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[ NTROLUCTION

Salamanders have beeu the subjects of many
ecological studies but little is known of their pop-
ulation ecology. Tt has been estimated by Conant
(1952) that they are among the miost abundant
terrestrial animals, yet they, and any effects which
they may have on their environment, are often ig-
nored.

The purpase of this work has been to study the
distribution of Plethodan ¢. cinereus within the
soil as a means of interpreting held captures.
Most field studies of salamanders have been based
upon captures made beneath superficial shelter
objects such as logs and stoues, although 1t has
been known that the salamanders thus captured
might not constitute a major part of the popula-
tion (Test and Bingham [948). Seasonal differ-

' A portion of a doctoral thesis submitted to Rutgers
University.

* Now : College of Fisheries, University of Washington,
Seattle, Washington.

ences in the surface captures wmay reflect differ-
etices in the behavior of individuals rather than
changes in the population as by death or dispersal
(Test 1955). While the mineral sail has heen
frequently suggested as a refuge (Conant 1952,
Test and Bingham 1948, Vernberg 1953), it has
not heen acdequately studied as a habitat. An un-
derstanding of the vertical distribution within the
soil and the factors which influence this distribu-
tion is needed to interpret the surface captures.
This study was intended as one step toward the
preciction of the parameters of a population when
the parameters of the surface population and the
appropriate environmental factors are measured.

Three approaches were used: (1) a field plot
in which a study of the surface captures of
Plethodon was made under natural conditions,
(2} underground cages, in which the vertical dis-
tribution could he measured under partially nat-
ural conditions, and (3) mazes, in which the
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vertical distribution could be measured under con-
trolled, simulated soil conditions.

MEeTHODS

The animal

The red-hacked salatnander, Plethodon ¢. cin-
erens, is common in the northeastern part of the
United States. The natural history of the lungless
famity Plethodontidae has been summarized by
Duant (192G). [ this species the entire life cycle
ts completed an land.  Breeding takes place dur-
ing the summer, and the eggs are laid in crannies
in logs ; the female, and occasionally also the wiale,
remain with the eggs. At hatclung, durmg late
sununer or autumi, the young have lost their gills
and are adapted for the terrestrial habitat {(Nable
1954). The species feeds upon small inverte-
brates, primarily tusects (Jameson 1944).

Location

The field studies were done tn the William L.
Hutcheson Memorial Forest, formerly kuown as
Mettler's Wouads, lacated an the eastern edge of
Fast Millstone, Somerset County, New Jersey.
The plot and underground cage studies were done
tn a portion of the woads which has never been
cleared. The woods is the least disturbed forest
stand on the piedmont platn in New Jersey.

The canapy over most of the forest consists of
white oak (Quercus atha), black oak (Q. velu-
tina), and red oak (Q. rubra), along with some
red hickory (Carve ozalis), and shagbark victory
(C. owvata). White ash (Fraxinus anericana),
beech (Fagus grandifolia), sugar maple (Acer
saccharwiy, red maple (4. rubrum), Norway
maple ( A. platanoides), and sweet cherry (Prunus
avium) contribute to the discontinuous subcanapy
between the canopy and the understory. The
understory layer consists of a continuous cover of
flowering dogwood (Cornus florida). The shrub
cover is markedly influenced by drainage. On the
well-drained areas (ca. 509% of the plot) maple-
leaved viburuum {Fiburnum acerifoliunt) is the
principal shrubs; the herb stratum is composed of
May apple (Podophyllum  peitatiom), spring
beauty {Claytonia virginica), rueanemone (An-
emonella thalictrordesy, spring cleavers (Galium
aparine), false Sovymon'’s seal (Swmiacing race-
wosa}, Solomon's scal (Polygonatum biflorum),
jack-in-the-pulpit (Arisaema triphyllum), Carex
spp., and enchanter’s nightshade (Circaca quad-
risulcata). The moss stratum is poorly developed.
The poorly-drained area along the stream has a
shrub stratum of spicebush (Lindere benzoin)
and arrow-wood (Viburnum dentatum), This
area differs from the main body of the forest by
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the absence of a definable understory tree stratum
and by the sparseness of the canopy due ta the
greater cancentration of blown-down trees. Sev-
eral species of Rubus, greenhrier (Swmilax ro-
tundifolia), and numerous saplings occur here.
Herbs are abundant.  Skunk-cabbage (Symplo-
carpus foetidusy, spotted touch-me-not {Jm-
patients capensis), and clearweed {Pilea pumila)
are characteristic { Monk 1957).

The soil is classified in the Denu series and is
weathered from a red shale (Brunswick forma-
tion) of Triassic origin (Ballont 1958). One
profite was described from an upland, well dratned
area as follows: Agg | i, leaf litter of deciducus
trees; Ay, L in., partially decomposed plant resi-
cdues, very friable; A, 2 in., dark gray, not con-
tinuous, rather erratic, vich in arganic wmatter ; As
8 in., brown, silt loam, worm holes {and mamumal
hurrows ) and roots abundant; Az 2 in., transition
2one, 1o ahrupt change in the harizons; By 8 i,
reddish yellow, silt loam; B2 or B-D 4 in,
yellowish-red, loam; C ar 12, at 24 in., red, sandy
loam, hedrock, The soil of the stream flaad plain,
and in particular at the location of the under-
growd cages, has a different nature. The Aoe
aud Ay are thinner, the soil is very poarly drained
and genetic profile development is lacking, The
soil is dark gray to a depth of 10 in. where a 2 in.
stone-like porous layer of clay and iron s present
due to the interaction of the shifting water table
and the iran from the red shale hedrock. Beneath
this layer, steel-blue clay is found at least to a
depth of 14 in. below the surface. Animal bur-
rows are ahundant in the upper layers.

One notably vartable climatic factor during the
field work was precipitation. The year 1957 was
dry with rainfall of 35.27 in. or 876 in. helow
normal.  In contrast, 1958 was unusually wet,
with 49.81 in, 5.78 in. higher than normal. (Rain-
fall and temperatures are shown in Fig. 3.)

The field plot

A 70 X 90 ft plot, set up paralleling “Spoaocky
Brook," a small intermittent stream that dries up
alinost every summer, was marked off in a 10-ft
grid system (cf. Figs. 1 and 4).

Natural cover for salamanders consisted of
pieces of lags of all sizes and in all states of decay,
and leaf litter which almost completely covered
the soil except where washed away by the oc-
casionally-swollen stream. The pieces of logs
were considered to be shelter objects and were
arbitrarily classified as movable or non-movable.
Thase classified as non-movable were logs too
heavy to be moved, pieces of dead roots partially
ot the surface and partially imbedded in deep
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FiG. 1.
shelter abjects and open forms represent non-movable shelter abjects.
suspended above the soil.
perimental shelter boards, circles represent experimentally placed racks.

sail, and fragments too small and too numerous to
move; this totaled 153 ft? within the plot.
Mavable caver, which could be turned for routine
examination, totaled 187.5 ft2. The distribution
of movable and non-movable caver is shown in
Figure 1. Leaf litter was not mapped because the
amount varied from place to place seasonally,
Roats of living plants were not counted as cover
although there is no reason to suspect that they
could nat serve in this capacity. Logs suspended
over the soil, but not touching the surface, were
not counted as cover.

To this natural cover were added 39 pine boards
12 % 10 x 1 1n., and one similarly-sized piece
of tar paper. These were placed at grid points
throughout the plot but especially in the areas
deficient of natural cover. Eight stones, each
approximately 14 ft? in area, were used along
the stream in place of boards. These experi-
mental shelter objects were placed during Gctober
and November 1955. Thus a total of 340.5 ft?
of natural, and approximately 44 ft? of experi-

Map of the research plat showing the grid system and the caver.

The sizes and shapes of natural shelter abjects are shown.

Solid forms represent mavahle
Datted lines represent logs which are
Squares represent ex-

mental, shelter occurred in the area during th
study.

Between Noavember 1955 and November 195¢
119 searches of the plot were made. A singl
search cousisted of over-turning the movable nat
ural shelter objects and the experimental shelte
objects and examining the surface of the objec
and the litter beneath it for salarmanders. Tha
entire plot was searched in a minimum length o
time, usually one to 2 hours. These searches werq
made during all hours of the day and night.

