
Herpetological Natural History, 3 (2), 1995, pages 151-163.
©1995 by the International Herpetological Symposium, Inc.

A NEW SPECIES OF ELEUTHERODACTYLUS (ANURA:
LEPTODACTYLIDAE) FROM TOBAGO, WEST INDIES

AND ITS MORPHOMETRIC AND
CYTOGENETIC CHARACTERIZATION

Hinrich Kaiser l Christine M. Dwye~, Wolfgang Feichtinger, and Michael Schmid
Institut filr Humangenetik, Universitiit Wiirzburg

Biozentrum Am Hubland, 97074 Wtirzburg, Germany
lemail: hk1@vax.rz.uni-wuerzburg.d400.de

Abstract. Populations ofEleutherodactylus on the island ofTobago, hitherto regarded as conspecific with
E. terraebolivaris Rivero, differ from that species and from all other Eastern Caribbean and northern South
American members of the genus by their vocalizations, morphology, sexual size dimorphism, and
chromosome complement. These populations thus comprise a new species, endemic to Tobago and the
putative sister taxon of E. terraebolivaris. The new species occurs abundantly in the forests of the Main
Ridge, at elevations ranging from sea level to above 500 m. Our data indicate that this species is most likely
the contemporary terminus of a lineage that may have diverged since the Late Miocene. The presumed
ancestral species probably inhabited a then continuous mountain range extending from northern Venezuela
via the Trinidadian Northern Range to Tobago. Given the geological time frame, this species could assist
in determining divergence time in a phylogenetic context. It is yet another example for the faunal link
between the Eastern Caribbean and northern South America.

Resumen. Las poblaciones de Eleutherodactylus de la isla de Tobago, consideradas hasta ahora
conespecfficas con E. terraebolivaris Rivero, difieren de esta especie y de todos los demas miembros del
genero en el Caribe oriental y norte de Sudamerica por sus vocalizaciones, morfologfa, dimorfismo sexual
en tarnallO, y complemento cromos6mico. Estas poblaciones comprenden asl una nueva especie, endemica
a Tobago y tax6n hermano putativo de E. terraebolivaris. La nueva especie ocurre abundantemente en los
bosques de la Cordillera Principal en elevaciones que van desde el nivel del mar hasta mas de 500 m.
Nuestros datos indican que esta especie es muy probablemente el termino contemporaneo de un linaje que
puede haber divergido desde el Mioceno tardio. La presunta especie ancestral probablemente habit6 una
cadena montaftosa entonces continua extendiendose desde el norte de Venezuela via la Cordillera del Norte
en Trinidad hasta Tobago. Conocida la edad geologica, esta especie ayudaria a determinar la divergencia
dentro del contexto filogenetico. Es este otro ejemplo de la conexion entre la fauna del Caribe oriental y
la del norte de Sudamerica.

Key Words. Amphibia; Anura; Tobago; Caribbean; Biogeography; Systematics; Morphometries; Cyto-
genetics; Eleutherodactylus; New species. .

Tobago is a small (301 km2
) continental-shelf island

in the southeastern Caribbean (Fig. 1). It is the
easternmost extension of a historically (Mesozoic)
continuous rock formation that included the Cordil
lera de la Costa and the Penl!1sula de Paria in present
day Venezuela, as well as the Northern Range of
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Trinidad (Frost and Snoke 1989; Hardy 1982;
Stephan et al. 1980). Previous studies or checklists
of the anuran fauna on Tobago have been scarce and
none are comprehensive (e.g., Barbour 1916;
Brongersma 1956; Mertens 1970, 1972, 1974), with
the notable exception of the detailed review by
Hardy (1982). To date, 12 species of frogs are
known from Tobago (Table I), including a single
endemic species (Colostethus olmonae) and several
taxonomic uncertainties (Cannatel1aandLamar 1986;
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Figure 1. Map of Tobago with numbered localities for Eleutherodactylus charlottevillensis n. sp.: I-Kings Bay
Waterworks. 2-1.5 km SWCharlotteville. 3-Mileagemarker 3.5 onRoxborough - Bloody Bay Road.4--Hermitage.
Specific collection localities are indicated by circles. Historical localities not verified by us are shaded.

Hardy 1982, 1983a,b, 1984).
Frogsof the genus Eleutherodactylusare ubiqui

tous in the Caribbean and throughout much of Cen
tral and South America. Eleutherodactylus is the
most speciose vertebrate genus (512 spp.; Duellman
1993), and several new species are described annu
ally. Neither the systematic relationships within the
genus nor its detailed taxonomy have been satisfac
torily resolved. This is partly because ofa relatively
conservative morphology which has made identifi
cation and polarization of morphological characters
problematic (Kaiser 1993; Kaiseretal. 1994a;Lynch
and La Marca 1993). Thus, Hardy (1982) was
careful in listing the three species of
Eleutherodactylus on Tobago (E. cf rozei Rivero, E.
terraebolivaris Rivero, E. urichi Boettger), and he
discussed their taxonomy and biogeography to pre
vent misunderstanding or misidentification. During
a recent investigation of frogs on Tobago, we real
ized that those Eleutherodactylus previously con
sidered conspecific with E. terraebolivaris differ

from that species by their vocalizations. Following
the suggestion of Hardy (1982:97), we conducted a
closer inspection ofmorphology, vocalizations, and
chromosomecomplementwhich unequivocally con
firmed this assessment Thus, we herein recognize
these Tobago populations as a new species.

