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! NTl!.OUUCTION 

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

The purpose of this work has Leen to study the 
distribution of P/ethodon r. cinereus within the 
soil as a means of interpreting field captures. 
Most field studies of salamanders have been based 
upon captures made beneath superficial shelter 
objects sucl1 as logs and stones, although lt has 
been known that the salamanders thus captured 
might not constitute a major part of the popula
tion (Test and Bingham 1948). Seasonal differ-

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

'Now. College of Fisheries, University of Washington, 
Seattle, Washington. 

ences in the surface captures may reflect differ
ences Ill the behavior of individuals rather than 
changes in the population as by death or dispersal 
(Test 1955). While the mineral soil has been 
fre(1ue11tly suggested as a refuge (Conant 19S2, 
Test and Bingham 1948, Vernberg 1953), it has 
not been adequately studied as a habitat An un
der~tancling of the vertical distribution within the 
soil and the factors which influence this distribu
tion is needed to interpret the surface captures. 
This ~tucly was intended as one step toward the 
prediction 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 
111 which a study of the surface captures of 
Plf'thodon was made under natural conditions, 
(2) underground cages, in which the vertical dis
tribution could be measured under partially nat
ural conditions, and ( 3) mazes, in which the 

https://t,tahl,.sh
https://Colli.as


682 FRif.DA B. TAUB Ecology, Vol. 42, No. 4 

vertical distribution could be measured under con
trolled, simulated soil conditions. 

METHODS 

The animal 
The red-hacked salamander, Plethodon c. cin

ereus, is common 111 the northeastern part of the 
United States. The natural history of the lungless 
family I'lethodontidae has heen sunmi,:irize<l by 
Dmm (1926). fn this species the entire life cycle 
is co\\lpleted on land. Breeding takes place dur
ing the sununer, and the eggs are laid in crannies 
in logs: the female, and occasionally also the 1nak, 
remain with the eggs. At hatching, during late 
,,ununer or autumn, the young have lost their gills 
and are adapted for the terrestrial habitat (Nohle 
1954). The species feeds upon small invertc
hraks, primarily iusects (Jameson 1944). 

Location 
The field sttl(\ies were done in the \Villian1 L. 

Hutche~ou Memorial Forest, formerly known as 
Mettler's \Voods, located 011 the eastern edge of 
Fast Millstone, ;-;omersd County, New Jersey. 
The Jilot ,111d underground cag-e studies were done 
iu a portiou of the woods which has never Leen 
cleared. The woods is the least disturbed forest 
stand on the JJiedniont plain in New Jersey. 

The canopy over most of the forest consists of 
white oak (Qitt'Y(US alba), hlack oak (Q. vefik 
lina), and red oak (Q. rubra), along with some 
red hickory (Carya uvalis), all(\ shagbark victory 
(C. ova/a). White ash (Fra.rinus amerirana), 
heech ( Fag us yraadifolw), sugar maple ( /Jar 
.mccliarum). red ntaple (A rnbrmn), Norway 
maple ( A. platanoides), and sweet cherry ( Primus 
aviwn) contribute to the discontinuous subcauopy 
between the canopy and the understory. The 
understory layer consists of a continuous cover of 
flowering dogwood ( C ornus fiorida). The shrub 
cover is markedly influenced by drainage. On the 
well-drained areas ( (a. 50% of the plot) maple
leaved viburnum (Viburnum acerifolium) is the 
principal shruhs; the herb stratum is composed of 
May apple (Pudophyllum peltaltmt), spring 
beauty ( Claytoma virginica), rueanemone (An
emone/la thalictroides), spring cleavers (Galium 
aparine), false So, 1mon's seal (Smilacina race
mosa), Solomon's !>l'al (Polygonatum bifiorum), 
jack-in-the-pulpit (Ati.saema triphyllum), Carex 
spp., and enchanter's nightshade (Circaea quad
risulcata). The moss stratum is poorly developed. 
The poorly-drained area along the stream has a 
shrub stratum of spicebush ( Undera ben.:win) 
and arrow-wood ( Viburnum dentatum). This 
area differs from the main bod) of the forest by 

the absence of a definable understory tree stratum 
and by the sparseness of the canopy due to the 
greater concentration of blown-down trees. Sev
eral species of Rubus, greenbrier (Smilax ro
tundifolia), and numerous saplings occur here. 
Herbs are abundant Skunk-cabhage (Symplo
carpu.s foetidiis), spotted touch-me-not (lm
patients rnpcns1s), and dear weed ( Pilta pum.ila) 
are characteristic ( Monk 1957). 

The soil is classified in the l'enn series and is 
weathered from a red shale (Bruuswick forma
tion) of Triassic origin (Ballon\ 1958). One 
profile was described from an upland, well drained 
area as follows. Ano t in., leaf litter of deciduous 
trees; Au l in., partially decomposed plant resi
(\ues, very frial1\e, Ar 2 in., dark gray, not con
tinuom, rather erratic, rich in organic matter; A2 
8 in., brown, silt loam, worm holes (and mammal 
burrows J and roots abundant; A,1 2 in., transition 
zone, no abrupt change in the horizons; B1 8 in., 
reddish yellow, silt loam; B2 or B-D 4 in., 
yellowish-red, loam; C or D, at 24 in., red, sandy 
loam, bedrock The soil of the stream flood plain, 
and in particular at the location of the under
ground cages, has a different nature. The Aoo 
and A,. are thinner, the soil is very poorly drained 
and genetic profile development is lackiug. The 
soil is dark gray to a depth of 10 in. where a 2 in. 
stone-like porous layer of day and iron is present 
due to the interaction of the ~hifting water table 
and the iron from the red shale bedrock Beneath 
this layer, steel-blue day is found at least to a 
depth of 14 in. helow the surface. Animal bur
rows are abundant in the upper layers. 

One 11otably variable climatic factor during the 
field work was precipitation. The year 1957 was 
dry with rainfall of J5.27 in. or 8.76 in. below 
11or111al. In contrast, l958 was unmually wet, 
with 49.81 in., 5.78 111. higher than normal. (Rain
fall and temperatures are shown in Fig. 5.) 