Other areas were sampled less frequently that
the plot. An area immediately outside of the
plot, designated as I-1 was searched as completely
and frequently as the plot after the spring of 1956
This area measured approxmiately 500 ft? and
contained 37 {t? of cover, all natural and movable
The periphery of the plot was frequently searched
Occasionally searches were made in the remainder
of the forest.

Adults fram the plot were measured, marked,
and released. A salamander was measured by
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placing it on a card and prodding it gently mto a
suitable position. The position of the head. vent
{estimated ) and tip of tail were marked on the
card and measured in the lahoratory. This proved
to he as accurate as stretching the animal along
a ruler edge and it was less time consuming and
required less handling. The methad was accurate
to within £2 or 3 mum for an 80 mm salamander.
At this time the general condition of the animal,
the location, aud time of capture were noted.

Fach individual was numbered by means of toe
clipping.  All but the smallest Plethodon could
be marked in this manner. Despite the possi-
bility of nou-recognition of a marked animal be-
cause of the regeneration of clipped toes, toe clip-
ping is the method recommended by Woodbury
(1956) after a review of marking methods. A
method of suturing was attempted, but abandoned.
The animals were released at the point of capture
within 5 minutes of capture.

The temperature was measured at the heginning
and/or end of each search. These readings were
taken at grid position As at the hase of a tree and
an the surface of the litter. From Navember,
1955 to June, 1956 a thermistor was used; later
a rapid-reading mercury thermometer was used.
Temperatures were also taken at many of the cap-
ture sites hy means of a rapid-readiug ther-
mometer. A set of maximum and minimum ther-
motieters was left in the plot or in the cages to
measure the range of temperature on the floor of
the forest.

From September, 1956 to the end of the study,
sail samples were taken from the majority of the
capture sites. This was done by collecting 20-30
grams of soil from the exact location of the
salamander capture. The soil was placed in a
smiall vial, corked, brought to the tahoratory, un-
corked, weighed, dried in an oven slightly abave
100°C for at least 24 hours, and reweighed. The
soil moisture was expressed in terms of weight
of water per weight of dry soil.

Undergraound field cages

Four underground cages were installed approxi-
mately 15 ft from “Spooky Brook’ near the re-
search plot. The soil in this area was that of the
stream food plain. The cages were buried to a
depth of 12 in. and extended 6 in. above the soil.
The cages (Figure 2} were made of plastic Saran
mesh (16 threads per in.) with wooden supports.
Originally the tops were fastened with eyelets
and hooks around the wooden edges, but later
heavy duty brass zippers were used and found to
be more satisfactory. To prevent mammals from
burrowing through the sides, the 4 cages were
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Plethodaon distribution under semi-natural conditions.

placed within an enclosure of hardware cloth
that extended 14 in. below ground and 10 in.
above ground level. The cages were arranged
6 inches apart in the form of a square.

Two of the cages were Htted with trays through
which salamanders could pass but which would
support the soil. Each tray was made of wooden
sides, 2 in. high and ¥4 in. in thickness, with an
open mesh bottom.  Originally a rayon “fish net”
curtain material was used, but this had to he re-
placed each month because of ratting. In 1958
galvanized hardware cloth of 14 in. mesh was used
after it was ascertained that the metal was not
toxic to Plethodon. The length and width of
each tray was such that it fit somewhat loosely
into the plastic mesh cage  Six such trays were
fittedd one on top of another into the bottom of
each of the cages. The cage and tray design is
showu in Fig. 2. The salamanders were able to
move ahout, between, and along the sides of
the trays with little difficulty. Thus they had
access to the depths of the soil either by burrowing
through soil and mesh or by moving down the
sides hetween the Saran mesh and the tray sices.

[ustruments were buried in one of the trayless
and one of the trayed cages when they were filled
witlt sait. Thermistor elements were buried at
the 3 in., 6 in., and 12 in. levels. During 1957
gypsum soil blocks were buried at the 3 in. and
12 in. levels to measure vertical moisture gradi-
ents. The thermistor elements and gypsum hlocks
were read with an A. C. chmmeter. In 1958 sail
samiples were taken to measure the soil maisture
in place of the gypsum blaocks.

Ten Plethodon cineveus, collected from other
locations in New Jersey, were placed in each of
the four cages. These were replaced as animals
died or escaped.

The trayless cages were sampled by quietly
apening the lid, searching the top inch of soil
and litter, recording any captures, and taking in-
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strument readings.  The trayed cages were
samypled as follows: a large sheet of plastic was
spread on the ground beside the cage; the trays
were removed as rapidly as possible, and stacked
with plastic tnterleaves ; the trays were then indi-
vidually searched and salamander captures were
recorded as to tray number.  The wmean depth
was cileulated on the basis of the tray nuihers
it which the salamanders were found. Thus all
salamanders found in the top tray, whether on top
or under the [itter were counted as being in tray
I, The salamanders were reptaced in the trays
in which they were found, and the trays were
replaced in ‘their original order.

The cages were sampled immediately hefore
and/or after the vatural plot was scarched during
the fall of 1957 and during the summer and fall of
1938, and once during Aprtl, 1959, Flibernation
survival was measared for the winters of 1957 and

1958,

Mazes—an experimental subistrate

Plaster of Laris mazes were constructed as a
means of observing the vertical distribution of
Plethedon within a simulated soil environment
whiclt required neither handling of the animals
nor destroying the environment far cach observa-
tion (Figure 3). The surface was expased to
light and dark cycles white tunnels helow the sur-
face were dark except for brief periods daring
observations.  Within the muazes the changes in
salamiander distribution in respouse to various
mrsture aned temperature gradients were meas-
ured.

Fach maze was niolded and used in a 10 in.
diameter battery jar coated with a thin layer (ca.
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Plethodon  distribution under controlled simulated soil
cotulitions.
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mm) of paraffin. A tall jar of 6 in. diameter was
coated with petroleum jelly and placed in the
center of the hattery jar. Small plugs of plaster
{talded from wax casts of size 2 rublber stop-
pers] were attached to the center jar and covered
with petrolemn jelly.  (These plugs were in-
tended as a means of measuring the percentage of
matsture ). PMaster of Paris was mixed with half
its volutne of water and poured into the battery
jar to a depth of 2 in. This was permitted to
Darden, and the surface was coated with petraleam
jelly.  ‘Three additional layers were poured in
this manner so (hat the depth of the maze was
& . The hattery jar was then tirned upside
down and lieated so that the pacaffn melted. Thus
the plaster Tayers were remaved from the glass
Jar. Fhe 4 fayers were then separated  and
cleancd. Crraoves of approximately 1 et diameter
were gouged around the circumference so that they
formed tunuels, or burrows. The glass formed
one wall of the hurrows when the mazes were
placed o the Dattery jars. A horizontal groove
was gaouged n the center of cacl of the 4 layers
and 11 vertical grooves were gouged the depth
of the 4 layers.  The center cavity, which re-
mained after the inuer jar was removed, provided
access for instruments.  This was covered with
a thin layer of plaster which provided*a complete
surface for the salamanders.  The small plaster
plugs were removed, cleancd, and replaced. [n
use, the hattery jar was covered hy a black plastic
cover up to the top of the plaster. The mouth
of the jar was covered with a fine netting of
uylon and, in later experiments, with hardware
cloth.

Motsture gradients were determined at the time
the mazes were set up. Two qualities of moisture
were used. “"Wet” was a layer soaked to take up
a maximum amount of water, which required 10-
15 minutes, and drained for at least 30 minutes,
until it no longer dripped. “Dry” was air-dried
for greater than 1 wmonth after construction.
During the course of an experiment there was a
slight tendency for the dry layers to gain water
while the wet layers lost water. The tendency
to gain water was greater for the hottom layers.

Moisture conditions were as follows:

wet/wet  Uniformly wet—all 4 layers soaked.
wet/dry Top 2 layers wet, bottom 2 dry.
dry/wet Top 2 layers dry, hottem wet.

