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Twelve species of Anolis inhabit Puerto Rico, up to
seven of which can occur sympatrically (Schoener
and Schoener, 1971). Four species— Anolis cuvieri, A.
evermanni, A. stratulus, and A. occultus— frequent the
canopy of lower montane, high-rainfall tropical forest
dominated by the tabonuco tree, Dacryodes excelsa
(Burseraceae), Canopy densities of A. stratulus have
been estimated at 23,200 individuas’ha near El Ver-
de, Luquillo Experimental Forest (Reagan, 1986).
Maximal density data can be inferred for the Puerto
Rican giant anole, Anolis cuvieri, a 30 individuas’ha
from the home range estimate of a telemetry-tracked
male at El Verde (Losos et al., 1990), This density
estimate, 1/(home range size), assumes that the hab-
itat is essentially packed with non-overlapping A.
cuvieri territories. Absolute abundance data for A.
evermanni have not been published. In this note we
report abundance estimates for three canopy anole
species present in a hurricane-disturbed tabonuco for-
est at 300 meters elevation. In addition, we present
dietary anecdotes on an adult female A. cuvieri,

The study site covered 1.5 ha of second growth
tabonuco forest 1 km west of the Bisley watersheds
of the Luquillo Experimental Forest. In September
1989, Hurricane Hugo defoliated all trees at Bisley
and substantially altered canopy structure (Brokaw
and Grear, 1991; Reagan, 1991), In December of 1990,
| used modified arborist methods (Dial and Tobin, in
press) to gain access into 14 tabonuco crowns. These
crowns ranged from 22-29 m high. Downward pro-

‘Present address: Department of Environmental
Sciences, Alaska Pacific University, 4101 University
Drive, Anchorage, Alaska 99508.
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jetted areas for each crown were estimated using a
steel tape, transit, and inclinometer. The areas ranged
from 7.0 to 60,9 m*(mean 31,2, standard deviation
13.5). Within each of the 14 crowns, resident popu-
lations of A. evermanni and A. stratulus were censused
from 20 December 1990 through 23 January 1991,
using the mark-remark technique of Heckel and
Roughgarden (1979). No other species of canopy liz-
ard were observed at this time. Densities for each
crown were determined by dividing estimated crown
population by projected crown area, Following the
initial census, and as part of a manipulative experi-
ment (Dial, 1992), monthly counts were made for liz-
ards in the 14 crowns from February through August
1991. During these monthly censuses, two individual
A. cuvieri were observed a total of seven times, Each
A. cuvieri was captured and marked with an indelible
pen to identify it during subsequent sighting. The
male, which we failed to capture on first sighting,
had a distinctively regrown tail which was noted at
the time. No A. occultus were observed, athough one
individual was found within 1 km of the site (D. P.
Reagan, pers. comm.).

Individual crown populations showed substantial
spatial variation, The estimated populations of A. ev-
ermanni varied from 1.0 to 17.3 individuals per crown
(mean 7.2, standard deviation 4.1) and for A. stratulus
from 0.0 to 33.1 individuals per crown (mean 7.3,
standard deviation 10.8). Densities of A. evermanni
were approximately exponentially distributed and
ranged from 0.14 to 0.90 individuals'm*(mean 0.30,
standard deviation 0.26). Densities of A. stratulus
ranged from 0.00 to 0.99 individuals'm*(mean 0.21,
standard deviation 0.30). Overall densities, deter-
mined as total of all estimated crown populations
divided by total sampled crown area, gave 2308 in-
dividuals’/ha for A. evermanni and 2339 individuals/
ha for A. stratulus. Casual observation suggested that
individual lizards included 1 to 3 large branches with-
in each home range,

In contrast, home ranges of the much larger A.
cuvieri individuals included several trees, There were
4 observations of a male (svl 155 mm) and 3 of a female
(svl 125 mm) at approximately monthly intervals be-
tween April and August 1991, Both lizards were seen
on tree trunks up to 80 cm in diameter, on foliage,
and on small twigs. The male was observed boulder
hopping on the forest floor. Aside from the single
ground observation, lizards were sighted between 3
and 14 m above ground (mean 6.5 m). Each time we
spotted A. cuvieri, including the ground activity of the
male, we were either ascending or descending adja-
cent crowns. The minimum complex polygon method
(Jennrich and Turner, 1969; Schoener, 1981) provided
minimum home range estimates of 275 m’for the
male and 68 m*for the female. Both home ranges
were within the largest forest grove of the six groves
studied. This grove contained the tallest tree (over 30
m tall) with largest dbh (80 cm) of the six groves. Both
lizards were seen retreating at least once into the
canopy via the trunk of this largest tree. This tree
formed the easternmost sighting of the female and
the westernmost sighting of the male. Using the home
range estimates suggests a maximum density of 58



NOTES

individuals’ha (=2 individuals/(275 + 68) m’ assum-
ing maximal packing of home ranges as non-overlap-
ping territories). Overall density was 1,33 individuals
per hectare (=2 individuas/ 1.5 ha).

