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Introduction

In the past two or three decades, field studies of the
movements and spatial relations of vertebrates have been
published in ever increasing numbers. Although birds and
mammals have receilved much attention, the cold—blooded>
terrestrial vertebrates, largely neglected in this respect
until the last 10-12 years, have not been so thoroughly
investigated. Fleld data on the dynamies of amphibian and
reptile populations are much needed, for our knowledge of
vertebrate population ecology 1s based almost entirely on
studies of birds, mammals and, to a lesser extent, fish.

Perhaps the most complete records of the movements of
any poikilotherm were those obtained by Stickel (1950) of

the Box Turtle (Terrapene carolina) by mapping the trails

of individual animals Fitted with a trailing device. Blair
(1960) more recently has made a very thorough study of the
movements of the Rusty Lizard (§gglggggg§‘gg§g§§§g§)e Among
the more extensive an& thorough studies of movements of

other reptiles which have been published are those on the

snakes Thamnophis sirtalis, T. sauritus, T. butleri (Carpenter,

1952), Crotalus viridis (Fitch, 194G) and Agkistrodon

contortrix (Fitch, 1960), the turtles Chrysemys picta (Sexton,

1959) and Gopherus agassizi (Woodbury aund Hardy, 1948), and

the lizard Eumeces fasciatus (Fiteh, 1954).

Among The caudate amphibians the movements of Taricha

rivularis (Twitty, 1959, 1961), Batrachoseps pacificus
| |



(Hendrickson, 1954; Cunningham, 1960) and Taricha torosa

(Pimentel, 1960) have been perhaps the most studied. Anurans
have recelved somewhat more attention, for in the last ten

years extensive studies of movements have been made on Rana

|
|
clamitans (Martof, 1953b), Seaphiopus holbrooki (Pearson,
1955), Syrrhophus mernockl (Jameson, 1955), Hyla regille |
(Jameson, 1956, 1957), Acris crepitans (Pyburn, 1958), Rana
nigromaculata (Kikuchi, 1958), Hyla crucifer (Delzell, 1958), |

Rana pretiosa (Turner, 1960) and Bufo hemiophrys (Brecken-

ridge and Tester, 1961). 180, briefer and more limited

studies of movements have been made on Rana temporaria

(Savage, 1935), Rana catesbeiana (Raney, 1940), Rana sylvatica

(Bellis, 1962), Bufo terrestris (Bogert, 1947), Bufo regularis

(Chapman and Chapman, 1958), Bufo punctatus (Turner, 1959),

Bufo canorus (Karlstrom, 1962), and Gastrophryne olivacea |

(Fitch, 1956). Nctable by its absence from the above 1ists, :
however, i1s the cold-blooded vertebrate most familiar and
lmportant to zoologists in this country, the Leopard Frog,
Dapa piplens Schreber, one of the most common laboratory ani-
mals in embryological, physiological, and anatomical studies.
Several aspects of the ecology of Rana piplens have been
investigated previocusly and are well understood. Its breed- J
ing behavior, studied by Noble and Aronscon (1942) and others, j
1s well known. More recently, W. F. Blair (1961) studied
the influence of some environmentsl factors upon the occur-
rence of mating. Kilby (1945) made an extensive study of

the food and feeding habits of Rana‘pipiens sphenocephala,




3

and Drake (1914), Force (1925) and Knowlton (1944) have pub-
lished shorter studies on this aspect of the ecology of the
gpecies. Water regulation in an aquatic environment has been
investigated by Adolph (1927-1933), Thorson and Svihla (1943),
Thorson (1955, 1956) and others. The influence of certain
enviroumental factors upon embryological and larval develop-
ment also has been studied by Moore (1949, 1950), and more
‘precently by Richards (1958}, Ruibal (1962) and Rose {1960);
post-metamorphic growth was investigated briefly by Ryan
(1953).-

The movements and spatial relatlions of Rana plplens,

aspects of its ecology affecting every phase of the lives of
the animals, have not, however, been thoroughly investigated.
Only brief notes oun movements, mostly obtaihed incidental to
other work, have been published. Ryan (1953), studying growth,
reported the recovery of Leopard Frogs at distances of up to
150 yards from the place where first captured. Fitch (1958)

in his general survey of vertebrates on the University of
Kansas Natural Histofy Regervation, found no evidence that
Leopard Frogs had home ranges, and reported that young Rana
pipiens dispersed during and after rains. Whitaker (1961),

in a study of Zapus huésonicus, trapped young Leopard Frogs

in mouse traps as they dispersed through woods, mostly during
rains. Scott (1938) and Carpenter and Delzell (1951) recorded
Leopard Frogs killed oa highways after precipitation, apparent-
1y having moved there during the rain. Cummins (1920), in his

study of anurauns in a southern Michigan pond, obtained
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, information on the breeding mlgrations of Rana pipilens.

Wright and Wright (1949) and Breckenridge (1944) include
brief notes of mass movements in fall and spring in their
general treatments Qf the life history of this speciles.

‘Several factors indicated that a more thorough invest-

gatlion of the movements of Rana pipieﬁs would be worthwhile.
The widespread distribution of the species, from northern
Canada to.Panama, far more extensive than any other North
American anuran, might be indicative of a greater degrée of
vagllity than occurs in other frogs. Its considerable vari-
atlon and occupation of a wide diversity of environments
indicate a high degree of adaptability; a mora complete know-
ledge of 1ts hablts might provide a betiter understanding of
iﬁé ability to thrive in so many different ecological situ-
ations. In addition, its terrestrial habits, better developed
than in any other ranid which has been studied, its extensive
occupation of grassland, its abundance; and the ease with
which it can be capturedB make the Leopard Frog an idezl anil-
m2l for a study of movements. 7

Previous information on the movements of anurans hag
Vbeen obtained almost entirely through repeated recaptures of
Individuals, hence in most cases only the magnitude of move-
ment éould be determined; the nature of actlvity between
captures usually was not known. In the présent study, how-
evera_the movements of Individuals were followed by means of
a trailing device, permitting a much more precisé record of
daily activity than has previously been possible with aﬁphibi—

ans. In addition, an analysis was made of the spatial
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relations within populaticns, a phase of the populétion
ecology of amphibians which hdas received little study, for
only a few investigators (e.g. Pearson, 1955) have attempted
to analyze thelr data so as to permit a quantitative defini-
tion of home range, or to determine the effects of environ-
mental conditliong upen spaging. Likewise, the seasonal
shifts of lndividuals from one habitat to another, and théﬂ
effects of climatic ané seasonal changes upou the dispersion
of populations, 1nvestigated only rarely in the past (e.g.
Turner, 1960), were studied. Much effort was also devoted
to an investigation of the movements of young frogs, for,
except in a very few studles (e.g. Jemeson, 1955, 1956), the
dispersal of young has been largely ignored. “

The purpose then of this investigation was twofold: (1)
to increase our understanding of the ecology of one of the
most abundant vertebrate members of the poud and grassland
communities in much of North America, and (2) to obtain
additional factwal data to provide a broader basis for zZeneral-
izatlon concerning the dynamics of vertebrate populations.
The information obtained should also have importance in fields
other than ecology. Emphasis in genetics in recent years

has shifted mofe and more toward studies of populations;

Rana pipiens should prove a useful animal forrsuch work.

Moore (1944-1950) has, in fact, shown this species, with its
considerakble geographic variation, to be valuazble for studies
of the process of speciation. Certainly some knowledge of

the vagility of these animals 1s essential if such studies
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are to be of maximal use, for the rate of gene flow and gene-
tie drift, hence the rate of divergence of populations, are
depeundent upon the rate of exchange of animals between the
breeding groups. Perhaps also the 4dnformation éathered will
prove useful to taxonomists who are still actively debating

the taxonomic status of the various groups of this specles.
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Life History

To enable the reader to fit the subsequent detailed
study of their activities into its proper relation in the
life of the individual animals, a brief review of the major

aspects of the l1life history of‘Rang_pipiens is presented

here. What is said applies mainly to the species in north-
‘ern Michigen; the details vary somewhat in other parts of
the United States, especially far to the south where the
animals may be active all years

Generally in late April, as the ice melts and warmer
weather arrives; Leopard Frogs emerge from their winter
hibernacula in the bottoms of ponds and streams, or some-
times protected places in terrestrial situations. They are
- among the earliest frogs to breed. Their choruses may often
be heard well into May emanating from %the weedy ponds and
marshes which they use for breeding purposes.

Usually courtship and egg-leying closely follow emer-
gence from hibernation. Eggs hatch in one and one-half %o
three weeks depending upon temperatures. After hatching,
the tadpoles remain attached to the Jelly mass or other
objects for several days before they begin feeding through-
out the pond. '

The length of the larval period depends to a large ex-
tent on the temperature regime of the pond during spring and

early summer, but transformation usually begins in late July

7
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or early August and may continue well ;nto the latter‘part
of the summer. In the present study the earliest transforma-
tion of young occurred in 1960 when emerging frogs were seen
at Sedge Point on July'll. In 1961 tadpoles were stiil trans-
forming as late as August 22. After metamorphosing, the young
frogs tend to remain in close proximity to the ponds, but on
favorable nights may move great distances from-their place
of hatching. If survival to metamorphosis is high, very
large numbers, often still with stubs of tails up to 15 mm
long, may emerge at once and spread over the countryside.

At transformation young frogs vary from 17 to 31 mm,
the average being about 22-23 mm. Growth during the first
season 18 rapid, but because of the short time available
the young frogs seldom reach more than 40 mm in length before
hibernating in the fall. During the second season growth
also proceeds at a rapid rate and by the end of their second
summer the animals have reached adult size and are gsexually
mature, ready to breed in the spring of their third season
(i.e. when two yeaers old). In this peaper newly metamorphosed
frogs, those in their first season, will be termed young-of -
thé~year, or s8imply young. Second-geason frogs are called
subadults, for though they do not become sexually mature
until the end of summer, their behavior is cleosely simllar
to that of the adult frogs. Sexually mature adults in their
third season and beyond are indistinguishable as to.age, but
in general the largest individuals of each sex are probably

the oldest. }



After apending the spring in the ponds subadult and
adult Leopard Froge abandon the water in early summer for
the fields. During July and August they commonly oCCupy
moist meadows, hay flelds and pastures, and grassy wood-
lands. Though found occasienally,along streams and ﬁround
ponds at thls time, older frogs generally are quite inde-
pendent of standing water in summer. They may occasionally
be found sitting upon elevated objects such as logs, boards,
etc. but most ofvtheir time is spent sitting on the soil;
they are not arboreal. In general, Leopard Frogs are most
active at night. Major movements are confined almost en-
tirely to the dark part of the diel period, though the ani-
mals may shift short distances within their local areas in
daylight. Feeding occurs both in the dsytime and at night,
hunger and the presence. of suitable food (mostly arthropods)
apparently being the only imporbtant factors determining when
individuals will eat.

When temperatures fall in late September or October,

Rana pipieng movegto the hibernating sites. They may vemain
in and around the ponds for some time, but retreat to She

bottom as water temperature falls near freezing.



Study'Areas

A

The field work of this study waes done in the years 1960-
62 at two areas in the vieinity of The University of'Hichigan
Biological Station, Cheboygan county, near the northern tip
of the Lower Peninsula of Michigan. This region is glacial
terrain characterized generally by low undulating relief
occaslonally broken by detached hills and ridges and ranging
from 180-240 m above sea level. The general elimate of this
area, flanked on two sides by lakes Michigan and Huron, is

- under the tempering influense of these large bodies of water.

