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their opponents with their back legs. During 
breaks in the fighting, the frogs invariably ex- 

changed rapid click notes, but they seldom gave 
peeps during encounters. Sometimes a male 
would give clicks while clasping his opponent, 
but much of the wrestling was done in silence. 

Aggressive defense of territories is common 
in anurans (Wells, 1977), but has been reported 
for the genus Eleutherodactylus only in a few 
Puerto Rican species, especially E. coqui (Drew- 
ry, 1970, 1974; Reyes Campos, 1971). How- 
ever, such behavior probably is relatively com- 
mon in the genus, at least in high density 
populations, and it has been inferred from 

spacing patterns of males in several species 
(Drewry, 1970; Lemon, 1971). In E. urichi, 
males apparently defend only their calling sites, 
a type of territoriality common in other families 
(Wells, 1977). Eggs probably are laid in leaf lit- 
ter on the ground (Kenny, 1969), and it seems 

unlikely that oviposition sites are in short sup- 
ply. 
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UNUSUAL DISPLAY BEHAVIOR BY AN- 
OLIS GRAHAMI FROM WESTERN JAMAI- 
CA.-Observations have been accumulating 
which indicate that the taxonomy of Jamaican 
Anolis lizards is far from settled. Schwartz and 
Thomas (1975) have expressed a need for clos- 
er scrutiny of the seven species last reviewed by 
Underwood and Williams (1959). Preliminary 
evidence by George Gorman and William Hall 
(Hall, 1974) and by Ernest Williams (1977) and 
his current students corroborate the opinion of 
Schwartz and Thomas: for instance, polymor- 
phism in the karyotypes of some Jamaican An- 
olis is now known. In particular, Anolis g. gra- 
hami show extraordinary chromosomal 

complexity, with diploid numbers ranging 30- 
36. My report provides new behavioral data on 
two closely related Jamaican species, and gives 
further indication that the taxonomic status of 
A. grahami remains an open question. 

Materials and methods.-The display patterns of 
A. grahami from western Jamaica (Negril, West- 
moreland Parish) were compared with those of 
A. grahami from central (Mandeville, Man- 
chester Parish) and southeastern Jamaica 
(Kingston, St. Andrew Parish), and with its near 
relative, A. garmani. Displays of all species were 
filmed in the field under natural conditions and 
in large enclosures [1.3 (L) x 0.7 (H) x 0.4 
(W)-m]. This analysis used 136 displays by 16 
male A. grahami from Mandeville and Kingston, 
38 displays by five male A. grahami from Negril, 
and 22 displays by three male A. garmani from 
Mandeville. 

Displays filmed in the field were recorded 
under two contexts. The first involved undis- 
turbed males giving non-directed displays as 
they changed perch sites while patrolling their 
territories. The head bob display appearing in 
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Fig. 1. Display-Action-Patterns of the Type A and B head bob displays for male Anolis grahami from 

Mandeville and Kingston (Gr) and from Negril (Gn), and from Anolis garmani from Mandeville (Ga). The 
relative head amplitude (y-axis) is plotted through time (x-axis). 

this "assertion" context is the species-typical 
"signature" display (Jenssen, 1978), and is des- 
ignated in this paper as the Type A pattern. 
The second context was created by releasing an 
unrestrained conspecific male into a resident's 
territory. This elicited a second head bob pat- 
tern in all observed territorial males, designated 
the Type B pattern. Both Type A and B display 

patterns were performed by the subjects in the 
male-male or "challenge" context (enssen, 
1977a, provided an evolutionary interpretation 
of multiple bob pattern repertoires). 

Lab-filmed displays were elicited within an 
enclosure in a manner similar to those recorded 
in the field. From a blind, spontaneous displays 
by solitary males were first filmed; these were 
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TABLE 1. DESCRIPTIVE STATISTICS AND PERCENT DURATION (% DUR.) FOR EACH UNIT OF THE TYPE A AND B 
DISPLAYS BY Anolis grahami FROM MANDEVILLE AND KINGSTON (GR) AND NEGRIL (GN) AND BY Anolis garmani 
(GA) FROM MANDEVILLE. Sample sizes are given in parentheses with the Display Type; and . durations are in 

seconds. 