The heating equipment, installed in 3 of the
mazes consisted of 660 watt Nichrome heating
elements placed in heat resistant and waterproof
plastic tubhes. Two were placed in each maze,
ane hetween the first and 2ud layers, and the other
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between the 3rd and 4th layers. C(anals were
gouged out to hold the tubes so that the layers
fitted snugly together again. Electricity was
supplied through a transformer, usually at 10
ta 15 wvolts, to either the top or bottom heaters
of the 3 mazes in parallel.

Twao types of cooling equipment were used. For
hottom cooling the battery jars were placed in a
rutining cold water bath to a level between layers
2 and 3. For cooling the tops of the mazes,
plastic tubes of 2 in. diameter (made by heat
sealing sheet plastic) were held against the battery
jars by hardware cloth frames. The frames were
covered with black plastic and the usual black
cover cane up to the hottom of the cooling frame.
The temperature conditions were designated as
follows :

TA sessonal  temperature, no  superim-
posed gradient.

hot/cool  hot on tap, coal an the battom.

cool/hot  caul on top, hot on the bottom.

B seasonal lemperature, no superim-

posed gradient.

Two thermistor elements were placed in one of
the mazes at the top aud bottom layers. Occa-
sional checks were taken with mercury ther-
mometers in the other mmazes.

The 3 mazes with lieating equipment were kept
ju a greenhouse and were subject to seasonal
light cycles and temperature conditions, as a base
upon which temperature gradients were super-
imposed. [For each experimental run one of these
mazes was set up under wet/wet, one under wet/
dry and one under dry/wet moisture conditions.

One maze, which served as a control, was kept
under the same temperature, hghting conditions,
and moisture wet/wet, during all experimental
runs,  Temperature control was maintained by
a constant temperature incubator placed within a
constant temperature coldroom. The tempera-~
ture within the incubator was maintained at 18°
+ 2°C. The light cycle was regulated by a time
switch to give 12 hours of light beginning at 0600
EST and 12 hours of dark. The light was sup-
plied by a2 6 watt Westinghouse bulb. (The No-
vember control sample was run with a 6 watt
General Electric bulb which gave off more heat;
for this reason the November control data have
not been used). During the “day” the top of the
maze was a few degrees warmer than the bottom,
where the temperature was measured.

For each experimental run 12 salamanders
were put on the surface of each of the 4 mazes on
day zero, and left without the superimposition
of temperature gradients {TA), until day 3, at
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which time observations were made at 1400 and
2000 EST. At the end of the 2000 EST absetva-
tion, the 3 greenhouse mazes were subjected to
caoling on the bottom and heating toward the
top te produce the hot/cool condition. The mazes
were maintained in this condition from the
evening of day 3 through the evening of day 3,
when observations were made at 1400 and 2000
EST. After the 2000 EST gbservation, the green-
house mazes were subjected to heating on the
hottom and cooling toward the top to produce
the cool/lot condition. Observations were made
of the T3 condition on day 7 at 1400 and 2000
18ST. At the conclusion of T3 condition all tem-
perature regulation was ended, and greenhouse
mazes were perniitted to obtain a uniform tem-
perature (TB), which was usually stmilar to the
first temperature condition. This was maintained
until day 10 when the final pair of observations
took place. Observations of the contral were
made immediately after abservations of the green-
house mazes. Thus each moisture condition was
subjected to the same regime of temperature con-
ditionis, and the control and the 3 moisture condi-
tions in the greenhouse were observed almost
simultaneously. '

(bservations were made by lowering the hlack
plastic cover and gently rotating the maze. The
position of each salamander was sketched on a
data sheet, Temperature conditions within the
mazes were measured immediately after the ob-
servations. At night a 6 volt headlight was used
for observations. The horizontal hurrows were
used as depth indicators, level one being 1 in.
Lelow the surface; level two, 3 in. below the sur-
face ; level three, 5 in. helow the surface; and level
four, 7 in. below the surface. Thus a depth of
2.5 indicates that the center of a salamander’s
hody was hetween the 2nd and 3rd horizoutal
layers, or 4 in. helow the surface.

The mazes were cleaned and soaked for each
month’s run. The following runs were made: 2
simultaneous runs in February {wet/wet, without
temperature gradients); early May; late May;
July; August; September; October; November;
and December., With 2 exceptions the sala-
manders for each run were captured within 2
days of beginning of the run. The salamanders
used in the February runs had been in captivity
all winter, and the animals used in the December
run were mostly those that had been used in
Noavember. The salamanders for each maze were
selected randomly from the fresh captures of
Plethodon of more than 40 mm head to tail length
taken from various parts of New Jersey.
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REesuLts

Horizontal disiribution and movement in litter

One hundred nineteen routine searches of the
research plot yielded 145 captures of Plethodon .
cinereus, 118 Euryecea b. hishineate, and 3 Pseudo-
fritan r. ruber. Within the [-1 and peripheral
areas 83 Plethodon, 24 Eurvyecea, and 4 Pseudo-
triton captures accurred. These were the only
species of salamanders found in the forest. Of
the Plethodon captures, 549 were of the red
phase and the remainder were of the dark phase.

The haorizontal distribution of captures within
the plot 1s analyzed with respect to the stream in
Figure 4. The plot has been divided into two
areas, (1) the stream and vicinity, a strip 30 ft
in width which constitutes 43% of the plot, and
(2} the area away from the stream, which 15 37%
of the plot. If the salamander distribution was
independent of the stream, approximately 43%
(62} of the captures should he in the vicinity
of the stream, whereas only 49 of the 145 Pletho-
don captures actually occurred near the stream.
A Chi-Ssquare test, showed significant differences
between ohserved and expected frequencies (y* =
48, df.=1, p < 0.05).
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F1c. 4. Chart of the research plot showing the haori-
zantal distribution of captures.

One hundred fifty-four Plethodan were marked.
Twenty-four individuals were recaptured ; 20 were
recaptured only once, 1 was recaptured twice, 2
were recaptured 3 times; and 1 was recaptured
4+ times. At the conclusion of the study the
majority of the salamanders captured showed no
sigus of having been marked.

. The horizontal movements of the animals are
shown by the distances moved between captures
of marked animals. Twenty-seven measurements
were taken between capture sites of 20 Plethodon
individuals. There were 14 distances of less than
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1 it {usually under the same object as the previous
capture), + of 1-5 ft, 5 of 6-10 ft, 1 of 11-15 ft,
and 3 of greater than 16 ft distance moved be-
tween captures. There was no correlation he-
tween the number of captures of an individual
and the greatest distance between captures. The
direction of the movements and the searches of the
peripheral area gave no indication of immigration
mto, nor emigration from the plot.

Several searches of the plot frequently occurred
hetween recaptures of marked individuals. A
mean of 10 searches accurred hetween successive
captures, the maximum heing 56 searches of the
plat; on the 57th search this specimen was found
under the same object from which it had originally
been captured 11 months previously. There
was no carrelation hetweea the length of dis-
appearance and the distance moved.

Effects of environmental factors on
occrrrence in the littey

Under natural conditions the vertical move-
ments and resulting distribution can best be in-
ferred by the abundance of litter captures (as-
suming a stationary population size). The cap-
tures are shown in control chart form in Figure
3 along with the temperature of the forest floor
and the rainfall as recorded at the New Brunswick
Station of the U. 5. Weather Bureau. The control
chart method is a statistical means of deciding
whether variation is due to ‘‘chance” or are larger
than would be expected due to chance alone. A
potnt falling outside of the control limits at =3
standard deviations has a probability of occurrence
of less than 0.01 and is said to be due to an
“assignable cause.” The chart here is based on a
Paisson distribution because, according to Dice
(1955}, frequency of capture data best fit this
kind of curve. For example, if the distribution
is random, the number of samples in which 0, 1,
2, ... are counted will {all into a Poisson series.
This method is number 16 as described in the
ASTM manual on Quality Control of Materials
{1931).

Plethoden captures increased through spring,
sharply decreased through the summer, and then
increased sharply in the autmn in 1956 and 1958,
The higher Plethodon captures/search tended to
be made as the temperature increased during
spring and as it decreased during avtumn. Tem-
perature readings taken by a rapid-reading ther-
mometer at salamander capture sites were usually
within 1°C and never more than 2°C of the
temperature taken at the sutface of the litter at
the A, grid position. Therefore the A, grid tem-
perature is an approximate measure of the tem-
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Fig. 5. Contral chart of Plethodon captures, compared with daily rainfall, from U.S. Weather Bureau

summaries, and temperature on the forest floor.
during each search.
+J3 standard deviations.