MATERIALS AND METHODS

Specimens were collected on Tobago at three
localities during 1990-93 (Appendix I). A con
scious effort was made to survey dissimilar habitats
(i.e., montane forest, coastal forest, plantations) to
survey for possible habitat-related variation. All
procedures with animals, including captive care,
conformed to guidelines established by the Cana
dian Council on Animal Care (1980-84). Institu
tional abbreviations follow Leviton et al. (1985).

Seven length measurements (snout-vent length
- SVL, head width - HW, tibia length - TIB, eye
diameter - EYE, eye-naris distance - E-N, tym-
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*This species has been listed previously as E. cf. rozei
(e.g., Hardy 1982).

Eleutherodactylus charlottevill£nsis sp. nov.
Figs. 2-3

TABLE 1. Checklist of the anuran fauna of Tobago.
This assemblage includes single-island endemics (5),
regional endemics (R), and widespread or widely intro
duced taxa (W).

Holotype.-KU 222409, an adult male from 7
ken N Roxborough along the Roxborough-Bloody
Bay road, St John Parish, Tobago, West Indies,
collected on 31 August 1992 by H. Kaiser and T. F.
Sharbel.

Paratypes.-Three female topotypes (NMC
35064-5,35064-7, 35064-9), collected on 14 Au
gust 1991 by H. Kaiser and H. M. Gray. Two males
(ZMB 53746-47), from King's Bay Waterworks,
collected on 18 October 1993 by W. Feichtinger, H.
Kaiser, and M. Schmid. Three males (KU 222373,
222410, MCZ A-1l6275) and one female (ZMB
53745) from 1.5 ken SW Charloueville, collected on
17 October 1993 by W. Feichtinger, H. Kaiser, and
M. Schmid.

Elymology.-The specific name char
lottevillensis was chosen in reference to the town of
Charlotteville in northeastern Tobago, whose friendly
populace has aided herpetologists during their sur
veys for many decades, and where WF and MS first
realized that the animals they heard were distinctly
not Eleutherodactylus terraebo/ivaris.

Diagnosis.-A forest-dwelling member of the
Eleutherodactylus conspicillatus group with the fol
lowing diagnostic features: (1) Skin on dorsum
fmely shagreen (Kaiser et aI. 1994a), without ridges
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Bufo marinus
Colostethus olmonae
Eleutherodactylus urichi
E. charlottevi//ensis
E. sp. A*
Flectonotus jitzgeraldi
Hyalinobatrachium orientalis
Hyla crepitans
Leptodactylusfuscus
L. va/idus
Phrynohyas venulosa
Physalaemus pustulosus
Scinax rubra

panurn diameter - TYM, interorbital distance 
laD) were taken from 90 specimens to the nearest
0.1 mm, either using a dissecting microscope with
camera lucida and digitizerattaehments (Numonics
2200 digitizing tablet) supported by Jandel Scien
tific Sigma Scan (version 3.10) software on an IBM
personal computer, or with metal calipers. All
measurements were taken by HI<. to ensure consis
tency. Independent sample I-testing and multiple
discriminant function analysis was performed using
Systat 5.2 soflware on a Macintosh LC computer,
according to the recommendations and terminology
of Hair et a!. (1992) and Wilkinson et aI. (1992).

Twenty-three females and 21 males of
Eleulherodaclylus from the type locality, Rancho
Grande, Henri Pittier National Park, Venezuela, and
eight females and 12 males from Tobago were
available for chromosome preparations. Mitotic
chromosomes were prepared directly from bone
marrow after in vivo colchicine treatment. All tech
niques used for the preparation of cell suspensions,
hypotonic treatment, fixation of the cells, as well as
for the demonstration of C-bands and nucleolus
organizer regions (NORs) have been described pre
viously (Schmid 1978). Five karyotypes for each
banding procedure were prepared from each animal.

Sound recordings were made near Charlotteville
on Tobago (October 1993) and at theRancho Grande
field station, Estado Aragua, Venezuela (July 1989),
using a SONY TCM-74V walkman. Several of the
recorded animals were collected and identified by
their morphological, morphometric, and cytogenetic
characteristics. Audiospectrograms were created
with SoundEdit version 2.0.3 (FaraHon Computing,
Inc.) software on a Macintosh LC personal com
puter. Terminology for vocalizations follows
DueJlman and Trueb (1986), and all means reported
are for n=10 cans unless otherwise indicated.

The format of the species diagnosis follows
Lynch (1979), with the addition of them. depressor
mandibulae condition (see Lynch 1993). Descrip
tions of snout shape, structure of vocal sac, and
tongue shape follow the definitions given by
Duellman (1970), Terminology for fmger disks
follows Savage (1987). The definition of skin tex
ture used here is that of Kaiser et a1. (1994a). Mea
surements included are ranges, means ± one stan
dard deviation, and sample'size for both females and
males.
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Figure 4. (A) Right hand and (B) footofEleutherodactylus
terraebolivaris (UMMZ 113953). Scale=2 ffiffi.

