DIST: North America, thronchout the Antilles, sonth
o Argentinad.

GUANA: 2 males, 1954,

BIO: bavae on Solavan wignon 1. Physalis spp.
(Solmaceae) VPoole ot al, TH93

COM: Fasilv confused with the tobaceo ndworing 11
cireseens (Pabricing), not collected bt certaindy ac-
enmving on the island. Male I8 suebfleve Tuve white
hindwing, while in /1. vivescens they are bordered
olive-grav, More details on botl species can he found
in Poole et al, (19930 TEaile ot al, (19730 discuss inove-
mant ol Heliothis spp. sonony the Virgin Islands.
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Fits 12=-14.

ventril view
Noctuinae

Avdela infeeta {Ochsenheimer, 1516)

(I7ia. 17)
112: Gravs with forewimg reddish hrown along external
marging hindwing Inaline. Recoguized by hlackish an-
terior horder (patagia) of thoru,
DIST: Argentina throngly Central United States, in-
cluding Galapagos and Bernmda,
GUANA G spechmens, THSG, [459, 1980
B1O: Coneval feeder, cat worn, The Lvae reach
nearh 3 emowhen [ully grow, They are vartable in
color from gray to vellowish fermgincous. olivaceons
vellow and bright green, to o sordid hrown, nsnally

flecked with black,

Cenifailin ol Frawen ~ilﬁr;.'!.-n‘frr. 13 pide, v el st Jelts abvaiind e ilenza remesed: 13 aedvamy Tteral view: T Tenale,

CON: At east three other cat worms should be present
i the island: Ageotis ipsifon dTufnageD, A subterriica
iLshricins ) and Peridhioman senecia (18 hner .

Hadeninae

Foncania onidionla Guendce, 1532
Fier, 19)
1: Medinm sized, pale moth Distingoished from
other noctuids on the island by its forewing pattern: o
long dark dash delimited above by aowhite Tine, run-
ning from base toniddle.
DIST Antilles to Brazl and probablv Galapagos: the
linnts of the distribution of the species renain to be
determined (Adams 20011
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VOLUME 306, Nusisen 1 19

s, 15-61 Natorad size (1:13 Notelonticie £13) and Noctuidue (I6-61) (species frmnn Guara, nnless stated othenwise ). 13, Nuystedea ny-
sets, miales 16, Heliothis sebflexa, male (USAY 17, Anicle infecta, male: 18, Leneania dorsalis, female (Cobay: 19, Lo fwmidicotn, imale: 20,
Neagedeo sumia male; 21, Catabenaides lazelli, holobpe male; 22, C. terminethes, fenale: 23, Spadoptera allmtum, male: 24, S. frugiperda, {o-
male (Puerto Ricod: 23, 8. fragiperda, male (Brul): 26, 8. latifoseie, male: 27, 8 letfascia, fonale (Cnba): 28, 8. pulehiella, wale; 28, S,
dolichios, male D\ esico): 30, Magusa orhifera, Teaale: 31, Candica albigera, wale; 32, C.alhigere, fomale: 33, Comaobifis, inale (Bruzil): O su-
tor, miale (Brazily; 35, Perigea glovta, holotvpe male: 36, Elaplia agrotiva, male: 37, E. nucicolova, Temale: 38, E.nucicolara, male (ol 38,
Micrathetis tripfex, fewale: 40, M. triplex wiale; 41, Bagisara repanda, Tonnle; 42, Avgnea axis, fenale: 43, Ponowetio exigna. male; 44, P o
in. Temale; 43, P evigiea, female (Nexico): 46, Cydosia nehilitelle, male (Cuba); 47, Canlaris inchdans. male; 48, Motye abscuzalis, male; 49,
Collomena filifera. nale: 30, C. flifera, Tewale (Caba); 31, Pacctes olrotrda, made; 52, P obeotuada, Taaale: 33, Preadoplusia inefidens, (-
males 34, Prichodis imouais, male {Cala); 33, P inptenis, Tewales 36, Mocis antillesia, male; 37, M aotiflesin, fomales 38, M. fatipes, male; 39,
M. rependa, male {Cala); 60, M repande. fenade (Puerta Ricod; 81, Ophisia tropicalis, male,
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GUANA 2 specimens, 1959,

BIO: HMaves (19750 [as T osolita, see below] dives
Sporobolus civginicns (L) Kanth, (Poaceae) as food-
plant,

COM: The Cuapa specimens were identified as fini-
midicola by Morton S, Adwns, who has sabsequently
publishied a revision of the group in the Ciaibhean
(Adiums 2001 althongh oar specimens are not men-
tiomed in his paper The wane fueicicola (G pe-locality:
FRENCH GUIANAY has been womglv applied to o dif-
ferent species by most anthors tsee dorsalis helow), fol-
Jowing the nisidentification b Thampson (19030 A
specimen collected by the first athor in COSTA RICA:
Coamacaste, I9) Coeco (VOB 336360 identical to those
from Guanz, matches the tope of solita vpe-Jocality:
HONDURAS) in BMNIL ned the spechmen ﬁwm( l 11\
Thaves (19730, from Galapagos. Therefore L. e Aifer
Wilker 1936, new sYnonvm, is i junior ssnonvnn of Jue-
widicolu, not ol wodtilinea Walker {seusu Hamipson
1903, Poole 19591 We reaard ineltifiiea Walker 1556 as
avalid species breause we believe that Tases 119735
who had the tvpes ol both smdtilinea and sefite at hand,

had good reasons to treat the latter as avalid species.

Leneania dorsaliy Walker, 1536
g 18)

1D Fasilv eonfused withy Lo hemidicola. dash wong
middle of forewi g not as conspicuons.

DIST: Antilles. northern South America,
America, and southern Florida (Adans 20010
GUANA T specimen, 1955,

BIO: Unknown: presumabbe grasses as for its dose rel-
atives L. infateans Franclemont and L,
Guende,

Central

cxlonala

COMNL This species b«-]nng\ to C()llll)](‘\ l)s't-\i()llx]}'
treated as Tranidicola Aollowing a misidentification by
[ampson (19030, See Adams (2001:199) Tor farthey
diserssion of the species complex.

Amphipyrinae

Neovalea sunin \Guendée. 15320
(Fig. 200

ID: Medimn sized. inconspicnons grav moth resein-
Dling Spodoptera afbulvan, bat d: wker, U sually distin-
Uln\h( d rom Salbadion by the dark wked veins
andd. Tor males, by the ahdamen thic kIv clothed with
long scales,
DIST: Florida to Argentina in(‘ludinj_{ C;l].\l‘.;lg(a\',
GUANA G specimens, TOST 1959, 1990,
BICY: Lanvae on Lantana Nerhenaceae) (Constock
and Damimers 19330 Introdoced to Tawaii and Aus-
tralusia to control Leorfasia Riotte 1991,
199G 145,

[ 10”(1\\';1_\'

JOURN AL OF TR LEFIDOFTERINTS SOCTTY

COM: Dimature stages deseribed by Comstock and
Dinmuers (1933, as Cataliene esela). Althonahy this
aenns wits placed in Cucnllimae by Poole (1959), we
p]du it in Amphipyrinace fu”u\\mu the conments by
Todd (1972hY and Poole L.lppum]l\ te this paper) PLIL-
ing it with Catabena and Catabwnoides, which Poole
{19591 placedas Aniphiparinae. The proper placement
of many genera formerly associated with Amphipaoi-
D and Cucullinae reguires review,

Cuatehenoides terminellus {Grote, 15530, new
combinalion
(IMigs. 2,3.22)
11 This and the following species are closely related.
almost impossible to distingnish swith externn: delirae-
ters (see C lezelli helow), They reseable sinall S, al-
Dufron but are distinguished from it by the grans irrey-
ular dot on tormus of forewing, Te ales s l”\ have a
black line wlong mniddle,
forewing,
DIST: Southern USA. Autilles,
GUANA D specimens, 1954,
BIO: Unknown.
COM: In erder Lo place this and the ollowing species

covering the le ngtll of the

correcthy we include w deseription of the new genus
Catabenvides by Roboert Poole as an appendix to this
AP,

Catabenoides lazelli Becker and Miller, new
species
{Iigs. 4-6, 21)

Deseription. Light urav, 2.2-2.6 e, This anud the
former are very close W related species, ahnost impos-
sibsle to he (h\tmlfmxh( d from cach ul]ul on exteral
characters (see tenminethis sbove), Thev resenble a
small S, alhuhon hut casily recognized Trom it by the
grav, irregndar dot on torums nfhm aving Females uso-
.|H\ have a black Tine along middle, coverme the whole
estension of torewing. 1]1( only reliable external fea-
ture that Lll\fll]l’lll\l][ wAazelli from ferminellus is the
color of patagia. In terminetfns there s o transverse
line of Blackish seales, dividing the patagia along the
miiddle
talia. are ulso

wwhile indazelli the line is ochreons, The geni-
clintal
processes ol the sacenlus are simple, nearly stradght
rods ( []jj_. 21,

distinet. In terminelluy the

while those in fwzelli are (()Hil)]t\
Lranched (Fg. .

ST Guana, Anegada, St Croix.

GUANASS ?\P(_ cimens, 1954, 1983, THSY, 1990,
MATERIAL EXAMINED: Holotvpe male: BV
Couana Ld T=T40i 1981 (S0 B0 & PN Alillew
(USNMY Parabvpes: 13 niales, 12 fendes: Same data
s Imlni_\p(' (USNNL BNMXIL BPBN NMOZ, VOB |
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fenmade: Sawne locality and collector, 5-23.3i1. 1993
VUSNAL 2 «l[l s 1 female: Same Jocality, < 1959 (V.
0. Becker, 707103 (VOB): 2 mades, 3 fomales: Same
locality, 243471990 (5. K. Miller & T.M. Kuklen-
<ir (BPBMY ANEGADA: 2 mades, 1 females
17190001953 (S 15 & POAL AMillerY (USNADL ST
CROIN: 2 niedes, 2 females, Kingshill, s, s1.1944, v
VL9 (HL AL Beatty) (CU T femiale, siane locality,
=IO 1967 L1 L Todd) {USNALE 1 fennale, Cliris-
tansted, T9 AL T9 T (T AL Beattyy (USN M Tinale, 2
females, M Fagle, G=16.111967 (K. 1. Todd)
CUSNAE b pdes T odemales 1o W Adrport,
GG 1967 10 L Todd) [USNNDL 2 males, 1 fe-
male, Oranvegrove, W Fnd, 6-16.0001967 (0. L.
Todd D USNSA T males Blue Mine, G-16.010 1967 (1.
To Toddr (USNAME 2 malese Rust Up o Tawist,
G160 1967 J1 1 Todd) cUSNNE T oonde, Tin N
Great Pond. G161 1967 115, 1., Todd) (USNAD.
BIO: Unknown.

COM: This species belongs to a comples formerly con-
sidered the single species, € vitrinns (Walker), a
species not found i the Lesser Antilles. The genitalia
ol C. fazelli (Fig. 4,3}
sistent differences.

arc very similar, bt Jiow con-
the most evident is the vesica
armed with asingle, strong cornutus, whereas in cifri-
nres the vesica bears a series of smaller comnti. The
complexy will be treated i a fortheoming revision
diecker in prepas This species s dedicated to our
friend Dy James “Skip™ Lazelll who gave ws the op-
portunily to >tud_\‘ this interesting fana,

Spodoptera albnliens (Walker, 1537)
i, 23
10 Plain, pale gravs medimm sized species, readily dis-
tmynished by the presence, on the forewing, of Very
f:n(’ Dlack line runing dlong the nuddle fraom hase to
ove-fourth. Hindsing alimost totallv translneent whitish.
DIST: United States, throughont the Antilles, seutls to
Argentina, it not including Galapagos and Bermnda,

CUANACS specimens, 1HSY, 1990,
RIO: Laviie on Jaranithien s, cAmaranthaceae)
chimball 19631 and cotton (Broner ol al. 19730

Recorded from many erops in Prerto Rico by Arim-
stronge {1984,

C.ONL
Spodoptera sunia Guende

“This is the \p(uu provionsly identified

The real \:/iupuujwr(s -
e Guende 1532 0s actug l”\ the species fformerly]
known us Neogelea osala Dinee” (Poole 1959) (xeo N
sunia above's Spodoptera afbihon is easily confused
with S, which has not heen collected on
Cuane but is likely to oecur on the island. Spodoptera
cridania s dustid hrownish,

ericlania,

and lacks the forewing

line mentioned above, Todd and Peole (19507 vive an

illustrated key to the New World species of Spo-
doptera and distributicns of Spodoptere species in the
Caribhean are veviewed in Cock (1953920

Spodopteva frugiperda (J. . Sinth, 1797
all anmvavorni)
(Iigs. 24, 23)

112 Mediinm sized, sexually dimorphic, grav species,
Males have an oblige swhitish d: 1\]1 from middle af
castiacross the cells Fenles Trave indistinet pattern,
looking almost plain grav.
DIST: Widespread in New World, inchuding Galapa-
YON and Bermuda,
GUANAS specimens, 1956, 1980,
BIO: Pohpliagons on herbaceous plants and regarded
as i xerions pest of maize mud other erops Andrews
19S0). In uerto Rico. it has heen recorded s a pest of
varions craps (Arnstrong 1994b) and Ewealyptus
\‘('vtlling.\' OMartaceae) Clorres 1994),

Spodeptera lattfascia (\Walker, 1936)
(Fios, 26,270

ID: Medium sized, sexoallv dimorphic species. Male
forewing with « diffuse pattern of veddishi rown and
arav on o whitish gray backgronnd. Female forewing
darker, casily mnfux( «d with S. dolichos and be aring an
obligne clnnglt( whitish mark from iniddle costa to
end of cell, followed by thiee short whitish lines along
NSHER

DIST: Golf States of the United States. throughout the
Antilles, sonth to Costa Rica. The population from
Costa Ricasouth to Argentina, previonsly included un-
der 8. latifascia, lJ(](mg.\ o S, cosmioides (Walker), a
closely related hut distinet species (Silvain & Lalanne-
Cassou 1997 ML Pogue pers. con

GUANA: Dspecimen, 1959

B10O: Pohipliagons on herbaceons plants, sometinies
hecoming a pest of vegetables and nursery seedlings.

Spodoptera pulehella (Terrichi-Schidfer, 15691

(Fig. 28)

11 Wing pattern similar in both sexes: casily confused

with the females of the former It cin he separated

from similar species by the carved whitish Tme along

dorsum, below the anal vein from Dasal fornthy (o just

betore tornus.

DIST: Florida, Greater Antilles.

GUANA: Dspecimen, 1959,

BIO: Unknown,

COAL This scoms to he the fivst record ol this species

to the Puerto Rican Bank.

looked becinise of rarits, or breciuse it was niistaken for

[t llilS l'“lll'l' l)('l‘ll oONver-

the similir S {atifaxcia. anore connmon species.

b2
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Spodoptera dofichos (Fabricius, 1794
{Iig. 29)

11D: About the same sive as S. ."r!fifrf\'(“ir." botly seses shiow-
ing similar pattern to that of female S. fatifuscia. Fasily
(h\tmtfm\h( d Trom the presions tvo species by the two
conspicuons, parallel dirk grav bands .t]nn"lhm .
DIST: Svimpatric with 8§ .’u!{fr.'\(r(r. including in Gula-
|HIgos.
GUANAC T specimen. 1954,
BIO: Lanvae on o owide
and weeds Fersuson ot al 1891

varicty of plants, both crops

Meaatisa orbifera (\Walke
\l‘l‘_{ S

ro 1537

ID: An ostremely polvmorphic, medinm sized 13-4
Cnlaray Lo Do species. In the Guana pnl‘.ul;ili(m.

some males have a wide pale area along dorsum of

forewing, others have avery complex ind contrasting
inaculation, swhile t!
and maore brownish, One constant feature is the con-

= Fervdes tend to he less marked

spicuous vound prle datnear the apes of forewing and
the verv broad durk Tascous hindwing, Anateinonie af-
Jabilis and B aquroting also have the patie mark at end
of apex of forewing hut are at most half the sive of 3L
orbifera.

DIST: Widespread throughont the New World, from
Canada to Argentina not reported from Galapugos.

but M. eremeg [aves 119730 may be afocad viriety of

this species®.

GUANN ST specimens, 1954, 1850,

BIO: Larvae on varions lugmnt'& including Keeein-
skia and Condafin Fabaceae) (Kimball 1965

Condice albizera (Gnende, 15320
Figs. 31.32)

D Medinm sized 2.3-3 ¢m wing spand, dirk hiseons;
forewing with an irreealar small
cell follenved by apaler almost straight transverse line.
DIST: Mexico. thronghout Antilles, south to Pargoay
GUANA: 3 specimens, 1958, 1990
BIO: Unknown,
COM: Fasity conlused sith L cirenita (Gnender, not
collectedd but Bikelv ta ocenr an the island, In € i
crita the white dot on forewing is ronnd and has a
white Tmmle just under it

Condicea mobilis \Walker,
i 330

15)[1

112 Abont same size as € albivera, Tt more reddish

brown and oranue: white dot on eell asually Lraer
than in €.
IS Southern Usnited States, thronahont

sonth to Nreentin,

athivera.
Antilles,

white dot ot cnd of
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GUANAC T specimen. 1954,

BIO: Unknown.

CON: ) literature s
Perigca apamevides Guende which is asvnomm of €.
sifor (Guende) tHlaves 19730

Connmenly velerred to in the

Conddica .\'r.'fur (Guende, 1552)
g, 30

11 Samie size as C (.’H)t'j_{c':‘r.' and Comolifis: fascons
with forewing showing little contristing pattern. Dis-

tingnished from altizera and iobilis by the ahsence of

the whitish mark on cell,

DIST: Seuthern United States. thronghoeut the An-
tilles, south to Avcenthi incliding Galapagos.
CGUANA L spechmen. 1590,

BIO: Lanace on several species of herbaceons plants
mcluding Weddllia,
CKimba!l 1963,

Treetis EAsteracene !l and celen

Perigea gloria Becker and Miller,
(Fios. 74, 33)

new species

Description, Medinm sized 03 eny swing span’, pale
moth: forewing shaded dark fuscous, witly a serfes of
sl dack marks along costa and sinall Black dots
Along termen, in the spaces between veins. Similar te
Coosator but with more contrasting patter, and read-
i separated by the series ol'b
DIST: Guana, Tortola.
GUANA 2 specimens. TUSY.
MATERIAL EXAMINED: Huh){\'p(- male: BYT:
Caana Id v 1989 (VO Becker, 70722 (USNM
Paratypes, 1 lemales sione dataas ]mlr:t_\’pu VOB |
imale Tortola, Mt Sage, 460m, 13-13.411 1957 (VL O,
Becker & S, 1 _\II”( o, BESH3Y VOB,

BIO: Unknown.

CON: in appearmice to 0 Berinda
tDee), aspecies lrom the Greater Antilles ad Cen-
tritd Aeriva, bat with genitadia ¢

lack dots alony termien.

Ve sinilar
Figs. 7-9) verv diftor-
ent trom these of berinda. heing veny sinilar to these
af Poelancoptora iGuenced. This species is dedicated
to Ms. Gloria Javecki, for her and her fanilvs sapport
of The Conservation Ageney’s hiodiversity research an
Cozana Island over the vears.

Flaplivie wgroting (Gnende, 1832)
(Fig. 36?
113: Srnall 12—
with a pnlvr arca along costicnd a conspicnons pale
dash near apes. Similar to A affubsilis Gee helow) bt
arger and with hindwing bordered whitisli,
DIST: Florida, thvonghout the Antilles, south Lo Ar-
aenting.

denrwing spand: foresy ing cl: wk hscous
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GUANA: S spedimens, 1957, 1959, 19490,
BIO: larvae on cotton wnd beans (Phaveolus)
CFabaccae) (Silva et al. 196S).

Elaphria nucicolora (Gnende, 1532)
(Fis. 37, 35)

D) Sane size as B agroting: forewing dark fuscous,
with i broad, ill-defined, durker trismgnlar mark with
base on middle of dorstin and vertex at end of cell,
Hindwing whitish.
DIST: Throughont New World trapies including
Bermudi, Innmigrant to Hawaii.
GUANNA Dapecimen. 1959,
BIO: Lanvae on varions herbaceous plants (Fergnson
et al. 1991

Anateivome affabilis Moschler, 1590
{IMigs. 10, 11151, 152)

113: Synadl (13 i wing span: forewing reddish brown
with transverse sinvate Jines alternating pale and dark,

and with a conspicuous whitish dush on apes. Similar

to . agrofing (see shove) but smaller and {orewing
backing pale area wlong costa. Magisa orbifera also has
apale mark onapes, hut is almost three thnes e size
ol affubilis.

DIST: Pnerto Rico and Virgin Islinds.

GUANN: 22 specimens, TOST, 1959, 14890

BIO: Unknown.

COM: Despite the acenvate color illustration pre-
sented by Maschler (18900, who deseribed this species
from Pucrte Rico, Tampsan (19100 treated AL affabilis
as an mrecognized twon in the Frastrimae [=Aconti-
inae], where it has renained. One of the reasons for
this situation s because no material except for the
(vpres. which ave sappesed to e in MNHUL Berdin, bus
been aviilable to subsequent authors working on the
New Workd noctuid faunas No material of this species
wits forndd in the BMNIT or USNAL for this veason
vouchers from the series stidied heve have boen de-
posited there.,

This specics does not belong i Acontiiae, bt s
related to some species currently placed in Elaphyria
Hitbier, Tlowever, at present we pre ler not 1o sin-
onmvmize Anateinoms ander Elaplria as the group

necds resision. Thie made genitaliaos illustrated in Figs.
10, 11.

Micrathetis triplex (Walker, 1557)
(Figs, 539, 40)
[12: Small §1.3-2.2 ¢ \\mfr span. slightly dimorphic,
varinble in mlm‘ Mades have pale forewing spe LH: d
with darker smadl dots, termen dark hrown, sond o con-
spicnens dark brown dot at end of cell. Females are

o4t

[
el

darker than males. Hindwing shitish, slightly hor-
dered with dark urav: Eisily recognized by the dot at
the end ol the cell and Iy the two rosws of small black-
ish dots forming two arches, alhinost parallel 1o cach
other, from costia to dorsum.
DIST: Southerm United States throneh Sonth Averiea
GUANA I specimens, 1957, 1959, 1940,
BIO: Unknown,

Agaristinae

Catedaris wncdutens Walker, [1838]
(Fig. 47)

11: Undoubtedly the most attractive noctuid on the is-
T, Forewines white bordered and marked olive;
hindwing golden vellow bardered reddish-browin with
aimular Dlackish wark o tomns, Male genitalia illus-
traded by Kirtakoft (1976).
DIST: Hispaniola, Jamaica, Puerto Rican Bank (Kivi-
akall 1976),
GUANAD O spechmens, 1959,
BIO: Unknown.

Bagisarinuc

Bagisara repandu (Fabricius, 1703}
(Fia. 1)

1D Small, 2-2.5 ¢ wing span, pale vellow, dusted
urav. Fasily ldulllﬁcd by the three i e lines crossing
the f(ncmng, more or less equidistant, parallel tnm(h
other, and bent basad near costa.
DIST: Widespread from Southeast United States to
Paraguay, including Galapagos (Iaves 1973, Fergnson
1997 ).
GLUANA: 4 specimens, 1957, 1989
BIO: Lamvae on Side clomerata Cavo (Malvaceac)
(ITaves 1973].
COM: Verv connnon in distuthed wreas where malva-
cieous weeds often ocour.,

Acontiinae

Anrighar axis (Caende, 1532)
(Fig. 42)

ID: Small, fuscons species, casily confused with seme
sodl Conelica species. Males are distingnished {rom
Coundica by the presence of a round, semitranslneent
area near base of forewing,

DIST: Pantropical, including Tahiti and Heovaii.
GUANN: 2 specimens, THSY.

BI1O: Lavae on Chenopodinon (Chenopodiaceac),
(.‘m'rh'(n'pr’rmum {"i'lpind;l(-m()
e
SO0 IEJ‘.)I).

COM: The large distribution and obscure pattern hase

Pavasponie  (Ul-
and Arsarandlnes (Amaranthaceae) (Fergo-

contributed to long ssnomvve it has heen deseribed
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Fies. 62111, Natwral size (1:1). Noctuidae (specimens from Coana, unless stated otherwise). 62, Azete versicolor, male; 83, A, versicalor,
female; 64, 63, Mctallata abstonens, wales; 66, M. absionens, male; 87, Plusicdonta thomaee, male; 88, Syllectra eryeata, male (Chiba): 69, Lito-
prosopns puncticesta, male; 70, Diplthera festica, male; 71 Gonodonta Bidens, imale (Peerto Rico): 72, Melipotis acontivides, fomale; 73, 3
fusciclaris, male; T4, M. fasciolaris, fomale; 75, M. contorte, male: 76, M. famelica, male; 7T, M. ochrades, male: 78, M. ochrodes, female
(Puerto Rico); 79, M. jannaris, male (Cuba); 80, M januaris, female (Cuba); 81, Epidromia lenaris, male (Maerto Rico); 82, Eplyrodes cacata,
male (Cnba): 83, F. cacata. fomale; 84, Concana mundissima, Temale; 83, Massela asema, male; 86, Manbuta pyraliformis. imale {Culw); 87,
Lesowone Rinna, male {Cnba); 88, 1. finna, female (Cuba); 89, L hinna, wale; 80, L. formudaris, wale; 91, L. formularis, female (Cuba), B2,
Baniana relepsa, male; 93, B. relapaa, lemale; 94, Enlepidotis moelestrla, imale (Cnbalk 93, E. addens, tewde; 96, Toxonprucha diffendons,
male (Mesico); 97, Kakopodin progenies, male; 98, Parachaliora abyeas, male, 99, Cecliarismana abarusalis, male; 100, C. corq, male; 101,
Glympis enlolialis, male; 102, Drepanopalpia lunifera, male (Cubad, 103, 12 lunifera, female; 104, Laseoria ormeodalis, fenale; 105, £, or-

neodealis, male (Caba): 108, Bleptina caradrinalis, wwale: 107, B. caradringlis, fomale: 108, B bypdrillalis, nile: 109, B. menalcasalis, femule:
110, 8 wenaleasalis, wmale; VUL, Hypenn lividalis, fenale,
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F16s. 112-130. Natural size {1:1}. Arctiidae (112-124), Geometridae (125-146), Cossidae (147-149) and Hyblaeidae (150) {specimens from
Guana, unless stated otherwise), 112, Hypercompe singplex, male (Pnerto Rico); 113, Composta credule, males 114, H. sinplen, female; 115,
Culicdota strigosa, male; 116, Eupseudosoma incoltitrny, male (Puerto Rico); 117, Utctheisa armatrix, male; 118, U. pulchella, female (Brazil);
118, Empyrewa pugione, inale; 120, Horaua panthalon, male; 121, H. preties, imale; 122, Cosmosoma achermon, male [St. Thomas); 123, Eu-
nomia colombina, male; 124, Nyridela chalciope, female (Cuba); 125, Pero rectisectaria, male; 126, P rectisectaria female: 127, Oxydia vesn-
lia, male; 128, Erastria decrepitaria, male (Cuba). 129, E. decrepitaria, fumale; 130, Sphacelodes fusilineatus, male, 131, S. fusilineatis, fe-
male; 132, Macaria palevlata, male: 133, Patalene ephyrata, male; 134, Almodes ferraria, male (Bahamas); 133, Semacopus malefidarins, male;
136, Leptostales noctuata, male; 137, L. noctuata, temale; 138, Gbila praccurraria, female (Tortala); 139, Plerveypha defensata, male; 140, P,
defensate, female; 141, Eveana simplarie male; 142, E. simpleria female; 143, Phrdocentra eentrifugariom, wiale; 144, P centrifugarium, fo-
male (Cuba); 143, 146, P contrifugarinm, females, 147-149, Psyclwonoctua personalis, males; 130, Hyblaca puera, male {Cuba).
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1S times (Poole 1959), Freguently referred toin the
literature as A octo {Guenée). a ssnomvm hased on the
priority of names established by Nie Tsen et al. (1996:

note GO,

Ponometia exizia (Fabricius, 1793)
ll"i‘T.\‘. 13450

11 Sl variables sesvally i mm‘plm speviess nales
pale vellow with forewing crossed with ditiuse, siavate
olisaceons bimds, Female fore wing dark fuscons witha
wide, contrasting, pale faseia along costa, T sonmie fe-
males this pattern is less contrasting.
DIST: Sonthern United States, thronghout the An-
tilles, <onth to Bruzil, including Gulapagos.
CUANA 9 specimens, 19549, 19450
BIO: Larvace on Waltheria ovata (o
tlLnes 1973).
COML: € ommonly referved to i the Titeratore by it
fiior ssnons i P indibitans AValker,

LSterenlizeeae

Cycleria nobilitella Cramer, 17700
(e, 46

11 Sniall shovy moth: one of the maost attractive noc-
tuids on the island. Forewing with reticnlated pattem
with white wreas enclosed by dirk bluish metallic gray
and red Jines. Hindwing semitranslocent white in
males, dark aray in females. Pattern resembles some
species of Attera (Yponomeutidaet and specimens are
often found mixed in collections.
DIST: Southemn United States, thronshont Autilles,
sonth to Aragentina,
GUANA T specimen, 1954,
B1O: Tampson (19107 mentioned
thelio 1.7 (Logniaceac! as ll()\tl\i‘lllt.
Cockerell (158970 No species of this plant Lanily
known fron the islaind (G Proctor pers. come . al-
though the species cecurs on other Virgin Islands
{Acevedo-Rodriguez 1996), Cockerell (1597 and Dyar
{1597 deseribed the Tamvae.

A3pivelin an-
following

Tripuedia e rifera Zeller 1574
es, 153, 1530

ID: The smallest noctuid on the iskind (0.7-1.2 ¢
wing spans rescmbling Oletlventinae {Tortricidae)
and Cometaspilaris tsee helowt, Dark grav:
with conspicuons quadrate mark on middle of dorsum.
DIST: Somthern United States,
tilles. sonth ta Brazil.

GUANA: 22 specimons, T9SY. THOG
BLO: Uniknown,

fores iny

thronghout the An-

Tripuddin balteata Snith. 1900

DOTARESY
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ID: Sl on average shightly Tirger than 1
qreadrifora. Dark grav. Kasily identified by the broad,
oblique, vellowish hand on torewing,

DIST: Sonthern United States. Antilles,
Braal.

GUANA LG specimens. 1957 1959, 1990,
BIO: Unknown,

south to

Ouremnalochila nnocedida CZeller, 1872)
g 136)

11: Small, 1

<ome Olethreutinae species (Tortricidae).

5-2 e wing span, dirk gravs resembling
Forewing
divided across the middle by oa pales almost \lr.ntrhl
T, the basal hadf much darker B outer half,

DIST: Southern United States, Antilles, sonth to Ar-
aentint

CUANA: Hspecimens, 1956, TUSt, 1990,

BIO: Unknown,

Cobudwithe mctaspilaris Walker, 1563
Wi 157

ID: Swmalll 13 eny wing span, gray: sinnlar to, but
larger than T2 guadvifera. In the Tater the mark on
dorsim is guadrate whereas imetaspifaris it is trape-
zoidal.
DIST: Atilles.
GUANN: 3 specimens, 19910,
BIO: Unkness,

Froicrcmna viniina (Guende, 18328

(Fio 138)
1 Ve sl {1.2-1.3 one wing spand: lorewing pdl(
crossed with olive and dark olive wi alving I llld.‘s. and
with some very small black dots along termen, the
most conspicnous the one near apex and the other
near tornus, Inoresting posture it looks ke some
species of Cochinling (Tortricidac).
DIST: Southern United States, Antilles. south to Ar-
uentin.
GUANA S specimens, 1987,
BLO: Lanac on Graphalinn (Astericeae.

Enlddennma vectran iGuendse, 1532)

(Fig, 161
1D Sl 15 cnn wing span: pale sellow: forewing
clonded with ved brown with oblique pale Tuscia frenn
middle of dorsin te near apes.
DIST Southern United States,
tilles. sonth 1o Argentini including Galipagos and
Bermmda.
CUANAD S specimens, 1954,
B1O: Larvae on {peanoca amd Corncolendhs (Convalv -

l]l:‘(nlglmnt the An-
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Yy '
184 lcm 143

186 187

Figs. 131188, Twior natnral size (2:13 Noctnldae (151 -168), Aretiidae (169-171) and Geometridae (172-155] (specimens from Guana, un-
s statedd otherwise!, 131, 152, Anateiacma affabills, males; 133, Tripndia qradrifera, female (Mexicel: 134, T quadrdfera, lemale; 153, T

beetenta, male;

Sprevpperin maregme, wele, (Beaal); 160, 8. seargana, fepale (Braail); 161

156, Omuaiochile mundula, fenale; 137, Cobubathe metaspilarts, wale: 158, Eumisrenima minima, male (Cuba); 159,
y Fndslennmur rectrom, male: 162, Thinptera aunfere mnale Bril): 163,

Characoma nilotica, leipile; 164, 165, C. atfovica, (emales [Mesico); 166, Hypene minualis, feoale; 167, Blepting aravalis, male; 168, B.
aracatis, ennale; 169, Afrds charientisme, male; 170, Progona patlicda, male: 174, Fomuna wigripuncta, female; 172, “Tdaea”™ monata, male,
173, ldaen wiwmatn, Feale; VT4, Idaeg eupitheciata, fomale, 173, L cupitheciate, male; 176, 1 munrda, wiale; 177, L omisata, femole; 178,
Scopnl laresaria, Tenale. 179, 180, Tdasn probuhly fernaria, e I.i(."\ 181, Leptostale phorcaria, male; 182, Cyelosdda mopearta, male: 183,

Cmppraarie fomale;
frosudaria, mole 188, 8. cupeelinaria, male.

laceac) (Forbes 1934) [as E. obligualis (Fabricius), a

hornonym.

Spragucia margana (Fabricius, 1794)

(I"igs. 139, 160}
11D: The smallest of the two Spragueie species on the
island; dimorphic. Similar to S, perstructana {see be-
low). Males casily distinguished from the latter by the
absence of orange, by the pale costa, and by the oliva-
ceons shades and marks on forewing; females by the
olivaceous thorax, which is edged pale vellow in S, per-
structanie.

34 Leptinstedis ¢ linatrires, Tale, 183, Acratodes swavata, walie, 186, Chiloropteryx parloria. male: 187, Sync h.'mu

DIST: Sonthern United States. throughout the New
World tropics, including Galapagos.

GUANA: 4 speciinens, 19587,

BIO: Larvac on Abwtilon and Sida (Malvaceac) (Hayoes
1973).

Spragucia perstructana (Walker, 1565}

1D3: Similur to, but slightly larger than S, margana (sce
above): also dlmorphm Hlustrated in color in Kimball
(1965: PL IV, figs. 31, 37).

DIST: Southern United States, Antilles, south to Costa
Rica.
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GUANN Tapecimen, 1459,
BIO: Unikiown.

Tlioptern anrifere (\Walker, 15351
(Iig. 162)

10 Sl 13-1.8 em wing span: vellow: forewing
nsiallv with two verv sl Blaek dots. an il delined
reddish line levond e el Trom costa to dorsian. and
termen edued with gy
DIST: Seuthern United States, theoughont Antilles,
soutl to Braril.
GUANA - spechinens, 1984 1090,
BIO: Unknown, Tnwever Kimball (19630 aives 1ivi-
tavia ischacwon [Syotherisma impomocd ] (Poceae
as her food plat for Tadurofonbric. a closely reluted
species,

Surrothripinae

Characoma wifolica Rogenhofer, 1982)

s, 163-163)

11): Small,

species. Rests flat, luoknw likes some tortricids.
DIST: Daseribed (rom I.f{\pt. hience its e now

I-1.2 e wing span, highly variable. gray

Pantropical, including Galapagos, Benmuda, and the
Pacific Islands.

GUANN 23 spechmens, 1953, 1856, 19940,

BIO: Lamvae on white mangrove, Lagnctdaria race-
mosa (1) CF Gaertn, (Combretaceae ) 11haves 1973)
willow: aliiond. walea, and “Wack olive™ (Ferguson 1991),

Collomena filifeva (Walker, 1857)
(Figs. 49. 30)

ID: Medinm sized gray species, similar to female S,
Fruegipecda. l)|\tmtrm\|u>d by the whitish dithised hand
across the subtenuinal avea of forewing and by the en-
tirelv whitish, scemitrunslucent fnml\\mtf umnm\!\
bordered aray in females)

PIST: Florida, thronghiont the Antilles, south o
Byazil.

CLUANA A specihmens, 1954, 1990,

BIO: Unkuown,

Muotija absenzadis Walker, 1539
(Iig. 48}

TD: Slichthy snadler than C. filifera: whitish gras: Fasily
1uu”nmd v the two, whnost parallel, rows of smadl,
Back dots .Hunj_\ termien, with the one near tornus con-
spicuonshy Taer. The male abdomen his two piired
Dlack dots dors: ly, near apes. Hindwing senitransli-
cent while, bordered arin.

DIST: Florida, lhmu}_’,lmul the Antilles, <outh to
Grazil.

JorrN s oF THE LEPmorreisisTs SGoeTy

GUANNA: Dspecimen, 1984
BIO: Unknown.
luteliinae
Paectes obvotunda (Guende, 1532)
(Figs. 51.532)
1D: Medinm sized. grav, ivrorated hrowns males live
Dasal hallof antennae strongly pectinade., and Tong slim
abdomen: femades have filitorm antemiae and short

stout abdonien. Forewing with o conspicuous pale

lonular mark near base, delimited externallv by aonar-
row, doable Tine,
DIST: Sonthern Cnited Statese throughont Antilles,
south to Paragnay,
GUANA G speciniens, TOS4. T9ST, 1988, 1959, 1990,
BIO: Unknown, hiowever its lanvae shonld be searched
foron Bursera simarnda (1.3 Sara (Simarubacene). as
arclated species, Poarcigera (Grendel was reared on
B graveolens iKunth) Triana & Plnch. in Galapagos
(Haves 1975).
Plusiinae
Pscudaplusia ucludens (Walker, T1838])
(Fig, 53"
112 Medium sized. gravish brown with hronze loster
Recognized by the siall silver markings near center of
foren g
DIST: United States to novthern Chile and Argenting,
including Galapagos and Bermudy (Lafontaine &
Poole 1991:30),
GUANA: 2 specimens, 1954,
BIO: Polyphagous: Ferguson et al. (19913 fists plats
helonging to 14 fnmilies as foodplants. Ciay he aminor
nest of beans, sov beans ind other legiminous eraps.
COM: Generally referred to i the Titerature as £ oo
(Cramer), ]mm(m\m Other species belonging ta this
subbunily, suclhias h ichoplusia wi O liihner) and Aray-
Fabricius), are Tikelv to he col-
lected on the iskod in the fitare, These also bear sil-

ver niarks o the forewing,

rogranimna coerred

Cratocalinae

Pticlhodis innnais (Goende, 1852)
iligs. 31, 33}

11 Medinm sized, 2.3-3 e wing spans, pade species.
Forewing crossed \\ll]l 1” defined olivace ous Jines, lwo
of them highly contrasting: the andemediad aond the
postmcdial. both bordered intevnal v with leman vel-
low:
DIST: Mesico, thronchount the Antilles to Brazil.
GUANA: G spechimens, TOST, 1454, 190
BIO: Unknown,
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Mecis lutipes (Guende, 1552)
(Fia. 35)

119: Medimm sized, 3.5 e wing span. broad winged,
dark species. Highlv variable in color and pattem.
Gromud color varies from pale brownish throngh Tos-
cons to reddish brown. Females tend 1o have pattern
lexs contrasting thim wiles, and the paler forms could
casily be confused with the choker torms of temale AL
disseverans. a Neotropical species recorded from the
Greater Antilles, Snaller thaw Morepanda isee helow).
The males of the species Delonging to this genus can
be easile distineaished from other noctuids In the
thickly I iy hind lews.
DIST Southern United States. thronghout the An-
tilles, south to Argentina, including Galapagos and
Bermuda,
GUANAD Dspecimen, 1954,
BIO: Larvie onseveral species of arasses. sometines
pest of arazing land.
CONM: ( literature
repenca, s dilferent species (see below),

senvradly referred to in the as M

Mocis antillesia Flanpson. 1913
(Figs. 6. 57

1D: Swne size and casily conflused with M. Jetipes.

Ground eolor pale Irovnish to pale vellow. Clothing of

hind lews wsually vellowish in this whtrcas aravish in
M. dutipes. Synller than M. repandea see below).
DIST: Lesser Antilles, Baliamas.

GUANA A specimens, 1959, 1990,

BIC: Unknown,

Fabricins. 1794
9. 600

Mocts repanda |

(Fias. 5

1D Lavger than the former two species in the gens,
+3-33 o wing span. Smaller specimens of this
species are Targer than the Targest specimens of hoth
M Aatipes and Mo antillesia. Distinanished from con-
ceners by shape of postinedial Tines i both wings: in
the forewing it is hent inwards after the angle near
costa, and Tades waay before tormus, whereas in the
in e
Iindwing it is strongly angled onbwards Lefore tornms

former two it s stncht and reaches tomus;

whereas in the others it is straight.

