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Zug, George R., and Patricia B. Zug. The Marine Toad, Bufo marinus: A
Natural History Resume of Native Populations. Smithsonian Contributions to
Zoology, number 284, 58 pages, 20 figures, 22 tables, 1979.—Bufo marinus is one
of the most common and widespread anurans of Central and South America,
yet little is known of its natural history in native habitats. Through a survey
of the literature and brief ecological studies in Panama, we attempted to sum-
marize the natural history of the toads. Emphasis is placed on distribution,
sexual maturity, reproductive cycles, body size and growth, population structure
and size, food and feeding behavior, activity and movements, thermal physiology,
and water balance.

In general, marine toads have one or two breeding seasons each year, appar-
ently timed so metamorphosis occurs during periods of high humidity and prey
abundance. Toadlets grow rapidly and reacn the size of sexual maturity (ap
proximately 90 mm snout-vent length) at about one year from metamorphosis,
although they may not breed their first year. Populations in semi-natural habi-
tats are of moderately high density, 50 to 150 late term juvenile to adult toads
per hectare. One-year-old toads comprise at least 50 percent of total population
with a progressive and rapid decline of the older year classes. Apparently two-
thirds of the population turns over each year. The toads are opportunistic
feeders with ants and beetles predominating in their diet. Most toads are quite
mobile, changing feeding sites regularly within a forage area of roughly 160 sq
m. A toad is generally active one evening out of every three or four; however,
weather conditions do alter activity patterns. The toads have a broad tempera-
ture tolerance but have no or little control of water loss. The dry season and
the resulting desiccation may be a major mortality factor.
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The Marine Toad, Bufo marinus.
A Natural History Resume

of Native Populations

George R. Zug
and Patricia B. Zug

Introduction

The marine toad, Bufo marinus, is the most
widespread and common American amphibian.
Yet in spite of its commonness, we know little of
its life history in its native habitat. All major
ecological studies (see Zug, et al., 1975, for litera-
ture review) have been undertaken in areas where
it is an exotic. The goal of our study has been to
correct this oversight and to obtain comparative
ecological information from natural populations of
the marine toad. Our approach has been purposely
superficial, for we wished to survey a wide variety
of the toad's life history aspects in a short time
and hopefully stimulate other researchers with
marine toads in their backyard to study them in
detail. We also wished to bring together the scat-
tered natural history notes on this toad in its
native habitat and those physiological and be-
havioral studies that apply directly to the toad's
ecology.

Acknowledgments.—Many people have helped
and encouraged us throughout our study, and we
wish to thank them all. The staff and associates of
the Smithsonian Tropical Research Institute
(STRI), especially Stan Rand and Cathy Toft, made
our field work pleasant and successful. Wim Wolda's

George and Patricia Zug, Department of Vertebrate Zoology,
National Museum of Natural History, Smithsonian Institu-
tion, Washington, B.C. 20560.

monthly collections of toads enhanced our repro-
ductive samples. Blair Hedges and Joan Dudley
helped greatly in the dietary analysis. Fran McCul-
lough allowed us access to her growth data on cap-
tive toads, and Charles Myers lent us his size data
on Darien toads. The reviewers, A. Bennett, R.
Crombie, R. Heyer, and F. McCullough, tempered
our excesses and improved the clarity of the text.

The fieldwork was sponsored by several Smithso-
nian Institution sources: Smithsonian Research
Foundation, Environmental Science Program, Fluid
Research Fund, and Department of Vertebrate
Zoology. We gratefully acknowledge their suport.

Distribution, Habitats, and Systematics

The natural range of the marine toad extends
from approximately 27° N latitude in southern
Texas and western Mexico to 10° S latitude in
central Brazil (Figure 1). The break or transition
between B. marinus and its southern relatives—
arenarum, ictericus, paracnemis, poeppigii, and
rufus (Bertini and Cei, 1962)—lies between 10°
and 14° S and remains to be accurately delineated.
By and large, the toad is a lowland animal and

Dedicated with affection and appreciation to Dr.
Charles F. Walker, University of Michigan.
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FIGURE 1.—Presumed natural range of Bufo ma-
rinus. (Triangle = literature records; circle =
museum specimens from Smithsonian Institu-
tion; square = University of Kansas Museum of
Natural History; hexagon = Museo de Zoologia
da Universidade de Sao Paulo.)

generally occurs below 1000 m in elevation, al-
though populations are known from above this
elevation (Table 1). The maximum elevation for
populational survival is apparently determined by
the minimum thermal tolerance limits, so that the
maximum elevation is lower at the higher lati-
tudes, e.g., 500 m in Sinaloa, Mexico (Hardy and
McDiarmid, 1969) compared to 1600 m in Vene-
zuela (Rivero, 1961).

