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NIGHT LIFE
in the British Virgin Islands

Female Eleutherodactylus cochranae following a male
to a nest site during courtship,
Sage Mountain, Tortola (ca. 1.3 x life size)
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Dr. Henry Jarecki
10 Timber Trail
Rye, NY 10580

Dear Henry:

Herewith my report of 1998 activities. Two frog papers, the new skink
description, and our second lizard physiology paper remain "in press." That is
very frustrating; several have been that way now for two years.

Rob Bleiweiss came and collected hummingbirds in the late eightics.
Obviously, he was just beginning his work then, and it has taken all this time for
him to collect and work up samples from the rest of the Americas. At last, the
results: very impressive, cutting edge stuff. Fred continues to get great birds; see
also his dragonfly contribution, our first.

In addition to our record ground gecko density, Numi's iguana papers are
coming out: one aiready published, the second in press. It was a complete surprise
to find the lizard parasite paper. The author did not know us, but he does now,
and we will get him more material.

Mike lvie's coauthors have overcome his inertia. Keith Philips has
published one of his several papers on beetles and Wenhua has gotten hers
accepted, in press. Therein is Glipostenoda guana, a pretty little flower beetle --
and lots more.

Jean Lodge has a fungus paper submitted: draft follows. 1 am on the cases
of George Proctor, Thorne and Denno, and Jim Ortiz (the spider man) because [ do
not know what they are doing. At least George has been helped by Numi to
complete his MS and | hope has submitted it.

For 1999, we will have several new entomologists working on groups un-
or understudied. We plan to try again for our three month lizard physiology
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project with Clive and Dawn from HL.SCC. We plan a major iguana census and
radio-tracking of both iguanas and tortoises.

Did you get a long report from marine biologist Leslie Harris, LACM? She
sent a copy to me and one to Lianna, so I assumed Lianna included it in her marine
month report to you. [ have not seen that yel.

All the best,

"
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COVER STORY

Eleutheradactylus cochranae is the smallest, scarcest, and least-known of
the three BVI piping frogs. It is named for Dr. Doris Cochran. late of the
Smithsonian, and a dominant tigure in herpetology -- especially frog studies -- in
midcentury. In the fiftres, she was suspected of smuggling gemstones into the U.S.
inside of the bodies of pickled specimens. The story goes that when the authorities
got to the specimens, a day or two after Dr, Cochran’s arrival in Washington, all
were indeed, dissected. Of course, Dr, Cochran said for biological purposes, but it
was a [ot of work to do in a short time. Some of us do not get around to dissecting

our spccimens for years.

Anyway, no gems were found.

When Kris and Jeannine published on E cochranag in 1997, they had only sketchy
knowledge of courtship. Because these frogs live high up in big trecs, they are
very hard to study. In 1998 they got lucky and found several accessible nest

studies.

E. cochranae does not now occur on Guana, but it does occur in very arid
places, given big trees. It must once have occurred on Guana, presumably in the
forest on the flat prior to clearing for agriculture. Should we bring them back?
Their voice is a high-pitched "wheep,” inaudible to many people. They would

probably take readily to the big scagrape trces on the flat today.
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he Bahamas archipelago were well can-

vassed this season, Tony White and a
small cadre of dedicated Bahamian birders
provided records of birds from Abaco and
the Berry Islands in the northwest Bahamas
to about as [ar southcast as one can get,
Mavagnana and Great Inagua, They gave as
a particularly interesting report where fow
hirders wo or report 1o the rest of us. Be-
tween the "bock-ends™ of the Bahamas,
fruce Hallewt, Paul Dean, and Aileen Bain-
ton reported from Grand Bahama, Andros,
and New Providence, White, along with 1he
Audubon Naturalist Sociely, visited Turks
and Caicaos Blands Although geeuraphical-
Iy conpecied o the Babamas, the Turks and

Caicas are politically connected 1o Great
Brotan, Duphne Gemmll reported agan
from Vieques, Puerto Rico, after a short
Batus, Fred Sibley reported on banded
Pirds and observations from Guana and
Asicpada slands i the Brinsh Virgin 1s-
s, supportmg sight records of rarely
seertawarblers cast of Puerto Rico. And An-
drew Dabson continues to report from
ternnida on the abways fasanating fllowrs
there, : ot .

Weather was unusual, to say 1he least.
For example, at Bermuda Angust rainfall
was 110% above average, while Seprember
was 50% above normal Ootelber was rela-

vely quictwath o maior fents producing
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rain or bird fallout, according to Dobsan,
NMovember cold {ronts sweeping through
the northern Bahamas eventually provided
some 20 warbler species days and a few
sparrow treats, Many of the reports from
Bermuda represent the carliest sightings on
record for some specics, Are birds breeding
sooncr and leaving sooner? Or were weath-
er patterns a little more favarable this fall
for carly overshooting and fallout tn distant
focales? And, finally, Gemmull reports that
facal residents in Vieques reported wood-
peckers 1o be common, and Antllean
Crested Hummingbirds have also appeared
10 rebound since the ravages of hurricane
Hugain 1959,

Abbreviations: §A (fa
B (Brinsh Vargin tulands) 148 salt pans (A or-

ton Bafamas Lid sall pans, Great Magua, &
hamas) PR (Paoerta Rrea).

SHEARWATER THROUGH TERNS

A moribund Andubon’s Shearwater was
found a1 Elbow Beadh, BE, Sept. 26, Doh-
son reports Ut this is a sdmuficant obser-
vation, becanse 101y the st record simee
the species last bred at Dermda m the
19305, Brown nesting At
Mayaguana, BA, O 21-29,
Neotropic Cormurant was hoted at Marsh
Harbor, Abaco, BA, Oct 6 for the 2nd

record sherey aind 123 were seen at M salt

Booby was

A sinele
1

pans QL M0 Great Traeus, WA A A,
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Bittern was noted at Grand Bahama for one
of the few reports from the Bakamas (1113,
and a Least Bittern was noted at new Provi-
dance, BA, Oct. 25, A ad. White Ibis was
seen af Chub Bay, Berry Is, BA, Nov, 22223,
and 1 Glossy Ihis was seen at Marsh Har-
bour, Abaco, Ocr. 10. Two Roseate Spoon.
bills were noted at MB salt pans Oct. 31
(TW erald,

Greater Flamingos (212) were scen daily
ar Mayaguana from Oct. 24-29 (AB) mov-
ing between Besty Bay and Blackwoaod Pr
No recent nesting has bren canfirmed
there, On North Caicos, 220 flamingos were
counted Nov. 9-11 {TW ¢t al), At Great In-
agua, however, 500+ Greater Flamingos
were seen at the salt pans and L Windsor
Oct. 31, where Henry Nixon, senior warden
and long time lamingo ¢onservationiss,
ard bLrother Jimmy Nixon of the Bahamas
Nauenal Trest, said that this was the 3:d
consecutive year that mere than 10,000
young birds ledged there, Two decades ago
30,000-40,000 birds represented aver half
the world'’s population {Buden 1987)!

" The 2nd Greater White-fronted Goose
for Bermuda appeared Sept. 20 and staved
untl Qe 11 Ahways wood are reports of
West Indian Whistling-Ducks, Two were
noted on Andres Oct, 30 {BH) A Weod
Duck, very infrequently reported from the
Bahamas, was seen at New Providence Ot
25 (BN), for perhaps the carliest record
there. White-chiecked Pintails numbered 13
at New Providence Oct. 25 (811), and 30
were seen ool the M8 salt pans Oct. 30, A
Blick Scoter appeared at Spitaal Pond, BE,
fur only the fiuh record there.

A Nuogthern Harrier was seen at New
Providence Oct 31 {BH, TW) for one of
the few reports from the ¢ Bahamas. A sin-
gle Pereprine was reported from Nonsuch
fsbamd, BE, Sepu, 4, ahe earliest date b 9
tays. Peregrine Falcons may bean danger of

may delisted if reparts from the Bahamas

are the sele criterion. On Q¢ 5, four were
seen (rom Hole-in-the-Wall to Dahuama
Palin Shores, Abaco CIW); one swas report-
ced rom Grand Bahama Novo 4 010w and
oite was seen Nov, 11 Nerth Cacos,
Thiats s about 0 davs,

Oune Ame Golden-Plover was soted e
Ure ureld at Viegues, PR, A 20 for one

al the few reporzs from that sdand, Sieele-

ton P Plovess were seen at Green [

FiELD NSTES
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tle Cay, Abaco, Cct, 9,-and at Northwest Pr,

Providenciales, Caicos Is., Nov. 11 (TW et
al.). A single Snowy Plover was found at Pi-
ratc’s Well, Mayaguana, Oct, 24, A juv. Dun-
lin was seen at Diamond Farm, New Provi-
dence, Nov. 1 (PD), and was subsequently
photographed {(BH). A Solitary Sandpiper
was noted ar Guana, BV, Qct. 10 {FS) for
one of the few reports from the smaller is-
lands there, .

A Great Black-backed Gull was sevn al
Grand Bahama Nov. 5 (BH) for one of the
few reports from the Bahznnas, A Ring-
billed Gull Oct. 26 at Mavaguana (AB) may
represent enly the 2nd record there. A Her-
ring Gul} also at Mayaguana Cct. 28 pro-
vided probably the first report from that is-
land (Buden 1987). Each was in first fall
plumage. As time passes and consistent re-
porting emerges from the Bahamas, we will
probably see reports of the same gull
species reported from Florida,

A rare fall report of Com. Tern was
noted a1 L. Cunningham, New Providence,
Oct, 25 (BH). It was carefully studivd when
sitting and flying, with field marks {carpal
bar and darkish primaries) noted. Another
five were seen some distance away at
Mayaguana for 3 days beginning Oct. 27
{TW et al), and onc was at Mangrove Cay,
N, Caicos (TW), A Forster's Tern was seen
at Grand Bahama Nov. 5 (B et al), and
two were seen at Lo Windsor, Great Inagua,
Qct. 30 (TW et al.). A Black Skimmer was
noted off Sandy Pt., Abaco, Sept. 1 (CM)
for one of few records in the n. Bahamas,

DOVES THROUGH BLACKEBIRDS
The always elusive Key West Quail-Doves
were evident Qct. 6 at Elbow Cay, Abaco
(TW. AB) and at N. Caicos Now, 9-12 (TW
et al.). Two Cuban Parrots were secn near
the airficld at Great Inagua Oct. 30 (TW).
Six Yellow-billed Cuckoos were seen Ot 19
at Anegada, VT (BS), snpgesting a tempo-
tary migration bottlencek there, Smooth-
tlled Anis were found te be common near
scrtlements at Mayaguana, where Buden
(1957) had not recorded them,
Short-eared Owls may be making 4
ringe expanton e of Peerte Rico inte its
atellite islands, and e to the Virgin Blands
i the Jast devade or soo A single bird was
poted an Vicques, PR, Avg. 200 St Thamas
alse has a record fram last decade, A Buby-
hroated Hummingbird was noted Oct 12
and provided one of thrce records at
Bernmnda this season, Dobson reports that
of tlie 30 revords since 1852, a1 least 6700
(20) Tnave ovcurred since 1974 A single fe-
miale Ruby-threated Hummingbind found
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A West Indian Red-bellied Woodpecker
noted daily at Marsh Harbour, Abaco, from

Aug. 31-Sept. | (CM) was good news, since .

this species seems to be going through
some distribution or abundance fluctua-
tions. A special effort 1o survey this Region-
al endemic is warranted. An E, Wood-
Pewee was seen Qct. 8 at Coopers Town
dump for one of the few records from the
n. Bahamas. Bermuda’s 6th record of Olive-
sided Flycatcher was recorded Sept. 21, the
first since 1985. A House Wren at Grand
Bahama Nov. 4 was not only unusual, but
carlier than previous records (Brudenell-
Bruce 1975). One Bank and 20 Clff swal-
lows were seen at Vieques from Aug.
29-Sept. 1 (DG). Two N. Rough-winged
Swallows, anather rare passage migrant in
the Bahamas, were seen Qet. 18 at Sugar-
lands Farm, Abaco. -

Cuban Crows {30} were noted at N,
Caicos Nov, 9-11 {(TW). They are persecut-
ed in the Caicos because they are perceived
as a threat to subsistence agriculture (Nor-
ton 1989). Mowery reports first hearing the
distinctive nasal call, then secing a Fish
Crow at Marsh Harbour, Abaco, Aug. 31,
This is a remarkable sighting because it
strongly suggests that the first record for
the West Indies at West End, Grand Ba-
hama, from February 13-15,1997 (m.ob.)
has survived, and may be the same bird
now found in Abaco, only 140 mi due east
as the crow flics,

Red-cyed Vircos have been an annual
oceurrence at Guana, BVI, whence Sibley
has netted/banded them in each of the last
3 Octobers. A single Nashville Warbler seen
Ocl. 24 at New Providence was one 16 war-
bler species scen that day (BH}, and
Nashville and Orange-crowned warblers
Oct. 28 were part of 2 19 warbler day at An-
dros, BA (RH). Two Golden-winged War-
Blers were found at Guana Q<. 14 (FS,
banded) & 18 (¥S, unbanded). A Black-
throated Blue Warbler seen Aug. 25 al Ferry
Pr Park, BE, provided the carhest record by
3 days. A Chestnut-sided Warbler, rarely
seen in the Virgin Islands, was noted at a
sugar fecder at Guana Oct. 18 (F8). A Bay-
breasted Warbler was found at the Seuth
Qcean palf conrse, New Providence Oct. 26
(11}, one of the few times reported from
the Bahannus,

Fourteen Bshama Yellowthroats were
counted on a survey (TW, AB) from Trea-
sure Cay to Sandy P, Abaco, Oct. 4. Anim-
partant discevery was thiee Baliama Yel

RBH) Vfufnishc'd
one of few recent records from the n, Ba- -

lowthroats found Nov. 23 a1 Chub Cay,
Berry Is., BA, where they were formerly
considered hypothetical. A Suminer Tanag-
er was seen at Chub Cay Nov. 23, A Dickcis-
sel was found in a flock of Bobolinks at
New Providence Cct. 23 (PD) for onc of
the few records there. .

A Chipping Sparrow, rarely found in the
Bahamas, was noted at Grand Bahama Nov,
4 (TW). This was big scason for Clay-col-
ored Sparrows in the Bahamas, One was
seen at North Andros Oct, 29 (JD3; one in
ficlds a1 Dover Sound. Grand Bahama,
(BH); and one at Northwest Pr., Mayagau-
na, Oct. 25 (TW) for the first recerd there.
A Grasshopper Sparrow at Pirate’s Well,
Mayaguana, Oct, 24 (TW, AB) provided a
new record there (Buden 1987). A White-
throated Sparrow was seen at West End
Resort, Grand Bahama, Nov. 5 (BH) for a
first record from the Bahamas,

A rare accurrence of Lapland Longspur
at St George's dairy, BE, Now. 13 was the
first since 1993. A Shiny Cowbird was
found on Andros Oct. 28-29 in the compa-
ny of Red-winged Blackbirds. Black-cowled
QOrioles seem to be hanging on nicely at An-
dros, where Hallett and Dunn found up to
12 on Oct. 28, A Com. Redpoll on Nov, 25
at St. David's, BE, was the first since No-
vember 1991,

ADDENDUM

Received 100 late to be included in the sum-
mer report are sightings from Barmuda A
White Ibis sumniered at Spittal Pond for
the first time, A Gull-billed Tern at Non-
such L July 22 represented only the 2nd fal!
(late summer) report of the 12 ever record-
cd there. A very early Louisiana Wi-
terthrush, 9 days ahead of a previous first
fall date, appeared July 8, surpassing all
other fall dates for any warbler species on
Bermuda, |

Contributors {sub-regional editors in bold-
face): Eric Amos, Audubon Naturalist Soci-
ely, Ailene Bainton, Paul Dean, Andrew
Dobson, Jon Dunn—WINGS, Daphne
Gemmill, Bruce Halletr, Peter Holmes,
iruce Lorhan, Jeremy Madeiros, Carl Mow-
ery, Llenry Nixon, Roger Pocklington, Baul
lteed, Fred Sibley, David Wallace, David
Wingate, Tony White, Walker White,

Robert L. Norton, 3518 NW 371th Ave,
Gainegalle, FL 32605,
/
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University of Wisconsin-Parkside

900 Wood Read, PO. Box 2000
Kenosha, Wisconsin 53141-2000

College of Arts and Sclences

414/595-2327 Biological Scisnce, Geology, Health Professions
414/595-2326 Chemistry, Mathematics, Physics

414/595-2056 FAX

phone: (414) 595-2074 emall: mayerg@cs.uwp.edu fax:(414) 595-2056

4 May 1998
Dr. James D, Lazell, Jr.

The Conservation Agency
6 Swinburne St.
Jamestown, RI 02835

Dear Skip:

Enclosed are several copies of Rob Bleiweiss’s paper that
includes the Guana hummingbird data. He has at least a couple of
more papers that use this hummingbird DNA hybridization data set
tc address other guestions than the phylcgenetic one addressed in
this paper. One of these is already out (in PNAS, earlier this

year), but I den’'t have reprints yet; I'll send ycu scme when I
do.

In the big paper (the one enclosed), Guana is explicitly
cited, and he thanks you, Henry, Ralph, Rob Norton, Falconwood,
and TCA. 1In the other papers, I think he refers to this one, and
the species are mentioned, although Guana may not be explicitly
mentioned {although it is by reference).

I have more copies if you need them for distribution.

Best wishes,

Assist Professor
Biological Sciences
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DNA Hybridization Evidence for the Principal Lineages of Hummingbirds

(Aves: Trochilidae)

Robert Bleiweiss, John A. W. Kirsch,® and Juan Carlos Matheust

*Depantment of Zoology and the Zoological Museum, University of Wisconsin: and tMusvo Ecuatoriano de Ciencias

Naturales, Quito, Ecuador

The spectacular evelutionary radiation of hummingbirds (Trochilidae) has served as a moedel system for many
biological studies. To begin to provide a historical context for these investigations, we generated a complete matrix
of DNA hyhridization distances among 26 hummingbirds and an outgroup swift (Chaciura pelagica) W determine
the principal hummingbird lineages. FITCH topologies estimated from symmetrized AT, H-C values and subjected
to various validation metheds (bootstrapping, weighted jackknifing, branch length signiticance) indicated a funda-
mental split between hermit (Eutoxeres aquila, Threnetes ruckeri, Phacthomithinae) and nonhermit (Trochilinae)
hummingbirds, and provided strong support for six principal nonhermit clades with the following branching order:
(13 a predominantly lowland group comprising caribs (Ewlampis holosericeus) and relatives (Androdon aeguatorialis
and Heltothryx barroti) with violet-cars (Colibri coruscans) and relatives (Doryfera ludovicae), (2) an Andean-
associated clade of highly polvtypic taxa (Eriocnentis, Heliodoxa, and Coeligena); (3) a sceond endemic Andean
clade (Qreotrochilus chimborazo, Aglaiocercus coelestis, and Lesbia viclorfae) paired with thormtails (Popelairia
conversii);, (4) emeralds and relatives (Chlarestilbon mellisugus, Amazilia tzacatl, Thalurania colombica. Orthor-
hyncus cristatus and Campylopterus villaviscensin), (5) mountain-gems (Lampornis clemenciae and Eugenes ful-
gens); and (6) tiny bee-like forms (Archilochus colubris, Myriis fanny, Acestrura mulsant, and Piilodice mircheliliny.
Corresponding analyses on a matrix of unsymmutrized A values gave similar support for these relanonships except
that the branching order of the two Andean clades (2, 3 above) was unresolved. In peneral, subsidiary relationships
were conststent and well supported by both mattices, sometimes revealing surprising associations between forms
that differ dramatically in plumage and bill morphology. Our results also reveal some basic aspuects of humimingbird
ecologic and morphologic evolution. For example, most of the diverse endemic Andean assemblage apparently
comprises two genetically divergent clades, whereas the majority of North American hummingbirds belong a single
third clade. Genetic distances separating some morphologically distinct genera (Oreatrochilus, Aglatocercus, Lesbia;
Myriis, Acestrura, Philodicey were no greater than ameng congeneric (Cocligena) species, indicating that, in hum-

mingbirds, morphological divergence does not necessarily reflect level of genetic divergence.

Introduction

Hummingbirds (family Trochilidae) have under-
sone one of the most remarkable evolutionary radiations
among birds. The allocation of more than 330 species
into over 100 genera (Morony, Bock, and Farrand 1975)
reflects a surprising morphological and physiological di-
versity modeled on the family's characteristic adapta-
tions for nectar-feeding, Indeed, these varied attributes
have enabled hummingbirds to occupy virtually every
vegetated habitat in the New World, from humid tropical
forest and and deserts to the highest alpine zones (Blei-
weiss 1991). Perhaps more than any other avian group
of comparable extent, a considerable amount of infor-
mation has been amassed about humminghird diversity
because of the relative ease with which their behaviors,
ccologies, and energetic requirements can he quantified
(Feinsinger and Colwell [978).

Despite wide interest in the biology of humming-
birds. surpnisingly little is known about the family's phy-
logeny. This gap in knowledge is due in part to the near
absence of relevant fossils (Olson and Hilgartner 1982,
Graves and Olson 1987} and to the difficulties of infer-
ring relationships from the highly modified anatomy of

Key words: DNA hybndizanon, phylogeny. hammingbirds, her-
mat, nonbermil, Anpdes.

Address for comespondence and reprints: Robert Bleiweiss, De-
purtinent ol Zoology and the Zoologeal Museum, University of Wis-
comnsin, Madson, Wisconsin 51706, E-mail: reb@ravel. zoology. wisce
du

ool Evaf |43 315343, 1997
1997 by the Socunty Toe Molecular Biology and Evidution, ISNN: D737.403%

these birds (Cohn 1968). Early hummingbird classifi-
cations drew attention to the fundamental distinction be-
tween so-called hermit and nenhermit hummingbirds,
which were recognized as the subfamilies Phaethorni-
thinae and Trochilinae, respectively (Gould 1861, Ridg-
wiry 1911). Although hermits and nonhermits originally
were distinguished by superficial differences in plumage
and trophic characters, several recent anatomical and
molecular studics have supported monophyly of these
two groups (Zusi and Bentz 1982; Gill and Gerwin
1989; Sibley and Ahlquist 1990; Bleiweiss 1991; Blei-
weiss, Kirsch, and Matheus 1994). Other than this one
feature of the family's phylogeny, however, broad rela-
tionships among hummingbirds remain poorly known.
Indeed, hummingbird classifications still are based
largely on 19th century studies, and with few exceptions
(Zusi and Bentz 1982; Sibley and Ahlquist 1990; Blei-
weiss, Kirsch, and Lapointe 1994, Bleiweiss, Kirsch,
and Matheus 1994), modern systematic treatments have
focused mostly on species-level questions or on circum-
scribed genera (Stiles 1983; Bleiweiss 1985, 1988a,
19885, 19924, 1992h; Graves 1986: Schuchmunn 1987;
Gerwin and Zink 1989; Gill and Gerwin 1989, Escalan-
te-Pliego and Peterson 1992).

Our earlier DNA hybridization study comparing,
eight tropical hummingbirds (Bleiweiss, Kirsch, and
Matheus 1994) addressed the question of monophyly for
the two traditional subfamilies. Here we apply the samc
technique to a much broader sel of comparisons with
the aim of identifying the principal lineages among the
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diverse nonhermits. This putative group of over 300 rec-
ognized species contains the bulk of the family's 1axo-
nomic and morphologic diversity and is much more
widespread geographically than the largely tropical her-
mits (Bleiweiss 1991), One of our objectives was to re-
examine the deepest structure of the phylogeny, because
our lirnited earlier comparisons did not rule out the pos-
sibility that some lincage or lineages diverged prior to
the split between hermits and their sister group. In par-
ticular, Ridgway (1911) recognized a third subfamily,
Lophomithinae, composed of highly ornamented dimin-
utive torms, the so-called coquettes, which we had not
examined. More generally, we sought to expand cover-
age of ecological diversity by including representatives
from throughout the family's geographic range. Finally,
the broader sampling of taxa would presumably illu-
minate the complicated taxonomy of hummingbird gen-
era, of which over half are menotypic (Morony, Bock,
and Farrand 1975). Many of these taxa are hased on
distinctive plumage features that are suspect indicators
of either level of genetic divergence or cladistic rela-
tionship {Banks and Johnson 1961: Mayr and Shert
1970).

To provide this broad overview, we were motivated
to undertake the largest complete matrix ever attempted
with DNA hybndization. Our study confirms that the
deepest split among hummingbirds distinguishes hermits
and nonhermits, provides strong support for §ix principal
and many subsidiary clades of nonhermits, and thus pro-
vides the first well-supporied molecular phylogenctic
framework tor the family.

Materials and Methods
Selection of Taxu

The taxonomic scope of any DNA hybridization
study is limited in practice, because cladistic relation-
ships can be reliably distinguished from rate variation
only by a complete set of reciprocal distances, whose
number increases with the square of the number of taxa
{Barrowclough 1992, Lapointe and Kirsch i995). The
taxa we chose to compare encompissed major groups
suggested by several carlier studies: (1) the standard lin-
¢ar wrangement for hummingbirds (exemplified by Pe-
ters 1945; Monroe and Sihley 1993), which incorporates
the results of many carly studies of hummingbird sys-
tematics (Gould 1861; Elliot 1879; Boucard 1895; Har-
tert 1900; Ridgway 1911 Simon 1921): (2) the recent
anatomical work of Zust and Bentz (1982) that distin-
zuished four groups of hummingbirds based on differ-
ences 1n the wing muscle tensor propatagialis pars brevis
(TPB): (3) the more hmited DNA hybridization studies
of Sihley and Ahlquist (1990) and Bleiweiss, Kirsch,
and Matheus (1994), which provide the only other pub-
lished molecular studies of higher-level relationships
among nonhermits. Together, our comparisons include
approximately 25% of recognized genera, which them-
selves subsume almost 45% of known species (table 1)

Given the absence ot any other detailed guide to
broad relationships among hummingbirds, the standard
linear sequence provides the only available intreduction

to the species in our study (table 1). In addition to two
hermits (Eutoxeres aquila and Threnetes ruckeri), we
selected several taxa that immediately follow hermits
and which are considered primitive among nonhermits,
including two whose dull-colored plumages resemhle
those of hermils (Androdon aeguatorialis and Dorvfera
ludovicae) as well as four indescent torms (Ewlampis
holosericeus, Colibri coruscans, Orthorlyncus cristatus
and Campylopterus villaviscencio). Of the three genera
Ridgway (1911) included in his Lophornithinae, we oh-
tained sufficient tissues from the thorntail Popelairia
conversil, From the host of emeralds and their presumed
relatives, we selected typical green-colored torms (Ama-
zilia tzacarl and Chiorostitbon mellisugus) and the dis-
tinctive woodnymphs (Thaluranic colombica) listed
near them. We included two sorts of taxa from the ex-
ceptionally rich Andeun communities: representatives
from some of the most polytypic genera (Oreotrochilus
chimborazo, Eriocnemis heciant, Heliodoxa jacula, and
Coeligena spp.) und {rom distinctive long-tailed genera
{(Aglaiocercus coelestis and Leshia victoriae) of uncer-
tain relationship. We also included hoth large-hodied
taxa that breed north of Mexico (Lampornis clemenciae
and Eugenes fulvens), Among taxa listed near the end
of the standard sequence, we included Heliothnx bar-
roti, because it shares the type 1l condition of TPB with
some of the presumed primitive taxa, as well as four
genera fTom among the tiny bee-like forms that conclude
the sequence. The bees we compared encompassed
forms with both the taxonomically widespread type 111
and the more restricted type IV condition of TPB (table
1), and ones found in North (Archilochus colubris), Cen-
tral (Philodice mirchelliiy and South (Mvriis fanny and
Acestrura mulsant) America.

Based on evidence for their sister relationship to
nenherniits, hermits provide one potential outgroup for
rooting the nonhermit tree (Sibley and Ahlguist 1990;
Bleiweiss, Kirsch, and Lapointe. 1994; Bleiweiss,
Kirsch, and Matheus 1994). However, as stated above,
the limited nature of these earlier comparisons allows
for the possibility that some currently recognized non-
hermits are actually basal to the hermits (e.g., the pos-
sible subfamily status of Ridgway's Lophornithinae).
Broader studics comparing additnenal nonhurningbird
taxa have identified swifts as the sister group to hum-
mingbirds, the two clades comprising the monophyletic
Apodiformes (Sibley and Ahlquist 1990; Bleiweiss,
Kirsch, and Lapointe 1994). Hence, swifts provide an
unambiguous outgroup for rooting any hummingbird
phylogeny. Inclusion of both hermits and swifts has the
additional advantage that simulation studies indicate that
nultiple outgroups improve accurate placement of the
root, especially if several representatives of the nearest
outgroup are included (Smith 1994}, Thus, we included
representatives from the two most divergent hermit gen-
cra (Ewtoxeres aguila and Threnetes ruckeri) and the
typical swift Chaciura pelagica (Family Apodidac). Un-
fortunately, swifts and hummingbirds are themselves
distant relatives (Sibley and Ahlguist 1990; Bleiweiss,
Kirsch, and Lapointe 1994) such that no other taxa ¢xist
to subdivide the long branch between them: additional
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Nore.— Taxa are listed by therr order an the taxonomie hist of Monroe and Sibley (1993). Number of congerers and condiion of tenser peopstagialis pars brevis
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!Nt applicable

swifts would only subdivide the long intervening branch
near the tip. Thus, some limits on outgroup design are
imposed by which apodiform lineages have survived.
Sample Preparation

All tissue samples were collected by Bleiweiss with
collaborators on field trips to Wisconsin and Arizona in
the United States, the British Virgin Islands in the Ca-
ribbean, and Ecuador on the South American mainland
(appendix 1: see Acknowledgments}. Methods for field
preservation and laboratory extraction of DNA followed
those outlined in Bleiweiss, Kirsch, and Matheus (1994)
with the following modifications. Single-copy tracers
were prepared by boiling and then incubating 400 pg of
DNA at 60°C in (.48 phosphate buffer to Cg 400
(Equivalent Cgt 2260), after which the sample was di-
luted 10 0.12 M and subsequently eluted over 1.0-ml
hydroxyapatite (HAP). Hybrids were fabricated in 1.0
ml snap-cap vials by adding 0.05 pg of =7I-labeled trac-
er DNA 1o 25 pg of dnver DNA diluted in 0.48 M
phosphate buffer to a standard concentration (3.0 pg/ul)
and volume (8.3 pD). All 75 hybrids for a given label
were placed in three sets of floating plastic boats and
boiled simultaneously for 8 min. Hybrids were iimme-
diately incubated at 60°C to an ECgt of approximately
24,000 and then quick-frozen. Prior to loading, each hy-

peatet e duitlully @ distiner species within genud (Bloiweiss 1958530

brid was diluted to 0.12 M phosphate buffer by adding
325 pl of 0.11 M phosphate buffer, mixed briefly with
a vortexer, and pipetted onto a column of 0.5 mnl of HAP.
Fractionation began with two room-temperature washes
to remove unhybridizable DNA and free iodine, fol-
lowed by 23 fractionations obtained by pumping 0.12
M phosphate butfer over 0.5 ml HAP at 2°C increments
starting with 8 m! at 52°C and changing to 5 ml for all
succeeding washes up to 96°C. Elution fractions were
counted within 24 h of collection.
Experimental Design

Generation of unbiased genelic distance estimates
requires careful attention to experimental design (Blei-
weiss and Kirsch 19934, 19938). Several precautions
were taken to limit systematic biases, as detailed in Blei-
weiss, Kirsch, and Matheus (1994). In addition, we tai-
lored our experiments to obtain unbiased measurcs of
the median melting temperature (7). This index 15 em-
phasized here because it incorporates information about
more sequences {(because it is calculated over practically
the entire range of elution temperatures) and is better
characterized at that level than alternative indices {Shel-
don and Bledsoe 1989; Springer, Davidson, and Britten
1992: Bleiwelss and Kirsch 19935). As a more inclusive
measure of divergence than other indices (e.g., To,...) it

3

Table 1
Taxa Examined
Number of
Latin Namu Comman Name Congeners TPE
Threnctes ruckeri oo L Band-1ailed harbthroat 3 [
Entoxeres aguila ... White-tipped sicklebll 2 I
Androden aequatorialis.. ... Toeth-billed humminghird l Il
Donfora udovicae. .. ... e Green-fronted Jancebill 2 1
Campyiopterus villaviscensio ... . Napo yaberwing Il 1
Colibri coruscans ... ... Sparkling violet-ear 4 {1
Eulampis halosericeus ... ... Green-throated carib —_} 2 11
{Or.’.ﬂ'mﬂ.‘}nfu.s CristaiNs Antillean crested hummingbird GUHH A [ I }-—-_-—
Pupelairia conversi® Gireen thorntail 4 I
Chiorestifbon mellisigus ... ... Blue-tailed emeruld 13 [l
Fhalurania colombica. ... ... .. .. Blue-crowned woodnymph 6 HI
Amaziia tacall oo Rufous-tailed hummingbird 30 11
Lampaornis clemenciae ... ... Bluc-throated hummingbird 6 [11
Heliodoxa juculas ... ... Green-crowned brilliant 9 il
Fugenes fulgens ... Magnificent hummunghbird 1 41
Oreotrochilus chimboraze® ... Ecuadorian hillstar 5 11
Coeligena wilsame . ... L. Brown Incu 1or 11t
Coeligend torguale................. Collared Inca 10 1!
Erioconomis luciam ... ... Sapphire-vented puffleg 10 1
Leshia victoriar .. ... Black-tuiled trmmbuearer 2 Il
Aplaivcercus coclestis. oL Violel-tailed sylph 2 1M1
Heliothevx barroti .. Purple-crowned fairy 2 i
Phulodice mtchella .. .0 0. Purple-throated woodslar 2 I
Archiftochus colubrfs ..o L Ruby-threated hummingbird 2 I
Myrlis fanny .. L Purple-collared woodsiar ] [
Acestrurg mulsam White-bellied woodsiar 5 Y
Chaetira pelagica Chimney swill ? NA
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15 unsurprising that previous experiments have demon-
strated T,,'s sensitivity to individual genetic differences
(Bleiweiss and Kirsch 1993k). To obtain the best vari-
ance estimates, therefore, each replicate comparison was
made with DNA extracted from a different individual.
A drawback to this design is that homologous (same
species) duplexes that serve as stundards for calculating
genetic distances melt at slightly lower temperatures on
average when the two strands come from a differemt
(allologous) rather than the same (autologous) individual
(unpublished data); consequently, branch lengths mea-
sured from allologous homologues will be shortened
very slightlv. Elsewhere, we show that topelogical re-
lations remain unchanged by inclusion or exclusion of
the allologous homologues (unpublished data). The et-
fect on branch lengths can be mitgated 1o a certain ex-
tent through application of corrections for variation in
the melting temperature among homologous hybrids, as
detailed below. We used allologous honmelogues so as
to obtain better estimates of random variation in ho-
mologoeus melting temperatures, which otherwise would
be underestimated by use of multiple preparations from
the single extract (Blerweiss and Kirsch 1993b) that can
be made in practice from most hummingbirds. [ntraspe-
cific hybrid DNAs are useful also because they provide
a conservative measure of imprecision in homologous
melting temperatures and also serve as an mternal con-
trol for interspecific comparisons, Therefore, we used
one autologous and two ailologous homologues for each
taxon. We also included congeneric species (two of Coe-
Higena) to provide some measure of intrugeneric diver-
gence for the evaluation of higher-level taxonomy.

As our thermal clution device (TED) for fraction-
ating DNA-DNA hybrids (Kirsch et al. 1990) holds only
25 columns, we employed the following design to gen-
erate the complete matrix of reciprocal comparisons
among 27 taxa. For each labeled taxon, a standard set
of 20 species was represented by a different individual
on each of three TED runs. Another set of six taxa
(Chaetura pelagiva, Threnetes ruckeri, Heliothryx bar-
roti, Heliodoxa, Coeligena torquata, and Campylopterus
villaviscenciny was represented by different individuals
on the first two of these runs and then replaced by three
individuals each of an additional two taxa (Myrtis fanny
and Philodice mitchelliy) on the third run. The complete
27 x 27 matrix with corresponding numbers of repli-
cates per companison (3 for 22 species, and 2 for 6 spe-
cies) required 81 runs ot the TED,

Indices and Data Transformations

We transformed T, in several steps to obtain the
most accurate estimates of genetic distance. To compen-
sate for underestimates of genetic divergence due o hy-
bridizable DNA that failed to form stable hybrids at cri-
terion temperature (percentage of hybridization), we cor-
rected T, tor the normalized percentage of hybridization
(NPH). which is defined as:

(percentage of hybridization theterologue
(percentage of hybridization)homologue,

NPH =

where percentage of hybridization is calculated as the

number of counts eluted at and above criterion temper-
ature (56°C in 0.12 M phosphate buffer) over the total
number counts (52-96°C under the same conditions).
The corrected index, T, was then obtained by ner-
malizing the heteroduplex curve with NPH, as described
in Werman, Springer, and Britten (1996). To avoid the
large experimental errors typically associated with NPH
(Bleiweiss and Kirsch 1993q, [99346), we used the func-
tional relationship between the observed values of T,
and T H to generate expected values of T H from their
associated T.'s. Backward elimination of nensignificant
higher-order terms indicated that, for our data, this re-
lationship was best described by a second-order poly-
nomial:

ToH = 4.50T,, — 0.0212(T,)% — 145,

The expected T H values were then corrected tor
multiple mutations at single base sites by first converting
melting temperitures (0 miecasures of percent seguence
divergence {Springer, Davidson, and Britten 1992), and
then correcting them for homoplasy with the equation
of Jukes and Cantor (1969). Typically, these transfor-
mations are applied 1o the finul matrix of mean A values,
which measures the average distance of individua! het-
erologues from the average homologous melting tem-
perature for that lubel. However, to retain replicate val-
ues so that they could be subjected to the randomization
and validation tests described below, we deviated from
this usual practice and applied corrections to the melting
temperature of each hybrid. The mathematical properties
of the Jukes-Cantor correction required that each raw
melting value first be converted to a A value. To accom-
plish this, we used the single autologous hybrid as the
standard because it is the most accurale measure of the
homologous melting temperature. Following transfor-
mation, these A values were converted back to the orig-
inal scale by subtracting them trom the untransformed
autologous Ty H values (which remained untranstormed
for the reasons stated above). Thus, the final fully cor-
rected values of T,H-C were obtained by the following
equation:

1T, H-C=HOM — (=0.75 In{1 — 4/3((HOM — HET)
X1.2)100) 100y,

where HOM is the raw T¢;H melting temperature of the
autologous standard for that taxon, HET is the same for
the heterologue, and 1.2 1s the empirically determined
slope of the relationship between AT, and percent se-
quence divergence {Springer, Davidson, and Britten
1992).

Prior to these calculations, we excluded individual
hybrids with anomalously low NPHs (<Z75% for hum-
mingbirds, <55% for swift) that we determined were
due to wuater leaking into the incubating hybrid (see also
Sheldon and Winkler 1993). Even so0, such cases
amourted to only 23 hybrids, or approximately 1% of
the 2,025 experimental hybrids run in the TED. The final
matrix of A values was subjected 1o A, W, Dickerman’s
program SYMMETRY, which corrects tor compressian
of A values often associated with lower-melting homaol-
ogous hybrids by the method of Sarich and Cronin



(1976, see also Springer and Krajewski 1989; Springer
and Kirsch 1989, 1991). The theoretical justification for
this procedure is that it improves the metrical properties
of the distance matrix by correcting for asymmetries n
reciprocal comparisons which otherwise violawe the as-
sumptions of distance methods of tree reconstruction. At
the same time, symmetrization eliminates a ubiquitous
source ot systematic experimental error that could be
confounded with rale vanation. We also analyzed un-
symmetrized matrices, and ones in which the percent
sequence divergence and homoplasy corrections were
applied to the matrix of averaged A values rather than
to the individual replicates, thereby allowing us to ex-
amine possible effects of the various transtormations
and the order of their application on the resulting to-
pologies.

Data Analysis

Our complete matrices of unsymmetrized and sym-
metrized A values permit use of the FITCH routine in
Felsenstein's PHYLIP (version 3.5¢, 1993) o obtain to-
pologies by least-squares criteria without the assumption
of rate uniformity, as mandated in the alternative
KITSCH routine. The correlation between the standard
deviations of replicate measures and distance was non-
significant (r = 0.177. df = 25, P = 0.10) for the 26
hummingbirds but increased to marginal nonsignificance
(r = 0.425, df = 25, P -7 (.10) with inclusion of the
switt (see appendix 2). Despite the apparent greater vari-
ability of replicate measures in the distant outgroup
swift suggested by this difference, we adopted the Cav-
alli-Sforza and Edwards (1967) unweighted least-
squares method (zero exponent in the denominater of
the equation for calculating sum-of-squares) as the most
appropriate method for assessment of hummingbird re-
lationships. which was our primary tocus. Use of this
method also is more conservative in that it necessarily
increases the unexplained sum-of-squares by reducing
the value of the denominator (to one).

A number of validation methods were applied to
examnine the robustness of the topelogies, To test the null
hypothesis that matrices lacked structure, we used a
modified Mantel test 1o determine the significance of z
scores,

T = MEAN S8 il marees

- SS(-I\~.: rred |.|1\";SD

sardomrred maness SN

from the mean sum-of-squares (S8) and their standard
deviation (SD) of a distance matrix whose columns had
been randomized 100 times while holding the zero di-
agonals fixed.

We applied Krajewskl and Dickerman’s (1990)
bootstrap method for distance data to determine the ef-
fects of within-cell variation in replicate reasures on
topologic consistency. One thousand pseudoreplicate
matrices were generated with A, W, Dickerman’s pro-
gram. BOOTTEMP. which samples with replacerment
cach cell in the original matrix. The resulting pseudo-
replicate matrices were each subjected in turn to FITCH
with subreplicate and global branch-swapping options
enabled, negative branch lengths disallowed, and the in-
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Table 2

Summary Statistics on Tablewide Average Within-Cell
Standard Deviation (SD} and Percent Nonreciprocity
(Asymmetry) for Values in Appendix 2

Observed Observed Observed  Estimated
AT ANPIT AT AT, H-C
Mean 8D 0.200 1.723 0.335 0.]38
Asymmetry® . 3.86/1.86 27182758 4.79£2.40 428244
Slncraeed wcaling of AT _H-C onorzases mean 8D cetatio e wo that ol mea-
sured AT M.
* Irinal asymmetryNinal asymimery

put order of taxa randomized (using the jumble option).
The CONSENSE program in PHYLIP was then used to
obtain the consensus among the 1,000 trees, and thus to
determine the level of support tor each node. We then
calculated average pathlengths among each set of 1,000
best-fit topologies using the programs TRANSLATOR
and NONSENSUS (written by E J. Lapointe}. To deter-
mine if branch lengths differed significantly {rom zero,
we first calculated the standard deviation of cach branch
over the 1,000 trees generated from random pseudom-
alrices, each constrained hy the topology obtained for
the corresponding data treatment, We then applied the
standardized normal deviate (2) test of Rzhetsky and Nei
(1992, 1993y, using the critical value for P < 0.05 as
the criterion for rejection of the null hypothesis of zero
fength.

Finally, the stability ot topolozical relationships to
changes in the taxonomic compaosition of the matrix was
tested by the average-consensus procedure for weighted
jackknife trees (Lapointe, Kirsch, and Bleiweiss 1994).
This algorithm weights the stability of a node by its
associated pathlength between the two terminal taxa
joined by it, thereby incorporating more information
tfrom the distance matrix than do strict-consensus meth-
ods (Lanyon 19835). The program for performing weight-
ed jackknmifes (JACKMAT, written by E J. Lapointe)
also allows for more exhaustive explorations of the ro-
bustness of jackknifed trees through options for speci-
fied or random multiple deletions of taxa. In our case,
it was impractical to sample an appreciable fraction of
the more than 134 X 10% possible combinations of 4 to
26 taxa by the random (or exhaustive) deletion method.
Previous studies have observed (Lapointe, Kirsch, and
Bleiweiss 1994) that sequential deletions of 7 + 1 taxa
eventually produce a stable topology (and one whicb
matches a “global™ or all-possible-deletions test), im-
plying that further deletions have no effect, and this
strategy was adopted.

Results
Data Characteristics

The data provide an exceptionally large number of
comparisons on which to base interences about hum-
mingbird relationships (appendix 2). The variability of
replicate measures of T, and NPH clearly demonstrate
the much higher error associated with the latter index
alone or when combined with T, into the composite
T, H index (table 2). The tablewide average within-cell
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FiG. | —Representative thermal-clution curves for labeled vialet-
latled sylph (Aplaiocercus coelestis). From rghl to lefi, curves are for
Aglaiacercus coclesiis (homologue), Leshia victoriae, Pupelairia con-
versi, Androdon geguatorialis, Threactes ruckeri, and Chactira pe-
lugica.

standard deviations for 7, and for Te,H (table 2) ap-
parently are lower than those reported in most previous
DNA hybridization studies (se¢ Krajewski 1989; Blei-
weiss and Kirsch [9935; Sheldon and Winkler 1993;
Bleiweiss, Kirsch, and Matheus 1994), however, ind:-
cating that our data are unusually precise even though
each within-cell replicate was generated with DNA from
a different individual. Thus, conversion of T, to TyH
by the regression procedure also should provide rela-
tively more precise measures of TyoH and the fully cor-
rected T, H-C. Representative stepwise melting curves
made with labeled Aglaiocercus coelestis demonstrate
overall high levels of discrimination among the many
hummingbird taxa (fig. 1), despite AT H-C values
which are all within 0.5-12°C (appendix 2). The high
NPH among hummingbird hybrids (>85%) contrasts
with much lower values for swift-hummingbird hybrids
(60%-70%: sce also the reduced area subtended by its
elution curve in fig. 1, where the individual elutions
have been corrected for percentage of hybridization of
the relevant hybrid), reaffirming the distant relationship
between hummingbirds and the latter.
Matrix Characteristics

In addition to imprecision in replicate values, in-
accuracies of various sorts could distort the distance ma-
trices and topologies estimated from them. For example,
applying corrections for percent sequence divergence
and homoplasy directly to the replicates might produce
results that differ from those obtained when these cor-
rections are applied to average cell values of the matri-
ces themselves. In the present case the two treatments
appear to produce exceptionally similar relationships
among A values, as distance matrices based on the dif-
ferent procedures are very highly correlated (table 3).
More directly, even the fitted pathlength matrices for
FITCH topologies constructed from corresponding dis-
tance matrices are highly correlated with each other (ta-
ble 3). Thus, the data appear very robust to the order in

Table 3

Pearson Correlations for Distance (D) and Pathlength (P)
Matrices in Which Percent Sequence-Divergence and
Jukes-Cantor Corrections Were Made on Replicate A
Values (r) or on the Matrix (m)

D, D, P, P,
D,... — 0.99987 0.9963 0.99635
D,..... 0.99998 — 0.99721 0.99719
P ... 0.99637 0.99632 — 1.00000
P..... 099636 0.99632 100000 -

Nome—Valves for symimetiited mainces wre indicated 0 boldface. Tess
were conducied using the mairy comparisun peegeam {(MXCOMP) in
NTSYS-pe (Rohlf 1892% Al correlations dre highly sigmibeamt (P < 00001
by Mantel les1 on ¢ sonres

which corrections were applied. The marginally lower
correlations between corresponding distance and path-
length matrices nonetheless indicate that the measured
distances adhere very closely to the least-squares as-
sumption of additivity inherent in the pathlength matri-
ces. The somewhat higher correlations between distance
and pathlength matrices that are symmetrized (table 3)
suggest that the matrix asymmetry corrections {of about
2% appendix 2, table 3) improve additivity somewhat.

The presence of a single long branch o a distant
outgroup as in our sct of comparisons (the swift Chae-
tura pelagica) may bias a Mantel test toward rejection
of the null hypothesis of ne matrix structure by contrib-
uting disproportionately to the value of the z score. To
provide @ more conservative test, we therefore elimi-
nated the swift prior to randomization of the matrix.
Even with this modification, very significant structure is
indicated for both unsymmetrized (z = 3431, P <
0.0001) and symmetrized (z = 42.35, P < 0.0001) ma-
trices, Unsurprisingly, symmetrization mcreases the val-
ue of the z score, as this correction reduces random dis-
tortions in the matrix due to variation in homologous
melting temperatures,

Phylogeny

FITCH topologies obtained by first correcting the
data for percent sequence divergence and homaoplasy
prior to matrix construction (figs. 2 and 3) are identical
to those obtained by correcting the matrix {unpublished
data: also found in a previous study by Kirsch, Dick-
erman, and Reig 1995). The results based on corrected
replicates are discussed here because they allow for ap-
plication of bootstrap resampling tests. Beth unsym-
metrized and symmetnzed topologies appear to provide
exceptionally robust estimates of hummingbird phylog-
eny and agree on many basic aspects of hummingbird
relationships (figs. 2 and 3). In general, support was low
only for a few very short internodes in the tree (figs. 2
and 3). Validation tests provide strong support for the
majority of branches in both topologies (figs. 2, 3). Only
two internodes, both in the unsymmetrized tree, were
sensitive to jackknifing (indicated by dotted lines);, for
both unsymmetrized and symmetrized matrices, the re-
sults of performing all 2,925 possible combinations for
three deleted taxa were identical to those of performing
all 351 combinations for twa deleted taxa, and no further
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—Acestrura mulisant
£62
— Myrtis fanny

—Philodice mitchellii
Archilochus colubris

Eugenes fulgens

Lampornis clernenciae

Thalurania colombica

T

Amazilia tzacat!
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Orthorhyncus cristatus
Campylopterus villaviscensic

Coeligena torquala

-
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. Coeligena wilsoni

Heliodoxa jacula

Ericcnemis luciani

Lesbia victoriae
90

Dorylera ludovicae

Colibri coruscans

785

Threnetes ruckeri

Eutoxeres aquila

7

— 0.50 °C

Aglaiocercus coelastis
I—— Oreotrochilus chimborazo

Popelairia conversii

Heliothryx barroti
Androdon aequatorialis

Eulampis holosericeus

/ Chasetura pelagica

Brifliants

Coquettes

Mangoes

Hermits

Swifts

Fic. 2.—Consensus booistrap FITCH topology based on unsyminetrized AT, H-C. Branch lengths are averages over the 1,000 bootsirap
pscudorephicate trees and for hummingbirds are drawn 10 scale. Dashed hnes indicate nodes that collapse n jackknifing, percentages indicate
support cul of 1000 bootstrap pseudereplicate trees (if Jess than 100423, and gray bars indicate nodes that are not significamly different from

zero length. Clade names are as described in text.

deletion sets were examined. Similarly, no more than
three internodes per tree teceived low bootstrap support
(detined here as less than 700 out of 1,000 pseudore-
plicates), and in the unsymmetrized tree these were the
same internodes that collapsed under jackknifing. Inter-
nodes that were not supported by jackknifing and/or
which received low bootstrap support typically were
those whose branch lengths were not significantly dif-
ferent from zero (gray bars).

In all analyses, the swift rooted hummingbirds be-
tween the 2 traditional hermit genera (Eutoxeres aquila
and Threnetes ruckeri) and the remaining 24 nonher-
mits. No taxon ever joined the tree outside this funda-
mental split. Thus, even among the taxa in our expanded
comparisons, the traditional hermits and nonhermits re-
main sister groups that define the deepest bifurcation
among extant members of the family. This outcome in-
dicates that the 2 hermits do comprise a near outgroup
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for rooting the remaining 24 nonhermits, which allows
tor turther testing of ingroup relations when only her-
mits are used to root the tree. Topologics obtained in
this way (i.e., eliminating the swift} are otherwise iden-
tical to those for the full suite of 27 taxa (unpublished
data).

Within the nonhermits, six principal groups were
supported strongly by all analyses. To facilitate discus-
sion, we name each of them after a characteristic mem-

ber: (1Y mangoes: a varied assemblage of many lowland
forms that includes canbs (Ewlampis holosericeus), fair-
ies (Heliathryx barroti), violet-ears (Colibri coruscans),
the hermit-like lancebills (Doryfera ludovicae) and the
tooth-billed hummingbird (Androdon aequatorialis), (2)
brilliants: an Andean clade of highly polytypic genera
including brilliants (Heliodoxa jacula), incas (Coeligena
wilsoni and C. torquata), and puftlegs (Eriocnemis lu-
ciani}; (3) coquettes: a second clade of endemic high-
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Andean genera including hillstars {(Oreotrochilus chim-
boraza), sylphs (Aglaiocercus coelestis) and trainbearers
(Lesbia victoriae) paired with the lower-clevation thorn-
tails (Papelairia conversii), (4) emeralds: various gen-
era including typical green-colored (Chlorostilbon mel-
lisugus and Amazitia rzacatly and other (Thalrania col-
ombica, Orthorhyncus cristatus, and Campylopterus vil-
laviscensio)  forms; (5) mountain-gems: the
large-bodied Lampornis clemenciae and Eugenes ful-
gens; and (6) bees: tiny forms comprising several genera
(Archilochus colubris, Myrtis fanny, Philodice mitchel-
i, and Acestrura mulsant). Three basic features of cla-
distic structure are strongly supported in all analyses:
the basal position of the clade that includes mangoes,
vialet-ears, and their refatives; a sister relationship be-
tween bees and mountain-gems; and a sister relationship
between these two and the emerald assemblage. Unsym-
metnized and symmetrized data ditfer in their placement
of the two principal Andean clades (2 and 3 above),
which depends on alternate arrangements around a shont
internode. For unsymmetrized data, the internode is
0.0198°C and places coquettes and their allies (3 above)
outside the sister-pairing of the second Andean clade
plus the emeralds—mountain-gems-bee lineage (fig. 2).
However, this arrangement fails the branch length test
of nonzero length, and receives only moderate bootstrap
support (68%). For symmetrized data, by contrast, the
pivotal internode is 0.0728°C and all three validation
tests provide strong support for placement of the poly-
typic Andean clade (2 above) outside the other principal
Andean lineage (fig. 3).