The control chart refers to the numbers of captures made
The center line represents the mean.
The lower control limit for both species is { captures /search.

The datted line is the upper control limit at
In the tempera-

ture graph, the heavy lines are the maximum and minimum temperatures; the lighter line represents

the temperatures at which the searches were made.

perature of all the captures made during a given
search. When the number of salamanders cap-
tured at each temperature is divided by the num-
ber of searches at that temperature, any bias is
removed which might have been introduced by
sampling any temperature a disproportionate
number of times {Figure 6). Captures occurred
from 5°C to 25°C with a mean of 13.3°C (s =

HUMBER OF SEARCHES

1 2 ? 4+ 12 2 r 1] L] i L]

sk PLETHOODOON C.CINEREUS
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X
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'r ]

CAPTURES /# SEARCH

a
v

o 25 S50 7% 100 (25 150 (7.5 200 225 250 25 ¢
3z At ¢

TEMPERATURE

Fic. 6. Average captures per search with respect to
temperature. The number of animals found at each
temperature has heen divided by the pumber of searches
at that temperature.

9.7, n = 135). The distribution is skewed toward
the lower temperatures.

It may be noted in Figure 5 that heavy rainfalls
frequently, but not invariably, preceded unusually
high numbers of captures/search. For example
the heavy rains during July and August did not
result in high captures of Plethodon during 1956
nor during 1958,

The scil moisture (weight of water X 100/
weight of dry soil) of salamander capture sites

20
"'| PLETHODON C. CINEREUS
- X 132%
751 z
o 52 103
g — N: 94
L"" 10|
3
| mﬂ]ﬂ ifilt
-]
o _ M
20 100 180 260 340 420 500 %
SOIL MOISTURE
(Percentage of Dry Weight)
Fig. 7. Histogram of captures with regard to soil
moisture.
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(Figure 7) had a mean of 132% (s =103, n =
94). The very great amounts of water reflect the
high organic content of the surface soils.

The data show a mean of 1.129 captures/search
(s = 1.74, n =77) during the day as compared
to 1.38 captures/search {s—=2.19, n = 41) dur-
ing the night. These means were not significantly
different (z = 0.72, P = 0.22).

Twenty % of the 1956 Plethodon captures were
estimated as having hatched that year on the
basis of size distribution. In 1957, an unusually
dry year, only 6.3% of the captures were in the
first year class. In 1958, 30% of the captures
were estimated as being in the first year class.

The experimental cover yielded more sala-
manders per square foot (mean of 1.20) than
the natural cover (.30},

Vertical distribution
Within the trayed cages Plethodon moved
downward to the full depth of 12 inches. The
average depth for the entire study was 5 in. (tray
level 3.5). The mean depth for 1957 was 7 in,
(tray level 4.6) while that of 1958 was 2.8 in.
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Fui. 8  Vertical distributions of Plethodan in the
~trayed underground cages. Two cages were run simul-
taneausly. Each number represents the numhber of sala-
manders found in that tray during a single observation.
The circled dot represents the average depth for each
cage far each year, Summated distributions are shown
ta the right. The percentage of salamanders found in
the surface tray (tap inch of litter and soil) is indicated.
The slanted lines represent the water table.

RED-BACKED SALAMANDER IN S0IL

689

(tray level 2.3). As shown in Figure 8, the over-
all pattern of distribution was higher in 1958 than
in 1957, The known differences between the 2
vears were: (1) rainfall and therefore water tahle
level, and (2) the addition in 1958 of batk to the
natural leaf litter. Environmental factors ap-
peared to influence the vertical distribution since
trends, as shown by the changes in the means,
frequently carresponded in the 2 trayed cages
that were run simultaneously. The environ-
mental factors considered were daily light-dark
cycle, temperature, water table level, and soil
moisture.

There was no diurnal difference in vertical
distribution as shown by the means of night and
day searches, hoth means bemg 3.5, More
Plethodon were found on top of the ltter at
night, but there was no shift toward the surface
in the overall vertical distribution. During part
of 19537, equal numbers of searches were made
during 4 time periods, 0000-05530; 0600-1150;
1200-1730; 1800-2350 EST (Table I). A slight
tendency was noted for the distribution to be
nearer the surface during the 0000-0550 period.

TaeLe L. Vertical distribution of Plethodon during 4
titne periods. Several searches have been summed for
each time period

Tive Perron, EST
Depth| Tray ————

in. no. | 00000850 | 0600-1150 | 1200-175( | 1800-2350
1 1 3 L 1] 1

3 2 5 5 (] 1
5 3 20 13 12 14
7 4 ] 12 15 14
9 5 11 15 14 I5

11 6 1<} 14 L5 15

12 b 15 14 11 {

Hoawever, the vertical distributions of these time
periads were not significantly different as tested
by a Chi-square test of homageneity (3> = 15.66,
df. =9, P=007). The temperature range
studied was —6°C to 25°C. Temperature
seemed to have an effect only at the lower end of
this range, as shown in Figure 9. No salamanders
were ever found at temperatures below 4°C al-
though such temperatures were sampled 15 times.
Immediately above 4°C captures were ¢ommon,
although there was a tendency for salamanders
to avoid all temperatures below 10°C if a higher
tetnperature occurred in the cage. No avoidance
was nated at the upper end of the temperature
range studied. The temperature range over which
Plethodon were found here, 4°-25°C, agrees al-
most exactly with the range over which Plethodon
were captured in the research plot, 5°-25°C,



o
s

f
i

20 _#'c

l
-

h

. &
P AT L r N S

-

oY IQ, Y

s s
a
d
all' T (e
1‘% 3
3
4
r
5 duLr 3m, rase
:
[} 4
NumBEr _oF
oo M TN A AN - NS Qo gt oy e
ar T T AN = o — s — -
a 2o 3
5t
axt
FECE S
- o |
5 fis
=Bl &
ER
~ |
m b
@ o
é -
E Bk
T
g -

25¢

-5 O 5 1G 3 20

TEMPERATURE
Fic. 9. Plethoden distribution in the trayed cages with

respect to temperature.  The histogram shows the fre-
quency of capture at each temperature divided by the
number of times that temperature was sampled. The
temperatures sampled and the numher of times each
temperature was sampled is illustrated abave the histo-
gram. The salamander distributions over 3 temperature
ranges are shown in the upper hali of the Figure as
samples of the raw data. Each number represents the
number of salamanders found at that depth and tempera-
ture. The line represents the range of temperatures as
measured at the surface, 3 in, 6 in, and 12 in. levels.

There was a definite avoidance of levels which
were helow the warer table (Fig. 8}, As the
water table rase, in both 1957 and 1958, the entire
distribution was shifted upward. Even after the
water table dropped in November, 1958 the sala-
manders did not rapidly reaccupy the formerly in-
undated sail. Occasionally salamanders dropped
from the sides of the trays into the water and
remained there for several minutes but they al-
ways returned if the cages were not disturbed
for a few minutes.

Study of the vertical distribution of soil mois-
ture is a complex problem. Soil moisture is best
discussed in terms of the tenacity with which soil
water is held or the force necessary to remove
water from the soil {Lutz and Chandler 1946).
The percentage of water found in the soil is not
necessarily a meaningful measure, since soils of
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different locations and of different depths at the
same location are saturated at different percent-
ages and will hold soll water with different
tenacities. Thus at the site of the cages, the soil
of the first 5 in. 1s saturated at G1.2% soil water,
while the soils at depths of 6-10 in. and 11-13 in.
are saturated at 35.5% and 28.6% respectively.
The surface sols will also yield water more readily
than the lower layers as shown in Table [I. The
soil in the cages was almost always saturated and
the methods used here did not give as sensitive a
measure as would be necessary to relate slight
changes in the vertical pattern of soil moisture
to the salamander distrihution.

