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INTRODUCTION

The Marbled Salamander, Ambystoma opacum, is one of the
commonest species of Ambysioma in the eastern United States.
It differs from all other species of the genus in its habit of usually
laying its eggs on land. This fact, first discovered by the Reverend
Charles Mann in 1855, has excited the attention of herpetologists
for many years. Many observations have been reported on the
life history of this form, those of Dunn (1917), Brimley (1920),
Bishop (1924), and Lantz (1930 and 1930a) being especially note-
worthy. In 1929, while collecting in the vicinity of Washington,
D. C., we discovered that great numbers of brooding females could
be obtained under leaf mold on dry pond bottoms or on pond banks
which later would be flooded. The fact that we could obtain eggs
in large numbers induced us to repeat the work of previous observers
and to examine certain additional features of the life history. We
have already published a note (Noble and Brady, 1930) on certain
phases of this work and in this paper we intend to put on record a
summary of our observations extending over a period from October
1929 to November 1931.

In the course of the work we received assistance from several
sources. We are especially indebted to Mr. Sam Yeaton, Mr. G. P.
Engelhardt, and Mr. J. A. Weber for the opportunity of publishing
their field notes, which are recorded below. Miss Margaret Har-
land has given us technical aid in the preparation of the material
and we are indebted to her for the microphotography.
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Fig 83. Marbled salamander brooding her eggs. The cover of moss has been removed
but the female has not changed her position. The female usually lies adjacent to the egg
mass while brooding and rarely does the tail cover the egg mass as shown here. Photo-
graphed at Miller’s Place, Long Island, by S. C. Yeaton.

BREEDING TIME AND PLACE

The eggs of A. opacum have been collected during all the fall months. The
Reverend Mann (1855) found eggs at Gloucester, Virginia, in November and
December. McAtee (1907) gives September and October as the months during
which this species is found with eggs in Monroe County, Indiana. Brimley
(1920) records eggs in October and November in the region near Raleigh, North
Carolina. Dunn (1917) found fresh eggs at Mt. Vernon, Virginia, September
21, 1916. Deckert (1916) records eggs with developed embryos from Silver
Lake, Westchester Co., New York, September 25, 1913. Bishop (1924) took
two sets of eggs at Raleigh, North Carolina, on October 26, 1923. Eggs which
we collected from October 3 to 6, 1929, in the Washington region had already
undergone considerable development. On Long Island during 1931, egg-laying
had occurred in damp locations by September 18. By September 20, most
females discovered were with their eggs (Fig. 83). On the other hand, Mr. G. P.
Engelhardt writes us that he has had a female under observation in the field at
Hartsdale, New York, which laid eggs between October 2 and 4, 1931. It may
be concluded that both in the New York and in the Washington areas egg-laying
may occur in the field as early as September 20; in Westchester County it may
occur as late as the first week in October. Females, which we brought from Long
Island into the laboratory, laid eggs as late as September 28, 1931. Lantz’s
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specimens which were collected in the Washington area laid eggs in England on
October 10. Mr. J. A. Weber has reported to us his discovery of six clutches of
eggs with attendant females at Greensburg, Louisiana, October 25, 1930.
From the form of the eggs he assumed that they had been laid recently.

Until the time we began our work with A. opacum it seemed that most eggs
of the species had been discovered under logs or similar coverings by the edge of
ponds, or more often under similar materials lying in hollows which later would
be filled with rain water. Consequently we were interested to discover that the
species lays its eggs far more frequently under dead leaves or grass in regions
which later will be inundated. Several of these breeding sites may be con-
sidered in detail because the species will doubtless be found abundant else-
where among similar surroundings.

In the Washington area the two localities studied during 1929 differed con-
siderably in physiography. The breeding ground at Oakwood, Virginia, was in
the dry bed of a temporary pond on one side of a railroad embankment. The
region we studied covers about one-quarter of an acre and is of relatively recent
origin. It is filled to varying degrees with rain water from December to June.
The Rock Creek Park territory investigated was formed by the dry banks of a
permanent pond, exposed by the autumnal drought. The terrain of both sites
consisted of a layer of matted grass and leaf mold, covering a rather plastic clay.
Much effort was spent at Oakwood in turning over logs. However, since but
two nests were secured this way, in a spot where the form was known to be
abundant, it was decided to investigate the mat of leaf mold which covered the
lower areas of the pond floor. When this was rolled back a great ramification of
tunnels was exposed. The mat of leaf mold had formed the roof of these tunnels.
At various points along these runways, such as depressions or blind wings off
the main corridors, the egg-clutches with attendant females were observed.
The depressions or burrows containing the clutches were never very deep and
the eggs were visible the moment the leaf-mold roofing was removed. Clutches
were found occasionally around the entrances of holes, presumably made by
crayfish, which opened up into the tunnels, and a few eggs were found within the
holes. There was no evidence that the female had pushed or carried these eggs
into these deeper tunnels, since the greater mass of every clutch was always
found in the surface depression under the leaf mold. It was apparent, however,
that the female had something to do with the shape of the immediate depression
in which the eggs were deposited. In the majority of cases the area surrounding
the eggs had the appearance of having been smoothed out and the edges of the
depression quite often shelved out over the egg mass. Lantz says his female
“slightly excavated the ground under a creeping plant’ in the terrarium. It
cannot be said with certainty that the depressions and tunnels found in the
clay subsoil were originally made by the females. The soil was relatively re-
sistant and could not be easily scooped out by a salamander. It seems more
probable that most of the tunnels originally were made by some other agency
but apparently they owed their smoothed-out and well-worn aspect to the
activities of the brooding females. Unfortunately the ability of the females to
excavate their nests in the hard clay could not be determined in the laboratory
since our specimens had all laid and in the absence of any greater impulse were
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content merely to tunnel in the moss and overlying debris of the terrarium. In
some instances the nests were made in very faint depressions unconnected with
any of the surface tunnels. Three such nests found at Oakwood had broad,
well-smoothed edges and it is quite possible that they were excavated by the
females. Several males and one spent female were found around the edges of
the nesting area at Oakwood. None of these had excavated chambers such as
those in which the eggs were found.

