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Although the marine algal flora of Puerto Rico is the
best known of all Caribbean islands, offshore and in-
shore collections continue to yield new species and
new records. Recent collecting along the south and
west coasts has led to the recognition of seven addi-
tional species for the flora. Collections were made
with the use of SCUBA or by snorkeling. Specimens of
all species have been deposited in the Herbarium of
the Department of Marine Sciences, University of Pu-
erto Rico (MSM), and duplicates are deposited in the
Algal Collection of the U.S. National Herbarium,
Smithsonian Institution (US). Herbarium abbrevia-
tions follow Holmgren et al. (1990) and authority ab-
breviations follow Brummitt and Powell (1992).

LIsT OF TAXA

Rhodogorgonales, Rhodogorgonaceae

Rhodogorgon ramosissima J.N.Norris & Bucher (Figs. 1, 2)

Specimens examined: DLB 5570, El Negro Reef
(Joyuda, Mayagiiez), 3.0 m, Coll. Héctor Ruiz,
16.vi.2001; DLB 5573, Punta Arenas (Joyuda, May-
agiiez), 1.0 m, Coll. H.R., 29.vi.2001; DLB 5599, ibid.,
14.x.2001; DLB 5588, Turrumote Reef, 14 m, Coll. H.R.,
28.ix.2001.

This species is never abundant and has been found
sporadically at a number of Caribbean islands (Norris
and Bucher, 1989; Ogden, 1992), Florida (Ballantine,
1996) and Veracruz, Mexico (Lehman and Tunnel],
1992). The species has also been reported from the
western Pacific in the Philippines (Ogden, 1992) and
Papua New Guinea (Coppejans and Millar, 2000).
Nevertheless, the Punta Arenas collection yielded 10
specimens on a single rock. Branching of Puerto Rican
plants exhibit substantial variation, ranging from op-
posite to secund and being tight and compact to loose
and sparse. Based mainly on branching variability,
Ogden (1992) treated the two species initially recog-
nized by Norris and Bucher (1989) as a single entity, R.
ramosissima.

Cryptonemiales, Halymeniaceae
Halymenia duchassaingii (J.Agardh) Kylin (Fig. 3)

Specimens examined: DLB 5523, tetrasporophytic;
Crash Boat Beach, Aguadilla, 6 m; Coll. H.R., 4.ii.2001.
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This species, originally described as Meristotheca du-
chassaingii J.Agardh (1872), based on specimens from
Guadeloupe, French West Indies, is also known from
Brazil in the western Atlantic (Joly et al., 1965). The
species has been reported also from the eastern Atlan-
tic (Gabon, western Africa- John and Lawson, 1974)
and from the Indian Ocean (Islam and Aziz, 1983).
Halymenia duchassaingii is easily recognizable by its
erose dentate margin and prominent papillate surface.
The Puerto Rican specimens contain colorless medul-
lary cells that measure from 8-11 pm diam., with local
swellings to 35 um. Large stellate ganglia to 55 pm are
common in the medulla. Cruciately divided tetraspo-
rangia are abundantly produced in the cortex and
measure to 18 wm in width and to 28 um in length.

Rhodymeniales, Lomentariaceae

Lomentaria rawitscheri A.B.Joly (Figs. 4, 5)

Specimens examined: DLB 1659, tetrasporophytic,
Caracoles Reef, La Parguera (fore reef), epiphytic on
Amphiroa, 1.5 m, Coll. David L. Ballantine, 21.xi.1984;
DLB 5253, gametophytic, Mario Reef, La Parguera
(fore reef), epiphytic on Amphiroa, 1.5 m, Coll. Ivan
Lépez and Deborah Parrilla, 9.xii.1997; DLB 5362, tet-
rasporophytic, Enrique Reef, Reef, La Parguera (reef
flat), epiphytic on Amphiroa, 1.0 m, Coll. DLB,
29.ix.1999.

This species was originally described from Brazil
(Joly, 1957) and had previously been collected only
from the Netherlands Antilles in the Caribbean (Vro-
man, 1968). It has been characterized as growing in
tufts from creeping thalli that produce whorled
branchlets which commonly anastomose. The original
description was based on tetrasporophytic material
and plants were epiphytic on articulated coralline al-
gae. All Puerto Rican plants were growing epiphyti-
cally over Amphiroa rigida ]J.V.Lamour. var. antillana
Borgesen. Prostrate axes, measure to 400 pm diam.,
are attached to the substratum by adventitious hold-
fasts which give rise to short simple branchlets.
Branch tips occasionally produce rhizoids. Branchlets
containing tetrasporangia are inflated to 700 pm and
tetrasporangia measure 45-56 wm diam. Algae are
monoecious, with male sori occurring in irregular
patches (Fig. 4). Pericarps are almost spherical, not
ostiolate (Fig. 5), and measure to 600 um diam. Sazima
(1979) reported in detail on female gametophyte re-
productive structures in this species and indicated
that mature pericarps are nearly spherical; the peri-
carps measured by Sazima were slightly larger than
the ones reported here.

Puerto Rican specimens compare well with Joly’s
original description. The morphologically similar Lo-
mentaria corallicola Bergesen (1939) has been reported
from Brazil (Yoneshigue, 1985) and Colombia (Bula-
Meyer and Norris, 2001) in the western Atlantic. Lo-
mentaria rawitscheri does not reach the 7 mm height or
the 750 pm diam. reported for L. corallicola by Norris
(1987), who further illustrated an elongate cystocarp
with a defined carpostome. Although Yoneshigue
(1985) also indicated differences between the two spe-
cies, Bula-Meyer and Norris considered them conspe-
cific (although they did not discuss cystocarpic speci-
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FIGS. 1-2. Rhodogorgon ramosissima. Scale bar = 5.0 cm. 1. Habit of DLB 5570]. 2. Habit of DLB 5599.