Figure 3. (A) Right hand and (B) footofEleutherodactylus
charlottevillensis n. sp. (KU 222376 and KU 222381,
respectively). Scale=2 ffiffi.

B
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Figure 2. Eleutherodactylus charlottevillensis n. sp.
(NMC 35060-1). an adult female from near mileage
marker 3.5 on Roxborough-Bloody Bay Road. Tobago.
Snout-vent length 48.1 ffiffi.

ordorsolateral folds; venterand groin region smooth,
anal region strongly areolate; (2) tympanum oval,
distinct, widest dorsoventrally, about one-quarter
size of orbit; weak supratympanic fold present; (3)
snout trapezoid in dorsal view, truncate to rounded
in profile; E-N distance greater than or equal to
length ofeye; canthus rostrali$ very sharply angled,
canthal ridge straight and fonning dorsal boundary
of dark loreal region; (4) IOD 1.5-2 times width of
uppereyelid; a few fine supraocular tuberclespresent;
cranial crests absent; (5) dentigerous processes of
vomers triangular and anterolaterally to
posteromedially inclined, positioned medial to
choanae, each with a single row of teeth; choanae
ovoid; (6) males with external vocal slits and a
single subgular vocal sac; nuptial pads absent; (7)
size of fmgers II<I=IV<III, III about 1.3 times
longer than I; finger disks III and IV about 1.5 times
wider than digits, more expanded than disks I and II;
subarticular tubercles oval and raised; a single cordi
form (= bifid) palmar tubercle; thenar tubercle elon
gate, covering base of finger I; one tubercle present
at base of each finger; supernumerary palmar tu
bercles absent (Fig. 3A); (8) fingers with weak
lateral fringes; (9) several small tubercles on
forearm and elbow; a few small post-tympanic tu
bercles present; (10) several small heel and knee
tubercles; inner tarsal fold absent; (11) two metatar
sal tubercles, inner large, r<.Used and elliptical, outer
very small, one-fifth size of inner, conical; a single
tubercle present at base of toe IV; supernumerary
plantar tubercles absent (Fig. 3B); (12) toe disks
oval and wider than digits, IV slightly larger than the
others; weak lateral fringes; webbing absent; (13)
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Figure 5. Vocalizations ofEleutherodactylus charlottevillensisn. sp. (A. B). andE. terraebolivaris (C). Oscillograms
showing the wave form of each call are provided above the audiospectrograrns.

dorsum brown to dark-brown, with one or two
weakly outlined chevrons; venter white without
melanophores; concealed surfaces of hind limbs
faint orange to light-brown in life; labial areabrown,
with dark canthal stripe and two broad dark stripes
extending from eye to lip; dark interorbital bar
present; solid dark supratympanic stripe curving
around dorsal and posterior partoftympanum, reach
ing from comer of eye to back of tympanum; upper
iris color golden bronze in life; (14) SVL offemales
37.0-48.1 mm (i=43.1±4.2, n=8), of males 23.1
30.5 mm (i=26.9±1.7, n=22); (15) (dfsq*at) condi
tion of m. depressor mandibulae; (16) 2N=36
acrocentric chromosomes.

The species most similar to Eleutherodactylus
charlotlevillensis isE. terraebolivaris, with which it
has so far been considered conspecific. These spe
cies are readily distinguished from each other by
their vocalizations (Fig. 5; see above). Syntopically
occurring adults of E. urichi, a small (SVL~25 mm)
ground-dwelling species (Kaiser et a1. 1994b), gen
erally can be differentiated from E. charlotlevillensis
by size alone, but the most striking differences
between the two speciesare the blue upper portionof
the iris and the reddish coloration of the hidden
portions of the thigh in E. urichi.

Although it is possible to separate specimens of
Eleutherodactylus char'lotlevillensis from E.
terraebolivaris using morphological details (e.g.,
hands and feet; Figs. 3,4) or morphometries (Fig. 6),
these methods are impractical when only a few
specimens are available. However, differentiation

is easily accomplished by the position of the NORs
in the karyotype (Fig. 7). The position of the NOR
on the largest chromosome is diagnostic of E.
terraebolivaris (Fig. 7A), whereas it is located on
chromosome 9 of E. charlotlevillensis (Fig. 7B).
Furthermore, there is significantly more heterochro
matin present in the karyotypeofE. charlottevillensis
(Fig. 7B) than inE. terraebolivaris (Fig. 7C), and the
latter also possesses a C-band heteromorphism on
chromosome 14 in both males and females (Fig. 7C,
arrow). These data clearly suggest that the two
tested groups represent independent evolutionary
lineages.

Basic statistics (Table 2), of the type employed
by Schwartz (1967), show subtle and statistically
significant differences (P < 0.005) between
Eleutherodactylus charlottevillensis and E.
terraebolivaris, but none of these differences are
striking or would assist in identification when only
a few specimens are available. Morphological dif
ferences are evident in a variety of features (Table
3), but these are sometimes very detailed and may
not be reliable in old or poorly preserved specimens.