Display 
Taxa Type Statistic Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 

Gr A f 0.905 0.585 0.384 0.738 0.298 0.381 0.433 0.166 0.369 
(84) SD 0.716 0.108 0.076 0.178 0.049 0.080 0.080 0.071 0.088 

CV 19% 19% 20% 24% 16% 21% 18% 44% 24% 
% Dur. 21% 14% 9% 17% 7% 9% 10% 4% 9% 

B 1.000 0.000 0.342 0.683 0.316 0.000 0.415 0.000 0.295 
(52) SD 0.170 - 0.103 0.174 0.050 - 0.067 - 0.074 

CV 17% - 30% 26% 16% - 16% - 25% 
% Dur. 33% - 11% 22% 10% - 14% - 10% 

Gn A X 0.182 0.620 0.210 0.614 0.228 0.525 0.225 0.340 0.657 
(27) SD 0.026 0.088 0.024 0.094 0.018 0.079 0.013 0.078 0.121 

CV 14% 14% 11% 15% 8% 15% 6% 23% 18% 
% Dur. 5% 17% 6% 17% 6% 15% 6% 10% 18% 

B X 0.183 0.254 0.183 0.722 0.222 0.222 0.167 0.437 0.778 
(11) SD 0.027 0.030 0.042 0.101 0.032 0.056 0.032 0.093 0.101 

CV 15% 12% 23% 14% 14% 25% 19% 21% 13% 
% Dur. 6% 8% 6% 23% 7% 7% 5% 14% 24% 

Ga A X 0.758 1.345 0.523 1.059 0.516 0.306 0.397 0.059 0.722 
(14) SD 0.091 0.146 0.047 0.122 0.046 0.075 0.037 0.041 0.119 

CV 12% 11% 9% 11% 9% 25% 9% 68% 17% 
% Dur. 13% 24% 9% 19% 9% 5% 7% 1% 13% 

B X 0.827 0.716 0.424 1.424 0.549 0.194 0.327 0.077 0.854 
(8) SD 0.117 0.069 0.051 0.148 0.036 0.066 0.036 0.078 0.183 

CV 14% 10% 12% 10% 7% 34% 11% 102% 9% 
% Dur. 15% 13% 8% 26% 10% 4% 6% 2% 16% 

all Type A displays. Then a male intruder was 
introduced into the enclosure and the ensuing 
agonistic behavior was filmed; the resulting dis- 
plays were a mixture of Type A and B patterns. 

All filmed display sequences were taken with 
a Nizo S 80 super 8 camera at 18 frame/s and 
analyzed frame-by-frame with a Kodak MSF-8 
projector. The A and B display patterns for 
each of my four groups of lizards (Negril, 
Mandeville, and Kingston A. grahami and A. 
garmani) were broken down into nine units; 
each unit measured the duration of a head bob 
or an inter-bob pause (Fig. 1). Further details 
of the techniques used appear in Jenssen (1979) 
and Jenssen and Hover (1976). 

The mean (t) and standard deviation of the 
mean (SD) were calculated for each unit of a 
species' display pattern (Table 1). The coeffi- 
cient of variation (CV = SD x 100/N) of each 
unit was also computed to indicate relative tem- 
poral stereotypy (Barlow, 1977). In addition, 

the total display duration for each display was 
expressed as 100% and each unit as a percent- 
age of that whole. This makes every display 
pattern have an identical duration (Fig. 2). One 
can then compare display patterns directly, 
without having to compensate for fast and slow 
performances of different display types within 
and between species. 

Body markings and coloration appearing in 
Table 2 were taken from males displaying their 
most vivid coloration. The description of mark- 
ings and coloration were determined subjec- 
tively from territorial males and recorded in my 
field notes. These were supplemented with 
notes taken on the coloration of subjects inter- 
acting during male-male encounters in enclo- 
sures. 