Our dats also provide strong support for most as-
sociations within these principal nonhermit lineages. All
analyses and validation methods support two lineages
within the mango clade, one defined by Colibri corus-
cans—Doryfera ludovicae and the other including Eu-
lampis holosericens and the sister pair of Androdon ae-
quatorialis-Heliothryx Dbarroti. All analyses indicate
1004 suppon for a sister-group relationship between the
thorntail Popelairia conversii and the trio of endemic
and highly distinctive Andean taxa Qreotrochilus chin-
borazo, Aglaiocercus coelestis, and Leshia victoriae, Al-
though the two long-tailed forms Aglafocercus coelestis
and Leshia victoriae are paired in both unsymmetrized
and symmetrized trees, the arrangement for symmetrized
data fails the branch-length test and receives low boot-
strap support. In the second clade of largely Andean
forms, both Coeligena specics are always paired, and
associate with Heliodoxa jacula to the exclusion of Er-
iocnemis luclani. However, for unsymmetrized data, the
position of Erigcnemis luciani as the first branch in this
clade fails the branch-length test.

Among the emeralds and their allies, the trees
strongly support sister relationships between QOrthorfiyn-
cus cristatus and Campylopterus villaviscencio and be-
tween Thalurania colombica and Amazilia tzacatl. The
interrefationship between these two groups depends on
the more problematic placement of Chlorostilbon mel-
lisugus, which defines the sister group to Thalurania
colombica—Amazilia tzacat! for unsymmetrized data, but
the sister group to the entire assemblage far syrnme-
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trized data. However, the former arrangement receives
low bootstrap support and collapses under jackknifing
and branch-length tests, whereas the latter placement
fails the branch-length test. The sister-group relationship
of mountain-gems and bees s always strongly support-
ed, as is the sister relationship of Archilochus colubris
to the remaining, more southem, forms of bees. Among
the latter, Acestrura mulsanr pairs with Myriis fanny for
unsymmetrized data but with Philodice mitchellii for
symmetrized data. Only the arrangement for symme-
trized data receives strong support trom all three vali-
dation tests.

Discussion

DNA hybridization has been subjected to intense
scrutiny both as to what it measures and how best to
analyze the data (Cracraft 1987, Houde 1987 Marks,
Schmid, and Sanch 1988; Sarich. Schmid. and Marks
1989; Springer and Kryjewsk: 1989, O'Hara 1991 Rai-
kow 1991, Lanyon 1992). While such aspects of DNA
hybridization have heen examined in the literature, in
part by ourselves (Bleiweiss and Kirsch 19934, 1993b;
Lapointe, Kirsch, and Bleiweiss 1994; Bleiweiss,
Kirsch, and Shafi 1995; Lapointe and Kirsch 1995), the
novel feature of the present study i1s one of scale. Both
the size of our complete matrix and that of the group
analyzed are substantially larger than those usually tack-
led with DNA hybridization. Thus, we focus on tech-
nical issues that likely relate to matrix size, including
taxonomic sampling bias, leve) of replication, and top-
ologic stabihity.

The 1ssue of taxonomic sampling bias 15 important
for DNA hybridization studies of large evolutionary ra-
diations because of the method's practical limitations on
the number of taxa for which one can obtain a full suite
of reciprocal comparisons. Although our complete ma-
trix 1s the largest ever generated, our comparisons rep-
resent only a fraction of hummingbird diversity, possi-
bly creating taxonomic sampling biases that affect to-
pology construction (Smith 1994; Swofford et al. 1996).
Such biases are difficult to detect in practice because
they can nevertheless produce topologies that recerve
strong support from validation methods (Philippe and
Douzery 1994, Adachi and Hasegawa 1996). We belicve
that our phylogeny will prove robust to additional com-
parisons because it appears to avoid many known
sources of such imaccuracies, For example, sparse sam-
pling in which genetically distinct clades are represented
by one taxon may produce topological artifacts due to
the propensity of the divergent singletons 1o associate
because of homoplastic similarities resulting from sat-
uration of base substitutions. This 15 unlikely to be a
problem for our matrix for several reasons. First, all in-
group taxa are within the range of distances over which
percent sequence divergence s approximately linear
with time (12°C; Springer, Davidson, and Briwen 1992).
Sccond, although distances to the outgroup are much
greater (33.0°C), our conversion of T, to T H-C should
further reduce compression of cutgroup distances due to
homoplasy. Finally, it appears that the taxa we compared
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provided us with multiple representatives from major
hummingbird clades. The ultimate effect of these selec-
tions is that any potentially long branch is subdivided
by the multiple representatives of that clade. Admittedly,
we often were forced to adopt a typological approach to
genera in order to broaden coverage. We note, however,
that the actual genetic distances that separate sister gen-
era vary widely within the phylogeny. In particular,
many recognized genera (sce figs. 2 and 3) are no more
divergent than congeneric species (Coeligena). There-
fore, our choices actually define a continuum of genetic
divergences and do not simply reflect artifacts based on
a preconceived taxonomic classification.

Several empirical tests of the stability of DNA hy-
bridization topologies to taxonomic sampling are pro-
vided by the present study. For reasons related to those
given above, it has been observed previously that inclu-
sion of either distant or near outgroups may distort in-
group topologies, especially when short internodes oc-
cur among ingroup taxa (Marshall 1991; Kirsch, La-
pointe, and Foeste 1995). Although all these conditions
obtain for our phylogeny, we recovered exactly the same
branching arrangements when the most distant outgroup,
the swift, was removed (unpublished data). Moreover,
the present study duplicates the exact same relationships
among a subset of seven taxa common te our earlier
comparisons among nine apodiformes (Bleiweiss,
Kirsch, and Matheus 1994): the distant outgroup swift
{Chaetura pelagica), two of the four hermits (Eutoxeres
aguila and Threnetes ruckerr), and four nonhermits (An-
drodon aequatorialis, Colibri coruscans, Doryfera lu-
dovicae, and Coeligena torquata). This comparison is
not a fully independent test because the present study
drew from the same set of cxtracts/individuals for five
of the species (all except Chaetura pelagica and Colibri
coruscans) used in our earlier study. However, we have
shown previously that variance contributions by individ-
uals and extracts are significantly less than those con-

tributions by different tracer preparations (Bleiweiss and
Kirsch 1993k), which were redone for the present study.
Again, this subset of relationships does not change with
exclusion of the outgroup swift (unpublished data).

To provide an even more severe test of taxonomic
sampling bias, we also examined the consequences of
reducing the 27 X 27 matrix to those scven taxa held
in common with our earlier study (Bleiweiss, Kirsch,
and Matheus 1994). This pruning should exacerbate in-
stability caused by the presence of divergent singletons,
because the remaining hermuits in the 7 X 7 matrix com-
prise single representatives of the two most divergent
clades in that putative group; and the remaining non-
hermits represent only two of the six principal lincages.
Despite this severe reduction, both unsymmetrized and
symmetrized topologies agree with the results for the 9
X 9 and 27 X 27 matrices except in that Eutoxeres
forms the sister group to the nonhermits in the unsym-
metrized FITCH tree (fig. 4). However, this discrepancy
depends on a short internede that receives low bootstrap
support and collapses under jackknifing. Coincidentally,
the intemmode that determines placement of the two her-
mits fails the branch-length test for topologics based on
either symmetrized or unsymmetrized data (see fig. 4).
This poor resolution at the base of the 7 > 7 maltrix
suggests that our earlier comparison among nine taxa
comprising one swift, four hermits, and four nonhermats
was almost the minimum sample needed to address the
hermit-nonhermzit division. In any case, the results with
the 7 X 7 ratrix are consistent with those of both the
9 X Y and the 27 X 27 matrices, which in tum agree
on all aspects of branching among shared taxa.

We view the general consistency of these analyses
as remarkable given the almost four-fold range of matrix
sizes, [nconsistent results may obtain, but only under the
combined effects of sparse sampling, marked rate vari-
ation, and matnix characteristics that do not conform to
the symmetry properties expected of distance data.
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Thus, DNA hybridization phylogenies of taxonomically
rich clades, and/or those that have no near relatives,
need not give misleading results and are repeatable. This
gives us confidence that the framework for humming-
bird phylogeny provided by the present study will con-
tinue to hold up e¢ven for a broader suite of comparisons
than the ones presented here. Moreover, evidence for the
instability of analyses on unsymmetrized data is helpful
in the present case also for interpreting discrepancies
between topologies based on unsymmetrized and sym-
metrized data for the 27 X 27 matrix {see below).

All DNA hvbridization studies also must consider
potential inaccuracies and imprecisions in replicate mea-
sures. Although the three replicates per tuxon that we
employed in this study are tewer than those used in most
recent studies, two factors give us confidence in the sup-
port our data provide even tor short internodes in the
tree. First, the tablewide average within-cell standard de-
viation ftor T, in our matrices is low relative to that
observed in most other such studies (Bleiweiss and
Kirsch 19936; Sheldon and Winkler 1993; Bleiweiss,
Kirsch, and Matheus 1994), suggesting that we achieved
high precision because the chances of obtaining such
nearly identical measurements seem shim if the para-
metric varance was greater. This high precision obtains
even in the tace of a sampling scheme designed to ob-
tain robust variance estimates. Second, the sheer size of
our complete matrix increases the actual number of rep-
hcate distances measured through internal nodes. Thus,
although any particular one-way companson provides
only three replicates, support for any given node is
based on all of the pairwise compansons that pass
through it, which increase as the square of the number
of taxa. Finally, our data are highly additive and, there-
fore, conform to one special assumption of least-squares
tree-building algorithms.

Despite these characteristics of our data, we note
several areas of uncertainty in our phylogeny. The first
and most crucial for understanding hummingbird phy-
logeny is the short internode that determines the pauern
of branching among the three principal derived nonher-
mit clades: the two Andean lincages and the emeralds
plus bees. The behavior of this internode highlights the
importance of subjecting data to multiple treatments and
validation tests because different arrangements are ob-
tained tor symmetrized and unsymmetrized data, which
themselves receive unequal support from different val-
idation tests. There are three possible interpretations of
our results. One is to consider the extreme shortness of
the internode, and its near-zero length in the tree based
on unsymmetnized data, as a4 biological reality. That is,
that the divergence between these three clades approx-
imates a star pattern of divergence. A more conservative
interpretation is that we simply failed to resolve this
exceptionally shert internode. Potentially, the sheer
number ot reciprocal distances munning through this
deep node could lend high support to alternative ar-
rangements despite inaccuracies in the data. This phe-
nomenon may be in evidence even for the terminal node
that associates the long-tailed Andean taxa, where boot-
strap support also differs considerably between unsym-
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metrized and symmetrized data, Perhaps the most com-
pelling evidence for systematic bias is the tact that these
two nodes behave in opposite ways under symmetriza-
tion; the internal node receives increased support, while
the external node receives decreased support.

Alternatively, there are substantial empirical and
theoretical reasons to favor the arrangement indicated
by analyses on symmetrized data. Most obviously, only
the symmetrized topology passes all three validation
tests, whereas the unsymmetrized topology fails the
branch-length test (it has statistically zero length) and
receives low boolstrap support (approximately 68%
compared to over 96% for the symmetrized arrangement
of the Andean clades). This ditference 15 in fact to be
expected because symmetrization reduces inconsisten-
cles in the matrix and, in this case, also appears to
lengthen the branches. These properties are reflected in
the generally higher suppon for relationships over the
entire topology based on symmetrized as compared to
unsymmetrized data. Indeed, as discussed above, sym-
metrized and unsymmetrized topologies for the reduced
7 X 7 matrix behave in entirely parallel ways. In that
case, ample ancillary evidence also favors the arrange-
ment based on symmetrized data. Finally, there is also
the theoretical consideration that symmetrization modi-
fies relationships among distances so that they more
closely adhere to the additivity assumption of least-
squares tree-building algorithms. For all of these rea-
sons, therefore, we propose that the placement of the
Eriacnemis luciani-Helicdoxa joacula—Coeligena spp.
clade basal to coquettes and their allies is likely to prove
correct,

The other areas of imesolution or weak validation
involve a few terminal associations (Chlorastithon mel-
fisugns within emeralds, Myrriy fannv within bees),
These problematic branches are perhaps easier to un-
derstand as the simple consequence of too few repli-
cates. Unlike for deeper nodes in the tree, support for
these associations is influenced much more by the few
replicates for each taxon. Hence, we are not surprised
that short internodes receive generally weaker support
when located near the tips of the tree. Thus, the majorty
of the phylogeny provides extremely weli-supported hy-
potheses that define subfamilies, the major subgroups of
nonhermit hummingbirds, and many relationships with-
in these latter clades.

Principal Hummingbird Clades

The expanded comparisons of this study add con-
siderably to an understanding ot cladistie structure with-
in the diverse nonhermits. For the reasons given above,
we believe that our framework for the principal lincages
will withstand additional comparisons. Here we discuss
in greater detail each of these clades.

Hermits—Nonhermits

Although the swift provides only one outgroup for
placement of the root among hummingbirds, our broad-
ened comparisons among the nonhermits lend suppont
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to earlier evidence based on allozymes (Gill and Gerwin
1989), DNA hybridization (Sibley and Ahlquist 1990;
Bleiweiss, Kirsch, and Lapointe 1994), and morphology
(Zusi and Bentz 1982) for the traditional distinction be-
tween hermits (Eutoxeres aquila and Threnetes ruckert)
and nonhermits (remaining taxa). These two groups re-
main the deepest division among extant hurmmingbirds,
and evidence from our more nclusive study makes it
less likely that some unsampled extant taxa diverged
prior to these two clades. Although the present study
includes only two of the five traditionally recognized
hermit genera, the studies cited above are inclusive of
all five genera. Thus, the hermit/nonhermit dichotomy
appears o be consistent with all available evidence. The
present study also reaffirms earlier evidence that certain
taxa sometimes placed with hermits because of plurage
and behavior (Androdon aequatorialis and Doryfera lu-
dovicae) belong among the nonhermits. Indeed, these
two hermut-like forms are even more distant cladistically
than they appeared to be 1 our earlier study, supporting
our earlier contention (Bleiweiss, Kirsch, and Matheus
1994) that their similar plumages are parallel or con-
vergent, not only on true hermits but on each other.

Earliest Branch of Nonhermits: Mangoes and Their
Relarives

The present study also supports our previous results
associating Androdon aequeatorialis, Colibri coruscans,
and Doryfera ludovicae 10 the exclusion of Coeeligena
rorguata (Bleiweiss, Kirsch, und Matheus 1994). How-
ever, our earlier comparisons among nonhermits were
limited to these four taxa, so we could not determine
their relative branching order in the subfamily, Our ex-
panded comparisons not only recover the exact same
relations among these four taxa (figs. 2-4), but also am-
plify the earlicr results in several important ways. Most
notably, Androdon aequatorialis, Doryfera ludovicae,
and Colibri coruscans, along with Euwlampis holoseri-
cews and Heliotiryx barroli, evidently comprise 2 mono-
phyletic clade that defines the first branch among non-
hermits. In addition, the greater density of taxonomic
sampling among members of this clade reveals some
surprising sister taxa that differ greatly in bill and plum-
age form. Thus, Androdon aequatorialis and Heliothrvx
barrorn are paired in all analyses, even though the for-
mer has a dull hermit-like plumage and a long bill
whereas the latter has striking white and iridescent green
plumage and a short, laterally compressed bill. More
generally, neither of the dull-colored forms (Dorvfera
ludovicae and Androdon aequaltorialis), nor those with
distinctive iridescent green plumage with purple auric-
ular patches (Heliothryx barroti and Colibri coruscans)
are nearest relatives in this assemblage. On the other
hand, all five taxa share bill serrations or *tecth,” de-
veloped in each to varying degrees (see table | in Or-
nelas 19943 Thus, the extreme elaboration of the feature
that gives Androdon its common name, tooth-billed
hummingbird, simply reflects a character that is less de-
veloped among its relatives (unpublished data).

Andean Clades: Brilliants and Coqueties

The two branches succeeding the mangoes and
their relatives wiclude largely Andean-associated torms:
the brilliant clade, composed of several highly polytypic
genera (Eriocnenmis, Heliodoxa, and Coeligena), and the
coquette clade, composed of the thorntails (Popelairia
conversit) and their high-Andcan relatives (Qreotroci-
lus chimborazo, Lesbia victoriae, and Aglaiocercns coe-
lestis). The interrelationship of these two lincages de-
pends on a short internode that presents different ar-
rangements depending on whether the data are sym-
metrized. As summarized above., we believe that the
various lines of cvidence favoring the arrangement
based on symmetrized data are compelling. Thus, we
proposc that the clade of brilliants and their relatives
diverged prior to the coquettes and their allies. Even so,
several important insights into relationships among An-
dean-associated forms are evident irrespective ot the ex-
act branching order of these two clades.

Oune of our more tmportant discoveries pertiains to
the basic phylogenetic structure of hummingbird assem-
blages in the Andes, the region where the family attains
its highest diversity. Although many Andean specics ap-
pear to be close relatives, the DNA hybridization evi-
dence suggests that principal Andean groups fall into
two genetically very distinct clades separated by an av-
erage AT H-C of over 6°C. Another issue that can be
addressed with our results 18 whether the traditional co-
quette genera (Popelairia, Lophorais, and Discosura)
should be placed in their own subfamily, as suggested
by Ridgway (1911). Superficially, all three of these gen-
era form a compact group of diminutive but highly or-
namented forms that Ridgway separated from other
hummingbirds based on modifications to the nasal oper-
culum and prirnaries, and on their unique white to buft
rump band. Subfamily status for this putalive group
could be justified it (any one of) its members were a
sister group to hermits or nonhermits, or to all hum-
mingbirds. Although the monophyly of Pupelairia with
Lophornis and Discosura could not be addressed with
available material, our results are inconsistent with sub-
family designation because Popelairia conversii is nest-
ed within a denived clade of nonhermits. Indeed, this
placement reveals that the peculiar ornaments that might
distinguish the tradivonal coquette genera trom other
hummingbirds are actally echoed in their Andean rel-
atives. Thus, the thorntals (Popelairia) have long and
wiry (il feathers, whereas the typically Andean sylphs
(Aglaiocercus) and trainbearers {(Leshia) have long tail
streamers.

Given the high taxonomic diversity in Andean
hummingbird communities, both of the Andean clades
revealed by our analyses are probably indicative of
much larger assemblages. This view is supported hy the
magnitude of genetic separation between subclades
within the two lineages. For example, over 3°C distin-
guishes Popelairia conversii from its high-Andean rel-
atives. One mitriguing candidate that may subdivide the
branch between these two subclades is the enigmatic
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monotypic genus Heliactin, another tiny species with
head ornaments reminiscent of those of Lophornis, as
well as an ample white tail and white underparts similar
to those present in Oreotrochilus chimborazo among
Popelairia’s high-Andean relatives. The somewhat
shorter distances among genera in the brilliant clade
nevertheless indicate considerable separation among
these common Andean forms, suggesting that they, too,
may be linked by other taxa we did not sample. These
interrelationships remain to be determined.

Emeralds and Allies

Typical of the North American trochilofauna are
numerous species of emeralds (Amazilia etc.), tiny bee-
like forms, and an odd assortment of larger taxa (Lam-
pornis clemenciae, Eugenes fulgens), Our data indicate
that all of these comprise a single lineage, suggesting
that the majority of North American hummingbirds be-
long to a monophyletic radiation. Emeralds themselves
would quality as a major radiation within hummingbirds
simply by inclusion of the genus Amazilia, which as
currently defined comprises upward of 30 species (Mon-
roc and Sibley 1993). In contrast to the largely South
American highland distribution of many Andean genera.
members of the emerald clade are more widely distrib-
uted across various high-fand low-elevation habitats in
both North and South America as well as in the Carib-
bean (Chlorostitbon and Orthorhyncus). On the other
hand, the traditional emerald genera Amazitia and Chlo-
rostithon are morphologically homogeneous, comprising
numerous medium-sized species with iridescent green
plumage and shghtly decurved bills of moderate length.
Our results serve to further charactenize the emerald ra-
diation by revealing the extraordinary variety of forms
in this clade. This broader suite of genera includes ones
with elaborate head omaments (Qrthorhyncus) or prom-
inent blue or violet markings (Campylopterus, Thalur-
ania). The sister relationship of the diminutive and
short-billed Orthorhyncus cristatus and very large and
curve-billed Campyiopterus villuviscensio is especially
remarkable given the morphological uniformity other-
wise found among traditional emerald gencera.

While our data place such characteristic emerald
genera as Chiarostilbon and Amazilia in the same larger
clade, they also indicate that typical green-colored taxa
are not monophyletic within this larger assemblage. All
bootstrap and juckknife analyses support a sister rela-
tionship between the green and rufous Amaczilia tzacat!
and green and violet Thalurania colombica o the ex-
clusion of the green-colored Chlorostitbon mellisugus.
Exact placement of Chlorosiilbon mellisugus within the
emeralds differed for analyses on unsymmetrized and
symmetrized data, but its position as the first branch
among the five taxa in the clade, as indicated by sym-
metrized data, was supported strongly by bootstrap and
jackknife validation tests. Additional comparisons
should serve to clarify Chiorositbon's placement, which
bears directly on the historical significance of green
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plumage among emeralds and whether it is pleisiom-
orphic or has evolved multiple times.

Mountain-Gems and Bees

The sister group to emeralds includes two distinct
lincages. One is composed of the mountain-gem Lam-
poris clemenciae and its sister taxon, the monotypic
genus Eugenes fulgens. Unlike most members of the
previously described clades, these genera are confined
to North America and are the only two large-bodied
species that regularly breed north of the Mexican bor-
der. The large size in combination with a brilliant violet
crown and green gorget of male Eugenes fulgens are
reminiscent of some members of the Andean genus He-
liodoxa, which has led some to suggest that Eugenes
Sfulgens might belong in that genus (e.g., Zimmer 1951
Johnsgard 1983, p. 139). Our results clearly contradict
this hypothesis by demonstrating the distant separation
of Heliodoxa jucula and Eugenes fulgens. The special
association of mountain-gems and Eugenes fulgens is
all the more intniguing because these two, in turn, are
the sister group to the principal c¢lade of hummingbirds
found in the United States, the diminutive bees. Thus,
all of the hummingbirds that regularly breed north of
Mexico appear to be surprisingly close relatives. Al-
though quite different in size. the association of moun-
tain-gems and bees groups together two clades in
which males typically have well-developed iridescent
throat patches, or gorgets.

Our data support monophyly for the bees, and they
distinguish distinct temperate North American (Archil-
ochus colubris)y and tropical (Myriis fanny. Acestrura
mulsant, and Philadice mitchellit) subclades. In addi-
tion, the different genera appear to be quite similar at
the genetic level, as the distance between even mem-
bers in the two most distinet clades is less than 2.0°C.

Comparisons With Other Studies
Maorphology

Zusi and Bentz (1982) divided hummingbirds into
four groups based on variation in the wing muscle ten-
sor propatagialis pars brevis (TPB; types I-IV, table 1),
The clades identified by our DNA hybridization study
correspond to these groupings with the caveat that the
type Il condition is paraphyletic with respect to type
IV (table 1). This concordance is highlighted by mutual
support for specific relationships (e.g., early divergence
for Heltothryx barroti, later divergences tor Popelairia
conversii and Campylopterus villaviscensio) inconsis-
tent with the standard linear arrangement of hurmming-
birds (table 1), Additional comparsons will be needed
to confirm monephyly of the type IV clade because we
examined only Acestrura among the three genera Zus:
and Bentz identified with this condition. Given the lim-
ited scope of available molecular hypotheses of hum-
mingbird relationships, we note that TPB can serve as
a useful guide for sclecting appropriate comparisons in
future molecular studies.
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Sibtey and Ahlquist’s (1990) work comparing 20
hummingbird species is the only other published mo-
lecular study of broad relationships among nonhermits,
In contrast to our experimental design, these authors
labeled only two nonhermit taxa, obtained few repli-
cates, and then used UPGMA to cluster on distances.
Their choice to measure distances with raw measures
of TsoH compounds the problem of few replicates be-
cause of the high experimental error associated with
the normalized percentage of hybridization incorporat-
ed into this index. As Sibley and Ahlquist did not apply
any validation methods to their topologies, support for
their phenogram cannot be assessed. Nevertheless, our
FITCH tree and their topology agree to a considerable
extent about deeper phylogenetic structure among
hummingbirds commeon to both studies. As did we,
they obtained a succession of clusters including hermit
genera (Eutoxeres, Phaethornis, Threnetes, and Glau-
cis), basal nonhermits (Androdon and Colibro), two dis-
tinct Andean clades (represented by Lesbia spp. and
Coeligena), and emeralds (Chlorostitbon, Campylop-
terus, and Amazilia), they did not include representa-
tives from coquettes, mountain-gems, or bees, among
others. Thus, our studies agree on many of the basic
groupings among hummingbirds, including surprising
associations such as inclusion of Campylopterus and
Thalurania among the emeralds. Sibley and Ahlquist's
results also provide preliminary support for some as-
sociations we could not resolve. Thus, they found that
the two unlabeled Amazilia species were closest to the
tabeled third, tentatively indicating monophyly for a
portion of this species-rich genus.

The agreement between studies is surprising given
obvious limitations in Sibley and Ahlquist’s methaods,
Possible explanations for the unexpected agreement
may stem from several sources. One is that their two
labeled taxa, Ceeligena bonapartei and Amazilia tza-
catl. are indicated to be members of relatively distal
{far from the root) clades in our study. Given limited
one-way comparisons, distances measured from prox-
imal (closer to the root) to more distal clades will be
less informative than the converse. The reason for this
is that comparisens from members of proximal to more
distal branches must pass through the node shared by
the common ancestor of all taxa in the more distal
clade. Thus. differences in distances to these taxa re-
flect vanation only 1n rate and in experimental error.
Cn the other hand. taxa in the distal clade may join
proximal branches at different levels of the tree and,
therefore, include more information about cladistic
structure. Of course, any such structure could be
swamped by large amounts of ¢xperimental error. For
T,H, this error 1s contributed largely by NPH. This
error may have been minimized in Sibley and
Ahlquist’s study because NPH among even the most
divergent hummingbirds exceeds 85%. Thus, T H
measures approximated closely those obtained with 7,
or our regressed T, H-C.

Sibley and Ahlquist resolved no structure within
those larger groupings from which they did not label
taxa. However, our studies ditfer for some relationships
within the clades of the labeled taxa, Whereas we
found that Amazitia and Thalurania were sister taxa
exclusive of Chiorostilbon, Sibley and Ahlquist’s phen-
ogram indicates monophyly for the two traditional em-
erald genera, Chlorostilbon and Amazilia, with Thal-
urgnia as an earlier branch. Coincidentally, these re-
lationships depend on short internodes, some of which
were unstable in our study, e.g., placement of Chlo-
rostitbon, For the reasons mentioned earlier, a larger
numher of replicates (lacking in both our and Sibley
and Ahlquist’s studies) would presumably aid in re-
solving these closely spaced and near-terminal branch-
es,

Taxonomy
Generic Classification

Numerous hummingbird genera are based on bill
and plumage characters that are used also to distinguish
different hummingbird species (Elliot 1879; Boucard
1895; Taylor 1909; Ridgway 1911). Thus, it has long
been suspected that the many hummingbird genera
{Morony, Bock, and Farmmand [975) do not reflect un-
derlying levels of genetic divergence or cladistic rela-
tienship (Mayr and Short 1970). In fact, our distance
data identify several monophyletic clades whose con-
stituent genera arc no more divergenl genetically than
are the congeneric Coeligena species: the trio of high
Andean taxa (Oreotrochilus chimborazo, Aglaiocercus
coclestis, and Lesbia victoriae) that form the sister
group to the thorntails, and the clade of tropical bees
(Myrtis fanny, Acestrura mulsans, and Philodice mitch-
ellif), Our data could serve as justification for lumping
such genera into more inclusive monophyletic taxa. On
the other hand, genetic divergence between some
monotypic genera (Qrthorhyncus and Eugenes) and
their respective sister groups is quite large, arguing that
these genera should be retained pending evidence to
the contrary. Thus, while many nonhermit genera are
poorly differentiated at the genetic level, judgments as
to generic taxonomy will have to be made on a case-
by-case basis. Presumably, decisions aboul generic tax-
onomy may become ambiguous when a greater density
of comparisons is available, as a complete gradation of
genetic distances and degrees of morphological diver-
gences may be found to exist.

Linear Sequence

Linear classifications typically place what are con-
sidered the most primitive taxa at the head of the list
and then proceed through more derived groups. In cla-
distic terms, this usually amounts to heginning with the
basal taxa and proceeding with successive branches in
a largely pectinate tree. Although we do not here pro-
posc any formal tuxonomic changes, the following re-
lationships Implied by our phylogeny could serve as
the basis for revisions to the traditional linear ordenng
of hummingbird taxa (Peters 1945, Monroe and Sibley
1993; compare with table 1). All members ot the man-



go clade should be placed at the beginning of the non-
hermit sequence, As a deeper branch within this group,
Eulampts holosericeus should precede Androdon ae-
quatorialis and 13 sister taxon Heliothryx barrot,
which should be moved from near the end of the stan-
dard sequence. The Andean genera Eriocnemis, Helio-
doxa, and Coeligena should be placed together, as
should coquettes and their Andean relatives Qreotro-
chilus chimborazo, Aglatocercus coelestis, and Leshia
victoriae. The placement of these two clades within the
sequence will depend on resolution of their branching
order. However, the emeralds should follow both An-
dean clades and include pairings of Amazilia {zacat!
and Thalurania colombica and of Campylopterus vil-
laviscensio and Orthorfivncus cristatus. These tuxa, in
turn, should be followed by the mountain-gems Lam-
pornis clemenciae and Eugenes fuleens. On the other
hand, current placement of the bees at the end of the
sequence 1s consistent with the terminal location of
their branch. Given the many surprising associations
revealed by our comparisons among just 26 humming-
bird taxa, broader sets of comparisons will undoubtedly
suggest many more intriguing relationships,
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Summary of Specimens Used, with Each Individual Identified by its DNA Extract Number

Threneter auckerd, Centro Cientificn Rio Palengue. $6 km SW of Sanio Domingo de los Colomdos, on Rio Babo, Provincia de Los Rios (1277,

1278,

Eutoxeres aquila. Encampamente de CODESA, 21.6 road km from Pedro Vicente Maldenado, Provinoa de Pichincha, Bouador (1162, 1163, 1401)
Amdroden acguatonalis, Envampamento de CODESA, 21.6 touad km from Pedro Vicente Malilenado, Provinca de Pichincha, BEcuadar (1397, 1398,

1436).

Deandveea fudovicea, Below Fieowenda Samta Resa on Rio Cimto, Provincia de Pichineha, Beuador (1353, 1354, 1438;.

Canmpyloplerus villmvscensip, Carratera Hollin-Loreto, 54 km E of Narupa. Provincia del Napo, Ecuador (1877, 1878).

Colibri coreeans. Calle Gonealo Pizamro, 2.0-2.5 km from Via Interoceania, Bamio Churo Loma, Tumbaco, Provimea de Pichinchi, Ecuador {1846,
1847); Ridge above Hacienda San René, Mirdo, Provincia de Pichincha, Ecvador (1848).

Eidanyns holosencews. Guana Istand, Brinsh Virgin Islands (1281, 1252, 1830).
Orthoriyyncns crastates. Guana Island, Brinsh Virgin [slands (1849, 1869, 1870).

Popelairia conversii. Km 13 from Y between Mindo and Los Bances, Old Mindo Read, Provincia de Pichiecha, Ecuadar (2024, 2025. 2026).

Chlorostilbon metlisugus. Hacenda Gerrgia, 2.0 km from La Via Tumbace, Provincia de Pichineha, Ecuador (1943); Culle Gonzalo Pizamro, 2.0-2.3
kin frem Wia Interoceania, Barmio Churo Loma, Tumbace, Provincia de Picluncha, Ecundor (1544, 1945),

Thaliwrania colomtbiva. 1.0 km from CODESA camp below Covgerativa Sabsedo Lindo, Encampamenio de CODESA. 21.6 rvad km. From Pedro

Vicente Maldornadi, Provineia de Pichincha, Ecuador (1160, 1838, 1839).
wf. Hacienda San Kené, Mindo, Pravinen de Pichincha, Esuador (1863, 1564, 18365).

Amazii

Lampormis dlemencine. Hard Martyr Road, 1.0 km W of Soudiest Research Station, Chincahuny Mountains, Cocluse County, Anvzona, Umted States

(1835, 1847, 1818).

Helisloxa jacula. Hezwenda Santa Isabel on Old Road 10 Chinooga, 2.6 km above Toachi at Puenty across Rio Prlwdn, Proviecia ¢e Pichmeha,

Ecuador (2030, 203 ).

Eugenes fulgens. Herb Martyr Road, |0 km W of Southwest Rescarch Statton, Chincahua Moumains, Cochiuse County, Anzona, Umnited Sates

(1840, 1841, 1842).

Oreotrochilus clinborazo. Road 10 refugio de la Defersa Covil, Guagva Pichincha, Provincia de Pichincha, Bonudor (1843, 1844, 1845),

Coeligena wilsoni, Extacion Cientifica Rio Guajalito, Las Palimas, Road 1o Chiriboga, Provincia de Pichinchy, Ecusdor (1874, {875, 1876

Ceeligena torguane. Below Hacrenda Sama Rosa on Rio Cimo, Frovincn de Pichincha, Eoumdor (1399, 144d0)

Erticsieamis Tucion. Nacienda M Cielo, Quam, Provincia de Pichincha, Eouador (1871, 1572, 1573,

Lexbia victoriee. Bosgque Protector. Prchincy, 2.0/ km from Avenitla Oocidental, Provincu de Pichincha, Ecoadeo

Aglaix‘ercus covlesis, Ridge above Hacienda San Rend, Mindo, Provincia de Pichuneha, Ecidor (1940, 1944, 1942)

Helighrox parron, Cenunells de Guayllabamba, above Rio Guayllabamba, Provinesa de Pichincha, BEcuador 2045 1.0 km from CODESA camp
below Covperativa Salsedo Lindo. Encampamento de CODESA. 21.6 road km. From Pedro Vicenle Maldenude, Provincia de Pichancha, Ectantor

{2044,

Philedice maclhelli, Below Haciepdis Samta Rosa, Rio Cinto, New Roud 1o Mindo, Provincia de Pichunchia, Ecuador (20353 Hacwnida San René,
Puenla acress Rio Nambilla. Mindo, Provincia de Pichuncha, Beuador (2036); 15 km from Colegio Ecuatenano un road oY, Minde, Provinaa de

Prchicena, Ecuador (2037).

Archifoctieey cofubas. Trout Lake Biclogical Station, Fhighland State Forest, Vilas County, Wisconsin, United States
Myvrric fury. Calle Gonzala Przarms, 2.0 kny from Via [iigroceania, Barro Churo Lemi, Tumbacs, Provincia de Fichincha, Ecuader (2032, 2033y

Cooperaiiva San Jose, Tumbaco, Proveia de Prchincha, Ecuador (2034).

Acestrivea mulsant. Hactenda Yera Cruz, Barmia Chura Lomia, Tumbaco, Pruvincia de Pichincha, Ezuador (2027, 2028, 2029).
Chadtra pelagica Town of McFarland, Dane County, Wisennuin, United Stztes (2038, 2039),
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Phylogeny, Body Mass, and Genetic Consequences of Lek-Mating Behavior

in Hummingbirds

Robert Bleiweiss

Department of Zoology and the Zoological Museum, University of Wisconsin, Madison

The overt mate competition manifested in lek-type mating systemis is thought to impart strong historical constraints
on the origin and loss of lek behavior as well as to accelerate genetic evolution in lekking taxa. A DNA hybrid-
ization-based phylogeny for 26 humminghirds (Trochilidue) was used to test these expectations through ancestral
character stale reconstruction and relative-rate tests {(hased on the index AT, H-C) using an outgroup swift (Apxd-
dac). Lekking developed at least eight times across the hummingbird lineages represented in the phylogeny, sug-
gusting that lek behavior in these birds is not subject to strong historical constraints. Moreover, rate patterns differed
from expectations for faster rates among lekkers in that: (1) the 2 lekking hermits {suhfamily Phacthornithinac)
were evolving significantly more slowly than all 24 (lekking and nonlekking) nonhermits (subfamily Trochilinac):
(2) analysis of covariance on the more numerous nonhermits alone or on the entire semiple ol species from both
subfamilics indicated a significant negative cffect of body mass (as covariate), bul no significant effect of breeding
system (as main cffect), on rates of molecular evolution, Thus, molecular rate variation within and among hreeding
systems reflects both clade-specific effects on mean rates and a superimposed covariance between rates and body
mass such that ratex may be faster or stower depending on whether relanvely smaller or larger size is favored. It
is predicted that the Irequent asseciation of larger size with intense mate competition in many Grganising inay more
often decrease the rate of molecular evolution under sexual selection, at least at the entire single-copy genome level

measured by DNA hybridization.

Introduction

Leks. communal display grounds where males
gather for the sole purpose of competing for mates, con-
stitute one of the most remarkable forms of mating be-
havior expressed in animals. Although the striking social
behaviors observed on leks have been subject to mten-
sive study (Bradbury 1981 Hoglund and Alatalo 1995),
Iittle is known about the genetic consequences of lek-
king. It 1s widely agreed that leks provide exceptional
opportunities for the operation of sexual selection, both
because individual behaviors at the lek suggest the op-
eration of strong mate competition through female
choice and male-male competition and because male re-
productive success typically appears skewed such that
one or a few individuals obtain most copulations. On
this basis. various empirical and theoretical studies have
suggested that leks may impart characteristic phyloge-
netic and populition-genetic signatures. In particular,
evidence that the behavior tends to cluster among refated
species in some groups has led to the claim that lekking
has a strong historical component and evolves through
selection on genetic variation for behavior (Prum 1994)
rather than as a response to ecological conditions and
social selection pressures (Emlen and Oring 1977: Fos-
ter 1985; Davies 1992). In addition, the intense sexual
competition documented in lek-type mating systems is
thought to accelerate evolution directly or indirectly by
lowering effective population size, limiting gene flow
between the traditional display arenas where males gath-
er, and/or aceelerating speciation through sexual isola-
tion (Lande 1981; Karkpatrick 1982, Arnold 1983; Brad-

Key words: bady mass, DNA hybridhzahon, hummingbirds, lek,
phylogenetic constrami, relative rate.
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bury and Gibson 1983; West-Eberhardt 1983). However.
empirical estimates of rates of genctic change are miss-
ing from most discussions of the evolutionary dynamics
associated with Tekking behavior.

Two important considerations tor studies of genetic
evolution in relation to breeding systern appear central
to testing these generalizations turther. The more obvi-
ous one is that a well-supported phylogenetic hypothesis
must be available to examine the historical occurrence
of lekking. The other factor 18 recent evidence that body
mass often correlates inversely with rates of molecular
evolution. Interest in this latter association has focused
mainly on possible mechanisms mediating the link be-
tween greater body mass and slower rates of molecular
evolution, especially on the roles of thermal habit and
generation time (Mantin and Palumbi 1993; Rand 1994
Mindell et al. 1996). However, the association between
body mass and rate of molecular evolution has important
implications for any process models that attempt to ex-
plain the evolution of body mass. Given that body mass
is thought to be subject to sexual selection in o wide
range of animals (Andersson 1994), predictions about
molecular evolutionary rates associated with differem
breeding systems seem to require attention to body mass
patterns,

Hummingbirds {(Aves: Trochilidae) provide a useful
group for examining the interrelationships of breeding
systems and rates of molecular evolution tor several rea-
sons, Lek-mating behavier has been documented in nu-
microus species in this diverse fannly (Snow [974; Snles
and Wolf 1979, Payne 1984; Atwood, Fitz, and Bames-
berger 1990; Bleiweiss 1997), being widespread in the
depauperate subfamily of hermits {Phaethornithinae) but
also occurring among many members of the diverse sub-
family of nonhermits (Trochilinae). Morcover, hum-
mingbird specivs differ by an order of magnitude in
body mass, which in turn demonstrates o negative as-

2
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sociation with relative rate of molecular cvolution as
measured by DNA hybridization distances (Bleiweiss
[998a). Despite these advantages, most previous anal-
yses of lek evolution have excluded humnungbirds, be-
cause no reliable phylogeny was availahle for the family
(Hoglund 1989; Oakes 1992: but see Bleiweiss 1997),
Here, 1 usc i recently published DNA hybridization-
based phylogeny for 26 species comprising the principal
hummingbird lineages (Bleiweiss, Kirsch, and Matheus
1997) to examine the association of hreeding systems
with phylogenetic relationship and with rates of single-
copy DNA evolution, including consideration of the in-
terrelationships among breeding system, rate of molec-
ular evolution. and body mass. T report that lek-mating
i hummingbirds lacks o strong phylogenetic component
and a characteristic rate of molecular evolution. How-
evern the persistent association between body mass and
rates of molecular cvolution leads to some counterin-
tuitive predictions about the associations between breed-
ing systems and rates of molecular change.

Materials and Methods
Independent Variables

The breeding systems ot the hummingbirds as lek
or nonlek types were determined from literature sources
{compilatian in Bleiweiss 1997) supplemented with per-
sonal ficld observations made 1in Ecuador. As far as is
known, hummingbirds are polygynous and have female-
only parental care (Johnsgard 1983). Lekking represents
an extreme form of polygyny and is traditionally defined
1o include systems 10 which males congregate on display
arenas that females visit tor the sole purpose of mating,
i.e., males are clustered in dense or loose aggregations
and provide no resource to females other than sperm
(Andersson 1994, Hoglund and Alatalo 1995). As the
breeding systems are not known for all species used in
the phylogeny. [ also classified species based on whether
or not any congeneric form was known to lek, con-
ducting analyses on taxa scored for breeding system at
the species and genus levels. In addition to allowing tor
assessment of the effects of sample size on observed
patterns, the scoring of breeding systems at the genus
level has biological justification, because evolutionary
rates of ponlekking species are potentially correlated
with rates along paths of shared ancestry with related
lekking species (Felsenstein 1985),

To ensure that body masses were accurate predic-
tors of estimated genetie distances, [ obtained body mass
data on wild-caught birds from the source populations
used in the phylogenetic studies, including the individ-
uals that provided the DNA for hybridization e¢xperi-
ments (locality data presented in Bleiweiss, Kirsch, and
Matheus 1997; details on weighing methods provided in
Bleiwerss 1998a). 1 lucked measures of body mass for
the females of two species (Heliothryy barron and Eu-
genes fulgens), but male, female, and average body
masses for each species are highly correlated and give
similar results (unpublished data). I therefore report
analyses on male body mass.
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Topology Estimation, Character Evolution, and
Relative Rates

Expuerimiental generation and analysis of the com-
plete distance matnx used to estimate the phvlogeny
have been deseribed in detail elsewhere, including steps
taken to provide the most accurate estimates of genetic
distance (AT, H-C; Bleiweiss, Kirsch, and Matheus
1997). The most parsimonious reconstruction of breed-
ing svstem evolution was assessed by implementation of
the ancestral character state reconstruction algorithm
available in MacClade (Maddison and Maddison 1992).
Relative-rate tests (Sarich and Wilson 1967) were used
to obtiin estimales of molecular evolutionary rates
among the hummingbird taxa. In such a test, one mea-
sures the distance (fitted path [engths on the bootstrap
consensus topology) from a suitable outgroup to difter-
ent members of a monophyletic ingroup with which the
outgroup shares a common ancestor. Because all paths
from the outgroup 1o the ditferent ingroup members pass
through the same root node, differences in the distances
to the various ingroup taxa should reflect differences in
evolutionary rates amonyg ingroups, provided that these
distances are accurate estimates of that change. The phy-
logeny identifies hermits and nonhermits as basal sister
groups among extant hummingbirds and resolves several
principal lineages among the nonhermuts (Bleiweiss,
Kirsch, and Matheus 1997). Previous examinations of
these data indicate that outgroup specification doces not
alter correlations between relative-rate distances and
predictor variables except for more terminal outgroups
that limit ingroup sampling (Bleiwceiss 1998q). To cap-
ture the broadest ranges of rate vanation and of lekking
taxa, the swift was used to estimate relative rates, there-
by incorporating both hermil and nonhermit taxa in the
COMPpArisons.
Statistical Tests

Some of the variables examined here are correlated
among themselves or with other confounding factors.
Thus, not only body masses, but also elevational occur-
rences of species are negatively correlated with relative-
rate distance such that high-clevation species ire evoly-
ing more slowly (Bleiweiss 1998b). Although one might
expuct body mass lo increase with ¢levation, the rela-
tionship 1s not statistically sigmfcant for this (Bleiweiss
1998b) or larger samples (Feinsinger et al, 1979) of
hummingbirds. However, for the purpose of ensuring
maximal independence of these vanables, T regressed
male body mass against the midpoint (see Bleiweiss
1998a) of each species’ elevational occurrence to re-
move effects of elevation. General lincar models were
then used to examine the relationships of breeding sys-
tem and residuals of male body muass to relative rates of
molecular evolution. All variables were log, -trans-
formed to improve distributional assumptions ot para-
metric statistics. All statistical analyses were conducted

in SAS for UNIX on a SPARCstation 20.
Results

Ancestral character state reconstructions indicate
that lekking has developed numerous times among hum-
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mingbirds, whether the occurrence of lekking s scored
at the species or genus tevel (fig. 1), Other than the twao
hermit species, Entoxeres aquila and Threnetes ruckeri,
the nearest relatives of all other lekkers are nonlekking
taxa (fig. 1). Overall, ancestral character state recon-
struction suggests that lekking behavior developed no
less than four (species) or cight (genus) times among
the taxa in the phylogeny,

Plots of relative-rate estimates (AT, H-C. from the
outgroup swift) versus male body mass for the two cat-
vgorics of hreeding systems reveal for each hreeding
system category the general negative asscciation be-
tween body mass and relative rate evident in the data as
a whole (fig. 2). Classification of’ taxa into the two
brecding system categories adds two patterns to this
overall trend. First, both male body mass and rates vary
widely within breeding system categories scored at the
species or genus level. Second, the two hernuts are
evolving significantly more slowly than all (lekking and
nonlekking) nonhermits (Bleiweiss 1998b) despite being
lekkers (figs. 1 and 2.

Although no statistically based comparative meth-
ods are available to take phylogenetic relationship into
account when analyzing relative-rate data (Harvey and
Pagel 1991; Bleiweiss 1998a). lack of a streng historical
component to breeding behavior among species in the
phylogeny reduces the problems of nonindependence
among taxa as regards hypothesis testing with standard
statistical tables. Among nonhermits or the entire sam-
ple, homogeneity of slope tests mdicated nonsignificant

interactions between male body mass and breeding sys-
tem {table 1). Thus, the relationships between rate vari-
ation and male body mass appear 10 be simolar for lek-
king and nonlekking birds. Subsequent analyses withouwt
the interaction term (ANCOVA; table 2) indicate no sig-
nificant contribution of breeding system to rates of mo-
lecular evolution. Again, these results are similar re-
gardless of the inelusiveness of the analyses (with re-
spect to hermits) and of the taxonomic level at which
breeding system was scored {species or genus), The
sampling of hermit taxa was too sparse to allow for
inclusion of subfamily (hernut or nonhermit) as a cate-
gorical factor in the above model. However, the same
decrease in rate with an increase in male body mass is
apparent between the two hermits (fig. 2). Indecd, the
hermit £, aguila 1s among the lurgest humminghirds (ap-
proximately 11.00 g: fig. 2) and is the slowest-evolving
specics inm my sample even though it leks,

Discussion
Phylogenetic Signature of Lek-Mating Behavior

The repeated evolution of lek-mating behavior
among hummingbirds 1s mumrored by the general plas-
ticity of mating behavior in these hirds, as several spe-
cies are themselves known to lek in some years or
reions but not others (Sules and Woll 1979). This phy-
logenetic and population-level lahility of hreeding he-
havior in hummingbirds contrasts with previous asser-
tons for other birds that lek-mating behavior is phylo-
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genctically conservative (Prum 1994). In particular,
Prum (1994} suggested that lekking among manakins
(Piprinae, Passeriforrnes) s under strong phylogenetic
constraints, in that most members of this species-rich
subfamily apparently retained lek-type breeding systems
from their common ancestor. Possibly, the dynamics of
lek-mating behavior in hummingbirds differ from those
in other lekking birds in some fundamental way. How-
ever, Prum defined lekking 1o include species demon-
strating cither aggregated (many manakins) or solitary
(c.g.. Heterocercus munakins) display, whereas the tra-
ditional definition of a lek specifies male aggregation as
well as lack of male provisioning of resources to females
(Hoglund and Alatalo 1995). Conscquently, the only
nonlekking manakin identified by Prum was Antilophea
galeata, a derived taxon whose females nest inside male
territonies (Marini and Cavalcanti 1993). Even under
Prum’s more liberal defimtion, lekking was apparently
lost in striped manakin (Machaeropterus regulus) pop-
ulations in southeastern Brazil, where males are solitary
and call from small fruiting trees (Melastomataceae) that
provide a food source for visiting females (Sick 1993,
unpublished data). Coincidentally, physiographic and bi-
otic conditions in southeastern Brazil are distinctly dif-
ferent from those prevailing elsewhere in the humid
lowlands of South America (Sick 1993), suggesting that
the shift in Brazilian Machaeroprerus’ breeding system
has an ccological cause, as does the shift in Antilophea
{Marim and Cavalcanti [993: Prum 1994), Based on a

traditional charactenization of lekking, up to five losses
(Antilophea, Heterocercus, Machaeropterus, two laxa
with unknown breeding systems) of lek-mating in man-
akins are possible in the context of Prum's (1994) phy-
logenetic hypothesis.

In light of the apparent ecological basis for shifts
in mating behavior in some lekking birds (Snow 1973,
Marini and Cavalcanu 1993; Prum 1994), 1t 1s reason-
able to suggest that the lability of this breeding behavior
in any particular taxon may relate more to that group's
ccological plasticity; for example, the evolutionary la-
bility of lek-mating behavior in hummingbirds (Stiles
and Wolf 1979) 15 associated with a corresponding plas-
ticity in ecological behaviors associated with exploita-
tion of nectar, which is central to other hummingbird
behaviors (Stiles 1981).

Relative Rates of Single-Copy DNA Evolution
Previous analyses of these DNA hybridization data
suggested that outgroup-to-ingroup path length differ-
ences were unlikely 1o be caused by either basc-com-
positional biases or differences in genome structure
(Bleiweiss 19984, 1998b). Morcover, experimental error
did not affect correlations between path lengths and var-
ious independent variables when relatively distant taxa
such as the swift or baszal hummingbirds were used as
the outgroups for estimating relative rates (Bleiweiss
1998a). Thus, despite a relatively small sample of taxa,
the present analyses can be interpreted as providing ev-

23



4960 Bleiweiss

Table 1

General Linear Model for AT H-C as Independent Variable' with Breeding System (BREED) as Main Effect and Male

Body Mass (MASS) as Covariate

Type !
Saurce daf Sum of Squires Mean Squarc I Value P F
Species
Hernnits plus ponermns
BREEL® ... . .. ... . ... ] 0.000396 0.000396 .69 0.1193
MASE . ] 0.000950 0.000980 0.06 0.0194
BREED = MASS ... ...... | 0001118 0001118 7.59 00138
EBrmdalda. ... . ... L. 17 0.002502 0.0 147
Comected toad ..o .. o 20 0.007254
monhermits
BREED. . .. ... .. .. ...... 1 Q.000124 0000124 1.70 0.2125
MASS . L | 0.000980 0.000980 1341 000123
BREED > MASS .. ... .. .. | 0.000035 0.000015 048 (.4008
Error ... . ... 15 0.001096 0.000073
Carected wtal ..o L 1% 0.00:2236
Crenus
Hermits phes nophermits
BREED. . 1 0000006 0.000006 0.03 08708
MASS . ... | 0001082 0001082 5.15 00333
BREED x MASS. 1 0.000146 0000146 .70 04132
Error ... . 22 00621 0.0002 10
Corrected wal - 25 0.00796%
Nonhermis
BREED..... . .. L i 0.000085 0.0000:88 1.10 0306
MASS. ... ... 1 0.001082 0.001082 1348 00013
BREED = MASS . .. ! 0.000067 0.000067 .84 0.3708
Ermor . e 20 0.001606 Q000080
Correeted wotal . 23 0.002805

= Reladveerute distances hased on inweiplied feasi-squares (F <
* Direeding aystem lekking or nonhekking.