The field plot 

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

Natural cover for salamanders consisted of 
pieces of logs 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. 
Those classified as non-movable were logs too 
heavy to be moved, pieces of dead roots partially 
on the surface and partially imbedded in deep 
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F1G. I. Map of the research plot showing the grid system and the cover. Solid forms represent movable 

shelter objects and open forms represent non-movable shelter objects. Dotted lines represent logs which are 
suspended above the soil. The sius and shapes of natural shelter objects are shown. Squares represent eJ<
perimental shelter boards, circles represent experimentally placed rocks. 

soil, and fragments too small and too numerous to 
move, this totaled 153 ft2 within the plot. 
Movable cover, which could be turned for routine 
examination, totaled 187.5 ft2 . The distribution 
of movable and non-movable covet is shown in 
Figure I. Leaf Jitter was not mapped because the 
amount varied from place to place seasonally. 
Roots of living plants were not counted as cover 
although there is no reason to suspect that they 
could not 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 X 10 X 1 in., 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 ¼ ft2 in area, were used along 
the stream in place of boards. These experi
mental shelter objects were placed during October 
and November 1955. Thus a total of 340.5 ft-2 

of natural, and approximately 44 ft2 of experi-

mental, shelter occurred in the area during th, 
study. 

Between November 1955 and November 1951 
119 searches of the plot were made. A sing!, 
search co,:'.-isted of over-turning the movable nat 
ural shelter objects and the experimental shelte1 
objects and examining the surface of the objec 
and the litter beneath it for salamanders. Th• 
entire plot was searched in a minimum length o 
time, usually one to 2 hours. These searches wen 
made during all hours of the day and night. 

Other areas were sampled less frequently that 
the plot. An area immediately outside of thl 
plot, designated as 1-1 was searched as completel) 
and frequently as the plot after the spring of 1956 
This area measured approxmiately 500 ft2 an( 
contained 37 ft2 of cover, all natural and movable 
The periphery of the plot was frequently searched 
Occasionally searches were made in the remainde1 
of the forest. 

Adults from the plot were measured, marked 
and released. A salamander was measured by 
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placing it on a car<l an<l pro<l<ling it _gently into a 
suitable position. The posit1011 of the head, vent 
(estimated) and tip of tail were marked on the 
card and measured in the laboratory. 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 method was accurate 
to within ±2 or 3 mrn for an 80 mm salamander. 
At this time the general condition of the animal, 
the location, and time of capture were noted. 

Each individual was numhered by means of toe 
clipping. All but the smallest Plethodon could 
be marked in this manner. Despite the possi
bility of non-recognition of a marked animal be
cause of the regeneration of clipped toes, toe clip
ping is the method recommended by Woodbury 
( 1956 J 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 beginning 
and/or end of each search. These readings were 
taken at grid position A 2 at the hase of a tree and 
on the surface of the litter. From November, 
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 by means of a rapid-reading ther
mometer. A set of maximum and minunum ther
mometers was left 111 the plot or m the cages to 
measure the range of temperature on the floor of 
the forest. 

From September, 1956 to the end of the study, 
soil samples were taken from the majority of the 
capture sites. This was done by collecting 20-30 
grarns of soil from the exact location of the 
salamander capture. The soil was placed in a 
small vial, corked, brought to the laboratory, un
corked, weighed, dried in an 01 en slightly above 
lOO"C for at least 24 hours, and reweighed. The 
soil moisture was expressed in terms of weight 
of water per weight of dry soil. 

Underground fir!d cages 

Four underground cages were installed approxi
mately IS ft from '"Spooky Brook" uear the re
search plot. The soil in this area was that of the 
stream flood plain. The cages were buried to a 
depth of 12 in. and extended 6 in above the soil. 
The cages ( Figure 2) were ma<le of plastic Saran 
mesh ( 16 threads per in.) with wooden supports. 
Originally the tops were fasteued 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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/Jlrtlwrlo" 
Underground field cages used to study vertical 
distribution under semi-natural conditiorrs. 

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 fitted with trays through 
winch salamanders could pass but which would 
support the soil Each tray was made of wooden 
sid6, 2 in. high and ¼ in. in thickness, with an 
open mesh bottom. Originally a rayon "fish net" 
curtain material was used, hut this had to be re
placed each month because of rotting. In 1958 
galvanized hardware cloth of ¼ in. mesh was used 
after it was ascertained that the metal was not 
toxic to Plelhodon. The length and width of 
each tray was such that it fit somewhat loosely 
111to the plastic mesh cage. Six such trays were 
fitted one 011 top of another into the bottom of 
each of the cages. The cage and tray design is 
shown in Fig 2. The salamanders were able to 
mol'e about, 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 between the .'Saran mesh and the tray sides. 

Instruments were buried in one of the trayless 
and one of the trayed cages when they were filled 
with soil. Thermistor elements were buried at 
the 3 in., 6 in., and 12 in. levels. During 1957 
gyjhtllll soil blocks were buried at the 3 in. and 
12 in. levels to measure vertical moisture gradi
ents. The thermistor elements and gypsum blocks 
were read with an A. C. ohmmeter. In 1958 soil 
samples were taken to measure the soil moisture 
in µlace of the gypsum blocks. 

Ten P/cthodon (inereus, collected from other 
locations in New Jersey, were placed m each of 
the four cages. These were replaced as animals 
died or escaped. 

The trayless cages were sampled by quietly 
opening the lid, searching the top inch of soil 
and litter, recording any captures, and taking in-
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.strument readmgs. The trayed cages were 
s:1111pled as follows: a large .sheet of plastic was 
spread 011 the ground beside the c;1ge; the trays 
were reu1oved a.s rapidly as pmsilile, ;ind st;icked 
with plastic inttrleaves, the trays W('re then indi
vidually searclwd a\\cl sala111a\\der capturt:s were 
reconkd as tu tray number. The n1r.:au (kpth 
was calculate(\ on the IJ;1sis of tl1c tray 11111\llwrs 
in which the sala111;111<lers were found. Thus all 
sala1uanders found in the top tray, whether un top 
or under the litter were counted as being m tray 
I. Tlw ~alama11ders were replaced in the trays 
111 wl11ch tl1ey wen: found, ;ind the trays were 
replaced i11 'th('tr onginal ordt•r. 

The ct;.;es were sa111pkd i1m11cd1atdy lwfore 
and/or after the \l;Ltural plut was .seard1ed during 
the fall of l'::J.'i7 and during the su11rnwr ;ind fall of 
J'::).'iN, and once durin:-.'. J\1ml, 1959. f[ihernation 
survival was 111ea~ured f()r the wluters of 1957 ;t\l(l 
1958. 