DIST: \1111”( wand Guatenala,

GUANA 2 sp((nn(n\ 1987, 19890,

BIO: Lovrvae o Muenna decringiaua (Bort s Merr, [as

Momeons| tFabaceae) i otorell 1976,

COM: Generally knowiein the Titerature as M. megas
(Cuenéed, a fnnior tPaole 19590
(19533 clarified the status of M. repuince and illis-
trated the male genitalia.

]S nonvin ierio
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Ophiismia tropicalis Guende, 1552
(Fig. 61)

[13: Siwne size as Mo orepanda, bat with stonter hods,
Extremely vaiable in pattern and color. Beceognized h\
the smadl, conspienons white dot on base of Torewine,
PIST: Southern United States, thronghont the An-
tilles, south Lo Argentina,
GUANA: 2 specimens, TOSNT.
BIO: Tawvae on Crpania americana TooSapindaceae)
(Nartorell 1976G),

Ophidevinae

Azeta rersicolor (Fabrvicius, 1790
{Figs. G2, 63)

ID: Medivm sized. polvinorphic species: gromud color

varies from fermgineos to dark aravish hrown, Ree-
ognized Dy the pointed forewing and transverse pale
dashiat middle of forewing costa.

DIST: Throughout the
Florida o Araentina.
GUANA: 23 specihmens. 1957, 1959, 19850,

BLO: Laovae on Caneredia Jabaceacy (Kimball 19630,
COM: Conmonly reterred to i the literture by its
jumtor svnons v A repregnalis UHibuerd.

New world tropies from

Metedlata alrionens (\Walker, 1562)
iIFios, 64661

1D: Medim sized, highl varable spedies. Gronud
colar varies from e (ldhh brown to orav. Similar to £,
cacata hut readilv sepavated by the dark Drown head
aned anterior horder of thora. by the nearly romnded
border of hindwing, and by the filiform antennae in
hoth sexes. Some specimens bear a hlack reniform
mark at the end of forewing cell.

DIST: Sonthern United Stales, throughout
tilles, sonth to Brazil. incInding Galapagos.
GUANA: 12 specimens, 1987, 1959, 1990,
BIO: Unknown.

the An-

Phesiodonta thomae (Guende, 1532)
Fig. 67)
1D Medinm sized dark hrown species awith some
shinning volden areas on Torewing, Recogized by the

single dentate: espansion on widdle of dovaan of

lorewing.

DIST Described Drom St
demic to the Antilles.
CUANNA A specimens, TOST, 1459,

BIO: Unknown,

CONE s very likelv that the contimental species, I
elavifera MWalker) is conspecific with P thone,

Thons, cansidered en-

There

Ho



ivsome degrer of variation in both the Antillean and
the continental popnliations, and specimens from both
vegions intergrade into cach other, Phdodonta clay-
iferer has been reported from Galapagos (Taves 1973),

Sillectra cryeate (Cramer, 1750)
{Fig, 65)

1D Medium sived, veddish fermgineons species.
Forewing with three transverse lines, angled basad
near costa, and with one or two sinall, round pale dots
an anter side of postimedial line. Males distivguished
by oniqae shape of antenme which is uncommanly
thick thronghout its lenath except for the tip.
DIST: Florida, Antilles,
Brazil.
GUANA S spechnens, TUSE, TOST
BIO: Uishknown,

throvehont the south to

Litoprosopus pricticesta lampson, 1920
(Fig. G4)

11 Targe. velvet fascons species. The narrow swinigs
sphingid. Readily dis-
tincuished frem other noctuids of some size on the is-
lanet by the orbicnlar black ik at lower edge of hind-
WINg,

DIST: Muiti, Virgin Isknds.

GUANA: L specimen, 1954,

BIO: Unknown, however, a close relative, L fufilis
(Grote & Robinson, has heen found boring into the
Hower stalks of Selbal and Serenoa (Arecaceae) (IFer-
cuson ot al. 19910,

and stont hodv resemble w simall

Diplithera fostiva (Fabricius, 1773)
(Fig, 70)

1: Medium sized. bright vellow, with an elaborate
pattern of bluish grav Jines and three parallel rows of
dots parallel to external margin, Hindwing dark aray
with pale cilia.
DIST: Widespread throughout the New World tropics,
from Forida to Araentina,
CUANA 2 wpeciimens, 1HST. 1954,
BIO: Larnvae on Caswaring cquisetifolio
Corchors i 1.

|V GHINTHI
(DNliwceac), Selirankia
portoricensts Urh (Fabaceaet and Waltheria indica 1.,
iSteveulinceac) Martorel] 1976, Torres 19941 Bright
colored Tan e reared in Brazil on Sida sp. (Ml aceac)

naceie ),

NOBY s common weed in disturbed areas on the islnkd.
COM: Beferrod o as Novopsis hicroghyphica (Cramer),
the prunor ssnonvue, inolder Titerature. Tt patternonay
I3 aposematic. One male was tossed tawards a sy
Kngbird, Tyrannns dopinicensiy iGmelin). who camglhil
it in the air retnmed toits perch, tried to swallow the
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moth. then spit it out and cleancd its heak against the
branch (VOB pers. ohs.).

Gonodonta bidens Gever, 1832
(1 If\_"'. 1

113: Showy, medinm sized moth: cainnot be confused
with any other species on the iskand, Forewing velvet
dark brown: hasal and postinedial areas pader crossed
with wavig, dark and reddish brown lives. indwing
dark grav with a bright elongate vellow avea at middle.
Head um\pnlmuxl\ white,
DIST: Florida, throughont the Antilles, south to Ar-
aentinl,
GUANA: ] specitnen, 1090,
BIO: Larvae on Guerea (richilivides 1o Meliaceae!,
Cupania (Sapindaceae) and Diospyrus (Ehenaceae)
(Todd 1972a). Adalts have been reported to damage
aranges innorther Mesico by picreing ripening fruits
{Tadd 19591

Melipotis acontioides 1Guende, 1832)

(Ko, 72)

11 Medimu to Targe sized, 3.5-3 comowing span, light
aray species. Hindwings semitranslucent white with o
broad arav band along external imargin not reaching
lower angle: often with a sinall aray dat just before
lower angle.
DIST:
Calapagos.
GUANA D specimens, 1959
BIO: Larvae on Deloviy regia {Bojer ex Hook.) Raf.
(roval - poinciana) and - Parkivsonia aculeata 1
Fabaceae) {Martorell 1976, Torres 199:4),
COM: Fxcept for M. acontivides, species of Melipotis
are diffienlt to distingnish becanse they look very sim-
ilar to cach other and there is o high degree of varia-
tion wmong specimens within

Florida, Antilles. sonth to Brazil, including

cach species. Most
Melipotis species recorded for Guana also occur in
sonthern United States and - were reviewed by
Richards {1939 and illustrated in color by Bordelon
and Knudsen {1599).

The species of this genus are often the most abun-
cant nu)th:x ab lights in drv aveas of the New World
tropics. One of the reasons is that they feed on vioions
legmminous plats snch as Aeaeia, Cassia, Prosopis,
and other species that are abundant insach habitats,
Puring cortain collecting trips, especially immediately
aiter the heginning of vainy scason, they came to ]!“]It
in such areat mnnhers that the entire sheet wis ¢ov-
cred, aking it impossible to collectinn other motlss,
O some occisions the lichts had to Do disconmected
and collecting discontinued (VOB pers. obs.),

11
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Melipotis fasciolarts (Iilmer, [1S31])
(Figs, 73,70

(1 Medinm (o Loae sized, 3.3 cm wing span, vari-
able species—the most variable species of the genns
ocenrring on the ishind. In some speciniens the pat-
tern is less contrasting while in others the contrast is
strong. Maost specimens can be distinanished from
those of other species on the iskind by the antemedial
ablique, pale fasciz of lovewing, Tn M fr.'\(m/r.nx the fas-
ciitis straight and uniform in width thmnﬂ]uml I sony:
specimens the awrea basad of the fascids p.l!( olivaceons.
DIST: Southern United States. Antilles,
Urngnay
CUANNA T specimens. 1959,
BICy: Unknown. however SWolcott 11951 noted “Nu-

south to

merons caterpillars hil!ing mder Joose bavk of trees of

Chcincn offieinale 1o Zycophvilaceae), presimnably
alter feeding at might on the foliage™,
should be verified because this tree generally grows to-

This obseration

cother with many legumineus species known as tood
plants of other species of Mefipotis.

Melipotis contorta (Guende, 15521
(Fig. 75!
11 Same size as Tavger specimens of Mo acountioides
and M. fuseielaris. but not as variable, Ve similar to

M. fameliva with which it shares the wlnte Iuwsatl crea of

hindwing, and pale head and dorsal wrea of thorax,
Lasily :.('p;u".lted from M. famelica In the irreantar paile
arca at the end of celll In the atter this s nearly
rounded. whereas in condorta its lower end extends
broadlv towsrds the external newgin,

ST Florida, Antilles,

GUANA S spechmens, 1959, 1940

BIO: Unknown.

Melipotis fomnelica (Guende 1532)
T 700

1 Very similar to M. eontorta insize and putten. Color
pattern ot highly vindable it sexuadly ¢ nnmp]m e
miales Iive pattemn Tess contrasting than nedes, Some
niades have antemedial fascia tinged reddish brown,
DIST Southern Unitedd States, Antilles,
Veneraeeld including Bernmda (Feraison ot al. 1991,
GUANA B speciens, 1987, 1959, 19491
BIO: Larvae on Leweena latisifigrna (Lo Gillis &
Steann { Fabaceae! N artorell 19761

south to

Al h'h‘pu!i\' oclirades (Guende, 18328
Vi, 77,75
11: Lasihy comfused with M. indoinita, a neotropical

species also recorded from the Greater Antillos it

not collected on Cuanae Tighlv varable, Basal areacof

hincwing semitranslacent grav, not whitish as in M.
contorta or M. fumelica, or alimast dark arav s in M.

JHHH{H!\.

DIST: Antilles, Mexico, seuth to Brazil.

GUANA L specimen, 14958,

BIO: Tamvae on Prosopis juliffora (Sw) DC. and
Sehrankia pertoricensis Urbo (Fahacene) (Martorell
197G).

COM: The specimen illustrated here, identical o the
one collected on Guana, matches the sevies at BNINTT
identificd s M. ochrodes (vpe specimen in MNTIN,
Paris. not exannined). This species conld represent
only asmadler form of Mo indomita.

Melipotis jeomercis (Caence, 1832)
g, 79,508

1D: Oncaverage slightly simadler than other Melipotis
species on the iskand: seai dlv dimorphic. Males have
forewing with verv contrasting. dark brown padtem: fe-
Foasily distin-
cuished from all other species on the istnd h\ ahmost
entively dark gray hindwing,
DIST: Sontliern United States. thronghont Antilles,
south to the Guianas and Colombia.
GUANAD L specimen, 1957,
BIO: Larvae on fova fotrina «Sw Willd, [as £ favifo-
lia] (Fabaceae) (Martorell 19761

males little contrasting, veddish hrown,

Ascalapha odovata (Linnacus, 1735)
(Witeh moth, hlack witeln

1D: Distinguished by vere large sive and browd wings
showing bluish hue. Sexnally dinomine: males black-
ish grav, femades lighter in color with more contrasting
puttern, and with three close, pavallel zig-zag. white
lines crossing the wings,
DIST: Originally South American. now Pantropical,
GLUANA: S specimens, 1952 (. Laxcell), 1955, 1059,
BIO: Tarae on various leauminons trees, including
Aeacia, Cassia wnd Piptadenia Tnward 1969, Haves
1973). Comstock {19361, Schreiter [1936) and Bourguin
A947Y deseribe s life istore and nnm.ttnw slages.
COM: Dustrated inseveral works, nehding Covell
DO Ferguson et al {19917, [IE(}!'S { l.‘);3‘a. andd Kim-
Liadl (1963,

Epielvonia lienariv (Hiibner 1523)
g 810
1D: Large. 3 cmwing spans lighlv sariable. grine Tos-
cons species: lorewing with Consicuous reniform
Dlack ik at middle
straight. pale line,
DIST: New MWorkd tropics.

mued e postimedial, aliost

12



GUANA Tspecinen, 1990,

BIO: The Tamvie (reported as B punnose Guende)
were [ound on Psidivn fongipes (0. Berg) McViugh
IMurtuceae ), and were fed iu the Tiboratons on P
arajuve L., Eugenia axillarvis (Sw) Willd, \I\rhut'.u I,
Metopieony foxifermn (1.0 Krag & Urb. and Rlues co-
palling T i dmacardiaeene) (Dicke] 19911

COM: This s a widespread and highly pohomorplic
specics, deseribed more than 10 times Becker 2001,
and s commaonly known s the literadure as I ze-
faphora Guendée {Hhaves 19753 and £
195G, Drickel 1491

prmrose {Solis

Manbuta pyraliformis (Walker, 1535)
(e 863

1D Medimn sized, gray species. Forewing speckled
with sinall Black dots snd with an [J])!l[[ll[ pmtmc'(h i
fascia livht grav, dis-
tal srea dak gravs Males with pectinate antenae.
DIST: Florida and Antilles.

GUANA T specinien, 1956.

BIO: Unknosw,

CON Poole (19500 Histed this species under Epidro-
mifa Guenée, however, its genitalia and pectinate an-

vellonish Fascia: hasal area of this §

tennae are similar to those of species carrently placed
in Mehuete \Walker (Becker 20010

Epliyrodes cacata Guende, 1532
{Figs. 52, 53)

(D Besembling M. absinens in size and coloration
ssee above) Viiable in color, fronn veddish brown to
grav. mottled with black seales. Distinguished by the
\tmnlrl\ angled termen of hoth wings. expecially of the
]1111(1\\111‘r forming o small tail. AL de antennae \tn)nﬂl'\
pectinate, female Flitorn.

IDIST: Southern United States, throuzhout the An-
tilles, south te Colimnbia

GUANA 3 spechmens, 1959,

BIO:. lLamac on Sesbanio grandiffora (1.0 Pers,
(Fabaceae) (Brmomer o al. 1973),
Coneana rnndissinea Walker, [1838)

Fig 54

1D Medinm sizeds silky shining grav species: forewing
with fine,
miiddle,
white, edaed with grav.

DIST: Flornda, throughout the

Brazil.

GUANA: T specimens, THSY, 1990,
BIO- Unknown,

closer to dorsum. Hindwing semitranslucent

Antilles, sonth (o

Broken. transerse lines and a dirk dot neir

JornrNar oF T Leeiborrrewis s SociTy

Meassela asema Thnnpson, 1926
(Fig, 83)
ID: Medinn sized, 3.5 cm wing span. stout bodied,
pale brownish species, Wings shaded brown with il
defined, srregular brownish Tines, nearly parallel to
cach other, From costa to dorsimon,
DIST: ‘\nii”v\
GUANA: 2 specimens, 1958,
BIC: Unknown.

Lesmone fornmdaris (Gever, 1837)
([Figs. 90, Q1)

1D: Medinm sized, gy sesually dimorphic species;
niles have twoswide I” defined dark ari bands across
the wings: in \pn sl specimens the Dands are continu-
[Females
Tack these bids, Tiowe e r. the edge of the pmlm('dz il

ons, crossing both forewing ind hindwing,

band in the hindwing is veplaced by astraight vellow
fascia ranming from apes to tornas.

DIST: Southern United States, throughont the New
World tropics, including Galapagos,

GUANA S specimens, TUST, 1958,

BIOY: Tarvae on Cassio and Mimosa (ITabaceac).
Lesuone hinmea 1Gover, 1537)

(Figs, ST-59)

11 Same size and similar to L. formudaris, but distin-
guished by the conspicuous round, pale dot on the
lmc\\mu cell.

DIST: .‘muth(m United States, thronehout the An-
tilles, south to Brazil.

CUANADS specimens, 1958,

BIO: Unknown,

Baniana wlapsa (\Walker, 1538)
(Figs. 92, 93)

1D: Smallto medinm sized, pale ochreous, sexually di-
morphic specics. Male forewing with conspicuous tri-
angular black patel near base, close to dorsimm; post-
medial wrea black, fading uradnally towards termen.
Females Tack the tiangalar pateh and have the distal
area lighter grav, re umhlmu P tnannis, but readily
distingisshic d IJ\ the dark brown anterior edge of tho-
Tax.

DIST: Restiieted to the Aantilles,

CUANA IS specimens, THSG, 1987, 1559, 1440,

BIO: Unknown,

Erdepidotis addens (Walker,
(g, 193)

1538)

I Small gravish brown: forewing swith tiree strajuhit
lines acrass, Uhe medial and postmedial donble. en-

13
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closing i conspicnons ochreous band. Tindwing with
ditfuse orhicular mark followed by ashort tail on the
loweer part of external margin,

DIST: Antilles.

GUANA: 12 specimens, 1987, 1989, 1090,

BIO: Lanvae on Mige vere Willd (Fabaceae? (Mar-
torell, 1976).

Endepidotis modestula (Herrich-Schiffer. 15691
(Fig. 94

1130 Swalll white tinged vellow almuux with lines
crassing the forewing and a short tuil on the hindwing
similar to those of former specics.

DIST: Antilles,

GUANA: T specimen. 1959,

BIO: Larvae on Ceiba p(’ur(.'nr'.’rrf (L Gaertn, (Bom-
Lacaceae) (Martorel! 1976,

Toxanprucha diffundens (\Walker, 1555)
(Fig, 96)
I1: Smiall sized, 15-2.2 em wing span, gray species,
Highlv variable: inost specimens have pattern as in
Kekopoda progenies (sec helow).
DIST: Antilles, south to Brazil.
GUANA | specimen. 1990,
R10: Unknown, however, other species in the Zenus
have heen reared on Acacia {(Fabaceae! 1Crumb

1936).

Kekopoda progenies {Guende, 1532)

(Fiq. 97)
ID: Mediwm sized, 2.5-3.0 om wing span: broad
winged, dark gray nmth Wings crossed withomany fine
waving lines ; dtor nating bl ack und pale. Verv similar to,
and e‘mI\ confused witl, T diffundens (se¢ above),
Hut I(ddll\ separated by size. Smaller specimens of
this species are alwiys Llr"’(l than the Targest of the Jat-
ter. \Idl(‘ are also separ ated from T (h,rﬁm(/(m i the
pale brnsh at the tip of abdomen.
DIST: Flerida, thronghont the Antilles to Brazil.
GUANA: specimens, TOST, 1988,
BIO: Unknown.
COM: We consider Kekopoda cincia Smith, 1900,
new synonym, described from Florida, to represent
the sime species.

Pavachabora abydas (U erich-Schiiffor, [15649])
(g, US)
1: Stall to medimn sized. cupreous hrown species;
hindwing sewitranslocent white, bordered with
wide, diffuse aray arc, and veins contrastingly grav.
DIST: Mexico. thio ughout the Antilles, south to Br il

A4

GUANA 3 specimens, T9S5, 1954,
BI10O: Unknown.

Cocharisiena alomesalis (Walker, 18390
(Fig, 99)

1D: Small hrown species with forewing tinged copper
and f ferrugineous: apes of torewing pmnt((l Ve \!m—
ilar to the {ollowing. bat ¢ ml\ separated h\ he
obligne straight medial Tine.
DIST: Flovida, thronaliont Antilles, south to Brazil.
GUANA: 9 specimens, 1857, 1959,
BIO: Unknown, however, C. nectarea Moschler has
heen reared in Puerto Rico on Caperonia palustris
(L) AL SEATHL (Buphorbiaceact (Selans 9.

Cecharvismena cara NMbschler, 1860
Fie, 100)

1D Same size and casily confused with €. aharusalis.
Forewing with violet hue. Readily distinauished from
the former by the medial obligque line coved in €.
carva andd straight in C. abarseliv,

DIST: Autilles.

GUANA: 2 specimens, 1984,

BIO: Unknown isee C. abarusalis).

Glympis enbolialis (\Walker, [15661)
(Fig. 101}

[D: Small grav species with forewing crossed, in the
middle, with il defined, straight drk Drown band:
area distad 1o this band vsually darker than hasal area.
Shape. size. and color gmilar to Blepting species (be-
low), Fasily distinguished from Blepting by the porrect
labial palpi. which are long sud apturmed in Bleptine
{see below),

DIST: Antilles.

GUANA: 22 specimens, 1959, 1990

BIO: Unknown, however, the Tamvae of (. concors
were found feeding on Seshania arandiflora (1) Pers.
{IFabaceae) in Puerto Rico (Martorel] 19761,

Herminiinae

Drepanopal pia funifera {Batler, 1S7S)
new combination
e, 102, 103)
1D Sl to medinn sived, 1.5-2 cin wing span, di-
morphic, dark fuscons species. Males have ven long
Taliial palpi thickly covered with long scales, reflese "
over the head to th( poste rior viIrgin of thoray, Ve
mades have long, porrect palpi. Made forewing with
renilorn, lmh mark at end of cell: in Temales lln\ mark

is rednecd to small dot.
DIST: Antilles.
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GUANA Y specimens, 1957, 1954,

BIO: Unknown.

COM: The series in VOB, including specimens from
Coana Island, Tortola, Puerto Rico and Cuba, was com-

paved with material in BMNIL Males miateh the tpe of

Drepanopalpic: polyepma Hampson: 1898, new syn-
onym, and fenales mateh the spe of Hhgpena hnifera
Butler 1578, 1. polyeyina is also enrated in BMINTT as a
ssnomvin ot Mastigophorus latipennis Herrich-Seladier,
There is no sp(‘tinu'n of M. latipennes in Coll. Gundlach
IS, M) where the tvpe material of the Calun
species desaribed by Herrich-Schifter is supposed to
he deposited. Tt s p(m][)h that some material is in
MNTIU, Berling Tt is possible that both M. Tnsifere and
M. pelyeyma are junior ssnonvins of M. fatipennis,

Lascoria aorncedalis (Guende, 1834)
iFigs. 104, 103)

TD: Small to wedinn sized. 1.3-2 e wing span. dark
luscons species, resembling D lunifera. Males have
Tabial palpt as in the {former species, bat the forewing
fras a strong indentation at middle of external margin.
Females have long upeanved palpt as in Bleptina.
DIST: Floridi Antilles,

GUANA: 3 specimens, 1957,

BIO: Larvac on tomata leaves (Solanaceae) (M lartovel!
19760,

Bleptina lydvillalts Goende, 1854
(Fig. 108)

1D: Dark brown, 18-20 cm wing span: forewing
crossed by three, well defined, pale liries: a straight fine
near hase, and bwo sinate lines. one alter the revitorin
wark on cell, the other before external margin, Reni-
form mark nsualls pale, hut black iw some specimoens.
DIST: Sonthem United States, Central Amerca, Antilles.
GUANA: 3 speciens, 1956, 1989,

BIO: Unknown.

Blepting caradrinalis Coence, 1534
(Figs. 106, 107}

1D About ssone sive as B Ingdvillalis. pale, variable. Tn
those specimens with adirk band across forewing, the
hand is closer ta the middle,

DIST: Sonthern United States, Unonghout the An-
titles, South to Brazil.

GUANA: G specimens, 1954,

BIO: Lanvae reported on dead leives iKimhall 1963,

Bleptina menaleasalis Walker, 118591
Ligs. 109, 110)

1D: Medinm sized. 2,222 7 e wing span, pale specics.
Farewing diffusely crossed with il defined, irregalar
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lines. Distinguished {rom other noctuids of siine size
by the Jong, upenrved Tabial palpi.

DIST: Antilles, sonth to Venezuela,

CUANA 2T sprcimens, TUSG, T9S7, 1959, 1990,
B1O: Unknown, but likely dead leaves {see B, caradri-
nalis),

Bleptina araealis (Linnpson, 1901)

(Figs. 167, 168)
10 Ve simalll 1=1.3 cm o wing span, variable, Tuscous
to dark fuscons species, Forewing often with a dark
aray fascia on basal fourth; arca busad to fascia paler
than rest ol winu, Fasily distinguished from other
small species on the iskad by the veny long upeunved
Labial palpi and by three very soadll vound, pale dots
on forewing, the first just ontside the basal band aud
the two others close together at end of coll.
DIST: Antilles and Florida (Dickel 19913, The fist au-
thor recently collected one male and one female in
Mesico: Tamanlipas, El Fncino.
GUANA 12 specimens, TOST, 1990,
B1O: Unknown (sce previous species).

Tvpeninae

Hypena lividalis (1iibuer, 1790)
[Fig. 111)

10: Small, gray: forewing with straight, white post-
medial line; area basad of line olive, area distad gray.
DIST: StJnth Palcarctic, Pantrapical.
GUANA: 2 specimens, 1989, 1990,
BIO: Lanae on Urtica and Parictaria spp. {Lodl
199-4:502).
COM: Inarevision of the genus, Ladl (1994) listed six
snowns under £ i iddlis. two of them originally de-
seribed from material collected in the -\nhll( .

Hypena minvalis (Guendée, 1834)
(Fig, 166)

10 Small, dark gray species wilh Tittle contrasting
mickings. Forewing with a slightly paler hasal avea,
separated lrann the external dark area by an il defined
oblique, dark gray line from near hase of costa to inid-
dle of dorsim: o fuint dash near apes. The palpi re-
semble those of fernale I polyeypna, but readily sepa-
rated frong the Tatter by the absence of the pale dot on
cell,
DIST: Antilles, south to Brasil.
GUANA: 3 specimens, 1959,
BIO: Farvae on Sida rlienbifolia 1.
auson ctal, 19910,

Malhvacear) (Fer-
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ARCTUDAK
Arctiinae
Hypercomipe simplex (Walker, 1533)
(Figs. 112, 114)

ID: Large. white: torewing with auter half translocent,
basal halfwith a series of anmulate black edged spots.
Abdomen orange with subdorsal pairs of dark bluish
dots. Females omch Targer than males: spots on the
abdomen white.
DIST: Pucrta Rico, Virgin Islands and Lesser Antilles,
GUANA: B specimens, 1987, 1959,
BIO: Martorell 119763 lists over w dozen hastplants, in-
cluding Cedreli  NMelincene), Cissus (Vitaceae), Ercch-
fotes {Compositae). Fabaceae). Tpomacd
(Convolvulaceac, tomato, b, beans, gnava, cug-

FErytlirina |

plant and Selanian torcim Sw. (Solanaceac .

COM: Commonly found in the literature, inelnding in
Martorel] (1
similar species from continental Suuth Minerica

976 as Eepantlieria icasia (Cramer). a

Corlidlota strigosa Walker, 1833)
(Fig, 113)

ID: Large, aray mioth with pink abdome. Forewing
with veins darker than ground eolor, shortlv inter-
rupted with pale. Cannot be confused with any other
moth from the island.
DIST Antilles and Southern United States.
CUANA 2S specimens, 1954, 1987, 1989, 1990,
BI1O: Dyvar {1901:270) reared this species on Guet-
tarda elliptica Sw. (Rubiaceac) and described its lar-
vae: Martorell 11976) lists the same plant as its host in
Pnerto Rico.
COM: Frauclemont (1953) and Watson & Goodeer
(1956) resurrected, respectively, Clagueata (Edwards
1587} {tipe-locality: USAY and C.

crhonsis (Grote

LISB6]) (tvpe- ln(dht\ Cubal from the ssnonymy of

strigosa. We helieve they are only ‘fuwl.ll)lnm] forins
of the same species.

In the resting position, the adult looks enptic Tt
when tonched it opens the wings exposing the hright
pink abdomen that seems to be aposematic. A speci-
men wis picked from the collecting sheet by a pearly-
eved thrasher, Mardarops | fmm.’us (Vieitlot). and re-
jected. The sine specimen was placed back on the
wall where the bind often perched. The siome bird
picked up the maoth aain wnd then dropped it again
VOB pers. obs. b

Eupseudosoma incoletum (Sepp, [15835])

(Fig, 116)

1D Medium sized, white moth, with ved abdomen.
Cannot be confused withany other species in the island.

DIST: Sonthery United States, thronghout Antilles,
south to .-\rg('ntin;t.

GUANA Dspecimens, 1987,

BIO: Larvae on unavie (Puiclinne giineense Sw.), Euge-
nia, Exccalyptus, and other Martaceae.

Utetheisa ornatriv (LLinmaeus, 1739)
(Fig. 117)

1: Medimno sized, vaviable white wioth, Most speci-
mens hase the forewing white, tinued pink, and a pink
costiinterrupted wUul wly by dark arav dots. Inother
specimens most of the whit is e pl wed by pink and
the wing is erossed awith transverse rows of dark gy
dots. The proportion of grav in the hindwing also
VAVICS: N some specimens it ois restricted to the bor-
ders, while in others it covers most of the area.

DIST: Southern United States.
tilles, south to Argentina,

GUANAS spechnens, 19954, 1985, 19549, 19490,
BIC:
(Fabaceae),

throughont the An-

[anae  on various spocies of  Crotalaria
COMN: Commonly found fving during the davin open,
disturhed arcas where its liost plants often grow. Pease
(1973) discussed the variation ul this mnth v the Vir-
win Islauds.
Utetheisa pulchella Linnaeus, 1738)
(Fig, 118)

11 Easilv conlused with the dotted form of U
triv (sce above);

- orni-
casily separated by the dots on dor-
sum of thorax. Utetheise ormatriv has three pairs; U
pulehiella has only three dots.

DIST: Africa and Asia, now established in the New
Warld tropics, but veny rare in collections. The first an-
thor collected two specimens in Brazil, one at Pipa
Beach, south ol Natal, Ko Grande do Norte, and one
in Planalting, DI near Brasilia, which is the southern
nost record for the species in the New World.
GUANA T specimen, 1990,

BIO: Larvae on Myosotis {Boraginaceae)
vilampson 19013,

andl grasses

Pericopinae
Composia eredula (Fabicins, 1773)
{Fig. 113)

11 Large, black, with Dody and \\mﬂs dotted white;
forewing with deep red nmrknur\ on basal Tialt below
costa.
DIST: Endemie to the Antilles, this is the only species
of the genns Tound on the Poerto Rican Bank.
GUANA O specimens, 1951, 195G, 1957, 1954,
BIO: Unknoewn. relative.

Hs clasest €. fidelivshna
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Herrieh-Schiifter, [vom Cuba and Florida, has been
reaved on Canevalia (Fabaceae), oleander i Nerfon).
(Kimball 1963).

COM: (‘(mlmtml\' referred tain the literature I)\‘ ity

and Fehires CApocyniaceac)

junior ssnonvin Cosybaris (Cramer), It s a crepnsen-
Lar math, (.()JI‘I]I](]J]I\ found flving along the trails be-
fore dark. Todd (1952) states it “occurs lln(mg]mnt the
Antilles, and sonth to Brazil™ hut that the
“continental distribution necds to he stndicd.” Previ-
ons authors (Forhes 19300 Bates 1933) considered it to
be endemic to the Antilles. In the series ju USNM
there is only one non-Antillean speciien, an old spee-
imen Laheled anlv "Brazil.”
mislabeled, We are not aware of any other continental

Creater

which we believe to he

records for this Jarge and colorful species, which
would not be overlooked by collectors.

Ctenachinae

Eipyrerana jingione - Linnaens, 1767

Fig, 119)
1 Lurge, wasp-like moth with conspicuons red wings
and black body. Wings bordered dark grav, and body
tinged iridescent green.
DIST: Apparently restricted to the Puerta Rican Bunk.
GUANNA 9 specnzens, 1954, 1957, 1959, 1990.
BIO: Larvae on oleinder, Nemwn oleander 1.
maceae) : Gundlach 1SS1),
COM: Dayv flving: veny likelv a Miillerian minide of
Pepsis ribra (Drany) (Hvimenoptera: Pomypilidac) (R,
Snelling det. ). as its Tamvae feed on atoxic plot. Simi-
Lur to other avctiids, the lanae presumably sequester
alkadoids from the host plant. Referred to in the older
litevature as F. lichas (Cramer?.

I){](\ -

Hovaria pretus (Cramer, 1777)
(Fig. 121

ID: Large, wasp-like, ochreous brown species. (hxlm
guished by the broad white hand across hase of ah-
domen.
DIST: Antilles.
GUANA 36 specimens, 1954, 1955, 1957, 1989, 19490,
BIO: Larvace on Cassine xylocarpa Nent, {as Elacoden-
Wolcott 19310
COM: Da fving, commonhy scenvisiting flowers. Pre-

dron vifocaron] (Celastraceace?

simably a Miillerian mimic of Pofistes riajor Palisot de
Beavois (Tvmenopters Yospicdaed (R0 Snelling det.

Herama parithalon (GFabricis, 1793
{Fig 1203
1 Similar bot smaller than 1 pretus. Distingaished
by pattermn on abdormen: only wsmall white wh across

base, followed Dy alternating ochireons and blick hands.
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DIST: Southern United States, throughoat the An-
titles, south to southern Brazil.

GUANA: 13 specimens, 1956, 1959, 1990,

BIO: Unknown,

COM: Dictz and Duckworth (1976) divided  the
species into three subspecies, assigning the Antillean
population to the nominal form. Yery likely a Miiiler-
ian minne of Polistes crinitus (Felton) (Hvmenoptera:
Vespidae] (R, Snelling det.).

Cosmosonra uclicvion {Fabricius, 1751)
(Fig, 122)

11: Sinall, wasp-like moth with unigue combination of

colors. Moestlv ornge with vertes of head and subidor-
sal sides of abdomen metallic bluish green; forewing
with tramslucent areas.

DIST: Antilles sonth to Brazil.

GUANA L0 spechiens, 1959, 1980,

BIO: Unknown,

Ennomia coloinhing {Fabricius, 1793)

(Fig. 123}
black body
and translucent wings, l—'ore\\mir hordered hlack with
A dark. red mark at end of coll conmected with costa.
Thorax striped white: abdomen with a canmine red
hand across the base, expanding laterally followed by
a white band, partiallv interrupted d()]\d“\ the rest
Landed with alternading, marrow, red and white lines,
DIST: Antilles. Hampson (1585} gives also Tlonduras
and Brazil,
checked,
GUANN: Daspecimen, 1959,
BIO: “Oruga en Lus convolulaceas™ (Gundiach 19810,
COM: Listed as K. columbina, a misspelling, v Wol-
cott {1951},

ID: Medium sized, wasp-like mioth with

L but the material studied by him shonld be

Nyrudcla chalciope (Iihner, [1831])
(Fig, 124)

TD: Medinm sized. wasp-like, black moth with trans-
parent wings. Head! thorax dorsallv. hase of wings,
legs, and abdomen dorsally and Jaterally with ivides-
cent blue. Antennac vellow. Forewing bordered black
with an obligue transverse band from middle of costa
Lo tomus.
DIST: Pescribed fromn Hav . accurs thronghont the
West Indies and Central America, senth to Panama.
GUANA T specimen, T840,
BIO: Lanac on Cupanda americana Lo {(Sapindaccac)
CNMaschler 1T840,
COM: Some

anthors regard the Central American

17
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population as helonging to a separate species. N
santhecera (Walker),

Lithosiinae
Afrida cliarientisma Dyvar, 1913
(Fig, 169}
I Vere smalle $=12 mn wing span, shightly viniable
specices. Forewing mostly ar: m\h slwhtl\ tmﬂul with
arcen, crossed 1)\ altern: ing, il de fined whitish and
dark aray bands. Fasily l((()ffnl/(d by the antemedial
\\}lltlxlj band across fm(\\mg. starting trom costa and
muning obliquels outwards to middle, then bent to
Base towmrds dorsum.,
DIST: Antilles.
GUANA: 2T specimens, 1985, 1956, 1990,
BIO: Unknown. however. most of the species of this
subfimily are lichen-feeders (TTampson 1900,

Progouea pallida {(Mischler, 1S90
Fig 170)
ID: Smuill, pale species. with no markings. Forewing
shghtly dusted gray.
DIST: Previoushy known onlv from Puerto Rico.
GUANA: B specimiens, 1956, 19590
BIO: Unknown,

Lomuma nigeiproncta (Hampson. 1900)
g 171

shitish moth.
spotted with

I Smalll 13-1.7 cm wing span,
Forewing dusted gray, mnxpn(noual\
anall, dirk aray dots.

DIST: Previonsly known only from Puerto Rico (Field
19521,

CUANA 29 specimens, 1984 1953, 1986, 18450, 1991
BIO: Unknown,

GEOMETRIDAE

Ocnochrominie
Almodes terravia Guende, [1538]
(Fie. 134)
11: Medinm sized, grav species. Wings densely dusted
mth dark grav seales and crossed \\nh pade and dark i1l
tefined, e Uul ar hands. Males casily vecognized by

Hl(“ strongh pectinate antensae nmnl\ the Jength of

forewing. Females have aslight olivaceous tinge, and
external margins of hoth wings more strongly dentate,
DIST: Sonthern Unitedd States, theonghout the Antilles
to Colombia.

GUANA: 2specimens, 1990,

BIO: Unkuown.

3T
[Ennonnnace
Pero rectiseetaria (Herrieh-Seleiler, 11833])
Figs. 123, 1260
ID: Medium sized, sesvallv dimorphic, variable

species. Males with uround color v: anving trom pale to
antemedis d v,
visihle, strongly b(nt to the base near costa, post-

dark brovwn; fm(\\nu’ with when

medial Dand m.ul\ straight, with area distad tor it
mueh paler than rest of wing, Females maore reddish
browin.
sume size by the conspicuonsly sealloped forewing
HEITEI AT ey,

DIST: Pucerte Rico, throughout the Tesser Antilles.
GUANA: 42 spechmens, T9S6. 1957, 19SS, 19849, 1990,
B1O: Unknow,
COM: Poole {19871
stated that "Either it is rare. or it ocours in areas not
connmonly collected.”

who revised this Turge genus.

Judging front the long series col-
It was connnon in October
1959, just after lnwricane Hugo, when the first author
Lad dozens of spectnens on the light and selected 10
niales and - females.

lected Dy us, it is not rare.

Ouvpelia cosulia \Cramer, [1779]
g, 127

1D: Large, extremely variable species. with no two
identical specimens. Ground color of both wings varv-
ing from pale vellow, throngh pale grav to hrown.
clouded and irrorated i various de rees by grav.
Forewing with an oblique post medial |) md from apes
to near lmddlc of dorsum. Fasilv vecoguized by the
white vertex ol hiead.
DIST: Southern United States.,
aenting,
CUANA: A speciniens, 1957,
BIO: Larvae on Aealypha (aphorbiacese), Cincliona
(Rubiaccac). "\lt'l]i\l‘('l'nli]('l'ZI(.') Citrs
{Rutaceac), Persea (D auraceae), Rosa (Rosaceae), and Se-
criridica (Polvealacene! (Naorell 1976, Torres 1992),

Antilles, sontl to Ar-

Clissampelos

Erastria decrepifaria (Hibner, [1823]]
(Figs. 125, 126)
113: Medivn sized. vellow moth. Sexualls dim (n‘pllitr
males sutfused olive, especially forming a wide bar
along external marain: females more vellowish with
arca redneed to o faint drregnlar
band, with o conspicuons dark spot on the Iand near

the external olive

the tornns.

DIST: Southern United States, thrangliont Antilles,
soth to Bravil.

GUANA A spechimens, 1O570 1959

BICO: Unknown.

Fasily distingnished from other species of

R



Splacclodes fusilineatus (Walker, 1560),
revised status
(Figs. 130, 131)
1D: Medinm sized. dimorphic species. Males dark olive
brown: forewing crossed with three equidistant, nearly
parallel Tines and with asubtriangular grav mark on costa
Letween medial and postmedial line. Fennles brown
with lines same as males, hut mnark on costa absent.
DIST: Antilles.
GUANA: 25 specimens, 195G, TYSS. 1959, 14450,
BLO: Unknown.
CON: This species has been confased in the Biteratire
{Hiibner). The two differ in many
fesitures, the wost abvions the color o intenna and

with 8. vulnerarins

costulimark of foreswing. In S, fusilineatus the antenna
and costal mark are light grav, whereas in vuhierarius
the antenna is ochreons and the costal ok reddish
brown. Sphaceledes fusdineates was described from
material with no localite label. There isa series in VOB
collected i Guana, Tortola, St. Themas. and Cuba.
One of these was compared with and matches the type
of 8. fusilineatus. Ttis verv likely that thisis the species

\ 1963:192) s "5221, 1 S. P,

and  listed by Ferauson ([983:93) as S lwitiavic
Oherthiir. The series of §. culnerarius in VOB was col-
lected in Cuba, Mesico, and Brazil. In Cuba, 8. fhsilin-
catis wis captured al Pinares de Mavari, Holgain,
while those of vuluerarius at Vinales, Pinar del Rio.
The frst locality is dinvosimilar to the conditions in St
Thomas and Guana, while the second is humid, similar

referred to by Kimball

to those areas on the American continent from where

the sertes of 8. culuerarivs cane.

Macaria paleolata (Guende, [1835])
(i, 132)

D Sinadl, slightly
crossed by two il defined. nearly stuaight bands: area
distad to postmedial band darker than vest of the wing,
Distinguished by head and anterior margin of thorax
ochreons.
DIST: Antilles,
GUANA: 24 specimoens, 1959, 19940
BIC: Unknown, however, other species ol this large
aenus feed on leguminons species

variable, pale species. Wings

L abaceae).