Budzinskits Pasture

This study area waé a 4.25 hectare pasture on the farm of
Mr. Albert Budzinski oh Indian Trail Road 8 lm east of the Bio-
loglecal Station. It eontained an abandoned gravel pit and 2
small marsh (Fig. 1), both having water most of the summer and
together supporting a large population of frogs.

Five distincet zones of vegetation were evident, reflect-
ing largely the moisture content of the soil (Figa 2)s Within
and 1mmed1ately surrounding the marsh proper was a zone of

dense sedges, mainly Eleocharis sp. but with occasional Carex

retrorsa with an average height of about 50 e¢m. Two compact

clumps of Acorus calamus occurred at the edge of the marsh.

Surrounding the dense sedge zone was a larger one of a
dense, mixed stand of grasses and sedges, averaging about 70

cm high. The dominant grasses were Poa pratensis and Glyceria
10




Filgure 1

(Top) Budzinski's gravel pit, July 27,
1961, showing largest pond and_blind from
which sbme observations were made. Look-
ing southward, part of pasture, and an ares
of sumac beyond, are visible in background.
(Middle) Budzinski's marsh, in summep
(August 4, 1962), looking southwest from
northwest corner of gravel pit. Alder-
White cedar swamp in which some frogs were
trailed is in background. (Bottom) Bud-
zinski’s march from approximﬁtely same
location showing extent of water on

April 27, 1962.
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8p. and the most common sedges Carex flava, C. retrorsa and

Eleocharis sp. in descending order of importance. Several

species of mint (Labilatae) also occurred in this region.
Bounding the sedge-grass 2one wes an area of almost pure
graéa (Glzceria s Wwith a few scattered clumps of Poa. The
vegetation in this region was very dense with an average height
of about 70 ecme Smaller areas in the southeast corner and the
east side of the pasture supported similar vegetation.
The soil within these three zones, extending to the outer

margin of the Poa-Glyceria zone, remained wet throughout the

entire summer even though 2ll the water in the marsh disappeared.

The molature content of the soil gradually decreased from the

marsh outward along the gradual uphill gradient and this change
in wetness was reflected in the gradual changes in the vegetaQ

| tion. The boundary of this permanently wet soil was guite

marked and coincided almost exactly with the outer margin of

the Poa-Glyceria zone. The so0il moisture boundary receded less

than 1 m in July and August of 1962.
By far the largest zone in the fleld was located along a
dry ridge which ran diagonally across the pasture, 5—6 m above

the lowest part of the field (marsh). Here the dominant plant

was the grass Agropyron repens, but Potentilla recta,

Crysanthemum leucanthemum, Trifolium pratense, and Vicia

villosa were also very common throughout the area. Vegetation

here was more sparse and less tall (average about 50 ém) than

in the wetter regions.
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The gravel pit, unused since before 19850, supported a
flora distinet from the other zones. Sedges of the genus Carex
were the dominant plants of the ground_atratum? growing in small
clumps interapersed with bare sandy soil over the entire gravel
pit. Small willows (Salix sp.) up to 1 m tall were scattered
over the entire pit while ote élump of @zggg_speAgrew in 1ta
deepest part. The lowest parts of the pit also produced lux-
uriant growths of Eleocharis 8p., and in the deepest part, which

retained water all summer, Chara sp. and Potomogeton sp. grewe.

The bottom of the gravel pit generally remained moist through-
out the summer even after most of its water had disappeared.
The steeply sloping walls of the pit were of exposed gravel
and sand bearing only scattered grasses and forbs. In the
northwest corner the wall of the pit was.more than 3 m high
but elsewhere was lower. |

During early spring after the snow had melted both the
gravel pit and marsh contained several feet of water. In
April, 1962, the marsh contained 1 m of water, while the great-
@8t depth of the gravel pit was about 1.5 m. During %the summer
months, however, the water level fell gradually and it commonly
disappeared euntirely in the marsh. In 1961 and 1962 the marsh
had dried completely by late July but in 1960, an exceptionally
rainy year, it still contained more than 30 cm of water at the
end of August. The gravel pit followed a similar pattern of
water level fluctuation. Ite bottom was nearly completely
covered in the spring but as summer progressed the level

dropped until only one small pool approximately 4 x 5'm remained
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near its west end in 1961 and 1962. ~In 1960, as with the ,/
marsh, the water was still about 50 cm deep in August.

The marsh and gravel pit were entirely dependent upon
precipitation as a source of water as there were neither in-
lets nor outlets. After particularly heavy summer rains the
water level often rose several inches temporarily but the ponds
ugsually regained their former level within a week. The extent
of the water at intervals through the spring and summer of 1962
is shown in Fig. 3.

Throughout the summer of 1960 the pasture was not used
for farming activities and the grass and sedges grew rank in
the low wet areas of the field. In late July, 1961, the south-
ern half of the field was mowed for hay. This procedure was
limited to the dry ridge and did not appreéiably affect the
bulk of the frog population which largely occupied the low
wet northwest corner, though some frogs were injured or killed
in the southeast corner.

In June and July of 1962 cattle were grazed in the pasture.
They were removed on July 17, bubt not until they had cropped
Athe usually tall grass to a helght of 20-25 cm. The sedges,
wnich they refused to eat, were notvappreciably disturbed and,
together with the remaining grasses, seemed to provide adequate
cover for the frogs. The frogs were not appreciably disturbed
by the activities of the cattle which moved about 8lowly, and,
in fact, the cattle tended most of the time to graze along the
drier ridge where no frogs lived.

Several other amphiblans bred in these same ponds but only

the Green Frog, Rana clamitans, could commonly be seen in
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summer, 20 to 25 sitting in and around the water in the gravel

pit. The American Toad, Bufo terrestris americanus, Spring

Peeper, Hyla crucifer, and Common Tree Frog, Hyla versicolor,

all shared the pond in the spring for breeding, and the newly
metamorphosed young, especially Bufo, were conspicuously
abundant for short periods after emergence. No salamanders
were known to breed in the area.

The most common reptiles were Ribbon Snake, Thamnophis
sauritus, and Garter Snake, T. sirtalis, large numbers inhabit;

ing the gravel pit and the mbiat areas of the fieldo The Green

were also seen on occasion. No turtles were found.
Several birds nested in the field and gravel pit at vari-

ous times. The most conspicuous were the Red-wing, Agelaius

phoeniceus, Bobolink, Dolichonyx oryzivorus, Eastern Meadow-

lark, Sturnella magna, Savannah Sparrow, Passereulus

sandwiehensi@, and Vesper Sparrow, Pooecetes gramineus. The

only mammals known to inhabit the field were the Thirteen-

sbriped Ground Squirrel (Citellus %?idecemlineatug); Meadow

Vole (Microtus pennsylvanicus), Pine Vole (Pitymys pinetorum),

‘Masked Shrew (Sorex cinerus) and Short-tailed Shrew (Blarina

brevicauda). Several apparently abandoned Hoodchuck’(garmota

monax) burrows were noted but no animals were seen. Occasion-

ally White-tailed Deer (Odocoileus virginianus) came to the -

marsh for water.
Ingects, an important source of food for frogs, were
common throughout the summer. Grasshoppers, crickets, and

leaf-hoppers were the most conspicuous in the field but



21

numerous beetles, flies, bees, true bugs, dragon-flies and
other insects were always abundant, especially nearer water.

Spiders, too, were abundant.

Sedge Point

The second study area, chosen because it offered ecologi-
cal conditiohs considerably different from those on Budzin-
skits farm, consisted of the region immediately surrounding
two beach pools at Sedge Point on the northern shore of
Douglas Lake, Cheboygan County, Michigan (Flg. 4). The area
around the beach pools was a roughly triangular point of land
projecting southward into Douglas Lake; surrounded on the
east and southwest by the lake and on the north by a maple
woods. According to Gates (1948) the beach pools were formed
by currents set up by the winds which swept along the unpro-
tected shore of the point. As more and more sand was depogited
in the form of bars along the point %he water trapped behind
was cut off completely from the lake to form the two ma jor
beach pools there now. During the three years'of this study
a new and much smaller beach pool was cut off from the lake
Just east of the present ones.

Built up by the lake currents, the substrate of the
point was almost pure sand. Only in the region of old beach
pools had a few inches of organic material been deposited
over 1t. Elsewhere only a thin layer of dead vegetation was
generally present where plants grew in abundance.

The pools have been invaded slowly»by the surrounding

vegetation and gradually filléd in by both sand and organic
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Figure 4 (Top) Shore of Douglas Lake; east of the study
area, August, 1960. Sedggf?oiht extends
southward (toward the left in photograph) in-
to lake. East beach pool is among trees in
upper right; west pool 1s beyond. (Middle)
East beach pool at Sedge Point in August,

1960 looking northward from its south end.
Maple wood, with some white pines at edge,

in background. (Bottom) East beach pool
(background) and region between two beach
pools flooded 1§ spring. Looking northeast-
ward from between east and west pools April 27,
1962.
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material. The bottoms of both pools were covered with a
20-25 em layer of decaying organlc material on top of the
sand. Each pool was about 1-1.5 m deep at 1its deepest point
during early spring. -

The vegetationvon the point was predominantly grass and
sédges (Fige 5)s gporeugrass (Spartina sp.) grew in dense
stands up to 1 m tall between the beach pools and on the
north and south ends of the east pool. Intermixed with the
grasg nearly everywheré was a luxurlant growth of poison ivy

(Rhus radicans). On the east side of the point the grass was

sparser with more bare sand exposed. A falr growth of small

willows (Salix sp.), milkweed (Asclepias sariaca), Equisetum

sp. and Rhus radicans grew along the east edge of the east

pool. Along the south side of the larger west pool was a

narrow band of small red maples (Acer rubrum), white pines

(Pinus strobus) and willows (Salix sp.) with sparse shore-

grass and poison ivy in some places.

The pools themselves supported a luxuriant growth of

B e S

by far the most common agquatic plantg, growing often in denge

stands along the margins of both pools. Iris ggrsicolor and

Typha angustifolia were intermixed with the gedges in some

localities. Nuphar advena was a common aquatic in the we&t

pool, but was less abundant in the east pool.

The western half of the large west pool was much shallower
than the eastern end, reaching only 30-40 ¢m in depth, and in
late summer it was completely separated from the deeper east-

ern half. Here grew a dense, heterogeneous mixture of aquatic



*gauTT Lawsey £g uMoys ade ad0U8 o¥BT

25

pue mQOHmwwhmmnaHoom yo®gaq JC SSUTTAN0 °ON®]
88T3noQ ‘guiod 8peg 38 UOTJBIeFeA quBuUTWOQ § oInITJ



26

S 3J¥N9OI4

3IAYT
SV19N0Q

100d

HOV3E 183m \_- - - ==

B34 3N [+ 1] —
: Xilvs O
1NIOd 3903S
snNId v
3oy  ©
SNdHIDS
N
Styi-sndyios [
N WNIQI¥3Ld- 43OV m
N o N SNHY-YNILUYAS _EEE

dRNVYMS H3OV

.....