Results and discussion.-The display behavior 
(Fig. 1, Table 1) and body color (Table 2) of A. 
grahami from Negril are strikingly different 
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Fig. 2. The Type A and B Display-Action-Pat- 
terns (DAP) are compared between three forms: An- 
olis grahami from Mandeville and Kingston (Gr) and 
from Negril (Gn), and Anolis garmani from Mande- 
ville (Ga). The relative head amplitude (y-axis) is plot- 
ted through time (x-axis), where duration of each 
DAP is expressed as 100%. Shaded areas of similar 
design facilitate inter-DAP comparisons of analogous 
parts of the display patterns. 

from the species in Mandeville and Kingston. 
Display data from Mandeville and Kingston A. 
grahami were pooled as there were no statisti- 
cally significant differences between them. 

The Negril A. grahami have two stereotyped 
display patterns (Types A and B) in their rep- 
ertoires as do the A. grahami from Mandeville 
and Kingston. However, the Negril population 
has a distinctly different bob form in both A 
and B display types as compared with the 
Mandeville and Kingston populations. All bobs 
in the Negril displays are relatively quick up 
and down movements with no pause at the top 
of the bob amplitude. The bobs of the Mande- 
ville and Kingston displays, however, are defi- 
nitely "plateaued" (Fig. 1). Furthermore, the 
cadence of the two Negril display patterns is 
uniquely different from the other A. grahami 
populations, especially for the Type B pattern 
(Fig. 1; Table 1). 

Species members from a particular popula- 
tion performed their display patterns with 
marked consistency. Within a given display pat- 
tern, there were no variations in bob form and 
no disruptions to the temporal relationship of 

the bobs and inter-bob pauses (i.e., bob ca- 

dence). The expected temporal variation in 
unit durations of a given pattern were small; 
almost all unit CV values were well below the 
35% level which Barlow (1977) suggests as an 

upper limit for ritualized behavior. Therefore, 
the magnitude of differences when comparing 
the Type A and B patterns of Negril A. grahami 
with the corresponding display patterns of 

Mandeville-Kingston A. grahami is significant. 
No such divergence in bob form and bob ca- 
dence has been previously described for iguan- 
id lizards thought to be of the same taxon. It 
is noteworthy that a case of hybridization be- 
tween A. grahami and A. lineatopus neckeri in 
Mandeville produced a hybrid whose signature 
display (Type A pattern) was much more sim- 
ilar to its parental A. grahami pattern (Jenssen, 
1977b) than the resemblance of Negril A. gra- 
hami Type A pattern to the Mandeville-Kings- 
ton A. grahami Type A pattern. 

In addition to the display features, the gen- 
eral appearance of Negril A. grahami is quite 
different from A. grahami in central and south- 
eastern Jamaica. The bodies of the Negril liz- 
ards have an obvious greenish cast in contrast 
to the aquamarine, tan and magenta colors seen 
in Mandeville and Kingston A. grahami (Table 
2). Furthermore, at another locality in the west 

(Anchovy, just south of Montego Bay, St. James 
Parish), I have found the A. grahami to be un- 
equivocally green over the entire body. Only 
the lighter colored "worm marks" on the head 
and nuchal region gave an immediate clue to 
the lizards' identification. From the display data 
and the more subjective evidence of markings 
and coloration, it is very likely the western pop- 
ulations of A. grahami may be a separate sub- 

species from those of Mandeville and Kingston. 
As an aside, it was found that the form of the 

Negril A. grahami head bobs (rounded up and 
down movements) are much more similar to 
those of its closest relatives, A. opalinus (Jenssen, 
1979: Fig. 1) and A. garmani (Figs. 1, 2), than 
the "plateaued" bobs of the Mandeville and 

Kingston A. grahami. Even more curious is the 
close resemblance of the Negril grahami Type 
A and B display patterns to the Type A and B 

patterns of the A. garmani displays (Figs. 1, 2); 
it is also of interest that A. garmani, as a species, 
is the only bright green lizard on Jamaica. 