COM: This species was translereed from Semiothisa 1o
Macaria by Scoble (19991 It is very likely that other,
similar species of the large genns Macaria ocenr on the
island.

Patalene ephyrata (Gnendce, [1938]
iy, 133)

1D Senadl variable. pale vellow to pade browin species.

Forewing  with antemedial - band nearly evendy

JOURNAL OF T1TE LIPIBOPTERISTST SOCIETY

rounded, postmedial bimd straight to near apex then
strongly angled hasad Lo costa. Hindwing with a single.,
stri ntrht band near middle. l)l\hnmm]u(l by pmntul
apey and the sinuate external inargin of forewing,
DIST Antilles ¢Herbulot 1954),

GUANA AT specimens, THSB6, 1987, TUSS, 1958, 1490,
BIO: Tarvae on Fiens (Moraceae) and Ricines (-
phorbiaceac) (Bramner etal. 1973).

Cipctonde mopsaria Guendée, [1538]
(Fias, 18201873

1D: Smaall, estremely variable species, Gronnd color of-
ten pale tinged reddish brown, to dark reddish brown.,
Forewing varving from nnnarked to marked with
transverse, il defined. irre wnlar lines. Hindwiug pale to
orange, clten bordered with reddish Drown, ‘\mnl i to
sl noctuids such s Fydblenna spp.. but distingmished
1)\ the ha])( ctinate untenz i males. DI\UI]“'[H\}H d from
other sl veametrids v shaply pointed, porrect
labial palpi, nmmm”_\ lomy fora geometril.

DIST: Antilles. sonth to Brazil.
GUANA T speciniens, 1857,
BIO: Unknown, |

1959, 1990,
wwever, Evythroaylune havanense

Jacq. Enthroxvluceae) has been fisted as food plant of

“Crllomia sp. [presumably a misspelling] Un qusano
medidor” in Coba d Bronner et al. 19750

COM: Tts extrame variation led to its deseription sev-
eral thmes, Itas likely that after revision more nnnes
will be added to the six junior ssnonsvms carrently
listed (Becker in prep..

Goeometrinae

Evcane sitniparia Herbulot, 1956
(Fi}_{‘\, 12-14. 141, [42)

1D Swall to medinm sized, bluish green species.
Lines on wings almost indistinet. Yertex of head white:
abdomen wath traces of a whitish lne dorsally. Geni-
talia (Figs, 12-14) verv similar to those of £
liaria \Hcmdl Seluiiftor).
{19585: ﬁ}_{. RERSO)

DIST: Guadaloupe.
GUANA TT spechiens, 19S6, 1959,

BIO: Unknowar, bt Scoble (1999) records F.
farie from Rhannseeac.

COA: Ofall e

Hit'c'r:(‘i-

ilnstrated  in Feranson

niveocil-

ureens”

blnish species. and it is slightle larger than the other
species. The subfamilv was revised for North America by

Fersnson (19851 and for the neotropices by Pitkin (1996),
Phrudocentra contrifucarinm dernch Schidfer, 1870)
(Figs. 1E3-146)

10: Medinm sized, extremely variable, bright green

species. Some speciimnens., n\u(tll “males,
1

from the island this is the onlv

'hl\( onlv
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sonall, dark hrown dots on wings, one on cell and the
others along what would he the antemedial and post-
medial Tmes: others have larger marks, of various sizes
and shapes, whitish or rownish, above tornus, Ab-
domen has a seriex of minate, white dots dovsallv, one
on cach segiment.

DIST: Floridi, throughout Greater Antilles to Poerto
Rico (Ferouson 18533

GUANA dspecimens, 1990

BIO: Lanvac on Myrica cerifera
LScoble TOO9).

(Myricaceae)

Chioropteryy pardavia (Maschler, 1556)
(Fig, 156)

1D: Small, olivaceous species. Wings with antenedial
and postmedial rows of winute whitish dots forming
irregnlar lines. This is the only species of the green
Geometrinae with this colar.,
DIST: Flovida, throughont the Antilles.
GUANA T specimoens, 1957, 1959, 1990,
BIO: Lanvac on Myrica cevifera 1. (Myricaceae) in
Florida {(Ferguson 1993),

Syrichlora frondaria (Guenée, [18358])
(Fig. 187)

[1D: Small, bright grecn species. Distinguished from S.
cupedinaria by the concolorous fringes.
DIST: United States, thronghout the Antilles, south to
Argentini,
GUANA: 29 specimens, 1956, 1959, 1959, 1990,
BIO: Larvae on Stilingia (Fuphorbiaceac), Pluchea,
Bidens, Claysanthemunm, Helianthus (Asteraceae),
Rubus 1Rosaccea. Glyeine max (L) Merr, and
Prosopis | Fabaceae) (Ferguson 19831

.S'y:r('h."m'u cupcdinaria (Grote, 1880}

(INig, 158)
1D: Siall, bright green species. Wings thickly hor-
dered with brown Tharay and abdomen brown dor-
sullv ubdomen usually with white dots dorsally Fasily
(h\tmmush(  from the other areen Geometrinae E)\f
the brown thoras and abdomen.
DIST: Florida, throughont Greater Antilles to Virgin
Islanls, to Nesis Herbulot 1984).
GUANA A speciiiens, 1955, 1986, 1985, 14989, 1590,
BIO: Lavace on Lantena camare 1. {(Yerbenaceae)
{Scoble T998.

Sterrhimae
OFall the moths treated in this paper, the Sterchinae
hive proven to be maost difficult to identifi: We have

tried to reflect the species concepts as represented in the
BAINTT and USNM collections, and have followed the
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generic plicements in Scoble (1999, Our dissections of
ppes. as well as Guana specimens, indicate that many
problems esistin the eaisting classitication, and full reso-
Iution of the mames s bevond the scope of this paper.

Semacopus malcftdaring (Maschler, 1580)
(Fig, 133)

ID: Medinm sized, vale moth densely ivronided with
reddish hrown scales, Wings evossed with il defined,
hardhy contrasting, irvegular bands, slightlv darker than
wronundd color
DIST: Puerto Rico, Viegn Ishands.,
GUANA: M spechmens, 1959, 19490,
BIO: Unknown.
CONM: Closely related to 8. casfarinon iGuende) from
the Greater Antilles.

Leptostales nochuata (Guende, [1838])
Figs. 136, 137

1D: Small to medinm sized. pale species, denselv jro-
rated with olive scales, Forewing with antemedial and
postmiedial bauds darkeyr than glouud color, teren
sinuate, apes pointed. Males show a dark mark on cell:
in females this wark is reduced wnd faint.
DIST: Antilles.
GUANA LD specimens, 1956, 1957, 1955, 1988, 1980,
BIO: Unknown.

Acratodes suavata (TTulst, 1900)
(I'ig. 153)

1D Small, white species: wings crossed with three il
defined, little contrasting, gravish binds: medial and
postmedial closer together. The only white acometrid
on the ishund with no contrasting marks on winas.
DIST: Senthern United States, Antilles.
GUANA 3L specimens, 19S5, T956. 1957, 1958, 1954,
1490,
BIO: Lavae on Ranedia acvideate L {Rubiaceae) (Kim-
ball 1963).
COM: It is vere Bhely that A cirgofes (Schans), de-
scribed  fron ]un dea, 15 @ synomn, Onr series
matches the tvpe of AL cirgoties in USNML

Lobocleta wypmpliidiata (Guende, [1835])
1D: Small, white species with wings crossed with 4-3
marrow, irregulac dark brown lines. consisting of rows
of dark dots.
DIST: Antilles,
GUANAD L specimen, 1953
BIO: Unknown,
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Scopula laresiria Schans, 1940
(Fia. 178)

[D: Siadl, pale whitish, irvorated sith seattered gray
scates: forewing evossed with poorly defined, iree Uu](u
narrow pale vellowish lines. Siune size and color as L.
nipplidiata, hut readily distinguishod by the blackish
vertes of head, white in 1., mpnplun’m!r:
DIST: Puerto lican hank,
GUANA 9 specimens, 1955, 1955, 1980,
BIO: Unknown,

Idaca ~p. probably L fernaria (Schans, 190"
new combination
VFigs, 1790 150)
100 Sraall. Tight aravs densely rrovated witly dark wray
scales: wings crossed with three, i1 defined. irregular,
narew, dark arav lines more or lessintermpted. giving
e npression that they are denselv dotted: Dotl
wings with Black dot on cell. Fenmles slightly lighter
than males.
DIST: Antilles.
GUANA: 2T specimens, TYS3, 1956, 1955, 1987, 14059,
BIO: Unknown.
COM:
cigth sternite of wnale paratyvpe, this species does not

Based on the structure of male senitalis and

belong in Scopula, so we are provisionally transferring
i to fdaca fornaria, new combination, {ollowing the
generic concept of Hollowa (1997). The ¢
imens are vory similar to the tpe series off fdaca
fernaria, hut diffor in the size of the long expansion on
the justa. In Guana specimens it is mach longer than
in a paratvpe of 1. /uuru.a nearly the size of the val-
vae, eapanding bevond the uneus. Ideea fernarvia is ox-
tmn(zﬂ_\ similar to L amnesta (Proat. 1922}, [rom Ja-
maica. but the wale genitaia are verv ditferent.

Guana spec-

“ldacad monata  Forhes in Ramos, {19475
(Tgs. 172, 173)

ID: Verv simalll gray species: antemedial and post-
medial lines dark arav, strongly contrasting, especiadly
in the maless in some males e arca between the teo
lines are dusted dark grav. forming a wide band across
the winas,

DIST: Antilles.

GUANA 2ZY specimens, 1955, TUSH, TS, THSS, 15U0.
BLO: Unknown.

CON: This species i very similav to Tlaee insudeonsis
(Rindae,
the vilvae heing more espanded i 1 insadensis than i
Lomenata, although study of extensive series conld
show this to he interspecific variation. Based on the

19390, from Florida, but differs in the Dase of
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structure of the male genitalia (Rindee 1938:0ig. 9).
neither Lowianata or Lojnsidensis ave properly placed
in fdaca (of. Holloway 1997),
proper generie placenent is bevond the stcope of this
paper. Weakly p,ntttrn(d individuals of 1. monate are
simnilar (\tnmdll} tos Lobocleata natarie (\Walker, 1S66),
It the male genitalia do not mateh the tpe of L
natyria in BMXNTL

). but recognition of the

Teleea iminuta (Schans, 1901)
{Tigs. 176.177)

1D: Very smalll S=10 mm wing spans, pale species.
Winigs crossed with several. narow, il defined. irregn-
lar, licht brown Tines. One of the smallest geometrid
specics on the islad.
DIST: Antilles. USA.
GUANA 19 specitens, 1985, 1957, 1985, 1959,
BIO: Unknowrs.
CONL Spechnens belonging to this series were identi-
Covell, and also matehed the
e of Ptychepoda curtaria Warren 1904, new syn-
onym, fronn Jammaica, in BMNIL

ficd as I.ondnuta by C.

Idaca cupithicciata iGuende, [1938))
(Figs. 174, 173)
ID: Verv simall, sexvally dimorplhie, p]la species, with

wings erossed with nun‘ui.n reddishy broswn bands,

Males paler than females: forewing with siall tuft of

dark scales near dorsun; lnnd\\lntf with w sl tadl
near tarnus. Females darker than males and without
the tufts and tails.

DIST: Antilles.

GUANAL LG specimens, 1953, 1958, 19589, 1900

B1O: Unknown,

Leptastales phovearia (Guende, [1838])
(Mg, 1S1)

11: Small, reddish brown: wings crossed with narrow,

i defined, irreanlar, _\l_“()\\]hll lines: thorw dorsally

and forewing costa vellow. Cannot be confused with
anv other spﬁc-ics on the island,

DIST: Antillex.

GUANA: 2specimens, 1954,

BIO: Unknown,

Leptostales oblivatirio Mischler, 18490
i, 154)
12: Sisall. oliviiceous species, with a broud reddish
Drawn band across the forewing, delimited by wedial
and postinedial bands. Seime specimens with this hind
faded. Cammot be confused with any other species on
the ishand.

g1



Vorrse 360, NUveER |

DIST: Southern United States,
Anmerica {Covell 1969),
GLUANA TS specimens, THSS. 1959, TO9(.
BIO: Unknown.

Antilles, into South

[arentiinae

Obilu praccirravia (Maschler, 1590)
(Fig, 135)

[LY: Laree species with velvet moss green forewing and
orwnge ochreous hindwing. Forewing crossed witl nu-
meronus altermating pale and dark sray wining hands.
Hindwing with a wide aray lumnd (\tcmlm" imwards,
alony internal imargin. to the base. Female with middle
ol forewing crossed with awide, irreonlar whitish hand.
DLIST: Antilles.

GUANA: T specimen, 1959,

BIO: Unknewn,

CON: Our specimien miatches the tepe of Presoeypli
ventholive Warren,
Sclis { 1940-326G1,

1593, svionanized with this Ty

Prevocypha defeaseta Walker, 1562, revised status
(Figs. 139, 140}

[12: Medimn sized. variable. moss grav, Siwilar to O
pracewrraria. hut slightly smailer and lacking the or-
atise ochreons h]nd\\m(f color.
DIST: Southern United States. Antilles.
GUANA 20 specimens, 1956, 1957 19549, 14990,
BI1O: Unknow.
CONE Commonly referced to in the literature. includ-
ing Scoble (19897 by its ssnonvin P_floridata (Walker),
bt Bodefensata was deseribed in 1562 and P Heridata
in 1863, «o defensata has priority.

LIy BIAEIDAE

Hybleon puera (Cramer, 1777)

(Fig. 150°
1D Medinn sized, fuscons species with hindwing
beantifully decorated with vellow to arange 1).m||¢ s
Abdomen dorsally crossed with nurrow lines behind
cach seament,
DIST: l’;lntmpic;ll.
GUANN: 2 specimens, 1959, 1‘)9()
BLO: Lurvae on Crescentia ciijote
patadata P Beaus,

Spatodea cam-
Talehia /u!uu;)hﬂfﬂ (DCL) Brit-
tone (Bignoniaceae), and Petitia domingensis Jacq.
Aartorell 1976 Considered as a mi-
nor pest ol forest trees in Puerto Bico (Torres 19943
Linmature stages deseribed by Singh (1993).

LVerbenaceae)

COM: Taxononmy of the re Lated spedies discussed by
Beria (1967, but [f PrHES appare nl]_\ represents
spocies (‘()]I][)Il'\ {Shadfer & Niclsen 1996).

CLOSSIDAL

Psychonoctuwa personalis Grote, 15635
(Fies. 147-1149)

[D: Medinn to Jarge, 2—83 e wing span, narrow
\\'hlLt‘(] gray species. The short, <1m1|<rl\' pectinate an-
tennae, and abdamen thickh clothed with lony scales
makes it casily recognized from av other an~ muths
on the island.
DIST: Antitles and Mexico.
GUANA: 3 spechimens, 1990,
BIO: The Jarvie are waood borers inmany trees, some-
times causing severe damage to orange, coffee, white
nangle, sei grpe. ete, (Wolcott 19510,
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APFENDIN
Catabenoides Poole. new genus

(The following new venerice deseription was in-

tcndn d to appear in a fascicle of the series Moths of

Aweriea North of Mexieo, Becanse this faseicle will not
be published in the foresecable future, the author has
permitted ns include the new generic nne Liere, in
order to allow us to deseribe Catabenoides Tazetli in
the proper place.

Tape-speeies:
1553

Catabenoides contains the majority of the species

Adipsophanes terminefls Grote.

previously placed in Catabena. The genns appeirs to
be an ontlier of a Lage gronp in southern South
America, lmm ml\ Paraguin and Argenting.. The
genus s pustilate W ta be closest )h\lmrmmml}\ to
Catabena and Ne ovrdea. but it hus a nu wber of curious
svirapomaorphies miaking its atfinities somewhat prob-
lenatical. The ¥ |||u_||ﬂn- identitving characters are in
the mde and Feuadie cenitaline In the male valve the
bottom murgin of the sacculus in both the right and
Jefl valves is produced into o Jenig process separate
from the clasper The ventral nurgins of the valvac
have strong elongule setae. The sacenlus is lightlv chi-
tinized prosimal to the clusper separating oft a imuach
more heavily selerotized plate.

Inaddition to the three species known from North
America ithe ope specics, Co citring O(Walker)l new
combination, and C. divise ({errich-Scliiffer), new
combination’. there is one previowshy deseribed
specics: Catabenoides seorsa (Todd) {Catabena seorsa
Todd), new combination, trom the Galapagos Is-
lands. There are two undeseribed species in the West
Indies fone of these is deseribed herein us €. lozelli],
one undescribed species from central Mexico. and at
least two unmsuned species from Paragiay., The exact
alfinitios of Catabonoides, Catabena, and Neogalea
with the Argenting and Chilean fannas remain to be
determined. The single remaining desenbed species in

Catabena™ of Poole (1950, Lapfipemea terens Walker,
wits deseribed from “Venezuel” The tpe is mablbed
and its abdomen is missing. I line not heen able to
mateh it with any specimens from the extensive
Veneneln material i the USNAL Tt appears superli-
ciadlvto hea Catabencides. Therelore for hook-keeping
purposes, [ place it as Catalenaoides terens (Walkers,
new combination,

?

JOURNAL OF 1ne L pioort EINS s SO ETY

Description, Head: Lashes absents cves large
naked, frons slightly swollen, very closely scaled; an-
teuna simple, faintly ciliate; palpi unremarkable for the
tribe: proboscis novmal; two thin ndges of flattened
sciles hetween the bases of the antennae, Thorax:
Patagia capable of being vaised in a hoods vestiture of
dorsim of (horay ol [lattened seales withont hairs;
slight mietathoracic tuft: vestiture of wings of flattenced
seales: 1o sien of sexually modified scales in male. Pro-
thoracic leg: Tibia with later ridge of hair giving it a
ffattened Took; no thial claw: 11!)1.1 \ll)l)]()‘\llll‘lt('l'\-‘ s
long as first three tarsal scaments: fivst four tavsal seg-
ments with three vows of spines: tarsal claw without a
taotli. Mesothoracie and metathoracic legs: Prosi-
mial third of thiawith toft of Tong hairs and scales; tibia
approsimately as long s first three tarsal scaments.
External tympanic region: -\m)m\irr'r11(-1\‘ asin Supra-
lathosea Barmes & Benjamin, Lowever, first tecaran much
shorter than in Catabena and Supralathosea (m([ with u
strong definite proxinmal lip wsin Apharetra Grote: hood
strong. Internal Lympanic region: Not exsmined,
Abdomen: Verv weak tuft on {irst tergite: male with
Dasal hadr penedls and accessory Tair pencils in known
species. Fighth sternum with strong row of hairs in
nmldl(i of U- shaped pleurite, Male ¢ L,cmlalm ([Figs. 2.
3 NValhae ch\u.ut(,n/.cd w production of ventral mar-
uin of sacenlus into a process of various shapes: ventral
margin of valvaie with strong snodified setae; a weak in-
sclerotized aren before arizin of clasper; uncus swoellen
with an apical tooth; juxta a single pointed plate; vesica
in type species elongatesovate. connected by a short
neck to l)od\ of .wdmﬂm bpe \peuex with a aronp of
clongate, f fused spines at apex of vesica and with
aroups of short. stubby spines near the middle and
ventral margin of the vesica: vegica variable in other
species. Female genitalia: Ovipositor lobes square,
anmedificd; ductus bursa well sclerotized, elongate.
mushroon shaped in tpe species, separated by a dis-
tinct junction fram the heavily sclerotized upper part of
Bursa; barsa bilobed. but lobes not distinetly separate:
corpus hursae with stellate rdees. but no signum. Larva
and foodplants: Unkoown tor North Amertcan specics
but recorded as Lantang pedunendaris Andersson (Ver-
Lenacene) in Catalienoides seorsa from the Galapagos,

Bobert W Poole
Nogretice

Rockville, Marygland



Family reassignments and synonymy of some
taxa of Neotropical Microlepidoptera

Vitor O. Becker '

ABSTRACT. Fourteen generaand 23 species were misplaced and are assigned (o their
proper families, 11 generaand 10 species are synonymized, one genus and one specics
are ressurected from synonymy, and 18 species are new combinations.

KEY WORDS, Gelechioidea, Sesiidae, Yponomeuloidea, Neatropical, taxeromy

HEPPNER (1984: 57), listed 11 genera and 38 specices of Heliodinidae for the
Neotropical Region, leaving out 9 genera and 12 specics formerly included in this
family. As no references to the transfer of these taxa to other families were found,
a list of the missing taxa was senl to him (BECKER 1984a). In a newsletler sent to
the members of the project of the Atlas of Neotropical Lepidoptera (HEPPRNER 1987
3-7) all thesc taxa were transferred to the Stathmopodini [=Stathmopodinac] (Oe-
cophoridae),

During a visit to the Natural History Museum, London, in 1988, where most
of the type material belonging 1o these taxa is deposited, it was found that none of
themn belongs to the Occophoridae. The only exception is Machaerccrates funicata
Meyrick, whose type-specimen is deposited in the Naturhistorisches Museumn,
Vicnna, that belongs to the Ococophoridae. Being the author of all the gelechioid
parts in the checklist (BECKER 1984a; 27-53) and having been acknowledged by
HEPFNER (1987: 3) as one of the contributors who supplied the information he used
in the newsletter, it is obvious that subsequent authors would wrongly credit these
changes to BECKER. In order to rectify this, a discussion on the correct placement
of the taxa involved is presented here.

In the process of studying lype-specimens, and visiting various muscums in
order to identify material in VOB, several other misplaced taxa have also been
found. Their placement is also discussed here.

The taxa are arranged in alphabetical order by genus and by species under
cach genus. The information about the original placement and the new assignments
is given in the discussion under each laxon, For the taxa previously illustrated
references are given here, the others are illustrated whenever possible.

Abbreviations used in the text: (BMNH) The Natural History Museum,
London, England; (CU)Y Corneli University, Tttaca, New York, USA; (FOC) Fun-
daglo Oswaldo Cruz, Rio de Janeiro, Brazil; (MNHN) Muséum National d'Histoire
Naturelle, Paris, France; (IML) Instituto Miguel Lille, Tucumdan, Argentina; (NM)
Naturhistorisches Muscumn, Vienha, Austria; (UMO) University Museum, Oxford,

England; (UNLP) Universidade Nacional de LaPlata, Argentina; { VOB) Colleetion
Becker, Brasilia, Brazil,

1) Research Associale, Departamento de Zodlogia, Universldade de Brasllia, Caixa Postal
04525, 70919-970 Brasilia, Dislrito Federal, Brasil.

Revta bras. Zool. 16 (Supl. 2): 141 - 170, 1999

g6



Family reassignments and synonymy of soma taxa... 167

restricted to India and Indonesia. There is a scries of specimens from BraziL: DT,
GO, MT (19372, 19678, 22227, 59276, 89275) which were compared, and matched
the type of T. albicellata.

[Triclonella citrocarpa (Meyrick, 1931 ), comb.n.
Figs 21, 61-63

Scaeosopha cilrocarps Meyrick, 1931: 118, Holotype male, BRAZIL: [ES], {Baixe] Guandu, 1920
{{faffmann) (NM) [examined].

Thisand T albicellata are very closely related and could be only geographic
forms of the same species. They show slight differences in the male genitalia (Figs
61-63)and in T citrocarpa (Fig. 21) the fore wings have an orange mark at the end
of cell. The type specimen is in a very poor condition, with the head and left fore
wing missing. There is aserics of specimens from BraziL: MS, SCin VOB (1 1496,
11557, 13002, 13176, 17258, 52003) which were compared, and matched, the type.

With the transfer of these two species to Triclonella, the genus Scaeosopha
has no representative in the New World fauna.

Triclonella mediocris (Walsingham, 1897), comb.n.
Fig. 4
Pigritia mediocris Walsingham, 1897: 94, Syniypes: VIRGIN IDS: St. Thomas, 12.11i {(Gudmann)
{BMNH) [examined).

Triclonella rhabdophora Forbes, 1930: Holotype, VIRGIN 1DS: St. Thomas, Coaling Dock, 24.111,1927
(CU) [not examincd). syn.n.

Pharmacoptis breviranis Meyrick, 1932: 277, Syntypes, VIRGIN 1DS: St. Thomas, LIV, (Gudurant)
(NNM) [nal examined). syn.n.

There is a series of 14 specimens in VOB from the BVI: Guana Id. (66819,
70567) (Fig. 4) and onc from PUERTO Rico; Guanica (67852). The Puerto Rican
specimen was compared with, and matches, the paratypes of T. rkabdophora in
USNM, and the syntypes of T. mediocris in BMNH. P. breviramis bad been
synonymized with T, rhabdophora (HODGES 1978: 52). Tt Is very likely that the
type-serics of T. breviramis originally belonged to part of the type-series of T.
mediocris as both were collected in St. Thomas by the samne collector. The genitalia
of both sexes of these Antillean specimens show no difference to those of T.

bicoloripennis Hodges, from southern USA, as illustrated in HoDGES (1978: 80,
fig, 11b, 93, fig. 24g).

ACKNOWLEDGEMENTS. The author is most graleful), to the fellowing coleagues for
permission 1o study malerial under their care: Don R. Davis and Ron W, Hodges (USKNM), O.
V. Ferreira (FOC), Frilz Kasy (NM), James Licbherr (CU), Gérard Luguet (MNHN), Christo-
pher O'Toole {UMO), Klaus Sattler (BMNH); 10 Kevin Tuck (BMNH) for providing colour
slides of some type-specimens, to Frederick W. Stehe {Michigan State University) for reading
Iie manuseript, to Jean-Frangois Landry (Agriculture Canada, Otlawa) for providing some
bibliography, te Anténie L. L. Gemes and Carlos A. Braga (EMBRAPA-CPAC, Planaltina,
DF, Brazil) for collecting and spreading part of the material, and, especially, lo Wellington
Cavalcanti (EMBRAPA-CPAC), for producing part of the line drawings.

Revta bras. Zcol, 18 (Supl. 2): 141 - 170, 1999
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The Genus Podocerus

(Crustacea: Amphipoda: Podoceridae)
from Guana Island, British Virgin Islands

Adam J. Baldinger

Museurn of Comparative Zoology, Harvard University

Michael E Gable
Eastern Connecticut State University

{Recefved 5 Qctober 2001; revised and accepted 26 April 2002)

Abstract

A new species of Podocerus is described

from Guana Island, British Virgin Islands.

Podocerus jareckii n. sp. has dorsal carina-
tions and an interramal spine on

uropod 1. A second species of Podoceris
collected from similar habitats lacks dor-
sal carinations and uropodal interramal
spines; it is indistinguishable from Podo-
cerus fissipes described from the coast of
Brazil. The relationships of the species
reported here to Podocerus found in
Bermuda, and in the Caribbean and
Mediterranean Seas, arc discussed.

Keywords

Caribbean Sea, new species, Podocerus
fissipes, new record, zoogeography,

Introduction

In general, the amphipod species of the
Caribbean region are known from spo-
radic records and from descriptions of
single species associated with specific areas
or islands (Baldinger 2000). Other than an
identification manual for the commeon
marine amphipods of southern Florida
(Thomas 1993}, and a pictorial key to the
families and genera of the tropical western
Atlantic Ocean (Ortiz 1994), no mono-
graphs on the amphipods from the
Caribbean have been published. Thomas
(1993) recognized three podocerid amphi-
pods from southern Florida: Podocerus
kleidus Thomas and Barnard 1992, Podo-
cerus brasiliensis (Dana 1853), and Podo-
cerus chelonophilus (Chevreux and de
Guerne 1888). In contrast, the amphipad
fauna of the mid-Atlantic island of
Bermuda has been relatively well studied
(Kunkel 1910; Lazo-Wasem and Gable
1987, 1989; Gable and others 1988; Lazo-
Wasem and others 1989; Gable and Lazo-
Wasem 1990; Baldinger and Gable 1994,
1995; Ruffo and others 20003, Podocerus
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The Genus Podoecerus
from Guana Island, B.V.1,

Figure 1

Podocerus jareckii. YPM 24061, female, 2.8 mm.

tachyrheo Baldinger and Gable 1994 and
Podocerus lazowasemi Baldinger and Gable
1994 are considered endemic to Bermuda.
Examination of specimens found
living in sponges or in association with
coral rubble from Guana Island, British
Virgin Islands, has added one new species,
Podocerus jareckii, to the Caribbean am-
phipod fauna, A second species was found
in habitats similar to those of P. jareckir,
This second species is indistinguishable
from Podocerus fissipes Serejo 1995, origi-
nally described from the coast of Brazil,
Its occurrence in Guara represents a new

distributional record for the Caribbean,
Reanalysis of type material has revealed
that some of Serejo's (1995) characters
were inaccurately or incompletely de-
scribed, and we discuss these discrepan-
cies below.

Materials and Methods

Guana Island (lat 18°28'24"N, long
64°34730"W) lies just north of Tertola in
the British Virgin Islands, and is a small
island of approximately 3 km?, with a
maximum clevation of 246 m. Amphi-
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pods from Guana Island were collected by
E. A, Lazo-Wasem and A. J. Baldinger over
a six-year period (1995 to 2001) from as
many different microhabitats as possible.
Specimens were either hand-picked from
algal scrapings or screened from formalin
washes of specific substrates in the field,
and preserved in 70% EtOH., Samples
were then sorted to the lowest taxonomic
rank possible, and detailed investigations
of selected specimens were made under a
dissecting microscope. Mouthparts and
appendages were dissected and mounted
in glycerin on microscope slides. Morpho-
logical characters were described and
illustrations were made with the aid of a
camera lucida.

Type and voucher specimens are de-
posited at the Peabody Museum of Nat-
ural History, Yale University (YPM), and
at the Museum of Comparative Zoology,
Harvard University (MCZ}. We also ex-
amined the types of P. fissipes deposited in
the Museu Nacional UF Rio de Janeiro
(MNR]).

In the figures, body parts are marked
by the following abbreviations:

A antenna
Gn gnathopod
UL upper lip
1L tower lip
Md mandible

Mx maxilla
Mxpd maxilliped
I3 pereopod
Pl pleopod

T telson

U uropod

R right

L left

Gnathopods are numbered Gn! and Gn2;
pereopods are numbered P3 through P7,

Systematic Descriptions

PODOCERUS JARECKII, NEW SPECIES
Figures 1 through 5.

Material examined. YPM 24069, male
holotype, 2.1 mm, British Virgin Islands,
Guana Island, Monkey Point, west side;
formalin wash of purple-brown sponge;
depth 2 m; collector E. A, Lazo-Wasem
and A. J. Baldinger, 14 October 1999
[GUA 99-08). YPM 24061, female
paratype, 2.8 mm, same data as holotype.
YPM 24062, male paratype, 2.2 mm, same
data as holotype. YPM 24063, male
paratype, 2.7 mm, same data as holotype.
YPM 24064, 3 paratypes, same data as
holotype. YPM 24066, male? paratype,

1.7 mm, same data as holotype. YPM
24067, male? paratype, 2.1 mm, same data
as holotype. YPM 24068, female paratype,
1.9 mm, same data as helotype. YPM
24065, male paratype, 2.4 min, British
Virgin Islands, Guana Island, Crab Cove;
formalin wash of large pieces of coral rub-
ble; depth 3 m; collector E. A. Lazo-
Wasemn and A. J. Baldinger, 13 October
1999 [GUA 99-01]. MCZ 37444, 5
paratypes, British Virgin Islands, Guana
Island, Monkey Point, west side; formalin
wash of purple-brown sponge; depth 2 m;
collector E. A. Lazo-Wasem and A. J.
Baldinger, 14 Octaber 1999 [GUA 99-08].
YPM 24251, 2 males, I female (oviger-
ous), 1 juvenile, British Virgin Islands,
Guana Island, Bigelow Beach; on green
algac attached to Diploria sp.; depth 1 m;
collector A. J. Baldinger, 23 October 2000
{GUA 00-06]. YPM 24252, 2 males, 3 fe-
males (2 ovigerous), British Virgin Is-
lands, Guana Island, Bigelow Beach; on
flattened, light green sea rod; depth 1 m;
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Figure 2 ‘
Podocerus jareckii, YPM 24062, male, 2.2 mm. Scale: a (A1, A2), 0.1 mm; b (UR), 0.1 mm.
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Figure 3
Podoccrus jarcckii. YPM 24062, male, 2.2 mm. Scale 0.05 mm.
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from Guana Island, B.V.1.

Figure 4
Podocerus jareckii, YPM 24062, male, 2.2 mm, Pl 1-3, YPM 24061, female, 2.8 mm, Scale 0.1 mm,
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Figure 5
Podocerus jarcckil, YPM 24062, male, 2.2 mm, P4-P7. YPM 24069, male, 2.1 mm, P3. Scale 0.1 mm,
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Figure 6
Podocerus fissipes, from Guana Island, YPM 24074, male, 3.0 mm.

collector A. ]. Baldinger, 23 Qctober 2000 articulate, each article with distinct
[GUA 00-07]. YPM 24253, 1 male, British  spines. Uropod I, peduncle with distal

Virgin Islands, Guana Island, Bigelow interramal spine. Dorsal lobe of telson

Beach; on yellow-orange sponge; depth with 5 long spines.

I m; collector A, . Baldinger, 23 October

2000 [{GUA 00-08). Dlescription. Male: 2,2 mm in length,
Body with dorsal carinations (Figure 1.

Diagnosis. Body with dorsal carinations. Pereonites 2 through 7 and pleonite 1

Perconites 2 through 7 and pleonite 1 with dorsal spine groups. Head cuboidal,

with dorsal spines. Antenna 2 flagellum 3-  slightly longer than pereonites 1 and 2.
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Figure 7

Podocerus fissipes, from Guana Island. YPM 24075, male, 3.0 mm. Scale: a (UR), 0.1 mm; b {Al,
A2),0.25 mm.

Eves pigmented. Coxae reduced, with aesthetascs; accessory flagellum 1-articu-

serial discontiguity. late. Antenna 2 (Figure 2) greater than
Antenna 1 {Figure 2), 60% of total antenna 1 in length, article 4 of peduncle

body length, peduncular ratio 1:2:1.7; 66% the length of article 5; flagellum

peduncle article 3 with plumose setae equal  3-articulate, each article with distinct

to or longer than article length; flagellum spines.

3-articulate, cach article bearing setae and Upper lip (Figure 3) rounded, anterior
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The Genus Pedacerus
from Guana Island, B. V.1

Table 1

Morphological variation in males of four specics of Podocerus.

P. jareckii P Kleidus B lazowaseni P schieckei

2.2 mm 4.5 mm 33 mm 2.5 mm
Type locality Guanu, BVI Florida Keys, USA  Bermuda  Mediterranean Sea
Interramal spines Present Present Present Absent
on uropod I
Interramal spines Absent Present Present Absent
on uropod 2
Number of spines 5 g 4 2
on telson
Number of flagellar 3 G 5 ¢
articles on antenna 1
Spines on flagellum Present Absent Present ?
of antenna 2
Morphology-of Rectangular Cleft Rhomboidal Rectangular
coxal plate of
gnathopod 1
Number of spines _ i 3 0 1
on article 4
of gnathopod 2
Number of spines 2 I 4 1-2

between palm and
posterior margin
of gnathopod 2

margin slightly concave with fine setae,
Left mandible (Figure 3), molar tritura-
tive, with an accessory plumose seta, inner
margin with 3 plumose setae, incisor with
5 teeth, lacinia mobilis with 4 teeth; palp
3-articufate, terminal article clavate, with
facial and apical plumose setae, Right
mandible similar to left, but incisor and
lacinia moblilis both with 4 teeth. Lower
lip (Figure 3) normal, anterior margins
with fine setae. Maxilla | (Figure 3), inner

plate absent; outer plate with 5 apical
spines; palp 2-articulate, terminal article
with 4 apical spines and submarginal
setae, Maxilla 2 (Figure 3), plates subequal
in width, both with apical sctae, Maxil-
liped (Figure 3), inner plate with marginal
and submarginal setae and a single inner
marginal spine; outer plate with inner
marginal spine row and submarginal
setae; palp 4-articulate, articles 2 and 3
with marginal plumose setae, terminal
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article shorter than article 3, with apical
plumose setae.

Gnathopod 1 (Figure 4), coxal plate
rectangular, with a distoanterior seta; basis
clongated; articles 5 and 6 subequal in
length, posterior margin of article 5 ex-
panded, with marginai and submarginal
setae, some plumaose; palm of article 6
with marginal setae, some plumose; dactyl
extending to middle of article 5, bifurcate,
with one subterminal marginal spine,
Gnathopod 2 (Figure 4), robust and much
larger than gnathopod 1; article 4, disto-
posterior margin with plumose setae and a
single spine; articles 5 and 6 densely cov-
ered with plumaose setae, palm of article 6
with irregular margin bearing a conical
tooth, hind margin demarcated distally by
two bifurcate spines, Pereopod 5 (Figure
5), basis forming distal posterior lobe with
2 marginal setae, and a proximal posterior
plate-like extension; pereopods 6 and 7
(Figure 3}, bases each with a proximal
posterior plate-like extension; pereopods 3
and 4 (Figure 5) anterior margins of arti-
cle 6, and pereopods 5 through 7 posterior
margins of article 6 with stout setae,

Pleopods 1 through 3 (Figure 4) long
and slender, peduncles with 3 coupling
hooks; rami with plumose setac. Uropod 1
(Figure 2), peduncle with short interramal
spine; peduncle and rami with marginal
and apical spines; inner margin of inner
ramus minutely serrate, Uropod 2 (Figure
2), peduncle lacking interramal spine;
peduncle and rami with marginal spines,
rami with distinct apical spines; inner
margin of inner ramus minutely serrate,
Uropod 3 (Figure 2) vestigial, with single
marginal sctule. Telson (Figure 2) dorsally
produced and armed with 5 long setae
arranged in a circular pattern,

Female: 2.8 mm in length. All features
same as male except as follows: gnathopod
1 (Figure 4), dactyl inner margin serrate,
medially and subterminally bifurcate and
not reaching middle of article 5; gnatho-
pod 2 (Figure 4), article 4 lacking spine on
distal margin; articles 5 and 6 not densely
covered with plumose sctae; palm
straight.

Ftvmology. This species is named in
henor of Henry Jarecki, owner and pro-
prictor of Guana Island.

Remarks. Podocerus jareckii is similar to

P kleidus from the Florida Keys, the
Bermuda endemic P. lazowaseri and the
Mediterranean Sea endemic Podeocerus
schieckei Ruffo 1987 (see Table 1). Both

P kleidus and P, lazowasemi have an inter-
ramal spine on the peduncle of uropods 1
and 2. Podocerus jareckii has an interramal
spine only on the peduncle of uropod 1,
and P. schieckei lacks uropodal peduncular
interramal spines. Podocerus jareckii can
also be distinguished from P. schieckei by
the spination of the urosome: P. schieckei
has longer apical spines on the rami of
uropods 1 and 2, and has 2 spines instead
of 5 on the telson. Other differences are
listed in Table 1.

PODOCERUS FISSIPES SEREJO 1595
Figures 6 to 12.

Serejo 1995: 49--57, figs. 1-3.

Material examined. YPM 24074, male,
3.0 mm, British Virgin Islands, Guana
Island, probably Monkey Point; depth
0.1 m; collector E. A. Lazo-Wasem and
A.J. Baldinger, 14-15 October 1999 {GUA
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Figure 8
Podocerus fissipes, from Guana Island. YPM 24075, male, 3.0 mm, Scale: a (Pl 1-3), 0.25 mm;
b (mouthparts), 0.1 mm.
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Figure 9

Podocerus fissipes, from Guana Island. YPM 24075, male, 3.0 mm. Scale 0.1 mm.

99-32). All remaining specimens exam-
ined have the same collection data as YPM
24074, except as noted: YPM 24073, male,
3.0 mm; YPM 24073, female, 3.2 mm;
YPM 24070, 60 specimens; YPM 24071,
ovigerous female, 3.2 mm; YPM 24076,

3 males, 2.4 to 3.4 mm; YPM 24254, male,
2.8 mm; YPM 24235, male, 3.0 mm. MCZ
37445, 10 specimens, British Virgin Is-
lands, Guana Island, probably Monkey
Point; depth 0.1 m; collector E. A. Lazo-
Wasemn and A. ]. Baldinger, 14-15 October
1999 [GUA 99-32], MNR]J 6423, male
holotype, 2.3 mm, Brazil, Rio de Janeiro,
at Prainha in Arraial do Cabo; collector
C. 5. Serejo and L. Santi, 24 March 1994,

MNR]J 6431, male paratype, 2.8 mm, same
data as MNRJ 6423,

Diagnosis. Body smoath, without dorsal
carinations. Pereonites 5 through 7 and
pleonite 1 with dorsal spire groups. An-
tenna 2, flagellum 3-articulate, each article
with distinct spines. Uropods 1 through 3
lacking interramal spines. Dorsal lobe of
telson with 2 long spines.