Description.-Eight adult females, 22 males.
Head wider than body, longer than wide; HW 37.4
42.3% (i=39.3±1.6)ofSVL in females, 36.2-41.0%
(i=39.0±1.4) in males; marginally rounded snout,
trapezoid in shape indorsal view, truncate to rounded
in lateral profile; mouth slightly subterminal; lower
lip bearing a small well-defined papilla; E-N 86.5
133.9% (i=114.1±1.9) of EYE in females, 73.3
125.0% (i=90.3±1.5) in males; eyes large, promi-
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Figure 6. Plots ofdiscriminant scores DS I and DS 2 of a multiple discrimant function analysis for Eleutherodat:tylus
charlottevillensis n. sp. (open circles. C). E. terraebolivaris (stippled squares, T), and E. urichi (open squares, U). (A)
Direct plot indicating actual morphospaces occupied by all analysed specimens for each species. (B) Ellipsoids (50%
centroids) calculated from the same data as in (A), but reducing the data to allow visualization of the statistical
differences.

nent; upper eyelid with a few fine supraocular tu
bercles; IOD approximately 25.3-32.6%
(.i=29.O±O.3) of HW in females. 22.0-31.5%
(.i=26.8±2.3) in males. Top of head flat; cranial
crests absent; canthus rostralis straight, very sharply
angled; loreal region slightly concave in anterior
two-thirds. flat posteriorly. lacking tubercles; lips
notflared; internarial area not depressed; nares oval.
protruding laterally. Supratympanic fold weak. de
scribing a posteroventral curve from anterodorsal
edge of tympanum near corner of orbit. slightly
obscuring dorsal part of tympanic annulus; tympa
numovalandmedium-sized.infemales31.9--44.7%
(.i=37.1±4.7) ofEYE. 21.5-48.1 % (.i=32.8±6.8) in
males; separated from eye by a distance about two
thirds TYM. Choanae ovoid. widely separated,
unobscured by palatal shelf of maxillary arch in
ventral profile; dentigerous processes of vomers
prominent, triangular, aligned in a posteriorly el
evated, anterodorsally to posteroventrally inclined
position. each bearing a single row of teeth; sepa
rated by a distance greater than width of individual
process. Tongue nearly round, approximately as
long as wide, shallowly notched posteriorly; free
posteriorly for approximately one-quarter of its
length; vocal slits in males elongate, extending from
midlateral base of tongue towards angle of jaw;
single, subgular, internal vocal sac.

Skin on dorsum finely shagreen; a few small,
low tubercles on forearm, elbow, knee, and heel,

tubercles absent on tarsus; posteroventral surface of
thighs coarsely areolate. Anal opening unmodified,
directed posteriorly at upper level of thighs.

Forearms moderately robust; fingers long. slen
der, bearing subtruncate (III, IV) to rounded (I, II)
disks with round (I, II) to elliptical (III, IV) pads,
relative disk sizes II<I<III<IV; relative lengths of
fingers II<I=IV<III; number ofsubarticulartubercles
1-2-2-2 for fmgers I-IV, respectively, subarticular
tubercles oval and raised; one tubercle at base of
each finger; supernumerary palmar tubercles ab
sent; single, bifid palmar tubercle; thenar tubercle
elongate. covering base of finger I laterally; nuptial
pads absent. Hindlimbs moderately robust. long;
heels broadly overlapping when hindlimbs flexed at
right angles to body axis; TIB in females 54.1
63.7% (.i=58.8±3.5) of SVL, 52.7-65.1 %
(.i=59.3±2.9) of SVL in males. Inner tarsal fold
absent; two metatarsal tubercles, inner large, raised,
and elliptical, outer conical, one-fifth size of inner;
toes long, slender, bearing rounded (I, II, lIT, V) and
oval (IV) disks. disk IV larger than others; with
narrow lateral fringes. and lacking webbing; relative
length of toes I<II<V<III<IV; numberofsubarticuIar
tubercles 1-1-2-3-2 for toes I-V. respectively,
subarticular tubercles conical; one tubercle present
at base of toe IV; supernumerary plantar tubercles
absent

Color in preservative.-Dorsum of head and
body grayish brown ground; one or two faintly
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Figure 7. Karyotypes ofEleutherodactylus terraebolivaris (A, C) and E. charlottevillensisn. sp. (B, D). (A, B) Silver
stained karyotypes identifying positions ofnuceolus organizer regions (NORs) of E. terraebolivaris (A) on the largest
chromosome, and of E. charlottevillensis (B) on chromosome pair 9. (C, D) C-banded karyotypes demonstrating the
presence of more constitutive heterochromatin in the centromeric and pericentromeric regions of E. charlottevillensis
(D) than in E. terraebolivaris (C). A sex-unspecific C-bandheteromorphism exists in the chromosome complement of
E. terraebolivaris (arrow).

outlined middorsal chevrons may be present; broad
dark interorbital bar and canthal stripe present; dark
supratympanic stripe present; color of flanks chang
ing from dark grayish brown dorsally to light-gray
ventrally. Dorsal surfaces of limbs dark grayish
brown, with 3 dark crossbars, fading in some long
preserved specimens; anterior surface of thighs tan
and mottled, posterior surfaces tan. Venter white;
ventral surface of palm mottled, finger disks white
with darker pigmented proximal areas, disk covers
brown; plantar surface, toe disks, and disk covers
dark-brown; plantar surfaces dark-brown, some
times offset by a medial cream hairline.