TasLke I Water relations of the soil at the cage site
{poorly drained). The percent of moisture is the amount
of soil moisture remaining in the sail after extractions
at tensions incdicated by pF. pF is the logarithm of the
height in centimeters of a2 column of water equivalent to
the force with which moisture is held at the air-soil

surface. FEach value is the mean of 6 samples
% So1. WaTeER
pF
Depth {in.) at e
saturation 1.8 -2.5 3.0
{60 em.) | (§atm.) (1 atm.}
1-5....... 6129 46.0%. 44 49, 43 .14
6-10. ... .. 35.5 27.0 257 241
11-15. . ... .. 28 .9 27.1 26.5 26.0
T

Papulation estimates based on litter captures

Papulation estimates based on litter, results of
the trayed and trayless cages during a one week
period, were analyzed as described by Hayne
{1949). This uses a mark and release methad
to estimate the population by following the in-
crease of the proportion marked in samples drawn
fromt the popluation as additional animals are
marked. The data and calculations are shown in
Table IIT. In the 2 trayless cages, estimates of
11.8 and 9.9 salamanders were ohtained when 10
Plethodon had been placed in each of the cages
at the heginning of the study and 9 were recovered
from each of the cages at the end of the study.
In the trayed cages, estimates of 4 and 4.4 sala-
manders were ahtained when 10 Plethodon had
been placed in each of the cages at the beginning
and 8 and 9 respectively, were recovered in each
at the end of the study. The low estimates result
from the fact that some individuals tended to
remain on or near the surface while others were
nat captured on the surface at all. Thus in each
of the trayed cages only 3 individuals were found
on the surface during the 4 searches, while 5 and



Autumn 1961

Tante [II. Record of surface captures in trayed and
trayless cages, and calculation of population size esti-
2
mates (estimated population, P = wx
WXy
Nuwmper ar CAPTURER
Cage number I Prapartion of | Total na.
cateh previously | previously
Tatal handled handled
(W) Naw ald ¥l {x]
#1 (trayless) [] [} [ ¢ —
true population =9-11 3 1 2 50 4
9 2 7 .74 7
3 I 2 a3 9
P=1.9
#2 (tragless) 4 2 1] ] —
true population =4-10 2 L 1 50 2
| i L] L[} 4
P 2 1 .33 5
=49
#3 (trayed) 0 L] li] ] —
true population=4#-10 2 b L] ] ]
i ] 1 1.0 2
3 1 2 Lad )
P= 4.0
#4 {truyed) 1 1 il ] —
true populativn=9-10 2 1 L .5l |
1 1 1 50 2
| Q 1 1.00 )
FPe= 4.4

6 individuals were not found on the surface. ln
the trayless cages, which gave fairly accurate esti-
mates, 10 individuals were captured on the sur-
face of vne, and 6 were captured on the surface
of the other,

Caomparison of plot and cage distributions

In an attempt to see if there was a relatiouship
hetween the results in the experimental feld plot
and the results i the experimental Held cages, the
plot results were compared (1) with the surface
results of the trayed cages, and (2) with the
mean depth of salamanders in the trayed cages. Iar
each day of observations, the number of captures
of Plethodon within the plot was charted against
the percentage of salamanders found near the sur-
face in the trayed cages. A table of frequencies
was prepared fram this chart, Tahle [V, and the
frequencies were compared by a Chi-square test
of assaciaion (Simpson and Roe 1939), The data
do not suggest that a large number of captures in
the plat are associated with a large percentage
of salamanders an the surface in the cages {4* =
0.118, dt. =1, P=085). A similar test be-
tween the number of captures in the plot with the
mean depth in the cages also failed to suggest that
a mean depth near the surface was associated witl
large numbers of captures of Plethedon in the
plot, Table 5 (4> =0.238, df. = 1, P = 0.60).
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Tane IV. Comparison of the number of searches of the
plot with and withaut captures with the percentage of the
trayed cage population found on the surface

Caoe
% of population found in surface tray

Lesa than 109 10% or more

Plot.

Taws V. Comparison of the number of searches af the
plot with and without captures with the mean depth of
the salamanders in the trayed cages

Cage
Mot e S
% lower than j in. |§ higher than 3 in.
O captures....... .... b 3]
|
Greater than 0 eaptures| 10 | 7
i

Winter survival

Four and 6 {lethadon respectively, survived the
winter in the 2 trayed cages. Ten salamarnders had
been left i each of the cages from November 22,
1957 to June 1958. The vertical temperature
distribution was found to range from —6°C to
29C during 2 checks in February, 1958, No
salamanders survived the 1958 winter, which was
colder with less snow.

Vertical distribution under controlled
enzironimental conditions

When the salamanders were placed an the sur-
faces of the mazes, they wauncered about briefly
and then entered the tunmnels, usually within 10
minutes. Preliminary studies showed that they
were spread throughout the mazes at the end of
2 days. The overall distribution of the sala-
manders was measured by the mean depth in
terms of tunnel levels. The mean depth values
at each observation of each of the mazes are
shown i Figure 10. The trends can best be
seen in the results of July, August, and September.
Under uniformi temperature (TA) the sala-
manders were close to the surface in the wet/dry
maze (wet top, dry hottom}, near the bottom in
the dry/wet maze and spread throughout the en-
tire maze in the wet/wet maze, After the hot/caol
condition had been superimpased for 1-14 days,
the salamanders had moved downward in all of the
mazes. After the temperature gradient was re-
versed, cool/hot, the salamanders maved upward.
After all the temperature gradients were removed
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Fre 10, Mean depth of cach ohservation of each vun of salamanders in the mazes. Dats represent day
abiservations, and circled dots represent night ohservation.  All points within a vertical line were taken within
ane haur.  The depths are given hoth in inches (right) and in terms of the harizontal burrows (lefe}. The en-
viconmental canditions are indicated as follows: TIA scasonal temperatare, no superimposed gradient; T, hot/
cool; Ty, cool/hat; TIB scasonal temperature, na superimpased gradicnt (10 days after TINY : M, wet/wet;
M., wet/dry; M., doy/wet.

{TB}) and the mazes left for 2-14 days, the To test whether there was any effect upon the
distribution shifted toward the original TA pat- vertical distribution due to the salamanders being
tern, hut was typically nearer the surface, showing in the ntazes for 10 days, the first day observations
some lag from the cool/hot condition. During in the control maze were compared with the ob-
the cooler months (spring and fall) the tempera- servations of the 10th day. No significant differ-
ture effects were less extreme. The distributions ences were found.
of salamanders in the coutrol maze were relatively The averall analysis for seasonal effect is some-
constant. what misleading lecause the experiments in
The eftects of the 10 day captivity, season, tem- several of the months lacked the complete series
perature, moisture, and light have heen analyzed. of temperature gradients {February, early May,
The data have been presented and analyzed in an  late May, November, and December) ; this tended
analysis of means (Figure 11), as described by to skew the results. Thus Fehruary and May re-
Ott (1958}, but slightly maodified to handle un- sults appear to be significantly higher and lower,
equal sample sizes as given in the ASTM manual respectively, than the rest of the means lacgely
(1951). One use of this method is to compare hecause no temperature gradients were imposed
the effects of different factors and/or different during the February run, and each of the May
levels of factors upon the wvariation in results. runs lacked a complete cool/hot gradient for
The method consists of summing the results of all  both day and night. To remove the effect of in-
runs under each condition and comparing the complete rtuns, the seasonal effects were com-
means of each condition by a control chart. The pared under the TA, uniform temiperature, wet/
control limits are based upon the normal distri- wet, light condition, which was taken for each of
bution and are drawn at X =3 standard devia- the months studied. Using these data the monthly
tions of the means. mean vertical distributions are not significantly
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Fra. 11. Control chart of mean depth of salmanders
for total maze data. Letter symhbols as in Fig, 10. The
heavy center line is the mean. The dotted lines are the
control limits at &+ 3 standard deviations. The number
ahave each point represents the salamander observations
upon which that point is based.

different from each other. Under the control
conditions, no significant differences were found
in the vertical distributions of the various months.

A seasonal difference was seen in the surface
occurrence, although not at a significant level.
Occurrences tended to he high in spring and
fall, and low in summer in both the greenhouse
and the control mazes. This is especially note-
warthy in the control maze since only the animals,
but not the environmental conditions, varied
seasotally.