Description. Male: 3.0 mm in length,
Body smooth, without dorsal carinations
(Figure 6), Perconites 5 through 7 and
pleonite 1 with dorsal spine groups. Head
cuboidal, slightly shorter than length of
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Figure 10

Podocerus fissipes, from Guana Island. YPM 24254, male, 2.8 mm, P3-P5, P7. YPM 24255, male,
3.0 mm, P'6, Scale 0.1 mm.
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pereonites I and 2 combined. Eyes pig-
mented, Coxae reduced with serial dis-
contiguity.

Antenna | (Figure 7}, 70% of total
body length, peduncular ratio 1:2:1.7,
peduncular articles 2 and 3 with plumase
setae equal to or longer than length of
cach article, respectively; flagellum
4-articulate, with marginal plumose setae;
accessory flagellum 1-articulate. Antenna
2 {Figure 7) longer than antenna 1,
article 4 of peduncle 75% the length of
article 5; flagellum 3-articulate, each arti-
cle with distinct spincs.

Upper lip (Figure 8) rounded, anterior
margin slightly concave, with fine sctae.
Right mandible (Figure 8), molar tritura-
tive, inner margin with 3 stout spines;
incisor with 5 teeth, lacinia mobilis with
3 teeth; palp 3-articulate, terminal article
clavate, with facial and apical plumose
setae. Left mandible similar to right, but
incisor with 4 teeth and molar with an
accessory plumose seta. Lower lip (Figure
8) normal, anterior and inner margins
with fine setae. Maxilla 1 (Figure 8), inner
plate absent; outer plate with 6 apical
spines, center two spines bifurcate; palp
2-articulate, terminal article with 4 spines
and a submarginal plumose seta. Maxilla
2 (Figure 8), plates subequal in width,
both with apical setae; inner margin of
inner plate with 4 small spines and fine
setae, Maxilliped (Figure 8), inner plate
with submarginal setae; outer plate with
inner marginal spine row and submar-
ginal setac; palp 4-articulate, articles 2
and 3 with marginal and submarginal
setae, terminal article one-third the length
of article 3, with apical sctae.

Gnathopod 1 (Figure 9), coxal plate
rhomboidal with distoanterior seta; basis

elongated; article 5 subequal in length to
article 6, posterior margin of article 5
expanded, with marginal and submarginal
setae, some plumose; article 6, anterior
margin setose, palm serrate with marginal
setae, some plumose; dactyl bifurcate
medially and terminally and not reaching
hind margin of article 6, Gnathopod 2
(Figure 9), robust and larger than gnatho-
pad 1; coxa rectangular, distoanterior
corner with single scta; basis with distal
anterior lobe; palm of article 6 with irreg-
ular margin bearing two medial conical
teeth, hind margin demarcated by a tooth
and one bifurcate spine. Percopods 5
through 7 (Figure 10}, bases with poste-
rior, plate-like extensions; percopods 3
and 4 (Figure 10), anterior margins of
article 6, and percopods 5 through 7 pos-
terior margins of article 6 with stout setac,
Pleopods 1 through 3 (Figure 8}, long
and slender, peduncles with 2 harpoon-
like coupling hooks, rami with plumose
setae, Peduncles of uropods 1 and 2 (Fig-
ure 7) lacking interramal spines. Uropod 1
(Figure 7), outer margin of peduncle with
3 spines; outer margin of outer ramus
with [ medial spine, outer margin of inner
ramus with 1 medial spine, inner margin
of inner ramus with 4 spines. Uropod 2
(Figure 7), outer margin of outer ramus
with 1 medial spine, outer margin of inner
ramus with 1 medial spine. Uropod 3
(Figure 7) vestigial, with two marginal
setules, Telson {Figure 7) dorsally pro-
duced and armed with 2 long setae.
Female: 3.2 mm in length, All features
same as male except as follows: gnathopod
1 (Figure 11), article 6, anterior margin
with plumose setae, hind margin and
palm demarcated by a single bifurcate
spine, dactyl terminally bifurcate; gnatho-
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Figure 11

Podocerus fissipes, from Guana Island. YPM 24073, female, 3.2 mm. Scale 0.1 mm.

pod 2 (Figure 11), with large oostegite,
article 4 forming a large posterior lobe
with long setae, hind margin of article 6_'
demarcated by two bifurcate spines, palm
straight.

Remarks. Serejo (1995) provided a list of
the 39 described species in the genus
Podocerus, and mentioned three species
fram the coast of Brazil. These are P, fis-
sipes and P. brasiliensis collected in associ-
alion with sponges, and Podocerus fulanus
Barnard 1962 taken from the surface of

intertidal animal colenies, Other than
minute differences in the number of mar-
ginal setae on antenna 2 and the number
of spines on the rami of uropods 1 and 2,
the specimens of P. fissipes from Guana
Island are indistinguishahle from P, fis-
sipes in Brazil,

Reanalysis of type material of . fis-
sipes has revealed discrepancies in the
characters used and illustrated by Serejo
(1995), The flagellum of antenna 2 is 3-
articulate rather than 4-articulate, and
each article of the flagellum has distinct
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Figure 12

Podoccrus fissipes, from Brazil. MNRJ 6431, male, 2.8 mm, Scale: a (A2), 0.1 mm; b (UR, P7),
0.05 mm.
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Table 2

Morphological variation between Podocerwes tachyrhico and P fissipes.

Type locality

Numbur of flageliar
articles on antenna 1

Number of spines
demarcating hind margin
of article 6 of the
male gnathopod 2

Number of marginal spincs
on peduncle of uropod 1

Number of spines
on outer margin of
outer ramus of uropod 1

Nutnber of spines
on outer margin of
inner ramus of urepod 1

Number of spines
on inner margin of
inner ramus of uropod 1

Number of spines
on outer margin of
outer ramus of uropod 2

Number of spines
on outer margin of
inner ramus of uropod 2

Nunber of spines
on inner margin of
inner ramus of uropod 2

Number of apical spines on telson

B rachyrheo P fissipes
Bermuda Brazil
5 4
2 !
4 3
2 1-2
3 1
@ 4
2 1-2
3 2-3
& 36
4 2

spines (Figure 12). Unfortunately, only
one specimen with antenna 2 from Brazil

is available for study. Article 5 of male

gnathopod 2 is missing from the illustra-

tions {Serejo 1995: figs. 1b, 2g, 3a) and

male gnathopod 1 and 2 are more setose,
Serejo (1995) mentioned that P, fis-

sipes is similar to P. tachyrheo, a species
endemic to Bermuda. Reanalysis of type
material of both species has revealed fur-
ther discrepancies in many of the charac-
ters Serejo (1995) used to differentiate
these species. The primary differentiating
character is “a notch on article 6 of pere-

-
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opods 3-7" that is present in P. fissipes and
not in P. tachyrheo. Superficially this char-
acter appears to be a notch {Figure 12),
but closer examination reveals that the
“notch” is likely a muscle attachment
point for the dactyl within article 6. Fur-
thermore, the bifurcate spines on the
uropods (Figure 12), described as absent
in P. fissipes, are actually present in both
species, However, there are other features
that serve to separate the two species; the
most significant differences are shown in
Table 2,

Summary

Baldinger and Gable (2000) first reported
the presence of Podocerus from Guana
Island, and in the Caribbean P, jareckis
and P, fissipes are currently known from
only Guana Istand. The biogeographic
distribution of Podecerus from islands
surrounding Guana and throughout the
Caribbean will not be known until further
studies are completed. The occurrence of
a species from Guana (P, fissipes) that
exists outside the Caribbean suggests that
the amphipod fauna of the Caribbean
may be related to adjacent faunas, such as
those of Bermuda, the Gulf of Mexico,
and the Atlantic coast of South America,
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Fungi
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The true fungi belong to a separate kingdom from plants and appear to share a common
ancestor with animals, though their relationship is now very distant. Like animals, all fungt are
heterotrophic, deriving their energy from other organisms, living or dead. Around 100,000 species
have been named to date, but it is thought this figure may only represent a small minority of the true
total,

Three fungal phyla have been recorded so far on Guana Island. The most ancient of these in
evolutionary terms (Triassic, over 200 million years ago, MY A) are the Glomales (phylum
Zygomycota), which form symbiotic relationships with living plant roots called ‘arbuscular
endomycorrhizae’. The term ‘endo-‘ in endomycorrhiza means ‘inside’, and refers to the fungal
penetration of the host plant’s root cells, while ‘arbuscular’ means ‘tree-like’ or ‘arborescent’, and
refers to the highly branched organ formed by the fungus inside the root cells. The arbuscles are
structures formed for nutrient exchange between the partners. A mycorrhiza is the product of a
mutually beneficial partnership between a fungus and a plant, analogous to that found in lichens.
Endomycorrhizal symbionts are ubiquitous, and about 95% of higher plant species are dependant to
some degree on species in the Zygomycota for the uptake of mineral nutrients and water from soil.

The oldest fossils of these fungi that have been dated are more than 200 million years old. The
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earliest land plants other than algae were mosses, ferns and their allies, and the earliest fossils of these
plants contain fungi of the Zygomycota. While mosses and fems have root-like structures called
rhizoids, rather than true roots, they also form symbioti.c relationships with fungi in the Zygomycota.
It has b;een hypcthesized that symbiotic relationships with fungi enabled plants to colonize land. The
spores 6f endomj;corrhizal fungi are too large to be dispersed by wind, but are ubiquitous in all types
of soil and can be transpoﬁed to ‘new’ islands in (for example) the mud on the feet of birds.

The next most ancient phylum, making up the majorit); of fungal species worldwide, is the
Ascomycota. These typically have both sexual and asexual stages, the latter including common molds
(such as Penicillium, one of the common bread molds and a source of antibiotics) and many of the
yeasts. The sexual stages include cup fungi, dead man’s fingers (Xyviariaceae), many leaf-spotting
plant parasites, and some hyperparasites on other fungi. Molds, yeasts, and leaf spots certainly exist
on Guana Island, but the ascomycetes have not yet been systematically surveyed.

The third, and mostl conspicuous phylum is the Basidiomycota, This group includes the
mushrooms, shelf fungi, jelly fung, coral fungi, earthstars, earth fans, puffballs, and stinkhoms. The
majority of species decompose wood, leaf litter, and organic matter in the soil, playing a critical role
in releasing and recycling nutrients. This is important for animals as well as plants. For example,
most termites, including Nasutitermes on Guana Island (see Termites below), and many other
invertebrates need basidiomycetes to precondition the wood by softening and enriching it in order for
it to be palatable. The remaining basidiomycetes on Guana are mostly cctomycorrhizal symbionts
forming a mutually beneficial relationship with the roots of certain trees and shrubs (seagrape,
Coceoloba, and blolly, Pisoria on Guana). The term ‘ecto-‘in ectomycorrhizal means ‘outside’, and

refers to the fungi remaining outside of the host root’s cells. Hyphae of ectomycorrhizal fungi form a
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sheath on the surface of the host’s fine roots and also surround (but do not invade) the root’s
outermost cells,

Though fungal mycelium (in soil and rotten wood) is always present on the island, the fungal
fruitbodies only ~ppear afier heavy rain and may not come up at all in some years, making systematic
surveys challenging. Nonetheless, around 120 species have been recorded from Guana to date and (if

it were possible to make complete inventory) it is likely that the total actually present on the island
would be well in excess of 2,000 species. The majority of these would be widespread, having a
cosmopolitan, pantrépical, or neotropical distribution. However, some of the basidiomycetes,
especially those forming ectomycorrhizal symbidses with woody plants, would be more restricted.

Two ectomycorrhizal mushrooms associated with Coccoloba, Amanita arenicola and
Lactarius coccolobae, have recently been described from Guana Island as species new 1o science
(Miller et al., 2000) though both are known to occur on other nearby islands (including Puerto Rico).
Other ectomycorrhizal fungi that have been found fruiting under Coccoloba and Pisonia include
various mushrooms (/nocybe, Lactariu_s! and Russula species), boletes (Xerocomus), earth fans
(ﬂieleéhora), and earthballs (Scleroderma). Conspicuous wood-rotting fungi oﬁ logs and dead
standing trees include a number ot; shelf fungi (notably the pantropical, orange to scarlet P;icnoporus

_sanguineus), some jelly fungi (including the edible Auricularia cornea), and several mushroom-like
species. One of the large shelf-fungus species, Ganoderma nitidum, was reported for the first time
for the Caribbean region {from Guana Island (Ryvairden 2000). Conspicuous wood-rotting fungi on
Guana Island include stinkhorn relatives (Clathrus crispus and Lysurus cf. gardneri, cf. L. cruciatus)

whose foul-smelling fruitbodies attract flies that disperse the spores.
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Wenhua Lu

From: "Rachel Finley” <goby@un.edu>
To: <wenhua@etal.ur.edu>

Sent: Friday, April 18, 2003 6:39 PM

Attach: figures for Guana.ppt; Guana_text.doc
Subject: email for Skip

Hi Wenhua

I was hoping you could pass along this message to Skip as [ do not have his
email address.

Thanks, Rachel

Hi Skip

I'm writing to find out if [ can come crash your science month again. It
was great to be down at Guana for two months last year, since I am trying
to finish up the bulk of my field research for my dissertation this summer

[ would greatly benefit from being on Guana again in October this year. I
plan on being on Guana from mid/late July until the end of August, then am
trying to work something out with Clive to work and stay on Tortola during
September.

Attached is a copy of a proposal I have put together that summarizes my
results from past work, and the work I plan on doing this year. I will be
looking at the spatial patterning of the parasitic copepods in the fish
population as it relates to fish density. I am trying to determine how
clusters of high parasite prevalence form in the population - parasites may
be transmitted most efficiently at high densities (as the epidemiology
models predict) and they may be maintained in the fish population because
of continued settlement of juvenile fish or dissipate because high

mortality is associated with the infection. I really need to be down for a
good chunk of time to get a the observations; we will be surveying and
mapping populations weekly in order to apply the epidemiology models to the
data.

[ have attached the proposal as a Word document and the figuresin a
Powerpoint document. Lianna had trouble opening the PDF file, and these
formats seemed to work better for her. Let me know if you have trouble
with the documents and I will try another format (I can always resort to
parcel postt).

I will probably only have one assistant with me again this year - either my
husband or another graduate student of Graham's. Let me know what you
think about me being on the island again this year.

Hope all 15 well!

Rachel

P.S. T hear from Jen periodically - she seems to be enjoying working on St.
Thomas with Sibilla doing the ecotourism job!

e b s o ot et e P ey e e i s

Rachel Finley
Ph.D. Candidate

4/18/2003
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The role of ectoparasites in a benthic reef fish population

In marine benthic systems, explanations for population dynamics and communily organization have
focused on the effects of variable influx of pelagic larvae coupled with predator-prey and competitive
interactions among adults in the benthic habitat (Roughgarden ef al. 1988; Sale 1991, Hixon & Beets
1993; Caley et al. 19986, Bertness et al. 2001). The ability of macroparasites to regulate host population
dynamics was first demonstrated mathematically by Andersen and May in the late 1970's (May &
Anderson 1979; Anderson & May 1979} and examples confirming these models, for vertebrate hosts,
have been demonstraled experimentally in some avian and mammalian systems (Gulland ef al. 1993;
Hudson et al. 1998). Yet only a handful of researchers have addressed the role parasiles play in marine
populations despite recent outbreaks of virulent pathogens {Lessios ef al. 1984; Lavigne & Schmilz 1990;
Harwood & Grenfell 1990; Goreau et al. 2000: Harvell ef al. 1999; Joiles ef al. 2002).

Work on reef fishes reflects the general lack of attention to potential impacts of parasitism on host
population dynamics in marine systems (Sale 1991; Caley ef al. 1996;Sale 2002). Despite lack of study,
there is clear potential for parasites to affect fish populations because fish suppon diverse parasite
communities (Poulin 1995; Raibaut ef al. 1998), many of which have pathogenic effects (Sindermann
1987; Adlard & Lester 1994). Theoretical studies (Dobson & May 1987}, as well as lab experiments
{Sindermann 1987) and post-moriem examinaticns (Rousset & Raibaut 1984, Sasal ef al. 2001) attest to
potential impact of parasites to the individual fish hosts, though the applicability of these results to wild
fishes and populations as a whole is uncertain. Reef fish may provide an ideal system to experimentally
test the ability of macroparasites to requlale a vertebrate host population.

In 2001 we sel out to investigale a marnine host-parasite relationship to determine the potential for a gill
copepod to impact a benthic reef fish, the bridled goby (Fig 1). We had 425 individually tagged fish in an
area of conlinuous reef from which we determined growth and mortality rates. The average daily growth
rate was 63% lower in fish that were parasitized, and mortality increased by a factor of 1.8 in fish that
were parasitized during some or all of the study (Finley & Forrester 2003). Cbviously the parasites exert
a strong impact on the host but could they exert a regulatory force on the goby population? We may
expect that the prevalence of infection (i.e. the percent of the population infected) would increase as
density increased because the parasite may be transmitted more efficiently at high densities (May &
Anderson 1979; May 1983). Central to the importance of the parasite 1o regulate a host population is for
the impact of the parasite to be more severe with increasing host density. In addition to the observational
tagging study we also censused the enlire population on three occasions, and can use spatial analysis 1o
look at proecesses creating density and disease pattems in the population at scales relevant to the
individual,

Methods

We staked out a 600 square meter area of continuous reef in a 2 m x 2 m lallice (hereafter referred to as
the grid) and censued the grid on three occasions obtaining an (x,y) coordinate, estimation of size, and
infection status for each fish visible (Fig. 2a). Fish were assigned one of two infection statuses: heaithy or
parasitized. Parasitized fish showed obvious visual signs of infection while healthy fish did not show
these signs (Fig. 1). The term healthy does not imply that the fish was not suffering from any other
ailments or parasiles, only that the fish did not have this gill copepod. Only fish larger than 15 mm
standard length (SL) were used in the spatial analysis. Fish smaller than 15 mm SL are difficult to detect
visually and could not be reliably censuses. Furthermore, fish that are most commonly infected with the
gill copepod were 16 — 30 mm SL (Finley & Formrester 2003). The population size and prevalence
changed dramatically over the course of the study. The population size was lowest at census 1, and
highest at census 2, while prevalence remained fairly constant between the first two censuses and
increased considerably at the third census (Fig. 2). To give a visual impression of the population
distribution over the site, we carved up the area into 1m x 1m blocks and calculated the density m™* (Fig.
2b). There are patches of high and low density in the population, but is the disease more commeon in
areas where there is a high population density?

The spatial pattermning of parasitized fish was looked at both on a focal scaie and global scale. Spatial
analysis for local clustering identifies specific areas (location and size) where the ptacement of parasitized
fish deviates from a random distribution, Global patterns will give a general idea of what each fish in the



population is experiencing (i.e. crowding or prevalence experienced) but does not identify the specific
location(s) in the population where abnormal conditions occur, We used Kuldorff's Spatial Scan Stalistic
(Kulldorff 2002) to identify loca! clusters of high and low parasite prevalence in the goby population, This
analysis identifies areas that have a higher, or lower, number of parasitized individuals than would be
expected if infected fish were randomly distributed throughout the population. A circuiar window is placed
over each fish in the census, and the radius of the window varies in size from zero to some set upper
{imit. For this analysis we set the upper limit to encompass no more than 20% of the population. The
most likely clusters are determined by comparing clusters in real populations to those generated in
hypothetical populations with the same distribution but different placement of parasitized fish (Kulldorff &
Nagarwalta 1995;Hjalmars et al. 1996). For a more quantitative assessment of crowding we used the
(x,y) coordinales locations for each fish in a census to calcuiate the nearest neighbor distances and the
infection status of those neighbors. Nearest neighbor analysis identifies globat patterns in the population

and may help distinguish whether conditions experienced by parasitized and healthy fish were similar or
different.

Results and Discussion

Both high and low prevalence clusters were found in the goby population (Fig. 3a). High prevalence
clusters, where a greater number of parasitized fish were found than would be expected under a random
distribution, were localed in all three censuses. Low prevalence clusters, where fewer than expected
parasitized fish were found, were found only in the second and third censuses. Although there are
identifiable areas of high prevalence in the population, parasitized fish were not confined to these
clusters. Infected fish were found throughout the site. There is a consistency in the location of the
clusters, especially between the second and third censuses (Fig. 3). Parasites may be directly
transmitted between fish and not disperse over long distances. Within a site there may be habitat
features that facilitate the formation of disease clusters such that; high prevalence clusters form in areas
that have high density, and density may be dictated by the availability of suitable habitat. However, when
we overlay the cluster locations on the density map we find no striking pattern of prevalence and density
(Fig. 3b). High prevalence cluslers do not necessarily occur in high-density areas; nor do low prevalence
clusters oceur in low-densily areas,

A moere quantitative assessment of crowding for parasitized and healthy fish was addressed by looking at
the nearest neighbor relationships. The fish were the least crowded in census 1 and the most crossed in
census 2 and 3. This makes sense because the population size was smallest in the first census and
crowding will depend on the populaticn size. More interestingly, in all three censuses parasitized fish
were nearly twice as likely to have parasitized neighbors (Fig. 4). This is in agreement with our finding of
high and low prevalence clusters. parasitized fish are found in high and low abundance throughout the
population so they would naturally have more parasitized neighbors than healthy fish.

Finally, we looked for differences in the crowding experienced by healthy and parasitized fish. Since
there are high and low prevalence disease clusters and the clusters do not seem to be associated with
high or low-density areas, there may be no difference in the crowding conditions experienced by the
healthy and parasitized fish. For the first and second census there was no difference in crowding
experienced by healthy and parasitized fish, but when the disease was most prevalent in the third census
parasitized fish were more crowded (Fig. 5). When the parasile is most common in the population, the
parasitized fish are experiencing the most crowded conditions, When we lock again at the prevalence
clusters overlaid on the density distribution, we see at least one high prevalence cluster in an area of very
high density (Fig. 6). If the disease is transmitted most efficiently in high-density areas, there may
be potential for parasites to exert a regulatory force on the goby population.

Future Directions - Disease Cluster Formation

Clusters of high and low prevalence do occur in the population. Some clusters are consistent
over time but the mechanisms creating and maintaining the pattemns are currently unknown.

To identify the mechanisms creating and maintaining density aggregations and disease clusters we will
manipulate prevalence in a goby population that varies naturally in density. The question this experiment
will address is whether high prevalence clusters form only in high-density areas and not in low-density
areas.
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In an area of continuous reef, the goby population will be censused and mapped to identify high and low
density aggregations. Areas of naturally high and low density will have parasitized gobies added or taken
away to create artificial levels of prevalence. The population will be censused and mapped and spatial
analysis will be used to identify the emergence of high and low prevalence disease clusters, The
expectation is that high prevalence clusters wilt only form in areas of high density. We will further be able
to identify whether high prevalence clusters are maintained in the population via the natural settlement of

larval fish to high-density areas; or if they dissipate because of high morlality at high density and
prevalence,

In addition to the manipufated population, we will continue to census and map an unmanipulated
population. The natural emergence and dissipation of disease clusters is still not well understood.
Observing them in an unmanipulated population may elucidate the correlation of clusters with other
features of the population or habitat.

No direct connection between density and cluster formation is evident right now, but we may need
to look at the establishment and behavior of spatial patterns In a natural and in a manipulated
population on a much finer time scale.

In the 2001 experiment we mapped out the population on three occasions over a three-month period.
This time frame was clearly not frequent enough to capture the dynamic changes in the population; rather
it only gave snap-shols at three different times. Mapping out the natural and manipulated populations on
a much finer time scale, i.e. weekly or bi-weekly, will allow us to better capture the formation of population
aggregations (via settlement or migration) and disease clusters,

Furthermore, we excluded two components in our 2001 study that are likely critical 10 the complete
understanding of the parasite's epidemiology: fish smaller than 15 mm in standard length, and an
alternative goby hosl. Although the fish observed to be the most commonly infected by gill copepods are
15 - 30 mm SL, gobies are likely becoming infected shorily after settlement (at 6 — 8 mm SL) and may
nol show visible signs until they are slightly larger. Newly settled fish also may be the most susceplible 1o
infection. In our previous study we were unable to detect whether the high prevalence clusters were
maintained spatially because of direct transmission of the parasites to adult or juvenile neighbors.

A congener, the colon goby Coryphopterus dicrus, is also known to harbor the gill copepod. If the
parasite is transmitted most efficiently above a threshold density, the presence of altemate hosts will
lower the threshold density of the bridled goby because both gobies will constitute the population size
susceptible to infection. Additional hosts need to be identified and all susceptible fish censused to
understand the dynamics of parasite transmission.

We know that mortality is higher in parasitized gobies, but does mortality also correspond fo
density? And are fish more likely to become infected in areas of high and low prevalence?

The high prevalence clusters seem o correspond to fish density when the disease is most common.
Parasitized fish have more parasitized neighbors and at high disease prevatence they are more crowded
than healthy fish. A tag and resighting and recapture study wilt be done in the areas of high and low
prevalence and density to determine if differences in growth, mortality, and incidence of infection
correspond to the spatial pattems of the parasite and population.

Additional Experiments for 2003

Experimental infection in the fab

In 2002 we allempted to experimentally infect healthy fish in the lab and field to determine the likelihood
of parasile transmission between a parasitized and healthy neighbors. Transmission of the parasile was
confirmed in only one treatment tank (n = 16) while none of the control tanks became infected. The three
fish that became infected in the treatment tank provided valuabie information about the infection
dynamics of Pharodes tortugensis. The adult slages of the copepod have been described, but no work
has been done on the hatching or infective stages. We found that the hatching nauglii are strong
swimmers and copepods do nol become infective until the copepodile stage is achieved. We would like
1o repeat the experimental infection experiment again in 2003 using a slighlly different protocol lo
increase the likelihood of infection in the hopes that more fish will become infected and we can discover
more on the infection dynamics of Pharodes fortugensis,



Parasitized and healthy fish 16-30 mm SL will be collected from reefs near Guana tsland using hand nets
and SCUBA, and housed in tanks on the island. We previously had seawater constantly running through
the tanks, this year we will eliminate water flow: water will be conlinuously aerated and changed
periodically as needed. While the fish are held in aquaria they will be fed ad fibum daily either a
commercial fish food or, when possible, microcrustaceans collected from the field. Two parasitized fish
carrying gravid female copepod will be kept in aquaria with two to four uninfected fish. Control tanks will
consist of four to six heaithy gobies held under the same conditions as the experimental infecticn fish.
Water samples will be taken bi-weekly to look for infeclive stages of the parasite and the fish will be
examined for developing infections.

Isclating the impact of parasites on growth and mortality

In 2001 we found growth rate were slower and the instantaneous rate of mortality higher in parasitized
fish (Finley & Forrester 2003); however, these resulls were correlative because naturally infected and
uninfected fish were compared. Faclors other than infection status could have contributed to differences
in growth and mortality. To isolate the impact of parasites on population dynamics, infection status must
be controlled either by disinfecling parasitized fish or infecting parasite-free fish. A disinfection
experiment cannot mimic natural shedding of parasites by hosts, but will provide a direct test for the
impact of parasites on host growth. In a disinfection experiment, the growth rate will be compared
between four groups of fish:

« Disinfected fish (parasites removed using aquarium disinfectant)

« Naturally parasitized fish

* Nalurally parasite-free fish

» Parasite free fish that have been treated with the disinfectant as a precedural control

Fish will be collected and individually tagged in the field. Half of the fish (parasitized and healthy) will be
treated with CopperSafe ® commercial aguarium treatment then returned to the site of capture. This
disinfectant was successful in removing all parasites in a pilol study. To reduce variation in differences in
growth because of differences in the size of fish, only C. glaucofraenum that are 15-25 mm SL will be
used in this experiment. This size range is commonly infected with P. tortugensis and is still rapidly
growing. Recapturing and measuring the fish several times in a 45-60 day period will assess growlth rate,
The null hypothesis of no difference in the average daily growth between the four groups will be
caompared.

Disinfect fish to determine if gill damage is reversed

Parasitized gobies suffer from extensive gill damage: the gill arches are distorted to accommodate the
large female parasite attached to the lower gill cavity wall, while juvenile and male copepods damage the
gitl filaments either indirectly by irritation or directly by feeding on them. It is unclear if the parasites are
naturally shed because there is no evidence of previous infection in any healthy fish | have examined,
Parasitized fish will be disinfected using CopperSafe ® cormmercial aquarum treatment and allowed to
recover for two Lo four weeks. The fish will then be examined for evidence of previous infecticn: scaring
on the gill cavity wall, distortion of gill arches, and damage to gill filaments,

Density-prevalence transects (monthly)

Surveys of goby density and prevalence have been performed annually at five sites around Guana island.
The same sites will be visited during the summer of 2003 as part of the ongoing survey. Additionally,
monthly surveys will be performed to determine smaller temporal changes in goby density and the
prevalence of Pharaodes tortugensis. Other sites in the BVI (e.g. bays on Tortola) will be surveyed if the
opportunity arises,
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Timeline for Summer 2003 Work
Week 1
s Mark oul area to monitor populaticn
s Check stake markers at 2001 study site — retag stakes as needed

« Map oul populations at both sites to determine density patierning and location of disease clusters
Week 2

e Tag 100's of fish in both manipulated population and natural population sites
At one site, adjust levels of prevalence in areas of different density

Map natural and manipulated goby populations to determine disease cluster formation
Set up tank experimental infection experiment

Set up tank disinfeclion experiments
Week 3
e Map naturat and manipulated goby populations to determine disease cluster formation
» Release disinfected fish in on Muskmelon Reef
Week 4 — 15 (end)
¢ Map natural and manipulated goby populations to determine disease cluster formation
s Check status of disinfected fish on reefs
+« Tag in high and low prevalence clusters as needed
s Density-prevaience transects at established sites around Guana
s Visit other sites in BV|
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Figure 1. An infected goby {left) showing the swolten gill cavity which allows diagnosis of infection. A healthy
goby is shown (right) for compansan (this fish is tagged XH4),




A. Distribution of Individuals
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Figure 2 The location of healthy and parasitized fish in each census. Census 1 was performed ¢n 4 -6 July
2001, Census 2 on the 20 — 22 July 2001, and Census 3 on the 17 — 19 August 2CC1. The scale bars on each
map are in centimeters, the distance between each mark is 10C2 cm or 10 m. A) Biack dots represent the

location of healthy fish, while red cdots are the location where parasitized fish were found. The censuses were
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performed along an area of continucus reef. The population is bounded on the left by a sand flat, and while we
did try t¢ include all goby habitat in the width of our site, fish can certainly be found to the right of the population
that was mapped. The demarcations at the top and bottomn of the maps are arditrary and the population
continues in both directions. B) The density m™ of bridled gobies in each census. The intensity of the shace of
blue increases with increasing density and a density of zerc is indicated ty areas cutiined in gray.
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A. Cluster Overlay on Individuals
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Figure 3. Location of high and low prevalence clusters in the population. High prevalence clusters (red shaded
areas) were found in all three censuses, while low prevalence clusters (gray shaded) were only found in the
second and third censuses. A) Cluster locations overaid on the distnbution of individual fish. Although there are
identifiable areas of high prevalence, parasitized fish are not confined to the clusters and are found throughout
the site, By Cluster locations overlaid on the density distribution of fish, Mo striking pattemn of prevalence and
density is found: high prevalence clusters are not necessarily found in areas of high density, and low prevalence
clusters are not necessarily found in areas of low density.
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Figure 4. Proportion of neighbors that were parasitized.
Parasitized fish were nearly twice as likely to have a 1

neighbor that was also parasitized. Resulls were similar
for the 2vd and 3' nearest neighbors.
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Figure 6. The density distribution and prevalence
clusters for fish in census 3. Census three had the
highest prevalence of parasitized fish, and the
upper high density cluster is located in an area of
very high density. J




ELAPHE GUTTATA GUTTATA (Corn Snake). USA: US VIRGIN ISLANDS: St.
Thomas: Crown Bay Cargo Port Area (18° 20.29° N, 64° 56.84" W). 3 October 1999 and
two undated specimens from the 1990s. Judy Pierce and Donna Griffin. Both specimens
verified by Jose Rosado. The dated specimen, an adult female, 66 cm SVL, 80 cm TL,
was found at-the industrial park near Victor’s Hideout restaurant, approximately 600 m
west of the Crown Bay cargo port area. It is preserved in the collection of the US Virgin
Istands Division of Fish and Wildlife (address below). The two undated specimens are at
the Museum of Comparative Zoology. MCZ 183544 is an adult male, SVL 83 cm, TL
103 cm; MCZ 183545 is a juvenile, SVL 31 ¢m, TL 37 cm.

Circumstantial evidence suggests these specimens may have arrived in cargo
containers originating in Florida, a pattern which is consistent with other reports of
introduced reptiles and amphibians in the Caribbean (e.g. Powell 2002, Herp. Rev.
33:321). Over the last few years, calls regarding corn snake sightings have been arriving
at the office of the Diyision of Fish and Wildlife approximately once a year. Repeated
sightings, as well as the capture of juveniles at the site, suggest a nascent population may
be in the process of emerging. This is a first documented record for the Caribbean.
However, although no specimens are available, corn spakes have also been reported from
Curagao and Bonaire, These too may have arrived from Florida, and juveniles have been
reported on Curagao as well (Gerard van Buurt, unpubl. observations). If the presence of
juveniles indicates local reproduction, this is a source of conservation concern because,
similar to the invasive brown treesnake (Boiga irregularis, Rodda et al.,, 1999. Problem
snake management: the habu and the brown treesnake. Cornell University Press, Ithaca,

534 pp.), E. g. guttata has a generalized vertebrate diet. What effect the presence of
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introduced Indian mongooses in St. Thomas (Horst et al. 2001. In Woods and Sergile
{eds.], Biogeography of the West Indies: patterns and perspectives, pp. 409-424. CRC
Press, Boca Raton, Florida) might have on the future and impact of the species remains to
be seen,
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Brown Tree Snake Project, Ohio State University, Dededo, GU 968912

Do Anolis ilzards change thelr foraging behavior as environmental conditions change? . _ _ _
Foraging theory includes the assumption that foraging behavior is highly labile. 1t thesefere predicts that animals will modity their
allocation of effort in accordance with conditions such as food availability and presence of predators, In contrast, some recent work
shows that foraging behaviars are conservative, and closely related species share similar time allocation patterns. | tested this by
comparing foraging behavior of congeners from highly ditferent environments. | studied Anolis carolinensis in Texas and two
introduced populations, Hawaii and the Commonsvealth of the Northern Mariana 'slands. Anolis cristafelius was studied in the
British Virgin Islands and in an introduced population in Costa Rica. In the British Virgin !slands | compared populations on vet and
dry islands and on the same island between years with greatly variable rainfall. All populations of both species showed the highty
sedentary foraging behaviors typical for the genus. Moreover, ditferences between popuiations and within populations between
years were very small. This supports a view of foraging behaviors that are phylogenetically conservative, rather than highly plastic,
(Session 20, Sunday, June 27, Penn Stater, Room E, 830}

*PERRY, GAD; DMI'EL, RAZI; LAZELL, JAMES .

(GP) University of Wisconsin, Madison, Department of Zoology, 430Lincoln Drive, Madison, W1, 53706, USA; (RD) Tel Avio

University, Department of Zoology, Tel Auviv, 69978, Israel; (JL) The Conservation Agency, The Conservation Agency, 6 Swinburne
St., Jamestown, RI, 2835, USA

Intra-island altitudinal difference in reptilian water loss rates on Guana Island, British Virgin Islands

Many locations in the British Virgin Islands are strikingly xeric. In such environments, conserving water can become an
important consideration, especially for small animals inhabiting exposed habitats. We have previously demonstrated the
existence of inter-island differences in evaporative water loss in Anolis cristatellus from the BV, and shown that skin resist-
ance to water loss is positively correlated with the aridity of their habitats. We report the findings of work comparing
water loss rates of altitudinal populations of three species (Alsophis portoricensis, Anclis cristatellus, and Sphaerodactylu:
macrolepis) on Guana Island (approximately 300 ha; maximum elevation: 250 m). We hypothesized that sea-level popu:
lations, being exposed to warmer and drier conditions, would show reduced water loss rates, However, we predictec
that Sphaerodactyius, which inhabits a relatively protected leaf litter habitat, would not show a difference on so small ar
island. Our findings partially supported our predictions. Water loss in Alsopfis was not correlated with altitude, perhaps
because Guana is too small for relatively large and active animals to show populational differences. In contrast, both Anolis
and Sphaerodactylus had significantly higher water loss rates at higher elevations. Whether genetic differences or phe-
notypicplasticity is responsible for these differences remains unknown. (59: 7July; Pershing S (AM); Amphibian &
Reptile Physiology)

*PERRY, GAD; LEVERING, KATE R.; GIRARD, ISABELLE
University of Wisconsin, Madison, Department of Zoology, 430Lincoln Drive, Madison, WI, 53706, USA

Locomotor performance and home range size in free-ranging male Anolis cristatellus

In the highly territorial lizard Anolis cristatellus, male locomotor performance is correlated with both social dominanc
in the laboratory and display frequency in nature. Here, we test the hypothesis that male locomotor performance in th:
laboratory is correlated with home range size under natural conditions. We collected 39 adult males and immediatel:
measured their endurance using a treadmill. Males were then individually marked and released at the site of capture
For the next three weeks, we attempted to re-sight each lizard at least once a day. For the 23 individuals sighted mult
ple times (mean = 21), we used the minimum convex polygon method to calculate home range size. Male endurance anc
home range size were positively and significantly correlated. Thus, high endurance in Anolis cristatellus is correlated nc

only with the ability to win fights under laboratory conditions, but also with obtaining and maintaining large home range
in nature, Our findings demonstrate the usefulness of laboratory measures of locomotion as indicators of realized per
formance in the field. Because larger home ranges allow access to more females, we speculate that males with high enduranc
also enjoy higher fitness. (58: 4 July; Pershing N (’M); Reptile Behavior)
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The Importance of Locomotor Physiology
for Crested Anole Social Status

Gad Perry and Kate LeVering

The crested anole is a common lizard found throughout
the Puerto Rico Bank. Both sexes, but especially the males,
are highly territorial. A male tvpically defends an area
encompassing several trees and the ground undemeath them.
Several females will use the same area for feeding,
Reproductive opportunities for the male are presumably
determined by the number of females it is associated with: the
larger the termitory, the more females are found in it. Yet
surprisingly little is known about the proximal mechanisms
that determine social dominance,

Together with a number of collaborators, we have been
irying to address this gap, working on Guana [sland, British
Virgin Islands. Most recently, we tested two hypotheses in this
system. Qur first hypothesis was that male social dominance
is determined, in part, by locomotor abilities. We found that
winners of staged fights had greater endurance than did losers,
but that sprint speed did not differ between the two groups.

. : Studies of locomotor performance are typically conducted
under Iaboratory conditions, and the results are assumed 0 be
relevant to behavior in nature. However, this crucial
assumption has rarely been tested. Our second hypothesis,
therefore, was that the locomotor abilities we measured in the
laboratory are correlated with behavior in the field. We found
that assertion displays in the field are related to both locomotor
performance and laboratory-assessed social dominance, Even
more telling, home range size in this species is significantly
correlated with endurance. Thus, laboratory tests of locomotor
performarnce and social dominance provide a reliable indicator
of field performance in this species.

Editors
Gene R. Wilde and Loren M. Smith

VOLUME 33

December 31, 2002
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AMPHISBAENA FENESTRATA (Virgin Islands Amphisbaena). PREDATION. Relatively litle is
known about the biology of many fossorial reptiles and amphibians. For example, almost nothing is known
about the predators of any species of Amphisbaena. Here we report, for the first time, two cases of predation
on A. fenestrara observed on Guana Island, British Virgin Islands. In both cases, predation was by the
locally abundant colubrid snake Alsophis portoricensis.

On October 7 2001 at 1000h (air temperature = 27.2 °C), we captured a male Alsophis portoricensis
(520 mm SVL, 285 mm TL, mass 52.3 g). It was cncountered at an elevation of 160 m, near a forest trait, on
a substrate of dry [caves and small pebbles. The snake was placed in a cloth bag and approximately 30 min
later regurgitated a freshly eaten adult A. fenestrata (210 mm SVL, 15 mm TL). The specimen was in very
good condition and was deposited at the Yale Peabody Museum (accession number YPM 12060).

A second predation event was recorded on videotape by Troy Peliwan on October 20 2001, Around
18:00h, he encountered an Alsophis portoricensis aempting to capture and subdue an adult Amphisbaena
fenestrara, The snake was first observed on a concrete floor, When disturbed, it moved into the nearby
bushes, dragging the Amphisbacna with it. Mastication continued until the snake disappeared, with the prey
still in tts mouth, approximately 10 min later. Both predator and prey were 1dentified from the videotape by
Gad Perry.