The data presented here encourage a system- 
atic investigation of the grahami series species, 
and raise some possible questions as to whether 
or not western A. grahami: 1) represent a case 
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TABLE 2. COMPARISONS OF BODY COLORATION AND MARKINGS OF MORE THAN 50 MALE Anolis grahami OB- 
SERVED IN OR COLLECTED FROM NEGRIL, MANDEVILLE AND KINGSTON, JAMAICA. 

Body parts Negril A. grahami Mandeville and Kingston A. grahami 

Head 
Color Grey-brown snout, grading posteriorly 

to a grey-green 

Markings Pronounced light colored worm marks 

Trunk 

Color Green 

Markings Light colored worm markings anteriorly, 
progressing to dots posteriorly; no 

hourglass markings 
Hind limbs 

Color Grey-brown 

Markings - 

Tail 

Color Grey-brown 

Markings - 

Dewlap 
Color As in the Mandeville and Kingston 

populations 

Markings - 

Deep blue snout, grading posteriorly to an 
aquamarine 

Light colored dots half the size of those on 
the Negril specimens 

Aquamarine; slight yellowish tan 

appearance to sides of abdomen in 
Mandeville males 

No dots beyond the neck region; faint 
darker transverse hourglass markings on 
dorsum 

Deep blue 

Deep blue with a tint of magenta at the 
base, grading to a brownish tan 

Orange, with a narrow border of yellow 

of character convergence with sympatric A. gar- 
mani, 2) reflect a past instance of introgressive 
hybridization with A. garmani or 3) represent 
a more ancestral form of A. grahami than those 
populations in central and southeastern Jamai- 
ca. There is definitely a need for comparative 
morphological, karyotypic, and electrophoretic 
study of these anoline species, including espe- 
cially their western populations. 
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SUTURE ZONE DYNAMICS: TEXAS POP- 
ULATIONS OF RANA BERLANDIERI AND 
R. BLAIRI.-Recent investigations (Brown, 
1973; Pace, 1974) involving analysis of mating 
calls, morphological assessment, laboratory 
crosses and electrophoretic surveys of protein 
differences demonstrated that the North 
American component of the Rana pipiens com- 
plex consists of several species. Although large- 
ly allopatric, sympatry among species pairs with 
contiguous ranges is well documented. Several 
papers (Littlejohn and Oldham, 1968; Me- 
cham, 1968; Platz, 1972, 1976; Platz and Platz, 
1973; Salthe, 1969; Gillis, 1975; Axtell, 1976; 
Dunlap and Kruse, 1976; Lynch, 1978; Sage 
and Selander, 1980) contain reports of natu- 
rally occuring hybrids. Hybridization levels are 
generally less than 10% (but see Gillis, 1975; 
Lynch, 1978; Sage and Selander, 1980). Among 
reports, the distinction between F, and back- 
cross individuals was usually lacking; most also 
fail to differentiate between juvenile vs. adult 
categories as well. To date no study has provid- 
ed such information for any contact zone for 
two periods of time separated by several breed- 
ing seasons. The present study was designed to 
provide such comparative analysis of the con- 
tact zone between R. berlandieri and R. blairi in 
Texas. 

The first report (Platz, 1972) based on data 
gathered in 1969 indicated that R. berlandieri 
and R. blairi were sympatric in Coke and Mitch- 
ell counties. Morphological comparisons of al- 
lopatric populations indicated differences in lip 
stripe, condition of vestigial oviducts in males 
and head shape. Both species were monomor- 
phic for different alleles at the albumen locus 
which was subsequently employed as an aid in 
estimating levels of hybridization. Eight of 138 
individuals (5.8%) from the contact zone were 
identified as F, hybrids (Table 1). Limited in- 
trogression (2.9% backcrosses) was inferred on 
the basis of four individuals homozygous for 
one albumen or the other, but judged otherwise 
to be hybrids on the basis of intermediate mor- 
phology. 