Ma:::cs-an oxficrimo!la! snbstratr 

I'b.stcr of l 'aris mazes were constructed as a 
1uea11s of ol1.~ervi11g- the v<·rtKal d1stnhutin11 of 
l'!ctlwdon withiu a ~mntl,11t'd soil ('llviro1m1ent 
whid1 rrqttir('d ll(•itlwl' handling of the an11nals 
nor dc.~troying the envtronme11t for cacl1 observa
tion ( Figure .1 J. The surface w;i.s <"'s:[)Osed to 
light ;utd dark cycles whik tu111wl.~ hclow tlw sur
fan: wcre dark except for hrid pamds dming 
ohsen·atiolls. Within the 1\\a:.:cs the rh;u1.~cs in 
sabni;111der di.'.>trilmtion u1 r,·~pon~c to various 
0101.sture and tnllperaturc gradi<•nh \\CH' 111(';1s
ured. 

Each rna7.c was molded an(\ \\Se(\ m a to in. 
diameter battery jar coated with a thin layer ( ra. 

woter bol~ 

. c,oss 
sec,,on ol 
cool,ng cool 
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Fie. 3 Experimental mazes LJSed to study vertical 
Plrthodan di~tribution under controlled simulated soil 
cnn<litions. 

111111) of parafiin. A tall jar of 6 in. diameter was 
coated with pctrokum jelly and placed in the 
ce11ter of the battery jar. '.-,mall plugs of plaster 
(111nlded fro1n wax cash of .'.,·i1.e 2 rubber .'.>top
pers J were attached to the ceutcr jar and ,ovcred 
with p<"trokuu1 jelly. (Tlw~e plugs were m
t<'lldtd ,1~ a means of llleasuri11g the perce11tage of 
llloisture I l'laskr (If !';ins was mixed with half 
its volu\lle of w;1tcr ;ul(I poured into the battery 
pr to ;L depth of 2 iu. This was pcrtHitted to 
liarde11, ;u1d the surfac(' was coakd with p<"troleum 
jelly. Three additioual layers were pomed in 
this manner su that the depth of the maze was 
R in. Tl1c liattery jar was then tnrnerl npsi(le 
dowu and lw;ircd su that tl1(' par;i(fi11 mdted. Tims 
the pbster by,·rs wen· rcnl(]ved from the g"lass 
pr. Tll(' 4 byers wl're then S<·par;1ted and 
dl'aucd. ( ;rn(i\·cs (lf approxiu1;itcly 1 011 diameter 
were gouged aruu11d the orou11fcrc11cc so that they 
forn1cd tunnels, or burrows The gla~s formed 
011c wall of the burrows wh<'n the ma1.cs were 
placed in the l1attery jars. J\ horiw11tal groove 
was g"Ollged i11 the n·11ter of each of the 4 layers 
all(! 11 vNtical grooves W('re goug<'d the depth 
of the 4 layer~. The center cavity, which re
u1ai11ed afkr the i1111t·r jar wa:<. n:nwved, provided 
acce~s for instruments. This was covered with 
a thill layn of pla~ter wl\lch provided'a complete 
surfa(e for the ~;1ia111a11ders. The small plaster 
plugs were r<"111oved, clea11cd, arid replaced. fn 
ti.~<•, the l1atter·y jar was covered by a black plastic 
c"ver lip to th<" top of the plaster. The mouth 
of the jar was covered with a fine netting of 
nylon and, in later experiments, with hardware 
cloth. 

\! nisture ~radients were determined at the time 
the maze~ were set up. Two qualities of moisture 
were used. "Wet" v.as a layer soaked to take up 
a ma:,,:imum amount of water. which required 10-
15 n1inutes, and drained for at least 30 minutes, 
until it no longer dripped. "Dry" was air-dried 
for greater than l month 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 bottom 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, bottom wet. 

The heating equipment, insta!led in 3 of the 
mazes consisted of 660 watt Nichrome heating 
elements placed in heat resistant and waterproof 
plastic tubes. Two were placed in each maze, 
one between the first and 2nd layers, and the other 
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between the 3rd and 4th layers. Canals were 
gouged out to hold the tubes so that the layers 
fitted snugly together again. Electricity was 
supplied through a transformer, usually at 10 
to 15 volts, to either the top or bottom heaters 
of the J inazes in parallel. 

Two types of cooling equipment were used. For 
hottom cooling the battery jars were placed in a 
ruuning 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 
v:aling sheet plastic) were held against the battery 
jars by hardware doth frames. The frames were 
covered with hlack plastic and the usual black 
cover came uµ to the bottom of the cooling frame. 
The tetnperature conditions were designated as 
follows: 

TA seasou;LI ttniperature, no sttperim
posed gradient. 

hot/cool hot on top, cool on the bottom. 
cool/hot coul on toµ, hot on the bottom. 
TB seasonal temperature, no superim

posed gradient. 

Two thermistor elemenb were placed in one of 
the mazes at the top au<l bottom layers. Occa
sional chetb wne taken with mercury ther
mometers in the other mazes. 

The 3 mazes with heating equipment were kept 
iu a greenhouse and were subject to seasonal 
light cycles and te111peraturc conditions, as a base 
upon which temperature gradients were super
in1posed. 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 ~erved as a control, was kept 
under the same tetllperature, hghtiug conditions, 
and lllOistnre wet/wet, during all experimental 
runs. Temperature control was maintained by 
a constant temperature incubator placed within a 
constant temperature coldroo111. The tempera
ture within the incttliator 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 a 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 

which time observations were made at 1400 and 
2000 EST. At the end of the 2000 EST observa
tion, the 3 greenhouse mazes were subjected to 
cooling on the bottom and heating toward the 
top to rroduce the hot/cool condition. The mazes 
were maintained in this condition from the 
evening of day 3 through the evening of day 5, 
when observations were made at 1400 and 2CK)() 

EST. After the 2000 EST observation, the green
house mazes were subjected to heating on the 
bottom and cooling toward the top to produce 
the cooljhot condition. Observations were made 
of the T3 condition on day 7 at 1400 and 2000 
EST. At the conclusion of TJ condition all tem
perature regulation was ended, and greenhouse 
\\lazes were permitted to obtain a uniform tem
perature (TU), which was usually similar to the 
first temperature condition. This was maintained 
u11til d,ty 10 when the final pair of observations 
took µlace. Observations of the control were 
made immediately after observations of the green
house mazes. Thus each moisture condition was 
subjected to the same regime of temperature con
ditions, and the control and the 3 moisture condi
tions in the greenhouse were observed almost 
simultal\eously. 