Alsophis portoricensis 1s known to primarily prey on lizards, though other small vertebrates are also
commonly taken (Schwartz and Henderson 1991. Amphibians and Reptiles of the West Indies: Descriptions,
Distributions, and Natural History. Univ. of Florida Press, Gainesville, Florida. 720 pp). However, this is the
first record of amphisbaenians in its diet,

We thank J. Lazell and R, chderso.n for discussions of these events and the staff of Guana I[sland

for technical assistance. Financial support was provided by The Conservation Agency through a grant from

the Falconwood Foundation.
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CYCLURA PINGUIS (Stout Iguana, Anegada Rock Iguana). JUVENILE PREDATION. The
Stout Iguana was restored to Guana Island, British Virgin Islands, in 1986. Its population has since
expanded considerably (Lazell 2002, Ecol. Restor. 20:179-185). Sightings have become more
common as the numbers of juvenile iguanas increased. Over the last few years, we have regularly
observed juvenile iguanas in early October. However, little is known about the ecology of this
critically endangered species under natural conditions, Here we describe three predation events on
juvenile C. pinguis which we observed on Guana Island. We believe these are the first recorded
cases of natural predation on this species, which also suffers from predation by cats (Mitchell 2000.
Pp. 22-27 In Reading and Miller [eds.], Endangered animals: a reference guide to contflicting
issues, Greenwood Press, Westport, Connecticut).

Two observations involved the locally abundant colubrid snake 4lsophis portoricensis. The
first occurred at about 15:30 hr on 12 October 2001. We were told an adult snake was seen
attempting to swallow a juvenile iguana and had the head of the lizard in its mouth. The snake was
gone when we arrived and the iguana was dead. It was preserved, tagged, and catalogued (JL F-
4890), but remains in the British Virgin Islands because of CITES regulations. We made the second
observation on 9 October 2002, At approximately 18:40 hr, the snake was seen wrapped around the
midsection of the lizard, which had already been envenomated but was stitl struggling. We took
both pictures and video footage of the ingestion process, which was completed at approximately
20:40. The snake was subsequently caught and measured. Snout-vent length was 68 cm and tail
length was 35 cm. Alsophis portoricensis primarily preys on lizards (Henderson and Sajdak 1996.
In: R. Powell and R. W. Henderson [eds.], Contributions to West Indian herpetology: a tribute to

Albert Schwartz, pp. 327-338, SSAR, Ithaca, 457 pp). However, these are the first records of

iguanas in its diet.
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A third predation event occurred around 15:30 hr on 8 October 2002. A female kestrel
(Falco sparverius), also locally abundant on Guana, was observed feeding on a freshly killed
juvenile iguana which it had carried up to a tree perch. We observed the process of feeding, which
began at the head of the lizard, for approximately 15 minutes, taking pictures and videotaping the
event. At the end of this period, the bird flew off with the partially consumed lizard in its talons.

We thank C. Matthias, S. Slater, and R. Snelling for helping us locate these events, the staff
of Guana Island for technical assistance, and H. and G. Jarecki for access to Guana Island.

Financial support was provided by The Conservation Agency through a grant from the Falconwood

Foundation,
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CYCLURA PINGUIS (Stout Iguana, Anegada Rock Iguana). JUVENILE AGONISTIC
BEHAVIORS. Following its restoration in 1986, the Stout Iguana is flourishing on Guana Island,
British Virgin Islands (Lazell 2002, Ecol. Restor. 20:179-185). Juvenile iguanas are now frequently
encountered in early October, but their behavior in nature remains unstudied. As part of a census
effort, the marking of iguanas has afforded us the opportunity to follow animals and individually
identify them. Here we provide preliminary observations on the agonistic behaviors of three
individuals, observed on multiple occasions during October 2002, in juvenile C. pinguis.

We used white water-based latex paint to individually mark all ignanas encountered. The
paint is squirted on the lizard from a distance, using a syringe. Lizards show no adverse effects
from the marking, and continue normal activities. Juveniles were repeatedly sighted in the same
localities. One of these individuals was seen displaying aggressive behaviors towards two other
juveniles who arrived in the same area during our study. Agonistic behaviors were varied. Head
bobs and push ups were the most common elements, typically followed by chasing and biting.
During one lengthier interaction, which lasted over 10 min, we also observed full apposition and
lateral compression. Although several interactions, over a period of three days, occurred in one
case, both opponents left the area soon after these interactions. C. pinguis adults are known to avoid
each others’ center of activity (Mitchell 1999. Pp. 45-70 In Alberts [ed.], West Indian Iguanas:
status survey and conservation action pla{l. TUCN/SSC West Indian Iguana Specialist Group.
IUCN, Gland, Switzerland and Cambridge, UK) and display aggression towards both adults and
~ juveniles that approach them (N. Mitchell, unpublished observations). Qur observations suggest
that juveniles of this species begin establishing territories early in life, and that aggressive
encounters are important in determining the boundaries of these early territories. We thank the staff

of Guana Island for technical assistance, and H. and G. Jarecki for access to Guana Island.
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Anegada iguana
programme mches on

* Several citizens protest slow progress’

BY PETE TATTERSALL
A National Parks Trust pro-

|

grarume designed to protect the '

indigenous Anegada Rock Iguana
is drawing small pockets of fire
from several local residents.
Apparently the iguanas were
having a difficult ime maturing to
full growth in the wild, due to
predators and a sometimes-insuf-
ficient food source,
“The project was devised to
provide a safe haven, a stop-gap
' measure, to ensure that they had a
fighting chance. Especially that
they could be in a protected eavi-
ronment, where you will lessen
the chances of predation, both nat-
ural and Than-made, for example
snakes “and” cats,” said Joseph
Abbott Smith, director of the BVI
. National Parks Trust.
' “Started In 97
The _“" Ancgada Iguana
Rehabilitation Programme was
haiched in 1997 and, according to

sOme  sources, was orlg\.;nally
" dusigned (g last three years

- “The programme wis u-uUatcd :

as a result of prcdauon of stray
¢als. The stray, wild cals were eat-
ing the juveniles...so therefare we
have an aging adult population
with little juvenile recrvitment in
to the older age classes,” the
director said.

However, three years have

come and gone, and no fully
matured iguanas have yet been
refeased back into the wild,

The concerned residents worty
that, by being confined to cages,
the iguznas are failing to reach
their full growth, and provide too
inviting a target for snakes.

Snake food?

“There will be a small portion

of those that will be lost to snakes,

naturally,” acknowledged Mr.
Smith,

“We don't deny

we've had to remove, So that has
taken place. We certainly attempt

to minimize the number of inci-

dents that do occur, but it's
inevitable,” said the parks director.

“But certainly we view the
overarching need for such a facili-
ty overrides these quirks, because
the altermative is to not have a pro-
tective measure,” he added.
Expert guldance

The facility was designed with
guidance and technical support

from the Iniernational Union for '
the Conservation of Nature, a.
commission, |

species survival
according to Mr. Smith,

“There is a standing iguana
specialist group, of which we are a
member. So the design of cages,
and especially the he mechaaisms by

which we track progress Progress, are fol-
lowing guidelines | dchlopad in

cooperation with the group. For .
example, the design of the facility, °

mesh sizes, and so forth,” he said,
Flooding?

A concera raised by Sue
Wheatley, an owner and manager
of the Ancgada Reef Hotel, was
that the cages were not being prop-
erly overseen after heavy rains.

“The people from the pro-
gramme should be here more fre-
quently to monitar the progress of
these iguanas, At times there's
been a lot of floodwater in the
cages, and a lot of the young igua-
nas were clinging to the sides of
the cages and had to go through
the water to get to the food sup-
ply...the cages should be made to
drain more ecasily,” said Ms.
Wheatley, who said she called the
park service aver the Christmas
holidays 1o report flooding in the
cages.

that there |
are instances where snakes have |
gotien into the cages, and which

Constant monltoring )

Two caretakers on Ancgada
regularly visit the nguana cage.s
according to Mr. Smith.

Much monitoring takes place
daily, he maintains, “so although a
visitor may go to the facility, and
in their eyes it may seem 25
though nothing is happening, like
[ said, there is quite a lot that is
taking place on site,” he said. -

“\We do strive (o ensure that, as
need arises, measures are
employed to isolate, perhaps
weaker animals, that may be fac-

o A i

13

ing fierce compelition for food.
within the cage,” added Mr

 Smith.

|
|

Roam free? |
Programme managers are sﬁll1

" trying to determine when 10

release the jguanas back into the i
wild, i
“One of the things that we've.
done over the years is 10 compa:c,
for instance, the wild populauon
of animals versus those that are in’
caplivity, in terms of their ates [of
growth] and so on.” Those rates of ;

growth are monitored monthly,
* and results reported to the group,

“and we do receive feedback,”
Mr. Smith said. .
After observing the pro-;
gramme for some time, Ms.,
Wheatley has a differeat position. |
“] believe they’re not growing |
at the rate they shauld be growing.
They apparently would have
grown more out of captivity than
in captivity,” she contends,
Barren ground .
Another concern is whethet |
there will be enough natural vege- |
tation to sustain the iguanas once
they are released. Between people
clearing Jand for development,
and goats and cattle grazing oa the
same food sources, Ms. Whealley
fears there will be oothing left to

, sustain the iguanas once they are

set free.
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“I really feel these iguanas
should probably be shipped to
Guana Istand,” she said.

PR,

“I would say a few have died
in captivity. And that's a situation
we do not like to see happen:
because they are indeed rare ani-;
mals. But certain]ly we ensure that
we employ whatever measures are
at our disposal to minimize that,”
besaid. : :

Once released, the Parks Trust
will track the iguana’s progress
using passive integrated transpon-
‘ders, which identify each animal
and sends out beacon locator sig-
nals, added Mr, Abbot,




Stout Iguanas: Historical Perspectives and Status Report

John Binns
International Reptile Conservation Foundation

Anegada

R.H. Schomburgk first noted the presence of the Cyelura pinguis (Stout or Ancgada Iguana) on
Anegada in 1832, but literature documenting the status of this species has been sparse. However,
each progressive publication has described or implied an ever-increasing concern for its survival.
Accounts from the 1940s and 1950s are essentially non-existent. By the early 1960s, larpe-scale
development was planned for Anepada. Although these plans were never fully realized, the
mitial proundwork destroyed the traditional stone paddocks used to corral livestock, unleashing
goats, sheep, cattle, and burros to roam and propagate freely. Excessive grazing has since
reduced the natural plant community to secondary, largely toxie vegetation, Today, almost all

free-ranging cattle and burros arc emaciated and only goats are thriving,

In 1968, W. Michael Carey conducted a ficld study on the ethoecology of the Stout Iguana and,
in his classic 1975 paper, stated: “whatever the methods, steps must be taken now to ensure the
continued existence of C. pinguis on Anegada.” This statement was based in large part on his
observations of competition for available food between Stout Ipuanas and livestock and of

predation on iguanas by domestic mammals.

Following Carey, James Lazell worked with Stout Iguanas in 1980 and 19821986 and Numi
Mitchell worked with them in 1987-1996. Glenn Gerber, then with the University of Tennessee
and presently with the Zoological Society of San Dicgo, began working on the species in 1998
under auspices of the TUCN/SSC Iguana Specialist Group (now funded by the International
[guana Foundation) and the British Virgin Islands National Parks Trust (BVINPT).

James Lazell first observed Stout Iguanas on Anegada m 1980 while employed by The
Department of Natural Resources and the Environment (DNRE), Government of the British
Virgin [slands. Expecting to find large densities at Citron Bush, the site of Carey’s 1968 study,

he instead found that iguanas had completely disappeared from the area in the intervening 11
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vears. Lazell subsequently found the highest remaming concentration of iguanas at Bones Bight,

which today remains one of the core areas for the species.

Carey’s warning was reiterated by others, but eflorts to fund the removal of livestock and feral
predators remain mostly unsuccessful, despite some recent activity. In 1997, concrete efforts to
secure the species’ future materialized in the form of the Anegada Iguana Head-starting Facility.
In October 1997, at the request of BVINPT, West Indian Iguana Specialist Group (WIISG)
members Rick Hudson (Fort Worth Zoo), Jeff Lemim (San Diego Zoo, CRES), and Rondel Smith
{BVINPT) constructed a small facility to house three juvenile Stout Iguanas found floating in
Manhead Pond. The facility provides a safe haven for collected hatchlings until they are large
enough to reduce the threat of feral predators A year later, a grant from the UK Foreign
Commonwealth Office to the BVINPT and WIISG T-shirt and poster sales funded construction
of the main complex by Rick Hudson and Jeff Lemm, joined this time by Mike Fouraker and
Glenn Gerber. In August 2001, the Intemational Reptile Conservation FFoundation (IRCF) and
the BVINPT funded an upgrade to the facilities to increase captive capacity, Team members for
this project were John and Sandy Binns (IRCF), Alberto Alvarez (DMNCR), Juliann Sweet, Joel
Friesch (IRCF), and Rondel Smith and Lee Vanterpool (BVINPT).

To date, none of these head-started captives have been released into the wild, but plans call for a
limited release on Anegada this year, coupled with the relocation of a few captives to a
neighboring island. In conjunction with these plans, a population assessment for the Stout Iguana
is planned during July 2003 to update the previously published estimate of fewer than 200

remaining in existence.

Controlling livestock or feral predators on Anegada is nearly impossible duc to the island’s
remote location and the tens ot thousands of dollars that would be required. So, in 1980, in hight
of the obviously rapid and apparently unchecked decline of the iguana population in the previous
decade, Lazell and his colleagues believed that the species was headed for extinction — unless
something was done immediately, Because a solution on Anegada was not feasible and Anegada
was the only place where the species still existed, the obvious recourse was to establish a second

population — but where and by what means?
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Guana

Essentially all possible relocation sites in the British Virgin Islands were equally infested with
feral predators and goats. However, in 1932, Chapman Grant had noted the presence of iguanas
on Guana Island and had identified the species as lguana iguana (Common or Green [guana), but
the presence of that specics was never confirmed and none has been scen since. Sometime in the
mid-1930s, Louis Bigelow, then owner of Guana Island, had extirpated goats and had banned
woodcutting for making charcoal. This had left only a couple of domesticated burros and {ree-

ranging sheep on the island. The latter are far less destructive than goats.

In 1974, Henry and Gloria Jarecki purchased Guana Island. Access to this small 1sland (300 ha)
1s limited, although it lies only a few kilometers from Tortola, The exclusive Guana Island Club
had been constructed in a Jocation designed to minimize impact on the natural habitat,
attributable to the foresight of Louis Bigelow, who chose the construction site of the main
clubhouse in the [930s. Hiking trails around the island also were conceived to protect and

minimize destruction of the lush vegetation.

In 1980, Lazell initially approached Mary Randall, then Guana Island Club Manager. to
detcrmine if the owners would allow relocation of Stout Iguanas. Randall was very enthusiastic
about the concept, but two years would pass before Lavell would meet the owners and take the

next step.

[n the interim, he continued working on a plan that would establish a second population of Stout
lguanas whilc promoting other conservation and restoration goals in the British Virgin Islands.
An idea for an exchange of species came with the realization that the vast salt ponds of Anegada,
which had supported large colonies of Greater Flamingos (Phoenicopterus ruber) i the 19"
century, could be restored if funds could be found. The beauty of this plan was mutual benefit to
all partics involved: the British Virgin Islands and the residents of Ancgada would benefit from
the reintroduction of flamingos and, at the same time, the second population would provide some

assurance of the long-term survival of Stout Iguanas.

Lazell first discussed the plan with several Anegada residents. One of them was the late Clement

Faulkner, who maintained a Stout [guana feeding station adjacent to his home in Bones Bight.



The plan was next presented to Robert Creque (DNRE), Lazell’s boss at that time. Everyone

agreed that the idea made eminently good sense.

In March 1982, Lazcll finally discussed the possibility of relocating iguanas with the Jareckis,
who were initially apprehensive. Would Stout Iguanas damage the island they had worked so
hard to protect? Would they bite staff’ or visitors or destroy ornamental plants on the hotel
grounds? These questions would take some time to answer., However, that meeting was
mstrumental in developing the long-term relationship between the Jareckis and The Conservation

Agency (Lazell) that continues today.

During the remainder of March and April 1982, Lazell surveyed the island with the help of
Lianna, Divonne, and Tom Jarecki (nieces and son of Henry and Gloria) and the late author,

Gerald Durrell, who happened to be vacationing there.

Lazell visited Guana regularly over the next several vears, conducting ficldwork with the aid of
the managers, Mary Randall and her successor John Damron. Lazell also continued to build a
portfolio of published papers and testimonials noting the disastrous effects of feral competitors
and predators on Stout Iguanas and their habitat. Major contributors were the late Dr. William
MacLean (University of the ergm Islands), Walter Phillips ot Water Island, USVI. Dr. Robert

and obh Nerton
Chipley, and Nick Clarke former Directogof the National Parks Trust, BVIL

A
In 1984, the Jareckis agreed to rid their island of sheep, provide a sanctuary for Stout Iguanas,
and fund the relocation of flamingos. Their decision certainly was influenced by Lazell's efforts,
but they also were drawn into wildlife conservation through the interest their sons and nicces had
shown. Today. Eugene Jarecki remains interested in conservation, Tom Jarecki works for the
Environmental Defense Fund, and Lianna Jarecki is teaching biology at 11.L. Stoutt Community

College on Teortola, BVI and finishing her Ph.D. with a thesis on salt pond ecology.

In July 1984, Lazell and four collcagues set off to Anegada in search of the first Stout Iguana to
be relocated to Guana Island. Lazell eventually captured a large, healthy, gravid female (SVL 46
cm) that was taken to Guana, where she was released on 29 July 1984. The other seven iguanas

that comprised the founding stock (sex, SVL, and release date) were: male (41 cm; 19 July
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1985), female (44 cm; 19 July 1986), female (22.4 cm, 27 July 1986), two females (33.5 and 43
cm, latter gravid) and two males (50.4 and 50.9 cm; 31 July 1986). Guana now had the
foundation for a second population, but yvears would pass before the success of the rclocation

could be evaluated.

Lazell next set out to complete the spectes exchange plan. The Bermuda Aquarium, Museum,
and Zoo (BAMZ) had both captive-bred and wild-stock flamingos and agreed to donate a
number sufficient for establishing a population. Numi Mitchell (TCA) arranged the international
transfer of the birds (BVI Agriculture and Fisheries Permit, veterinary certification with respect
to the birds’ health, especially Newcastle’s Disease). Numi, Glenn Mitchell (TCA), and James
Conyers (BAMZ) transported the birds by jet from Bermuda to Tortola and then by boat to
Anegada. The flamingos initially were released into a net holding pen at the salt ponds, allowing
them to recuperate and adjust to their new environment. On 7 March 1992, in a ceremony at the
north end of the salt ponds, the Governor, the National Parks Trust, and the Anegada communty
celebrated the arrival of the first 18 birds. By 2002, the flock had multiplied to approximately 80
resident birds (Guana also supports 46 pinioned flamingos in a small salt pond, but they do not

reproduce because the population density is too low).

Necker

Necker Island, like Guana, is privately owned and exclusive, with a single luxurious resort, the
Balinese Great House, situated on the highest point and overlooking the coral reef-studded
waters of the Caribbean. The island supports dense tropical vegetation, composed of both native
and non-native plants and enhanced by trrigation. The other half of the island is more typical of
the region, with rocky terrain and small clusters of hardy trees, low shrubs, and dense stands of

cacti. Designated a bird sanctuary, Necker is home to pelicans, doves, and hummingbirds.

In 1994, Richard Branson, owner of Necker Island (30 ha). expressed an interest in establishing a
third population of Stout [guanas. Because the iguanas on Guana had enhanced the natural
setting of the istand and were well received by visitors, Branson was ecager to expand the
conservation effort. Lazell had worked previously on Necker and knew the island to be free of

feral livestock and rats,
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In October 1995, four hatchlings were taken to Necker and head-started for a year before being
released. During that time, one female escaped, but was seen later and appeared to be gravid. In
2000, Lazell reported seeing the first hatchling and subsequent reports from the island indicated
that Stout Iguana hatchlings were abundant. Although the population is still in its infancy, during
the October 2002 population assessment conducted on Necker. founding stock, young adults, and

hatchlings were recorded.

Today

Long after these second and third populations were established, their existence is not commonly
acknowledged, little pertinent information is available, and some controversy remains regarding
the circumstances under which they were established. In 2002, I was invited to participate in an
assessment of the Guana and Necker populations. That survey, directed by Lazell and Mitchell,
was conducted dunng “Scientists Month™ from 4-29 October (each year, Guana hosts a large

contingent of scientists who conduct research on the island).

After 14 hours of travel and delays, Guana was like a little piece of paradise. At the dock, my
gear was loaded into the Club’s pickup and we proceeded up the steep, twisting road to the
clubhouse, The Club overlooks the dense tropical vegetation of the island’s southern end, the salt
pond — home to the six flamingos, and the white beach of a little cove that merges

imperceptibly with the crystalline waters of the Caribbean.

When I arrived at the patio, which overlooks the equally picturesque northern end of the island, it
was alive with more scientific dialog than 1 could begin to imagine -— scientists, some 20 of
them, at lunch. Afier brief introductions, focus quickly retumed to the population survey that was

already in progress.

That same afternoon, we were issued several 2-0z syringe barrels loaded with white latex paint
and began a survey of the Club’s wooded perimeter and nearby support structures. Many Stout
Iguanas, including the founders, live in close proximity to the Club. The weather was cloudy and

damp from the morning’s rain, which keplt iguanas from venturing far to bask or forage.
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The first sighting was somewhat unusual. We came upon four workmen digging a ditch next to a
small structure while talking loudly to be heard over the radio playing in the background. Above
them on a rock ledge, a large iguana lay casually, as if supervising their work. We marked the
animal with paint, which did not appear to disturb it, and it remained nearby, seemingly
unaffected by the intrusion. The remainder of the day included marking or sightings of younger
adults and juveniles, but the weather was clearly hampering our cfforts. The founding iguanas

and other older adults were nowhere to be found.

The next day, Mitchell and [ explored the arca west of the main facility, accessed from the
“Iguana Trail,” while another team surveyed the southern area. The weather had improved, but
remained partly cloudy and cool compared to typical conditions. Our first marking was 4
subadult on a steep wooded slope not 50 m from the trail’s entry point, Like our first iguana on

the previous afternoon, he was rather nonchalant about our presence.

That afternoon, wc focused our attention on the northern section of the island where iguanas
were not known to occur. Tail-drags are common on trails in the area south of North Beach, but
they abruptly disappear to the north of a line roughly parallel with Crab Cove. The trail
eventually splits into two routes, and Mitchell and [ separated to cover more ground. About
halfway between Crab Cove and Chicken Rock Steps, I observed one large, unmarked adult,
who, unlike others we had observed, responded to the intrusion by quickly thundering off into a

cactus thicket. We saw no other iguanas or tail-drags, but did see some scat.

The survey continued and the weather improved each day, as did the frequency of iguana
sightings. In addition to the population size estimate (s¢e “Assessment” on p. 77), we recorded
three incidents of predation on juvenile Stout Iguanas, two by Raccers (Alsophis portoricensis)

and the other by a female Kestrel (Falco sparverius).

Early on the moming of 14 October, ten of us left Guana by boat for Necker Island to assess the
third population of Stout [guanas, only seven years after the initial four hatchlings were released.

The survey was limited to two days, and the team members quickly dispersed upon arrival.
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Mitchell and 1T began our survey at a [ocation near the main facilities where iguanas are fed twice
a day. The ground and trails showed many signs of tail-drags clearly produced by individuals of
vastly different sizes. We saw several iguanas in the thick shrubs around this area. From there, |
worked the very dry northern section of the island and saw only one drag and one scat. Mitchell

sighted a tew animals as she worked an area near where the iguanas are fed.

Others on the survey team successfully marked several individuals and recorded sightings of
hatchlings along the pathways around the maintenance and support facilities. Two Racers

(Alsophis portoricensis} also were observed in the same area.

The next day, starting where the iguanas are offered food, we saw two of the founding iguanas.
A conservative estimate placed these animals at about 47 cm SVL and well over 5 kg. Both
appeared in excellent health, alert, and with coloration of rich brown above blending into
turquoise flanks. We spent our remaining time around the nursery and beach facilities and saw
several iguanas, including a subadult and hatehlings. As on Guana, the Necker iguanas appeared

to concentrale near the developed areas.

In stark contrast to the boisterous excitement that characterized the boat ride to Necker, we
quictly sought a comfortable spot for the return trip. Although tired from the day’s hard work n

blazing sun, we had time to reflect on events that had led us to this one point in time and space.

The absence of committed, long-term funding continues to impede efforts to secure the species’
survival on Anegada. Compounding loss of habitat is ongoing development. Consequently, Stout
Ipuanas arc fighting for survival. suffering simultaneously from habitat degradation and
predation on juveniles, Some fear that the upcoming assessment will determine that the Anegada
population has declined to critically low numbers and may be functionally extinct in the wild.
However, I believe we all shared a warm feeling knowing that the outlook for Stout Iguanas had

improved considerably through the efforts of a few very special people.
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Guana and Necker Island Population Assessment Results 2002

Gad Perry and Numi Mitchell

The Conservation Agency

Only rarely is a population so thoroughly known that every member is individually recognized
and a full census possible. Because of this, a variety of statistical methods, some of them
extremely sophisticated, are normally employed to estimate population size. As with all
statistical methods, population estimates have limitations. The amount of available data is one
crucial factor: the more, the better. In addition, certain assumptions, some of them unique to

one set of estimators or another, apply.

Unfortunately, studies on critically endangered species tend to run afoul of one or both issues,
making reliable population estimates difficult. This is the case with Stout Iguanas. Not only
are the populations small, they are unreliablc subjccts (a captured adult iguana may retreat into
its burrow for up to three weeks in response to the stress), hard to spot in the field (the terrain
is rough and the animal is cryptically colored), and oftenr not accessible (work on Guana can
normally be conducted only during the month of October). These limitations render any
estimate of population size less reliable than one would like, and therefore much less satisfying
to a wildlife manager. Nonetheless, work with endangered species requires that their
populations be estimated, so that one can determine if the population is stable, growing, or —
in a worst-case scenario — declining. A preliminary estimate, known to be imperfect, is better
than none, as long as the limitations of the estimate are kept firmly in mind when management

decisions are being made.

- Several attempts to monitor the Guana iguana population were made over the years. Combined
with the evidently growing numbers ed=hatehlinga every year, they suggested that the
population was doing well and growing at a steady pace. In October 2002, a more concerted
effort was made by marking sgwersl individuals with water-based, white, exterior latex paint
(which quickly dries waterproof) squirted from a two-ounce (60 cc) syringe barrel. Marking
began on 4 October and continued until 13 October, Twenty-three individuals were marked,
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but on most days some sighted iguanas escaped unmarked. Beginning on 15 October, we did

six “round-up” counts of marked and unmarked individyals, %hlg 29 October. These
‘e \

provided six population estimates, based on the Petersen In\dex: 69, 115, 138, 138, 138, and

"N
207. The bers are relatively close to one another, suggesting that they probably represent a

te. A calculated mean (134) is probably not too far from the real value. A
cal lates’L ard deviation (45 in this case) allows us to say that we are 95% confident that

direction. Unfortunately, this method does not meet all the assumptions of the test, which

renders the numbers uncertain.

A second method for calculating population sizes was proposed by Z.E. Schnabel in 1938.
Using this method, we can add to the six Petersen Index tallies the data from 4-13 October.
This method generates remarkably similar numbers, estimating the population size at 95
individuals and the 95 % confidence interval at 58-185. Once again, not all assumptions are
met, but the fact that two very different methods with different assumptions lead to similar
estimates gives us more confidence that the population size really is about 109 individuals.

We arrived on Necker Island on the aftermoon of 14 October 2002 and quickly marked five
Stout Iguanas. The next déy before our departure, we saw six iguanas only one of which was
marked. The implication is that one-sixth of the population was marked; so five times six is
30. No statistics can be done on a single estimate, but it conforms remarkably well with the
opinion of resident naturalist and carctaker, Brian Andrews, who believes that about 20

individuals are present, not counting the current year’s hatchlings.
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lo: Ié‘admi? S;ﬂi-f-;.&(:l'-ft {"'l"ﬂh-fa ‘pr-:‘nda'/oa(.i _Dr Atlis eon Abets
And Kick A‘&H{;J—ﬁ; :z Dé’.t.i{lﬁl.

Dear Allison and Rick:

Rumor Central tells me TCA figures in the proposed recovery plan for
C. pinguis That is certainly appropriate and, I believe, necessary.
However, if we are included we must be privy to the plan. I formally
request a copy.

Our oft-repeated offer of individuals for stocking -- on Anegada or
almost any other island -- still stands, and may prove cntical to
realistic, long-term recovery.

Please send me a copy of the prop#sed ptan.
Sincerely,

James Lazell, Ph.D.
P.O. Box 86
Lane, OK 74553

Dear Skip,

The recovery plan document is still very much in draft form - once it
is approved by NPT, I'd be happy to send a copy your way. My. .
understanding is that the plan proposes that avenues of communication
be encouraged between TCA and NPT such that tl}e Guana/Necker
populations can recognized an important element in the overgll
conservation strategy for the species. [ hope to have something to
send you soon!

Hope all's well with you,

Allison 12/2/2002

7Md?25533 L have received ﬂﬂ‘l‘flﬁ..;r'\tj \t.ft‘{‘
Sép
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From: "Miguel A. Garcia”

To: <hg@theconservationagency.org>

Sent: Wednesday, December 18, 2002 7:57 AM
Subject: pinguis in Puerto Rico

Hi Skip:

Thanks tor the reprints. We have been working quietly and had evaluated
several islands around Puerto Rico for reintroducing C. pinguis. There
are many good options, but to start, Caja de Muertos (202 ha) seems to be
the best option.

. It 1s protected (natural reserve)

. Belongs to the Commonwealth of Puerto Rico

. Adequate size

. No cats

. ™o green [guanas (at least none have been observed lately)
. Good habitat-Subtropical Dry Forest

. Facilities to conduct the monttoring atter the release.

-1 O e Ll D —

At this point BVI National PArk Trust is reluctant to allow “the transfer”
of some pinguis outside the BVI. My best understanding is that we need
“"their authortzation" tor the CITES permit, since they represent the BVI
goverment on this matter.

ISG has been very diplomatic about this initiative, although EVERYONE is
convinced that is the obvious next step to recover this species. Anyway is

a sensitive topic because BVINPT is a active member of ISG. As you know, [
also work for the goverment and [ will no receive " a green light" without
BVT approval. In summary, moving pinguis within BV{ is one thing, and
moving pinguis outside BVI is a Totally Different Scenario.

However, bringing pinguis to PR is unavoidable, it will happens sooner or
later. The situation of this species in Anegada push harder everyday the
initiation of the reintroduction. 1 live thinking the way to accelerate or
potentially circumvent the obstacles to accomplish this important goal.

Regards,
Miguel

12/18/2002
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From: "Josh Donlan” <cjd34@cornell.edu>

To: "James Lazell" <hqg@theconservalionagency.org>

Cc: "Bernie Tershy™ <tershy@islandconservation.org>; "Harry W. Greene”
Sent: Sunday, October 06, 2002 5:12 PM

Subject: ecological/evolutionary analogs

Dr. Lazell,

It was exciting to see you recent arlicle about restoring communities with ecological/evolutionary analegs on the
British Virgin Islands. QOur organization, the |sland Conservation & Ecology Group
(http:/iwww.islandconservation.org) has also been heavily influenced by lan Atkinson’s thinking over the past few
years, Over the past 5 years, we have removed 29 introduced mammal populations from 23 istands in Northwest
Mexico - and now have been thinking of taking the next step in preserving ecological and evolutionary processes
by reintroducing congeners of extinct rodents to these islands.

Itis exciting to see these ideas finally moving out of pubs and coffee shops and into the literature. | had a few
questions for you.

1. With the whistling frogs and the reintroduction onte Little Thatch Island, was there evidence that E. schwartzi
was once present on the island. or was there just evidence there was a species of Eleutherodactlyus?

2. On the islands where you have done these conspecific reintroductions (frogs, tortoises, iguanas, pigeons,
flamingoes), are these islands now free of introduced predators and if not, are eradication programs underway?

Congratulations on your work and please keep me informed on your progress. | would also be interested in
heanng of any response you have received concerning your recent article in Ecological Restoration.

Bests,
josh donlan

C. Josh Donlan kD“e : ot
hont

Departtnent of Ecology and Evolutionary Biology
Cefson Hall

ornell University L (M
ithaca, New York 14853-2701 M
607.254.4211 Voice

B807.255.8088 Fax

b. xi. o2

. Ca_)\._ SFGLLD\\.’\-Q%
Norw\ Mc,’DMkf&' N-%\ ?O&K

10/7/2002
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P B6-103 0 Stuchies in Tromidad and Tobigo Omithology Hovounmg Richard rench (FLE- Heyes and S0 AL Temple, cds )

Dept. LifeSci, Univ West lalies, St Augstine, Oce Pap. 11, 2062,

GROUND-BASED NEARCTIC-NEOTROPIC LANDBIRD MIGRATION
DURING AUTUMN IN THE EASTERN CARIBBEAN

DOUGLAS B, McNAIR', FRED SIBLEY?, EDWARD B, MasSiaH?, axD MARTIN D. FROST?
YTl Timbers Research Station, 13093 Henry Eeadel Drive, Tailahassee, FIL.32312-0018, L.SA
The Consarvation Agency, 6 Swinhirne Steeet, Jamestonan, RI 02533, 154
Yeso D Nelson, Joluson Road, Fivs Fillape, St James, Borbados
Featherhed Lene, 8t John, Barhaddos

ARSTRACT~We examined ground-based Nearctic-Neotropic landbivd migration
durimg autumn at eoastal sites on two islands about 775 km apart in the easfemn
Caribhoan, where autimn migration had not been previously studied using mist-nets,
Woe sampled migrants using mist-nets at Harrison Point (HP), Barbados, fur 42 days in
1997 arid 21 davsin 1998-1999, and at Guama istand (GI), Beitish Virzin dslands, for 52
davs during 19935-1999. We also obtained information on landbird mieratien from sight
abservations. Wi recorded 25 species of Nearctie-Neotropic fandbird migrants at HP
and 23 species 10 G, fora tatal of 30 species. The vodume of migeation was dow ad bath
stes. The Blackpoll Warbler (Denddvoica striaia) was the mest abundant migrumt (98
eaptures, 206 abservations at HP: 132 captures, 263 observations at GI). The Yellow-
hitied Cruckoo (Cocoizis americanas) was the second most sbundant migrant at HP (six
captures, 101 ehservations), but was rare at Gl (seven observations), The Red-ayved
Viveo (Firpo o, oliveceus), previously considered a vagrant oy scarce transient in the
castern Carbhenn, was the third most abundant noctumal migrant at 1P {12 captures,
8§ chservations). At HP and GI, respectively, 23% and 33% of captured Blackpaoll
Warhlers were after tehing year birds, compared to §% and 14% for other Nearctic-
Neotrapic migrants. At hoth sifes we recorded many scarce transients or apparent
vaprants, soine verified or seen for the fivst time in the eastern Canbbemn, Al species
recorded gxcepl Northem Roughewinged Swallow (Steleidopieryx serripennis) at HP
and Nashville Warbler ( Feriniversa raficapilla) ot G have been recorded at least once
during winter in Sputh America; however, more species wintering prmarily within the
West Indies occarred at Gl Autumn migration of Nearctic-Neatropic laindbirds 1s a
recufar phenomenon to the easiom Caribbean for a few selatively sbundant species
moving 10 fheir winter ranze i South Amenca, and also includes 4 faree variely of
scaree specivs, Other than Blackpoll Warblers, which migrate during avtumn over the
western North Atlantic Ocenn through the West Indies 10 South America, the other
Nearctic-Neotropic  [andbird nngrants probably departed from southeassern North
America for a shorer over-water crossing through the Greater Antilles and over the
Carthlean Sea.

RESUMEN =Be estodid la migracién por Herra del nednico al neatrdpico de aves
teresrres durante el aloho en sities cosleros de dos istas separadas sproxvmadamente
775 km lauma de Taora en €] este del Caribe, donde no ¢ ha estudiado previamente la
rigracidn de otofio usandoe redes de netlina. Se muesirearon migratorios vsande redes



Nearcetic-Neotropic Landbird Migration

deneblinaen Harrison Point (HP), Bawrbados, por42 diasen 1997 v 31 dias en 1998-1999,
ven Isha Guana (I1G), Islas Virgenes de Inglatesa, por 52 dias durante | 995-1999. También
se obtuvo informacion sobrs la migracion de aves terrestres por observaciones visunles.
Seregistraran 18 especies de aves migratenas terrestres nearheo-neotramceo en HP y 23
especies en 1G, para un total de 36 especies, El volumen de mizracion fue bajo en ambos
sitios. La Reinita Ravada (Dendroiea sieiain) fue el migratorio mas abundante (98
capiuras, 206 observaciones en HIP; 132 capturas, 263 observaciones en 1G), E1 Cuclillo
Pico Amarillo (Coccizus anicricanis) fue ¢l segundo migratorio mas abundante en HP
(seis capturas, |01 obsarvaciones), pero fue raro en 1G (siele ohservaciones). E1 Julidn
Chivi Ojirraio (Virce o. ofivaceus), previamente considesado vasante o escaso, fue ¢
tercer migratono noctimo mas abundante en HP (12 capturas, ® ebservaciones). En HP
y G, respectivamente, 23% y 3395 de 1ns capturas de Reinita Rayada fueron de aves de
mids de un ano de cdad, comparados con 8%y 1474 de otros migratorios nedrtico-neotrd-
pico. En ambos sities se registraron muchos rmseiniies e5cas0s 0 vagantes apurentes,
algimes documentados n observados por proimera vez en el este del Caribe. Todas las
especies rezistradas, salve la Gelomdring Alade Sierra (Stelyidoprerr serripennis) en
HP v la Reiniti de Nashville (Fermivorg enficapiliay en 15, han sido regiswadas por lo
menos una vex duramte £ inviene del nerte en Sudaméricag sin embargo, en 1G se regis-
Lravon s especies qoe invernan principalmente dentro de las Indiss Oceidentales. La
migracion de otafio nedrtico-neotropico de las aves lerrestres ex an fendnime regular en
el este del Caribe para lns especies velativamente abundantes que migran hacia su drea
denvernadn en Sudamenca, v tambren inclive ina amplia vanedad de especies escasas.
Ademas de bis Reinitas Rayadis, que nugran durante ¢l otoio sobre el Norowste
Atldntico por las ndas Occidentales hasta Sudamdéricn, las otras especies nugratorias
terrestres nearlico-peotropico probablemente parten del sudeste de Norteaméries
redlizando un cruce mias corto sobre el Mar del Canbe por las Antillas Mayores.

Kiy Worbs-abundance, age, owtumn migration, Barbodos, Canbbean Sea,
Cocoveies americonns, Dendrotea siviata; landbirds, migratory roites, Nearctic-Nco-
tropic nuaranis, vagrants, Firee o. ofivacess, Virgia Islands

Rudar-based observations from Fuerto Rico
and several locatons in the Lesser Antilles (Anti-
cua, Rarbados), aided by visual confirmation of
species ddenti fication, documented that lorge num-
bers of small landbirds, including Blackpol] War-
blers (Dendroica striata), vy over these regions
durimg autirnn ymaration éMilditeh er al 1973,
Williams etal. 1974, 197Ta b, 1975, Richardson 1976,
1980, Williams and Wilhams 1978 h, Larkin et al.
1979, Williams 19285, Nishet et al. 1995), wthough
the density of landbirds eastof Puerto Rico is much
less (Richardson 1976). Sipht observation data
obtained over many yeart fram Antigua and Bars
hadas, where observer effort has hesn relatively
high for the Lesser Antilles {Halland and Willianis
1978, Hutt et gl in prep.), have documented a

refatively faree nuimber of spegies and generally low
numlzis of individuals of Nearctiz-Neotropic mi-
arants during autumn, with a brosd peak of occur-
rence in October and cmly November. Norton
(1981), Norton eral. (1959), Keith (19973, Steadman
et al. (19977 and Feldmunn et al. (1999) cited few
abzervations of Mearctic-Meotrapic landbirds dur-
ing autumr migration in the Tritsh Virgin Islands,
St. Luza, St Kius, and Guadeloups and Martin-
igue. Althouch the Virgin Istands (at the sastem
end of the Greater Antlles) has a fair number of
everwinterma Nearctic-Neotropic landbirds com-
pared o the Leésser Antifles (Roberison | 962, Pash-
fey 1958, Wunderle and Waide 1993), the general
scarcity of overwimering Nearctic-Meotropic land-
hirds m the eastemn Canhbean, especially in the
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southem Lesser Antilles {Terborgh and Faaborg
1980, Wunderle and Waide 1993, Keith 1997), has
reinforced the perception that grounded niigrants
during autumn are sporadic and scarce here, The
low number of grounded Nearctic-Neotropic lund-
bird nigrants east of Puerto Rico 1s not concordant
with the large vohime documented by radar data.