Moisture gradients significantly affected the
vertical distrihution of Plethedon. The sala-
manders avoided the dry layers if no temperature
gradients were superimpased. This 15 most evi-
dent under uniform temperature {(ie., seasonal
temiperature, with no vertical gradient). The
wet/dry maze had a significantly higher distribu-
tion (2.6 in., n = 161) and the dry/wet had a
significantly lower distribution (5.5 in., n = 166)
than did the wet/wet maze (3.9 in.,, n = 192).

Temperature gradients also significantly affected
the vertical distribution. The effect of tempera-
ture alane is most evident when the wet/wet con-
dition is considered, the average depths being,
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TA 40 in. (n=192); hot/cool 53 in. (n—=
166} ; coolfhot 2.5 in. (n=126); TB, 3.1 in.
(n=171). Under most of the temperature
ranges used, the salamanders moved toward the
caoler end whether it was in the upward or down-
ward direction. Because seasgnal, and therefare
different, temperatures were used in the green-
house mazes, it is necessary to examine each
temperature range -separately (Fig. 12). Here
the results of the hot/cool condition are shown
hecause the temperature ranges used were wider
than under the cool/hot condition. When the
tetperature exceeded 18°C the salamander dis-
tributton was skewed toward the lower tempera-
ture. The higher the temperatures, the mare
sharply the distribution was skewed. Plethodon
was never found above 27°C although the ranges
of July, August, and September extended up to or
beyond this temperature. When the minimum
ternperature was below 13°C, there was a slight
tendency to wmove away from the coal end.
Essentially the same results were seen when the
direction of the gradient was reversed. Thus
there was no indication that the salamanders
maoved downward any more readily than upward
in response to similar temperature gradients.

As an indication of the sensitivity of Plethodon
ta temperature, the distribution was skewed when
the gradient had a range of only 1.5 and 2.0°,
and where the Jowest temperature was above
18°C under caol/hot conditions.

The distribution under TB tended to be sig-
nificantty higher than at TA although similar
temperatures prevailed under both conditions
{Fig. 11). It appears that the raised distribution
due to heating the bottom under cool/hot condi-
tions carried over for the 3 day period after
the temperature gradient was removed.

The wet/dry and dry/wet mazes measured
the interaction between moisture and temperature
gradients. In these mazes salamanders avoided
the dry layers if no temperature gradient existed
or if the temperature of the dry layers was above
than that of the wet layers. Under both moisture
conditions there were a tendency to move anto
the dry layers if they were caoler and if the wet
hlocks exceeded 18°-20°C. Thus the same tem-
perature which caused movement from hot-wet
layers to cool wet layers sufficed to cause move-
ment from hot-wet layers to cool-dry layers. No
salamanders were found on layers which ex-
ceeded 27°C. ({Condensed water an the glass
somewhat alleviated the dry condition, but the
plaster gained very little water. Qccasionally con-
densed water collected at the bottom of the
mazes). When the temperature gradients were re-
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Fie. 12, Distribution of Plethoden under different

temperature ranges. All gradients were caoler toward
the hottom of the maze. The maze was uniformly wet.
The horizontal line represents the range of temperature
aver the 4 layers of the maze. Each dot represents the
position of a salamander.

moved, the salmanders went back to the wet
layers.

Salamanders were seen on the surface almost
exclusively at night. Of 815 day time sala-
mander observations, only two were an the sur-
face (0.24%) as compared to 29 surface ob-
servations of 774 night salamander observations
(37%) in the greenhouse mazes. A similar re-
sult was noted in the control maze ; no surface ob-
servations were noted during 301 day time sala-
mander observations as compared to 12 surface
observations during 288 night salamander ob-
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servations {2.0%). Moisture and temperature
gradients seem to affect the accurrences on the
surface, but not a significant level.

The mean vertical distributions of day and night
were significantly different, although the magmi-
tude of the difference was slight. Salamanders
were distributed throughout the mazes both at
night and during the day under uniform tempera-
tiure and moisture. Summing all of the night and
day observations in the greenhouse mazes, the
mean depth for the day observations was 4.18 in.
while that of the night aobservations was 4.02 in.
Thus the night ohservations averaged 0.16 in.
closer ta the surface than the day abservations. A
similar result was noted in the control maze; the
night observations averaged 0.6 in. closer to the
surface than the day observations. The slightly
higher night distribution is almost campletely due
to surface occurrence during the night observa-
tions.

During the November run the wet/dry and
dry/wet mazes were inadvertently filled with
water. They were drained to the middle of the
mazes, and the salamander distributions were
nated during the remaining observations. None
of the 124 salamander observations were of sub-
merged individuals, although the very tips of
the tails were occasionally in the water. The
temperature conditions observed were air 16°C,
water 12°C; air 11°C, water 12°C; air 12.5°C,
water 11.5°C; air 8°C, water 9°C; air 9.5°C,
water 8°C; air 14°C, water 10.5°C: and air
4°C, water 4°C. Shaking the mazes did not
induce the salamanders to enter the water, but
dismantling the mazes did drive them into the
water until the disturbance ceased.

DiscussioN

Litter as part of the total habitat

[t has heen found in this study that the litter
is but a part of the total habitat of these sala-
manders. While the litter is the mast convenient
portion of their habitat for study—and therefore
where they are most frequently captured—it must
not be assumed that such captures are an ade-
quate measure of the ecology of these organisms.
The following data support this conclusion:

One hundred nineteen intensive searches of a
70 X 90 ft field plot together with somewhat
fewer searches of adjacent and peripheral areas
yielded 228 captures of Plethodon ¢. cinereus. Of
these, 154 individuals were marked and released.
At the conclusion of study the majority of ani-
mals captured showed no signs of having been
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marked. It may therefore be concluded that the
total salamander population is considerably larger
than the sample size.

Three lines of evidence indicate that the high
number of captures within the plot was due to
long-term residents and not immigrants. (1)
Measurements af distance moved hetween recap-
tures showed very restricted horizontal move-
ments.  {2) The direction of these mavemeuts
and searches of the peripheral areas gave na indi-
cation of migration. (3} Salamaunders frequently
disappeared from the surface and later reappeared
under the same object as their original capture, an
average of .10 searches later,

Since it appears that the population within
the plot exceeded the total number captured on
the surface, and since the average number of
captures/search was 1.2, ouly a very siall pro-
partion of the population was sampled during
rather intensive searches of the plot. This agrees
with the fiindings of Test and Bingham (1948)
when they failed to deplete a Plethodon cinereus
population by the removal of all Plethodon found
under surface ohjects. Within experiwental field
cages, 2% to 329 of the total ohservations oc-
curred in the top iuch of the soil.  The propartion
found near the surface apparently depended upon
temperature, level of the water table, and type of
surface shelter available. Within the mazes anly
a small minority of the observations were made ot
the surface.

That the surface captures may not he an ade-
<uate nar a random sample of the tatal population
has heen reparted by Test (1935} and is sup-
ported hy this study. The papulation sizes within
the underground field cages were estimated on the
hasis of surface captures by a mark and release
techmigue. The surface captures gave an ade-
quate estimate onty when undreground passage-
ways were not available, as in the trayless cages.
In the trayed cages, where underground passage-
ways were avallable, part of the population re-
mained on the surface while part was never found
an the surface. This led to erroneously low esti-
mates. The numerous animal burrows and the
disappearance of marked animals indicate that the
natural saoil provides nwmerous passageways as
do the trayed cages. The non-random movements
of Plethodon severely limit the use of statistical
estimates which assume random mixing. Most
authors chaase to call the surface captures “abund-
ance,” (e.g. Hendrickson 1934, Stebbins 1954)
hut Gordon (1932} uses the term “visible popula-
tion.”  This latter term is more descriptive and
less subject to misinterpretation.

It therefare appears that the litter is only a
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minor part of the salamander's habitat even under
favorable conditions, in contrast to the comment
of Vernberg (1933) and the inference of Test
(1955) that salamanders use the depths of the
soil primarily under unfavorable conditions. Given
an oppartunity to utilize underground passage-
ways, as in the trayed cages, Pletlhodon penetrated
to the full depth of 12 in. \Within the mazes,
Plethodan readily entered darkened hurrows. Test
(1946 fouune that the hehaviar pattern reponsible
for the well-known tendency for Plethodon cin-
ereus ta he lound under ohjects is dependent on
their negative respouse to light, hut not to dorsal
contact.  Such a hehavior pattern could result
in the utilization of hurrows as readily as the
utilization of superficial shelter objects, Thus the
habitat is hest described in terins of valuine rather
than surface area.