Color in life.-Dorsum light-brown; venter
white; groin brownish wi'th a faint, orange tinge;
upper iris color golden-bronze.

Measurements (mm).-Values given are for the
holotype, followed by ranges with means in paren
theses for females and males, respectively. SVL

27.0,37.0-48.1 (43.1±4.2), 23.1-30.5 (26.9±1.7);
TIB 16.1, 22.1-28.4 (25.3±2.5), 14.8-18.3
(15.9±0.9); HW 10.5, 14.6-20.3 (17.0±2.0), 9.3
12.1 (1O.5±0.8); IOD 2.8, 3.7-6.2 (4.9±0.9), 2.2-3.7
(2.8±0.3); E-N 3.8, 5.0-6.9 (6.1±0.6), 3.3-4.2
(3.7±0.2); EYE 4.1, 4.5-6.6 (5.4±0.6), 3.1-4.9
(4.1±OA); TYM 1.3, 1.4-2.6 (2.0±0.3), 0.9-1.8
(1.3±0.2).

Morphometrics.-Statistical classification of
specimens by species using the calculated multiple
discriminant functions (DF) was successful for 86 of
90 specimens (95.6%). Specimens of the reference
species, Eleutherodactylus urichi, were classified
correctly (100%), whereas three specimens (7.7%)
and one specimen (3.7%) of E. charlottevillensis
and E. terraebolivaris, respectively, were statisti
cally misaligned with the other species. The poste
rior probabilities leading to misalignment had an
average of 0.640, indicating that these values were



TADLE 2. Means, standarddeviatiOllS, andextremes (in mrn) of mout-vent length (SVL), head width(HW), tibia length (fiB), eyediameter (EYE), eye-rfaris distance(E-N), tympanum
diameter (TYM), interorbital distance (100), and two ratios indicative of body proportions for male and female specimens of Eleullterodactylus cltarlolleville1lSis n. sp. and E.
lerraebolivaris. Values for !he two ratios were I-tested at p<O.5. The ratio ofTIB/SVL was significantly different (*) between taxa, whereas the HW/SVL was not (NS).

Females 11 SVL HW TID EYE E-N TYM IOD TID/SVL· HW/SVLNS

E. charlottevillensis 8 43.1±4.2 17.0±2.0 25.3±2.5 5.4±O.6 6.1±O.6 2.0±0.3 4.9±O.9 0.588±O.035 0.393±O.016
(37.0-48.1) (14.6-20.3) (22.1-28.4) (4.5-6.6) (5.0-6.9) (1.4-2.6) (3.7-6.2) (0.541-0.637) (0.374-0.423)

E. lerraebolivaris 20 4O.7±5.8 16.1±2.6 26.l±4.1 5.9±0.8 5.7±O.9 2.2±0.2 4.8±O.8 0.640±0.037 0.395±O.013
(29.4-49.3) (11.1-19.9) (17.3-31.1) (4.2-7.0) (4.1-7.2) (1.8-2.6) (3.3- 6.1) (0.531-0.707) (0.37~-0.417)
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TABLE 3. List of diagnostic morphological differences between Eleulherodactylus charlollevillellSis n. sp. and E.
lerraebolivaris Rivero. For frogs of the genus EleUlherodactylus. these are among the characters that have been
considered reliable in delineating morphotypes (Lynch 1979; Lynch and Duellman 1980). However, individual
variation has not been accounted for in all hitherto described species, and the role of parallelisms and convergence is
as yet uncertain (see Kaiser et al. 1994a). It is therefore recommended that alternative data sources be considered in
addition to morphology to ensure a taxonomic stability. Numbered characters are in the diagnosis, the others from the
description.

Diagnosis
Number

2

4

7

11

13

Diagnostic
Feature

Supratympanic fold

Interorbital distance in terms
of upper eyelid width

Size of fingers
Length of fingers I and ill

Disks III and IV, digit width
Shape of thenar tubercle

Size of metatarsal tubercles

Paired dark scapular spots
Dark stripe from eye to lip

Tongue shape

Number of tubercles on 'hands

Number of tubercles on feet

E. charlottevillensis
n.sp.

Weak
Short

Obscures tympanic annulus

1.5-2 times

II < I = IV < III
III = 1.3 xl

Disks = 1.5 xdigits
Narrow, elongate

Outer 1/5th size of inner

Absent
Present

Nearly round
As long as wide

Shallowly notched

4 of uniform size

E. terraebolivaris

Pronounced
Reaching axillary region

Does not obscure annulus

2-2.5 times

I=II<IV<III
III = 1.5 x I

Disks = 2.5 x digits
Thick, oval

Outer 1/3th size of inner

Present
Absent

Oval
Longer than wide
Deeply notched

5 of two sizes

3

relatively close to the cutoffvalue of0.500. Thetype
specimens ofE. charlottevillensis (KU 222409) and
E. terraebolivaris (MCZ 31062) achieved posterior
probability values of 0.990 and 0.903, respectively.
The greatest loading in discriminating species by
size (DF1) was TIB (0.634), whereas shape dis
crimination (OF2) was mainly achieved by high
loadings of IOD (0.494) and TIM (0.468).