Observations were made hy lowering the black 
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 burrows were 
used as depth indicators, level one being 1 in. 
l1elow the surface; level two, 3 in. below the sur
face; level three, 5 in. below the surface; and level 
four, 7 in. below the surface. Thus a depth of 
2.5 indicates that the center of a salamander's 
body was between the 2nd and 3rd horizontal 
layers, or 4 in. below 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; Au_gust; 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 
November. 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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RESULTS 

Horizontal distribution and movement in litter 
One hundred nineteen routine searches of the 

research plot yielded 145 captures of Plelhodo-n c. 
cmercus, 118 E11rycea b. bislineata, and 3 Pseudo
lYiton r. ruber. Within the I-1 and peripheral 
areas 83 Plethodon, 24 Euryrca, and 4 Pseudo
triton captures occurred. These were the only 
species of salamanders found in the forest. Of 
the PIRlhodon captures, 5.47,: were of the red 
phase and the remainder were of the dark phase. 

The horizontal distributio:1 of captures within 
the plot is analyzed with respect to the stream in 
Figure 4. The plot has been di\·ided into two 
areas, (I) 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 is 57% 
of the plot. If the salamander distribution was 
independent of the stream, approximately 4J% 
(62) of the captures should be 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 observed and expecte<l frequencies ('/_ 2 = 
4.8, d.f.= I, p < 0.05). 

' IP 4P 2P 12P 4P 4P 3P IP IOP 

3P 3P 2P 3P 5P 2P 
/ 

e--' ,___\
• CP$T•UM 

IP 
op10,9P 2P' 

~ 

~ 

' 7PIP 3P 3P 4P 4P 3P 

8P IP 3P 15 P2P 2P' 

' ' • !I 6 1'• ••1------4• 10 fEE1' 
• ' 

Fie. 4. Chart of the research plat showing the hori-
wntal distribution of captures. 

One hundred fifty-four Plethodon were marked. 
Twenty-four individuals were recaptured; 20 were 
recaptured only once, 1 wa~ recaptured twice, 2 
were recaptured 3 times; and 1 was recaptured 
4 times. At the conclusion of the study the 
ma1ority of the salamanders captured showed no 
signs of having been marked. 

The horizontal movernt:nts 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 

1 ft ( usually under the same object as the previous 
capture), 4 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 be
tween the number of captures of an individual 
and the greatest distance between captures. The 
direction of the movements and the searches of the 
penpheral area gave no indication of immigration 
into, nor emigration from the plot. 

Several searches of the plot frequently occurred 
between recaptures of marked individuals. A 
mean of 10 searches occurred between successive 
captures, the maxinnun heing 56 searches of the 
plot; 011 the 57th search this specimen was found 
under the same object from which it had originally 
been captured 11 months previously. There 
was no correlation between the length of dis
appearance and the distance moved. 

Effects of ewvironmental factors on 
occurrence in the litter 

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 
5 along with the temperature of the forest floor 
and the rainfall as recorded at the New Brunswick 
Station of the U.S. \Veather Bureau. The control 
chart method is a statistical mean~ of deciding 
whether \·ariation is due to "chance'' or are larger 
than would be expected due to chance alone. A 
point falling outside of the control limits at ±3 
staudard 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 
Poisson distribution because, according to Dice 
(1955), fru1uency of capture data best fit this 
kind of curve. For example, if the distribution 
is random, the number of samples in which 0, l, 
2, are counted wi!l fall into a Poisson series. 
This method is number 16 as described in the 
ASTM manual on Quality Control of Materials 
(1951). 

Plethodon 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 autumn. 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 surface of the litter at 
the A2 grid position. Therefore the A 2 grid tem
perature is an approximate measure of the tem-
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FiG. 5. Control chart of PlethodDn captures, compared with daily rainfall, from U.S. Weather Bureau 
summaries, and temperature on the forest floor. The control chart refers to the numbers of captures made 
during each search. The center line represents the mean. The dotted line is the upper control limit at 
+J standard deviations. The lower control limit for both species is O captures he.arch. In the tempera
ture graph, the heavy lines are the maximum and 
the temperatures at which the searches were made. 

perature of all the captures made during a g1ven 
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 = 

NUMBER Of SU.RCMfS 

1 1• 12 21 11 11 15 II 6 

PL ETH ODON C.CINER EUS 

X • I 3.3 
S • 9.7 
N• 135 

•f----'----'-'----'---'---'--'--~---'--
o 2.5 5.0 1.5 10:0 i2.5 15.o i1.5 20.0 22.s 25.o 2.1.5 •c 

32 8( ., 

TEMPERATURE 
FIG. 6. Average captures per search with respect to 

temperature. The number of animals found at each 
temperature has beer1 divided by the number of searches 
at that temperature. 

minimum temperatures; the lighter line represents 

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

" PLETH000N C. CINEREUS 

)( • 132% 

S' 103 

N' 94 

• ,0 ,00 

SOIL MOISTURE 
(Percentage of Ory Weight) 

F1G. 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 mght. These means were not significantly 
different ( z = 0.72, P = 0.22). 

Twenty % of the 1956 Plethodon captures were 
estimated as havmg hatched that year on the 
basis of size distribution. In 1957, an unusually 
dry year, only 6.5% 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 (.50). 

Vertie.al 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. 

" ~ .. ~ '""'"'''"'' t • -~ , • ., " • .,. • ~ 
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SE,,,SON FREQUENCY 

F1G. 8. Vertical distributions of Plethodon in the 
trayed underground cages. Two cages were run simul
taneously. Each number represents the number of sala

(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 
years were: ( 1) rainfall and therefore water table 
level, and (2) the addition in 1958 of bark 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 corresponded 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, both means being 3.5. More 
Plethodon were found on top of the litter at 
night, but there was no shift toward the surface 
in the overall vertical distribution. During part 
of 1957, equal numbers of searches were made 
during 4 time periods, 0000-0550; 0600-1150; 
1200-1750; 1800-2350 EST (Table I) A slight 
tendency was noted for the distribution to be 
nearer the surface during the 0000-0550 period. 