Nearctic-Nentropie landbird migration has not
been investieated using must-nets in the eastem
Carithbean, except documentation of new and rare
species of Nearcuic-Neotropic landhird migrants
during autumn 1997 at Barkados (MceNair et al.
19993, Previous studies using mist-nets to sample
populations of Mearctic-Neotropic landbirds in the
Wost Indies have concentrated on wintering birds
(Wouonderle and Waide 1993, Wallace et al. 1996,
Wallace et al. 1999, and references cited therein),
We operated mist-net stations during autumm along
the coast of twosland sites nhout 775 Tom apart in
the eastern Caribbean, at Harmison Paint (hercafier
HP). Barbades, and Guana lzland (hereafier Gl),
Brivish Virgia lslands. Qur sampling peviods were
primarily restncted to October to coineide with the
Blackpall Warhler migration (see Mishet 1970, Pash-
ley and Hamilton 1990, Mishet et al. 1995),

The primary purpose of our combined c¢fforts
was to chtan samples of patterns of Nearcue-Neo-
tropie landhird migmbon in 1he eastern Caribhenn,
We nsa this informiation to address which of two
migratory routes thess species ke during autunm
to reach the eastern Caribbean. Birds may fly from
norheastem Narh Americh over the western North
Atlanne Oczean thiough the West Indies 1o South
America (Blackpoll Warblev: Nisbet 1970, Hilditeh et
al 1973, Wilhams etal, 1974, 19776, 1978, Richard-
son 1976, 1980, Williams and Williams 19784, Larkin
et al 1979, Williams | 985, MeNair and Post 1993,
Nisbet et ol 1995) or may depart from southeastemn
Norh Amenca for a shorter over-water crossing
through the Grester Anulles and over the Canb-
bean Sen (Richardson 1976, 1980, also see route
ntimber Viroe in Ruppole et ab. 1979).

STUDY AREAS AND METHOGDS
Sty wreas ~Hanison Point (13719°N, 5¢*

209 8 Joecated ot the nonhwest tip of Barbades
on a rsed coral limestone terrace about 30 m

above sea level. The mean annealvainfall is 110-125
ey surface water is absent. The vegetative cover
is highly disturbed coastal scrub, thickets and
wooxdlots, abandoned
sugar caue plantation house. Naturalised species

which now swround an
are numerous, cspecially quick stick (Glivicidia
sepium), casuarmn (Casaring equisetijofia), clam-
my cherry (Cordia oliigug) and Pride of India
{Tamarindis indica), although the native white-
wood (Febebuia pallida) is one of three dorminam
trees, Other native trees or shrubs which are
numerous anclude bread-and-cheese (Pitheceilo-
Diwnr unguis-coti), doe wood (Capparis floxiosa),
saoe (Lantang spp), black sage (Cordia curas-
savicw) and cotfee fence (Cleredendriom acudeat-
w). P s ubout 16 ha, excluding adjacent snza
came fields.

Guana Istand (18°30'N, 647°30'W), 340 ha, is
located  the British Virgin [slands just northeast
of Tertela lslapd. The Briush Virgin Islands are
about 130 km north-northwest of Anguilla, the
northermmost large islund ol the Lesser Antilles
The mean annual rainfall is 102 om. Freshwater on
(1 is scarce and restricted to 4 small seasonal seen
(ether than pools associated with a hotel). A large
salt pond is present. Thie vegelative cover is pri-
marily open serophytic forest with more than 40 na-
tive free species, plus artificially maintained grassy
fields and some emamental vegelation around the
anly hotel, The forest j= recovering from over-
grazing by sheep that ended about 10 v ago.
Navve trees and shrubs include the frequent dom-
smant tabebwa (7. Jereropiolla), gumbo-limbo
(Bursera simarieha), oblolly (Pisonia subcordnta),
Plumeria aiba), buttenwoed (Cono-
carpues erectus), acaciy (Acacia muricata) and sea
srape(Coceolebanviiore: Lazell 1996). Naturalised
species, which are not an smportant eomponent of
the vegetation, ichide coconut (Cocos mictera),

frangipani

roval poimciana (Delonix regia) and tamarind ( Tam-
armda indica).

Sampling methods.=In 1997, McNair, Massiah
and Frost monitored 16 30-minmist-nets at HP from
29 Septenther to 9 Novembar (42 days) for a total of
3.809 net hours. Nets were usually operated from
suntise to sunsel, althoneh occasionally closed 1-2
hours before sunsst, We temporarily closed the

nets for a few hours on some days because of
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inclement weather, but did not miss a single day of
sampling. We placed half of the mist-nets in fairly
open forest (mean score of 60% for canopy den-
sity; James and Shugart 1970) dominated by quick
stick. The other eight nets were placed in fairly
5% for canopy
density) where wintewood was usually the domi-

closed mixed forest (mean score of 7

nant tres, along with a vaviety of naturalised and
tative species, Casuarinas emerged above the can-
opy in mixed habitat in move than half of the net
lanes, 1o 13.3-17 m. Otherwise, the mean heights of
the vegetation in the “whitewood® net lanes was
still hucher than mthe “quick stick” lanes (7.5-9.3 m
vs. 3560 m). In 1995-1999, Massiah and Frost
monitored 8-12 mist-nets and operated nets on an
intermittent basis from 26 Sepremberto § November
(2] daysyYor a total of 1,333 net hours. We nsually
opened the mets in (e moming:; the nets were
always open atl pridday (4-8 hours pest-sunrise),
! sight observation
data obtained during nmumn migration fram 1993-
1999 (excluding 1997, 52 days) 1o angment our
results from mist-netting.

Sibley and assocmtes operaged 2-12 30/36 mim
mist-nets at Gl during Ociober for 3 vr (1995-1999;
52 davs) foratotal of 1,569 net hours. The lengt] of
our visits exch vear varied from 1-3 weeks. Unlike
[IP, wheve mmist-net operations were standardised,
we lrequently moved niets at GI in attemipts 1o -
crease capture rides of Mearctic-Neotropic rmigrants
and ¢losed or fwled to open nets during unpro-
ductive penods, We placed the nets ot many lo-
cations (ridges, along trails) in the open forest
whers mean height of the vegetation ranged from 3-

but rarely lIater. We ulso w

7 om,and across hedoerows with nets extended to
the fields, roads or margin of the salt pond at ene or
baoth ends. We aften operated the nets throughout
daytime, bot favoured moming hours. We also
used sight observanon data obinined during au-
tmn migration from 1994-1999 (35 days) to aug-
mem owr fesults from mist-nettimg.

Data colfection and wnalyses—For all birds
captured in mist-nets, we recorded date of capture,
ape (AHY = adult; HY = immature) and zex, flat-
tened wing lenoth fmm; a1 HP) or wing chord {mm;
atGily, mass (mearest 0.3 or D.25 g, hot nearest 005 ¢
for Yellow-billed Cuckeon [ Coecyzis amaricanus]],
and fat class (HP: 0-3, Foster and Cannell 1990, Gl

0-3, Manomet Bird Obscervatory [2 trace of fat was
scored as 0.5]). Birds woere aged and sexed when
possible by skull ossification and plumage charac-
ters following Pyle etal. (1987, 1997). A small pro-
portion (=3%0) of Y Blackpoll Warblers from mud-
October onward had fully ossified skulls, so these
individuals were aged solely by plumage characters
includmg the non-singwlar use of pointedness of
the rectrices,

We assessed the abundance of birds at each
site by caleulating the number of daily captures and
estimated sight observations for each ¢pecies and
simmed (hese wtals for =ach catepory over the
year or years. Observations of banded birds were
excluded from the sight observation 1otals. Sight
abservations may include duplicate data, so we
estimuted these numbers conservatively for the
mast pitmerous species. We assessed the frequen-
¢y of birds at each site by caleulating the number of
ditvs each species was recorded, based on both
captured birds and sight abservations,

We caleulated nugratory volume at both sites
using captare rates from mist-net sampling only,
although we recognise that we did not use sian-
ardised procedures at Gl Yellow-billed Cuckoos
wiere excluded from this analysis because they were
not adequately sumpled by the smuall mesh sizes
that we used. Indigo Buntings (Passering cyenea)
at HP were also excluded from tlis analysis be-

cause we captured these birds 5-7 days after then
arrnval by moving one mist-net 1o a favoured lo-
cation and beating the birds in (McNair et al. 1999).

We assessed the seasonal distribution of
Yellow-billed Cuckoo at 11 in [997 by combiming
the number of dady captures and estimated sight
ohservations 1o oblain a daily estimated total and
then calculated the number of birds for 3-day peri-
ods. Using the same method, we added this infor-
maton to results from sight observations only from
10921996 and 1998-1999, butadjusted forthenum-
er of days cach period was sampled since this was
imegual. Our unit of measore is bird-day (for each
S-day period), as used by bind ohservatories in
Britain, We also assessed the szasonal distribution
of Blackpoll Warkler, but this information will be
presented elsewhens (MeNaireral. in prep.).

We used chi-square analysis to compare dif-
ferences in the divmad timing of migrstion for cap-

1s%
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tured birds at HP in 1997 after adjusting the ex-
pected frequencies for minor differences in netling
effort among the three time periods used. We also
performed Chi-square analysis for sioht abser-
vations, with o = 0.03.

We obtumned information on =stimated mean
fat-free masses, adjusted for age. sex, and wing
length category when possible {(although mforma-
tion on wing length category is rarely avaalable) for
nociumnal Nearctie-Neotropic mi grants from Connell
et al {1960), Odum iz Dumming (1993) [which super-
cedes Odum in Nisbet et al. (1963) for Blackpol|
Warbler], Rogzars und Odum (1964, 1966) and Child
(1969, Estimated mean fat-free maszes used are:
Yellow-billed Cuckoo, 46.5 ¢; Red-cyed Virco (V-
co o olvacens). 14.39 o Gray-cheeked Thrush

(Catharus mominimusy, 252 oo Swainson’s Thrush
(C nsivlarus), 2418 o; Notlem Parula(Parula am-
eriean, 5.93 g; Chestm-sided Warbler (D, penyy -
vanica), £.03 g Magnolia Warbler (D0 magnolia),
6.92 ¢; Black-hreaed Blue Warbler (D. cuerid-
escens), 7.64 o Blackpoll Warbler, 10,33 g; Ament-
can Redsiast (Folophava rnvicilla), 6.49 g, Oven-
bivd (Seiwrns auracapifhus), 1352 g; Northern
tucky Warbler (Opororais fimmosns) 11,36 ¢; Sear-
let Tanawer (Pirange olivacea), 24 13 ¢ and Indigo
Bunting. 12 34 2. Using these vahies, we calculinted
the mean percentapge above fat-free mass for cach
of these species that we caplured at either site. We
compared these coleulaied values at our two sies

to the mean. percentage above fat-free mass of

vans-Gulf migrants durihe spring (published mass
data e not avanlable for arrival of tans-Gulf mig-
rants dormg autumm in the Yueatan penirsula; see
Winker 19954) that were captured at Last Ship
Istand, a bummer island 14 km off the Mississipp
coast, following a lonz (approximately 1030 km)
over-water flight (Kuenz et al 1991); we also ob-
tmned information on the mean mass value of Gray-
cheeked Thrushes thar were not recaptured ata
coustal wondiand chenier m Cameran Pan sh, Louis-
wng; Yong and Moore 1997), We ased the same
far-free values as above in our caleulations of the
mmean percentage nbove fat-free mass Jor these
trans-Gulf migrants except for Chestnut-sided War-
bler (8.01 g3, Scarlet Tapager 424.5 o). and Indigo
Bunting (11.97 2 for females, 12.69 ¢ for males).

We estimated the riate of mass loss (z/hr) asa
function of mass for each species from the empiric-
ally-denved formula for small pusserines (8-32 ¢)
during nocturnal flight (Flussell and Lambert 16803,
which estimates that mean mass loss is 0.91% of
body misehe. This formula is L, = 0.0333 W%,
where L = mass loss (g/hr) and W = mass. We as-
sumed that mass loss only represents loss of met-
sbalized adipose fat. We also used this formula for
ouronly medium-sized non-passerine (Yellow-billed
Cuckoo). We nsed mensured, not derived values of
mean mass loss for four species (Swainson's
Thrush, Red-cyed Vireo, American Redstart, and
Ovenbird) in Hussell and Lambent (1980). We used
the empirically derived vidue of mass loss (0.144
a/hr) for Blackpall Warhler, despite the perceptian
that Rlackpalls may have lower flight metabalism
costs than other passerines (Hussell and Lambien
1980), as well as the estimated values of 0.107 ¢hr
and 0,07 g'hr {for birds of low mass; lesg than 13.2
a) in Nishet et al. (1963) since all three vidues are of
similar magnitude (not 0.062 g/hr which pertains 10
captured [resting] birds pot undergoing migratory
fligM contra Hunt and Eliason [1999]). Then using
menn fat loads for each species, we converted rates
of mass loss to the estimated number of hours each
species could fly before reaching their fat-free mass
and converted this value to the estimated distance
cach species could fly, using an average air speed
of 38.5 km/hr for small passerines over the Lesser
Antilles under conditions of no wind (Nisbet et al.
1963, Willtams et ul. 1877b, 1978, Williams and
Williams 19784, Williarns 1985, Pennyeuick |989).

RESULTS

Species  composition  and  abundance —\We
captured or ohserved 22 species of noctumal
Nearctic-Neotropic landbird migsants at HP during
1993-1999 {Tables | and 2), plus six species of
durmmal magrants (Chimney Swift [Chactra pel-
agica], hirundinids and Debelinks [Delichomw
oryzivens]). A1 Gl we caplured or observed 20
species ofnocturnal landbird mugrants during 1994-
1999 (Table 1), plus thrze species of diurnal mi-
grants (hirandimids and Bobalinks). At both sites
eamhined, we recorded a1 1otal of 36 spacies,

The Blackpall Warbler was the most abundant
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TanlE 1. Number of birds captured in mist-nets and estimated number of birds observed, number of days

recorded and range of dates for each species of Nearctic-Neotropic fandbird migrant at Harmzon Point

s

Barbados, from 29 September to 9 Novernper 1997 (42 davs), and at Guana Island, British Virgin [slands,

m October 19935-1999 (52 daws).

Harrison Poand, Barbados

Gy Island, Brvzh Virmmn Islands

Npmber Number Number  Range

Number  Numbar  Mamber  Range

Species® caplired  oheerved ofdays  of dales capiirell pheerved of davs ol dales

Nogtiraad Migrans
Cocrvus annericimms G 43 30 2 0ci-§ Moy - 7 5 14-25 O
Comtapts vrens | wedtoo s - H | 19 Chot - - - -
Vireo favifrans - = - = - ] ] 12 Ocl
Foea o alivacens 0 5 12 32230 f ! B 14-21 O
Crathrras oo i as | =) 1 120:1 - - - -
Cuthrres yandotis § - | 1908 - - - -
Farmivorn chrisaplera | ] ) Mo | 2 1218 Ot
Y ooEr rficadpali - = = = 1 ' 13 0t
Frender MR EICERT - | ] 22BN 2 ] 3 L3R D
Heaidreie petecdie | - | uNov - - - -
Hendroica pewsyl vitien | - | N Nov - 2 2 1826 O
Henifroica muge o - - - - ] - ] 20 0ct
Denelediea fieidnn - - - - ) 2 7 16-22 (3¢t
Denifradica caermipaceis - - - - 2 - 2 4-22 0t
Meailinica tivcaln - - - - - iEl 4 4-14 Ot
Bl vavea sernle 75 Ox 23 1 0)i1-09 Now '3 153 -0 3-320 Ot
Muatatilta veria - - - - 3 i 9 6-28 Oct
St ntiedtor 2 - & 1385 Ot | - | 26 Ot
Ko lryis prern e - - - - 3 | 4 21-25 O
Seerus povelarncgs i - - - - 5 13 10 5-29 0er
Cpcarceanis Joumiasis 2 - 2 240 } - ] Mg
Chnarpenis apiils ] - | 1 Ny — - — -
Prranga alivacea I - 1 & Nov - - — =
Plhenrtiens hadovivinany | 3 4 220¢1-1 Nov } 3 3 1922 Ol
Crait e i itle - ] ! B Noy - 2 2 1012 02t
Prsseciia cymied 9 | 9 0 Mow ! - | 200

[mmni] Mgrants
Frchyeinetiv hicalor - - - - - ] 210
Stedeidepterss serrponnis - 1 1 et - - - -
Hiparie il - 17 4 230 - - - -
Petrochelidar prroianond = A 2 E-120c: - - - -
Wivwide vusifen = &7 B 2160 - 7 ? 2125 Ot
Dolichanys gz - ] 54 20 2% Sep- 20 Lot - 3 2 1223 001

N

ipecies . wames nal megtionsd an 48yl inclisle Yeé

ficodary, Bank Swallow {Fipraria Fiperinl, CHET Swealbow (Ferracho

prteriias oextiom mroug), Foome Warhler (Desilrefea diieobor), Blac

ave-thirmated Vireo (Firga flirvifrons),
i

Trzasted Grovslusk PG ckcreay Bilevecrmnus oand Bloe Grosbeak [ Grmea eeetilen)

migrant wt hath sites (Takles | and 23 Excluding
Yellow-billed Cucknos. Indizo Bumtmgs, and dr-
nal migrants a1 HP, Bluckpolls accounted for 78%6 of
all caprared birds and 9% of all abserved birds in
1997, Resultsat HP in other years since 1997 wers

L (T T

Tree Swwallow (Fasdyd el

Yellorwe Warller (fend

Yeand=winte Warhder (Menfter vy, Rose-

similar except that the number of captured birds in
[ 005-1999 was lower, Excluding Yellow-hilled Cuc-
kans and divmal migrants st GIL 51% of all caplored
hitds from 1993-199%9 and 85% ofall observed birds
from 1959 -1999 were Blackpoll Warblers. The Yel-
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Tasix 2. Estimated number of observations, number of days observed, and range of dates for cach species
of Nearctic-Neotropic landbird migrant at Harrison Point, Barbados, fromautumn 1993-1996 and 1998-1999
{32 days)y, The number of birds captured in mist-nets during non-standardized operutions in 1998-1999 (1]

days)is also civen.

Nimber Number

Qbservations Caplores
ange Nnmber Numlber Rangs
of dates Caphred of davs of ates

Sprcies’ cheerved  of days

Mocrmal Megrants

Clocoizies amaricitio 30 27 29 Sep-13 Now - - -
Firvw o offyvicers 3 3 (23 D¢t 2 2 27 Sep-6 Now
Firtelvt sinpericnna ] b 2206t - - -
Dendraion pelaciig 3 3 11-18 0y - - -
Dheefvanei yieioie 131 i 26 Sep-8 Nov - - -
tantie varin | Tk - - -
Setdapltitga v 3 J 24 Sep-T Mo - - -
Frrarnideldrin cires | 1 (AR - - -
NIy e oA en i 2 2 17 Oct-6 Nov - - -
Chpenrgratin rhisifis - = - i ! G Nov
Hilsanin crnmdoiss - = - ) 1 30
Plrvnga b § ol b | 20 Sept - - -
wallitten - - - 1 . 235 001
Tatirnat Migranis'
Chiwatye s pelagice 3 2 3031 Ot - - -
Ripnritt ripieia 17 2 23 Oa1en Mov - - -
Pepeoehelidon pyerfimeie T Z 3 Ox1-4 Now - - -
o rHxtica |8 2 23 0et-h Now - - -
_._-’i'-u.'-"l'.'(:.ln‘\ TS GS 3 224 0 - - -

“spiscies nanes non snentired (0 text or al hotiom of Table | elude: Canada Wartder (Wiltds conradensis), Suammes

Tamager LRranea rubira |, i Balimore Qnnle ietera
e data forall four divrmnl sigrants ame incomplels

low-hilied Cuckoo was thie second mast numerous

noctomal migmnt oy HP, where 15 frequency of

oceurrence was similar to Bluckpoll Washler, bt
Yelow-hilied Cuckoo wus rare at Gl Red-eyed
Vireo was the third miost nomerous noctumal mi-
grantat P in 1997 (3004 of ol papiured hrds ex-
cloding Yelow-billed Cuckoos and Indigo Bunt-
ingsy and it also occurred (six captured tirds, one
seeny at G Other nocturmal migrants we capiured
or ohserved at both sites melided a large number
of scarce trangienis or apparent vagrants. Among
dinmal mizaunts, enly Bam Swallows and Bobe-
links eccurred at hoth sites: Bobolinks were rela-
uvely abundant and frequent migrants at HP in
1997 [Table 1), mainly in adjacent sugarcane fields,

Migratory volume as wieasured by nmist-ne
captures waslow at HP. Caplure rates in LY97 forall
noctirnal Wearctic-Neotropic migrants, excluding

v T

Yellow-billed Cuckoos and Indizo Buntings, were
16.7 birds/ 1000 net hours (from | October, the first
day we captured a Nearctic-Neotropie migrant),
mclhding 12 birds/ 1000 net hours for Blackpol!
Warlders only, The capture rate in 1998-1999 com-
bired was 2.8 barde | 000 02t hours. Migratory vol-
ume at Gl oas measured by non-standardised mst-
net effarts was higher although still Tow: The cap-
e rate from 1993-1099 combined was 83.6 birds/
HO00 net hiours, incliding 9.6 birds/ JO00 net honrs
for Dackpall Warblers only. Excluding 1995 data,
capture rates declined 1o 48 birds/1000 net hours
and 33.5 bird< 1000 net hours for all birds and
Blackpoll Warkless only, respectively.
Recaptures AL HP, the only recapured birds
were hwo Red-eyved Vireos (of ten banded; 20%6) in
1997, bath 2 days afier the original caplure date. At
Gl the only recaptured hirds wers three Hlackpal]
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Tanif 3. The seasonal distribution of Yellow-billed
Cuckoos during autwmn migration at Harnson
Point, Barbados, hiosed on the daily estimated total
of birds per day for 3-day periods from 1993-1999,
Numbers in 1997 are based on both captured and
observed hirds, totals in other vears on birds seen
anly (see text).

Five-day Na.of  Noiof No.of
pueriod days birds birds/day
21-25Sep 2 0 0
26-30 Sep 6 4 0.7
1-3 Oat 10 [3 L3
0-10 Oci 9 Fi 0.8
11-13 Oat i2 |5
16-20 Oct 5 I [2
21-35 01 13 25 1.7
26-30 Ot H 8 0.7
3) Oct -4 Nov G 9 .0
5-9 Noy 8 10 1.2
|0-14 Nov ! I 1.0
TOTALS 94 107 I.1

Warblers, two individuals 2 davs lmer, the other
bird 9 days Later.

Agre classes ~AUHPin 1997, 17(223%%) Blackpol
Warblers were ALY birds. Only (luee of 36 (8%4)
other Nearctic migranis we captured a1 HP were
AHY birds, including one of ten (10%5) Red-eyed
Vireos, a Gray-chevked Thrush and a Swuinson's
Thrush. Al remaining individunls of the other nine
species we captured at HP were 1Y birds. At GI, 39
of |18 (2324 Blackpoll Warblers were ANY birds
fexcluding T4 birds of unknown age). Of all indi-
vidinals of the cther 13 species we capured at G,
three of 22 (14%) were AHY birds (excluding e1ght
birds of unknown age).

Segsonal tmine of vecurrence ~The Tow num-
ber uf hirds and resineted ampling period at GI did
net permit futheranalyses forost species except
1o present the rangs of dates of oceyirence (Tables
Tand 2). A HE, mid- to fate-October was the peak
af mrgration for Bisckpoll Warklers and Yellow-

billed Cuckoos (Table 3); detailed analyses of

Blackpoll Warbler will be presented elsewhere
(MleNuaireral inprep.), Blackpolls were scarce after
Ceroher although Yellew-hilled Cuckoes oscurved

recularly moearly November. Among dinmal mi-
grants, the number of hirundinids and Bobolinks
peaked in early to mid-October; Bobolinks were
absent after late October although hirundinids
continued into early Novemher.

Daily timing of occirrence —Excluding Black-
pall Warblers (McNair et al. m prep.) and Indizo
Buntings, more Nearctic-Neotropic rigrants (n =
18) were captured at HP duringe midday (4-5 hours
after sunrise) than earlier in the moming (n = 5) or
later i the aftemoon (n=4; y" =931, £=0.01).

Measy and far efnss.~Most mdividuals of most
species had low muss and Intle visible fat (Tables 4-
6), although vornhility characterised the samples,
The mean mass of unsexed Blackpoll Warblers
HP in 1997 was 12.0 ¢, 15.8% above their mean fat-
Tree mass. The mean moss of Blackpoll Warblers at
Gl was also Jow (11.2 g), §.3% above their mean fat-
free mass. The mican niass of unsexed Red-eyed
Vircos was 18.2 g at HP, 24 7% abave their fat-free
mass, and 15.6 ¢ at G, 6.9% ubove their fat-free
mass. The mean fat class of the Red-cyved Vireo was
couble that of Blackpoll Warbler at HP and similar
at Gl. The two Red-eyed Vireos recaptured at HP
lost mass (0.15 g 1o 0.45 widay). The single Black-
poll Warbler at GI that was re-measured naintained
its mass.

Fat-lond as o pereentage of mean fat-free mass
of 15 selected noctumal Nearctie-Neatrapic mi-
orants caplured in mist-nets gl both HP and Gl dur-
me autsmn migration averaged approximately 13-
201%, ligher than fine of the same specics captured
during spring migration on East Ship lsland, Mis-
sissippi, following a long over-water flight across
the Gulf of Mexico (Table 5). Along the northem
Culf coast these birds averazed approximately 7%
fat-load as a percentaze of fat-free mass.

Flight range evtimates —lenoring differences
among faliovt” birds and oiher Blackpoll Warblers
at HP (McMair et al. in prep.), Blackpols bad esii-
miated fight rances of abont 435-593 km at HP and
225475 ¥m a1 Gl Red-eyed Vireos had an estimated
Mightrangeof 1015 kimat 1P and 285 kmat G Ex-
cloding Scarlet Tanazer at HP, which was below its
mean fat-free mass, the (felht range estirmates for
the other noctumal Nearctic-Neoirapic migrants at
HF and Gl were similar. with a mean for all species
combined ofapproximmiel 600 km (range: HPY, 350
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Tamie 4. Mass and fut class for 13 species of naciumz] Nearclic-Neatropie Yandbird migrants captured m
mist-nets at Harrison Point, Barbados, from 29 September to 9 Novemnber 1997 and in 19987, and mass and
fat class for 14 species captured at Guana Island, British Virain [slands, from 1995-1998°,

Hiwrison Print, Barbados

Cilvamie Island, Brinsh Virgin fslands

Mass () Fal class Mass {2} Fat class

Sprecies” MWMean=5%D(raongpe) Mean=SDiranoe) Mean=ST ranae) Metn=SD(ranee)
Lo THE et $1.9=7 4442518y 0 = =
Fireo o olivicots 1522 316.520.9) 52000 0.3) I3 620814 | V6.5 Qa=04i0-1
Crrtherss ay. jpaiiigiay 213 0 - -
Certliarus gsiufnies 11 } - -
Fararanreg chrvsopier - - 70 0
Prruir mnericanat = -~ §.1520.6 05
Dewelroice PO i LY ] - -
Denefraaca persulvamicn 93 1 - -
Dronefeaten mogaalin - - 70 1]
Lhedrpien HEniin = ~ q nat
Denilioiee ciienedecens - - §44] {TINT) 25=0 150010 =)
LR ST T han=il 3R W=i32) 'E7=lk-3) | a=l 219-15.7) LAzl s(0-2)
Munorile varin - - 10:dxd [(B12) (404013

erLiekicifie D0 (90 .2) 1=1 4{4-2) 73 05
Sevideetes el - - 1D G L e-21) 1
Sodwray pevebarareids - - V0.0] &(16-19 3} i
Eprarinis frrnsasus VETEL 835 0 4.1 il
Cpuvrormis cgilis 124 1} - -
Pirangn olvaoen 2158 0 - -
Phenctictr fedmbe anes it 4 0 6.2 )
Fussirraet cyoneea: 14.32435(136-14.0) (L4205(0-1) M 2

"res Nemectic-Neoimpe Tgfhd migrans wére caplisved at HPor G 1599

Fagmple sizes givey i Table 1
“data missimg for ong shsemadlion
"t uvailabie

‘eombnnes data (oo Gallo and ather hirds (VoM air cral., immmp.)

"mclndes rrees it fromose Bl Killed in ghe net {MeNair gtal, 4994)

Ll bards were captinmil =7 das abier they armved st M EMeMaireral | 959

050 km; G, 263-975 km, Tabie &),
[HSCT sl

We have provided the first quantitative data
using mist-nel captures of graund-based Nearctic-
Meotropic landbird megrans durng autnmm migra-
tiem in the eastermn Carlebean. Our results dooument
that antumm Nearetie-Neotropic ldndbird migration
is a regular phenomenon over the easterm Carib-
hean for a few relatively abundant speoies moving
to their winter tange in Sonth Awerica, and dlso
inchudes o large variety of scorce specics us would
be predicted by the rennwned vaoraney of Jong-
distance imgrants (Grinnel] 1922) The use of nyst-

nels substantially increased our ability o detect
migrants at HP and Gl especially secretive species
such as Carharus thrushes and Opararnis warblers
that occupy dense habitats, The tming of our sam-
piing periods (primar ly Octoberyin the eastern Car-
ihkean comcided with the migration of Mearctie-
Neotropic  landbirds  (Richardson 1976, 1980,
HMotland sod Williams 1978 Williams and Williams
1978a; Bond 1985; Bosgue and Lentino 1987
Widliarms 1083 Raffacle 1989; Pashleyand Hamilton
1994 Hutt et al., in prep.). Comtinued and more gx-
tended ebeerver effont would nugmen and enhance
our knowiedge of pround-pased Mearctic-Neotropic
landbird migration during autumn in this rezion.
Nonetheless, we have shown that migration as
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TaslLE 3. Fat-load as a percentage of mean fat-free
mass of 135 selected noctumal MNearctie-Neotropic
landbird migrants captured in must-nets dunng
amtumn migrasion in the castern Caribbean at
Harmsen Point (HP), Larbados, and Guana Island
(G, Britsh Virgin Istands” compared 10 ning of the
samie species captured durdng spring migration on
East Ship lsland (ESD, Mississippd, following a
long over-water flicht acrass the Gulf of Mexico.
Fat-free masses wereg obtained from pubiished
weights (see text).
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was et Trom Camernn Parish, Lovistm

determned through sumplnig of grommded land-
birds is more pronounced than heretofore appreci-
ated althouwh migratory volume is generally law.
The ngher volume 91 GI can only be attnboted 1o
our non-standardised mistnering protecs!, plus
proximity to larger numbiors of winfering Nearclic-
Neotropic migranls in the Grenter Antitles.

We dizeovered that Red-eyed Virea, previous-
Iy thought to be a vigsunt or scuree transsent in the
eastern Caribheon, was relutively numerous at HP.
Red-eyved Virens also occorred at GI, where previ-
ous sarvevs (n the Brotish Virzm Islands did not
covermipration during September or October (Nor-
ton ét dl. 1989). Cur results indicate the autwmn
pagrtion route of Red-eyved Vmen in the West In-
dies ocewrs much fagther east than depicted in

Winker {1995b), but 13 consistent with their winter
range in South Amenca (Payiter 1993). The conun-
drums about earhier evaluations of its status in the
eastern Caribbean are presented and discussed in
Kenh (1997y and MoNair et al. (1999),

We verified or observed some other specics
for the frst time in the eastem Carbhean (see
MeNair et al. 1999, Sibley and Argndt in prep.k
tocal environmental conditions guch as the ab-
semee of surface water and appropriate habitat at
HP undoubtedly accounted for the scarcity of
Prothonotary Warblers (Protorotaria citrea) and
Northem Waterthrashes (Seamrus noveboraeensish,
two afthe few Parlidae that overwinter regularly in
Barbados (prncipally m mangrove forestat Grijeme
Hall Swamp: cf., Wunderle and Waide 1993, Wal-
lace @ al. 1906),

The mast abundant species we recorded in the
eastern Caribiean winter primarily in Seuth Amer-
ica (Bam Swallow [Hirundo restica]) or winter
exclusively oralmaost exclusively in South America
(Blackpoll Warbler, Yelow-billed Cuckoo, Red-cved
Vireoand Bobolink; Payriter 1995, American Omith-
alogiziz’ Union 1998Y. Al species that occwired at
HP, except Northern Rough-winged Swallow (Sre/-
midopteryx serripennish), and all species at Gl
except Nashville Warhler (Fermiivora ridficapilla),
have been recorded atleast once during winter in
South America (Paynter 1995), althinugh records of
several species (e.g., Golden-winged Warkler [V
ciimvseprere], Kentucky Warbier and Indigo Bunt-
ing] have been restricted to northwestern Soutl)
America (Paynier 1993). Northem Fough-wingel
Swillow has heen chserved in the Netherlands
Amilles (Voous 1983) and Nashwille Warbler has
been observed as far south us wesiern Pananma
(Ridgely and Gwamne 1989, American Omithol-
agists” Union. 1998). The species composition of
Nearctic-Neotropic migrants among HP and G was
Fairly similar, although proportionally more species
that prmarily  winter within the West  Indizs
occurred at Gl (also see Robertson 1962, Holland
and Williams 1978, Pushiley 1988, Wundérle and
Waide 1993). This patlem s consistent with 115
Incation 21 the eastem end of the Grearer Antilles,
wlhiera most Neargtic-Neatrapic landbird migrams in
e West Indies overwmizr (Wunderle and Waide
1993, Wallace eral, 1996, Wallaceeral 1999), Al
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Tame 6. Latimates of rate of mass tnss (g/hr) as a fimetion of mass, mean fat load (), time of flight (hr)
given mean fat lead and rate of mass less, and distance (km) Nown based on time of {light with a mean air
spred of 38.3 ko lirunder condiions of no wind for 15 selected nocturnal Nearctie-Meotropic tandbirds
at Rarbados and the British Virgin Islands during autumn miaration (see text).
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MNearchic-Neotropic misrants at bath Sites were of
species hat breed in easiem North America, which
suggests  that the  wood-pewee at Barbidas
{(MeNair et al. 1999) was an Enstern Waond-Pewee
{(Comtopuy vivens), not Western Wood-Pewee (C.
soritdilus), although botly species winter in South
America (Paynter 1993).

Richardean (1976, 1980), Witliamseral.(1977a)
and Willinms and Wiillams {19780 stressed thay
Nearctic-Neotropic landbirds take two rootes dur-
mg antumn rrigration to reach e eastern Canb-
bean: the fong overwater "Atlantic” route acrass the
wegtern Morth Atlantic Qcean from ponheast-em
North Amerca (e, Blackpoll Warbler;, or the
“Greater Antllean’ ronte down the Atlantic slope of
sontheastern Novth America through the Florda
perimsila and thence southenstward throush the
Greater Antiles. Later, Willinms {1983) asorihed
Nearctic-MNeatropte migravon along the ‘Greater
Antillean” coute to the “Adantic’ roule mstead,
althioueh le did not dispute two routes Tor the two

groups of birds in Richardzon {1976, 1950). His
conclusion assumed thar wigrants take a constant
compass heading (mean of around 152 degrees)
fromy departuve aress in nonheastemn North Amer-
ia, from Yirginia to Mova Scotia (Stoddard et o
1983, Williams 1985), Wilhams (1991) and Williams
and Webk (1996) further modified their hypothesis
that the uniform orientation of Nearctic-Neotropat
Jandbirds resilted in o broad front migiation during
asutumn over the western North Atlantic Ocean to
the West Indies rather thas the use of a more
exe lssive, narrower “Aflantic’ rovte, with the extent
of transoceanic crosszing dependent upon how far
north the migrant breeds (Williams, pers. comm.).
Williamas (pers. comm.) stated that the orientation
fheading of 152 degrees) of mugrants from Mizmi,
Florda (Williams eval. 1977a) was consistent with
hroad fromt pmzration over the westarn North At-
fantic Ocean from departure areas he sampled far-
ther north,

In southern Florida, whers Blackpoll Warhlers
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are scarce during autonm (McNair und Post 1993),
Williams et al. (1977a) documented that noctumal
movements of migrant landbirds contimug south-
castward along a single compass heading toward
the nearest coast of Cuba, not farther east
headwimds are avoided by flving at high alitudes,
However, Richardson (1976) documented directed
movements of landbirds along the ‘Greater An-
tllean” route to the east/south-southeast from and
1o Puenie Rico (from Hispamola), These movemends
would require reorientation (changze of headings
from a corstant compass dircction) of pirds once
thev reached land over Cuba, after flying over
waler, assuminig birds arivimg i Hispamiola or
Puerto Rico tid not' depart from areas Gmthernorth
i southeastern North Armeried. We doubt that the
constand compuss  mechantan  postulated by
Williams 15 vabd once miorants reach Cuba, their
fivat man woal along the *Greater Antitiean’ ronle;
they probably rearent both to the west-southwest
(toward Yuecatin) and the esst-zontheast (toward
Fispaninla). Althongh most birds tiking this ronte
winter in the Greater Antitles (excluding species
Aving to South America, e.g.. Yellow-billed Cuc-
koo), some species alse winter in the easizm
Canbbean,

Furthermare, we canriot reconcile our results
with the transoceanic route or its recent broad-front
madification as proposed by Williams, other than
for Blackpo!l Warkier. The combination of a larze
variety vet Jow numbers of nocturnal migrants, the
proportionally low numbers of all species (ex-
chuding Yellow-balled Cuckaoo a1 Barbados) com-
pared 10 Blackpol| Warkler (includimg other species
that are numerous in northern or nerthzustem
North Amenca during the Dbresding season or
antumin migration), and the predominance of
imnsatures of other Nearctic-Meotropie migrants
comparad 1o a higher proporion of adults for
Blackpoll Warhler (Nisheteral. 1963, Ralph 1981),
sugoest that these  Nearche-Neotropic  species
other than Blackpolt Warhler probably migrated
aleng the fomge of the *Greater Antillean” moute 1o
reach the eastemn Caribbemn, ichuding the southem
Lesser Amtilles( Richardsan 1976). [Tother Nearctic-
Neotropre landpirds are migrating over the westem
Narth Atlantic Ocean) very few mdividuals of any
of these species muost use this route 10 reach the

eastern Cartbbean, In contrast, despite their gen-
erally fow numbers on the ground, we believe that
Blackpoll Warbders in the eastermn Carbbean are
flying along their main transoceanic route, nol
along the marzin of either route. Our evidence
supporting the *Atlantic’ route far Blackpoll War-
bler 1s indirect (Nishet 2t al. 1993) although sull
consistent with Nishet et al. (1993), who pradicted
that few Blackpolls are grounded in the West
Indies as they are twking a long over-water flighi en
ratite to Sotth America. Murray (1989) implred that
the number of grounded Blackpolls would be much
figher in the West Indies since he states they are
Hairly commoen’ there during a shorter over-water
flight

Other noctuma! Nearctic-Neotropic migrants
(and Blackpoll Warklers; McNairetal. in prep.) that
we captured as HP (and Gl: F. Sibley, pers. obs.)
arrived throughout the day, which is consisiem
with Dirds undergoine loma-distonce mizration over
a large water barrer on either route. While noc-
wirnal moverients are ynuch heavier than diomad
movements along the *Greater Antillean’ route
(where birds occur i much hgher densities than
along the "Atlantic’ route), the number of birds
moving during the daytime are nonetheless sub-
stantial (Richardson 1976). Richurdson (19761 used
the term 'island-hopping” to deseribe the noctornad
und diurnal movements of lundbirds along the
‘Greater Antilean” rowte. He did not specify
whether birds landed on one island before depan-
ine for the next one or whether birds continued to
My over islands sequentially. The timing of de-
pariure.of noctumal ppsserines during autumn mi-
gration in the West Indics 15 more protracted than
w more portherly Jatitudes (Richardson 1976,
Williams et al. 1975
6 hrafter sunsel.

and may continue as long as

Despite lpier departure Umes for many birds,
they evidently are pot tisland-hopping” (Richard-
son 1976, Keith 1997) short distances on the *Great-
er Antiltean’ route. “island-hopping’ 1o Barbados,
Iving ¢astof the Lesser Autillean arc, would also be
mittadaptive, Quiside Cuba (and possibly Hispun-
inla), pur Nearctie-Nearropic migramts had enough
time and ful 10 arive at \hejr destination before
dawa or within 22 hrafter dawn if they are only
‘istand-hopping’ short distances { Ganthireaux 1978,

162



g% MONSIRET AL

Bingman 1980, Wiedner et al. 1992). Most of our
Nearctic-Neotropic migrants, although of low mass,
were not emaciated, unlike many trans-Gulf land-
birds during spring migration (Kuenz et al 1991).
Although our sample sizes of other Nearctie-Neo-
tropic nigrants were Jow, the madest amount of fat
above fit-Sree mass of many captured birds o land-
Fall on two small jzlands i the easten Caribbezan
may be ‘insurance’ when fving over a large eco-
lezical burer (Jong over-water distances). Most
hirds had sufficient fai for continued hezht, es-
pecially at Barbadas where many migrants ¢ould
have covered the distance af approximately 450 km
1o South Americn. The hith imuss of Red-eyed
Vircos compared to ather species at Barbados is
ditficnlt w explain; these inds could have reached
South America easily, even allowing fora reservorr
of vnused fut as “insurance’. Birds at GI would
require Jonger himes to refie] for the longer cros-
sing 1o South Amerca (approximately 580 km. if
this is thair destination. Altematively, son-emaciat-
ed hirds may have landed a1 both islonds during
daytime because conditons ave more favoralvle for
migration atnight (Bicbach 1992). Resardiess, most
of our other Nearetic-Neotropic mizrmnte linve pro-
bably flown appreciable distances betwesn depar-
wre areas 2long the *Greater Antillean” route and
arrival at GI and Parbades, regudar migrants and
vagrants alike.