In 1975 I returned to the contact zone to 
reexamine it as part of a broader study involv- 
ing interactions of R. blairi in several sympatric 
situations with three members of the R. pipiens 
complex. During this second analysis, individ- 
uals from allopatric and sympatric populations 
were screened electrophoretically for 16 loci. 
Because the 1969 allopatric populations of R. 
blairi no longer exist (locale 1 no longer has 
water; locale 2 is now an active oil field) a sam- 
ple (n = 37) was obtained from Hwy. 60, 3.2 
km E. Panhandle, Carson County, Texas. Lo- 
cale 5, San Angelo, Tom Green County, Texas, 
in 1969 yielded only R. berlandieri, but the 1975 
sample included seven juvenile R. blairi. Con- 
sequently, allopatric R. berlandieri (n = 27) were 
obtained from 4.5 km NW of Uvalde, Uvalde 
County, Texas. Electrophoretic results from 
allopatric populations provided four marker 
loci (sod1, mdh2, ldh, and albumen) with which 
to evaluate 94 individuals from the contact zone 
(Table 1). Among these were five adult and one 
juvenile backcross individuals confirming my 
1972 conclusion. 

A number of points of general interest are 
apparent when comparisons between the two 
sets of data are made. First, a significant change 

TABLE 1. HYBRID CENSUS DATA. Expected values appearing in the 1975 census were derived by using the 
percentage figures from the appropriate columns of 1969 data. 

1969 - N = 138 (58 adult; 80 juvenile) 1975 - N = 94 (63 adult; 31 juvenile) 

Juvenile Adults Totals Juvenile Adults Totals 

No. (%) No. (%) No. (%) No. No. No. 

F1 7 (8.7) 1 (1.7) 8 (5.8) 0 (2.7) 0 (1.1) 0 (5.9) 
Backcrosses 2 (2.5) 2 (3.4) 4 (2.9) 1 (0.8) 5 (2.2) 6 (2.9) 