0 in PHY AP 3.5; Felsensicin 19930,

* Log, resiwdual male body mass regressed on mndpiant of elevatriona occumence

*Nat vigniticant alver Benferrom correction for faur simmil lareons

idence for hummingbirds that no sitple correlation ex-
ists between lek-breeding and rates of single-copy DNA
evolution as measured by DNA hybridization data. In
particular, the two lekking hermits examined here are
evolving much more slowly than cither nonlekking or
lekking members of the nonhermit subfamily. Moreover,
rates of single-copy DNA evolution within cither her-
mits or nonhermits appear to depend strongly on body
mass, which varies widely among members of either
breeding system such that lekking 1s not associated with
a charactenstic overall rate in hummingbirds,

It could be argued a priori that there is no expec-
tation for estimates of rates derived from the entire sin-
gle-copy genome indexed by DNA hybridization to be
coupled with genetic loci for trats, which migbt in this
case be targets of selection. Nevertheless, given a con-
nection between body mass and overall rate of molec-
ular evolution (Martin and Palumbi 1993; Rand 1994),
any sclective force that acts on body mass thereby acts
on molecular evolution, if only indirectly. Moreover, as
body mass typically has a polygenic basis (Falconer
1973), a whole-genome approach to genetic correlates
of bady mass is biologically sensible. The association
of body mass with evolutionary rate could be the indi-
rect consequence of an assoclation of body mass with
some uncontrolled variahle that affects the rate of mo-
lecular evolution. Body mass and generation time are
positively associated in many groups of organisms, and

campanzony

rates of molecular evolution often are associated with
both factors (Martin and Palumbi 1993). As many lek-
king species delay sexual maturation for several years
{(Andersson 1994), one might even expect slow rates of
nwolecular evolution 1n lekkers (e.g.. hermmits) through
the negative association of generation time and rates
{Martin and Palumbi 1993; Mooers and Harvey 1994;
Rand 1994). In other studies of the same hummingbird
species, however, generation times appeared to be un-
correlated with rates {(Bleiweiss 19984),

One mechanism providing a direct connection be-
tween body mass and evolutionary rate within breeding
systems is natural selection, which in hummingbirds
may link body mass to foraging behaviors compatible
with lek-mating behaviors (Stiles and Wolf 1979; Sules
1981). In particular, both large and small sizes (masses)
may be associated with feeding strategies that lead to an
abandonment of resource-centered mating systems in fa-
vor of lekking ones (Stiles and Wolt 1979). These strat-
egies include marauding by large-bodied species that
have preferred access to the richest nectar sources, as
well as nonterritoriality by small-badied species that
cannot displace territorial species (Feinsinger and Col-
well 1978; Stiles and Wolf [979). Alternatively, difter-
ences in body mass may reflect corresponding difter-
ences in sexual display. Small-bodied hurnmingbirds of-
ten have dynamic aerial sexual displays and may have
become small through selection for greater maneuvera-
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ANCOVA for AT _H-C as Independent Variable* with Breeding System (BREED) as Main Effect and Male Body Mass

(MASS) as Covariate

Type I
Source df Sum of Sguares Mean Square £ Value P>F
Species
[Termids plus nonhermits
BREED™ ... .. ..... o 1 0000140 0.000140 .69 04134
MASS L | 0.001%534 0.001834 912 0.0074
0 ) 13 0.003623 0.0002M
Corrected tovel .00 L 20 0007254
NonfErmts
BREED .. ... ........... | 0.000126 0000126 1.78% 0.2000
MASS L | GO0 096 0001096 15.50 0.00] 2
Emor... .... .. ... ... 16 0001131 0007 |
Corected total .00 L Lo 18 0.002236
Genus
Hermils plus nenhermts
BREED..... .. PR ] 0.000003 (1000063 0.01 09062
MASS Lo | (002334 0.002334 11.26 0.0027
Eror ... 23 0.004767 0.000207
Comected totad ..o 2 0.007969
Nonhermits
BREED. .. oo | 0.000147 0.000147 .88 1884
MASS. L I 0.001129 0.000129 14.17 0.001
Eror .. e 21 0.001673 0.000080
Corrected total ... o001 23 0.002805
S Helative rute distances fusad on unweighted least-sqoares (2 = 0m PHYLIP 3.5; Felsenaein 19930 mberaction tevm for all eomparisons nosugniboant <nd

prasled with error,

® Breeding sysierm lekking os nonkekbong

Loy, resislual male body mues regressed on midpalin of elevational ocourmence

T AN covanales signehcant alter Banferromi comeciion for four simullaneous Compar v

bility (Payne 1984). In contrast, large-bodied species
tend to have rather static displays with fewer motion-
oriented elements. Under either scenario, a wide range
of body masses and, hence, rates of genetic evolution
would be expected within breeding system categories.

Of course, given a similar distribution of body
sizes, one may still ask why there is no additional effect
of breeding systern (the main effect in the ANCOVA)
among species of similar masses. After all, the highly
unusual dispersion and sexual behaviors of lekking birds
leads to the expectation that this breeding system should
promote a distinctive population structure and thus be
associated with characteristic rates of cvolution. How-
ever, the assumption that all lekking systems generate
the same set of underlying evolutionary dynamics may
be incorrect. Most obviously, species that lek in some
regions or years but not in others (Stiles and Wolf 1979)
could lack a distinct genetic signature as a consequence
of their vanable mating behaviors, Collectively, more-
over, species that express lek-mating behavior define a
characteristic subset of plumage phenotypes, from dull
monomeorphic to bright dimorphic (Bleiweiss 1997), that
could reflect corresponding differences in population pa-
rameters that affect genetic dynamics.
Conclusions

The resulls of this study suggest that lekking hum-
mingbirds luck a characteristic genetic signature at two
levels, First, the repeated evolution of lekking behavior
argues against strong phylogenetic components to the
development of lekking, Second, lekking does not ap-

pear o be associated with a characteristic, or necessarily
faster, rate of change at the whole-genome level. Indeed,
lekking cven may be associated with relatively slow
rates, as exemplified by the slower clade-specific rate of
hermdts. This depanture of hermits from rates observed
in other hununingbirds remains unexplained, and better
data on generation time and other aspects of hermit bi-
elogy that might account for this pattern are needed. An
important caveat to the generality of the nonsignificant
rate differences between lekkers and nonlekkers report-
ed here is that as far as iy known, hummingbirds express
only polygynous mating systems (Johnsgard 1983). Fu-
ture studies should compare polygynous and nonpoly-
gynous (monogamous) taxa, which might ditfer sutt-
ciently in population dynamics to produce characternistic
rate differences.

This study also highlights the need 1o consider co-
variation with other variables when attempting to evalu-
ate mean differences in focal attributes of lekking and
nonlekking birds (see also Bleiweiss 1997), In this regard,
the additional support hummingbirds lend 10 a general
association between larger body mass and slower rates of
maolecular evolution leads to some important gencraliza-
tions about patterns of geretic evolution in relation 1o
breeding systems. In particular, the relationship between
genomic evolution and sexual selection can be predicted
for any group that demonstrates a significant (negative)
association between body mass and rate of molecular
evolution, As sexual selection favors large body mass in
many groups (Hoglund and Alatale 1995), the process
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may be associated more often with slower than with tast-
er rates of overall single-copy DNA evolution.
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Relative-Rate Tests and Biological Causes of Molecular Evolution in
Hummingbirds

Robert Bleiweiss

Department of Zoology and the Zoological Museum, University of Wisconsin, Madison

Hummingbirds (Trochilidae) present extreme variation in several factors thought to affect rates of molecular evo-
lution, including generation time, species diversity, body mass, and netabolic rate. A published DNA hybridization
phylogeny was used to examine experimental and biological causes of apparent rate vanalion among 26 species
representing the principal lineages in the family, Molecular evolutionary rates (fitted path lengths based on AT, H-
Cy among the various lincayes differed significantly as determined by Felsenstein’s F oratio test. Purametric and
nonparamelric correlations between relative rates and various predictor variables were qualitatively similar for
outgroup spectes within and across different lineages except for outgroups that required comparisons among a small
sel of ingroups. Thus, the relative-rate tests appeared o be less sensitive 1o outgroup speciflication than 10 ingroup
sampling. Correlations and analyses of covariance with predictor variables and outgroup species nested within the
principal lincage indicated consistently significant associations of relalive rates with various measures of body mass
(negative) and with some mass-specific measures of basal metabolic rate {positive), but not with generation tinwe
or species diversity, These patterus held even if correlations among predictor varables were taken into acceunt.
Overall, these results for humminghirds are consistent with hypotheses that relate metabolic processes associated
with oxygen consumption to rates of molecular evolution. The results are incompatible with demographic (generation
nme, speciation) or body temperature effects on rafes of DNA evolulion. As DNA hybridization distances index
the entire single-copy genome, the results also provide evidence for metabolic effects on evolutionary rates of the

nuctear germ line.

Introduction

Hummingbirds (Trochilidae) provide a mode! sys-
tern for investigating causes of variation in rates of mo-
lecular evolution, because they represent the vertebrate
extreme for several demographic and physiclogic factors
with possible links to rate variation (Rand 1994). How-
ever, hummingbirds® suite of exceptional attributes also
highlights some general problemis in distinguishing
among the various factors proposed 1o govern rates of
molecular evolution. Based on their general character-
istics, hummingbirds might be predicted to have a faster
rate of molecular evolution than related birds (Rand
1994) because of their short generation times (Sibley
and Ahiquist 1990). great species richness (Bleiweiss
1991), and high metabolic rates (Suarez et al. 1991).
Indeed, some previous evidence based on DNA hybrid-
ization distance data suggests that hummingbirds are
evolving faster than related nonpasserine birds (Blei-
welss, Kirsch, and Lapointe 1994). Howcever, most of
the factors enumerated above are correlated across high-
er taxonomic groups such that specific causes of the rate
signature of a higher taxon are difficult to 1solate (Hase-
gawa and Kishino 1989; Moocrs and Harvey 1994; Min-
dell et al. 1996). Specifically, generation time and spe-
cies diversity themselves may be correlated through the
former’s effect on rates of population divergence
(Brown and Gibson 1983; Kochmer and Wagner 1988,
Reaka-Kudla 1991), and gencration time and species di-
versity may correlate with mictabolic rate through the
common factor of body mass (Bennett and Harvey

Key words: bedy mass, DNA hybndization, generation time,
hummunghirds, metaholic rate, relative-rate 1ot
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1687, Martin and Palumbi 1993, Mooers and Harvey
1994). Unfortunately, few studies of rate variation have
successfully isolated these different eftects, and the pau-
city of available data also makes difficult any quantifi-
cation of experimental error, which miay be a preblem,
especially for tests that rely on distance measures.

A particular advantage of hummingbirds as regards
these confounding influences is that demographic and
physiologic factors are not completely covariant within
the family. Rather, many life history parameters appear
to be constrained by the birds' adaprations to feeding at
flowers, whereas the family’s overall evolutionary ra-
diation within the nectar-feeding niche has generated
surprising physiologic and morphologic diversity. Thus,
all hummingbirds appear to lay two eggs, have the same
nectar-dependent diets, and breed within their first year
of life (Bent 1940; Skutch 1972 Carpenter 1976;
Brown, Calder, and Kodric-Brown 1978), whercas spe-
cies differ by an order of magnitude in body mass (Car-
penter 1976; Wolf and Gill 1986).

Here, T use a published DNA hybridizaton phylog-
eny for 26 hummingbird species (Bleiweiss, Kirsch, and
Matheus 1997) to examine rate variation and ils asso-
ciations with vanious demographic (generation time,
speciation as measured by taxonomic diversity), mor-
phologic, and physiologic variables. Associations are
examined through application of relative-rate tests (Sar-
ich and Wilson 1967), which measure genetic distances
from an outgroup to members of a monophyletic in-
group with which the outgroup shares a common an-
cestor; differences in genetic distance along these paths
are taken lo represent rate variation among ingroup lin-
eages (fig. 1; Sarich and Wilson 1967; Easteal, Collet,
and Betty 1995). Relative-rate tests are independent of
fossil calibration dates and therefore can be applied to
groups with a poor historical record such as is the case

<Nl
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Ingreup 1

1 L— Ingroup 2

Outgroup
Geanelie Distance
ATwH-C (*C)
Froo | —Distance-based refative-rate tests from «n oulgroup 1o

Iwo ngroup taxa. A slower rate is inferred for ingroup 1 based on a
shorter path length from outgroup to ingroup 1 than to ingroop 2.

for hummingbirds (Olson and Hilgartner 1982, Blei-
weiss 1998a), thus also avoiding errors in rate estimates
introduced by uncertainties in the geologic record (Eas-
teal, Collet, and Betty 1995; Springer 1995). However,
relative-rate tests may fail to discern rate differences or
may give spurious results depending on characteristics
of the outgroup chosen to make such tests (Easteal, Col-
let, and Betty 1995; Springer 1995, Hillis, Mable, and
Moritz 1996). As described below, the comprehensive
phylogeny lends itself to a nigorous experimental design
for isolating biological from various experimental caus-
es of apparent rate vanation.

Hummingbird Phylogeny and Design of Relative-Rate
Tests

With respect to construction of relative-rate tests,
the key well-corroborated features of hummingbird phy-
logeny (fig. 2) are their distant sister group relationship
to swifts (Sibley and Ahlguist 1990; Bleiweiss, Kirsch,
and Lapointe 1994), their own basal division into so-
called hermit and nonhermit lineages (Bleiweiss, Kirsch,
and Matheus 1997, formally recognized as the subfam-
ilies Phaethornithinae and Trochilinae, respectively):
and the subdivision of nonhermits into six principal lin-
eages that contain the bulk (over 300 species) of hum-
mingbird taxonomic and phenotypic diversity: mangoes,
brilliants, coquettes, emeralds, mountain gems, and bees
(fig. 2. for details see Bleiweiss, Kirsch, and Matheus
1997). Along with swifts and hermit hummingbirds,
these principal lineages will be referred to as the
“named clades™ to distinguish them from their membher
species.

The one formal requirement for constructing rela-
tive-rate tests is that the paths from the outgroup must
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Fig. 2.—Consemus boutsirap FITCH lopology based on sym-
metnzed AT H-Cs (see text for additiopal detailsy. Branch lengths are
averiges over (he 1,000 bootstrap peeudoreplicale rees and are drawn
10 scale for hunmmingbirds. Numbers indicate trees supparting a #ods
out of the 1,000 bootstrap peeudoreplicate. trees L fess than 100753
Named clides ure as defined o lext.

pass through an internal node shared by all ingroup taxa
(fig. 1). In the context of the branching hierarchy of the
named hummingbird clades, this constraint implies a
natural hierarchy of rate comparisons; each successively
more terminal named clade provides a set of outgroups
for relative-ratc measurements 1o a reduced subset of
ingroups (table 1, fig. 2). This “subset”™ design facili-
tates examination of the possible effects of both out-
group mean distance (named clades) and experunental
replication (species within named clades). which may
impose one or more biases on correlations between rel-
ative-rate distances and biologically relevant variables,
For instance, relative-rate ditfferences are confined to the
unshared portion of the puth from outgroup to ingroup,
which thereby cormnprises proportionately less of the total
path measured from more distant outgroups. Added 1o
such autocorrefation, more distant outgroups also may

Table 1
Design of Relative-Rate Tests

Omgrong N Ingroups A
Swilt oo I Hermis; mangoes: brilliants, coquenies) ameniidisd moantain genis and becy h
Hermts ... o0 oo 2 Mangoes; bnlliants: coqueltes; emeralds; mountain gems and bees 24
Mafgoey . ..o —oopmvn e & Brilliants; coquettes; emearalds: mountain gems and bees 19
Brlliams 4 Cogqueltes; emeralids: mountain gems and bees 15
Coguettes. . . . 4 Emeralds: mountain gems and bees 11
50 ) ¢ T U 3 Maountain gems and bees O
Mountiur gems and bees. L 6 Emeralds 5

NoTre See figure 2 for iipalogy and speaies membership i onamed ales, Emeralily or meaniam gems aned peey can be dzvignaded as e termingd elade o

UL FRIRILYS.

35



suffer greater saturation in nucleotide substitution rates
caused by multiple hits and reversals in base substitu-
tions (Jukes and Cantor 1969). On the other hand, more
tertninal outgroups serve to compare relatively fewer in-
groups, which may contribute to sampling bias.

The several species within cach named clade them-
selves provide replicate outgroups for an examination of
vartation (in correlations of relative-rate distances with
biologically relevant variables) associated with each out-
group’s DNA. which contributes one strand to all duplex
DNAx miade for that outgroup's set of comparisons
(Sheldon and  Bledsoe 1989; Bleiweiss and  Kirsch
19934, 19935). The experimental errors contributed by
the outgroup DNA arise from many sources, but prin-
cipally from the DNA extraction and radioactive-label-
ing procedures, of which the latter is associated with a
markedly high variance in melting temperature (Blei-
welss and Kirseh 19938). Inconsistent associations be-
tween predictor variables and relative-rate  measures
from different outgroups within namned clades would
suggest that relative-rate measures simply are not suf-
ficiently accurate or precise for testing hypotheses about
evolutionary rates, regordless of any biases evident at
the higher level of the named clades.

Materials and Methods
Hypotheses of Rate-Variation and Predictor Variables
Generation Time

The onginal suggestion of Laird, McConaughty,
and McCarthy (1969} was that rate variation depends
inversely on generation tine Or s various correlates,
imcludmyg the number ot germ line replications per year
{Britten 1986; Li, Tammura, and Sharp 1987) and age
al first breeding (Sibley and Ahlquist 1990), Although
avatlahle evidence indicates that all hummingbirds breed
betore the end of their first vear of life (Bent 1948;
Johnsgard 1983} interspecific variation in age at first
breeding appears to occur within this narrow time frame.
At one extreme, some hummingbirds are seasonal breed-
ers that emigrate from their breeding yrounds until the
following vear. These species include temperate high-
latitude forms that are long-distance migrants and many
tropical montane species that are elevational migrants,
AL the other extreme, resident tropical (mostly lowland)
species potentially breed at any time of year (continu-
ously). thereby atlowing for the possibility that their
generation times are different (shorter) than those of mi-
gratory species. For example, immature male hermits
(Phaethornis superciliosus) begin to attend lek display
arcas within 3-4 months of fledging. with peak recruit-
ment by 6--8 months (Stiles and Wolf 1979}, Finally,
idiosyneratic patterns occur 1o species such as the An-
dean hillstur (Qreotrochilus estella), which lives in a
very scasonal high-altitude environment (Carpenter
1976). Immuture hillstars acquire adult plumage and po-
tential breeding status prior to their first winter, within
7 months of fledging (Carpenter 1976). Thus, cven
though most hummingbirds appear o mate in their Rrst
vear of life. important differences in breeding patterns
among species may impart different generation times.

Biolomical Causes of Moleeular Evolunon in Humpmingbirds 483

I quantified these breeding patterns in three ways.
First, a continuous measure of differences in breeding
patterns is provided by the duration of the breeding sca-
son (in months, estimated from literature records of the
earliest and latest dates on which active nests were
found for a particular species). Generalion tine nuty as-
sociate negatively with duration of breeding season, in
that lenger breeding seasons allow for earlier ages at
first reproduction, whereas shorter breeding scasons
constrain some or all first-year birds to wait until the
next annual cycle w breed. Under the generation-time
hypaothesis, therefore, rates of moleculur evolution may
associate positively with duration of breeding scasen. [
also assigned integer rankings of generation time (from
long to short) based on periodicity of breeding seasen-
ality (seasonal, accelerated [e.g., Oreorruchilus], or con-
tinuous breeders) or based on migratory habits (long-
distance migrant, pronounced elevational migrant, ¢le-
vational migrant, resident). These categorics also may
reflect constraints that set ditfferent lower limits on the
interval hetween breeding seasons and thus may corre-
fate with generation time.

Species Diversiey

Analogous 1o generation ume, it has also heen sug-
gested that rates of genetic change are directly propor-
tional to rates of species formation and the demographic
consequences associated with cludogenesis (Avise and
Avala 1976, Avise and Aquadro 1982; Mindcll, Sites,

and Grauer 1989, Barraclough, Harvey. and Nee 1996).
As the phylogeny encompasses less than 10% of all

hummingbird species, rates of cladogenesis were esli-
nutted indirectly as the numher of congeneric species
per terminal taxon (numhers obtained from standard lit-
erature sources [Peters 1945; Monroe and Sibley 1993]).
Given that relative-rate tests discriminate rate-variation
toward the tips of the phylogeny. some measure of
cladogenesis near the tips is biologically reasonable.

Physiology

The two physiologic miechunisins proposed 1o gov-
ern molecular rate variation make contrasting predic-
tions about both the underlying cause of rate variation
and i1s correlation with proxy variables such as body
mass. The bady temperature hypothuesis proposes that
elevated body wmperatures limit the number of func-
tional wvariants of a protein, thereby constraining the
number of substitutions permissible in regions of DNA
that code tor that protein (Prager et al. 1974, Somero
1978 Mindell et al. 1996), Consequently, the hypothesis
predicts that the rate of nolecular evolution will in-
crease with body mass and the corresponding decrease
in mean body temperature. The alternative metaholic-
rate hypothesis is based on the observation that rates in
some groups decrease with body mass, leading to the
explanation that physiological processing of oxygen in-
creases free radical production and/or rates of DNA syn-
thesis and, hence, nucleotide replacement rates in small-
er-bodied forms (Kocher et al. 1989; Thomas and Beck-
enback 1989; Martin, Naylor, and Palumbi 1992; Ada-
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chi, Cao, and Hasegawa 1993, Mantin and Palumbi
1993).

Literature values of basal metabolic rate (BMR)
muasured in kilocalories per day were available for eight
taxa {Bennett and Harvey 1987) represented in the DNA
hybrdization study. Although Bennett and Harvey re-
port several different values of BMR for some of these
species, [ used those values selected for analysis hy Ben-
nett and Harvey (1987); they chose the lowest reported
value under the supposition that BMR represents a min-
unum value within the zone of thermoneutrality. Given
that BMR and body temperature are highly correlated
with body mass among homeotherms (Schmidt-Nielsen
1984), T used body mass both as another predictor vari-
able and as a proxy measure of both metabolic rate and
body temperature. To ensure that genetic data were
matched to accurate measures of body mass, [ obtlained
miass data on wild-caught birds from the source popu-
lations used in the DNA hybridization experiments (lo-
cality data presented in Bleiweiss, Kirsch, and Matheus
1997). Birds were weighed with a Pesoly scale 10 the
nearest 0.1 g (> 5.0 g) or 0.03 g (<25.0 g} inunediately
after capture by placing them in preweighed cloth bags.
As hummingbirds show significant sexual size dnnor-
phism (Payne [984), I estimated the roean for cach sex
as well ax a species mean defined as the midpoint be-
tween the two sex-specific means: females of Heliothryx
barrot and Eugenes fulgens were not captured, so their
values cannot be reported. For similar reasons, mass-
specific BMRs were calculated based on the values giv-
en for bady mass m comunction with BMR data (in
Bennett and Harvey 1987)

Estimation of Genetic Distances
Experimental and Analvrical Methods

Procedures for generation of the complete matrix
of reciprocal distances are detailed elsewhere (Blei-
welss, Kirsch, and Matheus 1997). Briefly, a series of
experimental and algonthmic methods were used to im-
prove the accuracy of measured distances and fitted path
lengths, including use of median melting temperature
(T} 10 index genctic change across more of the genome;
use of different individuals to generate each replicate
measure to provide the best assessments of both average
distance and replicate variance for bootstrap resampling;
corrections for normalized percentage of hybridization
(NPH) and homoplasy (Jukes and Cantor 1969) (o yield
the index T, H-C (transformanion eguations and justifi-
cations given in Bleiweiss, Kirsch, and Matheus 1997,
The complete distance matrix was then constructed by
converting the raw distances 1o delta values (AT, H-C),
calculated as the difference from the homologous (the
radioactively labeled strand matcbed to a second strand
from the same species) to the heterologous (the labeled
strand matched to a different species) hybrids. For the
detection of rate differences among taxa, symmetrization
of the distance matnx is important, because it eliminates
systematic experiniental error that could be mistaken for
rate variation, such as through compression of distances
caused by lower melting termnperatures among the ho-

mologous standards used to estimate delta values
{Springer and Kirsch 1991).

Rate Variation
Test of Significant Rare Variation

[ tested for overall deviations from uniform rates
of molecular evolution among lincages (molecular
clock) through application of Felsenstein's (1993) F ra-
tio test, for which AT, H-C provides the most appropri-
ate index (Springer and Kirsch 1989). This test evaluates
whether the sum of squares (SS) of the tree-fitted dis-
tances of the best-fit FITCH tree (no assumption of
clock) 1 significantly smaller than the sum of squares
of the tree-fitted distances obtained for the best-fit
KITSCH tree {assumption of clock), as given by:

(SSI‘UT:\'('H - SSl‘lT(,'lljdl.?'_(|1_‘§(‘|| - di-HT(_'”)
= (SSprendMepren).

here using the more conservative assignment of degrees
of freedom {no accounting of the number of subrepli-
cates; Felsenstein 1993), in which case dfy g = (07
= ny2] = (= ), dfypen = [(07 = n¥2] — (20 — 3.
and # 15 equal to the number of taxa (27). The average
bootstrapped (1,000 times) path lengths trom the des-
ignated outgroup to all appropriate ingroup taxa {Blei-
weiss, Kirsch, and Matheus 1997) then served to esti-
mate relative rates for lesting associations between rates
and the predictor variables (table 2 and fig. 2).

Tesrs of Significant Associations

I log, -transformed both dependent and predictor
variables to improve normalily and/or homogeneity of
variance. Male body miass was used to remove mass-
dependent effects from other variables (duration of
breeding season, species diversity, metabolic rate), be-
cause [ lacked measures of female body mass for two
species. As body mass itself may be associated with
environmenltal variables such as elevation (Mayr 1963),
[ removed the potential confounding eftects of the latter
on mass by regressing body mass on the midpoint be-
tween the minimum and maximum elevahienal oceur-
rence of each species. Other measures of elevational oc-
currence (minimum or maximum) gave gualitatively
similar results, Restdual analyses excluded the swifl,
which was used only as an outgroup.

Statistically based comparative methods w account
for nonindependence caused by phylogenene relatedness
are not developed for relative-rate data, as comparative
methods also use branch lengths to standardize contrasts
so that the usual probability tables can be employed for
testing hypotheses (Harvey and Pagel 1991, Garland,
Harvey, and Ives 1992). Therefore. T designed statistical
analyses of associations between path lengths and the
various predictor variables to facilitate comparisons with
previous studies of relative-rate variation, in particular,
those based on DNA hybridization data (Moeoers and
Harvey 1994). To assess the effects of outgroup speci-
fication, [ examined patterns in the occurrence of sig-
nificant correlations (both parametric and nonparanet-
ric) in a matrix of all such comparisons between the 27
outgroups and 15 predictor variables (including raw val-
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Table 2
Average Path Length Half-Mairix for Symmetrized AT, ,H-C Among the 26 Hummingbirds and Swift (Chactura pelagica) Used for Relative-Rate Tests

Lc T AC oW EL EH  CC  EF AM AOQ MF PM AT V. AA LY DL oC HY HBE M CT  PC Of TR A CP

£LC .. 0.00

FC .00 402 0.00

AC ... 640 655 000

CW.... 634 048 604 000

EL..... 610 624 584 403 000

EH .. .. B98 913 872 §51 827 000

CCLoo0 BA7 O 861 320 799 775 740 Q00

EF.... 292 404 633 626 602 5§91 8139 000

AM .0 350 434 662 650 632 920 8648 339 0.00

AQ ... 341 425 6583 647 623 901 859 330 171 000

ME .0 3581 434 663 656 632 920 869 339 0B 172 000

PAM ... 342 420 654 647 623 912 860 331 054 163 081 000

AT .. 4.13 356 656 649 625 913 862 4405 435 426 435 426 0.00

CV ... 425 402 668 602 637 926 874 418 447 438 447 439 403 000

AA ... d.80 395 B854 833 808 7.6l 721 8§72 902 R93 902 894 595 908 000

Lv.. ... 636 650 212 6.03 579 867 516 623 658 649 0358 6350 651 6464 §49 000

D0 853 867 820 805 T8l 746 481 845 875 80660 875 860 868 831 728 422 000

aAC ... 637 652 222 604 580 868 817 630 659 650 659 651 652 6065 850 212 323 000

HA 645 659 619 415 414 862 510 637 667 658 667 659 660 673 K44 614 H1T ol6 000

HB ... 896 910 8.69 848 8§24 777 737 A8 917 908 918 909 9l 923 609 B5o5 743 Bo6 859 000

CM.... 424 412 667 6061 637 925 ¥73 406 446 437 446 437 403 423 907 6.63 880 664 672 923 000

T 610 625 585 240 379 823 776 603 633 024 033 624 626 038 8509 S8 782 S8b6 392 825 038 (.00

PCLo0 731 745 550 693 674 9062 90t 723 753 744 753 745 746 759 944 5460 917 547 709 960 758 675 0.00

05 ... 437 414 650 673 649 938 380 430 459 450 459 451 405 342 920 676 8592 677 6855 935 435 650 771 000
TR .. 1070 1084 1043 1022 998 1075 10.23 10.62 1092 1083 1092 10.84 1085 (0498 10.57 10,39 1030 1040 1034 1072 1097 999 1134 1110 0.00
FA ... 996 1010 269 948 6.24 1001 949 983 1018 1049 1018 10.10 1011 1r24 983 965 956 966 960 998 1023 925 060 1036 7.52 000

CP ... 3334 3348 33.07 3286 3262 3138 13287 1326 33.55 3346 3356 3347 3349 3361 3320 33.03 3293 3304 3297 3336 3360 3263 3398 3373 31.90 3.5 0.00

Nofe —Zerms along the diagunal indicate homolaguus comparisons (4 0). Species codes: LC Lampeonts rldmenciae; TC Thalaranwe celombnea, AC Aglaincesens caclons, CW Caelivena wilsonl;, FL
Ertocuemis leowani, BN« Eulampis fodosericens, C0 © Cohbrt coruscany; EF = Eugency fulgens, AM © Acestrura wuliont; AQ < Are hilochus colubriv, MF = Myrtis funny, PM = Pidlodice michella; AT Amaaig Gacatl,
CV o Camylopterus villaviscrmao; AA Ardradion geguadosialis, LV © Leshia victoriae, DL Dorfera fudovicae, OC = Oreolrochittus chenboraze, 100+ Heliodosa pacida; HB = MNetiothrys bareont, OM Chlurostiben

mellisugus. CT = Cocligena lorguoba: PC © Popelaiiag coaversa Q8 © Ortharhyucus cnvtatas, TR = Phrenetes ruckeri; BA 0 Egtoneees agutla; ©F < Chaetnra pelugica.
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Tuable 3
Predicted Correlations Between Predictor Variables and
Rate of Molecular Evolution for Four Hypotheses

Table 4
I Ratio Test of Rate Variation Among Hummingbird
Lincages

Genetic Rae Body M
[depeirdent (independent
Hyparmiess viariable) varahbile)
CGeneration tme. .. .. ..... Negative P e
Spesies diversly Pasitive NI?‘._'.'HI\'I:
Budy lemperature E b R Negalive
Specific oxygen consumption Posilive MNegative

nes and residuals), To assess overall significance of as-
sociations with relative rates (as dependent variable), 1
constructed separate gencral linear models analogous 10
analyses of covariance (ANCOVAS) in turn for each
predictor variable (covariate), nesting the variable and
oulgroup species {main effect) under the corresponding
named clades (blocks: mountain gems and bees treated
as a single block). To maintain the “*subset™ design, one
or the other terminal sister ¢lade, emieralds or mountain
gems and bees, was excluded in turn from the ANCO-
VA.

All analyses were based on path lengths from the
consensus bootstrap FITCH topologies (fitted hy un-
weighted least-squares, specifying P = 0in FITCH; Fel-
senstein 1993). One-tailed cntical values were used s
the basis tor testing the various hypotheses, which make
specific directional predictions about the relationship be-
tween the independent and dependent variables (1able 3).
For the purpose of exploring data stracture in the 27 X
15 table, I report nominal significance to £ <2 0.10. All
statistical tests were performed in SAS tor UNIX on a
SPARCstation 20,

Results
Rate Variation

To implement the F-test, the topology generated by
FITCH was forced for the KITSCH option by specifying
4 user-defined tree. The F-test indicates significunt dis-
parities in rates among hummingbird lincages as a whole
and among just the more diverse nonhermits (table 4),
As shown clsewhere (Bleiweiss 19984), hermits are sig-
nificant outliers for rate variation that exists among
hummingbirds generally, and they were analyzed sepa-
rately (as ingroups) from nonhermits,

Data Characteristics

The 24 ingroup species cover most of the mtratam-
ilial variatian observed for the 15 predictor variables
(appendix) except that my sample omits the 20.0-g giant
hummingbird Patagona gigas (a distinet outlier at the
large end of hummingbird hody masses; see Carpenter
1976). The distribution of significant correlations be-
tween path lengths and predictor variables in the 27 %
15 table of all such compansons reveals several patterns
(fig. 3). First, the overall significances of correlations
between path lengths and predictor variahles are re-
markably similar for the suite of outgroup taxa within
cach named clade. Of the 86 such blocks of taxa in each

Ingrisups #. S5 SSiere s Whiarar v Wigagn - F ona” P
Hermins =
nanhzrmts 27 571 646 268403 325 g 13560 =0.00)
Nonkermits . . .25 451995 232297 276 253 10500 <0.00]
NOTE—S Sy raen = surm o squanes of The ree-hited destances uf (e hest-
fir KITSCH peees S8jpa 0 vt ol wguadres OF e tde-titted dislances ol 1he

Bt FITCH treg
2 Pegrees Of frecdom fg Foese 26, AN
= Deprees of {recdom v P 242253

table of comelations {excluding the singletons repre-
senting the switt clade and six blocks with insufficient
observations to calculate a correlation), results are het-
crogenous within only three blocks for Pearson corre-
lations (<<3.5%) and within only two blocks for Spear-
man correlations (<22.4%), Of 172 such blocks across
both tables, only one («20.6%) has both significant and
nonsignificant cell P values (by the criteria given
above), This remarkable consistency suggests that the
significance level of a correlation depends largely on
characteristics common to members of the clade. Thus.
differing results among named clades presumably resull
from analytical considerations and not from confound-
ing experimental error such as nught arise through fac-
tors that determine the melting temperature of a specific
outgroup’s DNA,

Consistent with this interpretation, the outgroup
taxa within each named clade provide very similar path
length statistics for the assoctated set of ingroup taxa,
with characteristic levels of path length vanation (stan-
dard deviation (fig. 4a] and stundurd error (fig. 48]y as-
sociated with outgroups within each named clade. How-
ever, the statistics of variation in path lengths measured
from outgroups at different depths in the tree indicate
no simple trend {fig. 4), as might otherwise be expected
from autocorrelation and/or saturation effects alone,

To quantify the tablewide occurrence of significant
correlations, I scored each cell (in ig. 3) as a | (signit-
wcant; one-tailed P < 0.40) or 0 (nensignificant) and
then applied tests of linear trends on these categorical
scores across cach group of predictor variables (demog-
raphy |generation time, species diversity], body mass,
metaholic rate), These tests indicate consistent results
(nonsignificant for demographic variables, significant
for body mass variables: table 5) for outgroups i more
basal, but not more terminal, named clades. The overall
inconsistent results that obtain for associations based on
relative rates measured from more terminal outgroups
{fig. 3) presumably are caused by sampling biases, and
these patterns are difficult o interpret.

Effecis of Predictor Variahles on Rates of Molecular
Evolution

For nonhermits, path lengths from most outgroups
were significantly and negatively correlated with all
measures of body mass. Significance levels for residuals
(of mass regressed on elevational occurrence) some-
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Fici. 3. —Schemane represeniation of results foar Pearson (a) and
Spearman (5 correlations {raw correlations, exact two-tailed # values,
and sample sizes avanlable from the author) with relutive rates, Shling
widicates level of significance: black for two-tailed significance at P <
0.05, dark gray for one-talled sigmficance at P <= 0,08, light gray for
one-tuled sipmficance at # < 0,10, and white far nonsignificance (see
st for furtber discussion). Hatched celis had 100 few chservanons for
correlations 1o be calculaied. Horzemal cells comespond to outgroup
taxa grouped by ouigroup (named) clade: | = Chactura pelagica: 2
= Threnctes rnckert, 3 = Ewtoxeres aquita; 4 = Exlampis holoseri-
cens: 5 = Calibri cornscans: 6 = Androdon aequatarialic, T = Do-
mfera ludovicae: 8 = Heliotheyx barrot;, 9 Coeligena wilsoni, 10
= Eriocmemis tuciani, 1Y = Helindoxa jucula: 12 = Coeligena tor-
guate; 13 = Aghnocercuy covlestis; 14 = Lesbia victorice: |15 = (-
eatrochifus chimborazo; 16 = Popeluiria conversii, |7 = Thalurania
coltwibiva, 18 = Amacilia tzacetd, 19 = Campylopterus villaviscensio;
20 = Chlorasiitbon weellisugus, 21 = Ortharhyncus cristaius; 22
Lamporaiv clemenciae, 23 = Eugenes fulgens, 24 = Archilochus col-
whris, 25 = Myreis faoav; 260 = Philadice michellii; 27 < Acestrura
mudsenr. Vertical cells comespand to predicior vanables: | = duration
of breeding seasan; 2 = ressclua) duration of breeding season {duration
of bBrecding seasen regresscd on male feld masses abtaned for this
study); 3 = hreeding seasonality; 4 = migratory behavion 5 = number
of congaienc species; 6 = residual number of congenepo species
inumber of congenenc species regresseéd on mike field masses obtained
ety stndy): 7 = male body mass: 8 = female bady mas; 9 =
avernge hedly mass; 10 = mesidual of male body mass (fizld masses
antmned for shis study regressed on midpoimt o elevanoenal oceur-
rence): 1) = maidual of female body mass: 12 = residual of averuge
body miss; 13 = pasal metabalic rue: 14 = residual of basal metabolbic
tale {metabohe mtes repressed on comesponidmg masyes from Bennent
amd Harvey 19870 13 = massspecific hasal metaholic rae (based on
worrespondding masses from Bennett and Harvey 1957). Residual of
mass-specific hasal metabolic rte (mass-specific metabolic rates re-
gressed en comesponding masses from Bennett and Harvey 1987)
cqmvalent 1o 14 above Resules for number of congeneric species are
ialitutively simular f baved on analysis of one or both Coeetigena
Speies.
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the pamed clude 10 wihich they belong (see text for discossion).

times were lower than those for raw values, but even
these conservative estimates remain highly significant
over a broad range of outgroups. With few exceptions
{always involving more terminal outgroups), correla-
tions between measures of generation time or species
diversity and path lengths were nonsignificant (and in-
consistent in sign). For hermits, the much larger Enrox-
eres aguily was evolving more slowly than Threnetes
ruckeri (sign tests for ranked path lengths from each of
the 24 nonhermits and the swift: x = 0, 0 = 24, P
0.0001), though E. aquila also has a longer generation
time and fewer (two as compared 10 three) congenenc
specics. Correlations between BMR (available for non-
hermits only) and path lengths were inconsistent, bor-
dering on (BMR, mass-specitic BMR: one-tailed P <
0.10; Pearson) or attaining (mass-specific BMR only:
twa-tailed P <2 0.05, Spearman) a significant positive
correlation for some mceasures of metabolic rate (fig. 3%

The separate ANCOVAs subsuming cach predictor
variable {as covarate) and outgroup (as main effect)
within a named clade (fig. 5, using either emeralds or
mountain gems and bees as most terminal named clade
of outgroups) indicate that path lengths are significantly
associated with all measures of body mass (negative)
and with mass-specific BMR (positive), but with no
imcasures of generation time, species diversity, or mass-
independent BMR (when calculations are possible; see
fig. 3.

The significant mean eftect of named clades no
doubt reflects the appreciable shortening of distances
from outgroups to ingroups imposed by the branching

2%
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Tuable 5

Cochran-NMantel-Haenszel Chi-Square Test of Linear Trends in Figure 3 with Mountain Gem and Bee Clade as
Ingroup Only

PLARSGN SFEARMAN
PRELULTGR AN df X° P X r

Demography*

Lwear trend®™, ... ... o 126 1 10.732¢ 0.00] 1.099 0.078

Mean row difference e 20 23,145 0.282 41.477 0.003
Body miass

Linear trend ... ... .. . 126 | 6.074 0.014 72877 0.000

Moean row difference .. ... ... 20 77.273 (1.0%)) 107.607 (.06
Rasal meuabalism

Limear trend .. ... ... .. 03 | ).349 0.555 (.00 1.000

Mean row difference . ... ... 20 4438 1.000 0.000 1.000

* Cell walues (pee 12nl) were combined acreas cach measure of the pemera) class (vix for demography [four for generalin lime, dwea for species diversity], six
ler body mass, apd rthree for basal metshalismi of prediciar vartable.

" Tests fur linear asssciation between the predictor (row | aod outgroup (calumni vanables. Reselis are similar with mounidin gems and Bees as wermmal cad groups
Cells with ey few plpser vabiean 16 caltulate 3 eormelition are scored as fionagnificant,
* Teal of significan] heteTogendity in Tregiency of fensgnihcant ol signinidant correlalions

< Bold valwes sigaaficant at madlcated P ovalee.

hierarchy of named clades within the phylogeny. The
significunt mean effect of a specific outgroup within a
named clade is more difficult to interpret, because dif-
ferences in mean distance to the same set of ingroups
within each named clade can anse in two ways. One
way 1s that different outgroup taxa may be evolving at
different rates, which would affect all distances mea-
surcd from that outgroup to the same set of ingroups.
The other way is that experimental errors associated
with extracting the DNA and labeling it with radioactive
lodine may cause differences in melting femperatures
among outgroup DNAs. As there is no replication of
labels within outgroup species, such expernimental ct-
fects cannot be separated by my analytical design. How-
ever, the lack of significant interaction between outgroup
species and predictor variable indicates that the func-
tional relationships between path lengths and predictor
variahles are very similar across outgroups within cach
named clade despite possible differences in label melt-
ing temperatures.

Discussion

The results of this study suggest that relative-rate
tests based on path length distances give consistent re-

Analysis
123456 78 9101112131415
Mamed Clada
Outgroup
Pradicics Variable
Cutgroug x Procicior Varatle | | 1 |
1

2 1 4|5 6]7 8 9aen 21314135
Geraiahon
Tene Sp: Baocdy Mass BMA

Predictor Variable

FiG. S.—Schematic representation of results of pested ANCOVA
tor each tow in figure 3. Notation is as in figure 3 (with black indi-
cating two-tinled sigaifcance at < 0.05), with emeralds as the ter-
mingl owtgreop. Resodts are similar with maumain gems and hees as
terminal outgroups except tial small igroup sample size prevenred
extimation ol associalons with metabolic rate.

sults as long as outgroups caplure a large number of in-
aroups. Over the range of distances and rates measured
here, limitations 1mposed by autocorrelation andfor sat-
uration effects seem less important, although cornpari-
sons more distant than those measured from the swift
might reveal such effects, Given that relevant aspects of
the biology of hummingbirds differ greatly from those
of other vertebrates, I first discuss associations between
relative rates and predictor variables in light of what is
known about hummingbird biology, and then compare
the results with those obtained for other organisms.

Predictor Variahles

The close parallel that often exists between gener-
ation time, metabolic rates, and body mass has made the
task of separating their effects on molecular evolution
difficult. Exceptions to their covariation have been noted
in sharks, birds, and certain inseets, where hody mass
and molecular evolutionary rate covary in the absence
of corresponding differences in generation time (Martin,
Naylor, and Palumbi 1992; Martin and Palumbi 1993:
Rand 1994; Krajewski and King 1996). It is tempting to
dismiss generation time as a cause of variation in rates
of molecular evolution among burnmingbirds simply he-
cause all species studied to date appear to hreed in their
first year (Bent 1940; Skutch 1972, Johnsgard 1983).
However, even when such variation as may be present
is considered, differences in generation time appear to
be inconsequential,

A consideration of the extremes for generation time
in the family also fails to suppont the hypathesis. For
example, the tiny thorntaill (Popelairia conversit) and
bee (Archilochus colubris and relatives) humningbirds
(table 2 and fig. 2) probably have the longest generation
times among trochilids as a consequence of their long-
distance or elevational migrations, which absent them
from the breeding grounds for most of the year (Johns-
gard 1983; Hilty and Brown 1986). Indeed, males of
these species adopt eclipse plumages that lack iridescent



patches and ornamental plumes for much of the year
(Johnsgard 1983; personal observations), again suggest-
ing that they breed only for a few months over the an-
nual cycle. Contrary to the generation-time hypothesis,
however, these species express some of the fastest re-
corded rates of molecular evolution among the hum-
mingbirds ¢examined (table 2 and fig. 2). In Oreotrochi-
lus. by contrast. accelerated development of adult plum-
age, and possibly of breeding, s associated with one of
the slowest rates of molecular evolution (table 2 and fig.
2). Finally, the voung of lek-mating hermit humming-
hirds may begin to attend mating aggregations (and po-
tentially breed) as soon as 3 months after ledging (Stiles
and Wolf 1979), but such hermits do nol demonstrate
an accelerated rate of molecular evolution (table 2; Bler-
weiss 19980, [9980).

Although I failed to detect any relationship be-
tween species diversity and rates of evolution, the ac-
tual limits of monophyletic clades comprising taxa
used in this study are still largely unresolved (Blei-
weliss, Kirsch, and Matheus 1997). Possibly, then, the
cttects of species diversity on rates of molecular evo-
lution in hummingbirds are not adequately tested by
correlating rates with numbers of congeneric species,
or at least not until more realistic generic limits for
hummingbirds are determined. Additionally, hermt
hummingbirds are almost an order of magnitude less
diverse than nonhermits (Bleiweiss 1991), and the hy-
bridization data suggest that the hermit rate is indeed
significantly slower than that of nonhermits {table 2;
Bleiweiss 1998h). Nevertheless, thorntatls (fig. 2; Po-
pelairia) are evolving more rapidly than any other
clade in the phylogeny despite a species-diversity less
than half that of brilliants or bees (table 2 and fiz. 2).
Conversely, the brilliant clade is as diverse or more
so than the bees (Bleiweiss, Kirsch, and Matheus
1997, yet its molecular rate is much slower in com-
parison (table 2 and fig. 2). Thus, species diversity is
unlikely to ¢xplain much of the variation in rates of
molecular evolution among principal hummingbird
clades. even given possible changes to generic limits,

The significant negative association between rate of
DNA evolution and body mass documented here is in-
consistent with the body temperature hypothesis, which
predicts a positive association. On the other hand, the
negative association between rate and body mass and
the positive association between rate and mass-specific
metabolism agree with the predictions of the metabolic-
rate hypothesis (tahle 2 and figs. 2 and 3). However,
evidence for a direet association between molecular
rates and mass-independent metaholic rates is weaker,
perhaps reflecting the small sample size and high levels
of experimental error for the metabolic data (Bennett
and Harvey 1987). Given these considerations and the
close relationship between metabolism and body mass,
the latter may be a more accurate predictor of the effect
of metabolic rate on genomic evolution than are cur-
rently available experimental values of basal metabolic
rate (Mooers and Harvey 1994).
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Implications for Comparative Studies

Taken together, my results suggest that metabolic
factors are important correlates, i’ not actual determi-
nants of variation, in rates of molecular evolution in
hummingbirds. These results differ from those obtained
in several previous studies, including studies of birds,
which have failed to support the metabolic-rate hypoth-
esis (Adachi, Cao, and Hasegawa 1993; Mindell et al,
1996) or have supported body temperature (Mindell et
al. 1996), guneration time (Prager ot al. 1974 Britten
1986; Sibley and Ahlquist 1990, Mooers and Harvey
1994), speciation (Mindell, Sites, and Grauer 1989; Bar-
raclough, Harvey, and Nee 1996), or some combination
of these other factors, Morcover, evidence for associa-
tons between metabolic and molecular evolutionary
rates has been obtained largely for the DNA of mito-
chondria, whose rates of genomic evolution can be
linked directly to their functiion in oxidative metaholism
(Martin and Palumbi 1993). By contrast, DNA hybrid-
ization distances reflect mostly change in the single-
copy uuclear DNA fraction.

The results for hummingbirds may reflect the ex-
ceptional biologies of these birds. Thus, hummingbird
mctabolism may be of sufficient magnitude (Suarez et
al. 1991) 10 alter suhstitution rates even in the nuclear
germ line. Moreover, humnungbirds appear to be excep-
tions to the general pattern of smaller-bodied species
having shorter generalion times, the relatively long gen-
eration times in small-bodied hummingbirds are proba-
bly caused by interspecific dominance patterns that force
small-bodied species to emigrate to or from breeding
habitat when nectar-based competition with larger hum-
mingbirds increases. Finally, gencral constraints on
hummingbird life history also may reduce variation in
generation time and other demographic factors such that
their effects on molecular evolution are obscured by the
much larger effects of bady mass. An appreciation that
different mechanisms control rates of molecular evolu-
tion at different steps in the process of transcribing DNA
into a functional protein also may help reconcile oth-
erwise contradictory results across studies, For example,
the bady temperature hypothesis concerns functional
constraints governing the eftects of nonsynonymous
substitutions, whereas the majority of substitutions meu-
sured by DNA bhybridization data are probably synan-
ymuus.
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APPENDIX
Data for Predictor Variables Used in Analyses

GENERATION

TiMEs* StECIES ErevaTion® Fitio Mass: METAaBOL A

GENUS AND SPECIES dhs bs mig COngen min X M () F (n) B&H BMR
Lannperrnis clemenciae 000 B 3 2 [0 300 R ] 756 (%) GO0 (1) 79 2.1
Thalurania colombica. ... ... 5 3 2 G 0 1.900¢ 4.68 (8) 183 (0)
Aghaiocercies coclesis, o000 12 | l 2 3(%) 2,100 594 (6) 4331
Contierna wilsense .00 ..., 10 00 200680 718 (4) 68 (4]
Frivenensis fuciani . ... 2 10 2,500 4,404 6,30 (D 590 (4
Fulaopis heloserieces 000000 5 i ! 2 0 i) 600 (7 53002 hit) 32
Colibri coruscans ... ... 12 | 2 4 00 3,600 83 (10) 7.03.147
Frgenes fulpens 000 00 0 9 i 4 ] 900 3, 0K 7.10 (6) 0.6 2.1
Avestrura midsan! . .. 5 1,500 2,800 375410 4.08 (%) 33 1.6
Arehilochus coliebri 00 L. B K] 4 2 0 2,400 264 (%) 1122 3.2 1.6
Muriis fanny . e 12 | 1,200 2,500 IR (5) 30 (1)
Pindodice machellaa . ... . 3 2 0 1.900 298() L1540
Amartho tcaeatl. 0000000 12 ) | 20 ] 1.850 S48 4850 (4)
Campvlopieras villucocencio. | .. 11 400 1.504) BA0 (1) 610423
Androdon qeguaionaliv 1 0 1.5%0 7.60 (1) 668 (/)
Loesbue victerwe, o000 00 9 1 2 2,640 4.000 4.99 (4) 4251
Derevier hudivicae . . 7 3 | 2 900 2,700 6.81 (N 670 ()
Oreotrochins chimborazo ... . 7 2 ] 5 31.500 5300 R58 (1 TAZ (4 8.4 4.0
Heliodove jaend o000 000 7 i } Y 500 2,300 883 (D B2
Hoeliodhomvg baroni oL S 1) ki ] 2 0 1.830 513
Cliddesrosiilbon meflinngws .. 8 3 13 0 2.200 305 (14 I18i% 2y 30
Cocligend lorquate . ... ... 9 3 2 0 1,500 3,000 £.14 (&) 7.2040
Papclatria conversd ... . O 3 3 4 0 1,400 279 (7) 2HR M)
Orthorhvieus cristatin - 12 | ] | b} 650 23713 ERCINE D 29 1.9
Fiveenetes riuckert .00 0 0L 5 K ! 1 Q 1,050 656 {7) 639 (9
Eutoveres agula ... .. ... 6 3 2 2 2,100 10.55 (4) 936 (5)

Nore —In e anstaaees. dataon predcisr vanables were avanllsble only fora congener of the species inciuded nomy siody (generation fim Fir evotros (bl

[ewtertlad, e o fnetsvreasn] and BMR i Fulampre |fgefors, sol hafonercess ). As (hiose species gore Ol relidives 1o the species bnomy study. an

S T ITR R T ] [
AdBEey LT dbs o duration B bieeding seacan dn b see texil; bs

Vs peaonal i g mugratiny beteayvyor 41 sedenfary: 2

iumbe e of oo

PN ey, N = manimam elevatinn (m e = maxs
BAH = mmass g1 Troan Hennet and Barvey 11958710 BMR

elevatiomal migrani; 3
meelesanmoa (b feld mass (g M
Taxal mewabatlc rate: {resying, medabolic rate: from Bennetr amd Harvey 19573

Y oinBCCRracs+ Imn
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ABSTRACT Estimates of relative rates of molecular evo-
lution from a DNA-hybridization phylogeny for 26 humming-
bird species provide evidence for a negative association be-
tween elevation and rate of single-copy genome evolution. This
effect of elevation on rate remains significant even after taking
into account a significant negative association between body
mass and molecular rate. Population-leve! processes do not
appear to account for these patterns becuuse (£) all humming-
birds breed within their first year and (if) the more extensive
subdivision and speciation of bird populations living at high
clevations predicts a positive association between elevation
and rate, The nepative association between body mass and
molecular rate in other orgiamisms has heen attributed to
lHgher mutatinn rates in forms with hipher oxidative metab-
olism. As ambient oxygen tensivns and temperature decrease
with elevation, the slow rate of molecular evolution in high-
elevation hummingbirds also may have a metabolic basis, A
slower rate of single-copy DNA change at higher elevations
suggests that the dynamics of melecular evolution cannot he
separated from the environmental context.

The initial view that molecular evolution proceeds at a steady
or ¢lock-like rate has given way to an appreciation that such
rates may vary widely umong organisms (1-3). A number of
intrinsic biological attributes are known 1o be associated with
deviations from clock-like rates of molecular evolution. in-
cluding body mass, generation time, and population structure
(4-7). Herein 1 present an analysis of published DNA hybnd-
ization data for hummingbirds (8) that indicates that rates of
DNA evolution are slower in species living at higher clevations.
Moleeular adaptation to high elevations has been documented
fora variety of molecules with specific physiological functions,
hemoglobin, for example (99, As IPNA hybridization measures
chinge scross the entire single-copy genome, however, the
response of such a broad feature as rate of molecular change
Lo an environmental parameter supports the generalization
thit DNA evolution is qualitatively similar to morphological
evolution 1 that its form cannot he separated from the
enviromnental context.