The toad occurs in a variety of habitats (Table
2), but nowhere is it more common than in open
areas resulting from man's activity and in the
grasslands. The most commonly cited habitat is in

and around human settlements. As has been noted
(Sexton, et al., 1964; Heatwole, 1966), B. marinus
has become an associate or commensal of man and,
in forested areas, is commonly in villages and small
open areas but seldom seen elsewhere. Although
not excluded from the forest, we suspect that the
toads are largely marginal of open areas, and un-
broken forest can and does act as a barrier to dis-
persal. Lescure (1975:66) notes the toad's absence
in isolated Indian villages in Amazonia and also
proposes unbroken forest as a barrier.

B. marinus is an old species. A fossil toad from
the La Venta fauna of the late Miocene of Colom-
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TABLE 1.—Selected examples of Bufo marinus occurrences
above 1000 m in natural populations

Locality

MEXICO
Tamaul ipas: Rancho del C1elo

GUATEMALA
Al ta Verapas

EL SALVADOR
La L i b e r t a d : Santa Tecla

HONDURAS
no speci f ic l o c a l i t y given

COSTA RICA
Heredia: Volcan Poas

VENEZUELA
Andes

Elevation
(m)

1150

41300

ca. 1200

1300

ca. 2100

1600

Mart in ,

Stuar t ,

Mertens

Source

1958

1950

. 1952

Meyer and Wilson, 1971

Taylor,

Rivero,

1952

1961

TABLE 2.—Selected examples of habitats occupied by Bufo
marinus populations (habitat descriptors unchanged from
original sources)

Habitat

sandy beach
along streams
clearings in cloud forest
tropical scrub forest
quasi-rainforest
broad-lea fed forest
dense scrub forest
coconut grove
rainforest
grasslands
aquatic-riparian
open broad!eaf forest
true savanna
tropical moist forest
tropical dry forest
tropical arid forest
subtropical wet forest
subtropical moist forest
subtropical dry forest
tropical rain forest
open cleared areas

Locality

Mexico

"
"

"

Guatemala

"

Honduras

Guyana
Trinidad

Source

Hardy & McDiarmid, 1969
" " "

Mar t in , 1958
Duellman, 1961
Duellman, 1965

n ii

•I n

n II

Duellman, 1963
Stuart, 1950

" "
U H

H II

Meyer & Wilson, 1971
•I I I !•

H U H

II II II

H U H

• 1 II II

Beebe, 1925
Kenny, 1969

bia (Estes and Wassersug, 1963) is indistinguishable
from modern marinus from northern South Amer-
ica. It was discovered in a floodplain deposit, which
suggest that marinus habitat preferences have
always been for open areas. When marinus origi-
nated is unknown, but we believe it arose as an
adaptation to a seasonally xeric habitat, such as
savanna or scrub forest. Cei (1972) postulates the
Guiana shield as its ancestral home from which it
radiated southward and speciated in the eastern
Andean forest (poeppigii), Chaco (paracnemis),
Brazilian planaltos (rufus), Atlantic coastal forest
(ictericus) and Patagonia (arenarum complex); more
recently (Plio-Pleistocene), it expanded northward
across the Panamanian isthmus into Central
America.

B. marinus and its relatives are considered to be
one of the older or more structurally primitive
groups of the broad-skulled toads (Martin, 1972).

They share many similarities with the valliceps
group of Central and North America. The latter
has been interpreted as an Early Tertiary expan-
sion of marinus-valliceps stock into Central
America.

Since B. marinus is an old and widespread
species, regional differentiation of populations is
not unexpected. However, there are no strong
morphological differences between populations (see
Savage, 1960, for clinal variation in larvae charac-
teristics) and apparently no differences in call. Dif-
ferences in chromosome arm ratios and lengths do
exist (Doyle and Beckert, 1969) between geographi-
cally distinct populations, so it is possible that more
than one species is hiding under the name marinus.

General Materials and Methods

The toad populations of two areas were selected
for ecological monitoring: Summit Gardens (SG)
and Barro Colorado Island (BCI). Summit Gardens
is a combined zoological and botanical garden in
the Canal Zone, Panama, approximately 7 km
southeast of Gamboa. In the center of the gardens
there are two cement-enclosed ponds used for grow-
ing water lilies. The lily ponds are irregularly
shaped with a circumference of approximately
110 m for the upper and 90 m for the lower pond.
The upper pond is in a lawnlike setting with a few
scattered trees and shrubs forming little apparent
diurnal shelter for toads. The lower pond is en-
circled by a narrow belt (5-10 m) of grass and then
a fairly complete ring of shrubs and trees. The
grass along each pond is mowed and raked regu-
larly so that there is little or no natural cover. The
ponds are linked by a small cement-bottomed
stream (approx. 100 m) that passes through a bam-
boo and tree gallery. A 10-meter-wide strip along
the edge of the ponds and their connecting streams
was designated as the study area. Nocturnal forays
showed the toads to be concentrated around the
ponds and seldom elsewhere except in the vicinity
of the zoo.