We captured the female the first time we observed
her (6 April 1991) and held her captive for three days.
During this time, she voided in fecal material two
Anolis jaw fragments 8 and 9 mm in length, numerous
small Anolis bone fragments, two snail opercula ap-
proximately 6 by 4 mm each, 12 snail shell fragments,
as well as fibrous vegetative material,

Our observations on A. cuvieri here corroborate and
extend results of other studies (Rand and Andrews,
1975; Perez-Rivers, 1985; Losos et a., 1990). The min-
imum home range size of a radio-collared male mon-
itored for 11 days at El Verde in the Luquillo Exper-
imental Forest (Losos et al., 1990) was 325 m'. Nine
of their 12 observations (75%) were within a mini-
mum convex polygon of 220 m? The 275 m’value
observed here for the male over a 5 month period is
similar. No female data have been previously pub-
lished. The fecal material of the single giant anole in
this study differed from studies that evidenced ar-
thropod remains (Rand and Andrews, 1975; Perez-
Rivera, 1985; Losos et al., 1990), yet all studies to date
indicate the presence of snail, anole, and vegetative
remains. Crown dwelling A. stratulus densities have
been reported at 23,200 individuals’ha (Reagan, 1986).
These pre-Hugo estimates from a single walk-up tow-
er near El Verde, Puerto Rico are nearly 10 times
higher than the overall estimate here and greater by
a factor of two than the maximal crown density ob-
served, A companion study to this one compared ab-
solute abundances at an undisturbed site near El Ver-
de, but found lower mean and overall anole densities
in El Verde crowns than in Bisley crowns (Dial, 1992).
Reagan (1991) has compared pre and post hurricane
relative-abundance data for anoles at Bisley and El
Verde; however, no absolute abundance data are pro-
vided. His data, in contrast to those reported here,
showed that A. evermanni was uncommon as a crown-
dwelling anole at the two tower sites.
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Anolis chlorocyanus Duméril and Bibron and A. coe-
lestinus Cope are sibling green anoles. The former is
endemic to the Hispaniolan North Island whereas the
latter represents the South Island counterpart (Wil-
liams, 1965), Until Powell et al, (1991) reported sym-
patry in and near Barahona, Provincia de Barahona,
Republica Dominicana, sympatric populations of the
two species were known only from the vicinity of
Port-au-Prince, Department de L’'Ouest, Haiti. These
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TasLe 1. Comparisons of green anoles from Barahona, Provincia de Barahona, Republica Dominicana, with
Anolis c. chlorocyanus from Neiba, Provincia de Baoruco, and A. c. coelestinus from the eastern slopes of the
Sierra de Baoruco, Provincia de Barahona. Anoles from Barahona are listed individually by sex and size (SVL)
and are designated with asterisks: one asterisk indicates individuals with characteristics of A. c. chlorocyanus,
two asterisks individuals with characteristics of A. c. coelestinus, and three asterisks individuals with inter-
mediate character states (purported hybrids), Characters examined: 1) light labial stripe (LS) present (P) or
absent (A), 2) lineate dorsum (females only) (LD) present (P) or absent (A), 3) dewlap pattern (DP) uncolored
(U) or bicolored (B), 4) dewlap scale color (DC) white (W) or pigmented with green or yellow (P), 5) dewlap
scale shape (DS) apicaly swollen (S) or not (N), 6) dewlap scale size (DD) large (L) or small (S), 7) number
of loreal rows (LR), 8) number of scales between supraorbital semicircles (SS), 9) number of scales between
interparietal and supraorbital semicircles (1S). Intermediate conditions are noted by combinations of characters,
i.e. medium-sized dewlap scales are indicated as LS. Means are given + one SD.

Characters
Specimens LS LD DP DC DS DD LR SS Is
A. c. chlorocyanus A P B w S L 3-4 1-2 2-4
(n=22) (20f 2) (n=20) (n=20) mode 3 model mode 3
=34 x=12 x=28
+0.5 +04 +0.6
M (77 mm)* A — B W S L 3 1 2
M (70 mm)* A — B w S L 3 1 3
M (70 mm)* A — B W S L 4 1 3
M (68 mm)* A — B w S L 3 1 3
M (53 mm)* A — B W S L 3 1 4
M (44 mm)* A - B P S L 3 1 3
F (48 mm)* A P B P S L 3 1 2
F (42 mm)* A P B w S L 4 1 3
M (83 mm)*** P - B P N S 6 1 2
M (81 mm)*** P - B P S LS 4 2 3
M (77 mm)*** P — B P S L 4 1 3
M (76 mm)*** P — B P SN LS 4 0 3
M (75 mm)*** P — B P SN LS 6 2 4
M (75 mm)*** P - B w SN LS 4 1 2
M (73 mm)*** P - B w S L 4 1 2
M (63 mm)*** P — B w S LS 4 1 5
M (59 mm)*** A — B P S L 4 2 5
M (59 mm)*** P — B P N S 5 2 3
M (56 mm)*** P — B W S LS 2 1 3
F (50 mm)*** P A B P SN LS 5 2 5
F (42 mm)*** P A B P S LS 3 2 3
F (42 mm)*** P P B P SN S 3 1 4
M (79 mm)** P — u P N S 5 2 4
M (78 mm)** P - U P N S 6 2 2
M (77 mm)** P — u P N S 5 3 4
M (73 mm)** P - U P N S 5 2 3
M (73 mm)** P - u P N S 5 1 3
M (72 mm)** P — U P N S 5 2 3
M (70 mm)** P - u P N S 5 3 4
M (68 mm)** P — U P N S 7 1 4
M (68 mm)** P - u P N S 6 2 4
M (66 mm)** P - u P N S 6 2 3
M (62 mm)** P — U P N S 6 2 4
F (52 mm)** P A U P N S 4 3 4
F (48 mm)** P A U P N S 5 2 3
A. c. coelestinus P A U P N S 4-6 1-3 2-5
(n=131 (10 of 10) mode 5 mode 2  mode 4

x¥=52 X=23 X =37
+0.6 +0.6 +0.7
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medium-sized anoles may be distinguished in the field
by differences in dewlap color and the presence or
absence of a white labial stripe (Schwartz and Hen-
derson, 1991). Antillean anoles are often distin-
guished by color rather than scalation, especialy in
the hues and tints of the male dewlap (Schwartz,
1969). Differences in scalation between A. chlorocyanus
and A. coelestinus are primarily modal, but differences
in the size, shape, and color of dewlap scales are dis-
tinctive (Williams, 1965), athough some femae and
small male A. chlorocyanus have the pigmented dew-
lap scales most commonly associated with A. coeles-
tinus.