The selection of the nest site itself apparently involves the presence of a
certain amount of moisture in the substratum and a cover of dead leaves or other
material. At Oakwood the nests were not distributed evenly over the entire
floor of the pond but were found clustered together in spots. These places
usually were around the bases of alders, or along depressions made by drainage
from the forest floor above the pond. Such places were more moist and had
more leaf-mold covering than had other portions of the pond bottom. Clusters of
from twelve to twenty nests would thus be found in certain favorable spots. In
the Oakwood section one area 300 e¢m. long and 60 em. wide, between the bases
of two alders, yielded eighteen nests. Another area 150 ecm. square yielded
twenty nests. In some cases it was impossible to separate the clutches, two or
three masses being confluent along the burrow floor. In the Rock Creek station a
small area 109 ¢cm. by 62.5 cm. contained seven nests, while a carefully examined
area of 18 meters square on either side yielded but three nests. Here it may have
been a question of cover. The leaf mold was thickest in the area in which the seven
nests occurred. Further, this small area was situated on the steep slope of the
pond side, three of the nests being found 109 em. from the edge while the others
were strung out between this point and the edge. There were no nests on the
flat surface of the forest floor above. Thisseems to indicate that low depressions
are not invariably selected, but that the character of the cover and degree of
moisture are important factors in the selection of the breeding site. Invariably
the nests were in an area later to be submerged by the early winter level of the
pond.

Our method of hunting for the nests was as follows: On moving over the
surface of the ground on hands and knees we would feel for a slight “give.”” This
would indicate the presence of a burrow mouth or depression under the leaves.
As such situations usually contained nests, our hunting on October 4 consisted
of feeling for such spots. The method of feeling for nests was finally abandoned
because we found that pushing in the nest roof tended to disturb the brooding
female. We first developed a much better method while studying one of the
ponds at Coram, Long Island, during 1930. Here the water vegetation had
become matted down and dried during the summer drought. Standing in the
deeper parts of the depression, we cut a strip of this matting three or four feet
wide and rolled it back towards the higher ground. A great many nests were
found scooped in shallow depressions in the dirt floor of the pond, and were
fully exposed as the matting was rolled back.

Mr. Sam Yeaton has examined other localities on Long Island where other
methods of hunting had to be employed. His field notes are also of interest in
indicating the importance of humidity in regulating the nesting site selection.
At Lake Grove, on September 18, 1931, he found:
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“The bottom of the pond was sandy, very dry and barely covered with
humus. Thirty adults were found, usually in small groups in the side of tunnels
formed by mice or possibly by the salamanders themselves. Most of the sala-
manders were about three inches below the surface of the sand. No eggs were
found here, although we found over twenty gravid females. Two specimens
were discovered about six inches from the ground in the low branches of shrubs.
A female with a nest of eggs was found the same night at Coram near a small
back-water between Coram and Middle Island.

““On September 19, 1931, eighty-three adult opacum were caught at Jones
Pond, Miller’s Place. Only a dozen of the females were brooding eggs but the
remainder were swollen with eggs. The brooding females had scooped out
shallow depressions beneath the sheets of matted grass where the ground was
still moist. The bottom of this pond was very flat and the nests were scattered
all over the pond floor and not concentrated at certain levels as is the rule in the
case of nests in dry ponds having steeper banks. In many cases the males and
females were found together. Some of the depressions in which the eggs lay
were natural irregularities of the pond floor but others apparently had been dug
by the female. Some of the females without eggs had dug shallow depressions
and apparently were preparing to lay eggs in them. On April 4, 1931, Mr. Jay
A. Weber and I dredged this area without finding any opacum larvae. This
would indicate that the ddults had not laid here the previous fall in spite of their
present abundance.

“On September 21, 1931, near Melville, Long Island, thirty-three adults
were collected, mostly brooding females.. Many females with eggs were on a
moist bank in depressions made by the hoofs of cows. On September 18, we had
visited the same locality and found no eggs. Males were found wandering in
damp places near the border of the ponds while the females were restricted to
suitable breeding grounds.”