=TT TN
R R T TEINO

agoom 430V




27

and semi-aquatic plants including bracken fern (Pteridium

aguilinum), sedges (Scirpus validus, S. americanus), Iris

versicolor and Spertina sp. Shrub willows (Salix sp.) and

several small maples (Acer rubrum) also occurred scattered
over the area. |

The lake shore east of the point supported a very dense
growth of sedges often extending 7 or 8 m into the lake; inter-
spersed occasionally with patches ofrbare sand (Fig. 4).
Where the permanently moist sand of the shore gave way to
drier sand the sedges were replaced in some regions by an
equally dense stand of Spartina sp. Both the sedges and grass
commonly reached 0.8 - 1.0 m in height. The lake shorerwest
of the point, receiving the brunt of the wind and wave action
supported only a few very sparse clumps of sedges alqngvthe
shoreline; it consisted largely of bare cobble-strewn sand

extending inland up to 10-12 m in some places.

On the north the study area was bounded by a predominantly

maple forest (Acer rubrum and A. gaccharum) including within it

a large depression representing an old beach pool (Gates, 1948).,

The depression, 25-30 m north of the west beach pool at its
closest point, usually contained 20-30 cm of water in spring;
1t was dry by late June in 1961 and 1962, but in 1960 water
remained until late August. Except for the dominant maples

and an occasional patch of moss or §g§£§1§§VSp. this low area
was largely bare of vegetation. Its floor was cheréd by a
thick layer of leaf litter while moss-covered stumps‘and broken

limbs were scattered through it. The drier parts of the woods

surrounding the depression supportéd a dense stand of Pteridium
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aquilinum.

The water level of the pools fluctuated directly with the
level of Douglas Lake. During high water of early aspring the
. beach pools actually connected at some places with the lake.
This was evident in the spring of 1962 when the beach pools
covered 2 considerably larger area than normally (Fig. 6).

The low area between the two main pools also filléd,,becoming
a third pool. As summer progressed thevlevel of the lake
dropped causing a corresponding lowering of the pcnds. The
area between the beach poolsg lost its water, though %he.§011
remained permanently wet, and the beach pools became separate
entities, losing their connections with the lake; In the
summers of 1961 and 1962 the water level dropped so far that
the shoreline of the beach pools receded inward 8;12 m from
their normal boundaries, making the pools considerably smaller
in area and lowering their depth from the usual 1-1.5 m of
early spring to 20-30 cm by late August. The pools have been
known to dry up completely, but this did nét.happen during the
period of the study.

Five other species of frogs, Rana clamitans, Hyls versicolor,

~ Heo crucifer, Acris gryllus, and Bufo terrestris were known to

breed in the ponds but only R. clamitans ccuic be found in
numbers throﬁgh the summer. In 1962 the Wood Frog (Rana
sylvatica) produced numerous tadpoles in the wdods depression
but appa?ently did not breed here in 1960 or 1961. The East-

ern Newt, Notophthalamus viridescens, Spotted Salamander,

vt e L il s D«

Ambystoma maculatum, and Jefferson's Salamander, A. laterale,

-were the only salamanders seen.
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S8everal snakes known .to be predators on the Leopard Frog

were noted; Thamnophis sauritus and T. sirtalis were abundant

but the Banded Water Snake (Natrix sipedon) was less common.

Dekay's Snake (Storeria dekayi) and the Rgd-bellied snake (S.

occipitomaculata) were also found. Raccoons (Procyon lotor),

Muskrats (Ondatrs zibethica), Herring Gulls (Larus argentatus),

Black Ducks (Anas rubripes), Mallard Ducks (Anas p;atgrhgnchoé),

Great Blue Herons (Ardea herodias), Kingfishgrs.(gggggggg}g
alcyon) are all possible predators whichlfrequenteﬁ thé area.
While fish of many types were abundant in Douglas Lake
'only'one was seen 1n the pools. Several young Bullheads} _
(ggg;;gg‘,gm_ﬂlig) were found in the west pool in the spring
of‘1962, undoubtedly having gained entrance from the lake
during the high water period when the lake and pooi were con-

nected.

-



General Methods

Three major methods were used to securs data on popula-
tions and movements: intensive, syptematic collecting and
marking of individual frogs; trapping by means of pit traps
placed at strategic locations; and following detailed @ove-

ments of selected individuals by means of a trailing device.

Census

A census was made by walking slowly back and forth across
the study areas systematically covering every portion. While
I walked an insect net used to capture the frogs was kept
swinging from side to side, if vegetation permitted, so that
a swath about 2 m wide was covered. My movements aﬁd those
of the net served to disturb frogs sitting among the vegeta-
Tlon into jumping. As they jumped they could be easlly seen
and, once seen, were generally easily captured. In aveas
with little or no vegetation the net was not used to flush
frogs, bus imgtead they were sought out visually. Probing
lnto crevices with the handle of the net occasionally flushed
a froé which might othefwiae have gone undetected.

To obtain an estimate of the effectiveness of the search-
ing procedure the percentage of recaptures in censuses of four
successive weeks in June and July of 1961 and 1962 was deter-
mined for each of the study areas. The results are plotted
in Fige 7. 1In the second censué an average of 26.5% (range,
23-32%) of the frogs taken were recaptures from the first

32 |



Flgure 7

33

Percentage of recaptured frogs ln successive
weekly censuses in 1961 and 1962. Heavy line
represents the theoretical percentage of

recaptures expected if 25% of the frogs pre-

sent were captured in each census.
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census. In the third census the average percentage of recap-
ture from the two immedliately previous censuses was 41.0%,
while in the fourth censuses of 1962‘the average percentage
of recapturé from the three‘immcdiately previoug censuses
rose to 57.5%. The increased proportion of recaptured frogs
in each successive census was due to the sddition of marked
frogs to the population at each previous eensuée When plotted,
the percentages for the consecutive census periods form an
asymptotic curve,'the percentage of marked frogs captured
increasing in each succeeding census but never reaching 100%.
The points for the fourth censuses for 1961 should be considered
separately sinece they were made following a rain in which un-
marked frogs from outside the study area moved in and some
marked oneg moved out thereby lowering, at least temporarily,
the percentage of recapture (see section on adult migratiens)e
The theoretical percentage of recaptures to be expected in a
sample if 25% of the frogs present were captured each time the
areas were searched is also indicated on the graph. The em- ‘
pdricael curve shows a good fit with the theoretical one,
indicating that in each census very close to one-fourth of
the frogs present were captured and that this percentage
remained nearly constant in each census. The curve was not
carried beyond the fourth census because rains altered the
percentages.

To capture a frog the net was lowered slowly to a posi-
tion immediately in front of the animal. When it was in place

2 sudden movement of my foot usuvally caused the frog to Jump
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directly into ;he net. This method proved to be less damaging
to the frogs than trying to throw the net over them in a quick
motion, and immeasurably easier than catehing them by hand.

Most searches were made during daylight; night forays
did not prove satisfactory because 1t was very easy for a
frog to escape detection and capture among the dense vegeta-
tlon. Only about one-fourth as many captures were made at
night as in a comparable time during daylight. Recording
notes and taking information accurately from the frog were
also more difficult and time consuming. In view of these
limitations night searches were made only when there was some
reason to belleve that information not otherwise obtainabile
could be gotten. Mostly they were employed only during or
immediately after a raine.

Frogs were marked for individual recognition by toe
clipping, following the system used by Martof (1953a). With
this system a maximum of $wo toes of each foot was clipped.
The loss of toes did not appear to influence either the acti-
vitlies or the survival of the marked frogs in any way.

Information about each frog was recorded at each capture.
The snout-vent length was measured using & millimeter rule
laid alopg the frog which was held flat in my palm. Pressure
on the ffog was usually necessary to insure that its full
length was obtained, but even with this precaution small vari-
ations in length measuremeuts occasionally occurred. The
coloration, sex, exact gite of capture,Atype and density of

vegetation, character of soil and its moisture content,
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abnormalities or injuries, and abnormal behavior were also
routinely recorded.

The preseuce or absence of the thumb pad on adults was
used as the primary eriterion for determining sex. This, how-
ever, was not entirely satisfactory since the pad is not evi-
dent on some males during the summer. It was found that by
etroking the belly of the animals lightly while holding them
behind the forelimbs, males, even without thumb pads, could
be induced to croak. If during the'croaking the vocal sacs
were enlarged the animal was recorded as a male and no further
checks were felt necessary. Using a combination of the thumb
pad and croakling reaction it was possible to determine the
males of the population. All adults not definitely identified
as males are considered for the purposez of this study to be
females. Young frogs, generally those less than 60 mm long,
could not be sexed externally and were 8imply recorded as
immatures. |

To faclilitate indicating the exact location of capbure
8ites, both study areas were laid out in 2o grid using wooden
stakes to mark the intercepts. A grid with 20 meters between
stakes was used except in the gravel pit at Budzinski's where
stakes were at 10 meter intervals,. enabling more precise
designation of capture sites. This was necessitated by the
taller vegetation and irregular topegraphy. Each stake was
assigned an identifying number and all captures were recorded

in relation to the nearest stake.
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At Budzinski's farm, the entire pasture proved too large
to sample completely at regular intervals so that it became
necessary to set aside a portion of it as a primary study
area. The area chosen was 100 x 80 m, including the entire
marsh, the western one-third of the gravel pit and the area
between. This region offered a cross—éection of the condi- .
tions present throughout the field, including within it the
two bodies of water as well as the entire range of soil |
moisture along an uphill gradient from the wettest area of
the marsh to the dry ridge along the rim of the gravel pit.

The primary study area at Budzinski's and the area
around the east pool at Sedge Point were searched completely
at weekly intervals. The remainder of the pasture at Bud-
zinskli's and the area around the west pobl at Sedge Point
were searched at irregular intervals as time allowed. 1In
These outlying areas, prominent landmarks and extra stakes
placed in the areas most frequented by frogs, were utilized
to designate the sites of captures.

Varlocus areas in the vicinity of both Budzinski's farm
‘and Sedge Point, where it was believéd frogs might be found,
were also searched as time allowed. On all occasions when
passing through an area any frog Seen was captured. During
1962 several forays up to 1.5 km away from Budzinskils fapm
and one km from Sedge Point were made in search of marked
frogs.

The two study areas were mapped in 1961 by plane table.



39

%rapging

| To sample population movements, frog traps were set up

at strategic locations in and around both study areas. Each
trap cousisted of a fence, 30 cm high by 7.62 m long, of 6.3 mm
mesh hardwaré cloth, with pits placed on both sides of the fence
at each end, one foot short of the end of the wire (Fig. 8).
Generally é frog eneounteripg the fence moved along it until

it fell into one of the pits on that side. 1In this way the
direction and magnitude of population movement could be ascer-
tained.

The pits were made of no. 10 fruit cans (15 cm diameter)
with bottoms and tops removed, stacked one on top of the other
and sunk 1into the ground. In 1960 ali plts were two cans deep
(34 em). These pfoved effective in caﬁturing frogs up to 40-45
mm long but larger cnes could leap out. This was corgected in
1961 and 1962 by making the pite three cans deep (51 cm) and
placing a trap-door midway down the pil%t so that frogs could
fall in but could not leap outs.