FIG. 3. Halymenia duchassaingii, habit [DLB 5523], scale bar = 5.0 cm.

FIGS. 4-5. Lomentaria rawitscheri [DLB 5253]. 4. Portion of axis bearing two nearly spherical cystocarps, scale bar
= 250 pm. 5. Surface of branch bearing spermatangia, scale bar = 50 wm.

mens of L. rawitscheri). Our observations on cystocarp
differences (in agreement with Sazima) argue for
maintaining the two species as separate. The incon-
spicuous nature of L. rawitscheri in forereef habitats
suggests that the species is more common than records
indicate.

Ceramiales, Ceramiaceae

Crouanophycus latiaxis (. A.Abbott) Athanas. (Figs. 6,7)

Specimens examined: DLB 1401, Desecheo Island,
on sponge Verongia, 18 m, 18.x.1980; DLB 5306, 1.5 km
seaward Media Luna Reef, La Parguera, epiphytic, 17
m, 15.xii.1998.

Puerto Rican plants agree fully with the features of
the genus Crouaniella, as described by Athanasiadis
(1996). Recognizing that this generic name had been
used, Athanasiadis (1998) proposed the new name
Crouanophycus. Features of the genus include 3 whorl
branchlets per axial cell which overtop the apices of
indeterminate branches, secondary indeterminate
branches formed as fourth whorl branches, rhizoids

cut off from axial cells and periaxial cells, and lack of
gland cells. In the Puerto Rican specimens, the deter-
minate laterals reach only the level of apices (as also
figured in Athanasiadis [1996, Fig. 106 A]). The Puerto
Rican specimen possesses axes to 22.5 pm diam. and
to 140 um long. Prostrate basal axes measure to 75 pm
diam. and to 325 um long. Puerto Rican plants exam-
ined were not reproductive.

The species is also known from St. Croix, U.S. Virgin
Islands (Abbott, 1979), from Martinique and Nevis in
the Lesser Antilles (Bucher and Norris, 1995), and
from Belize, western Caribbean (specimen in MSM,
[DLB 495, Southwest Cay, Glovers Reef, on sponge
Verongia, 18 m, 30.vi.1979]).

Delesseriaceae
Hypoglossum subsimplex M.].Wynne (Figs. 8, 9)
Specimens examined: DLB 5255, Leeward of Guay-
acan Island, La Parguera, epiphytic on Halimeda incras-

sata (J.Ellis) J.V.Lamour., 1.0 m, 16.xii.1997
Puerto Rican plants possess numerous blades devel-
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FIGS. 6-7. Crouanophycus latiaxis [DLB 5306]. Scale bar = 100 pm. 6. Branch apex showing whorled determinate
branchlets and indeterminate branches (arrow). 7. Portion of indeterminate axis showing whorled determinate

branchlets and indeterminate branches (arrows).

FIGS. 8-9. Hypoglossum subsimplex [DLB 5255]. Scale bar = 100 pwm. 8. Apex of tetrasporangial blade. 9. Blade
of male plant showing scattered spermatangial sori on both sides of the midline.

oping from a single enlarged holdfast. Blades measure
to 9.5 mm long and to 1.3 mm wide. The limited
branching occurrs from the midrib. Tetrasporangial
sori are elongate (Fig. 8) and narrow, with tetraspo-
rangia cut off from pericentral cells and blade cells
adjacent to the pericentral cells. The tetrahedrally di-
vided tetrasporangia reach 65 wm diam. Spermatangia
are produced in discrete sori scattered on the blade
(Fig. 9).

This species was described from collections made in
the Florida Keys, where it was also an epiphyte of
Halimeda (Wynne, 1994). The species has also been re-
ported from the Colombian Caribbean (Bula-Meyer
and Diaz-Pulido, 1995), Bermuda (Schneider, 2000),

and in the Pacific from Papua New Guinea (Millar et
al., 1999). The Puerto Rican plants are slightly larger
than those from Florida (9.5 mm in height vs. 6.0 mm
and 1.3 mm in width vs. 1.0 mm) but otherwise agree
with Wynne’s description.

Rhodomelaceae

Herposiphonia pecten-veneris (Harv.) Falkenb.

Specimens examined: D.L.B. 5305, Leeward Media
Luna Reef, La Parguera, 1.0 m, Coll. D.L.B., 8.xii.1998;
D.L.B. 5308, ibid., 15.xii.1998; D.L.B. 5403, ibid.,
13.iv.1999.
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This species was listed by Taylor (1960) as being
known from Florida, the Bahamas, Caicos Islands, and
Jamaica. Bula-Meyer and Schnetter (1988) subse-
quently reported it from Colombia. The Puerto Rican
plants have prostrate axes with 8-9 pericentral cells
and measure to 180 um diam. Erect branches possess
7 to 8 pericentral cells and measure to 56 pm diam.
The erect determinate branches are 11-13 segments in
length. The Puerto Rican plant has characters shared
by Taylor’s characterizations of the species and of var.
laxa W.R.Taylor (1960), thus questioning the taxo-
nomic merit of the variety.

Wrightiella blodgettii (Harv.) F.Schmitz

Specimens examined: D.L.B. 5384, 1.5 km seaward
Media Luna Reef, 1.0 m, Coll. D.L.B. 15.xii.1998.;
D.L.B. 5384, ibid., 5.ii.2000.

Wrightiella tumanowiczi (Gatty ex Harv.) F.Schmitz
was reported from Puerto Rico by Almodévar and
Blomquist (1965) and this species name has since been
applied uncritically to all Puerto Rican specimens of
the genus (Almodévar and Ballantine, 1983; Ballantine
and Aponte, 1997). Examination of recent collections
of W. tumanowiczi and W. blodgettii growing sympat-
rically in an offshore algal plain indicate that some
plants previously assigned to the former species be-
longed to the latter; hence, both Wrightiella tumano-
wiczi and W. blodgettii occur in Puerto Rico.