MATERIALS AND METIIODS

Absolute rates of genetic evolution are difficult 1o obtain for
humminghirds because their fossil record is extremely limited
(8). However, relative rates ¢an be estimated by computing
distances (fitted path lengths on the topology) trom a desig-
nated “outgreup” taxon w members of @ monophvletic “in-
group’” with which it shares @ common ancestor [relative rate
test (10)]. & procedure that avoids errors inherent in fossil
calibrations of absolute rate. As a member of the sister group
to hummingbirds (11, 12), the swift Chaetiera pelagica provides
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an outgroup for relative-rate estimates amoeng hummingbird
species in both the hermit (Phacthornithinae) und nonhermit
{Trochilinac) subfamilics (Fig. 1Y In turn, any member of one
humminghird subtamily can serve as an outgroup for estima-
tion of rates among species in the other subfamily:

As described in more detail elsewhere (8), the complete
set of reciprocal median melting temperatures (7)) for the
26 hummingbird species and outgroup swift were calculated
from raw melting curves and then corrected in several steps
to obtain the most accurate estintates of genetic distance
(AT, H-CY and phylogeny [ref. 8 and Fig. 1]. The humming-
hirds included in the phylogeny represent all known principal
lineages (Fig. 1) and reside ar differcnt clevations from sea
level to over 3,000 m. reflecting the exceptional clevational
diversification of hummingbird species during their evolu-
tionary radiation (13). Of the two bhasal sister groups,
nonhermits are an order of magnitude more diverse and
occur over a much wider range of clevations than do the
predominantly lowland tropical iermits (13). Consequently,
nonhermits are better represented in the phylogeny (24
versus 2 species, respectively).

RESULTS

Associations. Previous comparisons of relative rates among
the specics examined herein have indicated sigmiticant molec-
ular rate variation (14). More detailed comparisons based on
the swilt reveal that relative rates of evolution for the 24
nonhermits are significantly faster than for the two hermits
{(Wilcoxon two-sample test, 4 = 2261, P = 0.0237). The rates
for hermits fall well vutside both the normal distribution of
rates for nonhermits (both subfamilics. Shapiro—Wilk B =
(L8335, P = (0.0005; nonhermits only, Shapiro-Wilk = 0.907,
P = 0.39) and the 95% confidence interval of the regression
of relative rates on elevation for nonhermis (Fig. 2); therefore,
hermits appear to be distinet outliers for rates among hum-
mingbirds and arc analyzed separately.

for the 24 nonhermits, cach of three measures of a species’
clevational occurrence demonstrates o significant negative
association with relative rates measured from the swift or from
cither of the two hermits (Table 1 and Fig. 2}, The pattern is
notl caused by contributions from extreme outliers but ex-
presses @ consistent trend across the range of clevations
occupicd by hummingbirds. The same tendency obtains as well
between the two hermits (Fig. 2) for relative rates measured
fraom cach of the 24 nonhermits (sign test, v = 0,0 = 24,
P 0001 Fige 2). These cansistent associations between
clevation and rate are striking given the conservative estimalcs
provided by refative rates, which diseriminate only the inde-
pendent terminal segments slong the paths from the outgroup
1o the various ingroups,

A direct effect of elevation on rate of molecular evolution
could be obscured by confounding variables such as generation

This paper was submitted directly (Track 1) 1o the Procecdings office,
“To whom reprnt requests should be addressed, e-maill reb@ ravel.
zoology wisc.edu.
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tme or body mass, both of which demonstrate negative

of clevational occurrence with log made body nss, r = 1,290,
associations with molecular rates i some vertebrate groups

Po= 00509y or much targer (163 samples. Lven after caleu-

(3-7). With respect 10 generation time, all hummingbirds
hiced within their first year and variation in breeding age
within this time frame is not significantly associated with rate
variation (14). Alternatively, the deercase in rate with eleva-
tion could be an indirect consequence of selection for grester
body mass in species living at higher and, hence, colder
clavations (15) Blowever, clevational occurrence s not cor-
related with body mass for hummingbirds in this (log, midpoint

lating the residuals of clevational vccurrence regressed on
(male) body mass 1o remove the effeet of the latter. and then
cntering hoth variables in a general lincar mode! (Table 2.
partial F values support a sttistically significent contribution
1o rate by clevation over one also made by body mass (Table
2).

Sources of Error. Statistically based comparative methods 1o
account for nonindependence caused by phyvlogenctic relat-
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Lo Scatter plotofaverage path lengths o ingroup hummingbirds [Fig, 12 measured from outgroup swilt {Chlaetiore pefageea )| versus midpoint
of elevational occurrence. Taxa coded by principal lineage (symbol) and species (letter
confidence intervals for least-s._

sas indicated in Fig. 1} Overlapping symbasis moved
es regression of nonhermits. Folded F tests indicate

significantly Jess variation in fitted path lengths messured from swift compared with these measured from either hermit [F7 = 9.93 (Threneies).
F' = 1148 (Broveres), df = 23, 23, P < DL, consistent witly autocorrelation and saturation effects for the more distant swift camparison. The
two hermits give virtually adenticad Tesults except that distances are uniformly shortenced when the more slowly evolving Ewexeres aquile is used

as the reference taxon for relative-rate estimates.

cdness are not developed for relauve-rate tests (17). Conse-
quently. T treated cach taxon in the analysis as an independent
data point. which artificially inf lates the degrees of freedom for
hypothesis testing, However, I failed to detect any significant
difference in the association between rate and elevation among
the different hummingbird lincages [when principal nonhermit
lineage {as defined in Fig. 2) is added as a factor 1o the above
madel, interaction terms are not significant; for elevation,
swilt as oulgroup, F = 0.63, P = (.65 cither hermit as
outgroup. F = 0.64, P > 0.64]. Evidence that the negative
association between rate and elevation occurs in different
phyletic lines (Fig. 2) suggests that the overall significanee of

Table 1. Pearson correlation coefficienis of (Joe ) clevational
egiirenee (14) with (log ) penetic distance [average path lengths,
Bascd on ATa-C (Fie. 1) Tor the swilt (Chactura pelagica) and
el hecmits (Tlreseion ackess and Ewloxeres agieda) as oulgroups
anil nonhermiis as ingroups (8)

Elevational oeeurrence®

Outgroup Minimum Maximum Midpoint
Swin

Chavnurg pelagica -8.62G5 —11.5473 =AR5037
noay 0036 00022

ITermits
Threnctes rucker: -(1.6321 ~10.5511 —(L.53977
0.0049 (0.0053 1006120
Fhetoxeres aequile —0,0322 — (L3510 ~{.5077
OAHN 0.(#353 0.0020

All probanilities are twao-tailed.

“Minimuin, lowest elevational occurrence; maximum, highest cleva-
tional ceourrence: midpoint, midpoint between minimum and max-
.

“Analyses were performed in sas for UNix on a SPARC station 20, All
Powere Jess than .03 after Bonferron correction for v = 3 simul-
THMEOUS COMPATISONS.

the pattern is not biased by relatedness among the taxa
examined.

Both empirical and apalvtical considerations also suggest
that observed variation in path lengths reflects variation in
rates and not biases in experimental error or differences in
penome structure. Melting temperatutes of same-individual
hybrids of cach species used 1o caleulate genetic difference
(AT, H-CY values for distance-matrix constructlion (sce caption
to Tig. 1) are free from variation caused by rate ot evolutionary
refationship, thereby providing a direct measure of the varia-
tion coatributed by fragment length or base composition. Lack
of significant correlations between same-individual hybrid
melting temperatures and fadependent variables (e.g., log.

male body mass, r = 00134, P = 0948 log. midpeint ot
clevational occurrence, r = 01306, P = 0.525) suggests,

therefore, that contributions by these other sources of varia-
tion are small and/or random with respect o the tocal rate
patterns, Furthermore, scaling of the data to the average
homologous melling temperature (svRImelrizalion; see cap-
tion to Tig. 1) before estimation of path lengths amehorates the
effeets of vartation in homoelogous melting remperatures [e.g.,
compression of distances (8)] and of unequal A values between
reciprocal comparisons, which may arise from differences in
genome size. Thus, the negative association berween clevation
and rate of molecular evolution appears rabust to possible
confounding influcnces.

DISCUSSION
Evidence for slower rates of single-copy DNA cvolution in
higher-clevation hummingbirds has 2 number of important
implications for studics of organismal und molecular processes.
The cffect of elevation on rate implics that general features of
molccular evolution depend on the physical cnvironment, a
connection attributed traditionally only 1o morphalogieal
traits. Morcover, caleulations of divergence times based on the
assumption of a molecular clock will underestimate the ages of
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Table 2. Gueneral linear midels with residual midpaing of
clevational ixcurrence (RMIDEL: ref. 14) and male body agiiss
(MALEM: ref. 14) ax mdependent variahles and genctic distance
from sutgroup 1o penbermil ingroups javeraps path lenuths, hased
o AT H-C (Fig. 1] a5 dependent varniable

Type ITI
Chuteroup sum of Mean F
Somroe df  sajiires sgquare value P = F
Sl
Chactira pelagieca
RMIDEL | (LMHI33E  OU33s 722 04N38°
MALEM I 0s 0008 2361 0.0601
Frror 21 (LIMIYRS 0. T
Corrected 1otal - 23 02550
[Hermits
Threnetes ritcheri
RMIDEL | DDEMES D.003456 744 00126
MALEM I 01913 001913 2348 0.000)
Error 21 ARMT76H K65
Corrected total 23 04125323
Eutovess aguitu
RMIDEL VL IHI3SSE  (L039Y8 743 00126
MALEM 1 001203 00126030 2344 (LK)
Erver 21 0011295 QINIS3R

Corrected (e 23 0 (129274

For all mdels, interaction terms of covarinlies with lincage mem-
Fersivip neluded in error term. Separate aaadyses were conduocted for
vach outgroup o maintam mdependence of the tests, which all are
based om the same set ol iagroup specics. Alernative measures of
elevitional accurrence (Table 1) and body mass (female, spocies
averager ref. [4) gave the same quahitative resudts. AN data are
fog-transformed.

“Anales were porformed in sas for cuix ona SPARC station 200 All
Powere fess ihan 008 after Bonferroni correction for 20 = 3
simubtanens comparsans,

high-elevation clades relative to ones found at lower clevi-
tions, The relationship between the amount of genetic and
phenotypie change may be altered as well, Recognition of
these hiases is important especially for studies of speciation in
montane regions, which typicilly emphasize the relative vouth-
tulness and explosive diversification of high montane forms.
Thus, cvolutionary studics must consider that genetic dviam-
ics at gh clevations may operate differently than in other
acographic sCrtnys.

The present study adds elevation to the growing list of
influences on rates of molecular evolution. [Towever, it is
unclear to what extent the underlying mechanisms differ
among these many correliates of rute. The negative association
hetween rate of molecular evolution and elevation is counter
o expectations that increased subdivision and  geographic
specinion among high-clevation populations should translate
into greater genctic differentiation (4, 18). Morcover, as all
humrmmgbirds hreed in their first vear, variztion in gencration
time is not likely 1o be the cause of rate variation in these birds
(14). On the other hand, DINA hvbridization distances prob-
ably refleet mutation rate becanse they derive from the entire
single-copy genome. Thus, the decrease tnrate with elevation
could refleet o reduced mutaton rate cansed hy physical
conditions at ligh elevations.

The cxirnordinary physiologies of hummingbirds suggest
that metabolic fuctors could affect mutation rates. Indeed, the
negative association between body mass and molecular evo-
lutionary rate documenied herein has been expliained for
mitochondrial DNA as a response 1o metabolic rate via the
mutagenic etfects of oxvgen (3-7). Although most of the DNA
indexed by DNA hvbridization represents the nuclear fraction,
mitochondria are the primary source of f{ree radicals that
damage DNA everyvwhere in the body (3), and thevare present
at extraordimary densities in the striated muscles that form the
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bulk of 4 hummingbird’s mass (19). Thus, free-radical flow
catsed by mitochondrial activity could increase mutution rates
in the nuclear genomes of hummingbirds.

As @ starting point for future studies, [ suggest that the
chunged physical conditions at igher clevations (20) could
lower mutation rates in resident hummingbirds cither because
lower partial pressures of oxvgen lmit maximuny oxyecen
consumption (21) or because lower temperatures require
hummingbirds 10 ¢nter o state of physiological torpor more
frequently and at a lower body temperature for a given bady
mass (209, or bath, Lower oxidative stress also might arise as
a consequence of reduced caloric intake (22) through the
consumption of mere dilute nectars typical of higher-clevation
bird-pollinated plants (23). A additional factor to consider is
that many montane hummingbirds cling rather than hover
while feeding an Tlowers (24, 23). This behavioral responsc at
high ¢levations also may reduce overall exygen consumption.
Howcever, typical hover feeders oceur at moderate to high
elevations (Doryfera fudeovicae among mangoes and Coeligena
torgquiata among brithants) and even these species are evolving
more stowly than related low-clevation forms (Figs. [ and 2).
Thus, the molecular response 1o high elevations oceurs inde-
pendent of flight methods.

Whatever its cause, environmental correlates of molecular
evolutionary rates may prove widespread, because birds and
other homeotherms living at higher latitude olten have greater
body mass (13}, which as documented herein and 1 a variety
of organisms, demonstrates a negative relationships with rate.,
Morcover, the influence of mutation rates on demographic
processes of aging and mortality (26} may impose characler-
istic evolutionary dynamics in populations living at different
elevations and/or latitudes or in different atmospheres (pa-
lcoenvironments with more or less oxvaen). Further study of
the interaction of population and molecular processes 10
different covironments may reveal previously unsuspected
phenomena.

I thank John A W, Kirsh for assistience in the Jaborutory, fohn
AW, Kirsch, Drang B Geary, and two anonymons reviewers for
comments on the manuseripl, and Willian 1. Feeny £ diadting 1he
fizures. Additonal acknowledgments of Jogistical and fimancial sup-
pott for 1his work are detailed elsewhere (2).
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US Geological Survey

Midcontinent Ecological Science Center
4512 McMurry Ave.
Fort Collins, CO 80525-3400

December 2, 1998
(970) 226-9471
226-9230 (FAX)

gorden_rodda@compuserve.com

The Conservation Agency
6 Swinburne St.
Conantcut Island, RI 02835

Skip,

Thanks again for the wonderful month of October! I have sent the paper off to
Nature. I expect that we will know whether they are taking it seriously or not before
Christmas. As you see from the enclosed cover letter, Nature puts some pretty severe
restrictions on manuscripts. Perhaps the most painful was that for the suitable category,
Scientific Correspondence, they do not allow acknowledgments. I even tried to hide
acknowledgments in a footnote, but they expressly do not allow that. Therefore, there
seems to be no way to properly credit yourself, the volunteers, Henry, the Falconwood
Foundation, or the Conservation Agency. Rest assured that this omission will be
redressed in the report and technical publications that arise from this work, but there just
doesn’t seem to be any way to do it here.

Another constraint that Nature applies to Scientific Correspondence is that one is
limited to 500 words, ! fig., and 10 citations. Therefore, much has been omitted. Again,
this will be corrected in the full versions,

Yet another constraint is that they insist on a press embargo until publication. I
finessed this slightly in the cover letter (enclosed) by correctly noting that the media has
not publicized this and we have not “discussed” this with them (I didn’t say that an
attempt was not made to bring it to their attention). If you are interested, I will be happy
to send you the full details of the press embargo, but essentially we are allowed to mention
the results as much as we want to other scientists, but we are not supposed to talk to the
media or post anything on a web page.

I'll let you know if we get anything positive from Nature, or if we give up entirely.
If this flies, there will be an opportunity for publicity concurrent with publication. Keep
your fingers crossed.

Cheers,

77
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US Geological Survey

Midcontinent Ecological Science Center
4512 McMurry Ave.
Fort Collins, CO 80525-3400

December 2, 1998
(970) 226-9471
226-9230 (FAX)
gordon_rodda@compuserve.com

Nature
968 National Press Building
Washington, DC 20045-1938

To whom it may concern,

Enclosed are three copies of a proposed contribution for Scientific
Correspondence. It reports the discovery in October of a diurnal gecko population in the
Virgin Islands, the density of which exceeds that of all previous terrestrial vertebrate
records by a factor of about three. Not only is this discovery a landmark for the field of
ecology, but we think it will be of general interest to the public. Most people express awe
and an abiding curiosity about high density populations, yet ecological knowledge of these
is unquantitative and unpredictive. The fact that such a high density of vertebrates has
remained overlooked, well into the era of space travel, also says something important
about the prevailing level of biological ignorance about our planet.

Reviewers who have read this manuscript have expressed an interest in seeing
what the creatures look like. [ have in my possession extremely sharp (f32) 35 mm slides
of them, which are available upon request. Machine copies of two of these are enclosed
for your edification. The submitted manuscript, however, relies on only one figure, as is
specified for Scientific Correspondence.

The authors have no related papers submitted. We anticipate that the full technical
details of this work will eventuallv be prepared for submission to a specialist journal, but
such a submission will not take place until the Nature manuscript has been tully processed.
The main finding reported in this paper has been discussed at two scientific presentations
(one on Tortola Island, British Virgin Islands on 27 Oct, the other at Texas A&M on 12
Nov.), but has not be publicized in the press or discussed with the media. We will not do
s0, pending your decision, We see no need to accompany this article with Supplementary
Information.

We look forward to your review of this manuscript.

Sincerely,

Gordon Rodda



The densest terrestrial vertebrate

Ecologists seek to understand the distribution and abundance of plant and animal
populations. High animal densities often result from localized aggregation. Social
animals, such as wildebeest, may be dense in one area because they have vacated another.
Non-social species may aggregate because suitable habitat is very restricted in distribution
(e.g., rattlesnakes at a wintering den). However, non-aggregating species are most often
found at low densities. Exceptions to this generalization shed light on the conditions that
favor survival and reproduction. Here we report one such exception, a species that greatly
exceeds the densities reported for all other non-aggregated terrestrial vertebrates.

Our study was conducted on Guana Island, Bntish Virgin Islands. We censused
the vertebrates and the vegetation of four 10 x 10 m plots, two each in representative
stands of early successional (legume: Acacia/Leucaena) and mid-successional (seagrape:
Coccoloba) forest. To insure that vertebrates did not enter or leave the plots during
counting, the foliage outside of each plot was trimmed to separate it from the plot
vegetation by 1.5 m. Movement of animals at ground level was blocked by a 50 cm tall
fence of aluminum flashing that was coated with a spray grease to repulse climbing
species. The fence was buried in the ground 5-10 c¢m to block the movements of
opportunistically burrowing species. Fencing and trimming was done at night, during the
species’ inactive period, to minimize displacement of plot occupants and avoid an
undercount, In the following days we captured all non-flying aboveground vertebrates in

the isolated plots by carefully examining and removing all aboveground vegetation.



Roddaetal -2

Overall we collected 7 snakes, 1401 lizards, and no amphibians, birds, or
mammals. Most (94.5%) of the lizards were Sphaerodactylus macrolepis, a diminutive
gecko, associated with deep, moist leaf litter'. The large leaves of seagrape provide
suitable litter. Of 20 vegetation monitoring stations in the two legume plots, the
percentages having litter at least 1 cm deep were 0% and 70%; these plots housed 6 and
262 8. macrolepis respectively. In contrast, the two seagrape plots were predominately
(75%) or almost completely (95%) covered with deep leaf litter, and these plots had 380
and 676 geckos, respectively.

We project that the gecko attains densities of around 67,600 ha™ in areas having
continuous seagrape leaf litter, and may average 52,800 ha™ in typical seagrape forest.
Either of these values far surpasses reported densities of non-aggregated terrestrial
vertebrates. A landmark study” of leaf litter salamanders (Plethodon cinereus) in New
Hampshire documented densities of around 2950 ha™. The highest known density of frogs
(20,570 ha™") is for the leaf litter foraging species Eleutherodactylus coqui in Puerto Rico’.
Prior to this study, the highest reported density of lizards (23,600 ha™; Fig. 1) was for the
arboreal anole Anolis stratulus, also in Puerto Rico®. No mammals or birds are known to
approach these high densitics™.

Two common features unite the reigning high density representatives of these
groups: they occur in leaf litter (frogs, salamanders, and now lizards), and they are small.
Mean masses are below 1 g for each of the species, and the geckos averaged only 0.285 g.
Nonetheless, the geckos’ mean biomass of 15.2 kg-ha™ in seagrape exceeds that reported
for African elephants (5.5 kg-ha™ in Gabon’; 12.9 kg-ha™' in West Africa®). Unlike

elephants, however, the geckos are likely to be overlooked by a casual observer.
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Gordon H. Rodda

USGS Midcontinent Ecological Science Center
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email: Gordon_Rodda@compuserve.com
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Ohio State University

P.O. Box 8255, MOU-3

Dededo, Guam 96912-8255, USA

Renée J. Rondean

Colorado Natural Heritage Program
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Caption to figure

Figure 1 Density estimates of 1072 non-aggregated lizard species*venue combinations
taken from our work and 228 literature sources (available upon request). Values marked
with a + are from mainland sites; the others are from islands. The four closed symbols

represent the Sphaerodactylus macrolepis samples reported here.
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Dwarfs, Giants, and Rock-Knocko(ls: Evolution of Diversity in Antillecan Anoles
by
Jamces (Skip) Lazcll

The Conservation Agency, 6 Swinburne St., Jamestown, RI 02835
jeinjtown(@aol.com

I have long agreed with the orthodox nco-Darwinian view that new specics cvolve from
populations peripherally isolated from their parcntal stocks, in the Antilles by the simple, repetitive
process of intcrglacial sea level rise, Thus, the new specics arc "daughter” specices of their ancestral
stocks, not "sister" specics. Scparatc-but-equal dichotomous branching never occurs. The ancestril
species remain essentially unchanged unless or until the new species invade the parental range, typically
as a result of glacial maximum sca level drop. Then the opportunity for classic Darwintan character
divergence enmiergcs.

The ideal structure for speciation in isolation is a rock: a sheer-sided formation that, at
intcrglacial high-stand sea level, is pounded by surf and provides sciant or no opportuiity for over-waler
waif dispersers to colonize and retard the speciation process by adding parental specics genes. However,
few anole populations stranded on such rocks persist and survive to evolve into new forms, On the Pucrto
Rico Bank, for example, at least four species of anoles were able to spread virtually throughout the arca
occupicd by taday's Virgin Islands at Wurm glacial maximum, 10-20 kya; Anolis cristatcllus, A. stratulus,
A. pulchellus, and A. roosevelti. It is highly probable that more species [romn Pucrto Rico proper
dispersed overland at glacial maximum into the Virging arca too, but if so none survived info historical
tines.

One of the four species, A. roosevelti, may now be extinet as o result of adificial, post-Colombian
deforestation. Two, A. stratulus and A. pulchellus, have not survived on any of the scveral small islets
that qualify as rocks. Al lcast five islets qualify as rocks in my terms (and arc locally called that): Carrot,
Carval, Cockroach, Sail, and Watson. Of these, only Carrot and Cockroach secm 1o harbor anoles today,
in both cases derivatives of Anolis cristatellns wileyac. One of these, A. crnestwilliamst of Carrot Rock, is
well differentinied and has occasionally colonized adjacent Peter Island to survive (however briefly) in
sympatry with A. c. wileyac, its parental stock. Cockroach Rock anoles are less obviously differentiated
from A. C. wileyac but the few available spectimens are unusually large, short-headed, and big-scaled.
This population is ccrtainly worth a closer look.

Dry rocks present o strong sclection pressure for water retention, and this can be augmented by
large size. Thus, dry rocks like Carrat and Cockroacli may produce incipient giants. Wet rocks might
present an opportunity for dwiarfisin, if small size was advantageous in the absence of sclection for water
retention. However, wet rocks -- that is, wet with fresh water -- are hard 1o find. There arg a couple oftf
the windward coast of Dominica that may repay investigation.

Long ago {Copeia 1964: 716-718) I suggested that Anolis gingivinus on Sombrero might
undergo rapid speciation, but Ellen Censky tells me that population has apparently winked out. The
ncarby Anguilla Bank provides same oulstanding prospects for rock-knockoffs. 1 never got (o Pain de
Sucre off St. Barts in the course of my field work of 30-40 years ago. Apparently no one clsc has reached
it since. Most amazing is the remotely isolaled La Poule and Les Poussins cluster far northwest of St.
Baris. These arc called "The Groupers” on tourist maps. T plan to make a try for these islets in the near
future, before | get loo stifl 1o climb.

But why mc? Arc there not others, far vounger and more agile, who have thought of polential
speciation in isolation too? Well, if one of vou gets there before me here, are some predictions:

U
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On the wet rocks off Dominica I expect small anoles with big scales. In Anolis oculatus, scale
size scens to correlate positively with moisture.

On the dry rocks near St. Bans I expect relative giants (parcntal A, gingivinus is relatively
small), but I cannot guess scale size. Indeed, the relationship of scale size to water seems reversed in
some forms, like A. ernestwillinmsi. We need a good intcgumentary physiologist 1o look into this
problem,

How does one know if there are no anoles surviving? Spiders. Small saltieid or atlid jumping
spiders and lille, plump orb weavers like Argiope argentata are denscly abundant on islets Iacking ancles

(thanks, Tom Schocner, for pointing that out). If you find lots of spiders there probably are no anolcs.

The race is on. Good luck.

Ta press, 20w HY
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Leaping lizards: The cause of the Anegada rock Iguana has recelved international support.

On the
Rocks

The Anegada rock igua-
na is not a handsone ani-
mal. The gray lizard can
grow up 1o 3 feet long and
has W pronounced spike
running down is back. S0
why are some people on this
small Brivsh Virgin Island
trying so hard to save i

As it nums out, the rock
iguarny, indigenous only 1o
Ancgada, is seriowsly endan-
gered. A recent swady

showed only about 200 remain on the
sland in the wild. And this particalar npe
of iguana is — in iguana circles — histon-
cally significant. It’s considered o be the
socalled “mother species” 10 many sub-
spectes of iguanas found in the Canibbean
basin, according to Cleveland Sam, a
spokesiman for the BVI's Nadonal Parks
Trust

The trust, with funding from the Briush
Fareign and Commonwealth Office and
the World Wildlife Fund, has embarked on
a yearlong study of the iguana and an
exensive atterpt to save the speces. To
this end, the trust has bwlt a facilite
dubbied Head Start, where puvenile Anega
da rock iguana can be mised without being
preyed vpon by their No. 1 nemesis: feral
cats,

In addidon to the Head San facilin,
the wust is preparing an environmental
campaign that will be distibuted w BVI

e e b, T RNTER T
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schoolchildren, training senior staffers on
iguana husbandry and looking into the
feasibility of emadicating suay cau.

“These lizards are a very, very ugly ani-
mal,” says Sam. "But they are sdll an
imporant specics.”
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EFFECT OF INTRODUCED UNGULATES ON DIEENSITY,
DIETARY PREFERENCES, HOME RANGE, AND
PHYSICAL CONDITION OF THE IGUANA
(CYCLURA PINGUIS) ON ANEGADA

Nos CoMITCHELL

e Conservation Agency Branch Offtee, 67 Honelend Averae, Joomestonen, BEG2575, 1S

ABSTRACT: 1 examined distrbuticnn, popnlation density and stractire, dien, Tadonrar e, honge-
range dyvmamies, and plvsical condition of the Anegacha poputition of Cpeliow pia s nsng sioind
survevs, intendews with sessdents, itk -imd-recaptnre estimates, Tecal analvas feeding espesmiers.
radiotelemetrs and life-history data, When compared with astndy of 1969, the density of the extant
population at a 43-ha study site was G305 T0, as opposed to 200040 Leiwes represonted enbyv 356
of dietarv volimme, in contrast to T1% in 1865 Frur cnnprised 3675 of the diet. Wiell fed mdividaals
af C. prieais froma relocated pepulution on Caana Island would not eat e leafs components of
the Anemela (winas” dict. Home cmges one Avvgada overlappwed soed swere 108 thoes Lirger tHion
reesionshy recorded, The sex rdio was twoales toone fenalie as oppeeed w11 1U6S, Tenamis
IJJ.u] propartionately Tower bods s i anbinals captored s 1965 Popnlation decline on Auegad
seens laroolv due o fnereased cumpetition Bom bve stocke momaged in 190% Dint now feral, eating
sk 1).1].1!.-.'!|||' werrefatien Frosn the mu!m**“r} Preclatiom ]?_'. et andd dess i also a threar The vl
yropaladion |8 estivmbed ot =20 dndivadoals . A mational 5-I-k desyeed 10 protect e

rEdasiag |
eodinuered popalation of C piregeds T Lieen propescd for Anecads

Koy teords Jumanat Cyelurg poncae. Population densite: Honte vanige, 1hets Conmpaeiinnm

Fossits fronr caves in Poerto Rico (Pre- vided by the poroes Timestone and Tow ho-

aill, 19510 and Indian kitchen middens
from St Thomas (Miller 1918) show that
Cyclura pinguis Qasonomy follows Sites o
al, 1996) was omee widelv distributed on
the Puerto Rico Bank. Predation presange

by s, domestic dogs, and cats ikely

recduced the range o Ancaadie British Vir-
ainy Ishands, o 1000 T ashand oo the nanth-
castorn estent of its historic range. Ane-
cadics denselv spuced escape reteeats pro-

man population may explain why the Tizod
survived there,

I areas of Ancoada where fonanas are
most numerous, several species of trees,
topically Cocoloba i ifere sea grape,
NAeacia anegadenas Jpokemebos) Pivonia
vibeordata Joblolls o and Frews citvifolin
lramuler fie colonize seattered  smadl
holes ar fissures in the caprock. As these

trees arony, their roots condnet rainwatoer
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into the hinestone. which dissolves solu-
tion holes in the alvewdy poerous underkin-
crs of rock. With fiother gronwth, their
roots hegin to crack and uplift the rock
arownd them. sometimes in larae plides.
Windblown  soil ad organic matter are
trapped by the irreanlar surficee. which ini-
Prones the Labitat for the  established
plants there as well s for new colonizers.
Solution holes associated with the trees
continue to dissolve into Targe pits or
caves. This sneeessional seemario oreates
lands of habitat distinet from the sore
rounding seruly that support iguanas. Their
refuges are found heneath the trees under
limestone slubs. or in the solution pits.
Irru:m(l\ aeeupy ing these areqis Ny de p(mt
scats containing viahle seeds of food metx
Uverson, 1983), whicl might further i
prove the habitat. In northern areas of the
cav, where iguanas Tuee ahwavs heen most
abundant, there are denscly \I)(tu'd linie-
stone retreats. greater soil depths, and rel-
atively diverse woodlimds. The north coast
provides an abundance of sca grapes (Co-
coloba uviferad. in late snmmer and au-
turin, as well as sandy nesting habitat.
Over the l)d\t fen decades. the popula-
tion of C. pingris las declined on Ane-
gada. Carey (19751 in a 3-mo ceological
study of O pingreds i 1965, found indi-
cations that the populition was senescent,
e suggested that grazing Tivestock com-
poeted with the ooy on Ancgada
represented the primany threat to the spe-
cles. Gruzing ungulates were muach Jess
nunerogs than they e nows Stock ani-
wals were usaally ke pt separate frony ag-
ricultnral crops and ﬂ.v rost of the island
]).\ Wil e Id]‘nf'l (((' e 1‘\‘71"\ [li stone we l”\
Shortly after Carey s ficld=work swas comn-
p]( te (l wialls swere lm”rhul d to ereate new
roads and o airstrips Stock auimals conld
not be restrated, escaped 1o e Brosh
and were Toft untended, Goats, cattle, don-
l'\l_\'\ ‘IH({ \Iill17 O o lILl’ ’-”1”( ('il_\'
and brocd o Carmy i capacibe as v
drnced by their criaendion e stimation
During thas stbadve Tonade assessnients
of Junana distnbotiom, population: density
None-ranye size. peatlerns of hurrow e,
and (livl.n‘) coelections. L ased food-seleetion
evperients to copane the dict of saua-

mas on Ancgida with that ot a relocated
population of C. pinguis on Guun Island,
a 300-ha island Wing north of Tortola,
Thoueh Guana s within the historic range
of the species. the iguana population there
iv derived Trom cight individnals moved
from Anegada Dhetween 1954 and 1987 by
Jumes Lazelll Guana Ishand differs from
Ancgada in heing voleanic in origin and,
until T993. in having only one feral grazer.
sheep, which has overgrs ed the island ex-
tensively, Part of the island has tradition-
ally been surrounded by o shieep-excluding
fonce, nnique sitnation that allowed me
to examine dietary preferences of igmmas
inhabiting arcas with no feral unguiates
iGoadvear and Lazell, 19940

I found that the experience of local res-
iddents was valuable for comparing histori-
cal and present distribution and alwm-
dance of icnanas, identifving potential
causes  of population decline, assessing
qualitative changes in the vegetative com-
munities, and eviluating habutat quality for
irnanas, T used informiation from five life-
time residents of Anegadic who had spent
much of their lives in the hush (huntine,
tending livestock, fishing. or collecting salt
at the pondsh one 40, one 60, and three
approximately SO vr old, Information was
found to be quite consistent hetween ve-
ports and provided w useful perspective of
the species” status sinee the T940%.

MuETHODS

On Anegada, ficld work occarred during
Mav and June 19550 May 1989 Hn(ill(’]l
].mum} 1990, March thmmrh October
1990, and Mareh 1991 October 1993, and
March 1994 and on Guana Island cach
October from 1990 thromeh 19930 Petails
of home-range size, movements, and hure
row use e deseribed for ignanas on
G Ishand by Goodvear and Laze]l
199 80, '

Densityy Fstinates
[otormation on the Instorical datus and
populition conters of O pincwds on Ane-
"‘l(l,l WS IO icled IJ\ residents of Anegada
aned by Care v LIOTR CGronnd survev wark
wis done to determine presence, abscrice,
and general ubundance of the species, Pri-
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sctdlvadnals, oo adodis g = Jivembes,

b= Bath. The 12530 sty srea i sohuch aiviads wese eaptored s nrbedand released s shiown

nry indicators of TN Presence were
tail-drags in sand or soil. feces, holes with
worn or muddy entrywavs, or visual obser-
vation. Informution on diet, home-range

size and moverments, and an estimate of

population size was obtained from individ-
vals in a 12.5-ha stady area in the Bones
Bight-Low Cav area (Fig. 1), Captured in-
dividuals were toe-clipped prior to release
and could be recognized at close rimge.
Radiotagged individuals could he recog-

nized visuallv from afar by the color of

their trunsmitter helts.

Touanas were captured by hand, with
nooses placed at burrow entrancees, orwath
box traps ated with fraits Following the
miethods of Goodvear and Lazell (19940 1
defined the perinieter of the 12.5-hastudy
arca to he the ontermost points of “eap-
ture” or “recaptime” of dgnanas. Animals
were recorded to lave heen “eaptored” or
“recaptured” if trapped or observed bt
hecause radiotugs positively binsed claice

of recapture fviolsting the assunption of

cqual cliance of capture reguired for
mark-nd-recapture estimatest ohaerva-
tions of radio-located individnals were not.
For density estiates, o bormdane strip

eoual to the i erave home-range rading of

all radiofareed individuals wis added o

the study arca. to account for animal
movements o and oft the study arca and
to ;1[)1)1'().\;in'mte the totadl area s;nnpl(—:(l
(Dice, 1938 Goodveur and Lazell, 1994).
After water {ocean and salt pond) overlap-
ping the bhoundany strip was subtructed,
the total siunpling area was 42.6 ha. Den-
sitv estivntes were made with the Schna-
hel (1935) method using the SCIINABEL
progrim (Krebs, 1989 To derive an ap-
proximation of the total population on
Anegada, T ranked all regions of the ishnd
relative to the study arcin which now has
the highest ignana density fonnd on the
istand. b assioned regions to one of four
roughlv defined categovies: density cquive

slent to the study arca, density Sl of

the studsy area, llc!:].\il)‘ Yot of stidy
arcit, o arcas withont jonanas, T tallied
Land arcain cach cateaon, calenlated pop-
ulition estindes for cach ond cannmed
the estimates fov total papalation size.

Dict Stuely
O Anccada, dricd fecos swere :m.d_\ ad
and lal.mt sprcies riked ])_\ perveent ol vol-

unre. One Coann, U eonducted oo series of

feeding eaperiments using foods known to
L consumed Iy LA RV T ANt Ancaal In
Rl t-\lwrilm'nl;tl SONNIOTL TLDON MW eTe pre-

&0
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sented with an arrav of potential food
items, Hems of unknown quality were in-
terspersed randomy with grapes (Vitiso a
fas ored food) to maintain the animals™ in-
terest. Foods were tassed to if_ru;ums al i
ranze of 21 or less. Animals” responses to
ilems were scored tmI'\' i items swore no-
ticed (reflected Dva downward shift of the
eves Lo the items us they landed) and if
ignanas would take and cat favored f(ood
iterns after the trial, Ttems were scored as
caten, tasted and rejected, or ignored.

feme Range Analyses

In the home-range studv on Ancgada.
captured individuals were fitted with ra-
diotransmitter belts (dog colluarsy with L
andd L Electronics { Mahomet, Hlinois) two-
stage transimitters and \\'hip antenras af-
fixed to them. T {ollowed their movements
using Merlin V' receivers with collapsible
hand-held vagl antennas (\Wildlife Materi-
als Inc., Carbondale, 1llinois). Iguanas
were te]umt-tt-!t-d from stations .thllﬂ' 630
m of road during 1 mo periads in May
1988, May 1959, and March 1990. 1 also
relied on monthly location checks, coupled
with a close approach and sighting, until
each animal’s transmitter becinne weak or
stopped transmitting. Animals were then
recaplured in order to remove the radio
gear.

Animal locations determined by angles
hetween lines of position (LOP%S) of <30°
or LOPs =10 minutes apart. were discard-
el as too inaccenrate. Visual observations of
study animals and burrow locations were
recorded nsing differentially corrected
code-based GPS (Putlhifinder Basic Plus
with Community Base Station, Trimble
Navigation. Sumnvale, Califoruia: accura-
v L2 m) Home ranges were calenlated
from the combied data by the minimum
conves polvaon, 95% cllipse, and harnmon-
ic mean methods using TelemSs software
Coleman wnd Jones, 198S) Movement
data woere then transferved to a GIS dabu-
Dase to relate the data to topographic foi-
tures of the study sites Often, divect ap-
proaches were made to ve rifv the radio-
deternined positionad it At MPLs were
made to locite as many burrows as possi-
ble by direct approach in mormimg or ove-

ning Liours. Mass, snout—vent length
(SVLLY, and sex were recorded prior {o re-
lvd.\mf_{ animals at their respe ctives (.tptuw
sites.

RESCLTS

Residents that T interviewed reported
that populition density inall arcas has de-
creased in their lifetimes (Figo 1) Teuana
distribution looselv confarms ta the lime-
stone regions of \[It‘&{ddel although the an-
imals do inhabit adjucent sandy areas. Cer-
tain limestone areas in the central region
of the island are not now and linve not
been, in the memon of residents, inhab-
ited by ignanas. The principal areas cecu-
pied are along the north coast of the cav
in a strip .1ppr(mnmtul\ one-third of the
island’s width. The extreme cast and entire
west ends have no ignanas. I“\[)[()ldtﬂh'
survevs of the Citron Buxh Carev’s (1973)
studs \xtL revealed no signs of iguanas
there now, Populations also become more
sparse along the south side: adults are
rarelv if ever seen there. The southern
road on the western half of the island is
sandy and readilv shows tracks of crabs
and small lizards crossing the sand. From
1955-1993. no tail drags or tracks of large
iguanas were seen on this road during vis-
its to Anegada, wlthough T traveled it d.ul_\'
when on the island.

In contrast, juveniles up to a vear old
are quite quuc‘ntl\ seeni v locals on the
southern third of the islands midsection.
but after they reach approximately 20-25
cm SV the upper end of 4 stage Ane-
caclians call “four o'clocks” they are no
I(m"u seers. The onlv hwo iguanas that |
susy in the south were |n\unh s Younyg are
also dispersed thronghont the 1)()1)11]‘111[)11
of adults to the narth, particularly soon af-
ter hatchine. During ny studv, T obsernved
four ]mfm]c\ <21 vr two in Octaber wnd
two in March) and one Targer subadult 121
vioold but < H) ome SV Caress 1975
(qu(l\'( ar oand Lazell, 194940 in the Low
Cay arca. Two hrief visits to Windberg Cas
indicate that ]u\q ife igaanas wre, as fivst
nated by (,AIL\ 19730 still regulavly pres-
ent there. Table 1 contrasts I)npn].uhrm
density at l]u- Bones Bivht-Low Cav Study
Sites with that fonnd in two other studies:
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Caren (1973) for Ancgada, Goadvear und
Lazell (1994 for Guana Islund. T estimate
that the total Anecada population current-
v oconsists of 164 individuals distributed
over 9 km< of hubitat on the 33-km? island.

Leaves of Croton discolor, an aromatic

shroly in the Fuphorbiaceae and dominant
llll(lt ‘rstory plant at the study site, were the
Most (():nm(ml\ eaten (.()I'I]I')(J'll(:‘ﬂt in the

Trotr 2 —Phiet of rock ioiunns on Ancgada, Britsh

Lirgin Idanels. Relatrve baalk of 'il-l:'lll.‘1l)'|t'1l']} digested
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diet of C. pingidis on Ancgada. Next, they
relied most hemilv on the fruit of three
species: Br;rsmmrm lucida \alpigiicoue)
and Coccoloba uvifera (Polvagonaceac).
hoth soft und sweet when ripe, and Elaco-
dendron xylocarpum (Celastraceae), a bit-
ter fruit with a thin div rind of flesh sur-
rounding a large pit. These three species
were Imtchl]\ dl\tﬂbllt((l on the study site.
Dodonaca viscosa (Sapindaceac) is a leath-
erv-leaved shrub: its fruits ure used as fish
poison in some locales (Little et al., 1974),
Dadonaca was an ahundant understory
plant on the study site and also grew as
tall (about 2 m) shrub. Lantana involucra-
ta (Verbenaceae), ancther aromitic shrub,
was also a connmon understory plant. Oth-
er items consumed each rcprﬂwnte(l < 1%
of the dict and varied in wvailabiline de-
pendent on distribution, f'ruiting SCANOIL,
and fruit production. ITguana skin was also
present in feces when animals were shed-
ding (Table 2}

Well fed individuals of €. pinguis on
Guana Island bad a mived response to ma-
jor components of the diet of ignanas from
Anegada (Tuble 3). Croton diseolor and
Duodonaca viscosa were rejected entirely.
Sugany fruits were taken immediately, and
in(hndlu[\ would cat as many as offered.

TTore range esthmates Ol Fable 49 for the
nine radiotageed individuals of € pinguis
were lurger than reported for otlier Wost
Indian icnanas (Carev, 19750 Tverson,

1979: Schwartz and Hendersan, 1991) bat
were similar in size to those of wanimals
previoushv tracked  on Guana Island
(G Un(l\m(n and Lazell, 19910, The home
rimge of the female that was extensively
tracked was sinadler than the liome Mgy
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of five males and Jarger than the home
rances of two nales. The second female
radiotracked had the srmallest lome range,
but the size may bave been underestimat-
ed because of a low number of telemetn:
fixes on this ammal over a relatively short
period of time (Rose. 1982). Minimum
convex polveon lome ranges of both sexes
overlapped (Fig. 2), hat 50¢% and 80% us-
4 contours mdu ate that males avoid cen-
ters of wctivity of other males (Fig. 3).
Individuals frequently shared use of sev-
eral burrows though simultaneous burrow
use was not observed. Male 3 and fermale
2 used the sane hurrows on two oceasions,
and males 3 and § wsed two of thie same

hurrows once each. The male with the
largest home range used barrows oceupied
by three different females.

Of 14 adult iguanus captured in the
Boues Bight- Low C: v study site, only five
were {L'I‘ndlt' Table 5 shows the SVL and
body mass of individuals measured. The
physical condition of the population ap-
pears to have degenerated since 1968, In
A1 but one case, hoth males and fenuales
captured hetween 1988-1990 had propor-
tionately lower body mass than males and
fernales captured in 1968 (Fig, 4). In ad-
dition. the average SVL for hoth males and
females collecte (1 during this study {(f = 49
and 43 o, respectively: Table 5) was low-
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It is 1y impression that the distribution
of iguanas on Ancgada has alwavs been
patchy and iguanas do not oceur far from
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mas—notably the contral area cast of the
salt ponds extending west to The Settle-
ment.
the rock, swhich has Tieen dissolved by riin
to create a cement-like cap over much of
the lund. There is Little soil and there are
fosw trees

\n(’ff.-u{l’m\ recomnive that ignana abun-
dance hay decrcased over the entire cay.
Current quumtitative density data from the
Bones Bight-Tow Cav area. compared
with data from 1968 {Carev. 1973), show
the same trend. T found densities of C.
pinguis to he almost 10 times lower. Ca-
revs studv site in the Citron Bush seems
to have no iguanas now: I found no evi-
dence of them during wulking survess
there. In the Cllmn Bush, disappearance
of iguanas mayv be due partly to human
preddtmn and interference. Many former
hurrows had been filled in or covered with
rocks. T also discovered several nyvlon
monoﬁlnnwnt nets encircling known bur-
row pits, Iguanas may have heen captured
and remov od As of 1993, it did not appear
that iguanas had recolonized the area

People living on Anegada consistently
report that there is little predation of igua-
nas b humans, Anegadians do not eat
themn. Doys and cats are said to kil ieua-
nas, however, Goat- hunting doeos are no-
toriously indiscriminate, tackling either
coats or iruanas when thev flush them
from shelter. Several feral dug.\' were also
reported on Anegada in 19940 In the
Bones Bight arca, there were a Lrge nuim-
her of fcrdl cats, 1 frequently saw their
tracks and feces on the study site. These
undonbtedly prev on voung iguanas. Iver-
con (1975) documented thit a population
of 15.000 ignanas on Pine Cav, Cadeos Is-
Landds, was “almost L()ll][‘)l('{t‘]\ extirpated”
over a 2-vr period by predatory dogs and
cats,

The lack of recovery ohserved at Citron
Bush reflects w low jnvenile reernitiment
rate in general on '\n(-(_:u(] Carey (19750
umumnlu] on the nmmml and pe Jlmp\
unhealthy strocture of the population.
which consisted mostlv of established
adults. On Ancgada as awhole, adult jvua-
nas still wre most frequently seen.

In the Bones Bight-Low Cayvarcas there

I believe this is due to the nature of

has been little or no recent I'L'I)I‘l('(‘lllt‘nt of
older animials by juvenile recroits since my
study hegan, In aencral, hatchlings do ot
seem Lo survive past their first vear, and
subadnlts are rarely scen. This obseration
contrasts strongly with thadt for a popula-
ton of Cyclura cerinata on Little Water
Kev, Caicos Islunds, where in the 1970%
juveniles lucl i annmal survivorship of 50%
or greader during the first Gy of life (Tver-
son, 1979),

Over the entite cave habitat quality has
obviously declined since livestock was re-
leased two decudes ago. Stock appear to
eat all vegetation that can he reached that
is not toxic or mnpalatable. As o resnlt, in
most areas the dominant species are plunts
producing toxic or repellent secandury
('nmpmmd\ Of this group, Croton discolor
is now the most prevalent understory plant
in most regions of Anegada, as is typical
for Croton in overcrazed areas (Little et
al., 19740, Croton astroites and C. rigidus
we dominant in the understory of over-
grazed areas of other British and U.S. Vir-
gin Islands (e, Guana, Necker. Tortola.
Virgin Gorda, S§t. Thomas: and lans Lol-
lick, personal observation). In February
1993, T visited Little Goat Tsland, Jamaica,
i locality from which € collei. the Jamai-
can ignana, recently disappeared. Over-
sruzing In goats Hhere promoted a domi-
nAnt undm story of another congener, Cro-
ton finearis.

Though C. diveolor was listed as present
m Carevs studv, it lied a low relative abun-
dunce of §.5% and was not part of the
iguanas’ ¢ dict. Today C. discolor represents
30-70% of the un(iu\mn in scetions of
Citron Bush, and it conpprises =>23% of
the diet of €. pinguis.

In 1965, Cuarey fonnd that 714 of the
stomach contents was leaves: of this por-
tion, 39% wus composed of leaves mvoided
by livestock Reposic, Coceloba, Eritfil-
is, and 1o a lesser extent Lantana®. Cain-
renthe dict on Anceadia scems to hove
Jiiftod B studvs only 395 of thie diet
consisted of Towves: 939 of 111L leafy por-
tion of the dict consisted of Teaves avaided
b feral livestock (Croton diseolor Dodon-
ac Frithalis fruticosa. Lantaun
involucrata, Buyrsovima lucida, Froodea

riseosg.
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Littaralis, Cordia rupreola. and Solanam
persicifolivn. Another 56%  of the diot
consisted of cight species of {roits, only
one ol which (Cocoloha wvifera, 16%) s
caten by stock. Thus, 73% of the frait por
tion of the dict on Ancvada doex not over-
Lap with that of the frec-ranging livesteck.

Anftenbe re {19527 listed conumon native

plants ocenrring in the habitat and diet of

C. carinata on Pine Cav, Caicos Islands.
While he did not mention that any species
of Croton oceurs there, Dodonaca viscosa
and  Lantana involucrata are commaon.
Neither of these p[;‘mt.\' wis cuten I)}' the
ignanas. though 47 other plant species
were part of the diet. Two of the plants

that together u)mpnw 1% of the diet of

(, pinguis, Biysonima lucida (= B cunca-

- Little and Wadsworth, 1964 and Co-
cofuf)a nrifera, were comimon on Pine Cay,
bt t():_{otnu constituted ()n]} 3% of thc
diet of C. carinata.

Cyclura carinate was reported to eat
some p]gmts with toxic .\'t"C()Hdlll‘_\' cont-
pounds. notably Mctopiun (poisonwood)

and Hippomane (manchineel), neither of

which oceurred in the Bones Bight-Low
Cav study site on Ancgada. Auffenberg
{1952) noted that less peisonnus  parts
{fruits) were more commonly eaten and
that C. carinate was probably “toreed to
eat small amounts of a variety of foods in
order to maintain a wide secondary com-
pound detoxification potential.” If, ax Tver-
son (1979) sugeested, the dense popula-
tion of C. carinata at Pine Cav was tood-
limited, Auffenberg reasoned that it would
be advantageous for ignanas to retain the
ability to dwcwt the wicdlest div ersity of foad
species. I l)l lieves that, in the case of C.

pinguis, the abilitv to exploit foods con-
taining pote H[ll”\ toxie secondarny com-
pounds that ni: ammalian hierbivares cannot
tolerates has 1)1(1[\‘1111\ been the 10’11 s sal-
vation to date. Toxie or upc“x nt plants
comprise most or all of its leafv diet.

The total percentage of “unidentifed”
niterial in feees that T evamined (5% 7 was
less than Carev fod (1490, m(hcuting
theat most of the imaterial caten swas essen-
tiadlv intact in the feces and rellected the
dict with reasonable accuraey, The aniden-
tificd 3% that 1 found may have inclnded

the hi}_{]ll_\' dicoestible food dtems that the
antmals encountered. Proportional vol-
uimes of invertebrate consumption are
probubly not comparable between fecal
nraterial and stomach contents: not much
is left of soft-hodied invertebrates once
thev Tenve passed thougle the digestive
tract. The difterence RS also invelve the

spoecivs caten. The current selection of

tood plants seems to be less digestible and
may be less wntritions. This conclusion was
supported vy inability to wnabze seats
from imanas on Guana Island living within
the \‘h(‘t“p exclosure. Food items there
were well digested and often not recogniz-
able. I(fll.llhh that do not compete with
livestock for food scem better able to di-
gest items that they select to eat.

Feeding E\penmentq reveadled that igua-
nas on Guana Island refused to cat several
principle items in the diet of ignanas on
Anegada. Nouve of the leafy species was
consumed. This lends support to the no-
tion that the diet on Aregada is one of
necessity, not preference. Further, studies
of iguana distribution and abundance on
Guana resulted in the conclusion that hab-
itat outside the sheep exclosure was of Tow
quality (Geodvear and Lazell, 1994).

Along with a decline in population and
a (h.m‘fc in diet since 1985, social Ordu-
nization now differs as well. From the ddt‘l
available, it appears that home-range size
and spacing on Anegada difter from that
documented by Carev (1973} home rang-
es in the Bones Bxght Low Cayv area av-
erage 100 times larger, and either abut or
overlap.

The sex ratio for iguanas on Ancgada
now differs dramatically from the 1:1 ob-
servid by Carev in 1968, Te substantiated
that high female to male ratios are the
norm for adult hzards. Since 19685, the ra-
tio has shifted in the opposite direction.
however Males on Anegada are now twice
as abondant as females. Ancedotad  ovi-
cdenee sugrests that females do not thrive
on Ancaada. I orecaptured female 2 five
times over a 3 period and measured
changes over a Y-mo pt‘l'iod. This animal
never wained mass over the course of the
studv. thongh twao males  did srow. On
Guana Island, within the shee P exclostre.
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one fernade oress Trome o halehling to the
sizeo of Temale 20 om0 Ancuada hetween
1991 1993, Two other ionanas on Guoana
[WLond, Gst cocovntercd in 1991 when
l]u'_\ were about the s size as feomale 2
an Aneaadas e now al least one-thied
Lirgev vpersonal obsenationt

Fonales nas lise noorve diffienlty than
nales i mecting their eneray reqguire-
ments inoareas witly Lll“’lcl(lt «l Bahitad.
Fach year females mnst invest consider-
able enerav in prodacing large clutchies off
ceas, Tliy extra cost may deplete female
Fat stores, decrease general fitness (resis-
tance to disease, p.u'n\it('.\', andd steess), and
consermently inerease feuale mortality rel-
ative ta males, Carce vofelt the that the 1:1
sev ratio, combined with the spacing be-
lavior that he observed (iome raiges of
male-fonmice "puir_\" ()\'(-r!;tl)pod each other
hut not those of other animals), indicated
that €. pinguds was fuenltatively monoga-
mous. In dense igiana [mpulahon\ p()l\l'f
amy s conimon {[\L‘I.\(Jl]‘ 1979, Schwartz
anel llL-u([u\on 15910, In miy study on
Ancgada, Tpairs”T were no lmwor definable.
With the present imbalance in sexes, a mo-
nogamous system would depend on the
celibacy of one-half of the male popnla-
tion, which ix not a siable reproductive
strategy.