Not all adult frogs moviang to the fence fell imbo the pits;
twice adults were seen to leap over them. They did not appear
to avold them intentionally, however, for they did not increase
the length of their hops. Apparently the longer leaps of
adults enabled some to escape the pits. Of 17 young observed
on variouz occasions moving along the wire, however, all eventu-
ally were trapped. Adults. which maintained home ranges in the
viciﬁity»of a trap probably learned to avoid the pits. This

seems likely because several frogs known to reside in the area
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(Top) Frog trap éouth of Budzinskils marsh.
Pits at the near-end of wire show as black
ellipses. White obJject 1n foreground is
plastie bottle wiﬁh funnel for sampling rain-
fall. Note also the nature of the vegetation
on the dry ridge (July, 1961). (Middle)
Locations of traps 1in Budzinski's pasture.
Four traps at cardinal compass points around
marsh were used in 1960; others were added

in 1961. (Bottom) Location of traps at Sedge
Polnt. Three traps adjacent to swamp were
ugsed in 1960; others were added in 1961 and
center trap near swamp was abandoned. The
two traps on the lake shore extended 2 m

into water and had pits at upper end only.
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of traﬁﬁ wefe never éaptured in them, and two 1natan¢es of
trailed frogs turning at right angles when they approached
_to about 50-60 ¢m of a trap, thus avoiding them, were noted.
The evidence shows that, in general, trapped frogs are transi-
ent in the vicinity of the trap. '

In 1960 four traps were used at Budzinskl's farm, placed
aﬁ the cardinal compass points around the marsh, 40 m from
its edge. Three traps were placed in the woods ncrthvof the
Sedge Pools; 20-30 m from the pools, at the south edge of the
swamp. Their locations are shown in Fig. 8.
| In 1961 and 1962 more traps were addéd at each place.
At Sedge Point four traps were placed in the wdods, but not
in the same places as in 1960, and two were placed along the
lake shore. At Budzinski's three were added around the gravel
pilt, one among the sumacs, 150 m south of the ﬁarsh, one in
the northwest corner of the pasture, and two in the field west

cf the pasture at 200 and 400 m from the marsh.

Trailing

A device (Fig. 9) carried by individual adult frogs, which
made 1iv possibie to follow their detailed movements for several
deys, was developed and used during 1962. The “"trailers,"
patterned after the turtle trallers devised by Stickel (1950),
consisted of a sewing machine bobbin wound with white nylon
sewing thread and mounted in a holder carried on the frogts
back. The holder for the bobbin was made from a section of
rigid plastic tubing with a flat plastic bottom glued to one'

8ide and mounted on an elastic band, 6.3 mm wide, which was
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Figure 9 (Top) Leopard Frog carrying a trailing
device. Thread trail extends toward top
of picture. (Bottom) Diagram of trailing

device.
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placed around the waist of the frog. The holder had a wide
8lot cut in its back side to permit the thread to play out
behind as thé animal moved. A short wire, run through two
holes in the holder and across the top of the bobbin, kept
the latter 1ﬁ'p1ace. The loose end of the thread was tied
to a small stake placed close to the site of capture when
the frog was released. A8 the frog changed locations the
bobbin on its back unwound and its route was marked by a
trail of thread.

A single bobbin holds about 50 m of thread, which proved
to be ample for two to three days for most frogs in fair
weather. For a few inactive individuals a2 zingle bobbin
lasted as long as seven days. During rains at night, how-
ever, when the frogs became very active, the bobbin lasied
only one or two hours, necessitating an all night vigil in
the rain to repleﬁish thread as 1%t ran out. The end of the
thread was tied to the bobbin so that frogs could not escape
readlly if they ran out of thread, which they occasionally
did. |

To change the thread the animals had to be captured,
This could sometimes be done by a quick movement of the hand
but more often a net was needed. The empty bobbin was then
removed from the holder, after first removing the wire hold-
ing it in place, and a new, fully wound bobbin put in its
place. The elastic saddle did not need to be removed from
the frog. The animal with its new thread supply was then

returned to its original position and released slowly enough
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that the animal merely settled back into the positicn held
before being handled. Occasionally the process of bobbin
changing and releasing the animal did cause an individual
to jump a few meters away from the site of capture. These
animals were not disturbedifurther, and it was found that
they commonly returned to the original capture site in a
short time. . Such handling had little influence on their
activities even when it was done fairly frequently.

Travel routes, as shown by the thread tfail,were plotted
on graph paper in the field. Trailed frogs weré usually
checked each morning and evening to provide an adequate
thread supply and to plot movements which hag_occurred°
After the trail had been mapped the thread was removed from
the fleld. Detailed route maps were made for 136 frogs, pro-
viding clear demonstration of the activity of individual frogs,
sometimes for fairly long periods. The longest records covered
35 days from July 26 %o Auguaﬁ 299 and 33 days from June 17 to
June 21 and June 27 to July 21. Five others were trailed for
20 or more days each, 12 for 10-19 days and 117 for legss than
10 days. |

Although the device was mounted upon the back of the frog
and had to be carried by it wherever it went, it did not seem
to hinder the animalls jumping ability seriously. Trailed
frogs responded as quiékly to the approach of danger as ;f:
untrailed frogs and were able to execute normal Jumping move-
ments. The added weight of the device (about 8.5 gm when full
of thread) may, however, have shortened 8lightly the length of
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the Jump, but except'possibly when escaping predators, this
was probably of little consequence to the frogel No frpg less
than 60 mm long was ﬁrailed, though frogs as small as 50 mm
were able to carry the device without its noticeably hindering
their activities.

Carried, as 1t was, next to the skin the trailer or the
belt holding 1t oceasionally irritated the skin on the hip
and thighs. This usually took the form of a small area which
was rubbed raw by the belt. In all casee where any irritation
was noted the frog was immediately released’fédm the trailer
and no attempt was made to trail it further until the irritated
area had healed completely.

As the bands which held the trailers on the ffog were
elastic, frogs occasionally crawled out of them and escaped.
Although this often meant the loss of a frog after being
trailed several days (a rather frustrating experience), it
proved useful, for whenever a frog's thread became tangled
in the grass, as it sometimes did, the animel then escaped after
a brief gbtruggle. If left in the holder without being able %o
move they would have been easy prey for snakes or might have
died of deslccation before being checked again.

The trailer did affect the swimming ability of the frogs,
making thelr movements awkward. Three frogs were drowned as
a result of the thread becoming tangled in aquatic vegetation.
During the summer, when watér was scarce and the animals
resided in the field, this was of little consequence, however.

Occasionally a frog in a woods would attempt to enter a small
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crevice sugh as a mouse burrow or a cavity beneath a log. At
this time the device sticking up on their backe presented a
problem. Usually the struggling frog knocked the trailer
sideways so that it was carried on its side and the frog

was able to enter and leave the crevice. Carrying the

trailer in this manner seemed to be no more troublesome than
carrying it on their béckss Three frogs which entered cre-
vices were lost, however, because they became tangled in the
thread, cutting them severely, causing death in two and the

ultimate release of the third due to injuries.

Climatic Datzs

In order to keep an accurate and continuous record of
climatic conditions several instruments were utilized and
many were left continuously in the study areas. A Freiz
hygro-thermograpi\ was placed directly on the soll among the
grass under & shelter & both Budzinski's farm and Sedge‘Pqint
to obtain continuous recordipgﬂ of temperature and relative
humidity. The ghelters, painted light green, consisted of
a roof gupported on four legs with three sides completely
open allowing free circulation of air. A Kessler dew recorder
was used at Budzinskil's farm in 1961 and 1962 to obtain a
continuous record of the duration and amount of dew. This
instrument also served to indicate the times at which reins
began as well as giving a general indication of wind veiocity
and duration at any given time through the fluctuations of
the dew pan as the wind blew. During 1962, two Piche evapori-

meters were used at Budzinski's; one occupying a position near
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the marsh while the other was placed outside the pasture'oh>
the south side among the sumaes. A Belfort miercbarograph
-was used al Budzlnski's to obtain a continuous record of
baremetpic‘pfessure. In addition to the abqve;rgoordq,

spot checks of”temperaﬁure and humidity'were,mgde f;eqpently
with a smali mercury thermometer and a hand aspirated psychro-
m@ter. A microanemometer (Anemotherm Air Meter, Model 60)

was used'to make a few spoﬁ checks and comparisons of wind -
velocity late in 1962. Plastic bottles fitted with funnels

75 mm in dlameter were set up in both areas to sample rainfall.



Local Movements and Activity of Adults

Considerable information regarding the activities of
adult leopard frogs was obtained 1n'the Suumers of 1961 and
1962 by both direct observation and through the use of trail-
ing de#ices attached to individuals. Observations in the
fleld were made from & blind mounted upon & platform 1 m
high, an arrangement which permitted the watching of frogs
at distances of up to 10 m in areas where vegetation was
‘sparseo The blind was placed in pogition, in 2 new locality,
at leést 24 hours before observations began, allowing the ani-
mals time to adjust to 1ts presence. The vicinity of a small
pond in Budzinski's gravel pit where frogs could be easily'
Been was the site of most obhservations. 'Attempt& to watch
frogs among the dense grass of the field were lesgs successful,
for only one frog could be seen at a time and if 1% moved was
generally lost from view. Locating frogs in the grass was
difficuld without disturbing them. Obgervations reported in
this chapter were all made in fair weather and were about
evenly divided between daylight and dark; daytimé observations
were made both in morning and afternoon, but all night obser-
vations were limited to the hours preceding midnight. No
difference in activities was noted between the day and night
but this may'have been due to the use at night of two battery-
powered spot lights, covered with frosted glass to produce a
diffuse, low intensity illumination, which may have modified

. s
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the frogs' usual behavior somewhat. Observation periods

ranged from one hour to two hours 40 minutes.

Observations

»

Of 23 adults watched,; 11 (48%) remained 1n.the same loca-
tion for the entire period of observation, though all made
movements of some part of the body. Seven of these shifted
positions so as to face a different direction, eight twitched
their réar legs rapldly as if to relieve a cramped muscle,
and two changed from a sitting to a lying position. Three
whlech moved td face another direction did so in apparent
response to an insect moving closeby but only one was seen
to feed, lunging forward to snap the prey from the ground
and then settling back to its previous position. Thé causes
of the position shifte of the remaining four are not known
but may have been prompted by a moving object which I failed
to see or perhaps by a cramped position and a conseguent
attempt on the part of the frog to find a more comfortable
one.

Of the 12 (52%) which did move from their locations dur-
ing an observation period, seven did so at the approach of
snakes. Four, sitting near the pond's edge, leaped directly
into the water, disappearing in its depth and surfacing else-
where. One, also sitting near the pond, was caught by the
snake Jjust as it sprang toward the pond and was eaten. Two,
sitting among sedges in the gravel pit more than 10 m from
water, made a rapld seriles of four or five leaps when

approached by snakes, changing direction with each bound, and
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were logt from view 1n the surrounding vegetation.

S8ix (including two later disturbed by snakes) of the 23
frogs observed left thelr positions to capture prey which was
moﬁing on the ground 20-30 cm away. During an afternoon,
one adult changedvpositions four times in less than 10 min;
utes,.feeding each time it moved, finally stopping and
settling down at a new location about 1 m from its original
positlion. PFlve of the frogs seen to feed were on bare wet
so0il, less than 1 m from'the pondts edge, and of these only
one returned to 1ts former position after feeding.® Another,
sitting among sedges more than 10 m away from.the pond returned
to its former location after stalking a small beetle'by "erawl-
ing" slowly after it for a distance of 25-30 cm. ‘

0f the 23 frogs watched, only one changed locations dur-
ing the period of observation without an obvious stimulus to
do sb; this one moved from the edge of the pond to a new
position on completely bare, wet soil approximately 1 m from
the water, remaining in the new spot for the remainder of the
observation period.