Several authors have suggested that Wrightiella tu-
manowiczi and W. blodgettii are not distinct taxa
(Schmitz, 1893; Bergesen, 1919; Schneider, 1975). Tay-
lor (1960) indicated that W. tumanowiczi could be dis-
tinguished from W. blodgettii by having 4 rows of
simple spur branchlets while W. tumanowiczi has few
spur branchlets. Littler and Littler (2000: 234) also
treated the two species separately, characterizing W.
blodgettii as having a “stiff” thallus and W. tumanowiczi
as being “generally lax.” The Puerto Rican specimens
are clearly separable on the basis of their spur
branchlet arrangement and degree of thallus rigidity.
Since both species occur in the same habitat, we con-
clude that the differences are genetically based and
not due to environmental influence. The species is also
known from the U.S. Virgin Islands (Bergesen, 1919),
Bermuda, Florida, the Bahamas, Guadeloupe (Taylor,
1960), and Mexico (Pedrini (1984).
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The relatively scant fossil brachiopod fauna of Ja-
maica is restricted to several key horizons (Harper and
Donovan, 1990). Although five species have been re-
ported from the Eocene (Harper, 1993; Donovan et al.,
1993) and six from the Pleistocene (Harper, 1993;
Harper et al., 1995; Donovan and Harper, 1998), the
Oligocene-Miocene interval remains relatively barren.
In contrast, the Miocene brachiopod fauna of the Car-
ibbean region is relatively diverse (Harper, 2002). Six
species of Argyrotheca, together with species of Cryp-
topora, Gryphus, Lacazella, Platidia, Terebratulina, The-
cidella, and Tichosina have been described from Cuba
(Cooper, 1979); while the mid-Tertiary brachiopod
fauna of Puerto Rico (Moussa, 1974) includes abun-
dant species of Argyrotheca and Lacazella associated
with a reefal facies.

Brachiopods were first documented from the
Miocene of Jamaica by Harper et al. (1997), who
recorded and illustrated two genera. New material,
processed from bulk samples, has expanded con-
siderably this Miocene fauna to include Tichosina
sp. cf. T. guppyi Cooper, Argyrotheca sp. aff. A. anomala
Cooper, A. plana Cooper, Terebratulina sp. cf. T.
palmeri Cooper, and a possible species of Platidia.
Most taxa were probably adapted for attachment to
small areas of hard substrate and together demon-
strate links with the better-known Miocene fauna from
Cuba.

The material studied was collected from exposures
of the Miocene Montpelier Formation in Duncans
Quarry, Parish of Trelawny, during the middle to
late 1990s and early 2000. Duncans Quarry is a large,
disused chalk pit on the south side of the main
Al (north coast) road, about 5 km west of Duncans
(approximate NGR 887 020; Sheet 3 of the 1:50,000
topographic metric map series: Falmouth-Browns
Town). Chalks form a significant component of the
Montpelier Formation (White Limestone Group) and
occur at Duncans Quarry in combination with bioclas-
tic limestones, nodular cherts, and rare greenish ben-
tonitic clay layers. Typically, these chalks are poorly
fossiliferous, but the bioclastic layers generated by
storms or earthquake-induced surges contain rela-
tively abundant although commonly fragmented
shelly faunas.

The fossil material described herein was extracted
from the lowest beds exposed in the quarry, both in
the field and by preparation of bulk samples in the
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laboratory. The material, deposited in the Florida Mu-
seum of Natural History, University of Florida,
Gainesville (UF), contained also nummulitid fora-
miniferans, sponge spicules, ahermatypic corals, mol-
luscs, arthropods (mainly ostracods), echinoderms,
and fish teeth (chrondrichthyes and osteichthyes).
Data from the foraminiferans suggest a correlation of
this unit with the Lower Miocene (Robinson in Harper
et al., 1997).

The Jamaican Miocene brachiopod fauna contrasts
with some faunas recorded elsewhere in the Car-
ibbean Basin. The Miocene fauna of Carriacou is asso-
ciated with silici- and volcaniclastic turbidites derived
from the narrow, unstable shelves of active volcanic
centres along the Lesser Antilles Arc. Large terebratu-
lides, including Tichosina, occur as autochthonous
clusters and allochthonous concentrations (Donovan
and Harper, 2001). Seaward in the accretionary prism
exposed on Barbados, micromorphic species of Ar-
gyrotheca and Terebratulina are associated with Globi-
gerina sands (Donovan and Harper, 2001). The Dun-
cans fauna is most similar to coeval faunas from the
adjacent island of Cuba, where broadly similar, deep-
water, platform facies crop out. Associated ichthyo-
logical evidence suggests that the Duncans fauna, de-
rived from chalks and bioclastic limestones at the
lowest levels in the quarry, was deposited at water
depths greater than 200 m (Drs. C. Underwood, Birk-
beck College, University of London and S. Mitchell,
University of the West Indies, Kingston, Jamaica, pers.
comm.).

SYSTEMATIC PALEONTOLOGY
Order TEREBRATULIDA Waagen
Suborder TEREBRATULINA Waagen
Superfamily TEREBRATULOIDEA Gray
Family TEREBRATULIDAE Gray
Genus Tichosina Cooper

Type species.—By original designation, Terebratula
floridensis Cooper, 1977, a living species from the Car-
ibbean Sea and the Gulf of Mexico.

Tichosina sp. cf. T. guppyi Cooper, 1979
cf. 1979 Tichosina guppyi Cooper, p. 10, pl. 2, figs.
11-16.