While investigating male agonistic behavior pat-
terns in Barahona, we encountered some individuals
that could not be attributed confidently to either spe-
cies. As a result, we examined 35 green anoles from
Barahona and compared them to 22 Anolis c. chloro-
cyanus from Neiba, Provincia de Baoruco (the nearest
North Island population from which we had access
to an adequate sample), and to 31 A. c. coelestinus from
the slopes of the Sierra de Baoruco south of Barahona
The two species are clearly allopatric at these two
sites. Comparative data are summarized in Table 1.
Of the 35 green anoles from Barahona, eight were A.
c. clorocyanus and 13 were A. c. coelestinus, but 14 had
intermediate characteristics indicative of hybrids.

We also observed behavioral evidence indicative of
hybridization. On 12 June 1993 near the Hotel Guar-
ocuya in Barahona, we videotaped attempted breed-
ing behavior between a male Anolis coelestinus and a
female A. chlorocyanus. We introduced the tethered
female A. chlorocyanus to aresident male A. coelestinus.
Within one minute the male advanced to investigate
the female and attempted to mount her. This first
encounter lasted approximately 40 sec. The male then
retreated up the tree and repositioned himself. We
reintroduced the same tethered female to the same
male approximately 5 min later. The femae respond-
ed for about 1 min to the male's advances. The male
subsequently succeeded in mounting her, although
copulation was not observed. The entire encounter
lasted approximately 2.5 min.

Although our data are insufficient to declare with
certainty that hybrids exist between these species, 13
of 35 individuals in the zone of contact possessed
distinctly intermediate characteristics, This evidence,
combined with the lack of hesitation shown in the
one interspecific interaction we witnessed, led us to
conclude that hybridization occurs. Viability of the
purported hybrids apparently is quite high; individ-
uals with intermediate characteristics were among the
most aggressive in our studies of male agonistic be-
havior.
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Appendix 1

Specimens examined are in the Bobby Witcher Me-
morial Collection (BWMC) a Avila College, Kansas
City, Missouri 64145 USA: Anolis c. chlorocyanus from
Neiba, Provincia de Baoruco, Reptuiblica Dominicana
(BWMC 02469,03727-9,03734-44, 05378-84); A. c. coe-
lestinus from the eastern slopes of the Sierra de Bao-
ruco, Provincia de Barahona, Republica Dominicana
(BWMC 03076-7,03656-73,05268, 05270,05274,05276-
7, 05280, 05282-3, 05285-6, 05290); and green anoles
from in and near Barahona, Provincia de Barahona,
Republica Dominicana (BWMC 03073-5,04022,04206-
11, 04643-4, 04659, 05359-73, 05385-9, 05465, and one
specimen being kept alive at Avila College).
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During the course of ecological research in the Lu-
quillo Experimental Forest (LEF) of Puerto Rico, we
collected ectoparasites from seven species of bats:
Artibeus jamaicensis jamaicensis, Brachyphylla cavernarum
intermedia, Eptesicus fuscus wetmorei, Erophylla sezekorni
sezekorni, Monophyllus redmani portoricensis, Pteronotus
parnellii portorlcensis, and Stenoderma rufum darioi.
Herein, we report ectoparasites infesting these bats
and provide comments on host-parasite associations.

Bats were captured in mist nets from various lo-
cations within the LEF during the dry (March) and
rainy (June-August) seasons of 1988 and 1989. Within
20 minutes of capture, wing and tail membranes, pel-
age, ears, and face were examined for the presence
of arthropods. Ectoparasites were removed and placed
in vias containing 70%. ethyl alcohol; a separate via
stored all ectoparasites from each bat. Hosts were then
banded and subsequently released.
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TaBLE 1. Ectoparasites of bats from Puerto Rico.
Host Ectoparasite Family
Artibeus jamaicensis Megistopoda aranea**’ Streblidae

Brachyphylla cavernarum

Eptesicus fuscus
Erophylla sezekorni

Monophyllus redmani

Senoderma rufum

Pteronotus parnellii

Paralabidocarpus foxi'
Paralabidocarpus artibei*
Periglischrus iheringi****"
Periglischrus vargasi***
Spelaeorhynchus praecursor
Aspidoptera phyllostomatus™
Trichobius intermedius™
Trichobius robynae'
Lawrenceocarpus micropilus™
Lawrenceocarpus puertoricensis
Radfordiella oudemansi*®
Trichobius truncatus™’
Periglischrus cubanus™*

1367.C

Spinturnix bakeri™
Trichobius robynae'
Trichobius truncatus’
Ornithodorus viguerasi®
Ornithodoros sp.”
Periglischrus cubanus'

12367c

Spelaeorhynchus  monophylli
Trichobius cernyi™
Trichobius robynae™"*
Trichobius truncatus™
Trichobius sp. (near sparsus Kessel)**
Nycterophilia parnelli™

i7ac

Periglischrusvargasi
Paralabidocarpus artibei**
Paralabidocarpus foxi**
Paralabidocarpus stenodermi*

Periglischrus iheringi
Cameronieta thomasi ™

L abidocarpidae
L abidocarpidae
Spinturnicidae
Spinturnicidae

Spelaeorhynchidae

Streblidae
Streblidae
Streblidae

L abidocarpidae
Labidcarpidae
Macronyssidae
Streblidae
Spinturnicidae
Spinturnicidae
Streblidae
Streblidae
Argasidae
Argasidae
Spinturnicidae

Spelaeorhynchidae

Streblidae
Streblidae
Streblidae
Streblidae
Streblidae
Spinturnicidae
L abidocarpidae
L abidocarpidae
L abidocarpidae
Spinturnicidae
Spinturnicidae