Quiescent Leopard Frogs always sat so their thighs were
in contact with the moist soil though sometimes they lay prone
with bellies touching the soil as well. In areas whefe the
sbil was bare of wvegetation, as arcund the ponds 16 the
gravel plt, frogs commonly could be found sitting or lying
in shallow depressions such as hdof prints where they were
nearly surrounded by a low wall of mud. In such situations,

the rate of water loss 1s probably decreased due to the more
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or less enclosed nature of the cavilty, reducing air circu-
lation. 1In the filelds, where the soll was generally covered
by a mat of dead grass, frogs charapteristically pushed the
dead vegetatlon away wilth thelr hind feet clearing a patch
of molst soll Just 1arge enough to accommodate themselves.
These small bare patches were often surrounded on three
sides by a horseshoe-shaped ridge of the dead grass, 10-15
mm high, which had been pushed aside, resulting in easily

L

recogrized "forms," which were common in fields where frogs

were abundant (Fig. 10).

Detailed Movements

To present a clear plcture of the usual pattern and
method of movemént of adult frogs the records of three ani-
mals have been selected from 40 trailed for five days or
longer for detailed description and discussion. These were
picked as illustrations because of the relatively long periods
over which the animals were trailed énd because together they
illustrate a wide range in behavior, patterns of movements,
ancd habitats occupiled.

Number 2976, adult female, 73 mm (Fig. 11) --

Captured 1in a field of bluegrass adjacent to Bud-
zinski®s pasture, 170 m from the nearest body of
water, this animal was first fitted with a trailer
on June 17, but on June 18 she had escaped after
moving only 6 m. Three days later, on the morn-
ing of June 21, she was found again, sitting in

a form in the field 2 m from the edge of a
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Figure 10

Small patch of moist soil cleared of
dead vegetation by a Leopard Frog %o
produce a form. Fifty-cent plece ig

30 mm in diameter.
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Figure 11 Trail of adult female 2976 in bluegrass
(June 17 and June 21-July 8). Circles
indicate forms in which the animal was
found sitting; numbers withih circles show

- the sequence in which forms were used.
Dates-and times at which the animal was
found in each form are indicated beside
them (J== June, JY = July, A= August;
time to the nearest hour follows the colon).

See text for complete descripbion.



56

“01‘!,'“”’
FIZA MR TR Y
NEAREST POND
170 M
320:0a 8,
VB3
J20:82 8
aup J24:8p
Jzem,-
I%isp
ar n. iz ’5-
J22! M
el T
e "‘ Rop T . ‘4‘/ &0\
/
/
/
—
-
/ .
-
N
J \
| NO. 2976 AN
. 10 METERS \
| PASTURE
i BEECH -~ MAPLE WOCDS .
L . J29i1a

FIGURE 11



5@

beech-maple woods and 22 m from her original

capture site. After belng resaddled she re-

mained in the form near the woods edge until

-after nightfall; sometime during the dark she

returned to the area of her first capture,
possibly to the same form occupied on June 17
(1t was not possible to be certain) but cer-
tainly within 1 m of it. For the next seven
days until June 28 she moved at irregular
intervals during both day and night, after
each move constructing and occupying a new
férm. On one occasion after leaving a form
she returned to it again in less than three
hours following a 3 m trip. Movements from
June 22 to 27 carrled her in a general north-
easterly directilon, but at dusk on June 28

(8 pom.) she reversed her direction and moved
in the night across a strip of dry soil 20 m
to the woods edge again. Here she was found
at 9 a.m., dJune 29 sitting in a form among
loose leaves on dry soil less than 1 m from
the form occupled on June 21. By 11 a.m. she
had moved into the woods and was sitting on
barely damp earth which she had cleared of
leaf litter, but at 2 p.m. she had recrossed
the dry region and was occupyipg a newly made

form within 1 m of the one occupied on June 22.



By 8 p.m. she had moved again to a new form 6 m
farthe; into the wet-soil regiocn; here she re-
mained for two days. During the night of June 20
she shifted to a new form and for the next eight
days moved at irregular intervals in a genéral
northwesterly direction. On-July 8 heftrail

had again turned back toward the area where

first captured when she was unfortunately caught
and eaten by a snake.

Number 2400, adult female, 81 mm (Fig. 12) --

On June 27 this animal was recaptured in a field

of bluegrass adjacent to Budzinski's pastﬁre

after having been trailed for a brief pericd
previously. (Her earlier trail is not included
here but is discussed in another section). Dur-
ing the next 16 days she remained in a small area
of the field, more than 150 m from the nearest body

of water. From June 27 until June 30 she moved at

e

rregular intervals, never more than 3 m at a time,
Just inslde the margin of moist soil, constructing
new forms as she moved, some less than 50 cm from
the previous one. Sometime in the night of June
29, however, she moved 11 m northward to an area
where the soil was notilceably wetter. On the
eveunlng of June 30 she was found occupying a
nearby form (8) in whigh she remained contin-

uvously for five days, without moving from it,
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Figure 12 Partial trail of adult female 2400 in field
| of bluegrassg Forms are numbered in the

order occupied;‘three forms used on more
than cne occasion each have more than oune
number. A few trails are shown as dotted
or broken lines to prevent confusion.
Dates and times as in Figure 1ll. See text
for complete description and Figure 25 for

earlier trail.
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though she did shift positions occasionally 80

as to face in different directions. During the
night of July 4 she moved 8 m, changing direction
three times, to reach a form previously used on

June 30. By the evening of July 5 she had again

shifted to a new form, and during the night
returned to the one (8) occupied from June 30-
July 4. On the evening of July 6 she was |
sitting in the previous day's form'but by the
following morning, July 7, had moved for the
third time to the one (7) used on June 30 and
July 5. During the day, however, she shifted
To an entirely new spot, remained there until
after nlghtfall, then moved 12 m northward,
over a route involving seven changes of
direction of 90 degrees, to another location.
This form was occupied continuously for three
days until the night of July 10. On the morn-
ing of July 11 she was found sitting in a dry
area 8 m from her previous form,ibut by 2 peme
had returned again to the wet soil, moving
almost parallel to the route taken during the
previous‘night.' When reﬁoved from the field
on July 12 (the field was cut for hay) she was

st1ll on the wet soil 2 m from the July 8-10

- Torm.

Number 3523, adult _female, 86 mm (Fig. 13)-~

Unliike the previous two animals, which resided
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in grassy filelds, this frog occupled a portion
of a densely wooded swamp from August 4 until
she was released on August 29 when the study
was terminated. Though there was no water in
the swamp after June, 1962, the soil was con-
tinually wet and the undergrowth of horsetails,
sedges and other herbaceous plants luxuriant.

The dominant plants were Picea mariana and

ThujJa occidentallisg, both very abundant, with

Alnus rugosa less abundantly scattered through-

out the area. Corng§‘stélonifera and Taxus

canadensils were common shrubs. Several gpecles

of Solldago, Eupatorium perfoliatum, E.

maculatum and Scirpus americanus grew in dease
stands up to a meter or more in height. Horse-

tails (Eguisebum arvense) formed a very dense,

.grass-like cover over the floor of the swamp,
intermixed in places with raspberries (Rubus
sp.) in dense tangles.

Filrst entering the swamp on August 4, this
animal moved at irregular intervals, both day
and night. Unlike the frogs in the field she
did not construct forms, sitting instead on
already bare soll, in cavities, or on wet leaf
litter. On three occasions she was found in
cavities under foot masseé, sitting on the‘
bare soll and four times sitting on top of
wet leaf litter. On August 14 she was in a
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- shallow Indentation at the edge of a hillock
of roots overgrown with dense sedges in a form i
she had constructed by clearing tﬁe soil of
leaf litter. For the next 11 days she shifted
between_this spot and the top of a dr& log a
meter north, except for a two-day excursion of
3 m after which she returned to the log. She
was found in this form four times, on top of the
log three, and once on wet so0il at the side of
the log, Jjust below her usual site on its sur-
face. Once she remained on the iog continuously
for more than 48 hours in a period of dry weather.
On August 24 she moved 4 m northwest and was
found here in a form which she had constructed
among the dense vegetatioha Following a rain
on August 25 she moved 30 m northward, remain-
ing there untlil the night of August 28 when she

 cont1nued about 20 m to the woods edge in a
light rain. Because of the longer dilstances

. covered, the directness of the trails and their
occurrence in rain, the latter two moves were
not considered to be typical local movement;
they are treated separately in the next section

(Fig. 16).

Summary gg‘Trailing Records

Ag it is impossible for lack of space to present the
trails of all froge in detall, a general summary of their
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more lmportant aspects follows.

Of the 40 frogs trailed for five days or longer, 33 (83%)
moved in a winding; twisting route, thelr trails often doubl-
ing back upon themselves so that they returned toward the
point of original capture. The greatest dimension of the
area traversed by these 33 frogs was 7 m for one animal, |
10-19 m for seven, 20-29 m for six, 30-39 m for nine, 40-49
m for four and 53 m for one animal. Frogs trailed less than
five days also remainedvin small areas, but a tendency for
them to return towards the site of original capture was not
80 clear, undoubtedly due to the brief time involved. Of
the seven other frogs trailed for more than four days which
did not remaln within a local area, three moved to ponds,
probably the result of a need for water, while four made
trips of 50 m or more during nocturnal rains. Such movements
ére the subjects of later chapters°

Thoﬁgh frogs sometimes moved two, three or more times
in a 24-hour period, making new forms at each location, gome
forms were occupied for several days. Two frogs occupied
single forms for five consecutive days without moving from
them. One individual utilized a form for eight consecutive
days, but not continuously, for during the period she made’
four brief excursions varying from 1-33 m in total length
but returned again to the same spot after each. Ancther
occupled a form for two days before escaping from 1ts trailer,
but 13 days later he returned to the same spot, remaining in

it for six more days, shifting each night to a depression on



67

top of a mat. of dead grass 8 cm away and returning to the
form eacﬁ morning (Fig. 15). Four frogs occupied single
forms continucusly for fouf days, five for three days, six
for two days, and 17 for longer than 24 hours. The average
number of forms occupled per frog per day was 1.15.

Thirteen frogs utilized a single form on more than one
occasion. The length of time the frogs remained away before
returning varied from fewer than four hours (probably only
a few minutes) for trips of less than 1 m, to 12 days for
a trip involving a total movement of almost 100 m (Fig. 15).
Of 22 trips made by 13 frogs from a form followed by a
return to the same spot, eight involved dlstances of less
than 1 m, 10 from 1-10 m, and four more than 10 m.

Occasionally frogs made brief excursions from their
usual locales into regions of dry soil, usually returning
within a few hours, but not necessarily to the same form.
Six such travels, involving distances of 9-45 nm (mean 17.3
m), were made by five animals. The movement of no. 2976
to the forest edge provides an example, though the disbance
involved was not 80 great in any of the others.