The vertical distribution is prediclable to some
extent, as shawn by the responses in the cages
and mazes.  Additional work along these lines
to iinprove the predictability could yield estimates
af total population parameters hy measuring soil
condlitions and ohserving litter occurrence.  This
general methad should he applicable ta any cryptic
population that has at least some part of its hab-
itat convenient for study. One caution must he
ahserved: hecause of the lag effect, shown by the
slowness of the return of individuals to areas from
which they had previously been driven out hy un-
favorahle conditions, the distribution at a particu-
lar time may reflect previous conditions as well
ag present conditions. Therefore, frequent en-
vironmental measurements must he taken.

Seasonal distribution

Captures varied seasonally heing high during
the spring and autumn and low during the sum-
mer. Seasonal changes in captures could he due
to seasonal climatic counditions and/or seasonal
hehavior patterns. The occurrence of mare
Plethoedon an the surface of the plaster mazes
during the spring and fall indicates that seasanal
behavior patterns may exist. This was true both
in the greenhouse mazes under semi-natural
seasonal canditions, and in the control maze under
constant conditions, although not at a statistically
significant level. Test (1955) stated that the
decrease in the captures of mature females during
the summer may be due ta their being in nursery
chambers. No significant seasonal changes in
the mean vertical distributions were found in the
m4azes.

Tamperature

Temperature had a limited effect on the dis-
tribution. The highest captures/search were made
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as the surface temperatures increased during the
spring and as they decreased during the fall,
tlither the temperatures or the change in tem-
perature may influence surface accurrence. The
range af surface temperatures for Plethodon cap-
tures in the plot was from 5°C ta 23°C. Within
the underground cages, Plethodon were found
over approximately the same range, 4°C ta 25°C,
although temiperatures as low as —6°C were
sampled. The rauge here is much wider than
that shown for this species by Bogert (1952} of
16°C to 21°C. This wide range is in partial
accord with Bogert's conclusion that salamanders
do not exercise contral over the thermal level of
their hodies by their activities and choices of
their innnediate environment as he has found in
lizards. Howewver, his statement that salamanders
are insensitive to teperatures. within their en-
vironment must e modified, for Plethodon sharp-
ly avouds temperatures helow 4°C. The data here
are in accord with Veruberg’s fndings {1953)
that Plethodon cineveus and Eurycea bishineata
will avoid air temperatures of 0°C by burrowing
into warmer sand. [n the mazes, the vertical dis-
tribution was markedly influenced by temiperature
ranges which extended above 18°C; at tempera-
tures above this, the distribution was skewed to-
ward the cooler end. Under the maze conditions
the salamanders were sensgitive to temperature
differences as small as 1.5°C if the teniperature
was ahove 18°C. In the cages no temperature
avoidance was noted at the higher temperatures
up to 25°C, which was the highest temperature
sampled. In the feld plot captures were made
up to 25°C although slightly higher temperatures
were sampled, and the distribution of captures
was skewed away from the higher temperatures.
Thus it appears that the [Plethodon were mare
sensitive to temperature wider the maze conditions
than under field conditions. The complete avoid-
atice of temperatures exceeding 27°C is in keeping
with the report (Zweifel 1957) that the maximum
lethal temperatures for numerous species of sala-
manders are hetween 30° and 36°C.

Moisture

There is particular interest i the maisture rela-
tionships of amphibians because they represent a
transitional stage hetween terrestrial and aquatic
organisms. It has been shown that at canstant
temperature, salamanders will lose water through
evaporation at a rate inversely related to the rela-
tive humidity hut will eventually desiccate even in
saturated air, so that water in a liquid form is oc-
casionally necessary (Ray 1958, Hall 1922). The
water relationships within the soil are therefore of
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interest.  Within soil cavities, the air will be sat-
urated with water vapor if the soil is wetter than
the hygroscopic coefficient (Lutz 1946). 5iuce
this was the case in the cage experiments, lowered
relative humidities were not studied here; nor
could the reactions to soil moisture be studied
in the feld. The soil within the cages was almost
always saturated, and the percentage of water in
the soil samples taken fram the capture sites 1s
more an indication of high organic cantent of the
soil than of moisture available to salamanders.
In the mazes the salamanders avoided dry layers
unless the wet layers were warmer than 18°C and
the «dry layers cooler.

In both the mazes and cages Plethedon showed
a clear avoidance of standing water.  As the water
table rose iu the cages, the salamanders abandoned
the inundated tayers. [t was noted that high
captures/search frequently, but not always, fol-
towed heavy rains. It may be that when the soil
is saturated, additional rain (ls the underground
passageways and the salunanders are driven up-
ward.

Diel periodicity

While salimanders appeared on the surface only
whett it was dark, the vertical distribution within
the soil was only very slightly affected by light
and dark cycles both in the cages and the mazes.
Nor were the number of captures uuder super-
ficial shelter abjects significantly higher at night
than during the day in the research plot as might
he expected of nocturnal animals.  Since sala-
maticders can avoid light by reteeating under super-
fictal shelter objects, it is not necessary ta retreat
deeply into the soil. Tt appears that the sala-
matders near the surface may move onto the
surface when it is not light, for they are photo-
negative (Vernberg 1953, Test 1946), but no
indicatious of datly vertical migrations were seen
in the plot, the cages, or the mazes.

Comparison of experinmental and plot resulls

[t must be cancluded that the results of the
cage experiments were a paor meastre of the plot
results.  Yet the temperature data of the two
areas had almost identical ranges. At least part
of this failure was probably due to the location
of the cages near the stream, since Plethodon
tended to be found away from the stream. Had
the cages nat been sa close to the stream where
the water tahle level was the major controlling
factor, the results of the cages might have been
in better agreement with the plot results, Within
the cages, Plethodon reacted to environmental
conditions and thus gave some measure of the
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vertical distribution under these canditions, In a
similar manner, the mazes showed that sala-
manders do react to temperature and moisture
gradients in a predictal.le manner. The extent to
which such experimental results can be applied
to field interpretations requires additional studies.

Haome range

The restricted horizontal movements of marked
animals illustrates that they have a restricted home
range. Restricted home ranges have heen shown
for numerous amphibians, e.g. Rana clomitans
{(Martoff 1953), Scaphiapus holbrooki (Pearson
955), and Batracheseps (Hendrickson 1954},
Since no defense was noted in this study they
cannot properly he termed territories.

Hibernation survival

Hibernation survival in the cages was 50% for
the winter of 1957 and 0% for the winter of 1958,
The 1957 results compare closely with thase of
Vernherg (1953} of 43% survival. Survival un-
doubtedly depencs upan the severity of the winter,
for 1938 was a calder winter with less snow.

Experimental shelter ohjects

Eoxperimentally placed objects, pine boards,
rocks, and tar paper, were found to yield approxi-
mately twice as many captures ay naturally
occurring logs and racks per foot of cover. One
factor relating ta thig efficiency is the ease of
scanning the one square foot under the experi-
mental chjects as compared to scanning several
square feet under logs, especially at night.

SUMMARY

l. The distribution of Plethedon c¢. cinereus
within the soil was studied as a means of inter-
peting field captures.

2. Three approaches were used: (1} a mark
and release method in a field plot for a study of
the surface captures of Plethodon under natural
conditions, {2) underground field cages, in which
the vertical distribution could be measured under
partially natural conditions, and (3) mazes, in
which the vertical distribution could be measured
under controlled simulated soil conditions.

3. It was found that Plethodon captures (1)
varied seasonally, captures occurring more fre-
quently during spring and fall (2} tended to occur
away from the stream, and (3) occurred from
3°C to 25°C. Recapture data indicated restricted
home ranges.