These data indicate that the female opacum may change her breeding site
from season to season according to the degree of humidity present in any one
locality. The largest number of brooding females collected by Mr. Yeaton
during 1931 was obtained under sheets of grass or other vegetation in situations
similar to those at Coram. In 1930 at this locality we also found females
brooding their eggs under sheets of sphagnum. In 1931 Mr. Yeaton collected
forty-two adults in this habitat. The females in one area showed a decided
preference for sphagnum covering the roots of fallen trees. The nest level
averaged 30 cm. above the dry swamp bottom but because of the pitch of the
surrounding banks these roots would be inundated by the first heavy rains.

Mr. Yeaton made an especial effort to collect migrating opacum for it was
obvious that some specimens could not have been in their breeding sites all
summer. On September 19, 1931, near Miller’s Place, Long Island, he found
one gravid female beneath a stump on a gravelly hill-side about 180 m. from
water and on the other side a road separating it from any marshy places. An-
other specimen was discovered on the same day about one and one-half miles
from the nearest :water. There was a dry pond about 60 m. from this place
but it could not have held more than 30 cm. of water or have been more than
450 cm. square. No salamanders were found in this dry bottom and it is
doubtful if the captured female would have laid her eggs there.
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In 1932, after the present manuscript had been submitted for publication,
Mr. Yeaton made another visit to Miller’s Place with a view to observing a
more extensive migration of A. opacum to the breeding areas. In this he was
unsuccessful, but on September 9 he collected at Miller’s Place no less than
eighty-five males without finding a single female. There were no eggs or females
in this area which he knew from previous experience would be later occupied by
brooding females. Two days later the first females were captured in this area.
It is therefore clear that the males of A. opacum, like the males of A. maculatum,
precede the females to the breeding sites. This precedence of the males over
the females appears to be the rule of many migratory salamanders as well as of
frogs, of birds and of some mammals.

These data, although scanty, indicate that both sexes of opacum migrate to
suitable breeding grounds about the middle of September, the males arriving
before the females. The eggs are laid on land in moist situations. If the
locality is very dry, egg laying does not occur. Possibly the adults move on
toward more suitable situations. We have seen no evidence of a mass migration
such as occurs in Ambystoma maculatum. Since courtship, as we shall show
below, is not performed by great numbers of individuals at one time such mass
movements would not be expected.

The courtship of A. maculatum occurs in the water. This species does not
appear to be better fitted structurally for aquatic life than does A. opacum.
We were interested in testing the reactions of the latter species to submergence,
for it seemed possible that these reactions might throw some light on the breed-
ing behavior of the species. We carried out our first experiments in the field.

At the Rock Creek station a brooding female was placed in water several
centimeters deep and was observed to swim clumsily to the surface, endeavoring
to keep her head out. She swam in various directions but upon reaching an object
which provided a foothold she immediately climbed out of the water, instead of
seeking to escape under the submerged leaves and debris as Ambystoma macula-
tum would have done. In the laboratory, the behavior of A. opacum, both male
and female, when placed in water 10 ¢cm. in depth, were in marked contrast to
the behavior of A. maculatum and A. tigrinum, under the same circumstances.
Tigrinum was found to swim readily about the tank, eagerly accepting food
offered to it under water. Maculatum was equally at home in the water, al-
though it was not capable of the same ease in swimming. Opacum, however,
under these circumstances, showed signs of distress, swimming violently and
clumsily about the tank, endeavoring to escape by climbing movements of the
limbs. Three pairs of opacum were placed in a tank with a water depth of 2 cm.
and provided with a stone shelter, the top of which was near the surface of the
water. Under these conditions the animals were always able to keep their
heads above the water and walked leisurely about seeking an escape, when they
were not resting on the stone work. Next day the water depth was increased
3 ecm. The animals immediately made a more violent effort to escape, striving
to keep their heads above water. When the depth was increased to 15 em. two
of the animals drowned; the remaining four, by dint of stretching up from the
rock work, were able to continue atmospheric respiration. When the depth was
reduced to 2 cm. the specimens moved about in a leisurely manner. Specimens
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kept for a month in water having a depth of 2 to 3.5 em. never became com-
pletely acclimated to that element, refused food and consistently endeavored to
escape. From this it would seem that A. opacum is certainly not at home in the
water and will drown if denied the opportunity to indulge in atmospheric

i

Fig. 84. Two pairs of Ambystoma opacum collected on Long Island showing extremes
of variation in color pattern. Females (A and C) may be striped or cross-barred. Their
color pattern does not distinguish them from the males (B and D).

respiration while in that element. It is certain that in nature the species never
deposits its eggs in the water and that the female must desert her nest as soon
as the pond basin begins to fill with water.

SEXUAL DIFFERENCES IN COLORATION

Ambystoma opacum is unique among the species of the genus in exhibiting a
consistent difference in color between the sexes during the breeding season.
The white color pattern along the back is distinctly whiter in courting males than
in females. Nevertheless, as indicated below, we have failed to find that this
color difference plays any role in sex recognition or courtship.
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Fig. 85. A series of brooding Ambystoma opacuimn collected in the vieinity of Washington,
D. €., illustrating the wide range of color pattern variation found in the adult female.















































































