	Article Contents
	p. 728
	p. 729
	p. 730
	p. 731
	p. 732
	p. 733

	Issue Table of Contents
	Copeia, Vol. 1981, No. 3 (Aug. 26, 1981), pp. 509-750
	Front Matter
	The Fossil Turtles of Olduvai Gorge, Tanzania, Africa [pp. 509-522]
	The Systematics and Distribution of the Lophiid Anglerfishes: I. A Revision of the Genus Lophiodes with the Description of Two New Species [pp. 522-549]
	A New Species of the Secretive Colubrid Snake Genus Geophis from Costa Rica [pp. 549-553]
	Naso maculatus, a New Species of Acanthurid Fish from the Hawaiian Islands and Japan [pp. 553-558]
	Cryothenia peninsulae, a New Genus and Species of Nototheniid Fish from the Antarctic Peninsula [pp. 558-562]
	Lactate Dehydrogenase Isozymes of Gadiform Fishes: Divergent Patterns of Gene Expression Indicate a Heterogeneous Taxon [pp. 563-578]
	Albumin Evolution and Its Phylogenetic Implications in Toads of the Genus Bufo. II. Relationships among Eurasian Bufo [pp. 579-583]
	Taxonomic Status and Relationships among Populations of Notropis pilsbryi and N. zonatus (Cypriniformes: Cyprinidae) as Shown by the Glucosephosphate Isomerase, Lactate Dehydrogenase and Phosphoglucomutase Enzyme Systems [pp. 583-590]
	Allozyme Variation among Large, Small and Cannibal Morphs of the Tiger Salamander Inhabiting the Llano Estacado of West Texas [pp. 590-595]
	Development and Organization of the Posterior Field of Ctenoid Scales in the Platycephalidae [pp. 596-606]
	A Comparison of Chorions from Eggs of Northern and Southern Populations of Fundulus heteroclitus [pp. 607-614]
	Vocal Responses to Conspecific Calls in a Neotropical Hylid Frog, Hyla ebraccata [pp. 615-624]
	Competition between Palla and Normal Bearing Spermatozoa of Poecilia reticulata (Pisces: Poeciliidae) [pp. 624-629]
	A Radio-Telemetry and Mark-Recapture Study of Activity in the Common Snapping Turtle, Chelydra serpentina [pp. 630-637]
	Celestial Compass Orientation in Juvenile American Alligators (Alligator mississippiensis) [pp. 638-645]
	The Roles of Temperature and Dissolved Oxygen in Microhabitat Selection by the Tadpoles of a Frog (Rana pipiens) and a Toad (Bufo terrestris) [pp. 645-652]
	An Experimental Analysis of Territoriality in the California Reef Fish Embiotoca jacksoni (Embiotocidae) [pp. 653-665]
	Distribution, Habitats and Life History Variation in the Tiger Salamander, Ambystoma tigrinum, in East-Central and Southeast Arizona [pp. 666-675]
	Expansion of the Range of the Introduced Toad Bufo marinus in Australia from 1935 to 1974 [pp. 676-680]
	Initial Prey Preferences in the Lizard Sceloporus malachiticus [pp. 681-686]
	Feeding Biology of Fishes in the Endemic Antarctic Harpagiferidae [pp. 686-693]
	Aspects of the Physiological Ecology of Species of Gambusia from Belize, Central America [pp. 694-700]
	Ichthyological Notes
	Breeding Populations of Cyprinodontoid Fishes in a Thermal Stream [pp. 701-702]
	Starvation Stress and Intraovarian Cannibalism in Livebearers (Atheriniformes: Poeciliidae) [pp. 702-705]
	Gene Duplication and Diploidization in Tetraploid Catostomid Fishes Catostomus fumeiventris and C. santaanae [pp. 705-708]
	Use of  Co Tags to Determine Activity Patterns of Freshwater Fishes [pp. 709-711]
	Development and Identification of Larval Atlantic Sturgeon (Acipenser oxyrhynchus) and Shortnose Sturgeon (A. brevirostrum) from the Hudson River Estuary, New York [pp. 711-717]
	Further Evidence for an Association between Lateral Scute Number and Aggressiveness in the Threespine Stickleback, Gasterosteus aculeatus [pp. 717-720]
	Natural Hybridization of Oncorhynchus kisutch and O. tshawytscha in a Lake Ontario Tributary, with Notes on Meristic Variation [pp. 720-721]
	Ambicoloration: A Sexually Dimorphic Character in Crossorhombus azureus (Bothidae: Pisces) off Waltair [pp. 721-722]

	Herpetological Notes
	Predation on Diamondback Terrapin (Malaclemys terrapin) Eggs by Dunegrass (Ammophila breviligulata) [pp. 723-724]
	Anti-Predator Role of Salamander Egg Membranes [pp. 724-726]
	Territorial Behavior of the Frog Eleutherodactylus urichi in Trinidad [pp. 726-728]
	Unusual Display Behavior by Anolis grahami from Western Jamaica [pp. 728-733]
	Suture Zone Dynamics: Texas Populations of Rana berlandieri and R. blairi [pp. 733-734]
	Effects of Implanted Tantalum-182 Wire Tags on the Mole Salamander, Ambystoma talpoideum [pp. 735-737]
	Growth and Metamorphosis of Solitary Rana pipiens Tadpoles in Confined Space [pp. 737-741]
	Survivorship during Hibernation in the European Common Lizard, Lacerta vivipara [pp. 741-744]

	Books Received [p. 744]
	Reviews and Comments
	Review: untitled [p. 745]
	Review: untitled [pp. 745-747]
	Review: untitled [p. 747]

	Editorial Notes and News [pp. 748-749]
	Errata for Mitchell and McDowall [p. 750]
	Books Received [p. 750]
	Back Matter