Six frogs were tralled for periods of five days or
1ongef in densely wooded swamps, and seven others entered
wooded areas for briefer periods. The bezhavior of these
animals differed from that of frogs in the field, for in
the woods they did not often construct forms, instead fre-
quenting cavities under logs and root masses, cracks

between logs and the surrounding soil, and sometimes resting
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wheré they could lile againét the already bare moist soil.
In areas where the leaf litter was saturated, or after rains,
they frequgntly sat on top of the moist litter, but only
rarely did they clear the litter to sit on the bare soil
beneath. Trailed frogs in woods were found in cavities of
varlous sorts on 43 occasions, in cracks alongside logs on
elght, sitting oﬁ top of dry logs on 10, on already bare
wet soll on six, in a mouse burrow on one, on wet leaf
litter on 38, on dry leaf litter on one, buried under leaf
litter on seven, and on wet soil which had apparently been
cleared of dead vegetation by the frog as was usual in the
flelds on six occasions.

Movements of frogs occurred at irregular intervals both
during day and night but among all trailed frogs 64% of the
distance moved in fair weather was covered between 8 Do
and 8 a.m., pfesumably during the dark period, almost twice
the distance moved during daylight. No differences in the
nature of activity between day and night nor between the

gsexeg could be detected.

‘Discussion

As both trails and observations indicate, Leopard Frogs
are rather sedentary animals during summer, spending a large
part of the time sittiné quietly, elther in forms in the
flelds or on wet substrate in the woods. Only infrequently
~do they change locations and then they seldom move more than
5-10 m to a new site. Thus, even over periods as long as 25

days they tended to remain within a small portion of the
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a&ailable habitat, often sltting in the same spot for several
days at a time. Observations and capture data of some other
species of anurans also indicate rather sedentary habits.
Heatwole (1961) stated that the "activity period" of Rana
sylvatica "is characterized by their sitting motionless until

some prey ltem comes within range or they are disturbed.”

Indlviduals of Scaphiopus holbrooki have beeun found to remain
in their burrows for an average of 9.45 days at a time (one
remained 104 days), surfacing ounly occasionally to feed (Pear-~

son, 1955). Stille (1952) believed that Eufolwoodhousdi

fowleri remains in retreats for several days at a time, leav-
Ing them only briefly to obtain moisture and then returning.
The normal travels of trailed frogs formed complicated
patterns with numerous turns, doublings and ecriss-crossed
paths. In almost all frogs there was a tendency for certain
parts of the area traversed to be frequented more often than
others. 'Usually frogs tended to return frequently to parti-
cular smail reglons so that movements often appeared to
radiate out from a more or less central area. No. 2976 pro-
vides a good example. In the 21 days she was trailed she
returned to the region of her first capture after two brief
trips to the woods edge. Even as she moved in the grass,
first toward the northeast, then northwestward, her trail
tended to return toward the reglon where she was first found.
Although Leopard Frcgs have no burrow or nest as do many
animals to which they repeatedly return, many did show an

apparent affihity for certain spoté. Some frogs occupied
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particular forms for several deys at a time, and some which
left forms retufned to them, 6r their 1mmed1ate vicinity,
after absences of up to 12 days. One frog (3523, Fig. 13)
in the woods alternated between a form'and'the top of a
nearby log for arlO-day period. It is likely that certain
forms, or at@leaat relatively small regions, toward which
they diregt much of thelr activity, possess a special sig-
nificance to the frogs and can be thought of as represent-
ing very simple, rather temporary homes. There 13 no doubt
that the forms provide shelter, for thelr occupancy consid-
erably reduces the rate of water loss (see next sectidﬁ).
A certaln amount of concealment is probably also afforded
the frogs, for several became partially covered with dead

vegetation in the process of clearing the soil.

Why frogs, as they moved about thelr local areas, stopped

and constructed new forms where they did is not clear. It is
unlikely that the locations of forms are determined by chance,
as might happen if the frogs constructed one wherever they
became fatigued, for the moves were seldom more than a few
meters, and on much longer migrations‘(leo m or more) the
frogs showed no evidence of tiring. It is more probable
that as the animals move about they are seeking particular
favorable conditions (high relative.humidity, the wettest
soil, etc.) and stop upon finding a sultable place.

Though, in general, tending to move only short distances
from one stopping place to another, usually much less than 10

m at a time, six Leopard Frogs made trips of up to 45 m
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(round trip) in only a few hours and then returned to the
-area they had left. All such journeys were made into dry areas
where the animals could not have survived long. These trips
may have been exploratory excurSions into heretofore unutilized
adJacent areas or they may have been attempts to occupy famil-
iar areas which, due to dryness, were no longer suitable. No.
2976, for instance, twice moved to the woods edge where the
80ll was barely damp on June 21 aﬁd completely dry on June 29‘
Inasmuch as the early summer of 1962 was unusually dry, (only
16 mm of rain falling between June 11 and July 19, whereas in
the same period of 1961 more than 100 mﬁ fell), it is likely
that the area adjacent to the woods had been wetter in pre-
vious years and may have been utilized by the animal. The
fact that she moved to neariy the same spot at the woods edge
on each occasion indicates a famililarity with the area; per-
haps the two brief’trips indicate a continued affinity for
the region, the result of previous experience, even though
drought prevented its permanent occupancy in 1962°

The twisting and winding nature of local movements was
characteristic of all trailed Leopard Frogs. It is prcbably
brought about, at least in part, by the nature of the habi-
tat, the dense vegetation and variations in the microrelief
often necessitating indirect routes. Trails were found on
occasions which detoured around mounds or ridges of earth,
dense clumps of sedges, and the mouths of woodechuck burrows.
A part of the winding movements, however, is probably the

result of "exploration" of the immediate area, perhaps
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"searching" for more favorable moisture conditions, for the
.moisture of the soill plays an important role in the wéter
economy of Leopard Ffogso It is also possible that some
movement is the result of restlessness or the need for
exerreise from sittiné for long periods in 6ne gspot, the

twisting nature of the rohte being brought about by a ten-

(o]
o

ney to remain within a relatively small region while exer-
cising. It is unlikely that such movements represent a

search for food, as Rana pipiens is generally passive iu

this respect, walting for food to come tolit. They probably
geldom, if ever, forage.

Occasionally as frogs moved from place %o place they
made turns of 360° or more, sometimes severai in succession,
resulting in short, tight loops in their %trails. As many of
these turns were followed by a change in the direction of
travel it is likely that they are in some way related to the
orientation of the animals to their environments. Possibly
they represent a temporary loss of bearing and an attempt
by the frogs to reorient themselves to their surroundings.

Or it is also likely that the animals follow particular "paﬁh—
ways" as they move about their local areas and, once learning
a particular trail, are obligated to make the same moves each
time they travel ovér it. Noble (1931) has suggested that

the frequent reappearance of useless movements in successive
trials as frogs run a maze may be due to a "muscle memory"
which obligates them to repeat the same kind and number of

movements each time, once they have learned the pathway. Some
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may have been due to a chance encounter with prey resulting-v
in brief distractions of the frogs in their travels and the
conseqﬁent temporary'deflection of the pathway to capture it.
The movements were not due to disturbance by me as they almost
always occurred 1In my absence. When frogs were replaced in
thelr forms after a bobbin change they usually settled into
their former positions, only rarely hopping away; movements
known to have been caused by the handling of the frogs were
always so noted. These single loops were alsoc not the result
of disturbance by snakes, for at the approach of one a frog
characteristically made a series of several leaps, changing
directions with each leap, resulting in a complex series of
twists and turns which were so characteristic as to be
readily recognizable.

Many of the very short excursions (1 m or less) from
forms and return can probably best be explained as feeding
trips, for they appear to fit well the pattern of feeding
behavior observed among frogs at the pond's edge. As an
insect or other prey passed within sight the frogs probably
moved from their forms following the prey until it was cap-
tured or escaped, then retreated to their former positions

on the wet soil.



'Migrations

Although adult Leopard Frogs generally confined their
activitlies to relatively limited areas, on rainy nights
some individuals embarked on excursions from their ususal
places of residence. These excursions, sometimes involving
distances of 100 m or more across reglons not usually inhab-
ited by Leopard Frogs, differed ﬁarkedly from daily movements.
In addition to involving much greater distances these noctur-
nal journeys were more or less continuous through the night
in a single direction, often in nearly straight lines, and
seldom showed the twisting and turning which characterized
local activity.

Of 110 records of frogs carrying trailers throughilz
rainy nights in the summer of 1962 (many of these frogs were
Trailed during more than one rain) 17 showed excursions beyond
the bounds of the usual regions of activlity. Four of the 17
made such journeys twice, providing a total of 21 such BT ips.
Distances traveled ranged from 40-160 m (mean, Th4.2 m) in a
slngle night. The rest of the 110 frogs carrying trailing
devices during rains did not deviate noticeably from their
usual dailly movements, moving a mean distance of only 9«5 m

(range 0-32 m). .

Detalled Movements

As examples of these nocturnal excursiong the trails of

three animals have been selected. Though none can be

TU
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deslignated as typical, together they 1llustrate all the major
behavior pattemns shown on the 18 other excursions. Each

will be described and discussed individually.
No. 3239, adult female, 80 mm (Fig. 14) --

This anlmal, onhe of the few female residents_in
Budzinski's pasture, was captured five times in
the northwest corner of the field between July 16
and August 11, 1962, at which +time she was fiﬁted
with a traller. During the 27-day period preced-~
ing August 11, seven nocturnal rains fell, during
each of which at least one trailed frog moved out .
of its usual area. No. 3239, however, apparently
remained in its normal place of residence during
at least one of the rains, for she was captured
here the day following & 19 mm rain during the
night of July 19; if she left the area at any

© time prior to being sad&led she obviously returned.
After being fitted with a trailer she remained in
the vicinity of her previous captures Tor four
more days, moving‘about the area in typical local
movements, even through a 7 mm rain on the night
of August 12.

About 7 p.m. on August 15 rain began falling,
lasting until 10 p.m. and depositing 0.8 mm. At
11 pem. this animal was out of the form she had
been occupying earlier in the evening, sitting
on top of the grass about 5 m away, s8till within

her usual area. Sometime between 11 Pem. and 12
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76

Trail of adult female 3239 in Budzinski's
pasture. Solid dots in trail indicate
forms occupled. Dates and times indicate
thelr order of occupancy (J= June, JY=
July, A = August; times to.the nearest
hour follow colon). Arrows show timing
dufing migration. Clrcled dots are gites
of capture pfior to trailinge' Insert
shows position of area diagramed in Bud-

zinski’s pasture.
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mid., alfter the cessation of rain, sie began m -
ing southeast. Passing through the marsh, which
at this time contained no water, she continued
45 m beyond. At dawn (5 a.m.) she stopped on
the dry ridge‘whiéh the light sprinkle of rain
had scarcely wetted, 110 m from her last form.
She remained in a new form on the ridge, barely
damp from the light rain, for at least 5 hr
before moving at a right angle to her previous
path, 12 m to the area of wet soil. Unfavorable
‘moisture conditions during the hot, clear day

of August 16 probably forced this last move.
Unfortunatély she broke the thread here and
escaped; her "home" area was searched twice more
but she was not captured again.

No. 2761, adult_male, 71 mm (Fig. 15) --

First captured on July 14, this animal was oceupy -
ing a form in the northwest corner of the pasture.
Sé.ddl@dF he remained in the same spot for two daysg,
leaving it only once on a Erief 1.5 m ¢trip, then
returning. He escaped on July 15, but on July 24
was recaptured 9 m from his previous gite and
again was fitbed with a trailing device. A 1ight
rain began falling at 10:30 p.m.; lasting until
12:30 a.m. it left 4 mm. During the interval
between 8 p.m. (when fitted with a saddle) and

midnight, the animal moved about 30 m southeast.
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Figure 15 Trail of adult male 2761 in Buézinski's
pasture. Solld circles indicate forms
and arrows indicate timing of movement
during migration. Insert indieates
position of area shown in Budzinskitls

pasture.
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At midnight the animal was found sitting on thé
wet grass, having reached the end of his thréad.
Supplied with a unew bobbin about one-half hour
before the rain stop@ed, the animal reversed
his direction of travel sometime before 1 Qe
and by 8 a.m. had returned to within 7 m of the
form occupied July 14-15. Here he remained
throughout July 25. Sometime éfter 9 a.m.