(.arn s work was condneted during the
niating scason, and the small home ranges
that he observed were probably partly at-
tributable to males enarding females. Con-
versely, the large home ranges of males ob-
served in my \tml\ micht Tave been rolat-
el to lmp..lm-(l or subdominant  uales
“ernisiyg for females. The two males Tike-
oo D nmating opportunities in this
stnd\ T the smadlest home ranges and
staved close to or she phcrded females.

The overall t‘ldﬂ"'{‘\ iu home range size
observed for C0 pinguis mi huve been
cavsed by several fuctors. Some of the dif-
ferences are due to methodology, Carey's
stdy Lastedd el 40 davs, and animals rmay
not Tenve used all of the area encompassed
by their home ranges daring that time,
Most of the animalds my study demon-
strated  wide movenents within several
dins of capture and tageing, hiowever, ]
suspect that degraded habitat qualits and

resultant low population density and im-
Lalinced sex ratio on Ancoada have led to
the extensive clianges in social organiza-
tion observed, Decrcased ivnana density
might allow expansion of hame range size.
but expansion might also he advantageous
if it wore (o inerease l':)ra«fintr opportuni-
ties in Tabitat with sps arsely distribngted re-
sources. The decreased ninnher of femalos
l‘L'](lt]\‘(' to lllill(.':'\' (D)3} .'\”.('f_’:;l(]il “lH._\‘ ZiI)I]I'\'
additional pressares on unpaired males to
venture farther than was either necessary

- pradent when cach had o mate.

ln concert, the 1‘)()1)11[;1(:'011 decline of €
pinguis, dietarv shifts, ctumoes in home-
range size and spacing, socid relationships,
sex ratio, and p]l}&lull condition reflect &
severely stressed and endangered popula-
tion. Including Guana Islands estimated
population of 20 adults bred frons eight
relocated individuals (Goodvear and La-
zell. 1991}, conservatively, the total popu-
Lition of Cyclura pinguis contains <200
individuals. The government of the British
Virgin Islands is considering a plan to es-
tablish a National Park on Anegada to pro-
tect and restore the iguana population and
associated biotie commmnmnities. Critical first
steps uare the construction of a stock-ex-
cluding fence surrounding areas contain-
ing the 1 argest sul)popnldtmm of ionanas,
elimination of grazing stock from the en-
closure, and restoration of diverse native
plant communities.
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CENVER CO 80205-4229 PHOME [303) 3314100 FAX [303) 3314125

January 16, 1998

Dr. Numi Mitchel!

The Conservation Ageney
67 Howland Avenue
Jamestown, Rl 02833

Dear Dr. Numi Mitchell:

Happy New Year! We are writing to request yvour assistance in putting together a
reference text tentatively titled “Eadangered Animals: Conflicting Issuwes”” The
book will include 30 short case studies on a wide variety of endangerced species
from throughout the world. As the title suggests, the book will focus on conflicts
swrounding efforts to conserve species. Chapters will therefore focus on primarily
non-biological 1ssues (although some biology and ecology will be covered). In
addition, since the volume will serve as a reference text. we are requesting a
minimum number of references (which should be no problem for most species, but
we can make exceptions). We will edit the volume, which will be published by
Greenwood Press. Proceeds from sales (editors’ share) will support conservation
activitics of the Denver Zoo’s Department of Conservation Biology.

We are requesting your assistance because of your expertise in the recovery eftorts
tor Anegada [guana (Cyelura pingins), as well as the quality of vour past work,
The publisher has requested that the reading level be kept relatively simple
(approximately a New York Times level), We believe the chapters, being relatively
short and written at a fairly simple level. should take relatively little time to
complete.

We developed an outline for the chapters, which is enclosed. The total length of
each chapter cannot exceed about 2.400 words (approximately 8 double-spaced
pages). This includes references. [f there are several contlicts surrounding
conservation efforts, vou may wish to focus on just one or two, We have set a July
1. 1998 deadline for the first draft of the chapters, We believe this should pose no
problem. as you should be able to write vour chapter rather quickly. Finally, we
would like to include photographs of as many specics as possible and request that
your chapter be accompanied by a high quality photoaraph.

Dem'er/%:.

100, ¢

TDD (303) 370:5093

olfieers

Irusfoes

honorary
lile trustees




If yvou would like to contribute an additional chapter. please contuct us as soon as possible, as we
only have space for 50 case studies and contributors will be selected on a first come basis {(we are
contacting over 30 possible contributors. 4s undoubtedly some people will not have the time or
desire to contribute). Also let us know it you would like to contribute o chapter for a specics
other than the one for which we contacted vou.

Finally. if you agree to contribute, please give us up-to-date. complete contact information for
you aver the next 12 months, We would prefer to communicate via e-mail. if possible. Please
gel back to us as soon as possible. We hope you are willing to contribute ta this volume and look

forward to working with vou.

With best regards,

p 4/5”
Rich Reading. Ph.D,
Conservation Biology Director

(303) 376-4945
zooresearch/ddenverzoo.org

Brian Miller, Ph.D.

Conservation Biclogy Coordinator
(303) 376-4944
zooconservation(@denverzo0.org



Word count: 2706

Common Name: Anegada [guana
Scientific Name: Cyclura pinguis

Order: Sauria Family: Iguanidae

Status: CITES: Appendix I; IUCN: Critically Endangered; not listed or protected inside the BVI
Threats: Dog and cat predation, competition from feral livestock, habitat degradation and loss,
and poaching,

Habitat: Dry tropical forest, and scrub, seasonally found in coastal strand, occasionally found in
salt marsh or salt pond ¢nvirons.

Distribution: Currently found on Ancgada, Guana, and Necker Islands, British Virgin Islands.

Formerly widespread on the Puerto Rico Bank (Pregill 1981).

Description: The Anegada rock iguana (Cyclura pinguis) is a relatively large and stout member
of its genus. Males have been recorded with snout-vent lengths of 56 cm and may grow larger.
These iguanas have dusty brown backs which can be vertically barred with black. Their legs,
sides, and dorsal spines are often a brilliant turquoise blue, Commonly, the dorsal spines are quite
small, espccially on females, Juveniles are most colorful, patterned with a series of black chevrons
crossing their green or blue-green dorsal surfaces. When Ancgada iguanas are agitated their eyes

flush bright crimson.

Natural History: The range of Cyclura pinguis was reduced to Anegada when the Virgin Islands
became densely settled.  Anegada 1s made of old, reef-tract limestone and sand. The island is
honeycombed with holes, caves, and other rocky shelter sites -- ideal living quarters, or escape
retreats, for iguanas. Ancgada’s human population has always been relatively low and there are
few dogs and cats, and to date, no mongooses. Jointly these qualitics made Ancgada the last
rcasaonably safe environment for C. pinguis. On Ancgada, iguana distribution remains closely tied
to the more porous limestone habitats, though they use adjacent sandy areas for burrowing and

nesting as well,



Both Guana and Necker are largely voleanic in origin and have few naturally-occurring
shelter sites. The iguanas must dig their own burrows. As a result, on these cays, fewer burrows
are used and animals arc more arboreal. lguanas are much more vulnerable on these privately-
owned islands, but non-native predators such as cats and dogs are cither controlled or are not

permitted there.

C. pinguis is predominantly herbivorous. Invertebrates such as centipedes (Scolopendra),
larvae of a moth (Pseudosphinx tetrio), and scarabid beetles are also eaten. Iguanas rely heavily
on fruit in secason. On Anegada, where the iguana’s distribution entirely overlaps with feral
ungulates, the diet consists mostly of plants that are not favored by livestock; many containing
secondary compounds. One such plant, Croton discolor, has dramatically increascd in abundance
since livestock were released on the cay in the late 1960°s. C. discolor was found recently to
comprise one-third of the iguana’s diet on Anegada (Mitchell 1999).  The flora of Guana is quite
different. Ipuanas tend to inhabit arcas where sheep do not graze. Native plants eaten on Guana
include large quantities of Centrosema virginiana (a tender-leaved pea), flowers of Tabebuia
heterophylla, seed pods of Capparis cynophallophora, and leaves of Stigmophyllon emarginatum

and Capparis flexuosa.

Guana and Necker Islands have low quality iguana forage in most arcas.  Both of these
islands have been affected by feral sheep, goats, and possibly other grazing ungulates. As with
Ancgada, the vegetation has shifted in composition to plants rich in secondary compounds that are
cither distasteful or toxic to livestock. Guana still has feral sheep and goats though cfforts are
being made to reduce or climinate them, Necker's livestock has been removed, but vegetation still

resembles that of islands on which livestock grazing occurs.

Along with a decline in population and a change in diet since livestock release in 1968,
social organization now differs as well. In 1968 the average home range size for iguanas on
Anepada was less than 0.1 ha and malc home ranges had free space between them. The sex ratio
was | male: 1 female. Males and females appeared to be monogamous and lived in separate, but
closcly adjacent burrows (Carey 1973). By 1988, home range size and spacing appeared to diffcr
in two ways. 1) home-range size averaged 100 times larger, and 2) male home ranges abutted and

overlapped slightly (Mitchell 1997, 1999).  The number of females declined: the sex ratio was 2



males ;| female. "Pairs" were no longer clearly definable because several males would enter the
home range of the few females present.  Males suspected of having a mate had a principal burrow
near that of a female, used some of the same burrows as the female, and had noticeably smaller

home ranges -- presumably to guard the female against wandering batchelors (Mitchell 1999),

Females lay 12-16 eggs between May and June, Females inhabiting sandy arcas nest in
their principal burrows or in the duncs; those in rocky areas travel to find a spot in which to dig.
On Ancgada, some females may swim to Winberg Cay, a tiny islet in Red Pond, to nest. On
Guana island, iguanas nest in seagrape-domnated beach strand, Clutches hatch in the late summer
(August-Septcmber) as the fall rainy season commences the vegetation becomes more lush. If
conditions are favorable, hatchlings can mature to reproductive size (about 450 mnm snout-vent

length, Carey 1975) in three to four years,

Conflicting issues:

Context:  Anegada is no longer a safe refuge for iguanas, Since the late 1960°s iguanas
on Ancgada have experienced a massive population decline: their density in what used to be
considered good habitat is almost ten times lower than former levels.  The drop in numters is
probably due to a number of causes: 1) feral dogs (first reported in 1994) which are known to kill
adult iguanas, 2} an expleding population of feral cats which prey on juvenile and subadult
iguanas, 3) human poachers trafficking exotic pets, and 4) feral livestock. Feral livestock
represent Anegada’s bigpest drawback -- the island teems with sheep, goats, donkeys, and cattle
that cyclically breed to carrying capacity then starve after stripping the landseape of all palatable
vegetation. These ungulates compete with the ipuanas for food. As a result, the iguana’s diet has
shifted; to plant species that livestock do not eat, mostly those with secondary compounds. Many

of these plants are poorly digested and therefore of dubious nutritional value.

Attemnpts have becn made to restore iguanas to parts of their former range. Between 1984-
6, eight iguanas from Anegada were relocated to Guana. In vegetatively diverse regions of Guana
these individuals and their descendants are thriving and reproducing (Goodycar and Lazell 1994);

and some of the offspring have been relocated to Necker Island.
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Prior to the 1960’s, the residents of Ancgada -- descendants of former slaves and pirates --
relied on a combination of farming, animal husbandry, and fishing for their livelihoods. The island
was neatly and effectively partitioned by a system of stone walls, painstakingly constructed by

residents, that retained livestock, fenced agricultural crops, and defined ownership.

Residents maintain that ownership of the land was granted to them by Queen Victoria, In
an 1885 ordinance pertaining to Anegada, the Crown agreed to grant land with the proviso that
landowners have their property boundaries surveyed. Not onc Ancgadian did so (Renwick 1987).
In 1961, under new legislation, the “Anegada Ordinance,” the British Crown assumed
administration of most of the island and, along with the Government of the BVI, leased all but 607
ha to a Canadian development firm in 1968. The company, Development Corporation of Anegada,
Ltd., began to develop the cay by bulldozing the network of stone walls. The stock animals (goats,

sheep, cattle, burros, and swince) escaped to the bush and began to frecly range the cay.

In combination with a prolonged drought, crops were raided and failed. Ancgadians turned
to the sea for a living. The livestock release was also a turming point for iguanas who now had
mammailian herbivores as competitors. Ironically, the development firm soon folded, abandoning
warehouses, rock crushers, and excavating equipment. Some Ancgadians take credit for driving
the firm oft the cay. Shortly afterward, the governinent began a reassessment of land claims on

Anepgada and some titles were granted to residents (Lands Adjudication Act, 1970).

The idea of creating a National Park on Anegada was endorsed by the BVI Executive
Council in 1981, and proposed in 1986 in the BVI “System Plan” (Geoghegan ct al. 1986). In
1987 the Governor appoined a one-man commuission who recommended an equitable division of
lands on Anegada (Renwick 1987). A respected group of community lcaders formed the “Anegada
Lands Committee™ to mediate and settle remaining land-ownership issues. In March 1993, they

approved the Ancgada National Park concept in principle.

Based on iguana survey work (Mitchiell, 1999), a jount proposal from the National Parks
Trust and The Conscrvation Agency was submitted to the Town and Country Planning Department
that recommended establistunent of three terrestrial conservation zones on Anegada (Goodyear and

DeRavaricre 1993). These regions did not include any lands for which titles were already held.
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Town and Country Planning was at that time producing the “Anegada Development
Plan”(Government of the British Virgin Islands 1993), in which the conscrvation zones
recommended were closely adopted. [n November 1993, the Development Plan document was
released to the public. With their land claims still unresolved, the maps enraged residents
preventing dialog when the Chief Planner arrived to formally introduce the plan. To date,
disagreements are still rampant and consensus on ownership and property boundaries remains
elusive, Therefore, the Anegada Development Plan, and the National Park proposal, have been

tabled at present.

The residents of Ancgada will not set aside land for the iguana until they have land for
themselves. In fact, the current prevailing sentiment on Anegada is to disallow or discourage help

of any kind for the iguana until the government has given Anegadians titles to their land.

Conflicting Issues: Scveral problems impede establishment of a National Park, or some
form of sanctuary, to protcct the Ancgada iguana: First, who is entitled to claim land on Anegada:
a) everyone born on Anegada and their descendants (there are a number of former Anegadians, and
first or sccond generation offspring, currently living in New York, USA who have submitted claims
for land), b) only those bom on Ancgada, ¢) only those bom and raised on Anegada, or d) only
those bom, raised, and still living on Anegada? Sccond, should the iguana be granted land before
the people’s claims are settled? Third, Who should decide whether the iguana gets a land
allocation and who chooses which land: a) the British Crown {(appotnted official), b) the BVI
government (locally ¢lected officials), ¢) the citizens of Ancgada (but sec the first issue), or d)
some combination of a, b, and ¢? Although there are only about 150 residents, Anegadians have
swayed both elections and clected officials in the past. Elected BVI officials will not allocate land

for iguanas because it would widely displease voters on Ancgada.

Complicating these issucs is the fact that the general community on Anegada has not be
shown how or why a National Park would benefit them. The potential benefits of ecotourism
should be explained to gencrate enthusiasm and local support. In addition, although the National
Park Trust is ostensibly supporting establishment of a National Park on Anegada it 1s rendered

ineffective because, as a branch of the BVI Government, ultimately, it gets its directive from the

L
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politicians, Finally, becausc of past interactions with the Crown and government officials,
Anepgadians are skeptical and suspicious of outsiders. They do not believe anyone has their best

interests at heart.

Prognosis and Recommendations: From the conservation standpoint, the first order of
business on Anegada is to set aside land for the iguana, fence it, and remove livestock, It will
probably be necessary to assist the recovery of native plant communities that provide forage for
iguanas. Experiments arc currently underway to determine whether livestock exclusion is
sufficient to promote recovery of diverse native plant communities (a passive effort) or whether
active replanting or soil enrichment is required. Conditions on Necker suggest that active
management will be necessary, as the cay retains a depauperate plant community ten years after

livestock removal.

Getting a land allocation for iguanas may be more difficult than managing it. To get
approval for an iguana sanctuary the government should attcmpt to satisfy the concems of
residents first. The government should set a target date for settling all private claims to land titles
on Anegada. If agreements cannot be reached by this deadline it is of paramount importance that
the Crown assume responsibility for C. pinguis and, as holder of the land granting privilege, as
well as the lands proposed for the National Park, sct aside a protected arca for iguanas. No
residents currently on Anegada lay claim to areas in the proposed National Park, except as

historical grazing range. Most of the area is lowland or wetland and not buildable.

The Ancgada Development Plan (Government of the British Virgin Islands 1993) did not
discuss management strategies for proposed conscrvation zones. Some suggestions for park

development and use follow:

A national park should be established and managed to promote recovery and proliferation
of the island's rare, indigenous, and endemic species, particularly the iguana, Focus should be on
restoring and repairing native habitats that have been damaged by overgrazing. The arca should be
fenced. Nature trails and boardwalks could be developed, but buildings (except shade shelters and
obscrvation platforms) should not be permitted. The park should be staffed with Ancgadian

wardens and interpretive personnel. Fishing and salt collection in ponds could continue in
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accordance with BVI regulations, but must not interfere with the reproduction or foraging habits of

native animals.

Conservation areas should be left unfenced, but should not be developed. Some eastern
regions contain important habitat for relict subpopulations of iguanas and waterfowl. Spectacular,
large native trees persist to the cast and on the west end there 1s sandy nesting habitat for iguanas

living in limestone arcas adjacent. Nature trails might be considered.

Coastal Rescrvation should be managed for iguanas that nest behind dune ridges or in
coastal strand communities and sca turties that nest in sandy scaward regions. Clearing vegetation
and foot traffic in the dunes should be avoided and buildings (except shade shelters) should not be
permitted to avoid disruption of nesting sites, The beaches should be left in their pristine condition
to promote continued recharging of the turtle population, Turtling, now legal, should be
discontinued entirely. Designation of the Coastal Reservation as public domain would ensure that

Anegada retains its trademark vast white beaches that provide a magnet for visitors to the BVL

The advantage of sctting these lands aside must be properly explained to the Anegadians,
Establishment would benefit iguanas and Ancgadians alike. The iguanas would benefit from
management policies designed to promote their recovery, while for Ancpadians, the park could
provide economic benefits to the community in the form of jobs and business expansion. Within
the park, positions could include interpretive naturalists and guides, wardens, maintenance
personnel, park restoration staff, and construction workers. Outside the park there would be
increased demand for service-oriented businesses, such as grocery stores, restaurants, bars, gift
shops, dive businesses, rental shops, bed and breakfast, hotel facilities, and taxis.  Other benefits
could include governinent job training and development of a museum assoeiated with the park to
showcase both natural history and historical featurcs of Ancgada (Goodyear and DeRavariere

1993).

It takes capital to develop attractive tourist destinations. Ancgadians should quickly gain
assistance (such as development grants) from the world conscrvation community to develop a park

that they can staff and run if they chose to conserve iguanas and their habitat. This would make



Anegada the only British Virgin Island where profits could be made largely by locals as opposed to

outside investors,

In 1997 the National Parks Trust began a headstart program for hatchlings on Anegada
(raising iguanas for several years before release to the wild) and planning a feral cat removal
program, valuablc steps to reduce predation pressures on young iguanas. Given the current
condition of the habitat, however, it is unlikely that many headstarted individuals released, or wild
juveniles, will survive to maturity in the bush unless this effort is coupled with creation of a
livestock-free managed arca which can sustain higher numbers of adults. 1t is urgent that decisions
to allocate and manage land for iguanas are made rapidly. Without action, the iguanas on Ancgada

may be extirpated within the next decade.
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Subj; RE: Anegada Report

Date:  04/13/1999 4.55.27 PM Eastem Daylight Time

From: numi@wsii.com (Numi Mitcheil)

Replyto:  numi@wsii.com {(numi@wsii.com)

To: dveitch@kiwilink.co.nz (Cick Veitch?

CC: orgeurherps@denverzoo.org (Rick Haeffner), jcinjtown@aol.com (Skip Lazell)

Dear Tick:

Thanks so much for your response. | enjoyed your Anegada report very much
and hope they get cn with your recommendations guickly. What a sad and,
as you say, “classic” story. As you know | agree with you that the

livestock is the biggest threat to iguanas there. The cat population has

really skyrocketed since the development of the dump, however, and they

are a much bigger problem to juveniles then they were when | was there.

In the TCI the iguanas are much smaller and even adults are threatened by
cat predation (especially the females which are tiny compared to those on
Anegada).

Regarding my problem in the TCl your report was extremely specific and
helpful. 1 look forward to seeing your other papers. For the Anegada
report most of the figures didnt come through on the word document. |
think, however, the only necessary one would be Figure 2 fom Appendix |
{the cat bait station). If you had a chance to fax or mail it to me |

would be grateful.

1080 sounds like scary stuff but the best stuff, supplemented by trapping
as you recommend. Without seeing your designs | have been thinking of
fabnc Quonset huts for bait stations that cover/hide the peison bait

from birds and protect from rain. If you can visualize 2 pieces of wire

or fiberglass hent in a hairpin shape (with a hairpin turn about a foot

wide - a little wider and higher than a crequet wicket - but plugged

into the ground the same way). These two wires wilt be at either end of a
2 X 2 sqguare of ipstop nylon that has the ends sewed to make tubes
that the wires slide through. Is that clear? We have a halfround nylon
Quonset hut tent - kind of a tunnel - that will allow a cat to comfortably
pass through. We put these regulary along the sandy side of the island
and especially on cat trails. | was thinking the bait could be a 1080
injected frozen mouse but | am leaning towards a ball of smelly cat food
(maybe laced with catnip?) then definitely laced with 1080. How would
this compare with the bait commercially preduced that you mentioned in the
Anegada repont? |f we used bait "palls” we could make these up in
advance and freeze the balls and go over with zip locks full and put a

balt under each tent. Cne of the appealing things about this is also that
if we do this in the sand we can brush the area free of tracks daily and
get some idea of bait station visitation. The advantage ! imagine ofthe
Quonset hut is that the nylon tents can be made in advance and, laid flat,

will pack to nothing. \We can get wire down there or bring it. What do
you think?

Thank you for your reminder to consider cat diet. ! think they must rely
on rats, mice, small lizards, and seabirds during nesting season. You
have made me sure we shouldnt attempt a poisoning campaign during the
seabird nesting season because the cats will surely have all the food they
need at that point. Otherwise the food supply is probabiy relatively

stable at low lewels.



On the other topic. | would really enjoy meeting you. It would be great

10 be able 1o meet you down there but at this point we are in the early
stages of scraping together a (rather skimpy) budget. |am not sure of my
summer schedule yet (which depends on others) but assuming we arent
committed elsewhere we would tove to see you if you want to devate your
trip to Jamestown after 30 May. We can put you up and give you plenty of
local food and dnink if you can get yourseif to Providence. | know Skip
would fike to meet you and he lives close-by - but he may be in Hong Kong
at thal time. We could talk about this more as our summer (and y our
wintery plans become solidified.

Giad to make this connection! Best wishes, Numi

Numi C. Mitchell, Ph.D
The Ccnservation Agency, Branch Office

-—Onginal Message—

From. Dick Veitch [SMTP dveitch@kiwilink.co.nz]
Sent:  Tuesday. April 13, 1999 8:02 AM

To: numi@wsii.com

Cc: orgeurherps@denverzoo. org

Subject: Anegada Report

<< File: Anegada Repart.doc >> << File: ATTCU0000 txt >> You are most
welcome And you may well recognise passages about Anegada

that were taken from your writing - probably a draft of your published
paper If | remember correctly, my thoughts at the time were that they
shouid have taken more note of your report. Cats are less of a problem
than

the loss of iguana focd caused by browsing animals. | would certainly
appreciate a pnnted copy af your paper - see my snailmail address below

i will post copies of the few cat papers | have but, truth is, we do mcre
than we write.

i am not keen on giving you toc much guidance on cat eradication without
seeing the island beyond saying that | wculd not depend on a singie method
ta remove the cats. VWhat i1s the diet of the cats? What are the seasonal
fuctuations of that diet? | find that | do need to see these places and

see all the other things that are. or are not, present before giving

advice

beyond the things that | have wntten already. Anegada was a classic as
you

will read.

Now. to be helpful. ! will be fiying cver that part of the world in late
May and would love to stop off and meet with you. By "that part of the

world” | mean a bit of UBA. | will be flying to Galapagos on 24 May for a
meeting which curently has me leaving Quito to head north on 30 May. |
could divert to meet with you some place. My present route is Quito, San
Jose (Guatemnala), Los Angeles. Ideally [ would love ta visit your istand.
My time would be free but you would need to cover all expenses.



ANOQLIS CRISTATELLUS WILEYAE (Virgin Islands Crested
Ancle). HERBIVORY. On Guana Island, Brtish Virgin Islands,
at 0730 h on October 1997, we watched an adult female crested
anole chewing and swallowing the bright yellow flower of Tecoma
stans, a naturalized omamental shrub native to Central America
as far nonh as Texas, Lazell and Perry (Herpetol. Rev. 1997,
28:150) report frugivory in this species, but were misinformed
about one plant that we reported the anoles 10 be eating,
Trichostigma octandra. We take this opportunity to correct that
identification to Rivina humila (Phytolaccaceae), “blood berry.”

We are indebied to Dr. George Proctor for redetermining this
species from a patch the anoles were eating in 1996. They were
eating is berries from the same patch in 1997,

Submitted by JAMES LAZELL and NUMI C, MITCHELL,
The Conservation Agency, 6 Swinbume St., Jamestown, Rhode
Island 02835, USA.

Herpetological Review 29(4), 1998
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Whitter Callege

13406 Philadelphia Streer
PO Box 634

Whitner, Cahforma 90608

A0 907-4200
Fax (3107 6984067

Department of Biclogy

19 February 1999

Dr. James D. Lazell

The Conservation Agency
6 Swinburne Street
Jamestown Rl 02835

Dear Dr. Lazell:

Thank you very much for your interest in our paper on helminths from the
British Virgin Islands. My reprint supply on this paper is dwindling so | am
sending you 12 plus 100 photocopies of it. | hope this will meet your needs. It
is too late to order more. lf only | had known, | would have ordered 100 extra
reprints for you.

Might you know of any places where other herp. samples from your
research efforts are deposited other than the MCZ? The collections manager
there ignored my loan inquiry a few years ago, so | gathered MCZ was off limits
for parasite investigations. Sometimes herpetologists have forgotten collections
sitting in corners of laboratories. We have made good use of these in the past,
particularly in our study of Anolis acutus using material Rodolfo Ruibal collected
and our work on Sceloporus malachiticus from Costa Rica using material from
Ken Marion. After our investigation we deposited the specimens in the
herpetology collection of the Natural History Museum of Los Angeles County.
Might you know of any such collections? Copies of these papers and our other
works on Anolis lizards and Caribbean frogs are enclosed.

Again, many thanks for your interest in our work. | would greatly
appreciate hearing any of your ideas for obtaining additional specimens
(reptiles or amphibians) for future parasite studies.

Sincerely yours,
Stephen R. Goldberg d/

Professor of Biology
sgoldberg@whittier.edu
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Research Note

Helminths of the Lizard Anolis cristatellus (Polychrotidae) from the

British Virgin Islands, West Indies

STEPHEN R. GoLDBERG,' CHARLES R, BURSEY,” AND Hay CHEAM'

" Department of Biology., Whittier College, Whittier. California 90608 (e-mail: sgoldberg@whittier.cdu) and
* Department of Biology, Pennsylvania State University, Shenango Campus. 147 Shenango Campus.,
Sharon. Pennsylvania 16146 (e-mail: cxbl3@psuvm.psu.edu)

AHSTRACT:  Sixty-two Anolis cristatellus from 7 is-
lands of the British Virgin Islands were examined for
hetminths. One species of rematode, Mesocoelium
maonas. 1 species of cestode, Qochoristica maccayi, 6
species of nematodes, Paraphanngodon  ciibensis.,
Spaaligodon anolis, Trichospirura weixeirat, Phvsalap-
rera sp. (larva), Porrecaccum sp. (larvae), and Rhab-
dias sp.. and 2 species of acanthocephalans, Cenrro-
rhvnchus sp. (cystacanths) and unidentified oligacan-
thorhynchid cystacanths, were found. Anelis crisiatel!-
lies represents a new host record for O. maccoyi. T.
teixeiral, Physaloptera sp.. Porrocaecum sp., and oli-
gacanthorhynchid cystacanths.

KEY WORDS:  Analis cristatelius. Polychrotidae, hel-
minths, British Virgin Islands.

Analis crisiatelius Duméril and Bibron, 1837,
occurs in Puerto Rico and its offshore islands
and the U.S. and British Virgin Islands and has
been introduced into the castern Dominican Re-
public and southeast Flonda (Schwartz and Hen-
derson, 1991). The only reports of helminths
have been from populations of A, crisratellus
from Puerto Rico (Chitwood, 1934 Cofresi-
Sala, 1964; Garcia-Diaz, 1966; Bain and Chan-
iots, 1975, Acholonu, 1976). The purpase of
this note is to report helminths of A, crisrarelius
from the British Virgin Islands.

Sixty-two A. cristateflus from the British Vir-
gin Istands were borrowed from the Texas Me-
morial Museum, University of Texas—Austin
{(TNHC} and examined for helminths: accession
nos. TNHC 55696-55707, 55762-55781,
55808-55809, 55814-55824, and 55831-55847.
Lizards were collected by hand-held noose in
1993 and 1995, preserved in 109 formalin, and
stored in ethanol. They were from 7 islands:
Anepgada Island (N = 6, mean = SD snout—vent
length [SVL] = 55.8 = 8.6 mm, range = 47-68
mm}, Beef Island (¥ = 8, SVL = 63.9 = 4.6
mm, range = 5668 mm), Guana Island (N =

159

3, SVL = 58.0 £ 3.6 mm, range = 55-62 mm),
Necker Island (N = 12, SYL = 663 = 2.5 mm,
range = 61-70 mm), Norman Island (¥ = 12,
SVL = 59.9 * 4.6 mm, range = 51-68 mm),
Tortola Istand (¥ = 11, SVL = 60.8 = 2.0 mm,
range = 57-64 mm), Virgin Gorda Island (N =
10, SVL = 542 * 3.8 mm, range = 49-61
mm). There are significant differences among
SVLs for these populations {Kruskal-Wallis test
= 30.5. 6 df, P < 0.001).

The body of cach ancle was opened by a lon-
gitudinal incision from vent to throat, and the
digestive tract was removed by cutling across
the anterior esophagus and rectum. The esoph-
agus, stomach, and small and large intestines
were slit longitudinally and examined under a
dissecting microscope. The gallbladder, liver,
and body cavity were also searched for hel-
minths. Each helminth was imitially placed in a
drop of glycerol on a glass slide. Nematodes
were identified from these temporary mounts,
Trematodes, cestodes, and acanthocephalans
were stained with hematoxylin and mounted in
balsam for identification. Selected encysted
nematode larvae and acanthocephalan cysta-
canths were embedded in paraffin, and histolog-
ical sections were cut al 8 pm and stained with
hematoxylin and eosin. Tenninology follows
that of Bush et al. (1997).

The helminth fauna of A, eristatelfus from the
British Virgin Islands consisted of 1 species of
trematode, Mesocoelium  monras (Rudolphi,
1819). 1 species of cestode, Qochoristica mac-
cayi Bursey and Goldberg, 1996, 6 species of
nematodes, 4 of which were represented by ma-
ture individuals, Parapharyngodon cubensis
(Baru and Coy OQtero, 1969), Spauligedon ano-
His (Chitwood, 1934). Trichospirura reixeirai
(Barui and Coy Otero, 1968), and Rhabdias sp..
2 of which were represented by larvae, Physa-

86



260 JOURNAL OF THE HELMINTHOLOGICAL SOCIETY OF WASHIWGTON. 652y, JULY 1995

Table 1.

Island of occurrence, number, prevalence, mean intensity, range, and mean abundance of hel-

minths in 62 Anolis cristatelfux from the British Virgin Islapds.

Prova- Mean Intensity
Istand No. MNo. lence Mecan Abundance
Helminth hzards  belminths (%) i SD Runge ti= SDy
Ancgada 4
Parapharsngodon cubensis ] 67 20z 14 1-4 1.V 2 1.8
Parrvcaeciem sp. (larvae) 4 R 20> 1.4 1-1 07 - 12
Centrorhvichus sp. (cyatacanths) 0 17 200 Frz-B2
Beef ¥
FParapharyngodon cufensis 16 50 40 =22 2-7 20 - 28
Spauhgodan analis 99 18 012 12-70 124 = 242
Trichospirurd leixeira 5 15 152 1-4 06 =14
Porracaecum sp. {larvac) 4 28 2.0 0s = 0w
Centrorhisnchus sp. (cystacamhs) a 13 10 04 = 1.1
Ohgacamhorhynchidae (cystacanths) 5 a8 27 = 1.2 2-4 1.0 = |.5
Guana 1
Paraphaningodon cubensis 8 67 40 =28 2-6 27 =3
Peorrocaecum ap, (larvac) 8 67 40 =42 =7 27 = A§
Centrarhvnchus sp (cystacanths) 1 67 1.5 =07 =2 10z 10
Mecker 12
Parapharvngadan cubensis 24 31 24 222 |-8 20222
TrichRospirura ietxeiro: t 3 1.0 0% =01
Phyvsaloptera sp. (larva) 1 & 1.0 08 023
Parrocaecum sp. (lacvae) 77 41 77 2 KO 1-28 64 = TH
Centrarhvnchus sp. (cystacanthsj 5 17 =12 2-4 07 - 1.3
Ohgacanthorhynchidae (cystucanth) 1 1.0 01 =03
Norman 12
Paraphanngodon cubensis 8 hE 1.1 = 04 12 07T z06
Porracaecum sp. (larva) | - 1.0 01 =03
Centrarhvnciuis sp (eyslacanths) &) 75 66 = 14 2-11 50z 42
Tortole 1
Qachoristicd maccone 1 9 1.0 0l =03
Paraphanagedon cabensin 20 55 Al 2s 1-7 18- 28
TricRuspirare teixeren 27 1Tz 29 1-6 07 = )X
Posrecaecum s (larvie) 12 27 41 T 29 I-6 1.2 2 24
Rhabdias sp 2 18 1.0 02 - 04
Centrorivnchias sp (Cystucanihs) 27 6 G4 - 69 -7 15 =51
Qhgacanthorhynchidae icystacanths) 2 IR 1.0 0.2+ 04
Virgan Gorda 10
Mesocacitem s 72 o0 120 = 61 5-21 7278
Paraphanngedon caubensis I8 Ao LI 1-4 14 =15
Trichuspirura teivetriv 4 10 4.0 04 =z 1.3
Pearrocaccum spdarvac) 137 0 152 - 250 1-37 137 2 241
Contrarhvachye <sporcvstacanth)y | 1 140 01 =201
Ohgacanthorhynehiday (oystacaenths) 28 D) 42 - 51 1-14 15 - 44

foptera sp. and Porrocaecum sp,, and 2 species
ol acanthoccphalans represented by cystacanths,
Cenrrorhynchus sp. and an unidentified oliga-
canthothynchid acanthocephalan. The specimens
of Rhabdias sp. had damaged anterior regions
and could not be identified 10 species. Aneolis
cristarellus represents a new host record for O.
maccoyi, T. teixeirai, Physalopiera sp., Porro-

caecum sp., and the oligacanthorhynchid cysta-
canths.

Representative helminths were placed in vials
of alcohol and deposited in the U.S. National Par-
asite Collection (USNPC) Beltsville, Maryland:
Mesocoelium monas B7534, Parapharyngodon
cubensis 87535 Spauligodon anolis 87536, Tri-
chospirura teixeirai 87537, Physalopiera  sp.



87538, Porrocaecum sp. 87539. Rhabdias sp.
87540. Centrorhynchus sp. {cystacanths) 87541:
oligacanthorhynchid cystacanths 87542,

Helminths were site specific. Mesocoelium
monas and O. maccoyi were found in the small
intestine. Parapharyngodon cubensis and S
anolis occurted in the large intestine. Triche-
spirura reixeirai was found in the gallbladder.
Rhabdias sp. occurred in the lungs. The larva
of Physaloptera sp. was found free in the stom-
ach. Larvac of Porrocaecum sp., cystacanths of
Centrorhynchus sp., and the unidentified oli-
gacanthorhynchid acanthocephalan were en-
cysted in the pentoneum of the coeclom. The
walls of these connective lissue cysts were con-
structed of several layers of fibrocytes and sur-
rounding fibers.

Island of occurrence., number of lizards,
number of hetminths, prevalence, mean inten-
sity, range. and mean abundance are presented
in Table 1. Three helminth species were found
on all islands, 1.c., Parapharyngodon cubensis,
Parrocaecum sp., and Centrorhynchus sp.
There was no significant difference among
prevalences by island for Parapharyngodon
cubensis (x! = 4.35, 6 df, P > 0.05). but sig-
nificant differences were found among preva-
lences by island for Porrecaecum sp. (x° =
25.18, 6 df, P < 0.001) and Centrorhynchus sp.
(x° = 1592, 6 df, P < 0.05). More anoles will
need to be examined before the distribution dif-
ferences for helminth species shown in Table 1
can be explained.

All helminths found in the present study are
known from other anole hosts (Acholonu, 1976,
Goldberg et al., 1997a, b; Torres Oniz, 1980).
These hetminths fall into 2 groups: 1) species
for which anocles are definitive hosts, 1.e., M. mo-
nas, Q. macceyi, Parapharvngodon cubensis, S.
anolis, T. reixeiral, and Rhabdias sp.. and 2)
species for which anoles are paratenic hosts, i.c.,
helminths occur only as immature stages and
have no chance of completing their life cycles:
Porrocaccum sp., Centrorhvnchus sp., and oli-
guacanthorhynchid cystacanths.

The only other populations of A. cristarellus
examined for helminths are from Puerto Rico.
Three species of trematodes, Allepharynx puer-
toricensis. A, riopedrensis, and M. monas; 4 spe-
cies of nematodes, Befilaria puertoricensis, S.
anolis (=Pharvngodon anolis sensu Acholonu,
1976), Parapharyngodon cuabensis (=Pharyn-
godon fravassosi sensu Acholonu, 1976), and
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Rhabdias sp., and 2 species of acanthocepha-
lans, Cemtrorhynchus sp. and Lueheia inscripia.
have been reported from these populations
{Chitwood, 1934: Cofresi-Sala, 1964: Garcia-
Diaz, 1966, Bain and Chaniotis, 1975: Acho-
lonu, 1976; Torres Oruz, 1980). Thus, Bntish
Virgin Island and Puenio Rican populations of
A. cristatellus currently have 5 helminth species
in common: M. monas, 8§ anolis, Parapharyn-
godon cubensis, Rhabdias sp.. and Centrorhyn-
chus sp. Because sample sizes for the popula-
tions of A. cristatelius examined to date have
been small, more individuals will need 1o be ex-
amined before biogeographic patterns of the var-
ious helminth species can be evaluated.

We thank David Cannatella (Texas Memonal
Museum, University of Texas—Austin} for per-
mission to examine Anolis cristarelius for hel-
minths and H, 1. Holshuh {Veterinary Public
Health, County of Los Angeles) for histopatho-
logical examination of encysted larvae.
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The Methiini of the West Indies (Coleoptera: Cerambycidae)
with notes on the circum-Caribbean species

T. KEITH PHILIPS and MICHAEL AL IVIE

Ent. scand,

Philips, T. K. & [vie, M. AL The Methiin of ihe West [Indies (Coleoptera: Cerambyeidae) with
notes o the circum-Caribbenn species. Ent scand. 290 57-87. Copeahagen, Denmark. May
1998 {S5N (| 3-8711.

The Methimn of the Weat Indies are revised. Oyanemoethic psewdothonalmus, new geaus, new
species and Methia jumaicensis new species are described. Methio prsilla, M. conricticellis,
M imprecvicollins Mo msadarum, M. pallida, M. putchea, M. punciato, and M. chizapharae are
new synonyms of M. necdalza. Keys 10 genera of Methiing ond speeies of Methioin the Weat
Idies wee piven and the bjolegy and marphological varfation of the genus Medua discassed. A
phvlogenetic anwlysis of the Methini is conducied o determine relationships among the gon-
era. and the zoogeogrophic patterns of species found in the West Indies is ineloded.

T. K. Philips® & M. A Ivie. Depanmeni of Emomology, Montana State University, Bozeman,
MT 39717, LS. AL =Curreat address: Museun of Biological Diversily, Department of En-
tomitogy, The Ohio State Umiversity, 1313 Kinnear Road, Columbos, OH 43212, LIS AL

(phlips. 2 osuedy)

Introduction

The tribe Methiini within the subfamily Ceramby-
cinae has been subjeet to a great deal of 1axonom-
1c confusion since Fabricius (1798) deseribed the
first species in what is now the Lamitnae {Monné
1993 and citations within). The subfamilial place-
ment and tribal limits of the Methiini have stabi-
lized following a varicty of views (Cazier & Lavey
1932, Linsley 1962, Martins et al. 1966, Chemsak
& Linsley 19675 Most recently, Martins & Cur-
valhe (1984) reduced the number of methiine gen-
erato five, by resorrecting the Xystrocerini and the
Ocming, Species of methiines have been revised
for America north of Mexico (Linsley  1962),
southern North America (Hovore 1987), Mexico
and Central America (Chemisak & Linsley 1964b),
South America (Martins 1981). Curagao. Bonaire.
and Aruba (Gilmour 1968) and various parts of the
West Indies (Cazier & lacey 1952, Zayax 1975,
Villiers 19800, These treatments varied in their
depth and in the spevies coneept used. In this
study, we revise the Mothimi ot the West Indies
andd the related species of Methia occupying low-
lands around the Caribbean Sea and Gult of Mexi-
co. Further, we provide a hypothesized phylogeny
for the genera of Methiini.

Eleven species of Methic Newman and one spe-

Emimsilogaa waikbmsaa iGnep )

cies of Tessaropa Haldeman have been deseribed
from the West Indies and circum-Caribbean re-
gion. The problems described below regarding the
species-level classification of Metfiie have resulted
from species which are extremely vanable, both
tntraspecifically and intersexually, wn characters
such as color, degree of dorsal and ventral eye sep-
aration, and elyiral shape and sculpture. Species
delimitations based on these lnghly varmable char-
acters, compounded by problems associated with
small type seriex and possible assumprions of en-
demism, have contributed w the current state of
taxomomic contusion. These problems are prob-
ably nat limied to Methia, but are relevant to
many different groups ot organisms ia the West tis-
dies.

Materials and methods

This study ix based upon an examination ol over
1.500 adult specimens of Methia and about 60

specimens of other ¢losely related genera. OF

these, 540 are front the West Indics, sensu stricto.
It should be noted that although this project has
brought together nearly all available specimens
trom the West Indies, thete is a very strong geo-
graphic collecting bias, Over 173 of the specunens
examined are trom the Virgin Islands. There were
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less than |5 specimens cach from the Cayman Is-
lands and the individual islands of the Lesser
Antilles. However, because the variability exhibit-
ed in the larger series overlapped that of the small
series, the material was sufficient to make a good
estimate of species limits based on consistent mor-
phological characters.

The following  institutions  and  individuals

louned or made available material for this study,
identified in the text with the accompanying co-
dens:
BPBNM - Bishop Museum. Honolulu, HI (8. Miller):
BMNIH - The Nawral History Museum, London (R.
Pope & 1. Marshiil); CASC - California Academy of
Sciences. San Francizco, CA (D, H. Kavanaugh); CISC
- 1. Cope, private colleciion, San Jusé, CA; CNCI - Ca-
nadian Nitional Insect” Collection, Otiawa, ON (1.
MeNamaray, DHCT - DL Heffern, prvate collection,
Houston, TX; DMAG - Musenm and At Gallery, Don-
caster (P, Skidimored; EJGC - E. J. Gerberg, private col-
lection, Gamesville, FL; FZCC - Femando de Zayas
Callectron, Havana, Cuba; FSCA - Florida State Collec-
tion of Arthropods, Gminesville, FL (M. Thomas & B.
Beck); FTHC - F T. Hovore, private collection, Santa
Clarita, CA; [ESC - Instituto de Ecologia y Systernatica,
Academia de Ciencias, Habana, Cuba (Luis F de Ar-
mas); [ISM - Natural History Museum, Institnte of Ja-
maica, Kingston, Jamaica (T. H. Farr); [REC - Insiitut
de Recherches Entomologique de la Caraibe, Guade-
loupe (F. Chalumcau); 1ZAY -~ Universidad Ceniral de
Venezuela, Maracay, Venezuelar (L. Joly); IMIC - ]
Micheli, private collection. Poncdé, Puerto Rico; MHND
— Museo National de Historia Natural, Santo Domingo,
Deminican Republic (L. Dominguez & R. Rimoli);
CMNC = Canada Museum of Nature, Ottawa, ON (B.
Gilly, NMNH - Mutional Museum of Nawral History,
Washington (T. J. Spilman)y; OSUC - The Ohio Siate
University Collection of Inweets and Spiders, Columbus,
OH (C. A Triplchorny. RHTC - R. H. Turnbow, private
collection, Fort Rucker, AL; RSMC - R. 5. Miller, pri-
vile coblection, Belprade, MT: TAMU — Texas AdcM
Univeraity, Collepe Station, TX (E. G, Riley): TMPC -
T. MeCabe, private collection, Albany, NY, UCBC -
Califorma Insect Survey, Umversity of California,
Herkeley, CA (1. A, Chemsak); UCDC - Bohart Mu-
seurn, University of Cabforma, Davis, CA (R, O.
Schustery: UPRR - University of Puerto Rico Agriculio-
ral Expeniment Station, Rie Piedras, Puerto Rico (R,
Inglésy; UVOC = University of Vermom Collection, Bur-
lington, VT (R. Beliy, VIER - Virgin Islands Ecological
Research Station, Virgin Lslands National Park, St. John,
Virgin Islands (1. Millery: WHTC - W H. Tysan, private
collection, Fresno, CAL ZMUC - Zoological Museam,
University of Cepenhagen, Copenhagen. Denmark (0.
Lomholdt & O. Martin). Maenal depasited in our pri-
ville collections is indivated TKPC and MAILC.

Species limits were determined by moerphologi-
cal analysis using the eriteria of Whitchead (1972},
a practical species definition based on available
data from adult morphology and distribution. In-
itnally. «ll availahle specimens from each Carihbe-
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an island were examined and sorted into groups
based on their external similarity. Imernal charac-
ters were then examined for consistency within
and between these groups. Papulations from dif-
ferent islunds were then compared, and lastly,
comparisons were made with species and speci-
mens present on adjacent arcas of North and South
America, Due to the large amount of sexual dimor-
phism, mates were first critically examined and the
resulting hypotheses about species limits tested
with females. Types of all species were examined
except tor Methia rrivm Gilmour.

Dissections were made by souking speetimens in
hot distilled water (90-99°C) o soften tissues.
Gross structures were then carefully removed us-
ing minuten  pins. Cuticular  structures  were
cleared in lactic acid or a weak solution of sodium
hydroxide. Parts were then neutralized., rinsed with
distilled water, and stored in glycerin. Structures
were studied on wemporary slide mounts in glyce-
rine und illustrations were made using drawing
tubes on Wild M20 compound and Wild M3 dis-
secting microscopes. Measurements were made at
50x. using a micrometer eyepicce with a seale
interval of (h1 mm. Dissected structures were
placed in genitalia vials or glued o a card, and
placed on the specimen pin after examination.
Wing venation was homologized with Ponomaren-
ko (1973) and Doyen (1966). Genitalic structures
were homologized with Sharp & Muir (1912) for
males and Tanner (1925) for females. Label data
was recorded using the conventions of Hayek
(1973).

A cladistic analysis of adults was conducted 10
hypothesize relationships among  the  methtine
genera, Five of six methiine genera were studied
as Paratessaropa Zajeiw was unavailable, Repre-
sentatives of two or three species of cach ingroup
genus were included, except in Tessaropa wd the
monotypic  Cvanometivia gen. no Oeme rivida
(Say), o member of the Oemini, was used as the
outgroup. Twenty-five bipolar characters were an-
alyzed unweighted with Hennig86. version 1.5
(Farris 1983), using the implicit enumeration (jie*)
option. Character state distributions were exam-
ined with Clados, version 1.2 (Nixon 1992).

Tribe METHIINT Thompson

Methiiae Thompson, [860: 127, 364,

Methitae: Thismson [864: 92, 387,

Méthirdes: Lacordaire 1872: 216,

Methiim: LeConle 18730 347, LeConte & Ilorn 1¥83:

91
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A3 Hanuihon 18960 130 Lameere 1901: 315; Gahan
ar [Dnstant 1904: 108, Gahan 1908: 143, Aurivillius
1912: 3% (cat): Craighead 19230 38, Bradley [930:
228, 131, Linsley 19320 120; 1940: 29; 19620 13, Ar-
nett 1662: 859, 879, Chemsak & Linsley, 1964b: 30;
Martins ¢t al. 1966 197, Chemsak & Linsley 1967:
28 Gilmour 1968 88; Hateh 19712 99; Fragowo 1975:
25 Villiers 1980 266; Martins & Carvalho 1984:
213: Browne et al. 1993 41; Monnd 1993 23,
Ouemini; Linsley 1961h: 629 (in part).

Diagnesis. — The Mcthiini can be separated from
the Xystrocerini by having mesocoxae without tu-
bercles or ridaes, the abdomen of males with enly
five distinetly visible ventrites, the scape apex usu-
allv without a cicatrix. the prosternal process apex
free (not in close contact with the mesostemum
and often directed perpendicularly to the longitu-
dinal axis ot the body ventrally (absent in Styfon-
14s3), and the sides of the head straight (instead of
slightly rounded) behind the eyes. Methimi are
separited from the Oemini (and the Xystrocerini),
by the subacuminate ultimate palpomeres, the nsu-
ally reduced elytra, the medially confluent procox-
ac centacting cach other medially, and the radular
form of the female terminalia. Additionally, the
Methiini are restricted to the New World.

Description. — Form elongate, slender to short and
robust, sometimes slightly fattened; head and
sometimes pronotum and elytra distinetly punc-
tate, Head short; front vertical, clvpeus very short,
palm unequal and sometimes very short, maxillary
palpi slender, sometimes reduced in length, distal
palpomere tapered, subacuninate, acute to some-
what truncate at apex, ligula feebly emarginate;
vertex moderately to deeply impressed between
antennal bases: antennae slender throughout, usu-
ally longer than body in both sexes, but ranging
from about as long as body in female to over twice
as long as body in the male; antennomeres not spi-
nose at their apices, scape relatively rabust, some-
times with an apical cicatrix; sccond antennomere
very short, sometimes wider than long; third an-
tenpomere Jonger than scape, subequal to or
slightly shorter than fourh antennomere; eyes
simall o large, lincly o moderately  granulate,
decply emarginate, or occastonally completely di-
vided inta separate upper and lower lobes, lower
lobe distinetly Targer thun upper lobe; eyes usually
distinctly separated above and helow, ventral eye
separation wider than dorsal separation, occasion-
ally i contact dorsally. Pronotwm subeylindrical
or rounded, although sometimes arregularly so
with a slight obtuse projection laterally; length to
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width subequal but sometimes distinetly longer
than wide or dlightly wider than long, sides usual-
ly slighdy rounded:; scutellum about as leng as
broad. broadly 1o narrowly rounded at apex, often
with a slight groove or more broadly shaped, lon-
gitudinally oriented depression. Elyira usually ab-
breviated 10 various degrees, narrowing apically
and usually separated along suture tor most of
their lengths, rarely strongly dehiscent: apices
rounded although more broadly so laterally: wings
with cubital vein torked (CuA and AA + CuA
present). Anterior coxac ventrally prominent, sub-
conical, strongly angulate externatly, open poster-
orly, confluent or separated by o narrow, often la-
miniform prosternal process, trocantin large, con-
spicuous; intermediate coxal cavities apen o epi-
ment metepisterna broad in front, narrowing pos-
teriorly. Abdomen usually elongate, rarely strong-
ly abbreviated; female abdomen usually moditied
with fifth ventrite deeply, angularly notched ven-
wally: male sixth ventrite exposed. Legs slender,
moderate to clongate in length. temora slightly to
strongly clavate although hind femora sometimes
very narrow and subparallel; tibia longer than fe-
mora; tarsi slender, subcylindrical to broad and
slightly flattened, usually very short, metatarsi
ranging from about /& 1w 2/3 the length of the
metatibia.