1997 Tichosina sp. cf. T. guppyi Cooper; Harper et al.,
p- 118, figs. 2A-B.

Remarks.—These smooth, ventriconvex valves,
although crushed and fractured, are assigned to
T. sp. cf. guppyi Cooper by Harper et al. (1997) on
the basis of the outline and profiles of the shells. Ticho-
sina guppyi was described by Cooper (1979) from
white marls within the Miocene Yumuri Limestone of
Habana Province, Cuba. Although a few additional
fragments of this species have been collected, none
adds materially to the existing data on the Duncans
taxon.

Material examined—One conjoined pair of valves
(UF 38966) crushed and fractured (figured in Harper
et al. 1997, figs 2A-B) together with a few shell frag-
ments.
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Superfamily TEREBRATELLOIDEA King
Family PLATIDIIDAE Thomson
Genus Platidia Costa

Type species.—By original designation, Orthis anomi-
oides Scacchi and Philippi, 1844, a living species from
the eastern Atlantic.

Platidia? sp.
(Fig. 1],K)

Remarks—A minute conjoined pair of valves (UF
104444) is assigned with difficulty to Platidia. The out-
line, profiles, and lack of obvious external sculpture
suggest a similarity to Platidia sp. (Cooper 1979:pl. 5,
p. 17, figs 45-46) from the Miocene of Cuba. The de-
velopment of the valve interareas is quite different
from those of immature Tichosina.

Material examined.—One conjoined pair of valves.

Family MEGATHYRIDIDAE Dall
Genus Argyrotheca Dall

Type species—By original designation, Terebratulina
cuneata Risso, 1826, a living species from the Mediter-
ranean Sea.

Argyrotheca plana Cooper, 1979
(Fig. 1A-F)
1979 Argyrotheca plana Cooper, p. 23, pl. 4, figs.
29-49.

Description.—Planoconvex valves of transversely
subquadrate outline with maximum width anterior to
hinge line; cardinal extremities slightly obtuse and
rounded. Anterior commissure broadly sulcate; ante-
rior and lateral commissures scalloped by termination
of strong costae. Ventral valve about two-thirds as
long as wide. Anterior profile evenly convex, modified
by costae; lateral profile convex with swollen umbonal
region. Dorsal valve approximately three-fourths as
wide as long, with weak median sulcus arising at
umbo and broadening anteriorly. Anterior and lateral
profiles essentially flat with swollen umbo.

Remarks.—Argyrotheca plana Cooper, from the
Miocene of Mantanzas Province, Cuba, is a transverse
species with a flat to concave dorsal valve together
with strong costae (Cooper 1979:23). Its interiors are
similar to those of A. bermudezi from the Miocene of
the same province. The Jamaican material conforms to
Cooper’s description and illustrations of A. plana
(Cooper 1979:pl. 4, figs. 29-49) in having a transverse
outline, a flat dorsal valve, and strong rounded costae.

Material examined.—Two disarticulated dorsal
valves, one of which is broken, together with one
slightly broken ventral valve (UF 103180, UF 103183,
UF 104449). All three valves are well preserved.

Argyrotheca sp. aff. A. anomala Cooper, 1979
(Fig. 1G,H)
aff. 1979 Argyrotheca anomala Cooper, p. 18, pl. 7,
figs. 31-36.

Description.—Small, convex, ventral valve with
elongately oval outline, about four-fifths as wide as
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FIG. 1. Brachiopods from the Miocene Montpelier Formation, Duncans Quarry, Trelawny Parish, Jamaica. All
material is deposited in the Florida Museum of Natural History, University of Florida, Gainesville (UF). A-F,
Argyrotheca plana Cooper, 1979, A-C, internal, oblique internal and external views of a dorsal valve, UF 104449;
length= 1.0mm. D-E, external and internal views of a ventral valve, UF 103183; length= 1.1mm. F, internal view
of incomplete dorsal valve showing septum, UF 103180; length= 1.1mm. G-H, Argyrotheca sp. aff. A. anomala
Cooper, 1979, internal and external views of a ventral valve, UF 103181; length= 2.2mm. I,L, Terebratulina sp. cf.
T. palmeri Cooper, 1979, dorsal and ventral views of a conjoined pair, UF 103184; length= 1.8mm. J K, Platidia?
sp. dorsal and ventral views of conjoined pair, UF 104444; length= 1.2mm.
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long, with maximum width at or near midvalve
length; anterior commissure faintly plicate. Lateral
profile weakly convex, modified by concentric growth
bands; anterior profile with broad, shallow sulcus
originating near umbo and flattening anteriorly;
flanks narrow and steep. Interarea relatively long, ap-
sacline, and slightly curved.

Ventral interior with short apical plate and low,
broad, median ridge, bifurcating near midvalve length
and extending anteriorly to near commissure. Large,
blunt, cyrtomatodont teeth projected anteromedianly
and unsupported. Adductor scars marked by a series
of longitudinal ridges extending forward to about
one-third valve length. Diductor attachments marked
by two large, impressed, suboval scars fading near the
anterior commissure.

Remarks—Cooper (1979:18) emphasized the obso-
lescent costae and the development of adventitious
growths within the dorsal interior of his Cuban speci-
mens. The Jamaican material apparently lacks costae
on the ventral valve surface but is similar in overall
outline and profile and possesses a comparable ven-
tral interior.

Material examined—One well-preserved, disarticu-
lated, but slightly broken ventral valve (UF 103181).

Superfamily CANCELLOTHYRIDOIDEA Thomson
Family CANCELLOTHYRIDIDAE Thomson
Subfamily CANCELLOTHYRIDINAE Thomson
Genus Terebratulina d’Orbigny

Type species.—By original designation, Anomia retusa
Linné, 1767, a living species from Norwegian waters.