1 = Webb and Loomis, 1977; 2 = Tamsitt and Valdivieso, 1970; 3 = Tamsitt and Fox, 1970a; 4 = Tamsitt and
Fox, 1970b; 5 = Rudnick, 1960; 6 = Fain et al., 1967; 7 = this study; a = new record for Puerto Rico; b = new
host record; ¢ = known from the Luquillo Experimental Forest,

The primary arthropod groups sampled in this study,
spincturnicid wing-mites, spelaeorhynchid ear-mites,
argasid ticks, and streblid bat-flies, can be easily seen
and collected while examining the bat host. Other
ectoparasites may occur on these bats, but were un-
detected by our sampling protocol,

We collected spincturnicid wing-mites from all the
bat species (Table 1), Periglischrus cubanus is reported
in Puerto Rico for the first time, infesting Brachyphylla
cavernarum and Erophylla sezekorni. This mite was orig-
inally described from several species of bats (includ-
ing B. nana) in Cuba (Dusbabek, 1968). Periglischrus
vargas infests several species of glossophagine bats,
and has been reported from Monophyllus cubanus
(=redmani) in Cuba (Dusbabek, 1968). This is the first
report of an association between P. vargasi and M.
redmani in Puerto Rico. Cameronieta thomasi, also a

spincturnicid wing-mite, was collected from Pteron-
otus parnellii. Cameronieta was first established as a mor-
phologically distinct group from Periglischrus by Ma-
chado-Allison (1965). This genus appears to be host
specific on Pteronotus and Mormoops, and the associ-
ation was used to support separation of mormoopid
bats from phyllostomids (Smith, 1972). This is the first
record of an association between C. thomasi and P.
parnellii in Puerto Rico.

Mites of the family Spelaeorhynchidae were taken
from the ears of Artibeus jamaicensis (n = 28) and M.
redmani (n = 9). Unfortunately, al these mites were
damaged during removal. The mouthparts of spe-
laeorhynchids are embedded deeply in the skin, and
it is necessary to cut part of the ear to remove them
intact. Two species were observed in this study—
Spelaeorhynchus precursor on A. jamaicensis, and S. mon-
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ophylli on M. redmani. These two mites are described
and illustrated by Fain et a. (1967).

Argasid ticks (Ornithodoros sp.) were collected from
E. sezekorni. These specimens may be O. viguerasi, a
taxon first reported on Puerto Rico from E. bombifrons
(=sezekorni) by Tamsitt and Fox (1970a).

Streblid batflies were collected from A. jamaicensis,
M. redmani, and B. cavernarum. Of those infesting A.
jamaicensis, both Megistopoda aranea and Aspidoptera
phyllostomatis are well-known ectoparasites of this host
throughout its range. In contrast, associations be-
tween Trichobius intermedius and A. jamaicensis are
known only from the Caribbean and Central America
(Peterson and Hurka, 1974), including Puerto Rico
(Webb and Loomis, 1977). Trichobius truncatus was
found infesting B. cavernarum, This association has
also been reported by Tamsitt and Fox (1970a), Tri-
chobius cernyi was known previously only from Cuba,
and is reported for the first time associated with M.
redmani, The primary host of Nycterophilia parnelli is
Pteronotus parnellii. Although this mormoopid bat is
present in Puerto Rico, it was seldom captured during
our study, The association of N. parnelli on M. redmani
is a new record for Puerto Rico and may, in this in-
stance, indicate roost sharing between two bat spe-
cies.
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Biomasa de Thalassia testudinum
en Punta Gavilan y Santa
Cecilia, Quintana Roo,
Mexico
ALBERTO DE JESUS-NAVARRETE, Centro de Investigaciones

de Quintana Roo, A.P. 424 CP 77000, Chetumal Q. Roo,
Meéxico.

El pasto marino mas estudiado en el mar Caribe es
Thalassia testudinum (Banks ex Konig 1805) que ha re-
cibido mucha atencion desde el punto de vista bio-
légico (Johnson y Williams, 1982) asi como en su eco-
logia y distribucién (Fourqurean et al., 1992). En el
Caribe Mexicano, la biomasa se ha determinado en la
parte norte de Quintana Roo (Nugent et al., 1978;
Gallegos et a., 1993), pero no en la zona sur del estado.
El objetivo de este trabgjo fue determiner la biomasa
de Thalassia testudinum en dos lugares selectos en la
parte sur de Quintana Roo, México.

Se obtuvieron muestras bimensualmente desde fe-
brero a diciembre de 1992 en Punta Gavilan (PG) y
Santa Cecilia (SC), a sur de Quintana Roo (18°00'N,
87°45'W y 18°30'N, 88°00'W), Utilizando un cuadrante
de 0.1 m’se recolectaron muestras a azar a profun-
didades menores de 1.5 m, dentro de la laguna arre-
cifal. Todo e material vegetal contenido en el cua
drante fue cortado al nivel del sedimento y se fijo con
formol a 4% diluido con agua de mar. En PG se re-
colectd una muestra y dos réplicas en SC una muestra.
Después de eliminar las epifitas y los carbonatos se
determind la biomasa en peso seco (geps*m-) (Nu-
gent et a., 1978).
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Fic. 1. Biomasa promedio de Thalassia testudinum

en Punta Gavilan y Santa Cecilia, Q. Roo México,
(barras =+ desviacion estandar).

En PG la biomasa promedio de Thalassia testudinum
fue de 123.37 + 29 geps'm-2, con un valor maximo
en febrero de 156.77 + 53 geps*m—2 y un minimo en
octubre (84.89 * 39 geps*m-2), se observé una ten-
dencia de los valores de biomasa a disminuir gra-
dualmente de febrero hasta diciembre de una manera
gradual (Fig. 1).