TABLE L Vertical distribution of Plethodon. during 4 
time periods. Several searches have been summed for 

each time period 

Turn PERIOD, EST 
D~pth Trny -

m. ""· 0000-0550 0600-11.50 1200-1750 1800-2350 
----

I I I I3 0 
3 2 I5 5 0 
5 3 20 13 12 lO 

127 4 8 15 14 
II 15 159 5 14 

II 14 15 156 lO 
12 b 15 14 II 0 

However, the vertical distributions of these time 
periods were not significantly different as tested 
by a Chi-square test of homogeneity (1,.2 = 15.66, 
d.f. = 9, P = 0.07). 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 common, 
although there was a tendency for salamanders 
to avoid all temperatures below l0°C if a higher 
temperature occurred in the cage. No avoidance 

manders found in that tray during a. single observation. 
The circled dot represents the average depth for each 
cage for each year. Summated distributions are shown 
to 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. 

was noted 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. 

https://Vertie.al
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FtG. 9. Pfr!lwdoii distribution in the trayed cages with 

respect to temperature Th<'. histogram shows the fre
quency of capture at each tcmpnature divided by the 
numbu of times that temperature was sampled. The 
temperatures ;ampled and the numbu of tunes ~ch 
temperature was sampled is illustrated above the histo
gram. The salamander distributions ow:r J temperature 
ranges are shown in tl1e upper half of the Figure as 
samples of the raw data. Each nu1nbcr represents the 
number of salamandns found al that depth and tempera
tunc. The line represents the range of tcmpnatures as 
me.isured at the surface, J in., 6 l11., anrl 12 in. levels 

There was a definite avoidance of levels which 
were below the v.·ater tahle ( Fig. 8 J. A~ the 
water table rose, in both 1957 and 1958, the entire 
distribution was shifted upward. Even after the 
water table dropped in No\·ember, 1958 the sala
manders did not rapidly reoccupy the formerly in
undated soil. 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 

different locations and of different depths at the 
same location are saturated at different percent
ages and will hold soil water with different 
tenacities. Thus at the site of the cages, the soil 
of the first 5 in. is saturated at 61.2% soil water, 
while the soils at depths of 6-10 in. and 11-15 in. 
are saturated at 35.5% and 28.6% respectively. 
The surface soils will also yield water more readily 
than the lower layers as shown in Table II. 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 ~alamander distribution. 

TABLE IL Water relations of the soi! at trle cage site 
(poorly drained) The percent of moiStllre is the amount 
of soil moisture remaining in the soil after extractions 
at tensions indicated by pF. pF is the logarithm of the 
rleight in antimeters of a column of wain equivalent to 
the force with which moisture is hdd at the air-soil 

surface. ·Each value is the mean of 6 samples 

[ ?1, SOIL WATER1---,------~
pF 

Dept.h (in.) 
saturation 2.5" 1.8 

(60 cm.) (½ alm.) (1 atm.)
-----1---'--

J. 5 61.2% 46.0% 44.4% 43 1% 
6-10 ;JS.5 27 .o 25 7 24 I 

11-15 28 6 27 .1 26 5 26.0 

Population rstimatn based on litter captures 

Population estimate:, 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 method 
to estimate the population by following the in
crease of the proportion marked in samples drawn 
from 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 obtained when 10 
Plethodo11 had been placed in each of the cages 
at the beginning 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 obtained 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 
not 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 

3.0 
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TABLE III. Record of surface captures in trayed and 
tray]e5s cages, and calculation of population si2e esti

w,'
mate.s (e.stimate<l population, P =--w,, 

#l (trayle'"I 
tru, po(IUL<ition=g·lO 

#2 (,,.y1.,,,1 
1rue P<'.JJ>Ul&<LOn=9·lO 

#J (,r•ye<lJ 
,rue populattoo=~·!O 

Toto! 
("'I 

" , 
" 

New 

P='Y.9 

" 
" 

Old 

" 
' 

" 
" 

" 
" 

r,or,ortion of 
cot.oh p,ev,ou,ly 

h~ndled 

"' 

. .ll 

" 

" " ,"" 
.:lJ 

Total no. 
p,eviou,ly 
han<llcd 

(,] 

• 

#-1 (t,ayed) 
true populatLon=9·\0 

r~ " 4 -1 

" 
'" '" I .00 '• 

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

Comparison of plot and cage distributions 

In an attempt to see if there was a relatio11ship 
between the results in the experimental t-ield plot 
and the results iu the experimental riel<l cages, the 
plot results were compared ( l) with the surface 
results of the trayed cages, and (2) with the 
mean deJJth of salamanders in the trayed cages. For 
each day of observations, the number of captures 
of f>lethodon 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 from this chart, Table IV, and the 
frequencies were compared by a Chi-square test 
of associaion (Simpson and Roe 1939). The data 
do not suggest that a large number of captures in 
the plot are associated with a large percentage 
of salamanders on the surface in the cages (12 = 
0.118, df. = 1, P = 0.85). 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 with 
large m11nhers of captures of Plelhodon in the 
plot, Table 5 (y,2 = 0.238, d.f. = l, P = 0.60). 

TABLE IV. Comparison of the number of searches of the 
plot with and without captures with th<: percentage of the 

trayed cage population found on the surface 

CAOE 

Plot % af population found in surface tray 

Less than 10% LO% ar more 

0 e,,.pturea (() 

Great.er than O captures 

\I 

7' 
TAIIU. V Cou,pa,·ison of th<: number of ,ear<:hes of the 
plot with and without capture, with th<.: m<.:an depth uf 

tl1c ~alan1amkr.s in the tr;iy,·d ntg<:, 

CAGJ< 

L'lo~ 
Xlower t.:an ,'.i in -I;; higher :hl,n i'l i~ 

0 captures 
I

Great.er than O captures 10 ! 7 

Winter survival 

Four au<l 6 l'lctlwdon resµectivdy, survived the 
winter in the 2 traycd cages. Ten ·salamanders had 
hecn left in each uf the cage~ from NovemlJer 22, 
1957 to June 1958. The vertica) temperature 
distributiou was found to range from -6°C to 
2°C durlug 2 checks in FelJruary, 1958. No 
salam;nidtrs survived the 1958 winter, wlticlt was 
colder with less snow. 