Terebratulina sp. cf. T. palmeri Cooper, 1979
(Fig. 1LL)
cf. 1979 Terebratulina? palmeri Cooper, p. 6, pl. 1, figs.
6-23, pl. 7, figs. 9-20.

1990 Terebratulina sp.; Harper and Donovan, p. 21.
cf. 1993 Terebratulina sp. cf. T. palmeri Cooper;
Harper, p. 113, figs. 4.1-10, 4.17.

1997 Terebratulina sp. cf. T. palmeri Cooper; Harper et
al., p. 118, figs 2C-D.

Remarks.—The original material (Harper et al., 1997:
118) consisted of a single, broken conjoined pair of
valves. The tear-drop shaped outline, dorsal fold, ven-
tral sulcus, and fascicostellate ornament allied the Ja-
maican species with T. palmeri Cooper from the
Miocene of Mantanzas and Pinar del Rio provinces on
Cuba. The additional material comprises a well-
preserved conjoined pair displaying details of the
pedicle foramen and the early stages of development
of the ribbed ornament.

Material examined.—Two conjoined pairs. The larger
(UF 68661, figured in Harper et al. 1997) is broken
umbonally; the smaller (UF 103184) is complete and
well preserved (Fig. 11, L).

Acknowledgements.—We thank Prof. S. K. Donovan
for his encouragement. Kurt Nielsen (Geological Insti-
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sample collection and with financial support. This is
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The role of disturbance in structuring ecological sys-
tems is a major theme in current ecological research,
and it is a major focus of research at the Luquillo
Mountains Long-Term Ecological Research site in
northeastern Puerto Rico. As a result of major hurri-
canes striking every 60 years on average (Scatena and
Larsen, 1991) and less severe tropical storms occurring
more frequently, this sub-tropical forest is in a per-
petual state of secondary succession (Waide and Lugo,
1992). These disturbances can change the structure of
the forest dramatically; for example, tree falls increase
biomass and structure in the understory, providing
food and shelter for decomposers and their predators.

Trophic interactions in the Luquillo Experimental
Forest (LEF) are well-documented (Reagan and
Waide, 1996), and evidence indicates that population
density, microhabitat use, and diets of animals are
strongly affected by hurricanes (Walker et al., 1991).
However, the ecology and natural history of many
species, particularly invertebrates, is poorly under-
stood. One such species is the whipspider Phrynus lon-
gipes (Pocock) (Arachnida: Amblypygi), the only am-
blypygid known from the LEF. This species is known
from Puerto Rico, Hispaniola, and the British and U.S.
Virgin Islands.

Despite the importance of P. longipes as a predator
in the LEF (Reagan et al., 1996, Stewart and Wool-
bright, 1996), few studies have addressed its natural
history or ecology. Quintero (1981) indicates that the
species occurs in caves and under rocks in moist for-
ests. In the LEF, it hides under rocks during the day,
especially under boulders along dry stream beds. For-
aging takes place at night near its hiding place, and
appears to be more prevalent during rainy periods,
especially on tree trunks. The species will forage on
boulders and tree trunks up to 2 m above the ground
(Stewart and Woolbright, 1996). In Puerto Rico, P. lon-
gipes has been observed eating the frog Eleutherodacty-
lus coqui (Stewart and Woolbright, 1996) and lizards of
the genus Anolis (Reagan et al., 1996). Cave crickets of
the genus Amphiacusta probably are a large part of its
diet (Pfeiffer, 1996).

We studied the microhabitat associations of P. lon-
gipes and its response to natural disturbance and the
legacy of historical land use practices. Sampling was
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conducted during July 2001 on the Luquillo Forest Dy-
namics Plot (LFDP), a 16-ha grid near El Verde Field
Station in the LEF. The study site is located in tabo-
nuco forest, a subtropical wet forest type (Ewel and
Whitmore, 1973) dominated by tabonuco (Dacryodes
excelsa) and sierra palm (Prestoea montana). The eleva-
tions of the LFDP and related study sites are between
300 and 500 m (Waide and Reagan, 1996). Maximum
and minimum daily temperatures averaged 29 °C and
22 °C during July 2001 (McDowell et al., 2002a,b).

Forty plots of 3 m radius were established within
the LFDP with a minimum of 60 m between plots.
Each plot was visited four times from 5-26 July 2001,
between 20:00 and 02:00 h. A minimum of 3 days was
allowed between samples at the same plot. For a mini-
mum of 15 minutes at each point, all habitats were
searched without disturbing rocks or dead wood. Sub-
strate (e.g., tree trunk, rock, leaf litter) and distance to
the nearest major horizontal surface were recorded for
each specimen. Using dial calipers, individuals were
measured from the tip of the abdomen to the front of
the cephalothorax. Fourteen individuals escaped be-
fore they could be measured. Population density was
estimated as minimum number known alive (MNKA)
within each plot.

To guard against inflating the rate of Type I error, a
few habitat variables were selected based on their po-
tential to influence the species’ distribution and abun-
dance. These habitat characteristics were evaluated
during daytime visits to the sampling sites. Rock cover
and dead wood cover were ranked on a scale from 1 to
5 (1 =0-20 %, 2 = 21-40 %, 3 = 41-60 %, 4 = 61-80 %,
5 = 81-100 %). Foliar volume (Cook and Stubbendieck,
1986) was estimated for all vegetation at each point by
counting the number of foliar intercepts of a plant
apparency device (see Secrest et al., 1996) placed in
each cardinal direction 1.5 m from the center of the
plot (Fig. 1). Apparency was defined as the number of
intercepts of each species (or rocks or dead plant mat-
ter) on the plant apparency device, a 3-m tall pole with
four 0.5-m wooden dowels positioned at 90° at each of
7 heights (0.0, 0.5, 1.5, 2.0, 2.5, and 3.0 m). The impact
of recent natural disturbance was assessed by estimat-
ing canopy openness using the average of four read-
ings (0.5 m from the point on each cardinal direction)
of a spherical densiometer.