Para SC la biomasa promedio fue de 297.82 + 128
gepsem?®, con un valor maximo en octubre (431.44 ge
ps*m? y un minimo en agosto (101.62 geps'm?). El
valor correspondiente a junio no se obtuvo debido a
malas condiciones ambientales.

La biomasa de pastes fue mayor en Santa Cecilia
que en Punts Gavilan (Fig. 1), encontrandose dife-
rencias significativas entre la biomasa de los dos sitios
(Mann-Whitney P < 0.01).

Los valores promedio de biomasa encontrados en
este trabgjo son similares a los informados en otras
zonas del Caribe. Zieman et a. (1989) encontraron
una biomasa de 49,5 * 9.8 gepssm”para hojas en
Florida y mencionaron que existen diferencias entre
la biomasa de pasto dentro de la Bahia de Florida, con
un valor maximo hacia la costs Atlantica de 400 ge
psem?(dato muy similar a encontrado en Santa Ce-
cilia). Por otro lade, en la costs noreste de Florida se
encontraron valores de 86.80 + 2.7 geps*m”para
hojas y de 793 + 66 gepssm’para raices y hojas
(Powell et a., 1989) éstos datos son semejantes a los
encontrados para hojas en PG y superiores a pro-
medio informado por Nugent et al. de 42.9 gepsm*
(1978) para la zona norte de Quintana Roo.

En Idlas Virgenes de encontraron biomasas de 207
gepsem’para el componente aéreo y una biomasa
superior a los 1000 geps*m”para las raices (Williams,
1990), valores que superan lo encontrado en PG y
similares a los datos de SC.

NOTES

En e Golfo de México, Lot (1971) encontrd una
biomasa de 353 geps'm?, valor muy similar a infor-
mado por Gallegos et a. (1993) de 345 + 62 gepssm™
para e norte de Quintana Roo. Ambos datos corres-
ponden a biomasa de hojas, y son mayores que nuestro
valor promedio en ambas locaidades,

Es importante sefalar que en SC el pasto tiene hojas
de mayor longitud que en PG, donde el pasto crece
de manera mas homogenea y combinada con algas
como Penicillus capitatus, Laurencia sp y otras. El tipo
de sedimento en cada localidad es diferente, encon-
trandose arenas muy finas en SC y arenas medianas
en PG.

Actuamente los pastos marinos de la zona sur de
Quintana Roo se encuentran en un buen estado de
conservacion, aunque cada dia aumenta la presion
humana, ya sea por las actividades turisticas o por la
pesca, principamente de almeja blanca (Codakia or-
bicularis), lo que constituye una alteracion de las con-
diciones de equilibria, Los pastos de Punta Gavilan
abergan una gran cantidad de organismos juveniles,
algunos de importancia comercial, entre los que se
encuentran varias especies de peces, crustaceos Yy mo-
luscos; por lo que se recomienda la proteccion del
area.
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Crecimiento de Arboles
Tropicales de una Etapa
Sucesional de 15 Afos en
San Felipe Bacalar,
Quintana Roo, Meéxico

Pebro A. MAcARIO MENDOZA Y SILVIA A. TORRES PECH,
Centro de Investigaciones de Quintana Roo, Zona Industrial
No. 2, carretera Chetumal-Bacalar, A.P. 424, 77000 Che-
tumal, Quintana Roo, México.

Las selvas en Quintana Roo son en su mayoria eta-
pas sucesionales con diferentes edades, como resul-
tado de la incidencia de fenomenos naturales y de la
intervencion humana (Barrera et a., 1977; Edwards,
1986; Macario Mendoza, 1991). Parte de ésta uiltima
actividad es el aprovechamiento forestal, actividad
econémica muy importante para el estado. Sin em-
bargo, hay un desconocimiento casi total de la eco-
logia y el crecimiento de especies actuamente apro-
vechadas.

El registro continuo de los cambios ocurridos en
los individuos que conforman un tipo de vegetacion,
es uno de los métodos mas recomendados para ge-
nerar conocimientos reales de la selva. En este trabajo
presentamos informacion sobre cambios en el creci-
miento, composiciéon de especies, mortalidad y reclu-
tamiento durante un periodo de 5 afios en una selva
con 15 afios en sucesion.

El estudio fue realizado en el “Jardin Botanico” de
la Estacién de Proteccion de Flora y Fauna Silvestre
en San Felipe Bacalar, Quintana Roo, cuya extension
es de 1064 hectareas (Fig. 1). El tipo de clima es €
A w,calido subhtimedo, con precipitacién media anual
de 1300 mm y temperatura media anual de 26°C (Gar-
cia, 1988). Los suelos predominantes son las rendzinas
y gleysoles (FAO/UNESCO) que corresponden a los
puuslu'um y a’kalché (terminologia maya). La vege-
tacién corresponde a una selva mediana subperen-
nifolla con Cryosophila argentea como especie domi-
nante (Miranda, 1958).

A principios de 1987, se establecié en la Estacion
de San Felipe Bacalar, una parcela permanente de
muestreo para determinar el crecimiento de arboles
tropicales, y la estructura y composicion de la selva
(Macario Mendoza et a., 1992), El tamafio de la par-
cela de muestreo fue de 50 m x 50 m (0.25 ha), la cual
fué subdividida en 25 subcuadros de 10 m x 10 m
(0.01 ha) para facilitar el acopio de datos. En 1992 se
midié de nuevo la parcela para determinar los cam-
bios ocurridos durante 5 afios, registrandose ademas
reclutamiento y mortalidad.