V crtiral distribution under controlled 
environmental conditions 

\,Vhe11 the salamanders were placed on the sur
faces of the mazes, they wandered about briefly 
and then entered the tunnels, usually within 10 
minutes. Preliminary studies showed that they 
were spread throughout the mazes at the encl of 
2 days. The overall <listriliution 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 in Figure 10. The trends can best Le 
seen in the results of July, August, and September. 
Under uniform temperature (TA) the sala
manders were close to the surface in the wet/dry 
maze ( wet top, dry bottom), near the bottom in 
the dry/wet maze and spread throughout the en
tire maze in the wet/wet maze. After the hotjcool 
condition had been superimposed for 1-¼ <lays, 
the salamanders had moved downward in all of the 
mazes. After the temperature gradient was re
versed, cool/hot, the salamanders moved upward. 
After all the temperature gradients were removed 

https://Great.er
https://Great.er
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(TB) and the mazes left for 2-¼ <lays, the 
distribution shifted toward the original TA pat
tern, hut was typically nearer the surface, showing 
some lag from the cool/hot condition. Durmg 
the cooler months (spring and fall) the tempera
ture effects were less extreme. The dlstributions 
of salamanders in the control maze were relatively 
constant. 

The effects of the 10 day captivity, season, tem
perature, moisture, and light have been analyzed. 
The data have been presented and analyzed in an 
analysis of means ( Figure 11), as described by 
Ott (1958), but slightly modified to handle un
equal sample sizes as given in the ASTM manual 
(1951). One use of this method is to colnpare 
the effects of different factors and/or different 
levels of factors upon the variation in results. 
The method consists of summing the results of all 
runs nnder each condition and companng the 
means of each condition by a control chart. The 
control limits are based upon the normal distri
bution and are drawn at X ±3 standard devia
tions of the means. 

To test whether there was any effect upon the 
vertical (fotribution due to the salamanders heing 
in the mazes for 10 days, the first day observations 
in the control maze were compared with the ob
servat1011s of the 10th day. No sigmfi.cant differ
ences were found. 

The overall analysts for seasonal effect is some
what misleading because the experiments m 
several of the months lacked the complete series 
of temperatme gradients (February, early May, 
late May, November, and December); this tended 
to skew the results. Thus February and \fay re
sults appear to be significantly higher and lower, 
respectively, than the rest of the means largely 
because no temperatnre gradients were imposed 
during the February run, and each of the May 
nms lacked a complete cool/hot gradient for 
both day and night. To remove the effect of in
complete runs, the seasonal effects were com
pared under the TA, uniform temperatnre, wet/ 
wet, light condition, which was taken for each of 
the months studied. Using these data the monthly 
mean vertical distributions are not significantly 
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Fie,. IL Control chart of mean depth of salmanders 
for total maze data, Letter symbols as in Fig, 10. The 
heavy center line is the mean. The dotted lines are the 
control limits at ± 3 standard deviations. The number 
above 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 distrihutions of the various months. 

A seasonal difference was seen in the surface 
occnrrence, although not at a si_gmfi.cant level. 
Occurrences teuded to he high in spring and 
fall, and low in summer 111 both the greenhouse 
and the control mazes. This is especially note
worthy in the control maze since only the animals, 
but not the environmental conditions, varied 
seasonally. 

Moistnre gradients significantly affected the 
vertical distrihut1on of Plethodon The sala
manders avoided the dry layers if no temperature 
gradients were superimposed. This is most evi
dent under uniform temperature (i.e., seasonal 
temperature, with no vertical gradient). The 
wet/dry maze had a significantly higher distribu
tion (2.6 in., 11 = 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 alone is most evident when the wet/wet con
dition is considered, the al'erage depths being, 

TA 4.0 in. (n= 192J; hot/cool 5.3 in. (n= 
166J; cool/hot 2.5 in. (11 = 126); TB, 3.1 in. 
(11 = 171J Under most of the temperature 
ranges used, the salamanders moved toward the 
cooler end whether it was in the upward or down
ward direction. Because seasonal, and therefore 
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 
because the temperature ranges used were wider 
than under the cool/hot condition. When the 
temperature exceeded l8°C the salamander dis
tribution was skewed toward the lower tempera
ture. The higher the temperatures, the more 
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. \II/hen the minimum 
temperature was below 15°C, there was a slight 
tendency to move away from the cool end. 
Essentially the same results were seen when the 
direction of the gradient was reversed. Thus 
there was no indication that the salamanders 
mO\·ed downward any more readily than upward 
m response to similar temperature gradients. 

As an indication of the sensitivity of Plclhodon 
to temperature, the distribution was skewed when 
the gradient had a range of only 1.5 and 2.0°, 
and where the lowest temperature was above 
!8°C under cool/hot conditions. 

The distribution under TB tended to be sig
nificantly 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 remO\·ed. 

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 onto 
the dry layers if they were cooler and if the wet 
blocks exceeded l8°-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 on the glass 
somewhat a\leviated the dry condition, but the 
plaster gained very little water. Occasionally con
densed water collected at the bottom of the 
mazes). When the temperature gradients were re-
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Ft<,. 12. Distriliution of PJ,,thado,i under different 
temperature range~. A!I gradients were cooler toward 
the bottom of tht maze. The maze was uniformly wet. 
The horizontal !lne represents the range of temperature 
over 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 on the sur
face (0.24%) as compared to 29 surface ob
ser\'ations of 774 night salamander observations 
(3.77,:,) 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-

servations ( 2.0%). Moisture and temperature 
gradients seem to affect the occurrences on the 
surface, but not a significant level. 

The mean vertical distributions of day and night 
were significantly different, although the magni
tude of the difference was slight. Salamanders 
were distributed throughout the mazes both at 
night and during the day under uniform tempera
ture and moisture. Summing all of the night and 
day observations in the greenhouse mazes, the 
mean depth for the day observations was 4.18 m. 
while that of the night observations was 4.02 in. 
Thus the night ohservations averaged 0.16 m. 

closer to the surface than the day observations. 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 completely due 
to surface occurrence during the night observa
tions. 

Durirtg 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 
noted 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 l6°C, 
water 12"C; air 11 "C, water 12"C; air 12.S"C, 
water 11.S"C; air 8°C, water 9"C; air 9.S"C, 
water 8"C; air l4°C, water 10.S"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 ,;ntil the disturbance ceased. 

D1scussroN 

Litter as part of the total habitat 

It has been found in this study that the litter 
is but a part of the total habitat of these sala
manders. While the litter is the most 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 SX:l ft field plot together with somewhat 
fewer searches of adjacent and peripheral areas 
yielded 228 captures of Plethodon c. cinereus. 0£ 
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 Oe conduded 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 
!(1ttg-term residents and not immigrants. ( 1) 
Measurements of distance moved between recap
tures showed very restricted horizontal move
n1ents. ( 2) The direction of these movements 
and searches of the peripheral areas gave no indi
cation of migration. (3) .Salamanders frequently 
disappeared from the surface and later rl.'appeared 
under the same object as their original capture, an 
average of, 10 searches later. 