Discussion, — Species placed in the Methimi were
deseribed inowhat is now the Lamiinae by Fabrici-
us (1798). This view was followed by Thomson
(1860), when he erected the Methiim, and ap-
peared as late as 1952 (Cazier & Lacy 1952). Ga-
han (1904) was e first to place the Methiini i the
Cerambycinae and his view has been conlirmed by
arious workers (for e.g. Linsley 1962, Martins &
Carvalho 1934), The placement of the Oumint has
varied over the years, being considered indepen-
dent untit a relationship was suggested by various
workers (Gahan 1904 and 1908, Aurivillius 1912,
Craighead 19237 and the two were formally syn-
onymized by Linsley (1962). After the Western
Hemisphere Methiini in this broad semse were re-
vised by Martins et al. (1966) and Chemsak &
Linsley (1967), Martins & Carvalho (1984} re-
moved the Ocouni and Xystrocenni, leaving the
Methiini composed of five genera to which we add
4 sixth,

Two genera of methiines are here recognized
from the West Indies, Merthic Newman and Cvane-
aseiltia gen. n. Species possibly belonging to cither
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Tessarope Haldeman and/or Coleomethia Linsley
may oceur in Cuba (sce *Species incertae sedis’
below). Merlia is a relatively large genus with 44
currently recognized species, reduced by eight (to
36), in this swdy. All are small, delicawe beetles,
with most species ranging {romn 4 @ 9 mm in
length, but some, such as M. mormona Linell, may
reach i length of 15 inm. Found anly in the New
World, the genus is distnbuted from Argentina
north through Central America to southery Idaho
and Virginia, In addition to the 12 previously ree-
ognized species recorded from the West Indivs and
circum-Caribbean region, four were described
from South America, with the remainder from the
southern USA and Mexico, Cvanomethiv is pres-
ently known only from St. John, U8, Virgin 1s-
lands.

Key to the genera of West Indian
METHIINI (sensu Monnd 1993)

Vo Eye tacets smiall (<0.02 mm diameter); seeond
antennomere  transverse  {ength 2.5-3.5x
width ), first metatarsomere short (length < 2x
WILTRY s 2

- [Fye facets lurge (~0.04 mmim diameler); second

antennomere clongate (length 2.0x or less

width); lirst metatarsomere long (fength > 2x
width); head as in Figs -6 ... s Methia

Edytra strongly rugose and coslate; wings with

four anad veins, head as in Figs 7-8............ .

......................................................... . Cyanomethia

- Elytra weakly or nol costate; wings with three
L Y o S O Y i 0 DTN 1

3. Male abdomen variably abbreviated; females
with distal amennal segments (8 1o 11 thick-
ened; posterior femora of both sexes clongate
(nearly puralled sided) and not clavale Coleomethia®

- Male abdamen elongaie, females with distal
antenml segments narrowed, posterior femora
retatively stout and feebly clivate ... Tessaropa==

2

non recorded from the West Indies, but possible; see
helow under *Species ineertae sedis’.
recorded but not confirmed from the West [ndies; see
below under “Species incertae sedis”.

ENT. SCAND. VOL. 29:1 (199%)



Methia necydalea (Fubricius)

[Figs 120, 15-220 2530, 3336, 30-55, 58-71, 92, 9Ty

Saperdu neovdalea Fabricios, 1798: 1480 FHolotvpe ex-
aminedt (ZMUC).

Saperda neevdaling Fabricws, 18010 332 unjustified
emendatiom]. Schoenherr 1817: 439,

ENT, SCAND, VOL. 29:1 (199%)

Meria neovdatea: Gahan 18950 122 Aunvillios 1912:

30: Lengs & Muichler 1914: 444 (in part, distr.): Fish-
er 1932: 7; Wolcott 1936: 259 (hosisy 1941 98; 1948:
3340 1930: 3349: Beatty 1944: 141 (disw); Blackweld-
er 1946: 559 (in part); Rames 1946: 41; Faitig 1947
7. Cazner & Lacy 1932: 46, hg. 13; Linsley 1962 37:
Gilmour 1963: 96, 1963: 97, Chemsak & Linsley
196-4a: 159; 1982: 12; Chemsak 1966: 211; 1967: 152
(distr.): 1969 186 (distr.); Miskimen & Bond 1970:
O4; Zayas 1975: §2: Villiers 1980 269 1GR0OL: 130:
Moine 1993:27.

Methic necvaalea: Waolcort 1923 109 {misspelling).
Fhic pusilfe Newman, 1840: 18, Lectotyps (DTMNH)

here designated, Jabeled: Lectotype Metina presitli de-
sig. Phulips & Ivie 1997, LeConte 1878 470 (disir).
Syn. o,

Methtic pusitha: Newman 1842: 418; LeConte 18520 144:

White 1855: 243; Chevralul [862: 23%6: Thomson
1864: 92; Lacordaire 1872: 467, LeCoote 1873 348;
Horn 1885 6; Schwary [5598; 93 Lhestsy: Flealiaox &
Sallé 18R9: 468 Gunidluch [89]: 218 Leag & Hamil-
i 1896, 162; Castle & Lavrent [RSA: 306 (distr):
Craighead 1923 41 {(arvad, Linsley 1940: 37; 1962
36 (g 15y Carier & Lacy 1932 46; Gilmuour 1965:
94; Turnbow & |lovore 1979: 220; Turnbow & Frank-
It 1980: 341 Turmnbow & Wappes 1981: 75 (distr.y;
Chemsak & Linsley 1952 12; Monnd 1993 28: Yune-
ga | 996: 45,

Methia consiricticollis Schaeffer, 190%: 331, Holotypw

USNM. Auriviltius 1912: 39 Linsley 1962 3|:
Chemsak & Linsley 19640 159 (disin); 1964h: 57:
19820 12; Gilmour 1968: 96; Turnbow & Wauppes
1978: 367 (hosts): 1981: 73; Hovore et al. [987: 2935,
Cheniuk & Feller [988: 181 Monné 1993, 24, Syn.
n

Methia impressicallis Chemsak, 1966: 211, olotype

USNM. Gilinour F9&5: Uiy, Chemsak & Linsley 1982
12: Monné 1993; 26. Sy, n.

Methia  imswlarum Chemsak,  1966: 210, Holotype

USMN, Gilmour 1968: 97 Monné 993, 26, Sy, n.

Methia pallida Fisher, 1932: 6. Holotype LSNM. Black-

welder 1946: 539 Chemsak 1966: 2 Gilmour
1968: 94: Chemsak & Linsley 19820 12; Manné 1995
27 8y

Methia pulelra Chemsak & Linsley, 1900 139, Hobo-

type USMN. Gilimour 1068 96: Chemeank & Linsley
1982: 12; Monn¢ 1993 27 Syn. n.

Meihia punciata LeConte, 1873; 240, Lectotype ([ESCY

here designated, Libeled: 32 Methia pusibla / Lecto-
type Methiu puncita desag. M. AL by 99U = Meth-
ta necydadea Fabricius det ML AL [vie. Farateciotype i
LESC. Lameere 1883: 37 fealy; Guiidlach 1894: 327;
Leng & Hamilton 1896 163; Aurvillius 1912 30
Leng & Mutchler 19140 444 (disar )y 1917 209; Waol-
colt 1923 1019; 1950: 334; Blackwelder 1946: 5354,
Gilmour T908: 99; Zavas 1975 33; Cheansak & Lin-
sey, 1982 120 Mouné 19495 27, Syn. n,

Methio rlizophorae Chemsak & Feller, 1988 181 Holo-

Iype USNM, Monnd 1993 28, Syn. n.

Marerial studhied. - Holmypesftectotypes examined:
Methia constricticollis (female, USNMG Modiia impres-
vicoflis {femule, NMNH) | Methia neovdalea {sex’),
ZMUCY, Methia punciata (male, [ESCY, Methia pusiila
(male, BMNH). Pamuypesfpamleciolypes  examined:
Metfia riuzophorae (] male & | Temale, UCBC ) Metd-

%4
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i padchre €1 male, UCBC): Metlue punctata (1 Temale,
FESCn Merhia insidaruns (2 males & 6 females, UCBCy
Methic patllida (2 females, NNINH).

Additional matenial examined: UNITED STATES: 2
Alabama (RHTC); 43, Flarida (UCBC, CNCILL CMNC,
DHCT, RHTC, MAIC, FTHC): 12, Georgia (RHTC,
CMNC, UCBCY, 1, Louisiana (DHCT) 1, Mississipm
(MAICY; ), South Carolina {TKPC); 2, North Carolina
{OMNC); 108, Texas {(RHTC, DHCT, CMNC, UCBC.
TAMU, FTHC): 2, Virgimia (NMNH). MEXICO: 4, Chi-
apas (UCBC): 3. Oaxaca (UCBC) 2, Campache
(UCBCY 2, San Luis Potesi (LCBC, MAILC): 1. Tamiru-
lipas (UCBCx 21, Nuevo Leon (MAIC, CMNC,
LUCBC) BAHAMAS: 13, Great Exuma {TNMIPPCY 2, Yor-
tune fs. (MAICY 6, Andros Ls. (UCBC, MAIC): 29,
South Bimini Is. (CASC, DMAG, NMNH, UCBCy; 1
Mayaguana Is. (UCBC). CUBA: 26 (BMNH, CASC,
FZCC, IESC, IMIC). CAYMAN ISLANDS: 10, Grand
Cayman (BMNH., CNCL UCDC, EIGC)y 3. Cayman
Brac (BMNHy 1, Linle Cayman (BMNH). HAITLE: 8
(MAIC, NMNH) DOMINICAN REPUBLIC: 43
(NMNH, UCDC, UCBC. BMNH, MHND. TKPC,
MAIC) 4, Mona Is. (UPRR, NMNE. PUERTO RICO:
G0 (CISC, IREC, IMC. NMNH, RHTC, bCL’.C) VIR-
GIN ISLANDS: 41, Guapn s (BPBM, MAIC): 38, St
Thomas (RSMC, KMNH, MTATT: 68, 51, John (NMNHL
UCBC, VIER, \’h\l(\ e Cron (b[BL WHTC,
NMNH, MAIC). LESSER ANTILLES: Grenada
{BMNI1E 3, SL Barthelemy (IREC); 3, Sl. Martin
(IREC); I, Antigua (IRECY; 3, St Lucia (IREC, I'SCA);
3,856 Vincent (IRECY 1. Domumica {BMNH); |, Nevis
(RSNMIUY; 1. Les Saintes (MAIC); 5, Guadeloupe ([REC,
IMICY; 6, Marie Galante RECY. For a mure detailed
listing ~ee Philips (1990).

Diggnosis. — Methio necvdalea has a relatively
long postmentum (Figs 30, 33-36) and a relatively
sincothly rounded male paramere cleft (Figs 39-
49). A few specimens of M. neevdalea (Figs 44-
40) approach the cleft depth of M. jamaicensis, but
never with quite the same deegree of apical angula-
non This species also has a oreat range in cleft
depth. ranging from no cleft to a eleft 3/4 the total
length of the man paramere body. The elvtral pt-
e is extremely variable (Figs 58-70),

Deseriprion. — Male. Lenuth 3.9-8.3 mm. Form
clongale sleader o slender. Integument dark brown
to pule testaceons, Elytra color and pattern ox-
tremely variable but usually brown at humeral an-
ale, transversely or nearly so at about apical 1/3,
and at apex (Figs 38-70), Head at eyes wider than
pronotum, sometimes nflated on vertex behind
eves, front arcolate-rugose, [ess 5o 0N veTlex, usu-
ally densely, irregularly punctate at posterior mar-
gin; upper and lower eve lobes sepurate or joined
by one or iwo rows of facets (Figs 11-12)7 anten-
nae extending bevond abdominal apex by about
four segments; apex of seape sometimes with 4
sheht tooth: postmentum of the labivm widihi to

Methiine Cerambyeidae of the West Indies 73

Frga 50-53. Vanahihoy in shape of median fobe of M-
wr neevdalea, veniral (left) and lateral {rights views: {30-
$1) Puerte Rica: (32-53) Puento Rico: (54-53) Mane Ga-
fante,

length ratio about 2.5:1, prementum Jobes triangu-
lar shaped to paralle] sided, sometimes relatively
blunt with rounded apices (Figs 30, 33-36). Prono-
wm shightly broader than long, sides broadly,
sometimes frregularly rounded. parallel or subpar-
allel at apex and base: base occastonally very
strongly constricted (Figs 15-22), narrower than at
apex; disc usnally fine to coarsely, densely rugose-
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Figs 36-700 Clytral patterns in Metfia spp. left elytron except where indicated: (56) M. reviem rizht elyron, Curagoa:
(871 M jamencensis, Jamaica: (58-70) M. necvdalea: (38) Cayman Islands;{ 59 Bahamas: (60) St Thomas, LLS. Vir-
gin Isfands; (61) Guadeloupe; (623 Puero Rico, (63) Puerta Rico; (64) Puento Rice; (65) S1 Croix, LS. Virgin Is-
lands: (66) Texas: (673 Flerida; (¢6%) Flonda; (69) Belize: (705 Belize,

96



ENT. SCAND. VOL. 291 (1998)

punctate, shightly to moderately impressed trans-
versely near antertor and posterior marging; ofien
two very slight, irregularly shaped callosities at
amterior 174 an each side of midline, sometines
extended longitudinally towards base, usually a
relatively smeoth, longrudinal maculation medial-
Iy around basal /3 or 1/4, rarcely slightly raised;
callositiecs and maculation, even if not prescent,
usually relanvely paler than surrounding areas;
sometimes also relatively pale in longitudinal band
from and including callosities to just before basal
transverse immpression, band expanded transversely
faterally near middle: sometimes relatively paler at
apical and basal margmn. Stridulatory plate of meso-
notum smaooth, without a median line; prosternum
very fingly rugose-punctate with sparse long ercet
selae; mesosternum more densely, finely rugose-
punctate with mederately dense suberect setae;
metasternun finely, regularly punctate, with mad-
crately dense subereet setae. Elylra extending past
second abdonmnal segment, rounded at apex; each
elytron sometimes distinetly tricosiate, costace be-
coming finer towards apex; pubescence pale. sub-
erect, occasionally some erect setae; cach elytron
semetimes almost completely either pale testa-
ceous or durk brown, with humeral or apical mar-
ain contrasting light or dark; more usually a pat-
tern consisting of a relatively dark hurmeral angle.
anirregular, transverse dark band at apical 273, und
a dark apex: transverse band sometimes split at
middle, with outer part sometimes extending lon-
gitudinally to humeral angle and inner part (locat-
ed near or including suture), sometimes extending
Jongiudinally to apex; pattern sometimes consist-
ing of relatively pale longitudinal areas on dise at
basal 143 1o middle and at apical 1/5, with other ar-
eas durker. Abdomen mederately, finely, evenly
punctare with moderately dense sctae, fifth ventrile
broadly criarginate. Femora finely, transversely
plicate. Male parwmere as o Figs 39-49. Male me-
dian lobe as in Figs 50-35, Maxilla and labiom as
i Figs 25-30, 33-36. Wing as in Fig. 97, Dorsal
habitus Fig. 71,

Female. Length 4.7-9.6 mm. Usually larger, of-
ten with more clongate elytra. Antennae extending
past the abdomen by 4-5 segments. Apex of last
abdominal ventrite deeply emarginate. Female
genitahaas in Fig. 92

Distribierion. — This 1axon is a very wide ranging
circum-Caribbean species. It has been recorded as
tar north as Virginia south along the cast coast to
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Florida, around the Gult of Mexico und Caribbean
coast o Belize. In addition 1o the States mentioned
in the *Material studied’, Linsley (1962) records it
from Arkansas. It also occurs throughout the West
Indies except Jamaica and Burbados (Benneur &
Alam 1985) (sec “Matenal studied’ for more de-
Ll

Host range. — Methia necydalea has a very broad
host range, In Puerto Rico, it hus been collected on
dead Guama (Inga fagifotiv (L) Willd.), 2 member
of the Mimosaceae. In Twin Keys, Belize, it is as-
sociated with red mangrove (Rhizophora mangle
L.), bluck mangrove [Avicennia germinans (L))
Stearn], white mangrove [Laguricudaria racemosa
(L) Gaertn, 1], and buttonwood [Conocarpus
erecius (L)) (Chemsak & Feller 1988). Other
hosts include Celtis Toun. ex L. (Turmmbow &
Wappes  1978), Zawwrthoxvium L. (Tummbow &
Wappes 1981}, and probably also Eugenia Mich,
ex L.oand Amyris PO {Wolcott 1950). Larvae have
been described and were collected with adults in
small branches of Tavodium Richard in Georgia
(Craighead 1923). Turnbow & Hovore (1979) re-
port rearing specimens from dead branches and
wwigs of an oak (Quercus virginiana Miller).
These verified hosts of M. necydalea, belonging to
both gymnosperms and angiosperms, illustrate
very broad host riunge.

Discussion. - Several names have been proposed
for speeimens referable to M. recyvdatea. The ear-
lestdeseribed species of Methia was Saperdea ecy-
duleq Fabricius (1798) from St. Thomas in what
is now the U.S. Virgin Islands. In 1840, Newmun
deseribed Thia pusifla from two specimens col-
lected 1n East Florida and tater (1842) preposed
Medhia for the precccupied Thia, Metlia punclata
was hased on two specimens from Cuba and the
Dominican Republic (LeConte 1873) The type lo-
cality of Merfiia constriciicollis Schaeffer, based
on a single specimen, is Brownsville, Texas
(Schaeffer 1908) and three specimens from Hain
were named M. palfida by Fisher (1932). Chemsak
& Linsley (1964a) described M. pulciira based on
three individuals from Cozumel and Isla Mujeres,
Quintana Roo, Mexico. Chemsak (1966) contin-
ved Carthhean work by describing Merhia insedar-
i and M. impressicotlis from Virgin Gorda and
Jost van Dyke in the British Virgin Islands (based
on 12 and one specimens respectively). Methia
riiizophoree Chemsak & Feller (1988) from Belize,
was the latest name proposed for five specimens.
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Figs 72-77. Male genitalin: paramere (Teftd, aedeagus ventral (middle). aedeagus, Yateral (right): (72-743 Tessaropa ie-

mapes, (T3-77) Sivioaxia incolor.

This project was precipitated by the fact that
three species were deseribed from the Northeen
Virgin Islunds, and as more and more V.10 material
became available, the extent of continuous varta-
tion grew. As the existence of synonymies hecame
increasingly clear, the limits of desenbed species
were called into question from an ever widening
ared.

The species synonymized here were differen-
tiated with variable characters, such as color, ely-
ral shape, eye facet connection, and degree of ba-
sal pronotal constriction. Another major factor
contributing (o the number of synonymics of M.
necvdalea s the small series sizes used to describe
new species, and additionally, these series often
heing collected tfrom a single locality, Specimens
within 4 series with the same label data are some-
times very similar in shape and color. Although

many authors did not examine types, this action
may not have affected the number of dexeriptions,
Indeed, the number of species described does not
seem unusdal, in light of the extremely variable
nature of this species. This vanability is ilustrated
by long series, which are often extremely diverse.
For example, Cazier & Lacy (1952) collected 233
specirnens from Biinini, Bahamas and noted the
wide range of size and elvtral colar pattern within
this series.

Many morphological forms of M. necyvdalea are
present in the West Indies. Both M. palficda and M.
inswlarem are based upon pale individuals. The
holotype af M. impressicollls is a0 weaeral, poorly
preserved and distorted {emale. Other species are
based on different phenotypes and characterized
by highly variable characters as discussed previ-
ously. Due 10 a lack of geographic trends in these
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Figs 78-83. Male genitaliag paramere (lett), acdeagos vemral (middle), sedeagus, laend (right 3 (78-80) Ovanomerfi-

i pendotitonalmus; (81-83) Coleometfia xantliocollis.

forms. subspecies applications were deemed inap-
propriate. Tt should be noted that the localities of
selected illustrated body pants are for documenta-
tion only, and de not indicate marphological island
Ty s,

It was difficult to determine it the widely dis-
Junct series described as M. rivizopliorae is truly
conspecific with M. seovdalea, without available
samples between the type locality of Belize and
other arcas of Mexico. Meihia rivzophiorae is de-
fined en the basis of highly variable characters of
coloration, width ot the dorsal and ventral eye lobe
comnection, and eften vartable head puncration.
These defining characteristics, including the dis-
tinctive coloration ot the female, have been ob-
served i specimiens from the West [ndies and the
United States. Considering the very plastic nature
of M. necvdalea and some other species of Meia
examined during the course of this study, we be-

Neve it is reasonable to conelude that they are the
SAIME species.

A paratype of M. pulchra, from Coznel. has a
fabium  with short, relatively hlunt. premental
[obes. We can separuate this population by no other
churacter. Specunens of M. necvdalea examined
from the Bahwmas and parts of eastern Mexico
have lobe shapes very similar in form. For 1his rea-
son, we feel it is reasonuble to also place M. prd-
clira in synonymy.

Although both these two latter synonymies are
presently nat as easy 1o defend as the others, due to
the Tack of specimens available from these regions
of Mexico, the hypothesized taxenomy will be
testable in the future when additional specimens
become available.

The vartability of Methiv neevdaiea in the West
[rrdics may be explained by its existence o a larae
number of islands, none of which have been isolat-
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Figs 34-89. Labwm (fefvy and maxilla (righty: (84-85) Sivfaxies bicolor, (86-37) Cofeomethia vantfiocailis: (88-8%9)
Tessaropa lenipes.

ed for long enough to evolve unigue, endemic spe- areas which have adeguate samples, most notably
cies. Probably due to founder effects, intra-island ~ the Virgin Islands. Gene  flow may  continue
variation is lower than inter-island varation, from  between some of the islands although at slower
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Figs 90-94. Fomule genitalias (90) Tessurepa renuipes; (91 Coleometivia sp. (new): (92) Moo neevdadea: (93
Methia jamaicensis, extended: (9497 Stviexis bicolar.
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rates than would nonmally occur on a continuous
land mass. This rate probably his not been con-

stant due (o custatic ¢changes altering the sizes of

and distunces between the islands, Istands which
have become larger and simultancously closer to
adjacent Jand masses are likely 10 have higher rates
of gene flow (MacArthur & Wilson 1967).
Although specimens from mainland regions ex-
hibit relatively little variation compared to 1sland
populations, variation is relatively high in Florida.
For example, there are two males and one female
from southern Flonda (Monrwe and Dade Co))

which have a unigque pronotal shape consisting of

shght concavities dorso-laterally and a pronotal
base extremely constricted (Fig. 21 There is an-
other pair (one male and one female) from north-
central Flonda (Manon Co.) which have elytra
unicolorous brown except for the apical 1/5 which
is pale yellow brown (Fig. 68).

It 1s possible that inore species of Methia exist
in the West Indies than are recogmzed here. How-
cver, without more hological data. perhaps espec-
ially regarding host specificity, sibliug species are
impossible w0 morphologically difterentiate. Con-

founding this host data though is the wide range of

hest species (aymnosperms and angiosperms) uti-
lized by the more cerlain synonymies in this study
(i excluding M. puichra and M. riizophorae).
Hence. host infarmuation may not be as informative
as one would Like, Regardless, we believe a more
simplistic view is corrently the best taxonomic ¢s-
timate within this group.

Species incertqe sedis

Methia taina Zayvas

Moethia faina Lavas, 19750 33, g, 6d. Chemsak & Lin-
sley TOS20 120 Monné 1993 280 Monné & Giesbert
T993: 30,

Tessaropa luctensa Zayas

Tessaropa fuctivosa Zayas, 1973 54, Jig. 7. Chensak &
Lipddey 1982 13 Monné 1993 310 Monnd & Gies-
bart 19930 21,

Discussion. = Both of these species were desceribed
from the eastern part of Cuba, the former from the
Sierra Cristal and the later from the Sierra Macs-
tra. They were deseribed from a single specimen
ciach, deposited in the Zayas collection in Havana.
MALL was able 1o examine the types at the home
of T. de Zavas Revuelta. but without a microscope
or adequate lighting, The holotype of M. raina is a
female labeled Sierra Crystal, Las Mulas, 6-1959.

Methiine Cerambycidue of the West Indies §1

That of 7% fuctuosa is o male labeled Brazon, Rio
Yara. 8-1965. Both bear red type cireles, [Note
that the month s at varianee with Zavas' (1973)
published notes].

Under the conditions available. the correct ge-
nerie placement could nat be determined for cither
specimen, Merhia taine is delinitely not conspe-
cific with cither ol the other two known West In-
dian Meilia species, nor any other Methia we have
seen. [ts habitus s similar o females of Coleo-
methia from Mexico and Texas, but both antennac
are broken, so it is unknown if 1l has the thickened
apical antennomeres characteristic of this genuns.

Tessaropea fuctwosae may well belong wo Merlia,
as the reduced second antennomere is specitically
mentioned, However, the possibility exists that it
belongs to Coleomerhia which shares this same
characteristic.

Notto be ignored is 1the chance that these speci-
mens represent the two sexes of a Colenmnetiin,
On the basis of gross habitus, this is a distinel pos-
sibihity. Placemnent of males and females of Coleo-
methic in different genera has occurred before
(Hovore 1987). The defimtive test would be 1o
check wing venation, which if pleisiomomphic with
four anal veins, would verity one or both species
as belonging to Methia, 1t the derived venation of
three anal veins was found, 4 complete female of
cach of these possible species would greatly help
determine the correet placement within either Co-
feemethia or Tessaropa,

Part of the difficulty of waorking with these three
previously discussed genera is the great amount of
sexual dimorphism that eccurs within some spe-
cies. Addronally, many of the characters which
have been used 10 sepurate these three methine
genera have been Tfound to overlap. Tor example,
Tessaropa cannot be distinguished from Merhia by
upper and lower eye lobe separation. Similar 1o
Tessaropa, both M. Nveoides and M. butesi have
their eyve lobes joimed only by a line without any
connecting facets (Chemsak & Linsley 19710,
Other characters of Tevsaropa purponed 10 distin-
gumish this genus are e reduced palps, imbricined
abdomen, short elytry with widely rounded apices.
and an indistinet second antennal segment (Lin-
sley 19623 Species of Metiia that we have exam-
ined, including some undescribed mainland spe-
cies, approach these same character stales. Coleo-
methia has been defined on the basts of a combina-
tion of characters (Hovore 1987} but the only
unique characteristic ol this genus is the female
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Figs 95-99. Wings: (953) Sivloxws bicoior: (961 Methia
Jamaicensis, (W) Methia necydalea: (Y8) Tessaropa te-
auipes, (99 Coleomethia xanthocoliis.

antennac with distal antennomweres thickened. Even
the strongly abbreviated male abdomen, while
gencrally good i distmguishing  Colfeomettia
frem other methiines, does  exhibit overlap
between Methiia and C. australis Hovore.

ENT. SCAND. VOL. 29:1 (1998)

In summary, due to the ditficulty of determining
the status of the two Zayas species from Cuba, we
have decided to forego placing them at present un-
til closer examination of the type matenal 1s al-
lowed or more material is made available trom Cu-
ha.

Cladistic analysis of the Methiini

Before describing Cyanometitia, it was necessary
to establish its monophyly relative to all other mie-
thitne genera. To examine this question, and to de-
termine the relationships among the methiine gen-
cra. sensu Martins & Carvalho (1984), a cladistic
analvsis was conducted. Representatives of all
genera in the tribe were included except for Para-
ressaropa, because the unigue 1ype 1y missing and
additional material is unavailable.

Although the genus  Psendomethia Linsley
shares several characters of the Methiini (deeply
cmarginate eves, reduced intercoxal process, and
abbreviated clvtra), it was not used in the analysis
because  of  major  merphological  difterences
between it and the other live genera. These differ-
ences include a single, clongate, narrow, paramere
lobe, thickened antennal seginents, a short, third
antennal segment, an angulate pronotum. a decli-
vous head, and mandibles which point forward.
There was some question as to whether this meno-
typic genus belonged to the Mcethiini {Linsley
1962) and its exclusion front the Methiini has been
continued by Martins & Carvalho (1984) who
have provisionally placed it in the Oemini,

Twenty-five characters (nos. 0-2-4) were used to
construct a cladogram. Ingroup taxa include Meth-
ia necydalea, M. Jamaicensis, M. arizonicu
Schactter, Tessaropa remipes Haldeman, Coleo-
methia xanthocollis (Knully, Coleomethia sp. n,
(MAIC), Styloxus bicolor {Champlain & Knull),
and 5. fulleri (Hom). The closely refated species
Oeme rigida (Say) in the Ocmint was used as the
outgroup. A list of the states for cach genus is
given in Table 1.

Table |. Observed states of characters (nos. 0-24) amang
the generaused in the analysis of the Methiini.

ICEERT

Cene 00000 00000 Q000N (KX
Styvloxus OVI00 00101 [OaN) 10001 00077
Cyanromethic 11010 01010 OUHA) OHO1 0107
Cofeomethic 11010 01000 GOYEL 0101 T1E??
Tessaropa T101Y (U0 Gl 01101 - 14101
QAN OO0 0101 0101)

Methia

| 1 0H)
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Abstract Eight species of tumbling flower beetles in four genera (Coleoptera: Mordellidae)
occur in the Virgin Islands: Mordella atrata Melsheimer, M. summermanae Ray, Tolidomordella
lencocephala {(Quedenfeldt) comb. nov., T basifulva (Quedenteldt) comb. nov., (lipostenoda
grana sp. nov. (18°29°N,| 64°34’W, Guana Island, British Virgin Islands), Falsomordellistena
danforthi (Ray) comb. nov., Mordellistena irfianorum sp. nov. (18°19'N, 64°43°W, St. John, U.
S. Virgin Islands), and M. lincata Ray. Males of 1. lencocephalu and females of 17 basifulvea are
described for the first time, as are the male genitalia of M. summermanae, 1 leucocephala, T.
basifulva, [*. danforthi, and M. lineata. Species of Mordella, Tolidomaordella, and
Falsomordellistena are new records from the Virgin Islands. Range extension of M.

stmmermanae to Jamaica is reported. A key to the species is provided.

KEY WORDS Mordellidae, Virgin Islands, West Indies, tumbling flower beetles, genitalia
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Most of the Virgin [slands, about a hundred isles, cays, and vegetated rocks, both British
and American, lie on the Puerto Rico Bank and were united with Puerto Rico at glacial maxima
(Lazell 1995). An American outlyer, St. Croix, with several small coastal cays, 1s on a separate
bank and is often thought to be more closely allied biologically to the Lesser Antilles (Lazell
1972). We report known mordellid beetle faunas from the islands on both banks (Fig. 1).

In the West Indies {(sensu Bond 1985, excluding continental shelf islands), (:/ipa and
Conalia each had a species and Mordello had seven in Blackwelder (1945). In his work on
Puerto Rico, Ray (1937) listed 14 species of Mordellistena. Ray (1939) added another West
Indian species to that genus. With an original description by Champion (1896), there were a total
of 16 species of Mordellistena i Blackwelder (1945) trom the West Indies. Maklin (1875)
described Mordellistena marginicollis from Brazil, and Ray (1937) implied its presence in Puerto
Rico by including it in his key (Wolcott 1950). Blackwelder (1945) did not list M. marginicollis
from the West Indies and we have no evidence that it exists on the Puerto Rico Bank.

There has been no previous systematic work on tumbling flower beetles of the Virgin
Islands. Mordeilistena ferrginea (non Mordella ferruginea Fabricius 1775 or 1801) and M.
lineata Ray were the only mordellids recorded nominally and anecdotally from the Virgin Islands
{Miskimen and Bond 1970, Lazell 1995). Among the seven Mordella species, M. lencocephala
and M. basifulva were described by Quedenfeldt (18806). Since then, no one has applied these
names to known populations (Wolcott 1950), not even tn Ray’s extensive work of 1939,
However, Wolcott (1936) listed host plants for adults of both species and implied that specimens
other than the types from Puerto Rico had been determined by E. A Schwarz. We believe
Quedenfeldt’s description of M. lencocephala was based only on females and M. basifulva only
on males, Here we describe the male of M. fencocephala. 1t is possible that the female of M.
basifilva is represented by specimens from Puerto Rico. These species are placed in
Tolidomordellain today’s nomenclature (Ermisch 1949-50, Jackman 1991}

Fabricius named two species “Mordella ferrnginea” The first, Mordella ferraginea F.

(1775) was moved to Rhipiphorns by Fabricius (1801). The second, Mordella ferrnginea F.
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{(1801) is based on a type in Copenhagen labeled Essequibo, which is in Guyana, South America.
The type specimen difters from the Puerto Rico Bank specimens in being larger, in having metallic
reflection on the head, in having the antenna serrate, and in having a longer and narrower tibia
with 4 transverse lateral ridges (examined by the junior author). Therefore, we believe Mordella
JSerruginea F. (1801) is not conspecific with the form from the Puerto Rico Bank. However,
beginning with Quedenfeldt {1880), the name “Adordella ferruginea,” transferred to
Mordellistena, was used consistently by most authors for the Puerto Rico Bank species described
herein.

The South American form named Mordella ferruginea by Fabricius (1801) is a primary
junior homonym of Mordella ferruginea F.(1775). The situation is further complicated by the
description of a European species, Glipostenode ferruginea Horak (1995), which may be a
congener. A solution to this problem is beyond the scope of this work.

There are some Fabrician names that might originate from the Virgin Islands but are not
included above: Mordella vittata F. (1801) was not listed in Blackwelder (1945) under
Mordellidae. Mordella bifasciata ¥, (1801), M. hacmorrhoidalis F. (1801), M. hamata F.
(1801), and M. marmorata F. (1801) were retained in this genus by Blackwelder (1945).

Because some descriptions are either simplistic, or contain errors, or provide no genitalic
information, we redescribe most species or add to existing descriptions, following the guidelines
of Franciscolo (1957), with emphasis on the genitalia. Length of a species is given as a range
between the smallest and the largest (eye sighted) specimens measured in lateral view from the
front edge of the pronotum to the tip of the elytron in an unaltered specimen. Elytral width is the
maximum width across both elytra. Eye color varies among specimens due to different preserving
materials and light angles; apical setae of the middle and posterior legs, as well as rndges and
carinae on the posterior legs, are always black or much darker than the dermal color. Therefore,
we do not mention these traits throughout this paper. Tarsal ratios are the proportion of
tarsomeres given from basal to apical segments and from anterior to posterior legs, respectively,

but the legs are not scaled infer se, contra Franciscolo (1957). Observations using scanning
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electronic microscope (SEM) and genitalic terminology follow that of Lu et al. (1997). We have
deposited most specimens and the holotypes of Glipostenoda guana sp. nov. and Mordellistena
irfianornm sp. nov, in the Department of Entomology, Montana State University (MTSU).
Specimens that are in the senior author’s collection (WL) will eventually go to the U. §. National
Museum of Natural History (USNM)}), or the Museum of Comparative Zoology, Harvard (MCZ).
Key to Species of Mordellid Beetles from the Virgin Islands
1 Posterior tibia with only a subapical ridge on outer face parallel to apical ridge; no other
TIAEE ON POSLETIOT LATSUS ...\ ooo i ottt et 2
Posterior tibia either with a fine carina along dorsal outer edge or some obhque lateral
ridges on outer face other than the subapical ridge ... 3
2. Black, suboval, small, pygidium very short, flat at base .............. ST PO
Mordella summermanae Ray
Black, cuneiform, large, pygidium twice as long as hypopygium ...........................
Mordella atrata Melsheimer
3. Posterior tibia with a fine carina along dorsal outer edge in addition to subapical ridge;
such carina also indicated On baSHATSUS ... 4

Posterior tibia with some oblique ridges on outer face in addition to subapical ridge; such

oblique ridges also indicated on tarsal segments ...
4. Female head and a semicircular spot on anterior pronotum yellow, elytron with two small

anterior yellow spots and one large posterior yellow spot; male black with one large yellow spot
on elytron before middle, another behind middle ...
Tolidomordelia lencocephala (Quedenfeldt) comb. nov.
Female head yellow, elytron with two small anterior yellow spots and one large postenior
yellow spot; male black with a ferruginous humeral vitta covering the two small anterior yeflow

spots but not the large posterior yellow Spol ...

5. Head and pronotum black ... . 6
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Derm generally ferruginous, at least pronotum so ... 7
6. Elytron black; two ridges on outer face of posterior tibia other than the subapical one; two
each on basal and second segments of POStErIor tarsus ...
Mordellistena irfianorim sp. nov,
Elytron with a flavous stripe running from base to apex, leaving suture and margin black;
two ridges on outer face of posterior tibia other than the subapical one; two on first segment, one
on second segment of POSIErTOT LAISUS ... i e e
Mordellistena lincata Ray
7. Head sometimes fuscous, otherwise totally ferruginous, including antenna ..............
Glipostenoda guana sp. nov.
Head and thorax flavous; elytron fuscous with a flavous vitta at base, tapering caudad; at
least seven apical segments of antenna fuscous ... ST TUUR

Falsomardellistena danforthi (Ray) comb. nov.

L. Mordella atrata Melsheimer

Mordella scutellaris F. Leng and Mutchler 1917, Ray 1939, Blackwelder 1945 (non Fabricius
1801).
Mordella atrata Melsheimer, 1846, Liljeblad 1945,
Type Locality. Pennsylvania, USA,
Type. Not listed (Bright 1986). Ray (1939) used M. scurellaris £ (1801) for this species from
Puerto Rico; Liljeblad (1945) poinled out that M. scufellaris was originally described as
bicolored, and afrata was the oldest available name for the black mordellid otherwise resembling
sentellaris,. We compared our material with MCZ specimens determined by Liljeblad and follow
Liljeblad (1945).

Length: 3.2-4 mm. Cuneiform, more robust in female than in male. Derm entirely black,
often iridescent under light, pubescence on upper surface brownish, on scuteflum cinereous;

underside and basal pygidium with longer cinereous hairs.
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Liljeblad (1945) has adequately redescribed the species except for the following
characters: Middle tibia as long as its tarsus; penultimate segments of anterior and middle tarsi
slightly enlarged and notched at apex. Posterior tibia with a short subapical ridge, parallel to
aptcal margin, no continuous dorsal carina but with small granules scattered in an irregular line on
dorsum; the same dorsal granules weakly indicated on basitarsus, much [ess so on second segment
of posterior tarsus. Outer spur of posterior tibia 1/3 (female) or 1/4 (male) shorter than inner one.
Tarsal ratios: 4-2-2-3-5, 3-2-2-4-8, 2-2-3-6, Pywmdium long and stout, twice as long as
hypopygium; hypopygium about twice as long as penultimate segments. Urosternites and
genitalia as in Lu et al. (1997).

Previous Records. Cuba (Leng and Mutchler 1917), Puerto Rico, North, Central, and South
Americas (Blackwelder 1945).

Material Examined, BRITISH VIRGIN ISLANDS: Guana, Quail Dove Ghu!, 600 fi. 1, 20-
25.1v. 1993, flight intercept trap, W. P. Liao; Guana, 3, 10.x.1994, on sea grape blossoms,
Coceoloba uvifera, W. Lu (MTSU); Guana, Muskmelon Bay, |, 5.x. 1995 sweeping on Lantana
involucrata, W. Lu (WL).

Remarks. Champion (1889) and Liljeblad (1945) both mentioned that the third segment of the
antenna was a little longer than the fourth. We find that the two segments are of the same length.
They did not mention the granules on the dorsum of the posterior tibia.  All North American
specimens in USNM and MCZ examined by the senior author have these granules.

Ray (1939) reported {ive M. scurellaris from Puerto Rico. The senior author was able to
locate and examine these five specimens at USNM. Although Blackwelder (1945) made atrata a
synonym of scutellaris, Ray’s specimens are totally black instead of bicolored as in scntellaris
sensu stricto. Despite the fact that many early workers called the all-black form scutellaris, most
authors today accept Liljeblad’s arrangement and so do we.

2. Mordella summermanae Ray
(Fig. 3 and 10A-C)

Mordella summermanae Ray, 1939,
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Type Locality. Constanza, Dominican Republic.

Holotype. A unique female, 22.v.1927, A, Wetmore, USNM 52928, We could not locate this
specimen, but we compared our material with specimens from the Dominican Republic that
fundamentally fit Ray’s (1939) description.

Length: 1.7-2.2 mm. Form short, suboval, elongate, broadest near base of pronotum.
Derm fuscous to black, spurs of posterior tibia flavous; basal four segments of antenna less so;
apical segments of antenna and legs (except for posterior tibia) fuscous. Upper surface covered
with yellowish brown pubescence, hairs of underside cinereous.

Head big, as broad as pronotum; eye oval (pear-shaped, narrower anteriorly), reaching
occiput, finely granulated with sparse short hairs; distance between eyes on vertex wider than two
eyes combined. Antenna shorter than head and pronotum combined, scarcely reaching base of
pronotum; segments 1 and 2 subequal, 3 and 4 subequal, shorter and narrower; 5 tnangular, 1/3
longer than 4, and three times as broad at apex; 6-10 strongly serrate, twice as broad as long, each
slightly shorter than 5; 11 rounded to apex, a little longer than 10. Distal segment of maxillary
palpus isosceles triangular with outer side longer, almost equilateral in males.

Pronotum broader than long, widest subbasally, sides parallel; basal angles almost
reticulate angles, base arcuate, basal lobe short, but broadly rounded. Scutellum very small,
broadly triangular, apical angle rounded. Elytra about twice as long as broad, widest subbasally,
attenuate apically; apices individually rounded with fine but distinct margin.

Middle tibia slightly longer than its tarsus or as long; penuftimate segments of anterior and
middle tarsi slightly enlarged and notched at apex. Posterior tibia with a short subapical ridge,
parallel to apical margin. Quter spur of posterior tibia 1/3 as long as inner one. Tarsal ratios: 3-
1-1-2-4, 3-1-2-3-8, 2-2-3-6.

Pygidium flat, short, but a quarter longer than hypopygium, very broad at base, but 1/3
longer than broad in dorsal view; sides straight, apex truncate; hypopygium 1.5-2 penultimate
segments, Urosternites equal in length; furca twice as long as tube, tube as long as paramera,

furca one and a half as long as epimiere; epimere wide and elliptical, twice as long as left
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parameron or one and a half as long as right parameron; penis about 4.5 as long as epimere with a
simple pointed tip.

Left parameron (Fig. 10B) short and flattened with a medial branch (Lu et al. 1997)
apically; a dent at base of medial branch (Fig. [0A). Right parameron typical of type B (Fig. 10C)
with an insignificant basal ridge (Lu et al. 1997); its ventral branch extremely long and thickened
from base on, comparable to those of Glipa and Hoshihananomica (Lu et al. 1997), with a small
prong (Fig. 10C, arrow),

Previous Records. Dominican Republic: Constanza (Ray 1939),

Material Examined. U. S, VIRGIN ISLANDS: St. Thomas, Est. Nazareth, 1, 27 .vii.-
19.x.1994, 40 ft. flight intercept trap, M. A. and L. L. Ivie (MTSU). BRITISH VIRGIN
[SLANDS: Guana, 8, 2-10.x.1994, sweeping on sea grape blossoms, Coccoloba nuvifera, W. Lu
(MTSU). JAMAICA: St. Catherine Parish, Little Goat Island, 5, 1.111. 1995, W. Lu; Trelawny
Parish, Good Hope, 1, 4.11.1995, sweeping on composite blossoms, W, Lu, Manchester Parish,
2.25 mi. northwest Mandeville, Marshall’s Pen, 2, 2011995, W. Lu (WL). DOMINICAN
REPUBLIC:; Peravie, 17 km east San Jose de Ocoa, 1, §.viil. 1979, G. B. Marshall; Peravie, 21
km northwest San Jose de Ocoa, [, 9.viii. 1979, C. W. O'Brien (MTSU).

Remarks. In Ray's (1939) description the lighter color of the basal four segiments of the antenna
was not mentioned, and the width of segments 5-10 were said to be only "as broad as long. " We
have also observed that the frons, the mouthparts except the tip of the mandibles, and the anterior
femur are often flavous. The right parameron embraces the left one, its small prong of the ventral
branch articulates with the dent at the base of the medial branch of the left parameron

The species 1s not often collected, but 1s occasionally numerous. This 15 the first record of
it from the Virgin Islands and Jamaica.

3. Tolidomordella lencocephala (Quedenfeldt) comb. nov.
(Fig. 4 and 10D-F)
Mordella fencocephala Quedenfeldt, 1886

Type Locality., 18°29°N, 64°34’W, Guana Island, British Virgin Islands.
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Neotype. Quedenfeldt (1886) did not give any locality for his specimens and stated that the
specimen given to him by C. Krug did not have locality data. His material was given to Obenthur
who might have deposited it in France or Germany . Curators in the Humboldt Museum, Berlin,
and the National Museum of Natural History, Paris, have not been able to locate his specimens.
Because he described only the female and the male characters are usually more important in
identification for this group of beetles, we herein designate a male as the neotype, collected by W.
Lu, 5.x.1996, on Guana [sland, and deposited in MTSU.

Length: 1.9-2.7 mm. Form elongate, subparallel, broadest before base of pronotum.
Male derm castaneous to black with frons, antenna, palpus, legs, and often apical pygidium
fulvous; elytron with two large and transverse yellow spots: one occupying most of the basal third
of elytron, almost reaching base, the other behind middle; both spots not reaching sutural and side
margins. Female head and a semicircle on anterior pronotum light yellow, leaving pronotum a
large black basal margin; elytron with two small anterior yellow spots before nuddle: one round,
near suture a little below base, the other transverse, lower down close to side margin; elytron with
another large posterior yellow spot behind middle: transverse and oblong, not reaching suture but
often touching side margin. Surface covered with pubescence partaking distinctly of ground
colors.

Head small, slightly narrower than pronotum; eye oval, reaching occiput, moderately
granulated with dense setae-like hairs. Antenna shorter than head and pronotum combined, not
reaching base of pronotum; segment 3 distinctly small, triangular, not much longer than broad, 4
about 1/3 wider at apex and slightly longer than 3; segments 5-7 subserrate, slightly increasing in
width and length, 5 twice as long and broad as 3; 8-10 subequal, each as long as 7 and 1/3 longer
than broad, 11 suboval, 1/3 longer and slightly broader in nuddle than 10. Distal segment of
maxillary palpus boat-shaped or hammer-shaped in male, with apical side much less sclerotized;
scalene triangular in female with outer side longer and rounded, apical side slightly shorter than

inner side.
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Pronotum 1/3 broader than long, widest in middle, evenly rounded to apex; basal angles
obtuse, base arcuate, basal lobe broadly rounded. Scutellum small, triangular, rounded at apex.
Elytra at least twice as long as broad, slightly narrower at base than pronotum, subparallel on
basal two thirds, then attenuate apically; apices individually rounded with fine but distinct margin.

Middle tibia as long as its basal four tarsal segments; penultimate segments of anterior and
middle tarsi bilobed. In addition to a subapical ridge halfivay across outer face and parallel to
apical ridge, posterior tibia with a fine carina along dorsal outer edge, interrupted halfiay to
genu; another such carina, but more than halfivay along dorsal outer edge on basitarsus. Outer
spur of posterior tibia very short, 1/5 as long as inner one. Tarsal ratios: 2-1-1-1-4, 2-1-1-3-8, 3-
4-5-10.

Pygidium conical, stout at basal two thirds, then sharply attenuate to apex, curved down a
little from side view, 2.5 as long as hypopygium. Eighth sternite with a median protuberance long
and rounded at apex, and a lateral lobe on each side; ninth sternite slender, with apical portion
enlarged. Epimere 1.5 as long as paramera, furca as long as tube, with furcal arms strongly thickened
and hooked apically. Penis short, as long as pygidium, twice as long as epimere; its apical first third
greatly flattened and enlarged, terminating in a round tleshy lobe.

Left parameron (Fig. 10D) bearing a highly developed and flap-like dorsal branch with setae
all over inner surface, and a bare, blunt, and strongly sclerotized medial branch (Lu et al. 1997); inner
surfaces of dorsal and medial branches normal to each other instead of in the same plane. Right
parameron (Fig. 10E) bearing a dorsal branch highly developed, long, and flap-like with setae all over
the inner surface, and a short, bare, truncate, strongly sclerotized ventral branch; basal angle of
ventral branch with a sharp and long extension (Fig 10E and F, arrows); no setae on the outer
surface (Fig. 10F).

Previous Records. Probably Puerto Rico (Quedenfeldt 18806) because the specimen’s donor, C.
Krug, was a resident there and Wolcott (1950) implied that the types were collected by J.

Gundlach there. Puerto Rico (Leng and Mutchler 1914, Wolcott 1936).
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Material Examined. Male: U. S. VIRGIN ISLANDS: St John, Lameshur Bay, 1, 1i1. 1984,
malaise trap, M. B. Muchmore; St. John, Lameshur Bay, 1, 21-28 vii1994_ ultraviolet light trap,
M. S. Becker (MTSU). St. Thomas, East Botany Bay; 1, 29 vii-15.x.1994 M A and L. L. lvie
(MTSU). BRITISH VIRGIN ISLANDS: Necker, 1, 22-25.vi1. 1988, C. O’Connell (MTSU).
Guana (in addition to neotype) -- Sugarloaf Trail, 100-800 ft., 1, 9.x.1994, M. A. and L. L. Ivie;
0-80m, 1, 10-25vit. 1988, S. E. Miller and C. O’Connell; 3, 1-14.vi1.1984, S. E. Miller and P. M.
Miller; 1, 16.x.1993, C. Bartlett and J. Cryan; 1, 19.x.1993, malaise trap, C. Bartlett and J. Cryan;,
1, 18-19.x.1993, C. Bartlett and J. Cryan; 3, 10.x.1994, W. Lu; North Beach, I, [1-16.x1992,
malaise trap, R. R. Snelling; plantation area, malaise trap, 2, 16-20.x.1992, R. R. Snelling
(MTSU), Iguana Trail, 2, 4.x.1996, W. Lu: Liao Weiping Trail, 7, 5.x.1996, W. Lu; Guail Dove
Ghut, 2, 7.x.1996, W. Lu, Long Man’s Point, 1 9.x.1996, W. Lu, Lower Iguana Trail, 2,
12.x.1996, W. Lu; Pyramid, 2, 13.x.1996, W. Lu {WL). PUERTO RICO: Ponce, Torres Finca,
1, 24 viii, 1933, Ocotea sp., R. G. Qakley (USNM).

Female: BRITISH VIRGIN ISLANDS: Guana -- 1, 1-14.vii. 1984, S. E. and P. M.
Miller; Bigelow Road, 1, 17-vii. 1994, at night, S. A Bucklin (MTSU); Liao Weiping Trail, 2,
5.x.1996, W, Lu; Iguana Trail, 1, 6.x.1996, W. Lu; Quail Dove Ghut, 3, 7.x.1996, W. Lu; Long
Man’s Point, 1, 9.x.1996, W. Lu; Lower [guana Trail, 1, 12.x.1996, W. Lu (WL). Great
Camanoe, 2, 12.x.1996, W. Lu {(WL).
Remarks. The colors of the head and thorax in the male can vary from tulvous to black, as can
abdominal segments and legs in both sexes. The senior author has examined and compared
specimens totally fulvous, totally black, and interinediates. There are no differences in male
genitalia and wing venation. We believe the difference in dermal color is because of age of the
live animals. The elytral yellow spots of the male (Fig. 4) are about equal in size; the one
posterior to the middle is as long as or slightly longer than the last apical portion of the elytron;
the black band between the two yellow spots is at least as long as or longer than any other black

band and a yellow spot combined. The head and a semicircle on the anterior pronotum are

17
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sometimes flavous in the male. This form is scarce but recorded from the islands of St. John, St.
Thomas, Guana, and Great Camanoe,

Most specimens collected by the senior author during 1996 were on blossoms of
pigeonberry, Bonrreria succulenta (Boraginaceae), fiddlewood, Citharexylum fruticosum
(Verbenaceae), and on leaves of dogwood, Piscidia carthagenensis (Leguminosae). A few were
on blossoms of yellow cedar, Teconta stans (Bignoniaceae) and tourist tree, Bursera simaruba
(Burseraceae).

1. lencocephala closely resembles 7. discoidea flaviventris (Smith) from Florida and
Texas in the male genitalia, wing venation, and male elytral pattern. However, 7. d. flaviventris is
not sexually dimorphic like 7. lencocephala, and sometimes has a flavous humeral dash on the
elytron, and the basal angle of the ventral branch of the right parameron does not have the sharp
and pointed extension (Lu et al. 1997) of male 7. lencocephala. Because the basal angle
extension, the base of the right parameron of 7. lencocephala is very wide (Fig. 10E and F).

4. Tolidomordella basifulvea (Quedenfeldt) comb. nov.

(Fig. 5)

Mordelia basifulva Quedenfeldt, 1886.
Type Locality. 18°00°N, 66°37’W, Ponce, Puerto Rico.
Neotype. Quedenfeldt (1886) did not give any locality for his specimens. Wolcott (1950)
implied that the types were collected by J. Gundlach in Puerto Rico. Because we could not locate
Quedenfeldt's specimens, for reasons noted above, we herein designate 4 male as the neotype,
collected by R. G. Oakley, 11.1x.1933, Ponce, Torres Finca, on Ficus, and deposited in USNM.

Length as in 7" Jencocephala but slightly narrower. Male similar to female 77 fencocephala
except for the following: Head fulvous with a dark cloud on vertex; pronotum with a large black spot
on disc leaving marginal edges fulvous; elytral color various from fulvous to black, a wide humeral
vitta fulvous all the way towards elytral suture, at least half way down the elytron, overwhelming the

two small anterior yellow spots in the same location as in female 7. fencocephala; basal four segments
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of antenna, underside of thorax, and legs lighter than elytra, from flavous to fulvous. Distal segment
of maxillary palpus boat-shaped.

Median protuberance of eighth sternite long and pointed; ninth sternite elongate, with apical
portion enlarged and strongly asymmetrical. Epimere twice as long as paramera, furca twice as long
as tube, with furcal arms hooked but not thickened. Penis long, three times as long as epimere,; its
basal second quarter slightly enlarged, but apical first quarter greatly enlarged, apical termination as in
T lencocephala.