Para determinar el crecimiento de arboles, en 1987
se empled el método de medidas periddicas (5 afios)
de la circunferencia (Singh, 1981; Mariaux, 1981) a
una atura de 1.30 m sobre el nivel del suelo. Se mi-
dieron todos los arboles con circunferencia igual o
mayor de 14 cm (4.5 cm de DAP), con un error apro-
ximado de medicién de 0.1 cm. Todos los arboles fue-
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ron ubicados espacialmente en un mapa de la parcela
y marcados con placas de aluminio numeradas pro-
gresivamente por subcuadro. Para evitar errores en la
medicion del perimetro, se pinté una banda con pin-
tura roja a cada talo en € lugar donde se realizé la
medicion.

En febrero de 1992, se remidieron las subparcelas
utilizando & mismo método. Ademas, se registraron,
recolectaron e identificaron los arboles reclutados, o
sea todos aquellos que rebasaron €l diametro minimo
establecido para registro. La mortalidad también fué
registrada. Se calculd la media anual del incremento
en diametro (MAID) de todas las especies que sobre-
vivieron durante el periodo de medicion (5 afios).
Como evidencia de las especies presentes en €l area,
se realizé larecoleccion de ejemplares; los que se
encuentran depositados en la herbario del Centro de
Investigaciones de Quintana Roo (CIQRO).

Composicion de especies. —La Tabla 1 resume la com-
posicion de especies en el sitio de muestreo durante
1987 y 1992. En 1987 se registraron 57 especies, de las
cuales nueve estuvieron representadas por un indi-
viduo. En 1992 se registraron 64 especies (7 recluta-
das), de las cuales 15 tuvieron un solo tallo. Once de
estas altimas son componentes de la vegetacién pri-
maria optima de estas zonas, lo que sugiere que dis-
turbios ocasionados por la deforestacion estan afec-
tando los mecanismos de polinizaciény propagacion
de estas especies. Acacia cornigera fué latinica especie
que desaparecio de la poblacion muestreada. El au-
mento en el numero de especies indica la gran di-
namica que se presenta en las zonas tropicales durante
las etapas intermedias de la sucesion vegetal.

Crecimiento. —E| area basal para el sitio de muestreo
aumentd de 25.6 a 29.2 m’/ha, un promedio de 0.73
m?/ha/afio. L& media anual del incremento en dia-
metro (MAID) para los tallos sobrevivientes fué 0.19
cm/afio, y varid de 0 a 0.77 cm/ano, con un 36% de
especies con promedio de crecimiento menor a 0.10
cm/silo (Tabla 1). El incremento medio anual en DAP
y area basal fue 2.7 veces mayor en esta selva de 15
afios que en una selva similar, pero de 50 afos de
sucesion, estudiada por Weaver (1990) en Puerto Rico.

Reclutamiento y mortalidad. —Se reclutaron un pro-
medio de 105 ind con mortalidad de 35 ind/
ha/afio. La especie con mayor reclutamiento fué Nec-
tandra coriacea (Sw.) Griseb, con 25 individuos reclu-
tados. Esta especie también presentd la mayor mor-
talidad (11 individuos—Tabla 1). El namero de
individuos que alcanzé el diametro minimo de regis-
tro (reclutas) fue 2.2 veces mayor, y la mortalidad total
fue 13% menor que en el estudio de Weaver (1990).
Este reclutamiento explica e mayor flujo neto de tallos
(5.8 veces mas) encontrado en nuestro estudio.

Cuando se conoce a largo plazo la composicion de
especies, la estructura de un tipo vegetacion, y los
cambios ocurridos en los individuos que la compo-
nen, es posible seleccionar las especies con potencial
de crecimiento adecuado y determinar las edades 6p-
timas para la corta del arbol. Igualmente, se puede
determinar cuales especies deben ser eliminadas para
favorecer el desarrollo de otras. De este modo se ob-
tiene una sucesion que acorta el tiempo de cosecha
para las especies con interés forestal y permite en-
contrar usos para las otras especies. Con la informa-
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TaBLA 1. Especies de arboles de la Estacion de Proteccion de Flora y Fauna Silvestre, San Felipe Bacalar,
Quintana Roo, en orden descendente por numero de individuos y dominancia de Area Basal en 1987 y 1992.
Media Anual de Incremento en Diametro (MAID), para los individuos que sobrevivieron el periodo de 1987

a 1992. El area total de la parcela de muestreo fué de 0.25 ha

) Rango
1987 Reclutas o 1992 MAID DAP
AB* AB' : AB' (cm/ 1987
Especie Ind. (m?*) Ind. (m?*) Ind. Ind. (m? Media £ D-std (cm)
Metopium brownei 65 0.436 16 0.034 4 7 0.623 0.33 £ 0.22 5-22
Cryosophila argentea 64 0291 4 60 0259 -0.13 = 0.36' 5-9
Bursera simaruba 51 0.741 3 0.006 54  0.882 0.26 = 0.22 4-42
Dendropanax arboreus 48  0.516 6 0011 54  0.620 0.18 = 0.16 5-25
Nectandra coriacea 44  0.152 25  0.052 11 58 0,204 0.17 + 0.18 4-10
Cupania belizensis 42 0.176 10 0.021 6 46  0.206 0.11 + 0.10 5-12
Sabal yapa 34 0.815 2 32 0.722 -0.29 + 0.80° 9-22
Vitex gaumeri 27 0.186 2 0.004 2 27 0.233 0.24 = 0.22 5-16
Piscidia piscipula 24 0564 3 0.005 1 26 0.625 0.18 = 0.21 5-39
Pouteria campechiana 21 0.166 2 0.004 1 22 0187 0.14 = 0.00 5-24
Protium copal 21 0.147 8 0.015 1 28 0.189 0.17 £ 0.12 5-14
Thrinax radiata 20 0.140 1 19 0,122 -0.17 + 0.42 8-10
Lysioloma latisiloqua 17  0.281 1 16 0.363 0.34 = 0.30 4-31
Croton sp. 11 0.058 3 0.006 14 0.078 0.21 + 0.09 5-14
Malmea depressa 11 0.073 3 0.006 1 13 0.076 0.13 + 0.08 5-13
Otras especies (42)
(- de 10 ind.) 141 1651 43 0.086 9 172 1.899 759 + 3.44 4-38
Reclutas (7) 7 0.015 7 0.015 5
Sumas 641  6.393 131 0.265 a4 728 7.303 4-42

‘*AB = Area Basal.
‘Reclutas
‘Mort.