July 26, he moved back to the form in which

he had been sitting when first found 12 days
before, remaining in it until August 2 when he
again escaped.

No. 3523, adult _female, 86 mm (Fig. 16) --

This animal, captured for the first time on
July 25 in the area north of the marsh, did

not show typical 1oéa1 movements. Instead she
moved at irregular intervals for a 9-day period
across the study area, generally bowards the
southwest, until on August 2 she was only about
10 m inside the edge of the wet soil. Shortly -
after a 0.8 mm rain began falling at 10 pPom.
August 3 she started moving and crossed a

field of Agropyron repens and clover, normally

dry and uninhabited by Leopard Frogs. Her
route was in a nearly direct line, the devi-
ations being caused by handling when changing

the thread. The fact that she resumed her
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original dirsction of travel towards the south-

west even after being handled indicates this

was not random movement but that she was moving

toward a particular destination. By 6 a.m. the

following morning éhe had entered the edge of a

woods adjacent to the field. Moving 35 m during
the daylight, she reached the deunse vegetation

of a low swampy area dominated by Picea mariana,

Alnus rugosa and Thugg_occidentaliso_ Although
the soll here was wet, and remained so through-
out the summer, there were no ponds or other
bodies of.water.i For the next 21 days she
remained in the swamp, moving short distances
at irregular intervals in an area 20 x 30 m,
even though three rains fell during the period.
Her activities during this latter 21 day period
were considered in considerable detail in the
preceding section. On August 25 she moved
about 30 m toward the woods edge, remaining there
until August 28 when she again moved northward
20 m. As both moves were made on nights when
rains fell these probably represent excursions
from the home range. She was released on
August 29 so it is not known if she returned

to the woods.

Summary of Trailing Records

Except for 3523, all trailed frogs which had begun :--
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excursions during nocturnal rains stopped at daybreak even
when it continued to rain, constructing a tybical form wher-
ever they found themselves, even though conditiocns were not
sultable for permanent residence. The length of stay in the
region they had reached and their subsequent behavior varied
considerably. Three of the frogs which left their places of
residence returned to them in the same night (e.g. 2761,

Fig. 15). In two of these the time at which the animal
turned back corresponded very closely with the time of
cessation of the rain, although in one the refturn may have
been brought about becausé he ran out of thread amd was un-
able to proceed until about the time the rain stopped. In
the third, rain comtinued through the night, yet the animal,
after moving 50 m and crossing a gravel road, turned abruptly
between 12 mid and 1 a.m. andkreturned to within 10 m of the
form she had left three hours before. It is possiblie that
The reversal in direction corresponded with a temporary cessa-
tion of rain, but this is not certain. In all three of these
frogs a homing abllity is indicated. This was especially
evidené in 2761, for its return to a previously occupiled férm
indicates both an attraction to, and ability to locate, a
particular spot in the field.

On the other 20 excursions six frogs reached, and stopped
at daybreak in, low areas where the soil remained permanently
wet and which were usually inhabited by Leopard Frogs. Pre-
sumably they could have remained indefinitely. OFf these

81x, one remalned in its new form all day, but returned the
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40 m to its former area during a light rain (048 mm) the
following night. A second remained in its new form for two
full days before moving to a pond in the gravel pit on the
second nlght after the mlgration; here 1t was lost to a
snake. Three remained in the region which they had reached
until éach escaped or was released, one, two and five days
later. The behavior of a sixth frog (3523) which upon reach-
ing the wet woods remained for 21 days in an area 20 x 30 m,
has been descrlbed previously. "

Eight excursions took animals into regions not usually
inhabitable by Leopard Frogs, such as onto the dry ridge
and into adjacent fields. The length of‘stay in these aréas
varied, depending on the wetness of the soil, hence on the
amount of rain which had fallen. Two animals, after occupy~
ing their new forms only a few hours, retreated tovwet regions
during the day immediately following their excursions (e.ge
3239). The rains, each less than 0.8 mm, had barely wet the
soil and thehot, sunny weather during the day dried it
rapidly. Three frogs spent the entire day following their
excursion gitting on the damp soil, but recommericed their
Journey the following night, even though no more rain fell.
One of these moved an additional 20 m to a region with per-
manently wet soil; a second moved 60 m farther in the direc-
tion it had been traveling, reaching a wet woods; the third
moved 100 m farther, after having moved 140 m during the
night of the rain, until it reached 2 low wet area of an

adjacent field. Three others remained in the outlying
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regions which they had reached during their excursions for
two full days, but during the secbnd night after their migra—
tion, by which time the soil had a2ll but dried, retreated to
wet reglons from which they had come.

Three frogs which made excursions in the rain escaped

before their subsequent behavior could be learned.

Homing

Illustrations of excursiong of frogs from their home
areas are also avallable from capture data, which, since
they cover longer periods than trailing records, provide
additional information. In Figs. 17 and 18 are shown the
cépture sltes of allvfrogs in their second season or oider
which were captured.four or more times, at least once with-
in 48 hours after a nocturnal rain at a distance of 50 m or
more from their usual afeas of residence. It 1s assumed
that these frogs migrated during the rain. For the 14
whose post-rain capture was in an area normally unsuitable
for frogs, such as the ridge or in some adjacent fields,
this is a reasonable conclusion; for those taken in perma-
nently wet regions there is some doubt a8 to when they moved
there.

Of the 30 animals shown (8% of the 391 adults and sub-
adults taken four or more times), 25 definitely returned to
their former region following the rain, or were moving towards
it, indicating nbt only a strong attachment to their home
ranges, but the ability to relocate their former areas after

leaving them. Only filve did not show this pattern of
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Flgure 17

Capture sites of all adults captured four or more times,

at least one of them within 48 hours after a nocturnal rain

and at a distance of 50 m or more from the home range. All

were males except 589. Iarge circles indicate post-rain

captures in an area permanently suitable for Leopard Frogs

(as determined by their normal presence); large dots indicate

post-rain captures in an area not permanently suitable; small

circles indicate first capture. Dates of captures are listed

in order below:

431
589:

619:
645;
672:
699:
814
1231
1354
14493

14525
1939:

2032:

2624
2671:
2830:
2857:
2943
2002;

Avg. 5-10-18-25 §1960) - July 22-Aug. 1-3-20-
Sept. 16 (1961) - June 22-July 21 (1962)

Ju%y é?)(lg 1) - May 21-June 22-28-July 5-24

1962 :

July 22-24-Aug. 1-3-5-7-22-23-Sept. 16 (1961)

July 30-Aug. 1-7-23 (1961) - July 10-20 (1962)

Auge 14-16 (1961) - June 12-28 (1962)

Aug. 23 (1961) - May 21-June 22-July 12-27 (1962)

May 21-July 5-12-Aug. 3 (1962)

Jute 15-16-25-July 9-18-22-26 (1962)

July 8-14-21-25 (1961) :

July 14-18-19-21-31-Aug. 2-21-22 (1961) - June 12-
27-July 8 (1962

Aug, 1-16-22 (1961) - May 21-June 28 (1962)

Auge 4-5 (1961) - June 12-14-26-July 23-Aug. 10-
19-29 (1962 :

Aug. 11 (1961) - June 10-16-July 2-9-26-Aug. 10-
11 (1962 |

July 15 (1961) - June 27-July 4-21-Aug. 26 (1962)

April 27-June 12-25-July 26 (1962)

June 23-24-26-Aug. 4-18 (1962)

June 5-206-July 9-20-26 (1962)

June 14-21-25-July 9-17-20-Aug. 18 (1962)

June 21-27-July 12-13-Aug. 20-27 (1962)
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FIGURE I7
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Figure 18

Capture‘éites of all second season frogs (sub-
adults) captured four or more times, at least one of
them within 48 hours after a nocturnal rain and at a
distance of 50 m or more from the home range. Large
"eircles indicate post~-rain captures in an area per-
manently sultable for Leopard Frogs (as determined by
thelr normal presence); large dots indicate post-rain
captures in an area not permanently suitable; small
clircles indicateAfirst capture. Dateg of céptures
are listed in order below:

680: July 21-26-27-Aug. 2-8-11 (1961)

1298: July 4-5-10-14-20-21-29-Aug, 4-18-21-
22 (1961)

1385: July 10-18-21-27-Aug. 10-13 {1961)
1472:  July 18-26-27-Aug. 8-22 (1961)
1479:  July 18-21-25-Aug. 2-7-8-11 (1961)
2750: June 30-July T7-20-Aug. 20 (1962)
2805: May 19-June 19-26-July 7-27'(1962)

2840: July 2-9-9-20-26-Aug. 10-12-14-18-
20 (1962)

2854: June 25-30-July 3-7-18-27-Aug. 15 (1962)
2873: June 6-11-26-July 13-23-26-27 (1962)
2897: June 10-27-July 22-Aug. 17 (1962)
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. movement. One of these, adult 2992, was captured off his
home range on the last census of 1962 80 there was no
opportunity to recapture him. Adult 619 was captured off
hils range on the last census of 1961 and may not have sur-
vived the winter or may have moved elsewhere in 1962.

Adult 645 and subadult 680 were not found again though their
ranges were searched at least twice following the rain.
They may have remained in the areas to which they had moved
though it is equally likely that they returned but escaped
capture or were lost through death. Subadult 1472, on the
other hand, was first captured following a rain and later
was captured four times over a 26 day period in the study
area. Thié animal may have just entered the region from
elsewhere, thereby shifting its area of activity, or it may
simply have escaped capture prior %o Juiy 18.

Fourteen of the migratipg frogs were captured, following
rains, in areas suitable for continued residence as indicated
by the normal presence of Leopard Froge. Eleven of these
nevertheless later returned to thelr former areas and one
had moved towards his previous home when last captured.

Flve frogs were captured away from their usual regions
‘following rains on more than one occasion. Adult 1939 and
subadult 2840 apparently left their aréas on three occasidns
while subadult 1385 and adult 1452 left theirs twice, yet all
ultimately returned. Adult 2624 probably left his area twice
also. The direction of travel varied each time for all of
the animals which moved more than once, indicating that the

direction of migration was at random.
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Factors Influencing Migrations

During rainy nights trailed frogs were checked at inter-
vals of approximately two or three hours; consequently it
- was not always possible to pinpoint the exact time at which
an animal left its form and embarked on an excursion. Three,
however, were known with certainty to have begun moﬁing almost
simultaneously with the onset of rain. Nine other excursions
were known to have begun from 0.5 to 4.0 hours after it began.
The remaining nine could have begun either before or after the
rain started; none were definitely known to have started prior
to 1t. Because excursicns occurred only with rain and 12 of
21 (57%) were definitely knownvto have begun either simultane-
ously with, or sometime after, the onset of rain, it is pro-
bable that rain itself was the environmental factpr inifiating
such behavior.