Ratier than take the *Greater AntiTlean™ route,
Rappole et al. (1979) suruested that somie nugrants
depariimg from souther Flonda durmz aiumm muy
iy southwest 1o Yucsan and Central America.
ANboueh Wilkiams et al. (1577a) failed 10 detect
strong southwest fhohts, recent studies using
WER-EAD radar have confirmed that bandbird mi-
orants may depart southwest from southern Florida
duving i, although the flights are fewer and
of lesser magnitds than notth of Tumpa (K. P.
Able, pers. cotnm.). Nearctic-Neotrapic migranis
that predommantly winter i this region are widely
drspersed during autunn mogration o the Florida
peninsila (Reberson and Woolfenden 1992), al-
though several of these specics are generully
scavee on e sontheastern Atlantic coastal pluin m
atitinyn (e Goldep-winged Warkler, which has
nonetheless grereased recently i the West Indies
[Gaclifelt 1974, Raffaele ] 989, 1his study]). Some of

the scurcer species we caplured or observed in the
castern Caribbean winter primanly in Middle Amer-
wa mnd may have been wind-drified vagranis
displaced eastward. However, wind-drifled vagran-
cy to the esstern Carrbbean from regions along the
Gulf of Mexico west of 1he Flovida peninsula is un-
likely, since none of the preferred flight directions
of trans-Guif mogrants are to the southeast during
autunn when nertherly winds are infrequent and
usually rom the norheast (Able 1972).

The refative abundunce and frequency of oe-
currence of Yellow-billed Cuckoo, Red-eyed Vireo
and Bebolink at Barbados supzest these thiee
species may be candidates for the long overwate
rnte neross the westermn North Atlantic Ocean 10
Sonth America. However, no compelling evidence
exists which snpparts this possikility. Unlike Black-
oll Warklers, survevs of these species’ distibu-
tions during autvwmw mdicate that they initiae mi-
vration from somthesstern North America, Yellow-
Billed Cuckoos and Red-eved Vireos as both trans-
Gulf migrsats and down the Florida peninsula and
fobkolinks from the Atlantic slope only (Chapran
1890; Bent 1940, 1958, Hamilton 1962, Taylor and
Anderson 1973, Crawford [950, 1981, Taylor and
Kershner 1986, Robertson and Waoolfenden 1992,
Stevenson and Anderson 1994, Winker 1995h,
Remsen et al. 1986, Woodrey and Moore 19973,
Aboard ships in the western North Atlantie Ooean,
only one Bobolink swas captured and no others
were reporied seen (MeClintock et al. 1978), where
the status of Mearctic-Meojropic landbird migrants
other than Blackpoll Warbler is consistent with
wipdedrified vapraney (Muarmay 1989). Williams et
al. (19778) suvrested that Yellow-hilled Cuckoos
craased the western Monh Addantic Ocean and saw
cuckoos wreter than 220 Kk from the coast, but
pthierwise cited no specific reports, Furtlicrmore, its
status as - an uncommmn autumn pagramt in the
northem Bahamas (paralie! 1o the southem Flonda

caast where it 18 numerous ) compared o ity greater
abundance in the southem Bahamaes (and Grealer
Antilles) fartker south (Raffacle e1 a) | 998) 45 also
inconsistent with passapge of Yellow-billed Cuckoes
over the western Noith Atlantic ccean. Red-cyed
¥ireos have not been capiured or seen at all. The
stats of these three species duming autumn migra-
tian in the zastern Caritbbean is consistent with
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their status elsewhere in the West Indies.

Hilditcherat, (1973 and Withams and Williams
(1978a) stressed that few of the many birds which
fly over the West Indies are grounded, in part be-
canse birds can frequently detour around ap-
proaching storms. This assessment agrees with our
observations of the frequent absezuce of *fallouts’
during avtumn migration even when stonms oceur,
In addition, the gceurrence of birds in waves sepa-
rated by several days with little or no migration
(Williamsetal. 1977b, 1978 Williams | 985) would
also comtribute toward the absence of 'fallowts’
during storms. Nonetheless, documented 'fallows’
of noctumal Nearotic-Neotrepic landbirds during
autuerm migration have occurred an the West
Indies, meluding the eastem Caribbean. Masy fall-
outs’ have been primarily limited 10 two speoies,
*Fallowts® of Blackpell Warblers are decumented
elsewliore (MeNair et al, m prep), but lave oc-
curred  throuehout  the northern,  castem. and
somlliern Canbbean during auturnm, ecg, m the
Bahmmaz(Kale ef al. 1969). Yellow-hilled Cuckoos
are rave 1o locally common brecders i the Greater
Antilles {Kepler and Kepler 1978, Rafiaele et al,
1998) and at two sites in the Lesser Antifles, St
Kitts and St Martin (Steadman et al. 1997, Feld-
ann et al. 1999), bur their breeding states should
not unduly affect sssessment of ther status during
autumn migration, which sceurs primarily from late
September to Novembar foot “very few” bivds in
November and not “uncommon 1o rare’ in the
| seser Antilles canprn Ratfacle et al. [998),

Mazt tfallowts” (artitranly defined as > 10
birdz‘tday) of the Yellow-hilled Cuckoo have oc-
curred M the southern Caribhean, a1 the Nether-
Yands Antilles, Barbades and Tobapo, near noyth-
erm Somh America (Veous |953, firench 1993, Hut
ctal. in prep). Bonbote (1503) collected 12 Yellows
Rilled Cuckoason 13 October 1901 21 Bird Rock of T
Crocked Island in the Babumas and Robertson
(19709 stated Yellow-hilled Cuckoos in associatian
with other Greater Antilledn migrints were pumgr-
ous on |4 QOctober 1969 a1 a lighthouse at Cayo
Caiman oft Guibarien near the coast of Cuba, bt
both |ncations in the Straits of Florida would be
consiEtent with migration down the Flonda pen-
msula. Ralfacle 11989) and Raffasle et al, (1995)
stated that semetimes very lorgs concenfrations of

Yellow-hilled Cuckoos pass through the Jargest
islands of the Greater Antilles during October, but
cited no numbers. *Fallouts” of Yellow-hilled
Cuckoos may have been overlooked in the northem
and eastern Caribbean, but their primary restriction
despite thesr visibility (large size) to the southem
portion of the Caribbean Sea is cansistent with an
over-water crossing of the Caribbean Sea (fat birds
have teen collécted during September and October
m the Dominican Republic and Puerto Rico;
Schwartz and Khinikowski 1965), not over tha west-
ern North Atlantic Ocean. Their rarity at G despite
suitable labitat (also cenerally mre during antemn
dar St Croedx, American Virgn [sinds, whers FW,
Sladen [pers. cormm.] had 34 birds on 19 diys over
10 yr [1980-19891) is also moonsistent with migra-
ton over the western North Atlantic Oeean, Daco-
mented “fallous’ of Yellow-hilled Cuckoos have
ulso cceurred independently of *fallowts’ of Black-
poil Warblers, e.e,, Kale et al. (1969), Meier 1 ul,
(1980), this study. Except for several thrushies and
some parulids (Kale etal. 1969, Roberison 197G), no
other species have been documented to have

occurred in substanual numbers during *fallouts' of

either Yellow-billed Cuckoos or Blackpoll Warblers
in the West [ndics, although this is certainly pos-
sible for species oo, Red-eved Vireo, Connecticut
Warbler (Q. agilis)] that amive ot northern South
America afler an over-water crossing of the Carib-
bean Sea durimi autusmm migration: We believe the
scarcity of conspicuous 'fallouts’ of species ather
than Blackpoll Warkler in the northem Carilibéan
strenathens our wguwment hat we have ot over-
loeked other possible candidate species for an
over-water crossinz of the western North Atlantic
Ocean.

In addinon, low numbers, predominance of

pmmintures of birds capiored or salvaged aboord
ships, generally Jow masses and low fat ¢lasses,
mnd improbable desimations hased on the winter
fmnpge dnd  known migratory couwles of mas)
Nearcte-Neotrapie migranis other than Blackpall
Willers seen south of Bermuda (only two species
Jisted by MeClintoack eval, [1978] winter in South
Americay do not support the long over-water route
aornss the western North Avantic Ocean during
avtinrm (Ralph 1981, Murray 1989, conira Me-
Clintnck et al. Y978, Williams and Williarns 1978b,
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Wilhams 1983 [although Williams' two pub-
lications included a retraction for species that do
not winter 1 the Neotropics)l. The occurrence of
these species over the western Nonh Adantic
Oceun 15 consistent with wind drift froan the North
American mainiand.

Recently, Marris =t al. (1996) nominated Ten-
nessee Warbler (. peregring) as another potential
trans-oceanic mgrant over he western North At-
lantic. Howewer, this species is i trans-Alleghannm
migrant in continental North America {¢.g.. ong of
the two most atupdant parulids during autumn
mipgration at high elevations of the Southern
Appalachian Mountams; MeNair, unpubl) that
moves to the narthem Gulf coast andonward 1o the
winter tange [tom southem Mexica to narthwest
Seuth America (Paymier [993), Furthermore. the
Tennessee Warbler 15 found enly in the northern
and westerm Canblean on the eastern fringe of its
aumn migration route and s eeneraily e 1o
unconmnon here (Gochield 1974, RafTacle 2t al.
1998), Unentical evaluation of 9ie autumn migration
mute of Tennesses Warbler has not contributed to
the legitimate debale about transsceame migration
of Blackpo!l Warblers and other Mearctic-Neotropic
landbirds from norheastern Narth America to the
West Indies and South America (ses Nishet er al.
1995), Excluding Blackpoll Warhler, an nnknown
proportion of a few species (g, Cape May
Warbkler [, Huerine)], Connecticat Warbler and
Northern Waterthrush] may migrate during automg
over the western North Atlantic Ocean after depart-
ing fram north of southeastern North America, bul
this has not vet been convineingly documented.
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Migratory Birds and
the Spread of West Nile

WE READ WITH SUBSTANTIAL APPREHENSION
the News Focus article on the spread of West
Nile Virus (WNV) across the United States
and its concomitant decimation of bird popu-
lations ("West Nile's surprisingly swift conti-
rental sweep,” M. Ensenink, 20 Sept., v. 1988;
and sidebar *Bird advocates fear that West
Nile virus could silence the spring,” D.
Malakoff, p. 1989). Many of the survivors
among these populations are very likely to
spread WNV thicughout the Neotropics in
this northern winter, if they have not alrcady
done so durng the last several winters. 1t is
particularly ominous that our observations of
scores of species of small northern migrants
(e.g., warblers and thrushes) this January in
the Area de Conscrvacion (Guanacasie in
northwestern Costa Rica {{) suggest that tiere
is a precipituons decline in their abundance
compared with
previous years.
Parallel obser-
vations  from
other neotrop-
ical coniinental
areas would be
opportune, as
well as from
the Caribbean, as
mentioned in  the
sidebar by MalakofT.
This apparent decline
in Costa Rica could
well be due 1o fewer

migrants  armving,
virus-based death in
transit or on the
wintering grounds,
or even dispropor-
tionally harsh preda-
tion by resident pred-

The yellow-rumped warbler {bottom) and
the Kentucky warbler (top) are two of the
numerous North American bird species
known to have tested positive for West Nile
virus,

CRIDATS. €. 5, Bl S m B RECS, [T G T | AL P PR O

ators accustomed o

preying on abundant migrants. OQur ongolig
inventory of the intermal parasites of these
migrants and their sympatric residents (2}
hopefully will indicate whether WNV has
arrived as we expect and 1s spreading
[however, there are no recorded cases of

www.sciencemag.org  SCIENCE  VOL 299 7 FERRUARY 2003 (b(. o g>
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11 March 2003
Dr. Skip Lazell
P.O. Box 86
Lane, OK 74555

Dear Dr. Lazell:

Thank you for taking the time to discuss the possibility of conducting research and
monitoring of avian species on Guana Island. Since my brief period working with Red-
tailed Hawks in the Luquillo Forest of Puerto Rico, I have been seeking an opportunity to
engage in more complex, longer-term research in the Caribbean. Thus, I would welcome
the opportunity to join the group of biologists conducting studies on Guana Island, and
would appreciate you considering this as an application to join the group.

Following our conversation, I spoke with Fred Sibley to discuss the ornithological work
he conducted over the last several years on Guana. Fred was very forthcoming and
encouraging, discussing many of the logistical aspects of mist netting on the island. I
now have a better understanding of the species typically banded, the annual variability in
the number of individuals netted, and some of the research possibilities. I would be
happy to continue, or collaborate with another researcher in continuing, the mist netting
and banding operations on Guana. I believe the mist netting and banding operations
could easily mesh with a personal research program.

I would need to gain a sense of familiarity with the ecology and logistical aspects of the
island before I could fully develop a topic of personal research. However, following my
discussions with Fred and Gad Perry, it appears there may be many possible avenues of
research. One that comes immediately to mind is involves the kestrel population on the
island. It would be quite interesting to examine predation on other island species
(perhaps in collaboration with Gad Perry) or genetic relationships among kestrels on
(uana, the local islands, and also the North American continent, which really starts
getting at island biogeography and dispersal issues.

Another research question involving avifauna on Guana Island is the spread of West Nile
Virus (WNV). This virus be devastating to some species (e.g., corvids, raptors) but
seems to be of lesser impact on others (e.g., some passerines). Given the small size of
Guana Island, WNV could have dramatic impacts if established there. There are also
increasing concerns regarding the possibility of neotropical migrants serving as reservoirs
for WNV and spreading it to geographically isolated areas, such as the islands of the
Caribbean. I have previous experience conducting studies on avian diseases and
parasites, and have the skills necessary for hematological sampling of mist-netted
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passerines. | would welcome the opporiunity to pursue this line of research on Guana
Island, and believe funding sources could be found to support such etYorts.

My current position is acting unit leader and research wildlife biologist with the USGS
Texas Cooperative Fish & Wildlife Research Unit, and assistant professor in the
Department of Range, Wildlife and Fisheries Management at Texas Tech University. |
hold a master-banding permit and have experience mist-netting avian species in prairie
and desert grasslands, Sonoran desert, and desert riparian corridors. Currently I am
directing graduate student research on grassland passerine use of native and introduced
grasses in Conservation Reserve Program lands, breeding season ecology of Cassin’s
Sparrows, survival and behavior of Blue Jays, resource partitioning of grassland raptors,
and avian and mammal associations with prairie dog colonies.

I have discussed the possibility of conducting research on Guana Island with my regional
supervisor. He understands the amount of time that would be required in the field each
October and has given me full support in this endeavor. 1 am enthusiastic at the prospect
of joining the research activities on Guana Island and hope you consider me favorably for
the opportunity. Please feel free to contact me if you have any questions regarding my
qualifications and interests.

Sincerely,

Lo —
- .

& -7
o 5

/ '.".__.'“L_,/..;-_\'/_:\,} -
Clint W. Boal

Assistant Unit Leader: TXCFWRU
Assistant Professor: Texas Tech University
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e Boal, C.W. and J.E. Bacorn. 1994. Siblicide and cannibalism at northern goshawk
nests. Auk 111:748-750.

e Boal, CW_ E.L. Bibles, and R.E. Brown. 1994. Unusual parental behavior by male
northem goshawks. Journal of Raptor Research 28:120-121.

¢ Boal, C.W.and R W. Mannan. 1994. Northern goshawk diets in ponderosa pine
forests on the Kaibab Platcau. Studies in Avian Biology 16:97-102.

PAPERS SUBMITTED

s Boal, C.W., T.S. Estabrook, and A E. Duerr. Productivity and breeding habitat of
loggerhead shrikes in an urban environment. Accepted Soutiwestern Naturalist

e Boual, CW., D.E. Andersen, and P.L. Kennedy. Home range and residency status of
northem goshawks breeding in Minnesota. In revision Condor

e Boal, C.W., HA. Snyder, B.D. Bibles, and T.S. Estabrook. Temporal and spatial
stability of red-tailed hawks in the Luquiilo Expertmental Forest, Puerto Rico.
Submitted to Journul of Ruptor Research

FINAL REPORTS

e Boal, C.W,, D.E. Andersen, and P.L. Kennedy. 2001. Home range and habaitat use of
northern goshawks (Accipiter gentilis) in Minnesota.

e Boal, C.W. 2001. Strategies for monitoring common black-hawk (Buteogallus
anthracinus) populations in North America. USGS- NARMS

e Nishida, C., S. DeStefano, and C. Boal. 2001. Status of Swainson’s hawks in
southeastern Arizona. Final Report Arizona Game and Fish Department Heritage
Grant Project 198013.

e Boal. CW. 1996. Bird inventory. Pages 47-52 in L K. Harris, ed., Wildlife
inventory of the Saguaro National Park expansion area. Final Report, Saguaro
National Park, Tucson, Arizona.

 Boal, C. W, and R.W. Mannan. 1996. Conservation assessment for the common
black-hawk (Buteogallus anthracinus). Final Report, USDA Forest Service, Tonto
National Forest, Contract No. 43-8180-5-0271.

e Boal, C.W and R.W. Mannan. 1995. Bird inventory. Pages 80-92 in L.K. Harris,

and C.R. Schwalbe, eds., Wildlife inventory of the Rincon Valley. Final Report
Heritage Project U93007, Antizona Game and Fish Department, Phoenix, Arizona.

Hy
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PRESENTATIONS

Merriman, J., P. Zwank, C.W. Boal, T.A. Bashore. Assessing raptor-aircraft strike
risk associated with prairic dog colonies. 68" Annual North American Wildlife and
Natural Resources Conference, Winston-Salem, NC. March 2003.

Thompson, T.R., C.W. Boal, and D.R. Lucia. Effectiveness of native seeding of CRP
in providing summer habitat for grassland passerines. Texas Chapter of The Wildlife
Society 38™ Annual Meeting, Waco, TX. Feb. 2003.

Pructt, A., C.W. Boal, M.Wallace, P. Robertson and J. Ray. Black-tailed prairie dogs
and small mammal diversity in the southern high plains of Texas. Texas Chapter of
The Wildlife Society 38" Annual Meeting, Waco, TX. Feb. 2003.

Merriman, J., P. Zwank, C.W. Boal, T.A. Bashore. Spatial distribution of raptors in
relation to prairie dog colonies. Texas Chapter of The Wildlife Society 38" Annual
Meeting, Waco, TX. Feb. 2003,

Smithers, B.L., C.W. Boal, and D.E. Andersen. Asscssment of northern goshawk
food habits using time-lapse video monitoring systems. Texas Chapter of The
Wildlife Society 38™ Annual Meeting, Waco. TX. Feb. 2003,

Mannan, R.W., and C.W, Boal. Recruitment in a popuation of urban-nesting
Cooper's hawks. 36" Joint Annual Conference of the New Mexico/Arizona Chapters
of The Wildlife Society and the American Fisheries Society, Arizona and New
Mexico Chapter, Gallup, NM. Feb. 2003

Boal, C.W., and R.W. Mannan. Birds of Prey in urban landscapes. Defenders of
Wildlife’s Carnivores 2002: a conference on camivore biology and conservation.
Monterey, CA. Nov. 2002.

Thompson, T.R., C.W, Boal, and D.R. Lucia. Effectiveness of native sceding of CRP
in providing summer habitat for grassland passerines. The Wildlife Society 9"
Annual Conference, Bismarck, ND. Sept. 2002.

Nishida, C., S. DeStefano, C. Boal and R, Hobbs. Productivity and nest site selection
of Swainson’s hawks in southeastern Arizona. 3™ North American Ornithological
Conference, New Orleans, LA. Sept. 2002,

Andersen, D.E., C.W. Boal, and P.L.. Kennedy. Home range and habitat use of
northern goshawks (Accipiter gentilis) in Minnesota. Forest Systems of the Upper
Midwest: Research Review. Cloquet Forestry Center, University of Minnesota, U.S.
Forest Service, and Minnesota Forest Resources Council, Cloquet, MN. Jan, 2002
Boal, C.W. Distribution and productivity of ferruginous hawks and Swainson’s
hawks in Dallam County, Texas. Texas Chapter of The Wildlife Society 37™ Annual
Meeting, Corpus Christ, TX. March 2002

Boal, C.W., and R. Lee. Ecology and management of urban birds of prey. Texas
Recreation Areas and Parks Annual Workshop, Lubbock, TX. Nov. 200!

Boal, C.W. (presented by Jeff Smith in abstentia). 2001. Strategies for monitoring
common black-hawk (Bureogallus anthracinus) populations in North America.
Annual meeting of the Raptor Research Foundation, Winnipeg, Manitoba, Oct. 2001
Boal. C.W., D.E. Andersen, and P.L. Kennedy. Breeding season foraging habitat of
male northern goshawks in Minnesota. The Wildlife Society 8™ Annual Conference,
Reno, NV. Sept. 2001

Boal, C.W. Ecology of northern goshawks in Minnesota. Llano Estacado Audubon
Society, Lubbock, TX. April 2001
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Boal, C.W. Hierarchical assessment of northern goshawk foraging habitat in
Minnesota. Seminar, Department of Range, Wildlite and Fisherics Management,
Texas Tech University. Feb. 2001

Boal, C.W. Hierarchical assessment of northern goshawk foraging habitat in
Minnesota. Seminar, Department of Range, Wildlife and Fisheries Management,
Texas Tech University. Feb. 2001

Boal, C.W., D.E. Andersen, and P.L. Kennedy. Habitat use of northern goshawks in
Minnesota. Annual mecting of the Raptor Research Foundation, Jonesboro, AR.
Nov. 2000

Boal, C.W. Ecology of northern goshawks in Minnesota. Keynote address,
Headwaters Audubon Society, Bemidji, MN. May 2000. Invited.

Boal, C.W., T.S. Estabrook, and A.E. Duerr. Breeding habitat and productivity of
loggerhead shrikes in an urban interface. 4® International Symposium on Urban
Wildlife Conservation, Tucson, AZ. April 1998.

Boal, CW. The status of northern goshawks in Minnesota. Annual meeting of the
Minnesota Ornithologists Union, St. Paul, Minnesota, Dec. 1998. Invited.

Boal, C.W. The urban environment as an ecological trap for Cooper’s hawks, Dept.
of Fisheries and Wildlife, University of Minnesota. Oct. 1998, Invited.

Boal. C.W., and R.W. Mannan. Comparative ecology of Cooper’s hawks in urban
and exurban environments. Annual Raptor Rescarch Foundation Meeting, Ogden,
UT. Nov. 1998.

Mannan, R W. C.W. Boal, W J. Burroughs, J.W. Dawson, T.S. Estabrook, and W.S.
Richardson. Nest sites of five raptor species along an urban gradient. Fifth World
Congress on Birds of Prey and Owls, Midrand, Republic of South Africa. 1998.
Boal, C.W., and R.W. Mannan. Nest-site selection by Cooper’s hawks in an urban
landscape. Joint meeting of the 114™ Annual Meeting of the American Ornithologist
Union and the Annual Meeting of the Raptor Research Foundation, Boise, ID. Aug,
1996.

Boal, C.W., and R.W. Mannan. Reproduction and mortality rates of urban nesting
Cooper's hawks. 66™ Annual Meeting of the Cooper Omithological Society, San
Diego, CA. Aprnil 1996.

Boal, C.W. Hard-wired, sofl-wired or hay-wired: Cooper's hawks in Tucson. 19906,
School of Renewable Natural Resources, University of Arizona, Tucson. Invited.
Boal, C.W., and R.W. Mannan. The urban landscape as an ecological trap for

Cooper's hawks. 1995, The Wildlifc Society Second Annual Meeting, Portland, OR.

Sept. 1995.

Boal, C.W., and R.W, Mannan. Intcrscxual prey partitioning in northern goshawks.
Annual Raptor Research Foundation Meeting, Flagstaff, Arizona. Nov. 1994,

Boal, C.W., and R.-W. Mannan. Northern goshawk diets in ponderosa pine forests on
the Kaibab plateau. 63™ Annual Mceting of the Cooper Omithological Socicty,
Sacramento, CA. April 1993.

Boal, C.W., and R.W. Mannan. Northern goshawk diets in pondcrosa pine forests on

the Kaibab plateau. Annual Raptor Research Foundation Meeting, Bellevue, WA.
Nov. 1992

L
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PROPOSALS
Submitted & Funded

Habitat and prey partitioning by sympatric ferruginous hawks and Swainson’s hawks.
2003. U.S.D.A. Forest Service. $3,000

Resource partitioning and overlap of a raptor assemblage associated with prairie dog
colonies. 2002, Texas Parks and Wildlife. $72.839

2002, Breeding season prey use of northern goshawks in Minnesota. Minnesota
Forest Industries. $10,000 (Co-authored with D.E. Andersen)

2001. Playa lakes as habitat reserves for black-tailed prairie dogs. 200!. Texas
Parks and Wildlife Department. $117,000

2001. Playa lakes as habitat reserves for black-tailed prairie dogs. 2001. USGS-
BRD Cooperative Unit System. $19,845

2001. Effectiveness of the conservation reserve program native specics seeding
requirements in providing summer and winter habttat for grassland birds, 2001.
USGS-BRD Cooperative Unit System. $22,150

2001. Inventory of northem goshawks (Accipiter gentilis) on the Superior National
Forest. $19,931 (Co-authored with D.E. Andersen)

2001. Breeding season prey use of northern goshawks in Minnesota. U.S, Forest
Service ($14,000) (Co-authored with D.E. Andersen)

2001. Effectiveness of the Conservation Reserve Program (CRP) native species
seeding requirements in providing summer and winter habitat for grassland birds.
Texas Parks and Wildlife ($42,104) and USGS-Biological Resources Division
($22,150). $64,254

2000. Home range and habitat use of male northern goshawks in north-central
Minnesota. Grants recetved from the Chippewa National Forest, Leech Lake Band of
Ojibwa Minnesota Department of Natural Resources, NCASI, Potlatch Corporation,
The Raptor Center, Superior Natiomal Forest, U.S. Fish and Wildlife Service totaling
$86,000 (Co-authored with D.E. Andersen and P.L. Kennedy)

1999. Home range and habitat use of male northern goshawks in north-central
Minnesota. Grants reccived from the Chippewa National Forest, Leech Lake Band of
Ojibwa Minncsota Department of Natural Resources, NCASI, Potlatch Corporation,
The Raptor Center, Superior National Forest, U.S, Fish and Wildlife Service totaling
$81,600 (1999) (Co-authored with D.E. Andersen and P.L., Kennedy)

1998, Status of Swainson’s hawks in Arizona. Arizona Game and Fish Department.
$82,028. (Co-authored with S. DeStefano)

1997. Breeding habitat of urban nesting loggerhead shrikes. T&E Inc., Research
Grant Program, $2,100.

1995. Temporal changes in behavior and habitat use of urban nesting Cooper's
hawks. Arizona Game and Fish Department. $13,670. (Co-authored with R'W,
Mannan)

1995. Development of a conservation assessment for common black-hawks. Tonto
National Forest, U.S. Forest Service. $5,000. (Co-authored with R.W, Mannan)
1994. Nest-site sclection of Cooper's hawks in urban environments and the effects of
trichomoniasis on reproductive success. Arizona Game and Fish Department.
$66,352. (Co-authored with R.W, Mannan)

Ht
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Submitted & Pending

Comparative home range sizes and foraging habitat use of sympatric ferruginous
hawks and Swainson’s hawks. Texas Parks and Wildlife Conservation Action
Program. $43,244

Experimental assessment of the influence of radio telemetry on predation and survival
of birds. Texas Parks and Wildlife. $50,228

GRADUATE EDUCATION
Graduate Committce Chair:

Nishida, Catherine. MS (Univ. Arizona). Distribution and status of Swainson’s
hawks in Arizona. Completed 12-01

Smithers, Brett. MS. Breeding season prey use of northern goshawks in Minnesota.
In progress — anticipated completion 5-03.

Pruett, Alison. MS. Playa lakes ax habitat reserves for black-tailed prairie dogs. In
progress — anticipated completion 5-04.

Thompson, Thomas., MS. Effectiveness of the conservation reserve program native
species seeding requirements in providing summer and winter habitat for grassland
birds. In progress - anticipated completion 5-03.

Merriman, Joel. MS. Raptor association with black-tailed prairie dog colonies on
Canon Air Force Base: implication for bird strikes. In progress - anticipated
completion 8-03.

Giovanni, Matthew. MS. Resource partitioning between sympatric grassiand
raptors. In progress — anticipated completion 5-05.

Graduate committee member:

Barnett, Terri. t1/01. Rio Grande wild turkey nesting ecology in Kansas and the
Rolling Plains of Texas.

Teaschner, Andrew. 8/02. Influence of residency status on burrowing owl!
productivity and habitat use.
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Saving species with a song
By Cynthia Berger, Globe Correspondent, 10/29/2002

Male songbirds fight 1o defend their breeding-season territories - but not necessarily with
beaks and claws. Often, their duels are duets, with song lyrics that seem obvious: "Stay off
my turf!”

Forget the obvious. Last month. at the annual mecting of the American Ornithologists' Union
in New Orleans, University of [llinois graduate students Scott Schlossherg and Michael
Ward announced they had coaxed black-capped vircos - a critically endangered species - (o
nest in prolected habitats by attracting them with the songs of other vireos.

The technique, Schlossberg said, was sumple: "We digitized vireo sounds, put them on CDs,
and played them on discount-store boom boxes.” The resuits were stunning. In the first vear,
the team attracted 73 birds to five new locations on Fort Hood in Texas. "We would have
been pleased to get five birds,” Schlossberg said.

This achievement not only turns scientific convention on its head, it's great news for the
vireos, with a US breeding population of fewer than 2,000 birds in Texas and Oklahoma.

Though scientists have been studying bird communication for decadcs, they have by no
means translated the entire avian lexicon. Schlossberg conceded that a male vireo ought to
interpret male songs as a signal to avoid the neighborhood - and not just for fear of a fight.
"The more neighbors you have,” he said, "the more time vou spend defending your territory.
And the greater the chance that a neighboring male will sneak a copulation with your mate.”

Still, Schlossberg and Ward were intrigued by an obscure research report with "marginally
significant” evidence that male songbirds are attracted by other males' songs. The students
also knew that recorded sounds - together with lifelike decoys - are often used to lure
threatened seabirds to new or favorable habitat. The technique even has a name: social
attraction,

But seabirds and songbirds have different nesting habits. While songbirds defend spacious
terrtories, seabirds gather in crowded colonies, often on islands. The raucous sounds of a
colony probably send a reassuring message: "No predators are near.”

Arc vireo sounds somchow reassuring to other vireos? Steve Kress, the Natonal Audubon
Society biologist who pioncered social attraction, said perhaps. "Maybe you have to think of
songbird territories in a different way,” he said, noting that vireos nest in patches of scrub-
oak that are like islunds in a sca of grass. "The presence of one or two calling males may tell



other vireos the patch is good habitat.”

Other songbirds could also benefit from the technique of social attraction, said Arch
McCallum of Applied Bioacoustics in Eugene, Ore. "For example, the Orcgon State Park
system is restoring native Willamette Valley oak savannah,” he said. "They want to bring
back birds that used 10 be there. like the vesper sparrow and western meadowlark. But there's
no plan to attract the birds. This methodology looks very promising.”

Scientists used social attraction in another innovative way this summer - to benefit not birds
but fish. The species of concern were coho salmon, chinook salmon, and steelheads - all
endangered specices. As the juvenile fish mude thenr run down the Columbia River to the sea,
they had to swim past Rice Island, with a nesting colony of nearly 20,000 Caspian terns, The
birds were scarfing {ish down like cocktail peanuts.

To protect the fish, biologists decided to relocate the birds downstream, to East Sand Island.
"Closer 1o the sea, there's more mixing of ocean and {reshwater,”" said Oregon State
University's Dan Roby. "So, the birds have other prey - marine fish like anchovies, herrings,
and sardines,”

Relocation involved several steps. Biologists planted wheat and set up plastic fences on Rice
[sland, making it less attractive Lo terns, which like open space. Down river on Euast Sand
Isiand, the Army Corps of Engineers created a tern-friendly, bare-sand habitat. Finally, Roby
and colleagues set out tern decoys, hooked a CD player to patio speakers, and punched play.
"It was remarkable how quickly the birds were attracted,” Roby said. The new digs must be
salisfactory because the relocated colony hus grown by nearly 10 percent. Meanwhile, the
pereentage of salmon in the birds' diet has dropped significantly.

Clearly, recorded sounds can attract birds to new habitats. But they may help threatened
birds in another way - by trigegering the internal changes that make reproduction possible.

Evidence is derived from recent research on flamingos. Some of thesc flamboyant wading
birds, declared extinct in the British Virgin Islands around 1950, have since been flown back
to tiny Guana Island in the Caribbean from the Bermuda Zoo. So far, however, Guana's
small flock has lailed to breed.

"Historically, [amingos occur in very large llocks,” said Caitlin O'Conncell-Rodwell, a
rescarch affiliate at Stanford University's Center for Conservation Biology. "Before
courtship and breeding, they engage in an claborate group display for a whole month.”
Studies of captive-bred ring doves show that when females hear singing males, their ovarian
follicles undergo pre-breeding changes. Perhaps, O'Connell-Rodwell reasoned, temale
flamingos need to hear the sounds of a large, noisy flock.

She arranged for 10 tlamingo decoys in lifelike poses to join the live buirds, and serenaded
the group with the sounds of a displaying flock. "By thie end of the month, we saw a
significant difference in behavior,” she satd. Some flamingos even went through the motions
ol ncst building,.

This experiment took place in summer, however; not optimal for flamingo breeding, "But we
were really encouraged,” said O'Connell-Rodwell, who will present her results next month at
the annual meeting of the Waterbird Sociely. She plans to repeat the experiment next year,
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during the spring breeding scason.

Though social attraction has been an effective conservation tool for many specics, it arrives
too late for others, "Think about passenger pigcons,” Roby said. "Once, they bred in huge
colonies. At a certain point during their decline, lots of birds werc left - but there weren't
cnough to form the really big colonies nceded for reproduction,

"Maybe if biologists back then had this technique. they could have kept passenger pigeons in
the game.”

This story ran on page D1 of the Boston Globe on 10/29/2002.
& Copyright 2002 Globe Newspaper Compuny.
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PROJECT TITLE:

Strategies for facilitating the reproductive success of the reintroduced population of Caribbean
flamingos (Phoenicopterus ruber ruber) on Guana and Anegada Islands, BVI

Location of Project: Guana Island Marnine Sanctuary/Anegada Island, British Virgin Islands

Neotropic/Africa/Asia Fund

(circle one)
Primary Investigator: Caitlin O’ Connell-Rodwell, Ph. D.

PROJECT INFORMATION:
Date Project Was/Will Be Started  7/2001 Anticipated Completion Date  9/2003

Mo/ Year Mo/ Ycar
Duration of Support Requested In This Proposal: 3/03 to __9/03 (Max 12 Mos)
Mo/Ycar Mo/ Year
Amount Requested In This Proposal: $ 6,860 usS
Funds Previously Received From Lincoln Park Zoo Field Conservation Funds $_ 0 UsS

[s this Pre-Proposal a part or phase of a larger ongoing program? YES / NO

PRIMARY INVESTIGATOR:

Nationality: U.S. A Tax ID Number, /Country: 141-70-1001, U. S. A.
Position Title: Research Affiliate

Institution: Center for Conservation Biology, Stanford University

Complete Mailing Address:

Center for Conservation Biology

Department of Biological Sciences

371 Serra Mall

Stanford University

Stanford, CA 94305

Telephone:  (650) 566-0582 FAX: (650) 753-5920 E-Mail: ceoconnell@stanford.edu
Permanent Street Address: Field Site Address/Contact:
1020 Florence Lane Apt #13 Guana Island Marine Sanctuary
Menlo Park, CA 94025 Lianna Jarecki, Ph. D.
H. Lavity Stoutt Community College
Box 3097

Road Town, Tortola
British Virgin Islands

Telephone: (650) 566-0582 Telephone; 1-284-494-4994 ext. 2155
FAX: (650)753-5920 FAX: 494-4996
E-Mail: ceoconnell@stanford. edu E-Mail: Jjarecki@hlscc.edu.vg
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CO-INVESTIGATORS: (List All) TITLE/INSTITUTION
Nora Rojek, M. S, California Department of Fish and Game
Timothy Rodwell, Ph. D. Stantord University School of Medicine
Lianna Jarecki, Ph. D. H. Lavity Stoutt Community College, BVI
Esther George BVI National Parks Trust

PROJECT DESCRIPTION

Project Title: Strategics for facilitating the reproductive success of the reintroduced population of
Caribbean flamingos (Phoenicopterus ruber ruber) on Guana and Ancgada Islands, BVI

A Feasibility Study by Caitlin O'Conncll-Rodwell, Ph.D. ', Nora Rojek. M. S.°, Timothy Rodwell, Ph.D*, Esther
Georges'. Lianna Jarccki, Ph.D*

"Center for Conscrvation Biology, 371 Serra Mall, Stanford University, Stanford CA 94305-5020.
“California Department of Fish and Game. Marine Region, 20 Lower Ragsdale Dr., Stc 100, Monterey,
CA 96001

*Stanford Medical School, Stanford, CA 933035
“iBrilish Virgin Islands National Parks Trust, Box 860. Road Town, Tortola, British Virgin Islands
"H. Lavity Stoutt Community College. Box 3097, Road Town, Tortola. British Virgin Islands

Primary Investigator: Caitlin O’Conncil-Rodwell, Ph, D.

Background:

The success of restoration programs for colonially breeding birds depends on several factors, including food
abundance, predation pressure, and reproductive success that in some specics is dependent on social stimulation
and # threshold population size. Canbbean flamingos (Phoenicopterus ruher ruber) were reintroduced to two
British Virgin Islands in 1992, Ancgada and Guana Islands. Although both populations appear to not be linuted
by food supply or cxeessive predation, only the Ancgada population has successfully bred and has grown from 18
10 63 individuals. Group displays and reproductive behaviors were artificially induced in the Guana Island
population in July, 2001, using social attraction techniques. Decoys, breeding calls and artificial nests and cggs
were nsed to artificially simulate a breeding colony to induce reproductive behaviors in the four males and two
females. Behaviors were monitored prior to and afler the introduction of the stimuli and analyzed to determine
differences in behaviors, There was a significantly greater presence of reproductive behaviors afier the
introduction of the artificial stimuli (p < ,0001) (O’ Conncll-Rodwell ct al., submitted). We suggest that social
attraction techniques may be a usefnl tool to stimulate breeding in captive and wild small populations of flamingos.

Specific Aims:

Group display and nesting behaviors were successfully induced during the month of July, 2001on Guana Island
while March-Apri! is the season where the initiation of group displays, nest building and ultimately breeding
occurs naturally on the neighboring Ancgada Island.

Specific Aim ! Determine whethier the social attraction techniques that were used to induce group displays and
nesting behaviors in the reintroduced population of 6 Caribbean flamingos on Guana Island, BVI, would inducc
successful mating attempts when adminisicred in the appropriate scason (Marchi-Aprit).

Very little systematic data has been collected on the reproductive success of the Ancgada population of flamingos.
For examplc. the sex ratio is not known, nor is it known how many of the females reproduce each vear and what
their individual reproductive suceess rates arc. These data would allow us to calculate a population viability
analysis (PVA), a powerful yet simple predictive model to project the long-term population viability of this
population. If viable in the long term, it may be possible use this population as a source for other local
reintroductions and as a model for other flamingo reintroduction and captive brecding programs.
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PROJECT DESCRIPTION/BUDGET

Specific Aim 2: Introduce an improved monitoring sysiem for the successfully breeding Ancgada population of
Caribbcan flamingos,

Methods:

Specific Aim I The Head-Flagging call, a call associated with Head-Flagging, the first display in a serics of group
displays, will be broadcast from 4-7 pm during the months of March-April, 2003 on Guana Island, BVI. 7 decoys
in Head-Flagging posturcs and 3 in incubation posturcs positioned on nests with eggs will also be placed on the
bank of the salt pond. Behaviors will be monitored during the peak group display hours of 4-7 pm. Bchaviors
from a contro! period prior to the introduction of the social attraction tools will be compared 1o behaviors exhubited
after the introduction of the artificial stimuli to determine if there is an increase in group displays, nest building

and breeding attempts. The population will be monitored through August to determine if any breeding attempts
were successful at producing viable cggs.