Logistic regression was performed to determine
whether rock cover, dead wood cover, canopy open-
ness, or vegetation apparency could predict the pres-
ence or absence of P. longipes. Model building was
forward stepwise, and polytomous independent vari-
ables (rock cover and dead wood cover) were trans-
formed using reference cell coding, as recommended
by Hosmer and Lemeshow (1989). Pearson’s product-
moment correlation coefficient (Sokal and Rohlf, 1995)
was used to describe the relationship between habitat
variables and population density. This correlation co-
efficient is inappropriate for use with ordinal data (So-
kal and Rohlf, 1995); therefore, total apparency of
rocks and total apparency of dead plant material were
substituted for rock cover and dead wood cover, re-
spectively. A Bonferroni adjustment (Sokal and Rohlf,
1995) was applied to the correlations to prevent in-
flated rates of Type I Error. This adjustment set the
critical range of these tests to a = 0.0125.
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3m

1.5m{

FIG. 1. Diagrammatic representation of the sam-
pling scheme. The large circle represents one of 40
plots of 3 m radius within which P. longipes was sur-
veyed. The small open circle identifies the center of the
plot, and the filled circles indicate where foliar appar-
ency was sampled within each plot. Foliar apparency
was defined as the number of times vegetation inter-
cepted four wooden dowels (represented by dashed
lines) at each of seven heights (0.5 m, 1 m, 1.5 m, 2 m,
2.5 m, 3 m).

Z

The history of anthropogenic disturbance at the
study site was characterized using the classification of
Willig et al. (1996), who divided the 40 plots into three
categories based on historical land use: 1) coffee plan-
tations (50-80 % cover; 13 plots), 2) intensive logging
(< 50 % cover; 14 plots), and 3) selective logging
(> 80 % cover; 13 plots). One-way analysis of variance
was used to compare population densities among the
three categories of disturbance history, and a posteriori
comparisons were conducted using the Student-
Newman-Keuls procedure (Zar, 1996). Land use his-
tory in the LEF is likely to be spatially autocorrelated,
however, and this situation violates the assumption of
independence implicit in analysis of variance. There-
fore, a partial Mantel test (Smouse et al., 1986) with
1000 iterations was used to test the hypothesis that
density of P. longipes was correlated to disturbance
history irrespective of the effects of spatial autocorre-
lation.

A chi-square goodness-of-fit test was used to test
the null hypothesis that frequency of occurrence at
plots was independent of disturbance history. Because
no a priori expected values existed, occurrence of P.
longipes was considered equally probable among dis-
turbance categories. Since there were 14 plots in cat-
egory 2, and 13 in each of the others, one category 2
plot was selected at random and omitted from this
analysis to equalize sample sizes.

A total of 69 P. longipes were found during the four
surveys. However, because individuals were not
marked, some individuals may have been observed
multiple times. MNKA estimates of abundance in-
clude only the number of individuals that can be con-
clusively demonstrated to be different from one an-
other. Therefore, individuals of similar size captured
at the same site on different days were considered to
be the same individual. The minimum number of in-
dividuals known alive from the 40 plots was 39, aver-
aging 0.98 + 0.04 (SE) per plot (max.- 7, min.- 0), or

344.84 + 14.00 individuals per ha. Average length from
tip of abdomen to front of cephalothorax was 19.98 +
0.18 mm (range 6-36 mm). Most individuals were
found on rocks (28), tree trunks (28), and dead wood
(11). Two individuals were observed on the soil sur-
face. Prestoea montana was the tree species on which
individuals were most commonly found (12); other
species associated with multiple sightings were Cecro-
pia schreberiana (3), D. excelsa (4), and Manilkara biden-
tata (3). Average height at time of capture was 58.53 +
0.79 c¢m (range 0-262 cm). There was no correlation
between body length and height of foraging (Pear-
son’s product-moment correlation, r = 0.21, D.F. = 42,
P = 0.17).

None of the habitat variables correlated with popu-
lation density; only the correlation between density
and apparency of dead plant matter approached sig-
nificance (r = —0.31, P = 0.06). The magnitude of cor-
relation coefficients for the other variables never ex-
ceeded 0.1. Logistic regression failed to identify any of
these variables as predictive of the presence or absence
of P. longipes at a plot (P = 0.34).

Although none of the habitat variables had averages
that differed among anthropogenic disturbance cat-
egories, disturbance history did affect density of P.
longipes (F = 7.58, DF = 2, 37, P = 0.002). The Student-
Newman-Keuls procedure revealed that density was
greater at plots with a history of selective logging (the
least severe of the three disturbance types) than at
plots assigned to coffee plantations or intensive log-
ging. Densities in plots assigned to the latter two
disturbance categories were statistically indistinguish-
able. The partial Mantel test confirmed that popula-
tion density correlated with disturbance history after
controlling for the effects of spatial autocorrelation (t =
2.19, P = 0.01). Disturbance history did not affect fre-
quency of occurrence at plots within a disturbance
category (X*> =3.29, D.F. =2, P = 0.19).

Substrate use by P. longipes was unequal (X* = 29.15,
D.F. = 3, P < 0.001); rocks and tree trunks were pre-
ferred surfaces, each accounting for 28 of the 69 sight-
ings. Small sample sizes (resulting in many expected
values < 5; see Sokal and Rohlf, 1995) prevented con-
tingency table analysis of substrate choice as a func-
tion of disturbance classification or length of indi-
vidual.