Mortdidad, tallos registrados a inicio, pero

Talos presentes a fina del estudio, pero ausentes en e inicio.

ausentes a final de estudio. El Diametro a la atura

del pecho minimo para registro fué=4.5 cm; didmetros menores a 4.5 cm no fueron registrados.
‘El “crecimiento negativo” de estas tres palmas se debe a su modo peculiar de desarrollo.

cibn obtenida en lugares de muestreo permanente se
sientan las bases para el mangjo sostenible de las sel-
vas.
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B

Fic. 2. Saprolegnia ferax (Gruith,) Thuret. A. Secondary zoospore. B. Mature oospores with thickened wall

in oogonium, C. Immature oospheres in oogonium.

the Tertiary Juana Diaz formation at the head of a
karstic gorge known as Los Cedros Stream, approxi-
mately 5 km ENE of Guayanilla, Puerto Rico. The
underground sections of the stream, cave, and pond
(called Charco Azul) can be explored for approxi-
mately 500 m. The pond is fed by Los Cedros Stream,
atributary of the Macana River (Beck, 1974), The pond
was approximately 16 m long x 5 m wide x 2 m deep.

Using Kimax bottles (Fisher, Inc.), 24 water samples
per month were obtained during May-July, 1993, from
Charco Azul. Eight locations were established and
three samples per site were taken (Fig. 1). The mean
water temperature was 17.1°C. Water molds were at-

tracted by using sterilized Cannabis sativa L. seeds cut
in halves (Galler-Rimm, 1982; Klich and Tiffany, 1985).
Eight seeds were transported to the field in sterilized
Kimax bottles. Corn meal agar (Difco 0386 and ATCC
307) (Sparrow, 1960; Fuller, 1978) supplemented with
streptomycin, penicillin and crushed C. sativa seeds
was used as the culture medium.

Cultures were incubated in petri dishes at 23-25°C
in a dark incubator, and characterized when they were
2%-2 weeks old, The isolates were identified while
in hemp seeds using the taxonomical keys of Coker
(1923), Sparrow (1960) and Seymour (1970). Slides
were prepared and isolates were observed at 40 x and
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60x. Drawings were made at 40x with the aid of a
drawing tube (Nikon, Inc.),

One species of Saprolegnia was isolated from the
samples: Saprolegnia ferax (Gruith.) Thuret. (Fig. 2a-c)

Culture., —In CMA with C. sativa seeds, the colonies
appeared white, dense or compact with short fila-
ments submerged on media.

Diagnostic. —Monoic thallus, Exposed hyphae with
ramifications, curved and branched; variable diame-
ter and length, Zoosporangia 42.4 x 8.0 W, slender-
fusiform. Primary zoospores absent; with secondary
reniform lateraly biflagellate zoospore (Fig. 2a). Oo-
gonia not in chains, spherical, (Fig. 2b, ¢) 67.0 pin
diameter, laterally formed in thallus. Oogonia walls
without ornamentation; with conspicuous scars, |.7—
1.,3 p in diameter. Mature (Fig. 2b) and immature (Fig.
2c) centric oospores. Mature oospores spherical or el-
liptical, 38.9 -41.2 pin diameter. Without antheridial
branches or antheridial cells,

Our isolate was compared with S. delica, S ferax and
S torulosa. Oogonial shape was between S. delica and
S ferax, but different to S. torulosa. Oogonial wall
showed many conspicuous scars similar in size to those
of S ferax, but different to those of S delica and S.
torulosa. Oospores were similar in quantity, size and
shape like in S. ferax, but different from S. delica and
S torulosa.

Achlya americana Humphrey was found in 98% of
the samples. Only 2% contained S ferax. The low oc-
currence of S ferax in Charco Azul differs from the
results obtained by Kuehn and Koehn (1988) with
water molds in Edwards Aquifer, Texas. However, the
abundance of S ferax was similar to that reported by
Rossy-Vaderrama (1956) and Galler-Rimm (1982) for
other Saprolegnia species,

Deeper sampling into the EI Convento Cave and at
the stream sink should reveal whether the fungi reach
the pool from the surrounding area, or come from
surface streams above the cave.
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The disturbance regime and consequent regener-
ation dynamics of montane forests differ from low-
land forests. In montane forests, treefall gaps are small
(Murray, 1986; Lawton and Putz, 1988) and in some
forests appear to be rare (Grubb and Stevens, 1976;
Tanner, 1977). This is in part because the canopy height
is typically quite short (< 20 m), and in some forests
because trees predominantly die standing. In the Ca
ribbean, hurricanes are a major agent of gap forma-
tion, however tree mortality even after severe hur-
ricane strikes is frequently low (e.g., Frangi and Lugo,
1991; Bellingham et al., 1992); surviving trees rapidly
refoliate through epicormic sprouts and as a conse-
quence hurricane gaps tend to be highly transient,
Large and persistent gaps are characteristically formed
by landslides. We asked what is the potential impor-
tance of landslides for the regeneration of gap-de-
pendent species in montane rainforest in Jamaica by
estimating landslide disturbance and turnover rates
for a section of the Blue Mountains, eastern Jamaica.