Paramera similar to those of 7. discoidea flaviventris (Lu et al. 1997); for right parameron, its
ventral branch shorter than that of T fencocephala, with a basal angle sharp but no extended root as
in 7. fewcocephala;, middle of dorsal branch of right parameron with some very short setae.
Previous Records. Puerto Rico (Quedenfeldt 1886, Leng and Mutchler 1914, Wolcott 1936).
Material Examined. U, S. VIRGIN ISLANDS: St. John, Estate Caneel Bay, Lind Point, 1,
2.1.1993, leaf litter (MTSU). BRITISH VIRGIN ISLANDS: Guana, Quail Dove Ghut, 1 male,
7.%x.1996, Acacia, W. Lu (WL). Tortola, Sage Mountain, 450 m, 2 males, 4.x.1996, W. Lu (WL).
PUERTQO RICO (in addition to neotype): Mayaguez, 1 male, 21.vi1. 1933, coffee leaf, no
collector, but the handwriting is R. G. Oakley’s (USNM),

Remarks. All specimens of this type are males. Quedenfeldt (18806) did not mention the sex of
his specimens but apparently named 7° basifu/va based on male specimens only. The fulvous
humeral vitta on the elytron is so strong that the two anterior small yellow spots are sometimes
merely suggestive. Four specimens from Puerto Rico -- Ponce, 1, 11.1x.1933, Ficus, R, G.
Oakley, Ponce, R. B. Notse F., 1, 12.1.1933, coffee, R. G. Oakley (USNM); Naricao Forest
Reserve, 1, 26.vii. 1979, G. B. Marshall (MTSU); Maricao Forest, 2-3,000 tt.. 1, 30.v-2.v1.1938,
Darlington (MCZ) -- have a yellow head as in female 7' fencocephiala, but the pronotum is
entirely black, missing the anterior yellow semicircle characteristic of female 7 fencocephala.
The elytra are similar to those of female 7' fencocephala. All specimens of this form are females;
one of them was collected in the same locality, on the same date, on the same host plant, and by

the same collector as the neotype. We thus believe that this form may be the female of /-
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basifulva. Tt appears that in the Virgin Islands 7. basifulva is outnumbered by 7" fencocephala
and thus it is not surprising that we have not collected female specimens of 7" basifulva there.

5. Glipostenoda guana sp. nov.

(Fig. 6 and 10G-1)

Mordellistena ferruginea F. Quedenfeldt 1886, Leng and Mutchler 1914, 1917, Wolcott 1936,
1950 (non Mordella ferruginea Fabricius 1775 or 1801).
Mordellistena ferruginea (F.). Ray 1937, Miskimen and Bond 1970, Lazell 1995 (non Moaordella
Jerruginea Fabricius 1775 or 1801).

Length: 2.1-3.3 mm. Form elongate, narrow, sides subparallel, attenuate and rounded
gradually caudad from apical quarter of elytra. Derm ferruginous; head and pronotum sometimes
with fuscous clouds; basal segments of antenna, maxillary palpus, anterior and middle legs lighter
(flavoferruginous), underside darker. Surface covered with fine pubescence partaking of ground
color,

Head small and convex; eye large, hairy, and coarsely granulated, reaching occiput,
emarginate behind antenna, eye width greater than its length, distance between eyes on vertex less
than 2 eyes combined. Antenna filiform and long, antennal segments of males more slender than
those of females, longer beyond base of pronotum, segment 5 shorter than 3 and 4 combined,
segments 5-10 slightly decreasing in length and increasing in width, each segment ranging 2.5-2
times as long as broad in sequence. Antennal segments of females more stout, segment 5 as long
as 3 and 4 combined, 5-10 obviously decreasing in length and increasing in width, each sezment
ranging 2-1 times as long as broad in sequence. Segment 1 slightly longer than 10, sides
straight, apex rounded. Distal segment of maxillary palpus scalene triangular, inner side a little
longer than apical side and shorter than outer side, apical side and angle rounded.

Pronotum a Iitle broader than Jong, broadest at base; basal angles barely obtuse or nearly
rectilinear, base arcuate, basal lobe short and broadly rounded. Scutellum triangular, sides

straight, apical angle rounded. Elytra at least 2.5 times as long as broad, sides subparallel on basal
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three quarters, thence broadly rounded to apex; apices individually rounded. Metasternal plate
with a transverse suture (TSM, Franciscolo 1962).

Middle tibia as long as its tarsus; penultimate segments of anterior and middle tarsi
enlarged and emarginate at apex. In addition to a short subapical ridge, posterior tibia with two
long oblique ridges, extending halfway across outer surface; basitarsus with three, second tarsal
segment with two, short oblique ridges; basal ridge on basitarsus sometimes rudimentary. Quter
spur of postertor tibia a quarter length of inner one. Tarsal ratos: 1-1-2-3-6, 1-1-2-3-6, 3-3-4-8.

Pygidium long, at least 2.5 as long as hypopygium in male, slightly shorter in female,
conical, slender, and attenuate to apex. A small area in median protuberance of eighth sternite
without setae, and a large area in basal two third of eighth sternite less sclerotized; tube of
phallobase short, as long as right parameron, furca longer than epimere; thus phallobase as long as
paramera and epimere combined; epimere twice as fong as right paramera. Penis slightly more
than three times as long as epimere, and terminating in a simple lobe with a lateral flange (Fig,
10G, arrow) on each side.

Paramera typical of type D (Franciscolo 1957): mitten-like and more or less symmetric by
branching dorso-ventrally. Dorsal branch of left parameron strongly sclerotized, thickened and

triangular in apical cross section, longer by half than ventral branch, which is thin, sharp, bare, but
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sclerotized (Fig. 10H); basal prominence of dorsal branch blunt (Fig. 10H). Right parameron shorter

and stouter than left, branching from basal 1/2 with a flap-like dorsal branch and a ventral branch
shorter, bare, but strongly sclerotized (Fig. 101},

Previous Records (as Mordellistena ferruginea). Puerto Rico (Quedenfeldt 1880, Leng and
Mutchler 1914, Ray 1937). U. S. Virgin Islands: $t. Thomas (Quedenteldt 1880, Leng and
Mutchler 1914, Wolcott 1950, Blackwelder 1945), St. Croix (Miskimen and Bond 1970) British
Virgin Islands: Necker (Lazell 1995) A record for U. S. (Blackwelder 1945) has no known
source. Quedenteldt (1886) mentioned specimens from Columbia, South America.

Material Examined. We have collected and examined numerous specimens (now in MTSU +

WL) from the Virgin Islands and only give island records (number of specimens) as follows. U.
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S. VIRGIN ISLANDS: St. Croix (8), St. John (37), St. Thomas (15). BRITISH VIRGIN
[SLANDS: Guana (55+63), Jost Van Dyke (4), Necker (7+15), Virgin Gorda (4+2), Great Dog
{(+1), George Dog (+2), Great Camanoe (+19), Scrub Island (+1). PUERTO RICO: Ponce, |
male, 1933-34, R. B. Oakley; Guanica, | female, 25.ix.1947, Caldwell; Rincon, 3, 1963, J.
Maldonado; Rincon, 3, iv.1964, J. Maldonado (USNM); Mona Island, 7-13 x1.1992 1, Snelling
and Torres, Pico Atalaya, 1, 3.vit. 1958, M. W. Sanderson; Guanica Forest Reserve, 1, 26.1x. 1987,
M. A Ivie; Hwy, 371, 10 km, 25 vi1. 1979, G. B. Marshall; Maricao Forest Reserve, 1,
26.vii. 1979, G. B. Marshall; Abajo Forest Reserve, 1, 27 vii. 1979, G. B. Marshall, Guajataca
Forest Reserve, 2, 27.vii. 1979, G. B. Marshall; Toro Negro, 1, 22.vii 1979, C. W _O’Brien et al ;
Maricao Forest Reserve, |, 25.vi1.1979, B. O. O’Brien; Maricao Forest Reserve, 1, 26.vit. 1979,
B. O. O’Brien; Rio Abajo Forest Reserve, 24 vii. 1979, B. O. O’Brien; Maricao Forest Reserve, 2,
25 vil. 1979, C. W. O’Brien (MTSU).
Type Locality. 18°29’N, 64°34°W, Guana Island, British Virgin Islands.
Holotype. Male, collected by W. Lu, 10.x.1996, on Guana Island, and deposited in MTSU.
Paratypes. The remaining 54 MTSU specimens listed above from Guana Island.
Etymology. Named for Guana Island as a noun in apposition.
Remarks. This 1s a very abundant species, can be found on blossoms of Lamtana, Acacia,
Citharexylum fruticosum, and various leguminous plants. The ridges on the posterior tibia and
tarsus vary among individuals. An extremely small individual from St. John has only one long
oblique ridge on the posterior tibia, in addition to the short subapical one; it has only two ridges
on the basitarsus and one on the second segment of the right tarsus, and a rudimentary second on
the second segment of the left tarsus. The posterior tibia and basitarsus rarely show a
rudimentary 4th ridge. The fernuiginous color in this specimen and other small specimens
collected on Guana and Virgin Gorda is so pale that it appears almost yellow. Newly emerged
adults also are pale.

All four specimens from Jost Van Dyke are entirely black-headed. Their antennal

segments 3 and 4 are short and narrow so that 5 is as long as 3 and 4 combined. Sinular
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individuals were collected on St. John and Guana. There is a range of color variation on the head
from flavoterruginous, fuscous, to entirely black, all with the same type of antennae, on the latter
two islands. We observed no difference in the male genitalia and regard this color form on Jost
Van Dyke as interisland variation.

0. Falsomordellistena denforthi (Ray) comb. nov.

(Fig. 7))

Mordellistena danforthi Ray, 1937, Wolcott 1950,
Type Locality. Villalba, Puerto Rico.
Holotype. Male, 21.v1.1934, C M. Matos; USNM 51599, We examined both the holotype and
allotype

Length: 2.0-2.8 mm. Form elongate, sides subparallel. Derm flavous; elytron fuscous
with a flavous, broad, humeral spot along base to suture, narrowing caudad to basal 1/3 of
elytron; eye, apical seven segments of antenna, posterior ventral abdominal segments, and
pygidium fuscous. Surface densely covered with fine golden pubescence.

Ray (1937) has adequately described the species except for the following characters:
Metasternal plate without TSM. Middie tibia as fong as its basal four tarsal segments; penultimate
segments of anterior and middle tarsi enlarged and slightly emarginate at apex. In additionto a
short subapical ridge, posterior tibia with two long oblique ridges, extending halfay across outer
surface; posterior basitarsus with three, second segment with two, short oblique ridges; basal
ridge on basitarsus sometimes rudimentary. Outer spur of posterior tibia 1/4 as long as inner one,
Tarsal ratios: 2-1-2-3-4, 3-2-3-4-9_3-4-5-9.

Pygidium long, 2.5-3 times as long as hypopygium, shorter in females, conical. slender,
and attenuate to apex. Median protuberance of eighth sternite appearing bifurcate due to setae
and a less sclerotized area all the way to base, ninth sternite twice as long as eighth; furca twice as
long as tube or paramera, and as long as epimere; epimere twice as long as right parameron,

ventral branch of lefl parameron extremely narrow and pointed, basal prominence set off its dorsal
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branch by a split. Penis four times as long as epimere with a simple pointed tip, apical first and
third quarters enlarged with a constriction on apical second quarter

Previous Records. Puerto Rico (Ray 1937, Wolcott 1950).

Material Examined, U S VIRGIN ISLANDS: Great St. James, 1, 20.x.1994 M. A Ivie
(MTSU). St. John, 2, 15.v1i.1994, beating at night, M. S. Becker, St. John, 1, 21-28 vii. 1994,
ultraviolet light, M. S. Becker (MTSU). BRITISH VIRGIN ISLANDS: Virgin Gorda, 1,
14.iv.1956, J. F. Clarke (USNM). Prickly Pear Island, 1, 6.iv.1938, I. F. Clarke (USNM).
Guana, 1, 1-14.vii.1984, S, E. and P. M. Miller; 5, 4-10.x.1994, W. Lu (MTSU). Necker, 4,
30.x.1996, Citharexylum fruticosum, W. Lu (WL). George Dog, | female, 30.ix.1996, Lantana,
W. Lu (WL).

Remarks. One specimen from St. John (MTSU) has an additional rudimentary ridge on both the
posterior tibia and the basitarsus, According to Ray (1937), the scutellum, apical two thirds of
the pygidium, and only three abdominal ventral segments were fuscous, but he also stated that
“the abdominal segments of the female (except pygidium) lack the fuscous coloration of the male,
and the general castaneous color is lighter.”” We have observed variation in the abdominal ventral
segments from totally fuscous to totally flavocastaneous. The pygidium may be as he described or
totally fuscous. We see no variation in the color of the scutellum, which is as flavous as the front
part of the body or the humeral spots on the elytra. Ray (1937) described the eyes as “emarginate
behind antennae.” We find the eye is in fact almost rounded, but tapers acutely towards the
antennal base, the width and length of the eye are about equal  In comparison, the width is longer
than the length in (. guana. In other words, the distance between the eyes on vertex is about the
width of the eyes combined in [ danforthi. We have also observed variation in elytral color in
specimens from Guana. One has the humeral flavous spot on the elytron extending narrowly to
the midpoint, then widening to the apex. Some have the flavous, broad, humeral spot covering
the whole elytron; in this case, the appearance is very sunilar to (1. guana, but the antennae
remain diagnostically bicolored, the eyes are not broader than long, and F. danforthi lacks the

TSM.



A9Y-033

7. Mordeilistena lineata Ray
(Fig. 8)
Mordellistena fineata Ray, 1937
Type Locality. Guanica, Puerto Rico.
Holotype. Male, 26.vi. 1934, C. M. Matos; USNM 51601. We examined both the holotype and
allotype.

Length: 1.6-2.2 mm. Form elongate, narrow, sides subparallel, attenuate, and rounded
gradually caudad from apical third of elytra. Derm castaneous to black; frons of head, basal four
segments of antenna, maxillary palpus, anterior and middle legs, and posterior leg other than
femur flavocastaneous; a broad median stripe on each elytron flavocastaneous, reaching base of
humerus, often narrowed in middle of elytral side margin, and extending to apex, leaving a narrow
black line on each elytral side margin and a black sutural line. Surface covered with fine cinereous
pubescence, except in the flavocastaneous area, where it partakes of the ground color.

Liljeblad (1945) has adequately redescribed the species except for the following
characters: Metasternal plate with TSM. Middle tibia as long as its tarsus; penultimate segments
of anterior and middle tarsi slightly enlarged and emarginate at apex. In addition to a short
subapical ridge, posterior tibia with two long, oblique ridges, extending at least halfway across
outer surface, basal ndge usually longer than the second, sometimes extending entirely across
outer surface to genu. Posterior basitarsus with two, second with one, short oblique ridges; basal
ridge on basitarsus sometimes rudimentary. Outer spur of posterior tibia {/3 as long as inner one.
Tarsal rattos; 3-2-3-4-6, 2-1-2-3-6, 3-3-4-06.

Pygidium long, almost three times as long as hypopygium, shorter in female, conical,
attenuate to apex. Median protuberance of eighth sternite appearing bifurcate due to setae and a
less sclerotized area all the way to base, ninth sternite twice as long as eighth with a less
sclerotized area at apex; furca twice as long as tube or paramera, and as long as epimere; epimere
twice as long as right parameron; ventral branch of right parameron narrowly branched out, basal

prominence of left parameron set off its dorsal branch by a split. Penis three times as long as
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epimere with apical first and third quarters enlarged, its apex terminating in a finger-like lobe with
a lateral flange on each side as (slipostenoda ambusta (LeConte) (Lu et al. 1997).

Previous Records. Puerto Rico: Guanica (Ray 1937), Mona Island (Wolcott 1950). British
Virgin Islands: Necker Island (Lazell 1995).

Material Examined. U. S. VIRGIN ISLANDS: Buck Island (9), St. Croix (3), St. John {29),
St. Thomas (3) (MTSU). BRITISH VIRGIN ISLANDS: Anegada (2), Beef Island (4+3), Guana
(74-+85), Necker(4+0), Tortola (1+1), Great Camanoe (+5), Great Dog (+1), George Dog, 2,
30.1x.1996, Lantana, W. Lu (WL). PUERTO RICO: Mona Island, Casuarina plantation, 1, 7-
[3.x1.1992, malaise trap, Snelling and Torres (MTSU).

Remarks. The slightly enlarged and emarginate penultimate segments of anterior and middle tarsi
are a giveaway character that this species does not belong to Mordellistena. The closest genus
would be Mordellina, but the eyes are coarse and big in that genus, and the penultimate segments
of anterior and middle tarsi should be the same as in Mordellistena. We retain this species in
Mordellistena until we have a better understanding of the genera worldwide.

This species superficially resembles Mordeltistena angustiformis Ray (1939), but the
antenna is different from that species. In his original description, Ray stated, in an apparent lapse,
that "seven apical segments of antennae" were tlavocastaneous, lighter than basal segimnents. The
reverse is true of all specimens we have examined, including the type. Ray also stated that the
basal oblique ridge on the posterior tibia was “entirely across outer face.” We find this character
variable. Fewer than half the specimens examined are as described, all males. Most specimens
have the basal ridee on the posterior tibia halfay across the outer surface or more, but not
entirely, including both sexes. Occasionally the dermal color of some specimens is much lighter
than black (probably newly emncrged), but the even lighter stripes on elytra remain diagnostic.
This ts a very abundant species on flowers and dense vegetation, especially on leguminous Acacia
species.

8. Mordellistena irfianorins sp. nov.

(Fig. 9)
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Length: 2.2 mm. Form elongate, sides subparallel. Derin castaneous to black;
mouthparts, maxillary palpus, basal four segments of antenna, anterior leg, tibiae and tarsi of
middle and posterior legs testaceous. Surface covered with long whitish pubescence, slightly
golden on scutellum and on elytra, but pubescence on side and sutural margins partaking dermal
color from basal 1/5 on, leaving most side and sutural margins black, widened slightly in middle of
side margin; underside pubescence longer.

Head small; eye hairy, and moderately granulated, reaching occiput, suboval, not
emarginate behind antenna. Antenna filiform and long, reaching base of pronotum, segments 1
and 2 subequal, 3 and 4 shorter and narrower, 4 about /3 longer than 3; 5-10 each as long as 3
and 4 combined, increasing in width, 11 apically rounded, slightly longer than 10. Distal segment
of maxillary palpus elongate-triangular, apical side slightly shorter than inner side.

Pronotum about 1/4 broader than long, sides rounded; basal angles acute, base arcuate,
basal lobe conspicuous, rounded. Scutellum small, triangular, Elytra at most 2.5 times as long as
broad, sides narrower at base than in middle, broadly rounded to apex; apices individually
rounded. Metasternal plate with TSM.

Middle tibia as fong as its tarsus; penultimate segments of anterior and middle tarsi
emarginate (but not bilobed) at apex. In addition to a short subapical ridge, posterior tibia with
two long oblique ridges, basal one extending entirely across outer surface; basal and second tarsal
segments each with two short oblique ndges. Inner spur of posterior tibia 2/3 length of
basitarsus, outer spur short, [/4-1/5 length of inner one. Tarsal ratios; 1-1-1-2-3, 3-3-4-8-16, 3-
4-5-9. Pygidium long, three times as long as hypopygium, conical, slender, and attenuate to apex.
Material Examined. U. S. VIRGIN ISLANDS: St. John, East Hope, Bordeaux Mountain., 900
ft., 1 female, 6-27.vi1.1994, flight intercept trap, M. Becker and S. Bucklin (MTSU). PUERTO
RICO: Cambalache, 1 temale, 7.xi.1947, J. S, Caldwell (USNM).

Type Locality, 18°19'N, 64°43°W_ St, John, U, S. Virgin Islands.
Holotype. Female, collected by M. Becker and S. Bucklin, 6-27.vi1. 1994, flight intercept trap,

East Hope, Bordeaux Mountain, 900 ft., St. John, and deposited in MTSU.
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Paratype. The remaining specimen from Puerto Rico.

Etymology. The Island Resources Foundation of St. Thomas, IRF, has provided support. We
name this species for IRF in the genitive neuter pleural.

Remarks. This species looks very much like M. lineata at first glance and we have the same
difficulty in placing it in any other known genus as we do for M. lincata. The two ridges on
posterior second tarsus and the entirely black elytra distinguish it from AL fineata. The specimen

from Puerto Rico is mutilated, missing antennae as well as tibiae and tars) of most legs.
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Fig. 1. The Virgin Islands. US (American): 1, Buck. 2, Great St. James. 3, St. Croix.
4, St. John. 5, St. Thomas. UK (British): 6, Anegada. 7, Beef. 8, George Dog. 9, Great
Camanoe. 10, Great Dog. 11, Guana. 12, Jost Van Dyke. 13, Necker. 14, Prickly Pear. 15,
Scrub. 16, Tortota. 17, Virgin Gorda. Inset shows position, east of Puerto Rico and west of the
Leeward Islands. Scale bar = 20 km.

Figs. 2-9. A, antenna; E, left elytron pattern; L, posterior leg;, P, maxillary palpus; 8 and 9,
male 8th and 9th sternites; LLP, left parameron; RP, right parameron, D, dorsal branch; V, ventral
branch; M, medial branch, 2, M. atrata. 3, M. stminermanac. 4, 1. lencocephala with sexual
dimorphism in elytral patterns indicated. 5, 7. basifulva. 6, (5. guana with sexual dimorphism in
antennae indicated. 7, I danforthi. 8, M. lineata with ridge variation of posterior leg indicated.
9, M. irfianorum.

Fig. 10. SEM genitalic photos. b, basal prominence, d, dorsal branch; v, ventral branch;
m, medial branch; otherwise as above. M. summermanae: A and B, LP with arrow showing a
dent on medial branch; C, RP with arrow showing a prong on ventral branch. 7. lencocephala:
D, LP; E and F, inner and outer surfices of RP with arrows showing a sharp basal angle of ventral
branch. (5. gnana: G, lateral view of tip of penis with arrow showing a lateral flange, H, LP; 1,

RP. Scalebars A =10 um; B, C, and G =30 um; all others = 50 pum.
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UNUSUAL INVASION OF DRAGONFLIES ON
GUANA ISLAND, BRITISH YIRGIN ISLANDS

Fred Sibley

The dragonflies of the British Virgin Islands [BVI
hereafier] have never been well studied - probably
because there are very few species and very little
habitat on this essentially arid group of islands. We
found published records only for Orthemis
SJerruginea (Klots, E.B. 1932, Insects of Puerto Rico
and the Virgin Islands. Vol. 14, part 1. NY Academy
of Science.) and specimens for 3 others at the USNM
(Pantala flavescens - Jose Van Dyke, Ischnura
ramburif - Guana Island; Ervthrodiplax umbrata -
Tortola]. During October 1997 we recarded 10
species of cdonales on Guana Island and Anegada
[sland although we could only find 3 species in 1998.

This paper reports on the unusual weather conditions
in 1997 that brought so many species and so many
hundreds of dragonflies to the BVI Tentative
speculations are made on the importance of such
invasions in speciation,

Guana [sland is a small arid island [about average
precipitation for an BV island] located about 2 miles
north of the east end of Tortola [the major istand of
the group]. It is a little over a square mile in size with
a maximum clevation of 850 fi. A small {lat area on
the sw side supports a brackish salt pond of several
acres and two small freshwater seeps. These sceps do
not have standing water during the dry scason and in



some dry years may not have water for more than a
fow weeks. The brackish pond is alwavs present and
normaliy has a 1-3% wide acres of bare ground
between the water and the and scaltered
manzroves on edge. The pond was never used by
dragonflies in 1997 or 1998, In 1997 dragonflics
were frequentlv observed egg laying over the Nooded
tawn or in the flooded pond edee vegetaticn, but
never on the pond side of the vegetation line. Flighis
over the pond were infrequent and even then
individuals only ventured a few feet out from the
vegetaion before tuming parallel to the shoreline.
We were also on the istand in Octobers of 1994-199%6
but were not observing dragonfhes. We reumed in
October 1998 and collected "normal vear" data for
companson to the unusual events of 1997,

pTHSS
g

1997 ORSERVATIONS - During the period
Cctober 1010 19, 1997 four of us were doing bird
bunding on Guana [sland arnd cesually tracking the
dragontly population.  On October 10 there were an
estimated  10-12 Orthemix ferruginea,  12-15
Erythrodiploc wnbrata and one Ischntira ramburii
around or over the twa seep areas - both seeps were
already several tmes larger thian inanomial sear due
to heavy rains betore our armival. These wonld appear
to be the nomul “residents” as the swne three speaies
were regtbur i October 1998, On QOcrobker 12 the
wind stufled to the SWoas part of a major stomm
svstem brgeing moisture out of the Pacific across
Panama todhe
the SW throuah the 150 with aboeut 15 inches of ramn
occurring during the 4 day peniod. The salt pond
doubled its size and overtlowed onto the fawn. The
seeps also increased dramatically in size and wemt
rom 3 inches deep to 3 feet deep. The maxinmum
floeding eccurred on the T4th with a continuous bady
of water from the dump seep ar the SE oend of the
"Nd1" to the salt pond on the NE end. The two seeps
receded fairky quickly 1o about twice their nomal
depth By he TR, The salt pord only lost about [
of the dupth tained and continued 1o cover extensiy

areas of lawn

Fotween the 10 and 14 there did not seem 10 be
e i aumbers, The ssdand Tt sent tre
"mlmn of one Fryihicris versicilosi

IIIK.I\

andd o fove Traontea abdmminaliv, bu
j TULEIT I di']

e The F Ut

it ch HiEM

] VWalh 11

Caribibean, The wind conunued ot of

seen over the Tawn. Two individual Perthentis
domitia were found the 16th and the numbers of
Tramena abdeminalis, Tramen colvert], and Pantala
hymenaea shov up dramaticallv with further increz
on the 171 (estimated several hendred ndividoalsy
Unfortunatedy there were no “drpgonfly peaple™ on
the dsland and we failed 1
species adequately in the ﬂn_-ld. Based on callecting,
T. calverti was the most cemmon with 6 collecied
compared to 2 each for the other species. We
collected a Pansala flavescens on Anceada Island
and since we could easily separate it in the feld from
the Tramea calverti and Pantula hyerenaca also
present on Anegada felt that it must have been rare i7
not absent on Guana Isiand. A one-day visit was
made to Anecada [sland on the 19th. This is a fla
coral island several miles wide and 15 miles long, We
visited the major permanent fresh water pond on the
isfand, The Slob. This is reported ta be a hale dig
down below the water table and normally abouat 14
feet across and a foot or so deep. When we were
there it wis several acresin size and knee deep witlin
a few feet ol the edue. Orthemis, Tramen calveriii,
Pantala hymenaeca, and P flavescens were ol
prcwnl i that order of abundance [we did ne

dufferentiate Tramen and £ fvmenaca a0 this s

oy

separate these Ifiree

An Anax junius? lew over the pond brietly, There
were  water puddles  everywhere but the only
concentration of dragonflies was at The Siob

although dragonilies were present in all the areas
visited, No males were sdéen puarding the outlying
puddles and mest individuals seen away from The
Slob were cruising at 3-8 feet and probably Tramea
or Pantafa. Anvzada [sland was not revisited in 1998
what a noermal drgently

so we have no dea

population is.

DISCUSSION There 15 cssemiath no basehne
data for the BV 5o it is difficult to sort owt the true
importance of this invasion.  Orthemis ferruginea,
Eevthrodiplos wmbrata, and Asclinura rantburdd
|998. A |arme

dl hree wers found - on nearby Teef

were also present an healthy
mopuldiong of
[standd wrm roadside ditch swith pemmanent wate

mutle Orfhenis. forreginea voere

Fis
Fermola, =inge g prusent on
wana bsland before the SW snds arrived they
i amusual invagion
e e Tesl

3l Lirvie 16

these Hliree spedies wer

s part of the

o ot belies

A T L bl b
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recodamezer from the Amiericasn Virgm
fico. Althoogh ot Jeast
bl was presemy before e 1997 stoom later
Wiras.

tereT and

Puoerio e

algo have been arded by the
Wb rest ol the species yndeubted)y came fram tie
wesiaund arrived on Guani dstand as o direct resudl of
the sl swownds, Perithemis domitia 15 repular
inthe Amencan Virgin Islands but no further cast aid
Trarea calvert! has not been recorded cast of Puerio
Rico. All the species could have comie frimn Puerio
Raen bty since ey didn't start armjving in numbers
until 3 davs afler the winds started must have come
Jromu further away ar pot staried oot unil Tute ancthe
storm. The coptinued increase in pumbers after the
winds sified would sugeest many individuals went
past the ishnd and then came back on the ne trades.

All species except Peridremis [only two males found]
probably laid eges on the island alihough, because of
faihire to separuie some species, neitner framea
ubdominalis or Pantala hymenaea were positively
docnmented eor laying. We feel certain that none of
lawing  was

thie reshwater where
oheerved remained long enouch for larvae 10 matwre.
Ina normal vear at least three species recolonize
Guuna [sland. [n the 1997 invasion of Guana Island.
and presumably the whole BVI chain, 5 additional
species attempled to colonize. All would have been
suceessiil if suitable habitat had been available. A
9th species attempted 1o colonize but only 2 males

SOUTUCS

s one was seen n F995.

We estimated, and probably severely underestimated,
several hundred individuals of the 3 mjor invading
specics came 1o Guana [sland. These were driven by
the wind and presumably had little cantro! over their
destinaiion so we must assume that other BVI jslands
with flooded fizlds were also visited by hundreds of
individuads. Unless they were able to returm 1o Pugrio
Rico or other 1slinds to the west the reproductive
potential of thousands of dragonflies was wasted on
this attempt to colonize the BVL This sngzests there
is always a huge surplus of individuals and that they
are motivated 1o move by overcrowding. The
draontlics by their sheer numbers would puarantee a
successful colonization with suitable habitat. The
numbers would abse insure the influencing of the
resident geng pool on islands where the species was
already prescat.

This just leaves lots of unanswered questions, Did
thiz mass movement go far enough east to result in
colonization of some of the Lesser Antilles by

Fromede palvedd] Arg est sy mese))

e et o comnwn th

e east = much easer 1o f W the el
Pamcanes wmd  IWE O thwdes = abo 2 xepil
phienemena’? Bitere redoced svarabion n Carii)
dri porilations becadse ol ] v
or frecolomztion ram & permidnenl I

this

e FRSTETATE!

fatdnl been o Guas 15l

occurred s thereany sy o iber 5 existence a sear

later?
Peck, 1992 | The drmaonfies and damseitlies of the
Galapagos  [¢dands, Bousdor. Pevche 9 300-321]

repards on another group of and stuls and some
interesling comparrsons ¢an by made 10 the B8 The
hst of & species includes enly one endemic. The

author commuents that the andity of the islands and

not the 1000 mule water pap s the reason tor the
Yimited fauna. Thas mmpldies that invasions are easily
possiele. He also mentions that hawking drogonflics
were excephionally uhundiant along the coast afler the
untsual - rainy of the El Nifo of
January-May 1992, Susrestine whin? An endetected

conditinns

invasion? A massive cmerpence” Aoswarming in
response to storm condimoens and i Tesultan? fnvasion
as the insects are carried by e wind? Cenaindy in fne

BVI there was po source [ir a nidsive emergence

and the abondance with the T Nifo ruins had 1o be
invasion, Despite the lrge number of <Oentist who
have worked on the Galapaeos Bbands Peck is also

o hitas A le comments thal

plagued by lack of bascls
Braghywmesia herbddu bad-not been recorded simee
{901 but was abundent durmg s visica 1989,

I'would like 1o speculate that all of the drazon{lies on
the Galapagos Islands [with the exception of an
endemic Aes/ina] invade from the manland i large
numbers on a recolar basis. Even once every 160
vears would be enough 10 prevent speciation. Perhaps
some of the species do not ruaimtain @ continuous
presence on the island.

Bamett & FEmms 1997 [Netulse Odonatolopicae
4:153-155] reporting on the Chagos Archipelazo,
mention that Diplacodes trivialis 3s repularly found
on istands in the sroups which have nowater. This
would be similar to the situation [ prepose for e
three "resident” species on Guana fsland. The daroe
number of individuns present may not include any
individuals raised on the ishnd and they may not
produce any descendants. The 3 COMIMoN
species on Guana Island In 1997 were not even
present in 1998 and it is likely the o2l nomber of
individuals emerzing on the islund in most years is

st
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zerg. Since I'm primarily a bird person and have
now spent 5 Octobers abserving and banding birds on
Guana Island I'm fascinated by the apparent ease by
which dragonflies recolonize the island compared to
birds. In the last decade two species have become
extirpated on the island afler hurricanes decimated
their populations. Both the Smooth-billed Ani
{Crotophaga ani) and Northemn Mockingbird (Mimus
polyglottus) are comumon on parts of Tortola and
Beef Istand only a mile away and the birds could
reduce the water crossing to as little as 200 yards.
The habitat on Guana Island is suitable, the distances
are no challenge but neither species has retumed to
Guana [sland. The Bananaguit (Coereba flaveola)
is abundant in the Caribbean and each island group
has a recognizable subspecies. This is not unusual for
the birds of the Caribbean where many specics have
splintered into numerous forms. On Guana Island we
have banded several hundred individuals and they
exhibit a reluctance to disperse even a half mile
through suitable habitat. The birds do not seem 10
disperse as far in their lifetime as a non-territorial
dragontly travels in one day. Is there a real difference
berween island speciation in birds and dragonflies or

are we dealing with just a limited number of

dragonfly species that easily and regularly invade
distant islands?

ACKNOWLEDGEMENTS Special thanks to
Henry and Gloria Jarecki who make their nature
sanctuary asland  avaiable 1o researchers, 10 the
Falconwoeod Foundation for supporting, the studs and
to Dr. James Larell, The Conservation Agency, for
innumerable instances of assistance, support and
encouragement. Thanks also to Peggy Sibley, Judy
Richardson, Alison Olivert, and Erc Lazo-Wassen:
for assistance

with field work.

1997 - SPECIES LIST AND COMMENTS
Ischuura ramburii - Sigle male on 10th, female on
the 14th and commmon | 3th to 18th, bur no more than
8 seen in any one dav, 4 males 2 females collected.
Anax sp? probably junius - One seen briefly on
Anagada [sland

Erythemis vesiculosa - Scen on 5 days and never
more than 2 individuals, but must have been present
from |lth on Simgle female egg laving on 14th in
mat of floating vegctation and another egg Inving on
18th m flocded pruss af edge of lnwn accompanied by
male 1 made, | female collected.

Erythrodiphee wnbrara - Present every dav, Less
common than Orthemiv but numbers  constant
throvshout s, Nooinating or eog livisg obswerved

10

but 4 females caught {2 with dark wings]. 5 males. 4
females collected

Orthemis ferruginea - The commonest of the
“resident” specics. About 10 estimated at dump firsi
day. This is consistent with 1988 observahons where
8-10 seemed to be the maximum number of territories
available [but 35 males caught]. Definite females of
this species were observed egp faying accompanied
by males on the llth and 12th. Commonest of 4
species at The Slob on Anegada. 7 males collected
on Guana and 6 on Anegada.

Pantata flavescens - Rarest of the four species on
Anegada and not seen on Guana [sland. One male
collected.

Perithemis domitia - Two males found floanng in
oily scum on dump pond the 16th. These appeared to
be dead but several hours later thev had revived
enough to flap wings, The three specics below
were not separated in the field. Tt is thus difficult 1o
know if the essentially random collecting, but all near
water, reflected the true proportions. These three
made up the bulk of the hundreds of individuals
present and showed up well away from the water.
Seen frequently from 16th on at the hotel (360 fi
levei] and over the unflooded lawns hawking at levels
of 5-20 feet.

Pantala fiymenaea - 2 males caught on Guana, | on
Anegada Collected on 17th over flooded lawn and as
one of 3-5 feeding over large brushy area.

Tramea abdominalis - 2 males caught on Guana
Collected on 13th over flooded garden aren and on
17th over flooded tawn.

Tramea calverti - 4 males and pair caught on Guana,
2 males on Ancgada. Pair and male collected over
flooded lawn on 17th and three males cotlected in
same area on 1810,

" i ) == 1 i i i T
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Subj:  Re: BVI dragonflies

Date:  01/22/1999 B:12:19 AM Eastem Standard Time
From: smiller@icipe.org (Scott Miller)

To: fred.sibley@yate.edu (Fred Sibley)

CC: smiller@icipe.org, jcinfown@acl.com

| vaguely recall that dragonflies might have been abundant in Buntin Ghut,
but don't have any way of venfying that here. Skip was with me when | was
there, and this is the kind of thing that he might have noted in his field
notes. By copy of this, I'm asking Skip if he has notes abaout dragonflies
in Buntin Ghut in July 1984 (wow! 15 years agol).

>> From:.  Fred Sibley[SMTP.FRED.SIBLEY@YALE ECU)
»>> Senl:  Thursday, January 21, 1999 8:34:10 PM

>> To: Scott Miller

»>> Subject: Re: BV dragonfiies

>> Auto forwarded by a Rute

>

>Thanks for the quick reply,

-

> in July 85 you had Ischnura ramburi fram bath Guana island and Zon Hill
>an Tortola - Skip not here now so can't ask him where that is.

> July 84 you had 3 Erythrodiplax umbrata on Tortola at Buntin Ghut and an
>Qrthemis ferruginea on Guana Island.

b=

> Hope this jogs some memories - would be very interested in any place on
>Tortola that has dragonflies - did a day of wandering around over there
>without finding anything but a few temporary pools with ocne Orthemnis each.
>

> Thanks for the contact at 8ishop Museum.

>

>

>At 11:05 PM 1/21/99 +0300, you wrote:

»>>Thanks for the note. | was on Guana (with short visits to cther BV[) in
>>July of

>>1984, 1985, 1966, 1987, 1988, Octoher 1988 and Cctober-November 1990,
>>Collections from 1984-1986 are deposited at USNM, those of 1987-1990 at
=>Bishop

>>Museum. | did not put much effort into dragonflies, but would have picked
>them

>>up when possible, by hand and Malaise trap. [ have a vague recollection of
»>them being very abundant in one canyon on Tortola in one year (although |
>>probably only visited this canyon one year) — if you send me the label data
>>maybe that will jog my memary. | would not have kept any specific notes on
>>them,

>

>>You could try contacting Gerdon Nishida (gorde@bishopmuseum.org) regarding
>the

»>specimens at Bisnhop.
>

>>

>

>Fred Sibley

>Collection Manager [Retired} - VZ

>Peabody Museum, Yale Univ., P.O. Box 208118, New Hawen, CT 06520-8118
>home address and phone 25 Shirley St.. Naugatuck, Ct 06770

Tuesday, January 28. 1999 Amerca Ondine: JCINJTOWN Fage: 1\
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United States Forest Forest PO Box 1377
Department of Service Products Luquillo, PR 00773
Agriculture Laboratory USA

Dr. James Lazell

The Conservation Agency Phone: 787-889-7445
6 Swainburne Street FAX: 787-888-5685
Jamestown, Rl 02835

Dear Skip: July 1998

| thought I'd drop you a line to let you know we are making some headway on
publishing the ectomycorrhizal fungal symbionts on Guana Island. As I've long
suspected, the gray Amanita that comes up in the sand near Coccoloba uvifera
is and undescribed species. We're still in the process of choosing a name for it -
not easy in a genus with hundreds of named species already. Enclosed is a
draft manuscript with some attached revision pages, including an acknowledge-
ment the Conservation Agency. | never did hear if Gloria Jarecki received the
big package of photos [ sent.

| was wondering if there was an opportunity to go back to Guana this October to
try for more ectomycorrhizal fungi. I'll be in England most of October, from the
9th to the 27th, so | don't have much of a window for a Guana Island trip, but |
would still like to come for a few days. | leave for a vacation (bird-watching) in
S. Africa on August 6 and don’t return until the 31st.

With best wishes,

D. Jean Lodge, Botanist
Center for Forest Mycology Research
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New Title:  New and Interesting Ectomycorrhizal Fungi from Puerto Rico and
Guana Islands, Greater Antilles

Add Island or Isl. after Guana throughout the text.

Guana Island (British Virgin Islands) and Puerto Rico are part of the Puerto Rican
Bank in the eastern Greater Antilles,. The areas surveyed range from sea level to
1000 m elev., but the collections reported on here were from 1--500 m elev. The
forest types have tropical to subtropical climates and include coastal sand dune
communities and subtropical dry, subtropical moist, and subtropical wet forests
according to the Holdridge Lifezone system (Ewel & Whitmore, 1973). The most
intensively sampled area was the tabonuco forest type, from 100--500 m elev., in
the Luquillo Mountains of NE Puerto Rico. This forest type has mean a annual
rainfall of 250-400 cm/yr and mean monthly temperatures from 22--26 C.
Although there are 152 tree species reported for the tabonuco forest type
(Brown et al., 1983), almost all of the 59 species surfveyed were associated with
arbuscular mycorrhizal fungi, but about 5% of are also associated with
basidiomycete fungi (Lodge, 1996). The presence of agarics which are known to
be ectomycorrhizal associates of tree hosts in these forests leaves little doubt
about the presence of ectomycorrhizal symbioses. Lodge (1987, 1996) reported
the presence of thick mantles of basidiomycetous hyphae with clamp connections
on the roots of Pisonia subcordata Sw. (Nyctaginaceae), Coccoloba swa:_fzii
Meisn., and C. pyrifolia Desf. (Polygonaceae), and ectendomycorrhizae in Andira
inermis (W. Wright) DC (Papilionaceae). In Cuba, Kreisel (1971) demonstrated

the presence of ectomycorrhizae in the sea grape, Coccoloba uvifera (L.) L. The



fungi reported in this paper are most likely associated with these hosts and
potentially also with Hymenea courbaril L. (Caesalpiniaceae) in subtropical moist
forest and Chrysobalanus icaco L. (Rosaceae) in coastal sand dune
communities. Although there are undoubtedly other ectomycorrhizal hosts in
these forests, some of the putative hosts reported by Pegler (1983) for the Lesser

Antilles are dubious and need to be confirmed.

Instead of the name A. albivolvata, | suggest something that means sand-loving,
such as A. arenicola or A. psammophila, but perhaps these have already been
used for other species. The first is preferable because sand is arena in Spanish.
Another possibility is A. playera because a beach-goer is a a playera in Spanish.
Note that our field station is Sabana, not Savana, so don't use a species eipitat
of savana. Besides, savana means an open grassy area with scattered trees,
which does not characterize the chicken farm site. The site isn’t even in bario
Sabana, even though it is above the Rio Sabana. If it is indeed a new species,
perhaps P. quu{:?nsis would work better, for Luquillo, the name of the
Munucipio and the nearest town. It is actully closer to Luquillo than Sabana.
Acknowledgements:
This work was made possible by grant DEB-95-25902 to the State University
College at Cortland from the National Science Foundation, Biotic Surveys and
And, o Falconwond
Inventories Program. We are also grateful to'me Conservation Agency, Jamestows Faudaion
Ri{ for food, housing and local transportation on Guana Island. Work inAPuerto
Rico was facilitated by NSF grant BSR-8811902 to the Terrestrial Ecology Division

of the University of Puerto Rico and the International Institute of Tropical Forestry in

support of the Luquillo Experimental Forest Long Term Ecological Research Site.
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Teho
Abstract: Reports of ectomycorrhizal fungi from Puerto Rico and Guan isn the Greater Antillies
include two new species of Amanita, one Lactarius and a new Phlebopus. In addition, new
distribution records of Russula littoralis Pegler and a possible new small spored Phylioporus are
reported. Ectomycorrhizal hosts include Coccoloba uvifera (Polygonaceae) and putative hosts
Hymenia courbaril (Caesalpiniaceae) and Andira inermis (Papilionaceae) ;% i

1
A

Key Words: Basidiomycetes, systematics, Amanita, Lactarius, Russula, Phlebopus, Phylloporus,
Greater Antillies, Puerto Rico, Guana, T's/

A

INTRODUCTION
; n ‘# e axdun
Puerto Rico and Guana q/e bq(h islands whjc(h lie W)'{hin the Greater Antilles and have
tropical climates. The areas surveyed range from sea level to 500m elevation. Coastal dune
communities are present in these habitats along with subtropical wet forest according to the

associated with vescicular arbuscular (VA)Y mycorrhxzae (Lodge, 1996). However the presence of
agarics which are known to be ectomycorrhizal associates of tree hosts in the tropical forest
leaves little doubt that there are a few ectomycorrhizal tree species. In fact Lodge (1996) reports
the pesence of “thick mantles of basidiomycetous hyphae with clamp connections”on the roots of
Pisonia subdordata, Coccoloba swartzii, and C. pyrifolia. The fungi reported in this paper are
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Holdrdge system (Ewelf & Whimore, 1973). TheLuquillo Mountains of NE Puerto Ricowas t“r '
most intensively sampled_and this area has a mean annual rain cm/yr and a mean monthly . 4
¢6Ctemperature OfWC Wh Q(;he’sarppled ag€a liés wrtﬁm_;he t élrco forest z8#€ which is ”/f) e
. reported to have in excess of 152 tree speciespth-odge;1958]). Phe pra tyy v of the trée species are \ . wd.
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most likely associated W1th several putative ectomycorrhizal hosts mcludlng (occoloba uwfera in

the Polygonaceae, Hymel /a courbaril L. in the Caesalpiniaceae and Andira inermis (W. Wright)
H.B.K. in the Papilionaceae. However, there are several other tree species present in one area
where two ectomycorrhizal taxa were found but they all appear be associated with VA
mycorrhizae. The number of ectomycorrhizal hosts in tropical forests is not large and as yet not

totally known, There are some well known genera such as Coccoloba which are notable
exceptions.

Color comparisons were made using Methuen (1967) and designated Met 6 E-4 which 7
indicates the page, row and color block. In some cases the pileus coloration was recorded using
Cailleux (1948) and indicated as Caill. T73 which indicated row T and block 73, Chemical dbe o .
reagents including Melzer’s solution, Gum-guaiac, 2% Phenol and Ferric sulphate were used ey oy

when appropriate and the reactions recorded along with smell and taste, ko g e AL
e
Vpidgemey
- . 7. . . d ) [ o e e
Amanita “cystidiosus” O.K. Miller et D.J. Lodge sp. nov. FIGS. 1-4,19. m roproducs.
_ o _ < (ﬂ e
Pileus 2.0-4.7 cm broad, convex to plane in age, subviscid when wet, fine mealy remains of /

univesal veil on the surface, pale straw yellow, margin finely sulcate-striate. Lamellae free,

subdistant, ventricose, 2 tiers of lamellulae, light yellow to yellow in age. Stipe 1.9-5.2 cm long, < ‘“"‘f 2
0.4-0.7 cm wide, equal with an abrupt round basal bulb, dry, white except bulb which has Mo n;’s ttﬁﬁ
yellowish remains of the universal veil. Partial veil remains as a persistent, cothurnate, annulus. ¢olor
Context firm, white. Smell not distinctive. Pileipellis of interwoven, broad, thin-walled hyphae 0 += Fo~
4,2-20 pm diam. Partial veil of filamentous, thin-walled, hyphae 5-9 um diam. Universal veil of |~
interwoven thin-walled, hyphae 4.0-13.0 pm diam with distinctive clavate cells 15-27 pm diam. P
Clamps absent. Cheilocystidia 45-55 x 7-11 ym clavate to subfusiform, thin-walled, protruding

one-half to one-third. Basidia 25-30 x 8-9.5 um clavate, thin-walled, 4-sp’d. Basidiospores 7-9 (-

10.5) x (4.8-) 5.5-6.0 um (E_, = 1.34: E 1.15-1.53) short elliptic, thin to slightly thick-walled, non

amyloid in Melzer’s solution. In sand dunes under Coccoloba uvifera, Pifioines Commonwealth

Forest, near Loiza, PR, Jan. 14, 1998, typus legit: O.K. & H. Miller, D.J. Lodge OKM 27232
(VPI).

)

Pileus 2.0-4.7 ¢cm broad, convex to nearly plane in age, subviscid when wet, covered with a very
fine mealy white remains of the universal veil, pale straw yellow (Met 2A2, Met 1A2) ground
color, margin finely sulcate-striate. l.amellae free, ventricose, 2 tiers of lamellulae (L=2),
subdistant, yellow (Met 4A3-4) young light yellow (Met 4A2). Stipe 1.9-5.2 cm long, 0.4-0.7 cm
wide equal with an abrupt round basal butb, white except of the bulb which is covered with the
appressed remains of the universal veil and is yellowish (near Met 4A2), fine white rhizomorphs
emenate from the base. Partial veil leaves a persistent cothurnate, white annulus which flares
upwards but may vary from inferior to supertor. Context firm, white, unchanging in cap, stip white
solid outside with a soft center. Smel/ not distinctive.

Pileipellis of interwoven, broad, thin-walled hyphae 4.2-20 pm diam, hyaline in 3%KOH,
yellowish in Melzer’s solution. Pifeitrama of interwoven broad hyphae 4.2-24 um diam, hyaline in

2



3%KOH, yellowish in upper trama to dextrinoid in the lower trama in Melzer’s solution. Lamellar
trama of thin-walled, hyaline hyphae, yellowish with a hue of deep reddish color [dextrinoid] in
Melzer’s solution. Partial veil of filamentous, thin-walled, hyphae 5-9 ym diam mostly of short
frequently branched cells. Universal veil of tightly interwoven cells 4.2-13 um diam, thin-walled,
hyaline with frequent, enlarged, distinctive clavate cells 15-27 pm diam, thin-walled, and hyaline.
No clamps seen on any tissue. Cheilocystidia 45-55x 7-11 pm clavate, narrowly clavate to
subfusiform, thin-walled, protruding one-third to one-half, numerous. Basidia 25-30 x 8-9.5 pm
clavate, thin-walled, 4-sp’d hyaline in 3% KOH and Melzer’s solution. Basidiospores 7-9(-10.5) x
(4.8-)5.5-6 um (E_, = 1.34:E 1.15-1.53), short elliptic, thin to slightly thick-walled, non-amyloid
in Melzer’s solution. Spore print pure white.

Habit, habitat, and distribution: in sand in the dunes or fore dunes among or close to Coccoloba
and a wide spread vine; Pifiones Commonwealth Forest, Beach near Loiza Jan, 14, 1998.

Material examined. USA: Puerto Rico, Pinones Commonwealth Forest, beach near Loiza, Jan,
14, 1998 Coll. D.J. Lodge, O K. & H. Miller OKM 27232, OKM 24234 (VPI).

Observations: A taxon meeting this description has not been collected before on Puerto Rico, The
species is in the subgenus Amarita, section Amanita. Note that OKM 27234 and OKM 27232 are
the same taxon and were collected as we moved down the beach all assoctated with Coccoloba..
The persistent, membraneous white annulus which flares out; subviscid straw yellow pileus;
clavate to subfusiform, thin-walled, protruding, cheilocystidia; filamentous partial veil and
filamentous universal veil with clavate end-cells are a combination of characters which are very
distinctive. The spores are non-amyloid, short elliptic with a thickened wall. Fresh characteristics
are from OKM 27232, The presence of cystidia is a first report. Jenkins (1977) study of the North
Amencan taxa in the section reports that the gill edge is “frequently covered with inflated cells or
hyphae being remnants of tissue between gills and partial veil.” The cystidia in A, “cystidiosis™ are
derived from the lamellar trama and not remnants of a tissue differentiated during prnimordial
development. Recently descnbed species of Amanita by Tulloss (1989, 1990, 1995) and Tulloss
et al. (1992) do not contain a taxon related to A. cystidiosus. >

ar‘v_ﬂigo[o‘? chmﬁ(znolat«:[cx 7 /0(0\ Qf_f‘(.\? (,A_C\l\ﬂ
Amapiita “albivolvata” O.X Miller & D.J. Lodge sp.rioy. / ‘g FIGS. 5-8

Pileus 3.5-5.5 c¢m broad, depressed to infundibuliform, moist, smooth, drab gray with pale buft
universal veil patches in the center, margin with plicate striations. Lamellae free, narrow, close
white, one tier of lamellulae. Stipe 9.5-10 ¢cm long, 0.5-1.0 ¢in wide, nearly equal with a narrowly
clavate base, smooth, moist, dull white with a small, fragile, white volval cup. Universal veil of
filamentous. hyaline hyphae intermixed with a nearly equal proportion of globose, subglobose, to
pear shaped hyaline, thin-walled cells. Basidia 35-55 x 12-14 pym clavate, thin-watlled, 4 sp’d,
hyaline. Basidiospores 9-12.5 x 7-10 pym (E_, = 1.25: E 1.11-1.43) subglobose, to broadly elliptie,
thin-walled, hyaline with a large yellow oil body, in 3%KOH, non-amyloid in Melzer’s solution,
In sandy soil under Coccoloba uvifera on Pinones beach near Loiza, Mun. Rio Grande, Puerto
Rico. Typus legit J. Trappe, M. Castellana & J, Lodge, PR-4717

149



5

W b

epen
3

7 1)

149
(0:.97 21/5.5)

Pileus 3.5-5.5 cm broad, strongly depressedito infundibuliform, moist to sticky, sand covered,
smooth, Drab Gray, with flat pale buff (124)'ditersile patches of universal veil in the center,
margin evenly pale Drab Gray and plicate-striate. Lamellae free, narrow (5 mm broad), close,
white, one tier of lamellulae, edges even. Stipe 9.5-10 em long, 0.5-1.0 cm wide, nearly equal with
a narrowly clavate base, smooth, moist, dull white with a small, fragile, white volval cup, often

with the ragged remains of the veil in the sand or adhearing to the lower stipe. Context soft,
fragile, white.

Pileipellis of hyphae 2.5-5.0 um diam, thin-walled, fitamentous, hyaline in 3%KOH, yellowish in
Melzer’s solution. Pileitrama of interwoven, broad, thin-walled, hyaline hyphae (3.4-)6-25 pm
diam, mostly filamentous, sometimes swollen. Lamellar trama of filamentous to broad and
swollen, thin-walled hyphae 4.2-21 pm diam. Subhymenium of short, isodiametric cells, thin-
walled, hyaline. No clamps seen on any tissue. Universal veil of filamentous, hyaline hyphae
intermixed with a nearly equal proportion of globose, subglobose, to pear shaped hyaline, thin-
walled cells Cheilocystidia infrequent to frequent, of pyriform to subglobose or globose cells 18-
30 x 13-17 pm thin-walled, hyaline. Basidia 35-55 x 12-14 pm clavate, thin-walled, 4 sp’d,
hyaline. Basidiospores 9-12.5 x 7-10 pm (E,, = 1.25; E 1.11-1.43) subglobose, to broadly elliptic,
thin-walled, hyaline with a large yellow oil body, in 3%KOH, non-amyloid in Melzer’s solution..