Since it appears that th<' population within 
the plot exceeded the total nwnher captu1·ed on 
the surface, and since the average 1mmher of 
capturesf:>earch was 1.2, nuly a very ~rnall pro
pnrtinn of the poJJulation was sampled during 
rather intensive searches of the plot. This ag-rces 
with the fiinding-s of Test aud l\iug-ham ( 1948) 
when they failed to deplete a l'lctfiodon rincreits 
population by the re111oval of all !'!ethodon found 
under surface ohje~·ts. \Vithin exJJt'rilllcntal field 
cages, 2% to 327,, of the total ol1scrvations oc
curred in the top i11ch of the soil. The proportion 
found near the surface apparently depended upon 
tc1nperature, level of the water table, and type of 
surface shelter available. Within the ma1,es only 
a sntall minority of the olJservations were made on 
the surface. 

That the ~11rface capture~ 111,1y not be an ade
~1uate nor a random sample of the total population 
has been reported by Test ( 1955) and is sup
ported hy this study. The population sizes within 
the underground field cages were estimated on the 
hasis of surface captures hy a 111ark and release 
technique. The surface captures gave an ade
([ltate e~timate only when undreground passage
ways were not available, as in the trayless cages. 
In the trayed cages, where underground passage
ways were available, part of the population re
mained on the surface while part was never found 
on the surface. This led to erroneously low esti
mates. The numerous animal burrows and the 
disappearance of marked animah indicate that the 
natural soil provides numerous 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 choose to call the surface captures "abund
ance," (e.g. Hendrickson 1954, Stebbins 1954) 
but Gordon ( 1952) uses the term "visible popula
tion." This latter term is more descriptive and 
less subject to m1smterpretation 

It therefore appears that the litter is only a 

minor part of the salamander's habitat even under 
favorable conditions, in contrast to the comment 
of Vernberg (1953) and the inference of Test 
(1955) that salamanders use the depths of the 
soil primarily under unfavorable coriditions. Given 
an opportunity to utilize underground passage
ways, as i11 the trayed cages, Pict/Jodon penetrated 
to the full depth of 12 i11. \Vithi11 the ma1,es, 
PlctJwdon readily entered darken('d burrows. Test 
( 1946) fou11d that the behavior pattern reponsihle 
for the wcll-ktHJWII tendency for l'fl'fhodon cin
crcus to he (ou11d under ohje,·ts is dependent 011 

their negative n·spo11se to lig-ltt, hut not to dorsal 
contact. .Such a hchavior pattern could result 
in the' utilization (Jf hurrow~ as readily as the 
utilizatio11 of suwrficial sl1dter objects. Thus the 
habitat is lit'st described in terms of volume rather 
than surface area. 

The vertical distrihutiqn i." prcdicLable to some 
exte11t, as shown IJy the responses in the cages 
and 11iazes. Additional work along these lines 
to improve the predictability could yield estimates 
of total populatioi\ p;1ra1neters 1,y measuring soil 
conditions and oh-.cning- litter occurrence. This 
general method shoul(l he applicable to any cryptic 
population that ha~ at least som<' part of its hab
itat convenient for study. One caution must he 
ohserved: because of the lag- effect, s\.wwn hy the 
slowness of the return of individuals to areas from 
which they had previously hcen driven out by un
favorable conditions, the distribution at a particu
lar time may reflect previous conditio11s as well 
as pre~ent conditions. Therefore, frequent en
vironmental measurel\lents must be taken. 

Seasonal distrih11tion 

Captures varied sea~onally being high during 
the spring and autumn and low during the sum
mer. Seasonal changes in captures could he due 
to seasonal climatic condition~ and/or seasonal 
behavior patterns. The occurrence of more 
Plethodon on the surface of the plaster mazes 
during the spring and fall indicates that seasonal 
behavior patterns 111ay exist. This was true both 
m the greenhouse mazes under semi-natural 
seasonal conditions, and in the control maze under 
constant conditions, although not at a statistically 
significant level. Test ( 1955 J stated that the 
decrease in the captures of mature females during 
the sununer may be due to their being in nursery 
chambers. No significant seasonal changes in 
the mean vertical distributions were found in the 
mazes. 

Temperature 

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. 
Either the temperatures or the change in tem
perature may influence surface occurrence. The 
range of surface te1uperatures for Plethodon cap
tures in the plot was from S°C to 25~C. Within 
the underground cages, Plethodon were found 
over approximately the sa1ne range, 4°C to 25"C, 
although telllperatures as low as -6°C were 
sampled. The raage here is much wider than 
that shown for this species by Bogert ( I 952) of 
16"C to 21 °C. Thi~ wide range is in partial 
accord with llogert's conclusion that salamanders 
do not exercise (Olltrol over the thermal level of 
tht:'.1r liqdit.>s hy their activities ,md choices of 
their in1111ediate enviro111neut as he has found in 
lizards. However, his statement that salarnanders 
are i11scn,-,itive to u·mperntures within their en
vironnieut mn,-,t lw modified, for f'/cthodon sharp
ly avoids teiupt·raturcs below 4~C. The data here 
are in accord with Vernherg's findings (1953) 
that f>lethodon cincreus and Eurycca /,ishneata 
will avoid air temperatures of 0°C by burrowing 
into warmer sand. [n the mazes, the vertical dis
tribution was inarkcdly i11fluenced hy temperature 
ranges which extended above 18°C; at tempera
tures above this, the distribution was skewed to
ward the cooler end. Under the nwze conditions 
the ,-,ala111.:111ckrs wen: sensitive to temperature 
differences as -~1u;tll as LS"C if the temperature 
was above l8°C In thl' cages no tc1nperature 
avoidance was noted at the higher temperatures 
up to 25°C, which was the highe~t te1llperature 
sampled. [n the field plot captures were made 
up to 25°C although ~lig-htly higher temperatures 
were sampled, and the distnhution of captures 
was skewed away from the hrg-hcr temperatures. 
Tims it appears that the />lcthodon were more 
sensitive to temperature under the maze conditions 
than under field conditions. The complete avoid
ance 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 between 30° and 36°C. 