The estimate of 345 individuals per ha is almost
certainly an underestimate of true density on the
LFDP. Individuals of similar size found at the same
plot on different nights would be indistinguishable,
and the reclusive habits of P. longipes may have re-
sulted in some individuals (particularly foraging cur-
sorially) being frightened away by our approach.
However, MNKA and other enumeration methods are
proportional to probabilistic estimates of population
density, assuming constant capture probabilities
(Slade and Blair, 2000). Thus, MNKA is a viable index
of intraspecific population size. Future surveys in the
LEF by similar methods should be comparable to the
results of this study.

The lack of correlation between density or fre-
quency of P. longipes and any of our selected habitat
variables could suggest that abundance of rock, dead
wood, or total foliage is unimportant for this organ-
ism; but the fact that 41 % of sightings occurred when
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animals were perched on rocks suggests that this in-
terpretation is flawed. Alternatively, habitat character-
istics may have been measured at a scale inappropri-
ate to the ecology of the organism. Future studies of
habitat associations must consider carefully the scale
of perception of the species and evaluate the impor-
tance of rocks and tree trunks, which clearly are its
most common foraging sites.
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Social foraging in coral reef fishes occurs in single-
species and mixed species groups. Many species ex-
hibit such behaviors, and variable trophic levels are
represented within and between foraging groups
(Strand, 1988). Several stimuli (e.g., search behavior,
predator success) elicit social foraging behaviors
within and between species (Pitcher and House, 1987;
Subowski, 1988). Social foraging allows individuals
enhanced access to prey resources, decreases search
time for patchily distributed prey, and provides in-
creased protection from predators.

Previous studies have focused on how social forag-
ing enhances the fitness of individuals within the
group (Wolf, 1987; Overholtzer and Motta 2000). Little
attention has been given to the role that the aggregate
of such interactions may have in mediating commu-
nity composition and patterns of diversity. For ex-
ample, does the increased survivorship and prey cap-
ture efficiencies resulting from social foraging allow
greater diversity of fishes to occur in local habitat
patches than would be seen in the absence of such
behaviors? We collected data to explore the relation-
ship between taxa that exhibit social foraging and the
composition of fish communities. In particular, we
quantified the rates of social foraging bouts in relation
to species diversity of coral reef fishes within local
habitat patches to determine if consistent patterns
emerged.

Observations were made from 3-14 April 2000 on
leeward reefs off Bonaire and Klein Bonaire in the
Netherlands Antilles. Twenty-three daylight hours of
bottom time using snorkel and scuba were devoted to
observing social foraging behaviors, including 14 20-
minute census periods to quantify rates of social for-
aging. Habitat patches were selected in back reef-coral
rubble, reef crest, and reef slope areas such that spatial
boundaries for a census were easily defined. Habitat
patches ranged in size from 8-60 m? based on visual
estimates. Observations were made while stationary
in mid-water and away from patches (to minimize
effects on behavior and movement of fishes) but while
close enough to identify species. All species observed
were counted, the most abundant first. No effort was
made to census cryptic fish species (e.g., blennies, go-
bies) as this would disrupt foraging behaviors of the
more active species. Social foraging bouts (each
“bout” defined as a single or mixed species group that
exhibited coordinated search behavior) were enumer-

ated as species and number of individuals involved in
each bout. The same fishes may have been involved in
multiple bouts within a census period if the original
group disbanded and another formed.

Fifty-two percent of species observed during census
periods (34 of 65 species) occurred in 108 social forag-
ing bouts (55 single species and 53 mixed species for-
aging groups; Table 1). We explored the data to elu-
cidate relationships between species diversity and
rates of social foraging. Social foraging rates were
computed as the total number of social foraging bouts
per census, as well as the number of species partici-
pating in social foraging bouts per census. Local spe-
cies richness was the total number of species observed
during each census. Alpha diversity was selected as a
diversity index that incorporates species richness and
evenness, as it is not sensitive to small sample sizes
(Magurran, 1988). Fisher’s alpha diversity index was
computed for each census using PRIMER software
(Clarke and Gorley, 2001).

Pearson’s product-moment correlation coefficients
were computed using metrics normalized to 1 m? (to
account for variation in patch size) in order to deter-
mine the relationship between species diversity met-
rics and rates of social foraging. The number of social
foraging bouts and the number of species participat-
ing in social foraging bouts varied with species rich-
ness and alpha diversity. Pearson’s product-moment
correlation coefficients for all comparisons were posi-
tive and highly significant (p<0.01), and showed that
the two diversity metrics increased with increasing
measures of social foraging (Table 2).

Social foraging bouts were separated into single and
mixed species categories. The number of individuals
that participated in social foraging bouts (group size)
within each category were compared. Single species
groups were generally smaller than mixed species
groups, with a mean of 2.98 individuals per bout (S.D.
=2.80) versus 31.09 individuals per bout (S.D. = 63.28).
Figure 1 illustrates the pattern of increased group
size and increased dominance of mixed versus single
species groups, although both types of groups are
represented throughout the lower range of group size.
It should be noted that the range of group size is
much larger for mixed species groups (2-20 individ-
uals per single species group and 2-309 individuals
per mixed species group). In general, the smaller
group sizes were composed of benthivorous fishes for-
aging within the reef framework, while the largest
group sizes were composed of planktivores that ag-
gregated at the reef front (e.g., groups dominated by
brown chromis).

A few focal species (species that others cued on to
participate in mixed species social foraging bouts)
dominated social foraging activities (Table 3). Yellow-
tail goatfish (a benthivore) and brown chromis (a
planktivore) were the focal species in 54.5 % of the
mixed species social foraging bouts. All other bouts
were either focused on a diverse range of species or it
was unclear which was the focal species.