The Blue Mountains have a complex geology of
igneous intrusive and extrusive rock, tertiary sand-
stone and shales, and limestone, Forests extend from
1300 m to the ridge crest on the leeward (southern)
slopes of the range, and down to 500-1000 m eleva-
tion on the windward (northern) slopes. Slopes are
steep, and the topography is highly dissected. Eight
montane forest types have been identified, and are
described in detail by Grubb and Tanner (1976).

Given the paucity of data on landslide occurrence
in the Blue Mountains, and the lack of historical aerial
photographs, we made an estimate of the area affected



NOTES 291

0.5 4

a)
@ 0.4
i
»
e
ks 0.3+
ks
S
£ 0.2+
(o]
o
<
1250 2500 3750 5000 6250 >6250
Landslide size (m?)
[
© 0.3+
3 b)
[
g}
& 024
o
K|
ks
.5 0.1
=
o
Q.
<
a
1250 2500 3750 5000 6250 >6250

Landslide size (m?)

Fic. 1. (8) Frequency distribution of landslides by
size class, (b) proportion of total landslide area by size
class.

by landslides using one set of color aerial photo-
graphs taken in March 1992 at a scale of 1:25,000.
Based on our ground-surveying experience in the Blue
Mountains, we subdivided the images according to
recently human-disturbed and undisturbed areas.
Subsequently, only undisturbed areas were consid-
ered. Individual landslides were examined stereo-
scopically, and then the planar areas calculated as-
suming a rectangular shape. The minimum resolvable
area of individual landslides on the image was 1 mm’.
This corresponded to a planar area of 625 m'.

A total of 166 landslides were recorded with a com-
bined planar area of 40 ha. The total planar area sur-
veyed was 21.806 ha. and the area affected by land-
slides was 0.19%. Most landslides were in the smallest
size class <1250 m’(Fig. la), while landslides in the
1250-2500 m' size class accounted for the highest pro-
portion of the total area affected (Fig. Ib). We assume
that landslides would be visible on aerial photo-
graphs for ten years (after ten years the erosion sur-
face of landslides changes color following the estab-
lishment of a lichen sward, and the deposition zones
are fully revegetated; Dalling, 1994). This yields an
estimated landslide disturbance rate of 1.9% per cen-
tury.

Our results are similar to published data of land-
slide disturbance, excluding earthquake-caused land-
slides (Table 1). Guariguata (1990) also found that in
the Luquillo Mountains of Puerto Rico the highest
frequency of landslides was in the small size class of
200-400 m’, while the largest area affected was for
landslides >1800m’. Differences in mean landslide
size between the Luquillo Mountains (700 m’) and
the Blue Mountains (2400 m') may as much be due
to a skewing of the size distribution we report here
arising from an inability to distinguish landslides <625
m? than to any read difference in landslide sizes in
the two areas. Nevertheless, the disturbance rate we
estimate is an order of magnitude greater than that
reported by Guariguata (1990). In contrast, Larsen and

TasLe 1. Comparison of landslide disturbance rates.

Percentage
Total area of area Disturbance rate
Site Disturbance in landslide affected (% per century)
This study hurricane/erosion 40 ha 0.19 19
Puerto Rico hurricane/erosion 3.25 ha - 0.08-0.3
Puerto Rico’ hurricane 6,63 ha 0.11 11
Venezuela’ erosion 2.3 ha 0.2 2.0
Papua New Guinea' erosion - - 3.0
Panama’® erosion — — 2.0

‘ Data from Guariguata (1990) from 52 year aeria photograph chronosequence. Landslide areas estimated

from 1:20,000 topographic map.

’Data from Larsen and Torres Sanchez (1992) for Luquillo Mountains following Hurricane Hugo.

‘Data from Cannon (unpublished undergraduate thesis, University of Cambridge, UK). Area calculated
from photographic projections, and landslide age determined from 1:20,000 aerial photographs.

‘Data for Berwani and Toricelli Mountains in Simonett (1967), disturbance rate calculated by Garwood et

a. (1979).

*Data from Garwood et al. (1979) based on estimates of landslide area from aerial photographs.
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Torres Sanchez (1992) calculated a much closer dis-
turbance rate of 1.1% per century aso for the Luquillo
Experimental forest, post Hurricane Hugo. They at-
tributed the low disturbance rate of Guariguata (1990)
to the poor quality of aerial photographs used, and
the low number of landslides mapped. Comparisons
of our data with Larsen and Torres Sanchez’s data
post-hurricane are also more appropriate because our
photographs were taken three and a half years fol-
lowing Hurricane Gilbert, a storm of comparable
magnitude. However, we were unable to distinguish
landslides pre-existing the hurricane from those trig-
gered by it.

Guariguata (1990) reported that light demanding
ferns, herbs, and the mature forest tree species Cyrilla
racemiflora amost exclusively benefit from landslide
openings, In the Blue Mountains of eastern Jamaica
a range of mature forest tree species establish on land-
slides and are absent from the forest understory, or
treefall gaps that lack soil disturbance. These species
include Cyrilla racemiflora, Vaccinium meridionale, Lyon-
ia octandra and Myrica cerifera (Dalling 1994). Al-
though these species may not regenerate exclusively
on landslides, landslide disturbance rates do seem
sufficient to account for the regeneration of some
montane forest species. These disturbance rates are
much lower than those recorded for treefall gaps
(generaly around 100% per century, Brokaw, 1982;
Hartshorn, 1990), but landsiides are far more persis-
tent gaps. Landslides within our study site in the Blue
Mountains were estimated to persist for 500 years
(Dalling, 1994). Consequently, the time period during
which plants can successfully establish on landslides
is much longer.
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