Plots of discriminant score (DS) 2 against DSI
for the three investigated taxa showed good separa
tion of species morphospaces and very little overlap
(Fig. 6). According to the size axis (DS I),
Eleutherodactylus terraebolivaris was the largest

species among the three, closely followed by E.
charlottevillensis. Values indicativeofshape (DS2)
for E. terraebolivaris occupied only the upper por
tion of that axis, and the range of DS2 values for E.
terraebolivaris was only about one-half that of ei
ther E. charlottevillensis or E. urichi. However,
there was overlap of DS2 values for all three species
(Fig. 6A). Calculation and graphic representation of
50% morphospace centroids (Fig. 6B) allowed easy
distinction between the three species, with E.
terraebolivaris and E. charlottevillensis in a
phenetically closer position.
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TABLE 4. Detailed characteristics of the advertisement call of Eleutherodactylus terraebolivaris from the type
locality at Rancho Grande, Venezoela. Calls of this species were always intennittent and never given by any individual
with any regularity. No hoUIS of intense calling were heard. Duration time is given in milliseconds. Means were
calcUlated from 11=10 calls. .

1st 2nd

Note

3rd 4th 1st

Interval

2nd 3rd

Total length

Range

Mean

11-17

15

13-26

19

17-26

21

15-21

19

23-32 21-30 15-30

28 26 23

128-160

138

NATURAL HISTORY

Distribution and Ecology

Eleutherocku:tyluscharlottevillensis is found only
on the island ofTobago, West Indies. It seems that
the population is continuous throughout the forests
ofthe Main Ridge, and that its range does notextend
much beyond the forest perimeter. Frogs were very
abundant on the northern slopes of the Main Ridge,
part of which is a forest reserve and has greater
annual rainfall compared to the southern slopes
(Hardy 1982). Large females (>4Omm) were en
countered on sturdy leaves. balanced on branches
close to ground level. or sitting on the substrate
(decaying foliage). Males appeared to have a more
variable substrate preference, and were seen vocal
izing in grassy meadows along the road. perched on
thin branches higher off the ground. as well as in the
same situations as females. We never found egg
clutches or hatchlings. These frogs are known to be
parasitized by nematodes of the genus Rhabdias. by
Ortleppascaris larvae. and by seratoid larvae
(Moravec and Kaiser 1995).

Vocalizations

The call ofEleutherodactylus charlottevillensis
(Fig. SA. B) is a seven-part trill built upon what may
be considered very closely $paced primary harmon
ics. The primary call has a dominant frequency of
4000 Hz which demonstrates sidebands due to trill
ing (Fig. 5B). It incorporates fr7 individual trill
segments distributed almost evenly over the dura
tion ofa trill (Fig. SB). The fundamental frequency

centers on 2000 Hz. with the higher harmonic at
6000 Hz noticeable only in recordings of great
intensity (Fig. SA). The total length of measured
calls ranged from 43--68 (i=51. 11=13) milliseconds
(ms). Individual frogs generally did not produce
calls in rapid succession or with any measurable
regularity. Successive calls were given at mean
intervals of 1.64 s. Males did not seem to join in
calling bouts or "ramping patterns." These are series
of chorusing events usually initiated by a single'
individual. More and more males subsequently join
the chorus until a high chorusing activity is achieved.
Cessation ofall calling activity occurs abruptly and
simultaneously and lasts until the initiation of the
next bout of ramping (Drewry and Rand 1983).
Calling activity was strongest during approximately
one houraround dusk. and irregular calling occurred
throughout the night. Calling activity near dusk was
minimal during a strong rain but increased shortly
after the rain stopped.

Although nearly indistinguishable to the human
ear. the call structure of Eleutherodactylus
terraebolivarisfrom the type locality (Fig. 5C; Table
4) is very different from E. charlottevillensis. The
call consists of four short notes which together
sound like a trill. The dominant (= fundamental)
frequency is at 3000 Hz. with harmonics at 6000 and
9000 Hz. Total length of recorded calls ranged from
128-160 (i= 138) ms. The first note of the trill was
always without any harmonics. whereas each of the
other three notes had a harmonic when recorded at
high intensity. The call of the sympatric E. urichi is
composed of single clicks and quite distinct (Kaiser
et al. 1994b).
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DISCUSSION

The great similarity of Eleutherodactylus
charlottevillensis and E. terraebolivaris at the mor
phological and chromosomal level may be indica
tive a close phylogenetic relationship. Considering
the geological history of the region, it is most likely
that the range of a widespread ancestral form be
came fragmented during the formation of Trinidad
and Tobago. Furthermore, it has been suggested that
Tobago separated from the mainland well before
Trinidad (Hardy 1982); thus, a peripheral isolate
was formed on Tobago. No species resembling
either E. charlottevillensis or E. terraebolivaris oc
curs on Trinidad (Hardy 1982; Kenny 1969). The
greater anuran species diversity on Trinidad, par
ticularly of Hyla species, and the ensuing competi
tion for forest habitats, may have driven any ecologi
cally and morphologically similarEleutherodactylus
species to extinction. We propose that several
shared chromosomal and external morphological
characteristics allow the tentative placement of E.
charlottevillensis and E. terraebolivaris as each
other's closest relatives, pending a cladistic study of
the E. conspicillatus group. Any further suggestions
about relationships for these two species would be
premature.