Observations made outside census periods showed
that Spanish hogfish, spotted moray, and sharptail eel
were also focal species of mixed species social forag-
ing bouts. Spotted moray and sharptail eel had several
species following them during daytime movements
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TABLE 1. Common name, scientific name, total number of each species observed during fish censuses, and
number of occurrences in single (S) or mixed species (M) foraging bouts. A dash (—) indicates no social foraging

was observed.

Common name Scientific name Total S M
banded butterflyfish Chaetodon striatus 8 2 2
bar jack Caranx ruber 30 2 10
barred hamlet Hypoplectrus puella 2 — —
beaugregory Stegastes leucostictus 149 — —
Bicolor damselfish Stegastes partitus 749 — —
blackbar soldierfish Muyripristis jacobus 42 — —
black durgon Melichthys niger 8 — 2
blue chromis Chromis cyanea 28 4 8
blue parrotfish Scarus coeruleus 2 — —
blue runner Caranx crysos 2 — —
bluestriped grunt Haemulon sciurus 2 — —
blue tang Acanthurus coeruleus 41 2 3
bluehead Thalassoma fibasciatum 199 — 5
brown chromis Chromis multilineata 668 1 13
bucktooth parrotfish Sparisoma radians 6 — —
caesar grunt Haemulon carbonarium 30 4 4
chain moray Echidna catenata 2 — —
comb grouper Muycteroperca rubra 10 — —
creole wrasse Clepticus parrae 56 4 3
creole-fish Paranthias furcifer 12 — 1
doctorfish Acanthurus chirurgus 43 4 10
dusky damselfish Steguastes fuscus 48 3 3
fairy basslet Gramma loreto 10 — —
foureye butterflyfish Chaetodon capistratus 16 4 —
French angelfish Pomacanthus paru 2 — —
French grunt Haemulon flavolineatum 4 — —
gray snapper Lutjanus griseus 2 — —
graysby Epinephelus cruentatus 2 — —
horse-eye jack Caranx latus 8 1 3
jolthead porgy Calamus bajonado 2 — —
lane snapper Lutjanus synagris 2 — —
Caribbean longsnout butterflyfish Chaetodon aculeatus 2 — —
longspine squirrelfish Holocentrus rufus 2 — —
ocean surgeonfish Acanthurus bahianus 32 1 2
peacock flounder Bothus lunatus 6 — 1
princess parrotfish Scarus taeniopterus 15 — —
puddingwife Halichoeres radiatus 1 — —
queen angelfish Holacanthus ciliaris 6 — —
queen parrotfish Scarus vetula 37 2 2
rainbow parrotfish Scarus guacamaia 8 — —
red hind Epinephelus guttatus 19 — —
redspotted hawkfish Amblycirrhitus pinos 2 — —
rock beauty Holacanthus tricolor 12 — —
rock hind Epinephelus adscensionis 2 — —
schoolmaster Lutjanus apodus 24 — 6
sergeant major Abudefduf saxatilis 58 3 12
sharpnose puffer Canthigaster rostrata 2 — —
slippery dick Halichoeres bivittatus 4 — 2
smooth trunkfish Lactophrys triqueter 12 1 1
Spanish hogfish Bodianus rufus 14 — 3
spotfin butterflyfish Chaetodon ocellatus 24 3 —
spotted goatfish Pseudupeneus maculatus 6 — 3
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TABLE 1. Continued.

Common name Scientific name Total S M
spotted moray Gymnothorax moringa 4 — 1
spotted scorpionfish Scorpaena plumieri 2 — —
spotted trunkfish Lactophrys bicaudalis 6 — 2
stoplight parrotfish Sparisoma viride 21 2 1
striped parrotfish Scarus iserti 2 — —
tabaccofish Serranus tabacarius 1 — —
trumpetfish Aulostomus maculatus 14 1 3
white grunt Haemulon plumieri 6 — 1
whitespotted filefish Cantherhines macrocerus 4 — 3
yellow goatfish Mulloidichthys martinicus 48 5 20
yellowhead wrasse Halichoeres garnoti 18 1 3
yellowtail damselfish Microspathodon chrysurus 18 1 —
yellowtail snapper Ocyurus chrysurus 18 2 3

TABLE 2. Pearson’s product-moment correlation coefficients (r) and their probability (p) between measures of

species diversity and rates of social foraging.

Rates of social foraging

Number social foraging bouts

Number social foraging species

Species diversity T r )
Species richness 0.694 0.006 0.807 0.001
Fisher-s alpha 0.701 0.005 0.788 0.001
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FIG. 1. Number of individuals in single species
(open) and mixed species (solid) social foraging bouts.

(Fig. 2). Movements of long duration or length (e.g., >
10 m) elicited social foraging groups with continually
changing species composition, such that one indi-
vidual would drop out and another (or others) of dif-
ferent species would join. For example, a spotted mo-
ray was initially followed by a schoolmaster which
separated from the moray which was joined by a Nas-
sau grouper.

Several observations were made of individuals ex-
hibiting intra- and inter-specific aggression against an-
other individual attempting to join a social foraging
group. For example, bar jacks would commonly chase

TABLE 3. Number of occurrences of social foraging
bouts focused on particular focal species (n = 55
bouts).

Taxa Number of observations

blue chromis 1
blue tang

brown chromis
horse-eye jack

Spanish hogfish

spotted goatfish

spotted moray

white grunt

yellow goatfish
unidentified focal species

—_
—_

NN = =N = =W
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conspecifics away from particular goatfish they were
following. Also, a yellowtail snapper chased a school-
master away from a spotted moray before following
the moray for some distance.

Despite the small amount of data obtained in this
preliminary effort, patterns emerged that can lead to
further study. We found that 52 % of fishes within a
local species pool participated in social foraging bouts.
Is this a consistent attribute of fish communities? From
a mechanistic perspective, does social foraging medi-






























