Barro Colorado Island is a biological preserve
in the Panama Canal, approximately 15 km north-
west of Gamboa. The study sites were the labora-
tory/housing (Figure 2) grounds and dock/cause-
way area (Figure 3) of the Smithsonian Tropical
Research Institute's biological station on BCI. The
laboratory/housing site has an area of approxi-
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mately 2812 sq. m, excluding the area of the vari-
ous buildings; the area of the dock/causeway site
is approximately 888 sq. m. The two sites are nearly
75 m apart, separated by a steep slope of secondary
growth grasses and shrubs. The dock/causeway site
is for the most part a bare or low grass habitat with
numerous temporary stacks of lumber and equip-
ment; only at its eastern end is the vegetation—

grasses and cat-tails—continuous. This site is
bounded on one side by water and on the other
side by a sharp embankment on the western end
that gradually slopes into a grassy area with build-
ings on the eastern end. The laboratory/housing
site is bordered largely by seasonal rainforest.
Within this site, there are numerous ornamental
trees and shrubs; the open areas are cut infre-
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FIGURE 2.—Sketch of laboratory/housing study area on BCI. (Area enclosed by forest (heavy
stippling) and/or solid black line = study area; crosshatched rectangles = various buildings;
lighter stippling = patches of ornamental shrubs; L = outside lights, usually lit for early part
of evening.)

quently so herbaceous ground cover varies from
abundant to dense. Both sites were partially lighted
from dusk (ca. 1830) to 2200 by the diffuse light
from the interior of the buildings and by scattered
outside lights. As will be seen later, the lights tend
to concentrate the toads, but toads did not con-
fine their activity to the brightly lighted areas.

In both study areas (SG, BCI), the toads were

hand caught and individually marked by toe clip-
ping (only the terminal two phalanges) following
the system of Nace et al. (1973). Snout-vent length,
body weight, and sex were recorded upon the
initial capture, and any succeeding ones at two-
week intervals. Time and site of activity were re-
corded every time a toad was observed.

Samples were gathered from five other localities
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in order to obtain information on feeding habits
and the reproductive cycle. The Gamboa sample
(G) came from a variety of locations within the
town, viz., school ground, paddock, and canal main-
tenance yard; all locations were in close proximity
to buildings, artifically lighted for most of the
night, and with the grass and shrubs receiving fre-
quent care. The Summit Hill (SH) sample (ca. 9 km
SE of Gamboa) came from the edge of a golf
course; the site is indirectly lighted for most of the
night, and the grass is mowed frequently. The Las
Cumbres (LC) sample (ca. 18 km E of Gamboa)
came from a residential area supporting a variety
of herbaceous ground cover and indirect and direct
artificial lighting for much of the night. The

Cocole (C) sample (ca. 18 km SSE of Gamboa) came
from a shallow gravel pit; there is no artificial light-
ing and, except for an unpaved road, the site was
covered with a dense stand of 1-1.5 m high grass.
The Los Santos (LS) sample (from the Peninsula
de Azuero, ca. 150 km SW of Gamboa) came from
the border of a drying cattle tank; the tank was
surrounded by small clumps of thorny scrub and
patches of short grass and herbs; there was no arti-
ficial lighting. Appendix I summarizes the collect-
ing data.

All the specimens from the preceding five sam-
ples were preserved in 10% formalin within three
hours of capture. Stomach contents were removed
later in the laboratory, air dried, weighed, sorted,
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FIGURE 3.—Sketch of dock/causeway study area, on BCI. (Wavy lines
same as Figure 2.)

water; other symbols

counted, and identified to lowest reliable taxonomic
level. Gonadal examination was also performed
later in the laboratory.

All measurements (testes) or weights (ovaries and
fat bodies) were taken from only one side, the
right. Histological sections were made from several
testes of each monthly sample. Further details on
materials and methods are presented in the follow-
ing sections, where appropriate.

Sex, Size, and Growth

PHYSICAL APPEARANCE

To pervert a phrase from Gertrude Stein, a toad

is a toad is a toad—only more so for the marine
toad. Marine toads have few admirers and are
usually described in a derogatory manner, such as
looking like mobile cow patties. Such epithets are,
however, of little help in distinguishing them from
their warty brethren. Although the recently meta-
morphosed toadlets may cause confusion, they are
unique in bearing regular rows of paravertebral
tubercles. Once the toads reach a snout-vent length
of approximately 50 mm, they can be recognized
by the following set of characters: a heavy-bodied
toad with its maximum width nearly three-fourths
of its body length; broad head with truncate snout;
bony ridges (cranial crest) on the periphery of the
head, i.e., canthal, preorbital, postorbital, and short