The preceding species description is a further
example of the difficulty in making informed taxo
nomic decisions for Eleutherodactylus based en
tirelyon morphology. Even with detailed compari
sons of museum specimens, Hardy (1982) could not
separateE. charlottevillensis fromE. terraebolivaris
with confidence, although slight differences in vo
calizations were apparent (Hardy 1982:97). Tradi
tional morphology remains a very important data
source, but morphological characters may only beof
limited value in a genus with a highly conserved
morphology such as Eleutherodactylus. Among
such taxa, it is a challenge to determine at which
level intra- or interspecific character variability be
comes evolutionarily (and taxonomically) impor
tant (see Kaiser et al. 1994a). In pursuit of a more
stable taxonomy, recent studies combining morpho
logical, morphometric, biochemical, and/or cytoge
netic data are slowly beginning to reform the classi
fication of Eleutherodacty!us and many other anu
ran genera.

ACKNOWLEDGMENTS

The senior author is grateful to his enthusiastic

field companions H. M. Gray and T. F. Sharbel.
Francis R. Cook, W. E. Duellman, W. R. Heyer, R.
M. Rankin, and J. E. Simmons authorized and pre
pared specimen loans. Thanks to W. R. Heyer and
R. W. McDiarmid for sexing a variety of museum
specimens. The manuscript was improved by com
ments from D. M. Green and A. Nieto Montes de
Oca ably translated the abstract into Spanish. We
thank G. Hesse for her photographic advice and for
patiently extracting publishable prints from some
times inferior negatives. This research was sup
ported in part by grants from the Hans-Kriiger
Stiftung, and the Studienstiftung des Deutschen
Volkes, Germany, by an NSERC Canada operating
grant to D. M. Green, and by a grant from the
Deutsche Forschungsgemeinschaft to MS (Schm
484/11-1). During the latter part of this project, HK
was supported by a postdoctoral fellowship of
Boehringer Ingelheim Fonds, Germany.

LITERATURE CITED

Barbour, T. 1916. Amphibians and reptiles from
Tobago. Proc. Bioi. Soc. Wash., 29,221-224.

Brongersma, L. D. 1956. On some reptiles and
amphibians from Trinidad and Tobago, B.W.I.
Proc. Koninkl. Nederl. Akad. Wetensch., 59,
165-188.

Canadian Council on Animal Care. 1980-84. Guide
to the Use and Care of Experimental Animals.
CCAC, Ottawa.

Cannatella, D. C. and W. W. Lamar. 1986. Syn
onymy and distribution of Centrolenella
orientalis with notes on its life history (Anura:
Centrolenidae). J. Herpetol., 20, 307-317.

Drewry, G. E. and A. S. Rand. 1983. Characteristics
ofan acoustic community: Puerto Rican frogs of
the genus Eleutherodactylus. Copeia, 1983,
941-953.

Duellman, W. E. 1970. Hylid frogs of Middle
America. Monogr. Mus. Nat. Hist. University
Kansas, 1, 1-753.

Duellman, W. E. 1993. Amphibian species of the
world: additions and corrections. University
Kansas Mus. Nat. Hist. Spec. Pub/., 21,1-372.



162 Herpetological Natural History, Vol. 3 (2), 1995

Duellman, W.E. andL. Trueb. 1986. Biologyofthe
Amphibia. McGraw-HiIl,New York. New York.

Frost, C. D. and A. W. Snoke. 1989. Tobago, West
Indies, a fragment ofa Mesozoic oceanic island
arc: Petrochemical evidence. J. Geol. Soc.,
Lond., 146,953-964.

Hair,J. F., Jr., R. E. Anderson,R. L. Tatham and W.
C. Black. 1992. Multivariate Data Analysis.
ThirdEdition. Macmillan PublishingCompany,
New York, New York.

Hardy, J. D., Jr. 1982. Biogeography of Tobago,
West Indies, with special reference to amphib
ians and reptiles: A review. Bull. Maryland
Herpetol. Soc., 18, 37-142.

Hardy, J. D., Jr. 1983a. A new frog of the genus
Colostethus from the island of Tobago, West
Indies (Anura: Dendrobatidae). Bull. Maryland
Herpetol. Soc., 19,47-57.

Hardy, J. D., Jr. 1983b. Tobago: the forgotten
island. Naturalist Mag. (Trinidad), 4, 8-23,41
43,50.

Hardy, J. D., Jr. 1984. A new subspecies of
Centrolenella orientalis (Anura: Centrolenidae)
from Tobago, West Indies. Bull. Maryland
Herpetol. Soc., 20,165-173.