Moisture 

There is particular interest in the mnisture rela
tionships of amphibians because they represent a 
transitional stage between terrestrial and aquatic 
organisms It has been shown that at constant 
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 

intere.;,t. Within soil cavities, the air will be sat
urated with water vapor if the soil is wetter than 
the hygroscopic coefficient ( Lutz 1946). Since 
this was the case m the cage experiments, lowered 
relative humidities were not studied here; nor 
could the reactions to soil moisture be stu(lied 
111 the field The soil within the cages was almost 
alway.;, .saturated, and the percentage of water in 
the s(J[I salllple~ taken from the capture sites is 
more an indication of high organic content of the 
.<;oil than of moisture available to salamanders. 
In the lllazes the salamanders avoided dry layers 
unlcs.;, the wet layers were wanner than 18°C and 
the dry layer~ <.:oolcr. 

In hoth the maz('S and cages I'lcthodon showed 
a clear avoidance of ,-,t,rnding water. As the water 
tahlc rose iu tlw cages, the .;,;damanders abandoned 
the intmdated layers. It was noted that high 
capt111·es/~('arcl1 frequently, but not always, fol
lowed heavy rains. lt may IJe that when the soil 
is saturated, additional nin fills the underground 
pa.;,sageway~ and the sala1llall(kr,-, arc driven up
ward. 

IJ,rl pcrwdicity 

While ~al111a11ders appcare(l 011 the surface 011ly 
wht"tl 1t w:t~ dark, the vertical distribution within 
the soil was only very slightly affected by light 
and dark cydcs both in the cages and the mazes. 
Nor were the nmnbcr of captures under super
fiC1al shelter objects significantly higher at night 
than during the day in the research plot as might 
he ('Xpectcd of nocturnal animals. Since sala
mander~ can avoid light by retreating under super
fioal ~helter objects, it is not necessary to retreat 
deeply into the soil. lt appears that the sala
manders near the surface may move onto the 
surface when it is not light, for they are photo
negative (Vernberg 1955, Test 1946), but no 
i11(!icatio11s of daily vertical migrations were seen 
in the plot, the cages, or the mazes. 

Comparison of experimental and plot r('sults 

[t must be concluded that the results of the 
cage experiments were a poor measure 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 Pli>thodon 
tended to he found away front the stream. Had 
the cages not been so close to the stream where 
the water table level was the major controlling 
factor, the results of the cages might have been 
in better agreement with the plot results. Within 
the cages, Plcthodon reacted to environmental 
conditions and thus gave some measure of the 

https://tht:'.1r
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vertical distribution under these conditions. In a 
similar manner, the mazes showed that sala
manders do react to temperature and moisture 
gradients in a predictaLle manner. The extent to 
which such experimental results can be applied 
to field interpretations requires additional studies. 

Home 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 clamitans 
( Martoff 1953), S caphiopus holbrooki ( Pearson 
;,.;55), an<l Batnu:hoseps ( Hendrickson 1954). 
Since no defense was noted in this study they 
cannot properly he termed territories. 

H ibcrnation survival 
Hibernation ,;,urvival in the ca_ge,;, was SO')'o for 

the winter of 1957 am\ 0% for the winter of 1958. 
The 1957 resulb co1npare closely with those of 
Vernherg ( l95J) of 4.3% survival. Survival un
doubtedly depends upon the severity of the winter, 
for 1958 was a colder winter with le.ss snow. 

Expcrim.entol shelter o/ij{'(/.t 

Ex:perimental1y placed objects, pine boards, 
rocks, and tar paper, were found to yield approxi
mately twice as many captures a~ naturally 
occurring logs and rocks per foot of cover. One 
factor relating to this efficiency is the case of 
.scanning the one square foot under tile experi
mental objecb as compared to scanning several 
square feet under logs, especially at night. 

SUMMARY 

l. The distribution of Plethodon c. wuYeus 
within the soil was studied as a means of inter
peting field captures. 

2. Three approaches were med: ( l) a 111ark 
and release method in a field plot for a study of 
the surface capture.~ 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 I'lethodon 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 
5°C to 25°C Recapture data indicated restricted 
home ranges. 

4. It appears that the litter of the soil is only 
a minor part of the salamander's habitat even 
under favorable conditions. \Vith the under
ground field cages it was found that Plethodon 

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 hut a small part of the popula
tion u11der plot, cage, and maze conditions. The 
vertical distribution is affected mostly by water 
relationships, especially water tahle level, tempera
ture, and to a limited extent, by light. Pletlwdon 
avoided im111dated soil, but preferred a moist 
substrate. \Vithin the plot, cages, and mazes, an 
avoidance of low temperature wa.s found. In the 
mazes, aa avoidance of high temperature was also 
found. f ,ight had little affect on the vertical 
distribution within the soil, hut did affect exposure 
on the ,;,urface, and thus affected average vertical 
distribution to a limited ext<'nt. l ,ight did not 
affect th(· frequency uf captures mtder superficial 
surface <1IJjects in the field plot. A lag wa~ shown 
in the return of Pletftodon to areas where they 
had pre\·iously been drivrn out by unfavorable 
conditious. 

5. Thus a ['lcltwdon population reacts toward 
environmental conditions in a somewhat pre
dictable manner. Additional work along these 
lines to improve the predictahility could yield 
estimates of total population parameti::.rs by meas
uring soil conditions and observing litter Qccur
rencc. This general 1Hcthod should be applicable 
to any cryptic population that has at least some 
part of its habitat convenient for study. Nu
merous environmental measurements must he 
taken over a period of time since the distribution 
of the organism may reflect previous conditions as 
well as present conditions. 

6. Hibernation survival depends upon the se
verity of the winter, 50% of the caged Plethodon 
survived during the winter of 1957 while none 
survived the winter of 1958 which was colder with 
less snow. 

7. Experimentally-placed shelter objects, pine 
lwards, rock:,, and tar paper had approximately 
twice the efficiency of naturally occurring logs and 
rock~ 1n yielding salamander captures. 
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A POPULATTO:\' :iUR\'EY OF RHESUS MONKEYS tN J\'OHTHl~RN INDIA: 
II TRANSPORTATIOX ROUTl~S AND FOREST AREAS 1 
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This paper presents data on the abundance and 
population structure of rhesus monkeys (Macaca 
ti-mlatta Zimmerman) observed along roadsides, 
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canal banks, railroad rights-of-way, and forest 
areas of northern India from September, 1959, to 
June, 1960. A previous paper presented popula
tion data on rhesus monkeys in villages, towns, 
and temples in the same region (Southwick, Beg 
and Siddiqi 1961). These several types of habitat 
and survey categories were selected because they 
represented logical categories in the habitat dis
tribution of rhesus monkeys, and they provided 
a convenient system of data classification for the 
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