Specific Aim 2: We will work with the local British Virgin Islands Nationz] Parks Trust stafl (Ravinond Walker,
Nancy Woodficld and Esther Georges) to initiate the collection of data on annual nesting attempts, egg laving,
hatcling success and chick survival as wcll as data on individual reproductive success on Ancgada Island. The
data collection shects will be developed by Caitlin O'Connell-Rodwell and Nora Rojek. Raymond Walker of NPT
and a college student from Lavity Community College will be trained on data collaction techniques during the

month of March, 2002. Dcmography data will then be collected on the Anegada population between April and
July, 2002,

If successful, this project will continue over the next few years in collaboration with the BVI National Parks Trust's
conservation monitoring program in conjunction with Lianna Jarecki and her students at H. L. Stoutt Comununity
Collcge,

Budget:

The budget requested from Lincoln Park Zoo for this project is $6,360, with a matching grant {rom the
Falconwood Corporation to support accomimodation and food while residing on Guana Island during March 2002.
The field conservation funds will be used for travel costs of the three investigators from California to the BVI and
for cxpenses to reside on Anegada while training local staff and students in techniques to monitor flamingos on
Anegada Island. Al of the necessary ficld equipment has been sponsored through other grants from the National
Geographic Society and the U.S. Fish and Wildlife Service.

Airfare CA-BVI x 3 71,250 = $3,750

flight Beef Isl-Anegada $150 x 4 = 600

Hotel on Anegada $100 x 2 x 3 nights= $600
Pcr diem on Ancgada $40 x 4 x 4 days= $640
Transporation on Anepgada $25 x 4 days= $100
Video tape (@2 $5.50 x 10 = $55

Audio tape @ $6,50 x 5= $32.50

35 mm film @7,.50+developing x 10 = §75
Pentax 7 x 25 binoculars= $120

References:

O’Connell-Rodwell, C. E., Rojck, N., Rodwell, T. C. & Shannon, P. (submitted). Anificially
induced group display and nesting behaviors in the reintroduced population: of Canbbean flamingos
{Phoenicopterus ruber ruber) on Guana Island, BVIL. Bird Conserv. Internatl.

O’Conncll-Rodwell, C, E., Rojek, N., Rodwell, T. C. & Shannon, P. Social attraction techniques
induce group displavs and nesting behavior in Caribbean flamingos on Guana Island,
BVI. Meeting of the Annual Watcrbird Socicty, November 9, 2002,
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December 20, 2002

Lincoln Park Zoo Field Conservation Funds
Department of Conservation and Science
Lincoln Park Zoo

2001 North Clark Street

Chicago, 1L 60614

Dear Sir/Madam:

I strongly support the research proposed by Dr. Cantlin O’Connell-Rodwell entitled, “Strategies
for facilitating the reproductive success of the reintroduced population of Caribbean flamingos
(Phoenicopterus ruber ruber) on Guana and Anegada Islands BVI”. I amn thrilled that Dr.
O’Connell-Rodwell and her colleagues are taking on this study. They had excellent resulis in
their initial efforts (submitted to Bird Conservation fmternational) and as head of The
Conservation Agency, and as the person who initially reintroduced these birds to the British
Virgin Islands, I am confident that their efforts will make a difference for the future viability of
this very small population of Canbbean flamingos.

In addition, any scientific exchange made with the BVI National Parks Trust will bolster their
efforts at managing the small but growing population of flamingos on Anegada. The Parks Trust
researchers have been very enthusiastic about the possibility of collaborating with O’Connell-
Rodwell and her colleagues and I encourage you to help foster this relationship, as it promises to
greatly enhance the conservation monitoring programs the Parks Trust have in place in the BVI.

Sincerely,

James Lazell, Ph. D.



ELIZABETH RIGHTER
ARCHAEOLOGICAL CONSULTANT
104 26" ST. NW
BRADENTON, FLORIDA 34205
March 9, 2003

Dr. Skip Lazelt
870 Pebble Creek Rd.
Lane, Oklahoma 74555

Dear Skip:

Here, at Jast 1s my proposal for archacology at the Guana Island site in October of 2003.
None of this is cast in stone, but it is what I think would be the best approach. If you need to
change the schedule etc., let me know, I do know that Mr, Pederson is the most qualified to do
the work and he can only come on the dates that [ mentioned in the proposal or maybe a little
fater. I do need Monique to do the organizing and sorting too; so unless there are more
accommodations available, this schedule is the most economical and [ hope will work best. . My
other assistant is great too but he has to come all the way from Oregon and is more expensive.

I hope you and Wenhua are well. | will send this by email and by regular mail.
Best wishes,

{blby

Elizabeth Righter

Let me know if you remember if [ left any supplies there--I think 1 Jeflt some screens ete.
Also let me know your reaction to the proposal and what if any changes we might need to make.
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ELIZABETH RIGHTER
ARCHAEOLOGICAL CONSULTANT
104 26™ ST NW
BRADENTON, FLORIDA 34205
March 7, 2003

TECHNICAL PROPOSAL AND COST ESTIMATE

Elizabeth Righter, Archaeological Consultant, 1s pleased to submut a technical proposal
and cost estimate for limited data recovery to take place at the Guana Island prehistoric site in
October of 2003, The goal of the research is threefold: 1) To attempt to locate evidence of the
settlement plan. i.e. to expose house remains, refuse areas and other features to reveal the village
plan and structure; 2) to recover faunal and tloral material representative of the natural history of
Guana Island, and 3) to increase our growing data basc to learn more about the natural habitats
and prehistoric human occupants of the island.

Previous investigations by Righter and her associates at the Guana Island prehistoric site
have revealed the presence of a prehistoric settlement on the flat grassy ground on the shore
adjacent to the beach uscd by the resort. From this area a ceramic vessel and several faunal
samples were collected. In the past, numerous ceramic sherds also have been collected from the
garden area at one end of the settlement. It is likely that this area was a midden or disposal area
for the settlement; however, this remains to be proven.

Prehistoric Caribbean island village plan and structure have been the subjects of recent
archaeological investigations on other Caribbean islands, A few village plans have becn exposed
oy machine scraping of large areas at such sites as Taoki Flip, Aruba (Bartone & Versteeg, 1997).
Golden Rock, St. Custatius (Versteeg & Schinkel, 1992), Maisabel, Puerto Rico (Siegel, 1989;
1992; 1996}, and Tutu. St. Thomas {Righter, 2002). These investigations have yielded village
configurations that were oval or horse-shoe shaped during the early or Saladoid oceupation and
oval or circular during later {Ostionoid) phases of occupation. In the Saladoid period (ca. 500
B.C.- A.D. 700), the habitation area ringed a central open space, that also frequently served as a
burial precinet; and midden or waste deposits werc located behind the structures. Midden areas
either formed a continuous ring at the rear of the residential arca, or were discontinuous, forming
discrete disposal areas related to specific domestic structures. During the later Ostionoid period
{ca. A.D. 700-1492), the village plan known from non-shoreline sitcs was oval or circular with a
central plaza. From investigation at sites in Puerto Rico. which was closely related to the Virgin
Islands at this time, it appears that diversity in settlement pattern and viltage type increased during
the Ostionoid period, and villages ranged trom small hamiets of one or two houses, to complex
villages with one or more stone-lined ball and/or dance courts. Worship of zemis (spiritual gods
represented in stone, wood, ceramic, cloth and other materials) becomes highly tormalized and,
according to the historical chronicles, society was stratified into three classes.
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None of the archeologically investigated sites in the Virgin [slands and Puerto Rico,
however, is directly on the shore line and there is some question as to whether or not shoreline
sites might have been linear in configuration. Archaeological investigations on Guana Island offer
an excellent opportunity to investigate and address this question. If it is possible to determine the
configuration of the shoreline settlement at Guana Island, a significant contribution would be
made to the theoretical model for understanding Caribbean island viltage plans, and important new
information would be added to the existing data base.

A related issuc is the time of settlement of the Guana Island site. A very early radiocarbon
date obtained from a test pit near the existing fresh water pond on Guana Island suggests possible
Archaic occupation in this area. However, ceramic styles and other radiocarbon dates indicate
settlement of the flat area by the beach after the Saladoid period and by about A.D. 1100. If this
date can be supported with additional Carbon-14 dates from carefully collected carbon samples.
another important issue in Caribbean island archaeology can be addressed. Many Caribbean
archeologists hypothesize a population increase at the same time that site diversity apparently
occurs during the early Ostionoid period. This issue, however, is under debate. Questions of
expansion into a wide variety of ecological zones, a possible intrusion from new people from
South America and population increase vs. break up of large villages into many smaller
settlements are still unanswered. The socio-political mechanisms for changes also are unknown.
Evidence from other smaller offshore Virgin Islands indicates initial settlement of these smaller
islands after the Saladoid period,. Additional carefully collected dates from Guana Island would
possibly strengthen the argument supporting a period of expansion and new settlement during the
beginning of the Ostionoid period. In any case, the Guana Island sitc is strategically placed to
contribute to our understanding of cultural changes during the post-Saladoid period.

Faunal samples collected during an initial survey and limited excavations at Guana Island
were sent for analysis to the University of Massachusetts in Boston, under the care of Michael
Gibbons. A formal report of this analysis has not been received, however it has been reported
verbally by Skip Lazell that bones of now extinet monk scal were found, as well as iguana bone.
[t indecd monk seal bones were present in the faunal material recovered from the prehistoric
waste deposits at Guana Island, this raises several issues. Monk seal remains have been recovered
from other sites in the Caribbean islands, such as the Golden Rock site in St Lustatius (van der
Klift, 1992) and the Tutu site in St. Thomas (Righter. 2002). At Tutu, a single tooth was found
and it had been fashioned into a pendant. Monk seal remains have been reported from other
Caribbean island sites also (verbal communication, Elizabeth Wing), but the cxact nature of the
bones is unknown. At the documented sites mentioned above, monk seal remains have been
limited to tceth and mandibles. This raises the question of whether monk seals actually lived in
the waters around the specific islands or whether their mandibles and teeth were traded in order to
produce body ornaments. [f additional monk scal remains can be recovered from the Guana
Island prehistoric site. their presence and natures may indicate whether or not, in the prehistoric
past, there were monk seal habitats around Guana Island. Such information would contribute
significantly to our understanding of the natural history of the island.
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Similarly, the recovery of iguana bones and remains of other animals will indicate the
species present at different past periods of human occupation of the island. Human refuse muddens
are capsules of natural history that permit recreation of past environment and ecological
conditions on the island. Addittonally carefully collected radiocarbon dates will indicate the time
periods when certain species were present. In addition to faunal material, floral remains also
reveal a great deal about the natural history of the island. During the proposed archaeological
investigations on Guana Island in 2003, samples will be collected for flotation and recovery of
charred plant remains, [t is likely that pollen will be poorly preserved in the shoreline
environment, however, soil samples also will be collected for pollen and phytolithic analysis.

Many other research issues may be addressed at the Guana Island prehistoric site,
Samples collected during 2003, as well as accumulated materials from previous investigations,
may be used in the future to address such questions as the relationship between health and diet,
changes in dictary patterns; adaptations and changing adaptations to the natural environment, size
and social makeup of the community, mechanisms of cultural and socio-political change as
expressed in village structure, evidence for ancestor worship and other forms of spiritual beliefs,
the relationship between cultural and social change and changes in ceramic styles, and many
more. The Guana Island prehistoric site has great potential for contributing important new
information to a growing understanding of prehistoric human lifeways and adaptations in the
Caribbean islands. A small prehistoric site, on an offshore island such as Guana Island, may
provide laboratory-like conditions in which certain mechanisms ot change are more apparent and
readily studied than at larger sites. In this respect, if undisturbed areas are present, the Guana
[sland prehistoric site may be one of exceptional archaeological value,
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PROPOSED WORK PLAN

TASK 1.

Task 1 will consist of review of reports of previous work on Guana [sland m order to
compile existing data and select areas for research during the 2003 field season. To
accomplish the first goal of the research, it is likely that a large expanse of the site (several
contiguous units) will be exposed to locate house posts, possible burials, fire pits and hearths and
other features. Every effort wiil be made to identity and map features as they are exposed;
however. past experience has indicated that normally, it is necessary to investigate and record
each feature to determine its true nature. If many features are exposcd, locations ot all exposed
features and stains will be mapped but it is probable that there will not be time to complete careful
investigation of all features during one season. If such occurs, the excavation units will be
carefully backfilled, protecting exposed features, and left for further investigation during the next
research season.

BDuring excavation of the contiguous units, it will be determined whether or not surface
layers are disturbed. Disturbed overburden will be removed as bulk soils and screened through
1/4-inch screen. All artifacts and a representative number of ecotacts will be collected and
retained in labeled field bags. Once undisturbed strata are reached, exposed features will be
systematically investigated. Human burials, however, will be left in place. It is likely that not all
exposed features can be investigated duning the 2003 season. However, should there be few
features and should it be possible to conduct deep excavations. stratigraphic layers will be
systematically removed by archaeologists using hand-held trowels. Each layer will be carefully
removed and samples will be collected from good contexts. Locations of sample collection areas
will be plotted on maps of the excavation area and each sample will be separately bagged and
labeled. Each stratigraphic layer that is removed will be mapped and photographed. When the
excavation reaches subsoil beneath the occupation layers, the excavation unit walls will be
profiled and photographed. Location of the excavation unit or units will be mapped on a site map
prepared using a hand-held GPS system.

[t is anticipated that setting up the excavation arcas will require the work of two persons
for two days. Preparing a site map with GPS, setting up a flotation device, and initiating
excavation of contiguous units will require the work of two or three persons for between 6 and 8
days.

TASKS IT and [I1:;

It would be ideal to locate areas of undisturbed midden where excavation may take place
to recover faunal and floral remains, as well as artifacts and other material germane to
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understanding the natural history and prehistoric human occupation of Guana Island. It is
believed that the present garden area formerly was a midden disposal area and caretul inspection
and testing of this area might yield undisturbed midden for data recovery. Once one or more
midden areas have been located, limited excavations will take place in the marmer described
above. During excavation of these midden units, faunal, charred plant, pollen and phytolithic
samples will be recovered from each stratum. Tor collection of faunal material, at least 15 liters
of soil from each stratum will be sieved through 1/16th inch sereen. Charred plant remains will be
recovered from a flotation device, and for pollen and phytolithic analysis, 15 liters of soil will be
collected from each stratum. Collection and analysis of such samples constitutes responsible
archacology, and justifies excavation of undisturbed and un-threatened resources that otherwise
might be left in place until a future time when more sophisticated equipment is available. On
offshore islands. such as Guana Island, obtaining and transporting necessary equipment will
always be a problem; and because of this, work must proceed slowly and carefully. By conducting
limited archaeological excavation in undisturbed midden areas, it is anticipated that it will be
possible to collect a representative faunal sample, as well as plant remains which will allow
reconstruction of the natural history of the island during its prehistoric human occupation.

SCHEDULING, ACCOMMODATION REQUIREMENTS AND PROJECTED COSTS

Archaeological mvestigations on Guana Island are projected to take place between about
October 14 and 31, 2003, It is planned that Elizabeth Righter will fly to St. Thomas to pick up
equipment and meet with Ellen MacClean who will accompany her to Beef Island where it is
anticipated they will be picked up and taken to Guana Island. Ms. MacClean will assist Ms.
Righter in preparing for the field investigations and in locating and setting up excavation areas.
Ms. Righter and Ms. MacClean will can share a bedroom for accommodation but require separate
beds.

It is expected that Mr. Robert Pederson, Ms. Righter’s assistant , will be able to armive on
or about October 17 and remain until October 26. He will bring additional equipment, construct a
flotation device, conduct GPS mapping and assist with excavation of selected units. If necessary,
Ms. Righter and Mr. Pederson also can share one room for accommodation.

Following Mr. Pederson’s departure, Ms. Monique Purguy is expected to arrive on
October 27 and will remain until October 31, 2003. Ms. Purguy was laboratory manager for the
Tutu archacological excavagtions in St. Thomas and is highly qualified to oversee all necessary
laboratory tasks. Ms. Purguy is prepared to assist with sorting, cleaning and labeling the collected
materials and preparing sanmiples for analysis. She and Ms. Righter can share one room with two
separate beds for accommodation.



PROJECTED COSTS

Careful data recovery requires adequate field and mapping equipment. as well as storage
facilities. Analysis of recovered materials by experts in various ficlds is also necessary. Such
requirements incur some costs; however, these can be reduced by cooperative cfforts among
scientists working at Guana [stand. It is anticipated that storage space and some equipment also
will be available on Guana Island.

Ms. Righter and her assistants will volunteer their expertise and time at no cost. They will,
however, require, room and board and transportation. Costs ot most supplies will be borne by
Ms. Righter.

Known costs:

I. Round trip airfare for Ms. Righter from Tampa, Florida to St. Thomas. And round trip
transportation costs from St. Thomas to Beef Island, Tortola. where it is anticipated that she will
be transported to and from Guana island.

2. Round trip transportation costs for Ms. MacClean from St. Thomas to Beef Island, where she
also will be transported to and from Guana Island.

3. Round trip transportation for Mr. Pederson from Tampa, Florida to Beef Istand, Tortola and
round trip transportation to Guana Island. If time allows, it may be possible for Mr, Pederson to
drive to Miami to obtain a reduced airfire.

4. Round trip transportation tor Ms, Purguy from St. Thomas to Beef Island and transportation
to and from Guana Island.

Note: [t is not yet known whether Ms. Righter and her assistants from St. Thomas will travel by
air to Beef Island, or by ferry to Tortola and taxi to Beef Island,

5. Costs of radiocarbon and other analyses. These can be expensive and it may he possible to
apply for a small grant to assist with them Mr. Skip Lazell also has indicated that he and others
can assist with faunal analysis. It may also be possible to obtain contributed radiocarbon dating
from a laboratory known to Guana Island scientists interested in the results of the excavations.
Charred plant. pollen and phytolithic analysis are specialized subjects that are only conducted by a
handful of qualified experts in the United States. If the results arc promising and of interest to
other scientists. it may be possible to obtain some assistance at no or very little cost; or it may he
that samples will have to be stored until adequate funding is available for some of the analyses.
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From: "Perry, Gad" <gad.perry@ttu.edu>
To: <guana@candwbvi.net>

Ce: <wenhua@etal.un.edu>

Sent: Wednesday, November 06, 2002 8:07

Attach: Scientists of Guana.doc
Subject: what the scientists do
Dear Roger:

Following our discussion the night before we all (finally) left you in peace, Skip and | put together a short piece
that explains, in plain English, what it is the scientists do on Guana. Itis attached, in Word f_ormat. You're
welcome to hand it out to guests, or just use the information as you see fit. We hope that this starts to fill the need
you identified. More will follow as we get to it, hopefully soon. If additional questions emerge, please lgl us kpow
and we'll work on more info-bites. Unless you'd like it in electronic form, the rainfall information | promised will be
coming by snail-mail, as | think itll look better in color. Is the BV| address the best one to send it to, or would you
rather it was sent elsewhere? | don't know if you still use a USV) forwarding service.

While I'm on-line, this is a great opportunity to say "Thank you” on behalf of Kate and Susan and myself. We had

a very productive month, and greatly appreciate your personal contributions to this success, as well as those of
the entire Guana Island staff.

Hoping to see you next October,

Gad
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Gad Perry, Assistant Professor

Dept. of Range, Wildlife and Fisheries Management
Box 42125, Texas Tech University

Lubbock, TX 79409-2125, USA

Phone: (806) 742-2842

Fax: (806)742-2280

Home page: h_ttp;/me&Lt.tu_.eg_ulpﬂM
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The Scientists on Guana Island

Twice a year, in the summer and in the fall, Guana Island empties of our usual guests. In
their stead, we are invaded by scientists, who spend anything from a few days to both
months conducting research on the island. Two of the most frequent questions we are
asked are: Who are these people? And why are they here?

Who are these people?
The scientists who come to Guana Island arrive from ali over the world. A partial list
includes Australia, Austria, Bermuda, Canada, China, Croatia, Dominica, England,
Finland, Israel... and, of course, the United States and the British Virgin Islands. They
represent all racial groups, and have ranged in age from twelve to over 70. Many are
affiliated with research universities, but others are based at other institutions, such as
public museums and government agencies. Many are professors, but others are teachers,
students, retirees.... On land and in the ocean, they study plants, mushrooms, and animals
ranging from the smallest insect to birds and mammals. What unites this diverse group

and brings it here year after year is a burning interest in the unique environment that is
Guana Island.

Why are they here?
The owners of Guana Island believe that good stewardship requires a deep understanding
of the biology and history of the land. The Caribbean Basin, with its multitude of small
islands, holds some of the most unique and endangered floras and faunas in the world. So
much so, in fact, that it was recently recognized as one of the top 10 “hotspots” for
biodiversity in the world! In the Book of Life, the British Virgin Islands offer an
especially thick chapter. Unfortunately, surprisingly little is known about these unique
ecosystems and organisms, and about the problems that increasingly confront them. We
know the chapter is there, but we cannot yet decipher the language it is written in. What
is worse, extinction keeps ripping pages out of our book before we have even had a
chance to look at them, let alone understand them! The research conducted by the Guana
Island scientists is an attempt to translate this monumental work, little by little, into a
language we can understand. Each project focuses on a tiny aspect, trying to translate a
single line, or even just a few words. By itself, the result may appear to make very little
sense. But the number of random-seeming snippets keeps growing. As more and more of
them are put together, paragraphs are starting to emerge. Although we are still far from
being able to read the whole chapter, our research is increasingly allowing us to make
more educated guesses about what the whole work holds. And, as the researchers reveal
more about Guana and nearby islands, we also have a better understanding of how to
protect this unique environment for ourselves, and for future generations.
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What use is this work?
Like their colleagues worldwide, the researchers who come to Guana Island are primarily
focused on basic research — work that often does not produce an immediate benefit,
because the snippet of information is too small and isolated to fit into the bigger picture
yet, For example, it turns out that the sphere-toed geckos are so abundant on Guana that,
despite the fact that each weighs less than a peanut does, there is more weight of geckos
per unit area here than of elephants in Africal Results of such work are published in

scholarly journals and help scientists from all over the world in better understanding how
our global ecosystem works.

One never knows when a piece of basic research will become useful. For example, a

large part of the effort has been to document what species are found on Guana and in the
BVI. Ongoing work on the beetle fauna, which unti! recently was of interest only to a few
specialists, allowed the Guana Island scientists to be the first to identify in the BVI the
cause of the alarming century plant mortality — a beetle — and alert BVI authorities. The
Guana scientists have since begun work to determine how this non-native beetle arrived
in the BV, in the hope of learning how to fight it, and how to prevent the next invasive
species from coming in and attacking some other native organisms.

The science conducted on Guana has also had some very applied facets. Scientists whose
specialty is archeology are the ones who excavated the ruins on the island and made the
sites and the information accessible to tourists. Biological information is continuously
used in making decisions about how to minimize run-off from Guana Island and its
impacts on the marine environment, and how to best develop Norman Island in a
responsible way. Our biologists have even used the private jet of Guana’s owner to gather
data on temperature in various “stowaway” spots on aircraft. These data are now being

used both to prevent the unwanted arrival of invasive species and to help treat human
stowaway in aircraft.

Most visibly, it is the scientists who have spearheaded the return to Guana of species that
used to be found here, but have become extinct over the years as a result of human
activities. With the enthusiastic support of the owners of Guana Island, this work has
already resulted in the successful return of magnificent creatures such as the iguana and
the flamingo. We are still assessing the success of other attempts, such as the return of the
white-crowned pigeon. And planning continues on how to return other native species,
such as the whistling duck and the local parrot, to Guana Island.
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asemjournal @att.net, 04:22 PM 02-06-02 +0000, publication notice

Date: Sun, 02 Jun 2002 16:22:45 +0000

From: asemjournal @att.net

Subject: publication notice

To: gperry@facstaft.wisc.edu

X-Mailer: AT&T Message Center Version 1 (May 28 2002)

Dear Dr. Perry:

Your article, “Wheel-Well and Cargo Compartment
Temperatures of Large Aircraft in Flight: Implications

for Stowaways” Document #80171 has been selected for
publication in the July 2002 issue of AVIATION, SPACE,
AND ENVIRONMENTAL MEDICINE. The full citation is Aviat
Space Envircn Med 2002;73:673-676.

Please remember, if you are interested in purchasing
reprints of your article and have not yet sent in the

order form, you must send or fax it to the Aerospace
Medical Association Headquarters (320 S. Henry Street,
Alexandria, VA 22314, or fax: 703-739-9652) by the 15th
of the month preceding publication (e.g., 15th of March
for the April issue). After this date a 20 percent late
charge will apply. For any questions about ordering
reprints please contact Heather Crain by email at
hcrain@asma.org or by phone at 703-739-2240 ext. 102.

Congratulations, and thank you for submitting your
manuscript to our journal. | hope we will receive
additional manuscripts from you in the future.

Sincerely,

Sarah Pierce-Rubio, MPA, BA
Assistant to the Editor

Aviat, Space, and Environ Med

3212 Swandale Drive

San Antonio, TX 78230-4404
Phorie:210-308-6646
Fax:210-342-5670
e-mail:ASEMJournal @worldnet.att.net

PLEASE NOTE: We are preparing to
implement a web-based system for
manuscript submission and review.
You may view our site at
hitp//asem.edmar.com. but please
do not try to register as the site

is not active yet.

Printed for Gad Perry <gperry@facstaff.wisc.edu>
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ORIGINAL RESEARCH

Wheel-Well and Cargo Compartment Temperatures
of Large Aircraft in Flight: Implications for

Stowaways

GaDp PERRY

Perry G. Wheel-well temperatures of Iarge aircraft in flight: im-
plications for stowaiways. Aviat Space Environ Med 2002; 0;
000-00,

Backgraund: Cesperate pecple sometirnes risk {ourneys as slowaways
in aircraft wheel-wells. Sorme of them survive, despite the nsks of being
crushed by retracting landing gear, falling when the gear deplays for
landing, or exporiencing severs fypoxia and hypebania indlhight. This
study evaluates the level of bypathermia to which stowavaays in aircraft
may be exposed. Methods: Miniature dataloggers were used to recard
in-flight temperatures in aircraft wheel-wells and carge companments.
Ternperatures were measured for front and side wheel-wells (FW and
SW, respectively) on 36 (lights by C-130 aircraft {mean duration 3.3 h,
mean cruise altitude 5588 m {18,333 f)) and 11 flights by C-141 aircraft
(6.7 hand 10,744 m (35,250 )1, Results: Mean minimum temperalures
for the C-130 remained above freezing and averaged 5.1°C for FW and
11.9°C for SW, The higher, longer 141 flights prodiced temperatures
below freezing with mean minimum temperatures of —18.0°C for FW
and —12,4°C lor SW. In general, temperatures in wheel-wells remained
about 20°C above outside air temperature (OAT) at all aliitudes. This

_r"_t:'va:il.':rl reflletts the fact that wheel-wells are closed spaces within the

aircralt body, in addition to which they conlain sources of heat such as
hydraulic lines and electrical equipment. A search of the medical liter-
ature and lay press produced information on 46 incidents of people
found in wheel-wells atier landing where there was no evidence of
traumia. The 15 supavers had stowed away on refatively shont flights
(mean = 4.8 h, maximum = 10 h) compared with fawalities {mean =
7.5 h, range = 3-12 hi. Conclusions; Temperatures in wheel-wells
during short fiights may sustain life. Long fhights add severe hypothermia
to acute hypoxia and hypobaria as potentially fatal eavironmental fac-
tars faced by wheel-well stowaways.

Keywords: temperature, wheel-well, carge compartment, hypothermia.

HE VOLUME OF AIR traffic has increased tremen-
dously in the past few decades. For desperate peo-
ple, this creates a temptation to stow away in commer-
cial er military aircraft in the hopes of improving their

. lot in life. The exact number of stowaways is hard to

assess. However, popular articles periodically recount
the stories of stowaways in wheel-wells and cargo com-
partments. It appears there are multiple cases every
year.

Cabin environments in modern aircraft are main-
tained within a narrow comfort zone. Cargo holds are
also heated and pressurized to provide a relatively
benign environment, although contral is less precise
than for cabins. Unfortunately, stowaways frequently
sequester themselves inside wheel-wells, which are not
so hospitable (1,7). Risks occur at several stages: stow-
aways may be crushed as the landing gear retracts

Amation, Space, and Envirenmental Aedicine = Vol C3, Ne. 0« Montia 2032

following takcoff; they are exposed to acute hypoxia
during flight; and they may fall from great height as the
gear deploys for landing (6). Exposure to hypobaria
in-flight may also produce life-threatening decompres-
sion sickness (4,7). For stowaways who survive those
threats, the cold temperatures at high altitudes add the
risks of frostbite and potentially fatal systemic hypo-
thermia (1,2,5,7).

Unfortunately, data on conditions inside wheel-wells
in flight have not been available. For example, when
Veronneau et al. (7) reviewed the cases of ten wheel-
well stowaways from the period 1947-1993, they were
forced to estimate cold exposure from outside air tem-
perature {OAT) for {light altitude. They recorded a sur-
vivor of several hours at 11,887 m (39,000 ft) when OAT
was about —60°C (7) and speculated that extreme cold
and hypoxia induced a “hibernative state.” However,
the actual temperature in the wheel-well may not have
been so low; wheel-wells in modern aircraft contain
multiple sources of heat such as hydraulic lines and
clectrical equipment. When the doors close behind the
retracted gear, the wheel-well becomes a compartment
within the aircraft body with limited air flow and one or
more heat sources that may produce a stable tempera-
ture that is well above OAT.

This study was designed to collect data on actual
wheel-well temperatures of large jet aircraft in flight
and is presented here to assist medical personnel with
treatment of survivors and investigation of fatalities.
However, these data were collected in a different con-
text. The brown treesnake (Boiga irregularis) is an inva-
sive species accidentally introduced to Guam at the end
of World War If and responsible for extensive ecologi-
cal and economic damage, as well as occasional human
envencmation {3). The snake is an excellent disperser,
stowing away in ships and aircraft, including wheel-

Fram the USCS Brown Tree Snake Project, Dededo, Guam

This manuscript was received Jor review in August 2000 It was
revised in November 2001, It was accepied for publication in January
202

Address reprind requests to: Gad Perry, PhD., who is a post-
doctoral researcher, Department of Zoology, University of Wisconsin,
430 Lincoln Drive, Madison, WI 53706; GPerry@facstaff wisc edu.

Reprint & Copyright © by Aercspace Medical Association, Alexan-
dria, VA.



AQ:2

~exceeding 0.5°C - min

[ tapraids/4j-aviaviaj-aviatidj0602/4j1105d02a | deangein [ S=8 [ 3/21/02 [ 21:31 [ Art: 80171 [ Input-OCT-msh

WHEEL-WELL TEMPERATURES—PERRY

wells and cargo compartments. As with human stow-
aways, some snakes die in transit, whereas others arrive
alive {3). Animal stowaways face the same risks as their
human ceunterparts, and the current study was initi-
ated to assess the likelthood of live snake arrival at
destinations served from Guam.

METHODS

Miniature dataloggers (Hobo loggers, Onset Com-
puter Corporation, Pocasset, MA) were used to collect
data on temperatures in wheel-wells and cargo com-
partments of a variety of aircraft. The dataloggers were
equipped with internal thermistors, measuring temper-
ature with an accuracy of *0.7°C; sampling intervals
were < 5 min, Dataloggers were tested prior to use and
at regular intervals during the study. Installation of
loggers in wheel-wells was conducted by military and
airline ground crews, with permissions from the rele-
vant authorities. For each aircraft, one datalogger was
positioned inside the front wheel-well and one at a side
wheel-well near the auxiliary power unit. Data were
collected fer entire flight paths (source to destination).
The type of aircraft was recorded, and information on
flight parameters was obtained from notes provided by
the pilots. In cargo compartments, loggers were primar-
ily tnstalled in cargo prior to regular comumercial flights.
Aircraft type, flight duration, maximum cruise altitude,
and minimum OAT were recorded. Partial correlation

- analysis, performed using SPSS for Windows 9.0, was

used to separate the effects of flight parameters on
measured temperatures.

RESULTS

The 47 data sets for wheel-well temperatures were
obtained from nuilitary aircraft {C-130, n = 36, and
C-141, n = 11), Each set comprised data for wheel-wells
at the front (FW) and the left side (SW). After a small

uptick at take-off, tem Iperature plummeted at a rate

Cooling then slowed and sta-
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Cruise altitude was 10,058 m (33,000 @1). B: Wheelavell tomperatures
for a round-1tip flight betwesrr Guam and the Federated States of Mi-
cronesia. The C-130 reached a cruise altitude of 5182 m (17,000) ft
during the first leg and 6706 m (22,000 1) during the return trip: Solid
fine = front wheel-well; dashed line = side wheelawell comtaining
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bilized at less than 0.04°C - min™! (Fig. 1 A, B). The two
types of aircraft flew different profiles, Compared with
the C-130, the C-141 flew missions that were longer
{mean duration 6.7 h vs. 3.3 h) and higher {(mean 10,744
m vs, 5588 m (32,250 ft vs.18,333 f1)). The differences
were highly significant (duration: t = 7.60, df = 45, p <
0.001; altitude: t = 17.55, df = 43, p < (0.001). Mean
minimum temperatures for the C-130 were FW =51 *
44°C (range = —6.3 to 12.9°C) and SW = 119 * 6.2°C
(range = —2.9 to 23.2°C). Corresponding data for the
C-141 were FW = —18.0 = 8.0°C (range = —-323 to
=6.8°C) and SW = 124 = 53°C (range —21.8 lo
—3.4°C). The differences betveen the two aircraft types
were significant for mean minimum temperatures in
both FW {t = 12.06, df = 44, p < 0.001) and SW (t =
11.80, df = 45, p < 0.001). Additionally, SWs were
significantly warmer than FWs in both aircraft types
({-tests for repeated measures; C-130: £ = 4.78, df = 9,
p = 0.001; C-141: t = 8.60, df = 35, p < 0.001).

For the extensive C-130 dataset {Fig. 2), both altitude
and flight duration were negatively correlated with
minimum temperatures in both FW and SW {duration:
partial correlation coefficients exceeded —0.59 and p <
0.001; altitude: partial correlaticn coefficients exceeded
—037 and p < 0.03).

. As part of the treesnake study, temperature data
were also obtained from carge compartments during
205 passenger flights, encompassing aircraft made by
Airbus, Boeing, McDonnell-Douglas, and a variety of
others. Total transit duration ranged from 30 min to
about 48 h (mean = 9 h) and maximum cruise altitude
ranged from 457 m to 12,192 m (1500 ft to 40,000 ft)
(mean = 31,400 ft}. Minimum temperatures inside the
cargo compartments ranged from 5.8 to 31.5°C (mean
and standard deviation = 18.6 * 5.0°C) and were not
correlated with either cruise altitude (partial correlation
coefficient = —0.169, df = 73, p = 0.147) or OAT (partial
correlation coefficient = —0.107, df = 73, p = 0.360)
(Fig. 2). However, temperature decreased as trip dura-
tion increased and the relationship was significant {par-
tial correlation coefficient = —0.283, df = 73, p = 0.014}.
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TABLE [. INFORMATION ON RECENT STOWAWAY EVENTS."

Date From To Aircraft Duration (h) Maximum Altitude (m) Location Cutcome
19-Apr-66 France Moroeco Caravelle (5) side dead
14-Apr-72 ts us B-707 (5) 10700 side drad
10-Jan-864 uUs Germany DC-10 (10) dead
Jun-89 Russia UK B-747 {6) dead
27-Dec-59 us B-727 Airstair dead
Jun-90 Cuba Spain DC-10 (10) 2 dead
10-Jul-93 Russia France (4) dead
4-Aug-93 Celombia us B-747 (6) dead
02-Aug-96 Mongolia Japan C-141 3 front 2 dead
Sep-96 Russia [taly (5) dead
14-Oct-96 India UK 10 front dead
12-Mar-97 Sri-Lanka UK 10y deacd
23-Mar-97 India UK {10) dead
24-Mar-97 Kenya UK B747 8 2600 front dead
01-Cct-97 India UK (10 dead
(9-Feb-98 Azeraijan UK B767 7 side dead
23-Dec-93 Antigua Torento Li0-1t & dead
Jan-89 Bangladesh Saudi Arabia (&) dead
05-Jan-99 Bangladesh India A3l0 (3 dead
02-Aug-%9 Guines Belgium Airbus {10 2 dead
22-Aup-99 Cuba UK (10) front dead
19-Sep-99 Cuba [1aly (12) dead
26-Tun-(0 Holland Us DC-10 ] dead
25D Cuba UK B777 (10 from dead
05-Jun-(d Dominican Republic Swedent A30D {12) 2 dead
02-Sep41} Russia Holland B737 4) 2 dead
29-Sep£n1 Malaysia Germany (12) 2 dead
28-5ep-6éi Celombia Mexico (3) 10400 live
14-WNop-86 Pavama s B-707 (5) 119¢1 five
24-Feb-90 Trinidad Antigua L-1011 (1 2 live
24-Feb-90 Antigua Canada L-1011 5 2 live
OdJun-93 Celomba us DC-8 3 14700 live
14-Oct-96 India UK B-747 10 107050 Jromt lige
13-Mar-97 India UK B747 10 11500 live
1998 China Japan 3 live
15-5ep-98 Honduras us DC-9 (5) 10300 side live
Jan-99 Senegal France 5 live
04-Apr-00 us us B757 3 cargo live
05-AugL0 Polynesia us B747 75 11809 side live
13-Nov-00 Germany - Germany B737 {0.2) live
24-Nov-00 Vietnam Vietnam ATR-72 1.1 5400 live

*All but twe, ane in the cargo compartment and one in the airstair compartment of a B-727, had hidden in wheel-well compartments. Durations
in parentheses are estimates. Information in italics was taken fromn twe published sources (1,7).

Loggers installed in single locations inside two Cessna
Citation V luggage compartments for a total of 19
flights showed mean minimum temperature = 6.5°C.
Thus, stowaways in cargo compartments of smaller
aircraft are likely to be exposed to harsher conditions
than in large aircraft. '

DISCUSSION

In the aircraft sampled, temperatures in both cargo
compartments and wheel-wells were considerably
higher than OAT. This is not surprising for cargo com-
partments, which in modern commercial aircraft are
typically designed to maintain pressure and tempera-
ture at levels suitable for pets and other delicate items;
cargo compartments were usually within the comfort
range for both human and nen-human stowaways.

Unlike cargo compartments, temperatures inside
wheel-wells often dropped well below freezing. Follow-
ing an early rise in temperature on take-off, presumably
due to tire heat (7}, temperature plummeted as the
aircraft ascended, As c¢ruise altitude was reached, the

Aviation, Space, and Envirommental Medicing » Vel. 00, No. 0+ Menti 2002

rate of decrease in wheel-well temperature slowed
more than ten-fold (Fig. 1). Contrary to assumptions
made in the past based on older aircraft (1,7), minimum
values remain about 20°C higher than OAT (Fig. 2).
Thus, the risk of hypothermia for stowaways appears
smaller than previously thought. Survival chances
should be higher in SW, where auxiliary power units
help maintain minimum temperatures about 5°C higher
than in FW. This should be especially true during
longer flights when wheel-well temperatures are even
lower,

Based on these findings, the temperatures faced by
stowaways in the wheel-wells of modern aircraft will
depend primarily on flight length and choice of wheel-
well. This allows two predictions to be made. First, that
survival rates will be higher for stowaways on rela-
tively short flights; and second, that survival chances of
stowaways in side wheel-wells will be higher than in
front wheel-wells.

To test these predictions and ascertain the size of the
problem, the author conducted a search for information

3
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on the Internet, utilizing the keywords “wheel,” “well,”
“aircraft,” and “stowaway.” The author utilized a vari-
ely of search engines (Alta Vista, Excite, Find Articles,
Google, GoTo, HotBot, Lexis-Nexis, Lycos, and Yahoo),
several prominent news providers (Associated Press,
Daily Telegraph, New York Times, and Washington
Post), and the sites of the Federal Aviation Agency and
the National Transport Safety Board.

The search yielded multiple records of stowaways,
most documented by several sources. All survival
events were included. Fatalities were included if a body
was found in a wheel-well without evidence of mechan-
ical trauma; bodies found after they fell during takeoff
or landing were omitted. The remaining 39 wheel-well
events (Table I) occurred between 1966 and 2000 and
involved 47 people, all men. A single report of a recent
stowaway in a cargo compartment was found, and he
was reportediy completely unharmed.

Of the 47 stowaways, 15 survived (13 individuals
with 2 surviving 2 trips each} and 32 perished. Overall,
survivors were aboard shorter flights (mean = 4.8 h,
range = 0.2-10 h) compared with fatalities (mean =
7.5 h, range = 3-12 h) and the difference was significant
(f-test, t = 2,413, df = 42, two-tailed p = 0.02}. Maxi-
mum altitude did not significantly differ between sur-
vivors and fatalities (n = 10 stowaways; mean altitudes:
survivors = 10,350 m, fatalities = 10,150 m; t = 0.126,
df = 8, p = 0.836). Although the data qualitatively
match the prediction of greater survival in side wheel-
wells, the small sample size precludes the identification
of significant differences.

Wheel-well stowaways face potentially fatal hypo-

thermia, hypoxia, and decompression (1,2,4,7). How-
ever, as the current study demonstrates that tempera-
tures inside wheel-wells are warmer than OAT, it may
be worth investipating the possibility that air pressure
also differs from the outside environment.
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