Kaiser, H. 1993. Systematics and biogeography of
Eastern Caribbean frogs. Unpubl. Disser., De
partment of Biology, McGill University,
Montreal, Quebec, Canada.

Kaiser, H., D. M. Green and M. Schmid. 1994a.
Systematics and biogeography ofEastern Carib
bean frogs of the genus Eleutherodactylus
(Anura: Leptodactylidae) with the description
of a new species from Dominica. Can. J. Zoo1.,
72,2217-2237

Kaiser,H.,J. D. Hardy,Jr. andD. M.Green. 1994b.
The taxonomic status of Caribbean and South
American frogs Cl,lfrently ascribed to
Eleutherodactylus urichi (Anura:
Leptodactylidae). Copeia, 1994, 780-796.

Kenny,J.S. 1969. The AmphibiaofTrinidad. Stud.
Fauna Cura~ao Carib. lsi., 29,1-78.

Leviton, A. E., R. H. Gibbs, Jr., E. Heal and C. E.
Dawson. 1985. Standards in herpetology and
ichthyology: Part I. Standard symbolic codes
for institutional resource collections in herpetol
ogy and ichthyology. Copeia, 1985,802-832.

Lynch, J. D. 1979. The frogs of the genus
Eleutherodactylus in the Andes of southern Ec
uador. Misc. Publ. Mus. Nat. Hist. University
Kansas, 66, 1-62.

Lynch, J. D. 1993. The value of the m. depressor
mandibulae in phylogenetic hypotheses for
Eleutherodactylus and its allies (Amphibia:
Leptodactylidae). Herpetologica, 49, 32-41.

Lynch, J. D. and W. E. Duellmann. 1980. The
Eleutherodactylus of the Amazonian slopes of
theEcuadorian Andes (Anura: Leptodactylidae).
University Kansas Mus. Nat. Rist. Misc. Publ.,
69,1-86.

Lynch,J.D.andE.LaMarca. 1993. Synonymy and
variation in Eleutherodactylus bicumulus (pe<
ters) from northern Venezuela, with a descrip
tion of a new species (Amphibia:
Leptodactylidae). Carib. J. Sci., 29,133-146.

Mertens, R. 1970. Herpetologisch Neues von der
Insel Tobago. Salamandra, 6,42-44.

Mertens, R. 1972. Herpetofauna tobagana. Stuttg.
Beitr. Naturk., 252,1-22.

Mertens, R. 1974. Ergfulzende Mitteilungen zur
"Herpetofauna tobagana." Salamandra, 10, 78
79..

Moravec, F. and H. Kaiser. 1995. Helminth para
sites from West Indian anurans, with the de
scriptions of two new species. Carib. J. Sci.: In
press.

Savage, J. M. 1987. Systematics and distribution of
the Mexican and Central American rainfrogs of
theEleutherodactylusgol/meri group (Amphibia:
Leptodactylidae). FieldianaZool.. n. ser.,33,1
57.



Kaiser et al. - A New Species ofEleutherodactylus 163

Schmid, M. 1978. Chromosome banding in Am
phibia. I. Constitutive heterochromatin and
nucleolus organizer regions in Bufo and Hyla.
Chromosoma, 66,361-388.

Schwartz, A. 1967. Frogs of the genus
Eleutherodactylus in the Lesser Antilles. Stud.
Fauna Cural;ao Carib. lsi., 23,1-62.

Stephan, J.-F. ,c. Beck, A. BellizziaandR. Blanchet.
1980. La chaine caraibe de Pacifique a
I'Atlantique. Mem. Bur. Rech. Geol. Min.
(France), 115, 38-59.

Wilkinson,L.,M.HillandE. Vang. 1992. SYSTAT:
Statistics. Version 5.2 Edition. Systat Inc.,
Evanston, Illinois.

APPENDIX 1

Material Examined

Eleutherodactylus charlotteviliensis (36). TO
BAGO: Hills above Man-of-War Bay, 1.5-3.5 km

ENE Charlotteville, AMNH 87408, 87412, 87427
28,87431; Parish ofSt. John, mile marker 273/4 on
Charlotteville-Bloody Bay road, USNM 167609
11,167613; ca. 7 km N Roxborough, KU 222409
(holotype), NMC 35056, 35060-1-5, 35064-1-3,
35064-5-11,KU222381; 1.5km SWCharlotteville,
KU 222370-80, 222410; Kings Bay Waterworks,
2MB 53746-47.

Eleutherodactylus terraebolivaris (26). VEN
EZUELA: Estado Aragua, Rancho Grande, MCZ
31062 (holotype),UMMZ 113950, 113951 (2speci
mens), 113952-54, 113955 (4 specimens), 113956,
113957 (2 specimens), 113958 (2 specimens),
113960-64; Miranda State, Los Canales, Planta
Electrica de Naiguata, USNM 128807-08,128812
14 (paratypes).

Eleutherodactylusumhi (24). TOBAGO: Main
Ridge, ca. 7km NRoxborough, NMC 35059,35063
1-2, KU 265456. lRINIDAD: N Arima Valley,
NMC 35057-1-2, 35061-1-8, 35065-1-5, KU
265457-58, KU 222382.
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