4. It appears that the litter of the soil is only
a mingr part of the salamander's habitat even
under favorable conditions. With the under-
ground fheld cages it was found that Plethodon
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are distributed within the soil, at least to a depth
of 12 inches if they are given the opportunity to
utilize  water-free  underground passageways.
Those found on the surface or within the first
inch of soil were but a small part of the popula-
tion under plot, cage, and maze conditions. The
vertical distribution is affected mostly by water
relationships, especially water tahle level, tempera-
ture, andl to a limited extent, by light. Plethodon
avoided inundated soil, but preferred a moist
substrate.  Within the plot, cages, and mazes, an
avoidance of low temperature was found. In the
mazes, an avordance of high temperature was also
found. T.ight had little affect on the vertical
distribution within the soil, hut did affect exposure
an the surface, and thus affected average vertical
cdistribution to a liimited extent.  Light did not
affect the frequency of captures uivler superficial
surface ohjects in the field plot. A lag was shown
in the return of Pletfodon to arcas where they
had previously heen driven out hy unfavarable
cotclitions.

3. Thus a Plethodon population reacts toward
envirotmental conditions in a somewhat pre-
dictable manner, Additional work along these
lines to improve the predictability could yield
estimmates of tatal population parametars by meas-
uring soil conchitions and ohserving litter occur-
rence. This general methad should be applicable
to any cryptic population that has at least some
part of its hahitat convenient for study. Nu-
merous enviranmental measurements must be
taken over a period of time since the distribution
of the organism may reflect previous conditions as
well as present conditions.

6. Hibhernation survival depends upon the se-
verity of the winter, 30% of the caged Plethodon
survived during the winter of 1957 while none
survived the winter of 1938 which was colder with
less snow.

7. Experimentally-placed shelter ohjects, pine
hoards, rocks, and tar paper had approximately
twice the efficiency of naturally occurring logs and
racks in yielding salamander captures.

ACKNOWLEDGMENTS

The authar wishes to express her greatest appreciation
to the many people wha have helped in this study. Dr.
Paul G. Pearsan provided guidacce in the selection of the
academic program, the development of the research, and
in the preparation of the manuscript. My housbhand, Jack
H. Tauh, deserves gratitude for his help in the field wark,
for general enouragement, and for his patience. Dr. Al-
bert K. Sparks provided a eritical reading of the manu-
script.  Dr. Nathan Willets of the Soils Department de-
serves thanks for the loan of equipment and for advice.
Thanks are offered to Drs. Murray F. Buell, Harold H.
Haskin, and James W. {ireen for advice, loan of equip-
ment, and aid in preparing the manuscript. Far help



698

with the field work and photagraphy, Mr. James White
1s thanked. 1 gratefully acknowledge the help of Dr.
Carl Monk and Mr. Farenzo Balloni fur the vegetation
and sail descriptions, respectively.  Two financial grants
from the Rutgers [Farest Ecological Project and one
from the Rutgers Research Couneil {to Do Pearson)
enabled e to spend full tinie for three suinmers on this
stiwly.

IRererENces

American Society for

Testing Materials Committee

E-11. 1951 ASTM nuwnal on guality cantrol of
naterinls. Special Teeh. Publ 15-C
Balloni, Fiorenza. 14957, [iutcheson Ifarest Soils

l'raject, pragress repart nao, L
Rulgers University.

Bagert, Charles M. 1952 Relative ahuidance, lahi-
tats, aud normal thermal levels of sowe Vivgimian
saliumanders.  [eology 33: 16-30.

Butany Departiment,

Conant, Roger. 952, Reptiles and amphibhians of
the  Nartlhieastern  States.  Zoological Saciety  of
Philadelphia.

Dice, Lee R. 1955, Nivural comumimuitios.  Ann Avbgr

Ultiversity of Michigan Press.

Dixon, Wilfrid J. and Frank J. Massey, Jr. 1957.
[utroduction to statestical analysis, New Yark: Me-
Graw-LLilL

Dunn, Emmett Reid.
Plethadontrdae,
lege,

Gordon, Rabert E. 1952 A& contribution te the life
history and ccalogy of the Plethodontid salamander
AAneides aenens (Cope and Packacd).  Am. Mulland
Naturalist 47: afit-701,

Hall, F. G. 1922, The vital limit of exsiccation of cer-
tarn anumals,  Hiol, Ball, 420 3-5L.

Hayne, Pon W. 1949 Two methads for estimating
population from trapping records. [ Mammal. 30:
399-411.

Hendricksan, John R. 1954, Fcolagy and systematics
of salamancders of the genus Patrachoseps.  Univer-
sity of Califacnia Publ. in Zoology 54: 1-460.

Jameson, E, W, Jr. 1944  Food of the red-backed
salamander {(fethodon civerensy. Copeia 1944 (33
145-147.

1924, Salamanders of the family
Narthimptou, Mass, o Smith Cal-

SOUTHWICK, BEG AND SIDDIQI

Eealogy, Vol. 42, No. 4

Lutz, Harold J. and Robert F. Chandler, Jr.
Furest Soils. New York: Jolin Wiley & Sans.

Martoff, B. §. 1953, Territoriality in the green frog,
Rang elasnitans.  Fealogy 34: 165-174,

Monk, Carl . 1957. Plaut ecommunitics of Hutcheson
Memarial Farest based on shruh distribution.  Bull.
Tarrey Notan. Club 84: [198-206.

Noble, G. Kingsley. 1954 The Liology of the am-
phibia.  New York: Dover Pobl

Ott, Ellis k. 1938, Aunalysis of means.  Technical
Report Na. 1. Prepared for Arny, Navy, and Air
Lorce widder Contract Nour 404 (11) (Task NR 042-
021) witlh the Office of Naval Rescarch.

Pearson, Paul G. 1955 Population ecology of the
spadefoot Tead, Scaphiopus ko holbracki (Flarland.
Ieol. Monageaphs 25: 233-207.

Ray, Carleton. 1958 WVital lhnits and cates of desie-
cation i salamanders. leolugy 39: 75-83.

Simpson, George Gaylord, and Anna Roe. 1939 Quan-
titative Zuology. New Yark: MoGraw-Hill,

Stebbing, Rabert C. 1954, Natural histary of the
silimanders of  the Plethadoutid — genus Fusating,
University of Califarnin Pull, 54: 47-124,

Test, Frederick H. 1940, Relutian of red-hacked sal-
atander  (Plethodon cinereis) to light and contuct.
liealogy 27: 246254,

< - 1985 Scasonal differences in populations aof
the red-tecked  silmander i1 southeastern Michi-
can. Papers Mich, Acad. 40: 137-153.

. and B. A, Bingham. 1948 Census of a popula-
tion af ved-hacked salamander { Plethodon cinereus).
Aai Midland Natoralise 39: 362-372

1944.

Vernberg, F. John. 1953 1libernation studies of two
species  of salmanders, Methodon chicreus  cincreus
and Fruryeea bisliteata hislineara, [lealogy 34: 55-

2,

- === 1985, Correlatton of phystological and behaviar
indeses of activity o the study of {Yethadon cinerens
{Greeny  and  Plethadon ylutinosus (Green). Am.
Midland Naturalist 54: 382-393

Woodbury, Angus M, 1956, Usc of marking animals
in ccological studics : warking amphibians and rep-
tiles. Pealagy 37: 670-674.

Zweifel, Richard G. 1957, Studies an the critical
thermal maxima of salamanders.  Eeology 38: 64-69.

A POPULATION SURVEY OFF RHESUS MONKEYS [N NORTHERN INDIA:
I[I. TRANSPORTATION ROUTES AND FOREST AREAS!

Cuarces H. SoutHwick,® Mirza Azner 13Ec anp M. Rarrg Sipoigr

Department of Zoalogy, Qhia University, Athens, Ohio, and Department of Zaalogm,
Aligark Mustim University, Aligark, India

This paper presents data on the abundance and
population structure of rhesus monkeys (Macaca
mulatta Zimmerman) observed along roadsides,
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canal banks, railroad rights-of-way, and farest
areas of northern India from September, 1959, to
June, 1960. A previous paper presented popula-
tion data on rhesus monkeys in villages, towns,
and tetiples in the same region (Southwick, Beg
atel Siddigi 19615, These several types of hahitat
and survey categories were selected because they
represented logical categories in the habitat dis-
tribution of rhesus monkeys, and they provided
a canvenient systeni of data classification for the