Habit, habitat, and distribution: in sandy soil under Coccoloba uvifera on Pinones beach near
Loiza, Mun. Rio Grande, fruiting in December.

Material examined: USA: Puerto Rico, Mun. Rio Grande, Pin-ones beach near Loiza,

12/23/1997, coll. J.Trappe, M. Castellano & J. Lodge PR-4717. Guana Istand: White Beach
Rd., 10 Oct. 1997, coll. D. Jean Lodge, GUA 109,

Observations: The non-amyloid spores, volva, lack of a partial veil and the plicate-striate pileus
margin are all characters of the Subgenus Amanita sect. Vaginatae. The characteristic drab gray
cap coloration; very small white, saccate volva, buff' volval patches at the cap center and the
distinctive type of universal veil tissue are characteristics of the species. The habitat in beach
sand, often in fore dunes under Coccoloba is a distinctive habitat. The pileus coloration and
anatomic details of the universal veil combined with differences in spore size are quite different
from the two taxa in Section Vaginatae with a membranous universal veil described by Tulloss et
al. {1992). No taxon described by Coker (1917} or Jenkins (1986} has the combination of
charactenistics described above for A. cystidiosus.

Lactarins “coccoloba” O K. Miller & D.J Lodge sp. nov. FIGS 9-14,20

Pilens (1.8-) 5-11 cm broad, robust, plane in age, dry, dull cream but soon stained mottled brown
to black-brown. Lamellae adnate, crowded, white at first, brown in age, latex white stainscut or
bruised surface dark brown. Stipe 2-4 cm long, 1.2-2.2 cm wide, dry, smooth at apex, minutely
hairy below, dull white stained brown to dark brown. Context firm to tough, white at first, stains
dull brown when cut or bruised. Pileipellis a turf of pileocystidia 24-65(-122) x 3.6-5.4 pm



cylindric to fusiform. Subpellis of interwoven, gleatinized hyphae 2.7-4.5 um diam. Basidia 60-79
x 8.1-9.5 um clavate, thin-walled, 2 to 4sp’d. Basidiospores 7.2-9(-10) x 5.8-8.4 um, (E_ = 1.26:
E 1.13-1.55) subglobose with a subapical plage and low (<0.3 pm high )amyloid warts and weak
partial amyloid reticulations. In sand dunes under Coccoloba uvifera, Pinones Commonwealth
Forest, Loiza, PR, Jan. 14, 1998 Typus legit: D. J..Lodge, O.K.& H. Miller OKM 27240 (VPI).

Pileus (1.8-) 5-11 cm broad, robust, plane, repand or upturned in age, dry, dull cream but soon
staining a mottled brown, light brown (Met 6E-F 4-6) to dingy blackish brown, inrolted margin
smooth in buttons straightens out in age. Lameliae adnate, crowded, white at first, with a white
whey-like latex which stains the gilf where cut dark brown, in age generally mottled brown and
subdistant (Met 5E-F 4-7). Stipe 2-4 cm long, 1.2-2.2 cm wide, equal, with dingy mottled light
brown (Met 5D4) to dark brown (Met 5F 5-6), minutely hairy (use lens), smooth just at the apex.
Context very firm to tough, white at first but soon staining on exposure to air a dull mottled
brown {Met S5ES5) when bruised with the knife darkening to dingy brown, just at base a dark
black-brown area. 7aste sweet and mild. Smell strongly of fish or herring like .. volemus and is a
room filling odor persisting in dried material.

Pileipellis an irregular turt of pileocystidia 24-65 (-122) x 3.6-5.4 pm cylindric or tapenng toward
apex, thin-walled, hyaline or with light brown slightly thick-walled, arise from a narrow layer of
interwoven, gelatinized hyphae 2.7-4.5 um diam, with deep yellow-brown incrusted material in
Melzer’s solution and 3%KOH. Pileitrama of broader, interwoven hyphae 4.5-10.5 um diam, a
textura intracata, filamentous, rectangular to irregular thin-walled, hyaline in Melzer’s solution
and 3% KOH, with frequent dark yellow brown lactiferous hyphae 7.2-9 pm diam, especially in
the lower trama. Lamellar trama of tightly packed, interwoven, thin-walled, hyaline hyphae 3.6-9
um diam with frequent deep yellow-brown Iatiferous hyphae. Cavlocystidia 39-45 x 3.6-5.4 um
cylindric to narrowly fusiform, occasionally subcapitate, thin-walled, hyaline or with a light
brownish hue in 3%KOH, numerous.. Cheilocystidia 35-65 x 2.5-5 pm hyphal-like, fusiform with
an apical projection to narrowly clavate, thin-walled, hyaline, protruding only slightly if at all,
scattered not frequent, Basidia 60-79(-85) x 8.1-9.5 um clavate, thin-walled, 2 to mostly 4sp’d,
sterigmata 5.5-7 um long. Basidiospores 7.2-9 (-10.8) x 5.8-8.4 um, (E_, = 1.26; E = 1.13-1.55)
subglobose with a subapical plage, and short hyaline apiculus, fine very low (< 0.3um) amyloid
warts and weak partial reticulations.

Habhit, habitat, and distribution: in sand on dunes under Coccoloba uvifera L., Piiones
Commonwealth Forest, Beach near Loiza, PR, Jan. 14, 1998,

Material examined: USA - Puerto Rico; Pinones Commonwealth Forest, Beach near Loiza. Jan.
14,1998 Coll. J Lodge, O K & H. Miller OKM 27240 (VPI})

Observations; This is a distinctive taxon not collected before in Puerto Rico and not recorded in
other Caribbean works on the Agaricales. It is a very robust species, with adnate, close to
crowded lamellae and a short stipe and sporophores which are very close to or buried in the sand.
it stains brown when bruised, immediately yielding a whey-like white latex in buttons but often
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the latex can only be observed in age by cutting the specimens in half and observing the latex at
the margin of the gills and tramal tissue. The pungent fishy, herring-like odor persists in the dried
specimens, which are very tough. Material soaked in 95%ETOH and water yields a wine colored
extract and softens very slowly. In addition, the pileipellis has a turf of pileocystidia best seen in
the young specimens arising from a layer of interwoven gelatinized hyphae, the spores have very
low ornamentatton [mostly >0.2 um high] and the cheilocystidia are hyphal-tike to narrowly
clavate. It also has numberous caulocystidia. It is a member of the Subgenus Lactifiuus and the
section Lactifiuus (Hessler and Smith, 1979). It does appear to be closely related to L. caribaeus
Pegler (Pegler 1983) with similar microscopic anatomy, especially the low individual warts which
form the spore ornamentation, and the spore size, although the basidia are distinctly shorter.
However, there are distinctive macroscopic differences. The lamellae of L. caribaeus are deeply
decurrent, subdistant with “numerous lamellulae of two lengths’ and illustrated by Pegler (1983,
Fig. 123A .and color Plate 20C). The stipe surface is described as pure white at first and glabrous,
It is found associated with Coccoloba pubescens and C. diversifolia in “degraded xerophytic
forests” and not in a similar dune habitat. Both of these taxa are distinctly different from any taxon
now placed in the section but they have several characters common with L. futeolus Peck. Firstly
the cystidia are thin-walled in our material and the taste is mild. Lactarius. luteolus Peck is not a
robust spcies and has a different but similar pileipellis, smaller basidia, higher ornamentation on
the spores and is not a robust taxon. The holotype of L. futeolus was studied and also does not
have the extractable wine colored pigment which is so obvious when sections of L. cocoloba are
soaked in 95% ETOH. It seems that the two taxa from the Lesser and Greater Antillies have
evolved over an extended period of time with species of Cocoloba on 1slands separated from each
other, They are closely related but sufficient genetic drift has occurred to easily distinguish them
by their macroscopic characteristics. >
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Phlebopus Fsa/any"O.K. Miller & T.J. Baroni sp. rov. FIGS. 15-18,

21, L

Pileus 2.6-7.1 ¢cm broad, convex, felt-like, dry, smooth, black-brown to deep red-brown, margin
incurved until mature. Pores adnate, pustulate at first, 2-4 mm deep, 3-4 per mm, uneven at
maturity, yellow, gradually staining light blue when bruised. Stipe 2.5-5.0 cm long, 0.9-2.1 cm
wide at apex , forming a clavate base 1.7-2.8 cm wide, yellowish or black brown just at apex
black-brown overall with a fine network of yellow mycelium over the surface, light brown
rhizomorphs at the base. Pileipellis a narrow layer of hyaline, gelatinized hyphac 2.5-6 pm diam.
Tube trama of divergent, thin-walled hyphae 3.4-5.5 um diam. Cheilocysticdia abundant 28-55 x
6-12 um | clavate to broadly clavate, thin-walled. Basidia 30 x 9 pm diam, clavate, 4-sp’d.
Buasidiospores 5-6.8 x 3.8-5.5 um diam (E_, = 1.29: E 1.09-1.52) elliptic, thin to slightly thick-
walled, olivaceous-brown. Spore print olive-brown. On the ground under hardwoods, near
Savana Field Station above the Chicken Farm, PR, Jan.. 15, 1998 Typus legit: D.J. Lodge, O.K.
& H Milter. OKM 27252(VPI).

Pileus 26-71 mm broad, broadly convex, felt-like, dry, smooth, black-brown to deep red-brown
[Caill. T73; Met 7F4-6,9F3-4), margin incurved until maturity. Pores adnate, 2-4 mm deep, 3-4
per mm, pustulate at first, opening in age, uneven at maturity, yellow (Met 4A 4-6) gradually
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staining light biue when bruised. Stipe 2.5-5.0 cm long, 0.9-2.1 cm wide at apex enlarging
somewhat toward base to 17-28 mm wide forming a narrowly clavate base, sometimes yellowish
just at the apex, black-brown (Met 8E-F4-5) overall with a fine sparse network of yellow
mycelium (use lens) over the surface, copious light brown rhizomorphs at the base. Context firm,
orange-yellow (Met 3A4) when first cut, darkening somewhat when bruised, on standing fading
to light straw vellow. Smell stale farinaceous which persists in the dried collections. Taste mild.

Pileipellis a narrow layer (40-65 pm thick) of hyaline gleatinized hyphae 2.5-6.0 pm diam.
subpellis of interwoven, yellow-brown, thin-walled hyphae with scattered clamp connections,
wine red in 3%KOH and Melzer’s solution. Pifeitrama of interwoven, thin-walled to slightly
thick-walled hyphae , scattered clamp connections, hyaline in 3%KOH and Melzer’s solution,
Tube rama of slightly divergent, hyaline, thin-walled, hyphae 3.4-5.5 (-8.5) um diam, with
scattered yellow-brown oleiferous hyphae, scattered clamp connections. Cheilocystidia abundant,
28-55 x 6-15 pm clavate, broadly clavate, thin-walled, hyaline in 3%KOH and Melzer’s solution,

Rasidia clavate, thin-walled, with a basal clamp connection, hyaline in KOH and Melzer’s
solution

Basidiospores 5.0-6.8 x 3.8-5.5 pm (E,_, = 1.29: E = 1.09-1.52) elliptic, thin-walled to slightly
thick-watled, olivaceous-brown. Spore print olive-brown (Met 3E4-5).

L f 151 clbv K u SC'-{SW"
Material examined. USA: Puerto Rico; near Sa/ana Field Station, June 10, 1998,

Coll. D.Jean Lodge, O K. & H. Miller OKM 27200. June 15, 1998 Coll. H & O K. Miller, OKM
27252, OKM 27254

Habit, habitat and distribution: on the ground on a roadway under hardwoods, on a well drained
site, at 300" elev. near Savana Field Station above the Chicken Farm, (ST-MW FOREST), fruiting
in June.

Ohservations: The black-brown to red-brown smooth cap and distinctive black-brown stipe with
a yellow apex, fine yellow pores, and very slow blue staining even when bruised vigorously are
distinctive characters. In addition, the fine yellow, sparse mycelium [use lens] over the surface of
the stipe is most unusual for a bolete. Young specimens tend to be in the red-brown color range
while older caps are black-brown and all specimens are evenly or nearly evenly colored with a
conspicuously incurved margin. Note that in the same collecting location two additional bolete
collections (OKM 27252 & OKM 27254) were found on Jan 15" Collection OKM 27252 was
9.5 cm broad, the cap color had taded to red-brown in the center (Met 6F 5-6) the rest orange-
brown (Met 5C 5-6) but the rest of the fresh characteristics were of the same as the specimens
described above. The additional collection, OKM 27254, was some distance from the two
mentioned above but was old and mature but has the same spores and other microscopic
characters as the other two collections.
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Phviloporus sp.

Pifens 22 mm broad, moist, somewhat felt-like, orange-brown. Lame/lae lamellate near the stipe
to poroid over the margin, 2-3 mm thick, very irregular, yellow orange, no blue staining observed

when bruised. Stipe 14 x 4 mm equal, moist, smooth, yellowish. Context light buff, firm, bruising
pinkish.

Pileipellis a trichoderm composed of narrow, nearly cylindric to narrowly fusiform thin-walled,
hyaline cells 34-93 x 3.5-5.0 pum diam arise from a subpellis of interwoven hyphae 3.4- 6.5 pm
diam thin-walled, hyaline in 3%KOH and Melzer’s solution. Pileitrama of interwoven, thin-walled
hyphae 2.5-10.5 ym diam, thin-walled filamentous hyphae, on average somewhat larger than the
pileipellis cells, hyaline. Lamellar trama of large, hyaline, thin-walled cells 7.6-19 pm diam
interwoven but extending almost to the hymenium giving rise to branching subhymenial cells and
basidioles, no clamps seen on any tissue. Cheilocystidia long, narrowly fusiform, thin-walled cells
55-64 x 7.5-9.5 pm, hyaline in 3%KOH and Melzer’s solution, protruding one-third to one-half
beyond the basidia. Basidia 28-43 x 8-9 pm narrowly clavate, thin-walled, hyaline, 4-sp’d., no
clamp connections. Basidiospores 6.5-8.0 (-9) x 2.5-3.5 (-4) pm diam (E_, =2.41: E 1.62-3.00)
oblong to oblong-elliptic, thin-walled, light brown in Melzer’s solution and 3%KOH.

Habit, habitat and distribution: one very small cap found among the large bolete collection OKM
27200, on ground under ST-MF at 70m elev, above chicken farm, near Sabana Field Station,
Luquille, Puerto Rico, Jan 10, 1998.

Material examined. USA: Puerto Rico, near Sabana Field Station, Luquillo, Jan. 10, 1998. Coll.
H Miller OKM 27200 (VPI).

Observations: The single small specimen has spores which are distinctly smaller than any known
species of Phylloporus. The spores of P. rhodoxamtius are 11-15 x 4.5-6 pm (Miller, 1973). In
addition, the specimen has a very loculate hymenium and lacks the blue staining when bruised.
More material needs to collected to provide a complete description of this new taxon. The
species of Phylloporus are mycorrhizal fungi and this species is almost certainly ectomycorrhizal
with the same host as that of Phlebopus “savana” which was fruiting all around this specimen. In
the collecting site only two species known or suspected to be ectomycorrhizal in the low elevation
troptcal hardwood forest in Puerto Rico were found. These include Hymenea courbaril L. 1n the
Caesalpiniaceae and Andira inermis (W. Wright) HB K. in the Papilionaceae (Lodge 1996) and
the putative hosts were growing very close to where the fungt were collected.

Russula littorals Pegler Mycotaxon 12- 93 (1980) o\ peetyn
Ao
T2, et o
Pileus 3.8-60 cm broad, broadly convex, plane with a shallow depression in the center, surface X o€ C;"‘
glabrous, moist or very slightly tacky over the margin, dull yellowish Over the disc (Met 3A4), g“’ l OY
margin, olive-gray (Met 3C2-3), to brownish gray,or tinted lilac over the outer one-half of the (3.9 -
surface, Lamellae adnate, close to crowded, narrow) white, in age yellowisp\, DOTE palﬁ'r than g kf/ .
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(Met 4A 3~4),&occasio_nal long lamellulae and forking just at the stipe. Stipe 1.5-4.0(-5) cm long,
0.8-1.6 (2.8) cm broad, nearly equal to bulbous in one specimen, glabrous, dry, duil white.
Context soft and pure white. Taste not distinctive. Odor not distinctive,

Kaw o

Fileipellns a turf of erect dermatocystida, hyaline, thin-walted, hyphal-like 1.7-2.5 ym diam often
decumbent in age. Subpellis a dense, thick, layer of interwoven, thin-walled hyphae 2-5 um diam
embedded in a hyaline, gelatinous layer in 3%KOH to yellowish in Melzers reagent. Pileitrama a
heteromerous tissue of thin-walled, hyaline sphaerocysts 10-29 x 7.5-20 pm diam with
filamentous hyphae 3-7 pm dia. hyaline in 3%KOH, light yellow in Melzer’s reagent. Lamellar
trama of filamentous, to inflated, ovoid, to irregular cells 3-13 pum diam, thin-walled, hyaline in
3%KOH, yellowish in Melzer’s solution. No clamps seen on any tissue. Cheilocystidia and
plenrocystidia 50-78 x 8-9 pm diam, numerous lamprocystidia, narrowly clavate, subcapitate to
mucronate apices, thin-walled, yellowish contents. Basidia 36-41 x 10-12 pm diam, clavate, thin-
walled, hyaline, 4sp’d. Basidiospores 6.7-10 x 6-8 ym (E, 1.15: E 1.0-1.33) subglobose, to
globose, or broadly elliptic, thin-walled, with a small apiculus and small oval plage, small amyloid

warts <0.3 um solitary or partially connected by amyloid, weak low ndges. Spore deposit buff
(Met 3A2).

L Reagents: FeSQO, negative; Gum-guaiac faint bluish; 2% Phenol negative.
Rf + 3 L\ \11 f e < t L
: 5 I R A N PRy 2 P Y
T e nd,” N et oo S ecto Rico!
' Habit, hab.'fa!, and dmm5unon m sand on dunes under Coccoloba uvifera, Pinones

7 > Commonwealth Forest, Beach nearLonra PR, Jan. 14, 1998. 24 Oct. j59%
Ee(‘(_)(’uabt‘h‘-} 0., “énciw Corto o be udi\p‘é,fﬂ‘GV f‘-“L}' Sa DADIL jjg G /0-3
' Material exammed USA: Puerto Rico, Piftones Commonwealth Forest, Beach near Loiza. Jan. Guaq-— !/«

14, 1998, Coll. J. Lodge, O.K. & H. Miller OKM 27240(VPI).¢.,,1J_ R-39%% 35858 (vrl)
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QObservations: The species was described by Pegler (1980) from Grand Macabou, Marlinift,& in T /“"L
) sand under the “Seagrape, Coccoloba uvifera L.”. This is the identical habitat in which we have T y
L ek found our fungus i ELL@_Q&Q The description of R. littoralis by Pegler from Martinique in the “l‘v’(’ o
C ovana ¥ Lesser Antilles (1983) is close in every way to the matenal from the same habitatdn Puerto Rlc%‘ wezf VO
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FIGS. 1-4. Amanita cystidiosus 1 Fruiting bodies. 2. Basidiospores. 3. Basidia. 4.Cheilocystidia.
FIGS. 5-8. Amanita albivolvatus. 5. Fruiting bodies. 6. Basidiospores. 7. Basidium, 8.
Cheilocystidia. Bar = 1 cm for FIGS 1 & 5. Lower bar = 10 um for other FIGS.

FIGS. 9-14. Lactarius coccoloba. 9. Fruiting bodies. 10. Basidiospores. 11. Basidia. 12.

Dermatocystidia. 13. Caulocystidia. 14. Cheilocystidia. Bar = 1 cm for FIG 9. Lower bar = 10 ym
for other FIGS.

FIGS. 15-18. Phlebopus “savana” 15. Fruiting body. 16. Basidiospores. 17. Basidia. 18.
Cheilocystidia. Bar = 1 cm for FIG. 15. Upper bar = 10 pm for other FIGS.

FIGS. 19-21. FIG. 19 Amanita cystidiosa. FIG. 20, Lactarius cocclobolus. F1G. 21. Phlebopus
savana. Bar =1 cm.
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Sombrero, northernmost of the Lesser Antilles proper, is today a tiny bit of
oceanic limestone on a large bank, or submarine platform. The bank's edge. like
all tropical island banks and continental shelves, is abrupt, at about 100 m below
present sea level. At glacial maximum, as recently as 12,000 years ago, the whole
bank was dry land. It is far from surprising that Sombrero has endemic species: it
and its bank were never connected to any other land area,

No one thought Sombrero's unique specics were "endangered” or nceded
fegal protection because we thought there was nowhere else on earth anything
could be safer. Ah, how wrong we were!

The prevailing winds at Sombrero are the northeast Trades and the
prevailing ocean current sets westerly, into the Caribbean. The BVI are directly
downwind and down current. At Cape Canaveral, Florida, the prevailing winds
are westerlies and the current -- Gull Stream -- sets northeasterly. On site
catastrophes at Canaveral arc contained by a vast and intricate system of drains
and settling pools, surfacing several square miles of marshland -- in itsett an
environmental buffer. In-air catastrophes at Canaveral deposit their chemicals,
pieces, and schoolteachers well offshore, on a route that takes them away from
human habitation. Anything and everything bad that might happen at Sombrero
comes to the BV,

I have culled and excerpted the now copious correspondence and literature
on the proposed rocket launch facility for Sombrero. ! visited Anguilla tn March
and talked to the main players resident there. [ visited MCZ subsequently and re-
examined the only extant two (2) specimens on the Sphaerodactylus gecko |
collected in 1963.

In the bottle with the specimens is a pencil note in the handwriting of the
late Benjamin Shreve, in the '60's the world's foremost authority on
Sphaerodactylus. He opined that these two individuals represent a new species but
that he would not describe it without more -- and adult -- specimens: both are
juveniles. This is very reassuring, and he spells out the ways they are distinctive.
Still, I agree with Shreve: more specimens, including adults. (The same can be
said for the Carval Rock, BVI, form we got two of last year.)

If | have a role in all this, it will be to describe and name the new gecko, or
find someone ¢lse and at least oversee that process. I would necd modest funding
for this, if and when people in the field get the specimens. Meantime, concerted
effort should be brought to defeat the Beal proposal: it is a bad deal for reasons far
more pragmaltic than rare, endemic lizards. Note my last bit, suggesting it may
simply be a scam. I hope so.
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Caribbean Spaceport

By JAMES ANDERSON

SOMBRERO ISLAND, hAnguilla, May 2 {(AP) -- It's an audacious plan: Take
over a desolate, wave-battered Caribbean island, launch commercial
satellites and make a lot of money.

That's Texas entrepreneur Andy Beal's vision for Sombrerc Island, a
crusty patch of rock and limestone that is the first sight of land for many
ships approaching the Caribbean from Europe.

Skeptics guestion the site choice. Over the years, rough seas and
insistent salt spray have flattened boulders, carried away tcombstones and
destroyed buildings from a 19th century mine that shipped phosphate to
farmers in the U.S. Midwest.

And Sombrero‘s brittle coral rock i1s pocked with pits exposed to water
telow -- hardly ideal for a launch pad, critics say.

Beal Aerospace Technologies Inc. says Sombrero will work fine as a site
to join the $50 billion commercial space industry. It plans to build a
spaceport for a three-stage, 223-foot rocket similar in size to the
European Space Agency’s Ariane 5.

Qfficials see a windfall for Anguilla, a British territory of 10,000
people dependent on tourism. The lcocal government has agreed Lo a 49-year
lease of Sombrero, 38 miles north of Anguilla, if Britain approves,

But opponents, including Britain‘s influential Roval Society for the
Protection of Birds, say Sombrero is a key nesting ground for Caribbean
seabirds, including the masked booby.

They ridicule Beal‘s offer to find another bird sanctuary.

Beal's plan also has pitted Anguilla‘s government against those who warn
that rocker launches would chase away Courists seeking peace.

“God nelp Anguilla if they decide to go elsewhere,” said a former chief
minister, Sir Emile Gumbs,

But the current local government chief, Hubert Hughes, contends many
critics are wealthy expatriate landholders -- white Americans and Europeans
among an overwhelmingly black population that earns on average about 57,300
a year.

"They have this attitude that the island shouldn’t develop because they
nave come to live a quiet and peaceful life in their tropical paradise, in
their litrle castles, and they don't see finding jobs for the people of
Anguilla as a priority," Hughes said.

More than 50 commercial satellites were launched in the United States
alone from 1995 through 1998, and most spaceports worldwide are booked.

Enter upstart Beal, created in 1997, which ccnsiders Sombrero ideal., A
launch pad near the equator makes it easier to put payloads in certaln
orbits, it says. With open seas all arcund, launches won't endanger human
settlements, Beal says.

British Virgin Islanders, however, question whether rocket exhaust and
fuel spills cculd reach them 65 miles away.

Currently in development, the Frisco, Texas-based Beal's BA-2 rocket 1is
designed to carry 13-ton paylocads. Its first test launch is set for
December 2000.

Ultimately, Beal plans 12 space shots annually in a market that charges
$75 million to $125 million a time.

The company wants to pave over less than 10 acres cof Scmbrero’s 30 acres
for a launch pad, fuel storage, control buildings and airstrip.

Finance Minister Victor Banks said it could make Anguilla $6.1 million a
year -- cne-fifth its current budget -- including the lease starting at
5280,000 a year.

"Here 1s an opportunity to do something with an island that has no
value, " Banks said.

Robert Harris, Britain‘s governcr on Anguilla, sald that Beal’s
technology appears scund and that a review might be ccmpleted by year's
end.

"I1f Britain isn’t satisfied, then the thing's not going to be built, "
Harris said. "Indications are that that is not going to be the case,”

Sombrerc's conly residents, a handful c¢f lighthouse keepers who spend
weeks alone, congsider Beal’'s vision for "The Rock® with disbelief.

Only by scrambling inside the lighthouse, perched atop 40-foot cliffs,
did they survive hurricanes that have periodically swamped the island.

Beside the June-to-November hurricane season, -ground seas” reaching 60
feet can pound Sombreroc. Lesser seas can stop boats from landing, scometimes
for weeks.

A Beal vice president, David Spoede, said, -We'll work arcund the
weather in terms of launches.*

Anguilla's Naticnal Trust is trying to come up with an alternative usge
for the island. With its aging buildings and tombstones, old lighthouse and
mining equipment, some say Sombrerc is a ready-made museum,

"It really comes down to our cultural heritage," said the trust’s
executive director, Ijahnyva Christian.

Banks, the finance minister, said few Anguillans seek cut that heritage.
“I think that 95 percent of the pecple of Anguilla have never seen
Scmbrero, * he said,



Frcm: Michael A. Ivie, Ph.D. <mlviefSmontana.edu>

To: Bruce Potter at Island Resources <bpotterfirf.org»; epaul@dclink.com
<epaul@dclink.com>

Cc: caribbean-biodiversityBegroups.com <caribbean-biodiversity2egroups.com>
Date: Monday, MMarch 01, 1999 5:43 PU

Subject: [caribbean-bilodiversity] SOMBRERQO: Responses to Beal’s Statements

>H1 Folks, it’'s Grumpy here with a rant.

>

= I hate heing right when it is a pessimistic prediction, but I
>warned that the bird wonks wouldn't be able to argue this case, and that
=relying on bird data would be disastrous. Frankly, Beal is ABSOLUTELY
>CCRRECT: there is nothing about the specifics of the seabirds nesting on
>Sombrero that is unigue or particularly worthy of protection. In fact
»rthe stupid situation is that, from the arguments they have been given by
>the bird protectienists, Beal could conceivably decide to help the
>zeabird populaticon by wiping out the ground lizard that eats Cheir
>eggs! ! Yet it is mainly the lizard that is in fact, unigue and worthy
=0f @aving. Yet the birders were so blind that they put their money into
>sending birders out to document yet again that there is nothing
»>ornithologically unigue about Sombrero!

™

> In my opiniocn, the bhird angle should bhe completely dropped except as a
>fund-raiser, and use the money to get people who know Caribbean
=hicdiversity onto Sombrero, i,e. pecople that can do something to save
>it. Seabirds are Scmbrero's eguivalent of green plants for most
=habitats, they deliver energy Lo the native ecosystem. Beyond that,
*»Iney are just ancther batch of widespread, non-esndangered birds. Legal
>protections will never f£ly based on the birds. As the main energy
>tranafer system of marine calories to & terrestrial community with
>precious litcle in the way of energy fixing plants, they are a critical
>driver of the system., The problem is, Beal can save the driver, and not
»>the parts of the system that are unique,

>

> Why isn‘t the ground lizard on the IUCN Red List? Because no one
»thought anyorne would be crazy enough to mess with Sombrero., Secondly,
~why haven’'t the bird folks, who are only aones who can raise tne funds,
~sending beotarists, herpetologists, and entomolegists out there to find
»endemic species worthy of legal protecticn, and that will stand up in
»court challenges? (Bats are another possibility, if a long shot} If
>they want to save the birds, they need to look to the smart path, not
=fhe familiar one.

-~

> The Beal folks are probably well-meaning, after all they belong te such
=organizaticns as "Greenpeace, the Sierra Club, the VWorld wWildlife
»Federation, the Royal Society for the Preservation of Birds" -- 1.e.
*well-meaning and blissfuliy ignorant of how the natural world works. Ve
»have to educate chem, not feed them drivel about pretty birds. Beal has
>rasponded in a manner totally appropriate to the data they were
>deliveraed, 5o shoot the messenger, not the reciplent, The situation so
*»far is not that far removed from wanting to stop the replacement of a
»*bridge because starlings like toc roost on the old one.

>

> Mow, this 1s not to say the Beal folks are particularly smart, since

>who would want to build a satellite launch pad in a place they claim
>gets totally over-washed with sea water during periodic hurricanes?

» OK, how to proceed. First, redefine the role of seabirds on the isiand
=in terms of energy delivery to an isolated and fragile terrestrial
»system., The unlgue ground lizard is the top predator in this system,
»the equivalent of the wolf, killer whale or grizzly bear of Sombrerc.
=This 1s the poster-child for protecticn, especially in the legal sense.
It is fcund nowhere else on earth, and as such is eligible for
>protection under the IUCN endangered list, Britain, as an I[UCN and Rio
»signatery, has certain treaty responsibiliti=s to protect this species
»{unlike arny of the widespread, non-endangered birds that nest there).
‘However, it is probably not the only unique species, but without the
=regsources to look for them, we can only surmise. Note that any system
>that can evolwve such a unique large vertebrate top predator (0K, large
»on my scale) must have a whole system that is unique, including many
»invertebrates that have evolved to directly utilize the guano and dead
»pbirds that are delivered by seabird visits, as well as the few
»established green plants. Just like the lizard, there must be unique
=predators that have evolved among the terrestrial inverrcebrates to fe=d
~on tnese endemics, and so on, The hatchling lizards almast certainly
»live on insects until they are big enough to take eggs, and perhaps also
*between Ne2sting seasons,
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> I am sure that Lianna Jarecki and others will provide extensive reasons
»why the claim that jet fuel and H202 {among other cbvious things) cannot
»be considered incenseguential to the marine envireonment in the event of
»an accident, especially given that Beal claims the entire island is
»subject to periocdic overwash. The fact that such obvious arguments must
»be made indicates that this whole thing will have tc end up in the
=courts., As such, real data on unique biodiversity MUST be obtained in
»order to win. The bird data won't do it, and the better the bird data
>{hby itself) the more evidence Beal will have that they are hurting
=nothing unique.

>

> Again, 1f someone can arrange it, I am available to do an insect
>inventory of Sombrero, and we all know how to find the lizard, plant and
»bat people we need. It is just a matter ¢f finding the transportation

>money -- no salary, no supplies, just travel expenses,
>

M
»HMike

JCINJTOWN@aol.com wrote:

>

> Hi All,

> Mike hvie is spot on absolutely right. The whole ecosystem is remarkable

> and no doubt has mare endemics. No one ever mentions the Sphaerodactylu_s
> gecko, known from just twa (2) specimens but quite distinctive. The taxoncmic
> climate af the times (1964) precluded formal naming but with cladataxonomy

> Yoday it would easily qualify as a new species. | hawe been to Sambrero

> (sadly but certainly no bats) and do not need to retum. All | need are a few

> mare of those geckos. Entomologists looking under things will find them.

> Please send me some at MCZ, Harvard, 26 Oxford St. Cambridge Mass 02138,
> USA

> Thanks, Skip (Dr. J.D.) Lazell

>

>

Skip, many thanks for sending your Sembrero and Aves papers. So YOU are the
soufce of Beal claiming the birds are being decimated by the lizards! )

I'm waiting for Sir (formerly Captain) Emile to get me some specimens. including
the mouse, which no one has really examined to see if it's the common feld
mouse faund here or some new mus sombrericus.

Best regards...

Bob Conrich
Anguilia National Trust

> Bob. | just talked to Ellen. 8.iii.99. She found Sphaero onSombreo after the
> hurrficane, but did not collect. She does not want to descnbe it even if more
> specimans are available. | have 200+ publs and do not need more, so anyone who
> wants ta describe the Sphaero is welcome to it. To proceed, get a team of
> entomologists on Sombrero with instructions ta catch some. S(«“{’
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THEREPIINESOFSOMBRERO. WESNL
INDIES.— The timy anv il Soonbrero lorms
the wortherin Fmic ol Lonl i the Lesser
Antilles, It lies socme 32 miles northwest of
Anguitla and on a separare bank from
which includes the pumcerous dsfands from
Dog Liland Gimd Anguilla)y southesst o the
Ile Coco (aned St Baresy . To the wesiwqrd,
Sembrero s separateil brom the Pacrto Rwo
itk {and Virgin Ishandsy by the Anegada
Passage, the geographic aud geologic boyder
of the Leser Antilles proper i the north
and west,

Sambrero must have originally Deen vol-
canic, though, as a “second ovele” Blund of
Davis (1926, The Lesser Antilles, NMop of
Hispanic America, Am. Geog, Sec, Prbl Na,
2:41), it has been capped with accanic limce-
stone, Tadav, the cay itelf is about % mile
long and 400 vards wide at the widest parc
it is oriented roughly north=south. Somlwero
s a block of oceanic, “honeveamb™ lune-
stone: it s from about 20 to 40 ft high and
chiffed on all sides. There is no beacdls or
strand. There is no uee. hush, or shrub ans.
where on Sombrera.

The top of the island is able-hike except
for punuerons pits, hoth maural (romy wine
erosony and  wuarmade  (from pliesphae
mining), There are s few soragaly chumps
ol cactus (O Qi Giher dun these, the
extramels spiree segetation consdsts ol o fen
linl\. aravnd-oniling. heris cons ];l;mh, the
connnonest relerved 1o s Cosmphor.”” and a
hal-dosen siall weedss The best detaled
doscription of the Wland o date is ihar ol
]l:]i||| CIRoG Pewe e Nuto flhisn =
|5y

Foor over 100 s s, ghoe Bratish covermnent
Mo et o Tighihowse var soamlasreno,
.ll]l!‘ ill'( 111 1 :il‘\ 1k |i||' ||-IIJ|1I'| ll! l}lf
e Plassaae; IR by s onach tonnnee
i \1.-:ir|a||-_- prasses aw g szhe of e oas JREES
it sl o e West Indies, Newvorthieless,
B dgepattent thar vess Jiede calleaing bl
Seen dome o Soonbacre st b went vhen

ar b Yo 1

1904, NGO

—_—

Fo buGo, he Hghibowse which had stoad
fur o centuy o Al vock wWis snept Lt
by a hurricme swhisch s said 1o have conn
pletely covered the landd with water, 1
new e hthouse Tas been operated by o oes
of 4 men and supplicd T Aogoille Iy
schooner an dboe Dest and Adwenth o cvors
il

The laek o zemifessiog]d ('\1)[1!1.11]|'|l I~ e
vealed D abe Ler that ool o siele Tiving
regiles the candetiie grennmd diand daess
ceridna, s been known to voour there. L
deed, Darliogton (1057, Jocuaacraphy . the
gearraphical distribution ol ansals, Joli
Wilev & Sonse Now York) awed Sombrero
as an extreme example ol the conelation
Bevween island sice and pumber ol speaes
accurring on oqednic ishinds e 88, L
lowing Cope {18610 Piae Aeed. Nato 5l
Phile. 1861:312-814)  and Dunn (1401
Coapeia 1954153 1 105-1111, who Lelieved that
only a single reptile exisied there.

Of course. Sombrero daoes support a lurge
colony of nesting sea bivds. When I was there
the following spoaes were breeding: uous
siofidus, Steyna gnaethetus, S, fuscula, S
dongalli, Gelochelidon nilotica, and Swula
fewcogaster, In addition, Phacthion acthereus
was seen, and presumably hreeds in holes in
the cliff face.

There are apparents no munnmals or am-
phibizns established on Sambirero, but the
following reptiles were colleaed:

Aweetva corving Cope (MCE 76040.7) ="This
isa large, short-headed, hemvily Tl Aweiva,
Like many other ameivas, this form s some-
what skittish: t iy casily collecred, lioweser,
Ly the expedient ol aitracting mdividuaaly
attenton with cgas, By auerely thirewing an
g near an individeal i omay beocasih

noosed. ay 1owill wsoally Tievame crgrosed
i dipping up the wplpnered cee rather tum
witle iing . the allecir, [ oosed 2 Sloot sec-
tons of 3 bambao fislang pode i line:
W Noose,

Corbunh, the greater pintion of die dict
v e fia covidng s Bl cues, e el
Pwse erpw seports i peses aond caps can be
Poavttiel e the dsbond i ar Teast S ananths
al the sear. B osaos thiere ar the hoiehy od 1l
bareeding sweasens, dnd i b D she iy s
Tuind tails ekl disteando witle Lt Afrpaad
ane e il swollen ol ‘I:!\.IH“. constriored
I'he amuisas are bonlr stie andd aaoressive
withe respect o the nestiee il Tho will

vl ety doe wobbd e leave the ey
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then diat o swilth, smashing the eeg
Lapping up it contents hefore the bind can
return o drive themy ol Large individuals
muonth

arip onoak thar Gy e ey o the nest

often erack an ocng o enoneh wooget o

s oarneisas 2o e seems ta be g wol
climber. scaling the pivwaslls Lot for i
and Dok
dhamdane all over the Wland.

In Nife. crmedia censdna 38 slitey black, the

niades beaoming distinady Inowner on e

uas bedues.

e spuaies s

hewd, The venter isomontled winth Ticht bloe.
and often lins g ereen G i some iodivid
walsy green speckles extend boldly onto the
il Some nuales show brown {edcking on the
dorsum: [emales appen dmker generally
than mles.

Avolis gingli i (NCATH081-T) =T his lorm
his been vegarded as a subspedies ol dnein
P latis by Underwood (14959, Bl A
Camp, Zaol. 121550 Willlmns (1962, Il
Mus, Comp. Zoof. 127:9) doubined conspec:
ificity, and I find it umtenable, A gnpi-
winus differs strikingly from A bimaculatus
(a spedies of the st Kius hanky in color,
pattern, sive, devclopment of the tiroat fun
(which is nearly vestigial in bimacudatus)
and in number of subdigital lamellac under
the second and third phalanges of the fourth
e (18<22 as compared to 2830 in bimace-
iahis)

Anolis gingieinns is the common anale of
the  Anguillic bk, accorring fram Dag
INland (MCZ 75356650 w0 the lle Coco
(MCZ 750301 ou evay rock or cav that
las wor el oy osinele bush o shral, In
contrast with the abservadons ol Yaffenbere
and Ring  (see Willimns w0 o0 1T Tonnd
Adoorinmimenus cdoselv wssociined with trees.
Bushes, und shrubs cverswhere thioughonr fis
Inge eyt On Samlnero,
A vingicineis Iy conmon cor Uie srauned
snd i stone heaps all over e sl Indis
viduals were sers shindsh companed 1
seen on the Moomlla ok, and were ofien
(avame benenthe vocks,

an Sominera.

In lifee Inelo wencname varies from the

usiia] alise diade s distioeddy Liglo weeenish,

ar v rostye i epoaind cobor. e venter

vares T e vo hipizhic seDow. el s

Tivbshiter, as 4 vube B depites, Phe dlisoal
b el anales g wedd devedogaed aned aellow
vanee Jnocalor, st wiiite sales. Colin

Chistige s mwere s 1o dhnker, endanging: the
Sre s =Ly e e ndividuaads o

vy

Liperw e v, ettt consists Tosically ol

avery broad maddaoral Band, whidh nun he
darker or Hgheer dem the ground color o the
sane individuad at different times, and o hald.
Holie Lk soipe fram shoulder o @rom.
Inomales. this patrern s alten wmobfied I
1 Jusion ol sprots or ) bles of glt‘}—inr-\ﬂl
Diimdivadhinds hiom Sesnbyero. there are fiom
Foan 3 Lnges oval spots in dhe aostal 1egion
mnedintedy Taters] 1o the noddoraal buod,
This pawern variant occurs o szl per
contage ol Anzuilla bimk popuolatons (18-
26< a0 SeOAGotn or Anguilli lor example)

Faxonomic recognition of a population
that, though it assuredly  differs on an
average. conld only he defined by characters
imcinded within the range of variation ol
ather populatinns of the sume species is,in
v opindon. polntless. The sverage dilfer-
ciices seen beoween Sombrero anoles and
their relarives on the Anguiils bank. Like
similier average dilferences between populis
tions on that bank. are excellently explained
by the “founder principle” as set forth by
Mayr (1963, Animal species and evolution,
Harvard Univ. Press, p. 2119,

The differences in habitae and bhehavior
that seem to obtain so sirikingly hetween
gingivinys from the Apguilln bank and those
from Sombrero are of greater jnrerest, It s
passible that this anole has been recently
mtroduced 10 Sombrera, If so, it has been
able to adapt to conditions there considerably
more austere than these i which it lives
clsewhere in its ranzce: dis behavioral and
labitet sdaptation could be antecedent o
discarnible chunges in moarphology, g, 1o

Limellae. To s not dmpassible that ahe
sombrers anoles e provide o rare ape
portuniny o observe and  docmpent geo-

griphic specintion throughout it stages and
])l'[ USSR,

Spherodadd s ius near fndeton (MCZ ABR50,
FHHD) —On Sambrero. this tiny pecka s
dithienle to 1he

sibsivite. Dsaw ihe spedies an the panih end

callect Dhecise ol paros
al the land, but bath specimens collevied
were vaken Lenewaly Tesonds aond stomes 1ot
fur Tresnt the Tigdinhemse, 1 hie Tiahlmunse oo
vepirted that sphacradacnds e olten seen
i ituin

Ly il

an vhe conhaee during vaanstonims, ban

I albmersed swore well beneath

I|I|ill'|‘q_

Ttds agnin possiile that thisv species has
heen vecenthy roduced o0 soanlicria In
Pevat, thosigh Pl e sers dhibonh to Dielics s

N el v e comnidi \I)I].l(']!'l(l.lll\' ail
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the  Anguilly bank. and ocoms oy well
throughaout the St Kivs bank. Although
Ring (1962, Bl Fla. Srare Muso 701 does
not record specimiens ol S0 osputafor from
Anguilla dtsell. hiv suspicion that is ocous
there has been substimtinted by the collection
of specimens just north of Sandy Ground
(SMCZ T35 by e A Jeast an the
Anguillic ik, this [orm may Le collecred in
areas cosely similar 1o Sombrero.

All Sonhrero individuals seen were gt or
near the longitndinally striped extreme color
pattern figured and described by King (op.
city. The dorsal scales of Sombrero speci-
mens appear smaller {counts 45 from axilla
o groin) than in specimens from the An-
guilla hank islands.

The discovery of Adnolic gingimiiues and
Sphaerodactvius nesr sputator on Sombrero
not only triples the pwnber of known species
of living reptiles [rom the island, but alsa
demonstrates the presence of at least | orep-
resentative of Adrolis on cvery bank of
islands in the Lesser Antilles, The other
widespread and abundant genera of amphibi-
ans and reptiles in the Lesser Anulles (Elew-
therodactylus, Alsophis, Dromicus, Iguana,
Ametva, Hemidaclylus, and Thecadactylus)
appareutly have not heen able o equal this
achievermnent.

I am most grateful ta My, V. F. Byron, the
Warden of Anguilla, and Commander T, A,
Pack-Beresford, Inspector of the Dmperial
Lighthouse Service, for their Iriendly coop-
eration in swiltly shearing all official red tape
connected with my rip. Espedial thanks go
to Captain Lmnile Gumbs of the Warsrn,
who provides regularly scheduled transport
to Sombrero that is free of charge 16 passen-
cers. Mro H. I Richardson and lis family,
of Sandy Ground, Anguilla, made pleasant
andd comfortable iy stay on that Kland, The
expedition thut induded mv trip o Sombrera
wis supperted by National Scienee Founda-
ton Grant G-160660—Tayres DL Larrri. Jr.
Musewm aof Comparative Zoology, Harvurd

Cnizersity, Comibeid e, Masockouse st
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> Dear Friends

>

> Concerning the Beal project for Sombrero, a little history may be appropriate. It is

> also all that my limited expertise allows me to contribute to the present discussion,

>

> There is reported in the English volumes of law reports. at 3 Appeal Cases, page 1218,

> an ineresting decision of the House of Lards in 1878. The case is known to all company

> law students as Eranger v The New Sombrero Phosphate Company. Sombrerc had been leased
> in 1865 to The Sambrero Company for L1,000 a year to work the beds of phosphate found on
> it. The company had ex ploited the resource, and on exhausting the mineral deposit and

> ceasing business had been ordered by the Crown to be wound up. In 1871 the remainder of
> the lease was purchased by a syndicate, of which Erlanger, a banker, was the head. They
> paid LB0,000 forit.  The syndicate floated a joint stock company to sell shares to the

> public to purchase the lease from the syndicate. They claimed that the new company would
> work the minerals on the island. Immediately after purchasing the lease, they sold it

> to the new company which they had formed for the purpose: the New Sombrero Phosphate
> Company. The purchase price was L110,000, which at that time was a very great deal of

> money.. After a year or two, no phosphate havng been exparted and no progress being

> made, the shareholders appcinted investigators. A quick wsit to Anguilla and Sombrero

> revealed that the project was not feasible, as the object for which the company had been

> formed was an impossibility. The phosphate had long been exhausted.

>

> Retuming to Londoen, the detective made his repor, and a suit was brought against

> Eranger and his banking and financial collegues. The promoters had kept out of the

> prospectus, and hidden from the 496 shareholders, the details of the contract and the

> fact that the promoters were personally to benefit from the sale of Sombrero to the

> campany. Inthe High Court, the Court of Appeal, and the House of Lords, the judges

> agreed that the contract could not be allowed to stand. The promoters of the company

> had misused their powers to advance their own interests and nat that of the company.

> The fact that Erlangers syndicate included an Admiral of the Fleet and the Lord Mayor

> of London did not prevent their Lordships from holding that the extent of mala fides, or

> lack of good faith, in the contract with the company entitled the company to set aside

> the contract and to get its money back.

-

> This case is the foundation of the common law duty of promoters to disclose in the

> prospectus any profit they hope to make from any contract with the proposed new

> company. The case is well known to every British, Canadian. Australian, West Indian and
> US company lawyer. Might Mr Beal have heard of it and been tickled by the challenge?

>

> Assuming that Mr Beal intended to make a great deal of money fram this project, is it

> possible that he has never intended to place a bag of cement on Sombrero?

-

> There is an expression, Plus ca change, plus c'est le meme chose. The phrase deja w
> also flashes by. On the other hand, this may all be paranoid suspicion on my part and
> an unworthy comparison of Mr Beal with Baron Erlanger. Beal may well have figured out
> haw to land giant rockets on Sombrero through 40 foot high ground seas, and to maintain
> them to launch through the comosive sea blast that charactenzes Sombrero.

-

> Best regards to all

>

> Don Mitchell, QC

>



Subj.  Re: Apolis work, July 1999

Date:  04/16/1999 10:59;:30 AM Eastem Daylight Time

From clivep@caribsurf.com (Clive Petrovc)

To: gad_perry@compusene.com (Gad Perry). lutch@canbsurf.com (Dawn L)
CC: razdmiel@post tau.ac.it (Razi), jeinjtown@aacl.com (Skip)

Dawn, Clive, et ai.,

Skip tells me things are looking good for our project this summer, which is
great. So, | thought this would be a great time to make sure we are all on
the same page in terms of what, where, and when.

Let's start with the What. | think we decided on three populations: Sage
Mountain for the wet extreme, Necker Island for dry, and Parquita Bay for
middle ground. We said 15 each for the two extremes and 10 for the College
beasts, which we can easily replace if need be from local stock. So we need
40 cages. | think we said each would be 1X1)2 feet.

Now. to the Where. We talked about the Coliege grounds, probabiy under the
big tree near the new building containing the SCUBA gear. We planned on
using one of the rgoms in there for measurements and building some kind of
table system to hold up the cages outside. | believe the equipment is all

in Liana's lab, though the balance may be on Guana in storage in Henry's
house somewhere.

Finally, the When. ideally, I'd be coming over on the first week of July.

The basic setup would be ready by then, and Dawn and | would spend the week
catching the lizards and setting everything up. Dawn would then be in

charge of taking care of the lizards (initially watering, and feeding ad

lib throughout) and taking the water loss measurements, at least once a

month for each animal, until we get there in October. If she can make more
frequent measurements during the summer, when she's on break, great - but
not essential. This will give us about 3.5 months of data. | think Razi and
Dawn have talked about the specific schedule of measurements.

OK, assuming this is all correct, here's what | think needs to happen:

- 40 cages and their support structures need to be built by 1 Juiy.

- the lab space needs to be allocated and equipment organized and set up
- lizard food needs to be sent over and kept alive

- travel arrangements (flights, boat day, access to Necker) need to be
made.

The first two items will fall on the home team, Dawn and Clive. | can send
crickets and/or mealworms, assuming there is same place to keep them. |
suspect Skip is going to need to arrange final permission for the boat day
and Necker access, and other travel arrangements are mine to make. So, tf
everything above is comect - and we should definitely correct anything on
this that is not - and | havent forgotten anything important, the question

1s: Do you still think these can all be aranged in time? My end of it is
easy enough, but the job for the home team is pretty complex and
time-consuming. Let's be realistic - it is better to cali this off than to

go to all the troubte and expense and only have a halfbaked half-project
that tells us little. Are we Go?

(Gad

G“-\

O



Gad,

Good to hear from yau. 1 think it would be great to get the project going
this summer. | believe most of the logistics would be the same as last
year, Qutside space, lab space, equipment etc should be available as last
year. The equipment is still in the box in the biolegy lab.

The only potential probiems (could be serious) revolve arcund my schedute
and possibly Dawn's for the summer. | will be gone all of May and for other
periods during the summer. During July and August | should be here most of
the time. There is an OECS project that may take me away from Tortola for
about three weeks in August. Otherwise | can be faifly flexible. | have

not had the opportunity to discuss this in detail with Dawn. | know she was
considering various options for the summer. Obviously her availability is
critical unless we can find somecne else to fill in. Lianna may hawe a
biology student interested in participating. AN this needs to be worked

out before we can make a final plan. 1 would very much like to see the
project move ahead and am willing to do what | can toward that end.

Clive

Hi

I got all your messages....... I am planning to be available for July
and Augusp ....... I may not be here in September........ sO we will need
titpalkha?oEt that..i.. It would be nice to have some assistants

althoug know I will need to do the bulk of the : which T a
prepared to do....... WO wWhich T an

I am hoping to meet with Clive... to ralk more about the project.....

Thanks for keeping in fouch.

Dawr:.
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Hiomass Plots

The four 100m? biomass plots that were cleared to bare ground were re-examined
on | May 1999 Vegetation on all has rebounded well - almost too well to now
use them expenimentally. Bent feels strongly that tam-tam retards other species by
psurping all the water. George and | had not considered this: we just noticed tam-
tam was eventually over-topped by sca-grape. Tabebuin etc. So. an expenmental

opportunity arises.
As of now. here 1s how the plots look:

Plot 1. originally old tam-tam. is now dense. meter high tam-tam over bur weed. |
would brush-hog this out in October and plant saplings of good stuff from Lianna's
nursery: sabal palm. Tabebwa, ete.

Plot 2. originally sea grape and Tabebuia just beginning to over-top old tam-tam, 15
recovering pretty much that way, the good stuff has stump-sprouted and is just
out-distancing the tam-tam. which is also meter high, 1 would plant several voung
sabals. or -- even better -- royal palms. here. but cut nothing.

Plot 3. originally voung tam-tam, 1s just that again. only lower (of course) than the
surroundings. Here | would plant all the same good things we put in Plot 1. above,
but without brush-hogeing out [irst. Now we have a comparison that can test
Hent's hypothesis,

Plot 4. in the White Beach strand woods, 15 already experimental: one half is
fenced. one half unfenced, and an area equal to one half (i.e.. 30 m?) that was not
cleared has been fenced as a control, The three plots are very different. The
unfenced, cleared one has excellent. stump-sprouting. broad-leated saplings (don't

know species) and a big papava. The fenced, cleared piece has fots of little



papayas. no big ones. but excellent sea grape recovery. The control (fenced.
uncleared) has lots of big ground bromeliads. The significance. ctiology.
cosmology. and metaphysics of all this escapes your correspondent who.
confounded by nature, shall repair to books (or. better. ask a botanist ).

Someday. but probably not in 1999 | want Gordon and Renee to come back
and do one more plot in the North Bay woods because that 1s where | have my best

Sphaerodacivius pit-trap density data.
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