The proportion of frogs carrying trailers which left
their home ranges during rains showed a significant positive
correlation with the duration of nocturnal rain (r = .896
with 14 daf; P < .01). As was indicated previcusly, unot all
became active immediately at the onset of the rain; some did
not begin to emigrate for as long as four hours after rain
began while others did nbt move at all. There was, however,
no significant correlation_between'the duration of the rain
and the mean distance moved by the migrating frogs; Such a
correlation would imply that movement continued only so long
as the rain fell. Although two frogs did turn back at approxi-

mately the time the rain stopped, excursions once initiated
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usually continued through the night even in the absence of
further rainfall, and in four instances they did not begin
until after the rain had s‘bcpped.~

ANo slgnificant correlation could be found between the
per cent 6f trailed frogs which became actlve and either.the
amount or the intensity (amount/duration) of rain. Thus, a
light sprinkle did not apparently diffef significantly from
a heavy downpour in stimulating frogs to activity. On five
nights excursions occurred though less than 1 mm of rain fell.

It is unlikely that the increase in atmospheric moisture
accompanying rains was important in initiating emigrations or
in allowing them to occur, for the relative humidity in the
grass on the study areas, even over dry soll, reached satura¥
tion every night during the three summers of study.

Neither the absolute level nor the relative change
(amount of change/time) of atmospheric pressure shéwed a
silgnificant correlation with the per cent of %trailed frogs
which became active.

Intensity of light was an importaunt factor affecting
migratowy behavior, for excursicns from the home range
occurred only at ﬁight. Diurnal rains of greater intensity
and longer duration than many night rains failed to initiate
such activity. 1In addition, movement of migrating frogs
almost always stopped at daybreak and usually did not resume
until nightfall if it resumed at all.

A positive correlation, significant at the 5% level (r=

«605 with 14 df), was found between the minimum temperature
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during each rainy night and the distance moved by emigrating
frogs. During those nights with the highest minimum tempera-~
tures frogs tended to move farthest, while nights with lower
temperatures showed much legs activity. The lowest tempera-
tures of the 14 rainy nights occurred on June 17 and 18 (14.5
and 13.5 C respectively); the lowest recorded for the other
twelve wés 16 C. Though in general rainy nights have higher
minimum’temperatures than non-rainy ones, seven rainless
nights in the summer of 1962 had minimum temperatures above
16 C, yet no migrations occurred. It is not surprising that
activity in a poilkilothermic animal shows a relation to

temperature, but high temperatures in the absence of rain

did not initiate migrations.

Distance and Rate of lovemeut

st et it +

The greatest distance moved during a single night was
160 m by a 79 mm fémale, which began moving sometime between
10 pems and 1 a.m. and stopped about 6 &.m. Giving the maxi-
mum time allowance of eight hours this represents a rate of
20 m/houru This is undoubtedly well below her actual rate
because she ran out of thread on one occasion and was unable
to continue moving until her bobbin was replaced. A 79 mm
male traveled a greater total distance during an excufsion,
but over a pefiod of two nights. He moved 140 m between
1 a.m. and 6:30 a.m. the first night, representing a rate of
25.4 m/hour, and continued the second night moving an addi-
tional 100 m between 8 p.m. and 8 a.m. The maximum rate of

movement for excursions 100 m or longer was attained by an
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81 mm female, moving 140 m between 2 a;m. and 5 a.m., a rate
of 46.6 m/hour. Undoubtedly the rates given do not represent
the maximum abilities of Leopard Frogs, due in part to thev
fact that the exact times atlwhich the animals started and
stopped are not known. The presence of the traller did not
alter the mode of locomqtion of the frogs, but the additional
welght probably did shorten the animals! leaps, hence reducing
thelr speed. No measures were made of the effect of the
trailers on speed of movement.

One trailed frog was watched for a brief time in the
process of migrating. Its leaps were about 20-30 cm long,
each followed by a pause of approximately 15-30 seconds
while the animal remained in an upright position. As the
frog was followed for only three to four minutes it is not
kno&n whether longer stops were made, or if movement con-
tinued at the same more or less regular pace throughout the
ﬁighto It is very possible that the lamp used to observe
the animal, even though the beam was not directed at it,

caused it to react differently than usual.

Effect of Migrations on Dispersion

The nocturnal migrations often had a marked, though
temporary, effect on the dispersion of the population. In
Fig. 19 are plotted capture sites of all frogs in their
second season and older taken during a period of fair weather
on August 10, 1962, when the entire pasture was carefully
searched with the aid of ten people from the Vertebrate

Natural History class at the Unlversity of Michigan Bilological
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Station. On that day almogt the entire population was con-
fined to the low areas of the field where the soil remained
permanently wet; this was the usual situation except after
night rains. On July 20, during a rain (19 mm) which had

) continued intermittently since about 10 p.m. July 19, the
entire pasture was’censused by the same group. Although it
was searched thoroughly, most of it being covered twice, only
41 subadult and adult frogs were found. Due to the extensive
movement whilch had taken place during the previous night they
were no losger confined to the low parts of the field but
were scattered more or less at random, many pf them on the

normally uninhabitable ridge (Fig. 20).

Discussion

Though the fact that many species of frogs Secome hyper-
active during rains has been reported in the literature by
several workers, the nature of this activity is largely
unknown, for previous studies of anuran behavior have had
to depend almost entirely on recapture data and limited
direct observation. In the present study, through the use
of trailing devices, it was possible to obtain more complete
information regarding activities at such times. The resulss
indicate clearly that movement during raing is sometimés of
a different nature than usual daily activity, for the frogs
leave their home ranges and move in a direet route until day-
break, a marked contrast to the short, often winding move-

ments from form to form on their home areas.
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Evidence of excursions from thelr home ranges during
rains, perhaps similar in nature to those shown by Rana
plpiens, has been reported fér three other specles of anurans.
Martof (1953b) found that Rana clamitans occurred in large
numbers at greater than usual distances from their home

ranges along stream banks on rainy nlghts. Rana nigromaculata,

| which during clear weather maintained small home ranges around

a pond, was found tc leavé them during rains, moving several
meters from the water (Kikuchi, 1958). Similar behavior has

been reported for Acris crepitans, individuals being found

to move ag far as 200 feet from their usual pond-edge home
ranges during rains (Pyburn, 1958).

Other animals, too, are known Lo make extended trips Of.
unexplained nature from their home ranges, though not neces-
sarily during ralns. Cunningham (1960) reported brief excur-

sicns from the home range and return for Batrachoseps pacificus.

Box turtles (Terrapene carolina), too, occasionally make exten-

sive trips from their usual areas, sometimes following nearly
the same path on successive occasions (Stickel, 1950). Species

of Peromyscus have been reported to make migrations from their

normal ranges (W. F. Blair, 1940; Storer, Evans, and Palmer,

1944; Stickel and Warbach, 1960) and Layne (1954) found

occasional Tamlasciurus hudsonicus as far as 275 m from their
usual areas.

No relation between the occasional nocturnal migrations
and the bodlly needs of the Leopard Frog was obvious; the

function of the excursions was not readily apparent. They

-
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apparently play little part in the dispersal of the species,
for evidence indicates that most frogs, if'not all, eventually

return to their previous areas. Martof (1953b) suggested that

In Rana clamitans the sallles from the home range enable frogs

to learn their way around in the area and thus permit them to
return more or less directly to their home sites. Similarly

in Rana pipiens it is likely that the journeys increase the

animals'! acquailntance with a wider area.

Migrating Leopard Frogs do not always return directly to
their former areas following é rain. Some may continue moving
é second night 1f conditions are favorable. Though most frogs
which stop migrating in regions which dry quickly following
the rain retreat to more suitable areas in two or three days,
some frogs which reach permanently wet soil may remain in
these new localities for longer periods. Some, perhaps, are
prevented from rvreturning until another rain because of the
drying of intervening reglons which they must cross. It is
also possible that, except when forced to retreat by unfavor-
able moisture condivions, Leopard Frogs do nob normally reburn
to their former areas except when it rains. In any case, frogs
entering the study area from outlying areas during rains pro-
bably account for a large part of the transients which were
captured once or twice in a short period and never seen again.

As all exoufsions of trailed frogs oceurred on nights
when rain fell, and as more than half of these began simul-
taneously with or sometime after fhe onset of rain, there

can be little doubt that rain is at least a necessary climatic
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condition for such movements. In all probability it is the
gtimulus initlating the excursions rather than one which
simply allows them to take place. This is supported by the
fact that in five rains of less than 1 mm excursions onto
the dry ridge and outlying fields occurred, despite the fact
that the small amount of rain had barely wetted these regions,
so that they were scarcely more sultable for habitation than
on most nighté when there was a heavy dew. 1In addition, if
migrations occur simply because the region surrounding the
home range 1is habitable, at least temporarily, it is reason-
able to expect that frogs would make excursions throughout
the wet soll region on almost every night, for this area is
sultable for continuous occupancy all summer. In fact, how-
ever, each Leopard Frog limited its activities to a small
part of the habitable area, leaving 1t only during rains.

The behavior of 3523 (Fig. 16) deserves special note,
for her movements differed in several respects from the
usual patfern. Only one other frog, aiso a large female
(81 mm), showed similar behavior, her %rail closely resembl-
ing that of 3523 in all respects including the same destina-
tion. 1In fact, afber moving into the woods, both entered
the same cavity under a root, though not on the same occasion,
and occupied the same reglon of the swamp. These two animals
were probabiy not residents of the study area but of the
woods. Several factors point to this conclusion: (1) Al-
though the study area had been repeatedly searched for three

months prior to their capture, neither had been captured;
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(2) the movements of the two animals within the study area
were not typilcal local movements but, in general, tended

to take them almos?t difectly across the reglon to the western
limits of the wet soil; (3) in the first rain which fell
after the frogs had been saddled both moved in a nearly
direct line toward the southwest, the same direction which
their trails across the study area had taken; (4) though
each was disturbed several tiﬁes to change the thread supply
durlng 1%vs migration across the adjacent field, the distur-
bances causing deviatioﬂs in their paths, both invariably
reoriented themselves 1n their former direction of %travel,
indicating their Journey was not in a random direction but
directed toward a particular goal; (5) when arriving in the
woods both adopted typical loecal movements, 3523 remaining
in an area 20 x 30 m, through three subsequeunt rainsg, until
released while the second frog remained in an area 15 x 20 m
for 12 days until she died of injuries incurred when she
became tangled in her thread. There is liﬁtle doubt that
the home ranges of these animals were in the woods. It is
prcbable that their presence in the study area resulted from
excursions during rains prior to their capture. After being
saddled each apparently continued moving_towards her.home
range but, due to the dry field intervening, was forced to
stop at the western edge of the study area until a rain

allowed her to conbtinue home.



Water Relatlons

Perhaps the most essential requirement for ﬁerrestrial
existence of organiSms is the abllity to avoid exceésive
loss of water. Amphibians as a group have not deve;oped
integumentary modifications to conserve body water as have
the other terrestrial vertebrates, yet despite this failure
to meet the problem of water conservation effectively some
amphibians are essentially terrestfia;, though usvally con-
fined to molst places. This 18 true of Rana pipiens, for
during the summer adults occupy mbist fields or wet woods,
often continuously for several weeks &t a tlme, ravely
returnling to ponds. '

Though Rana piplens has been shown by Thorson and Svihla
(1943) and Thorson (1955) to be able o survive a loss of
nearly 50% of its body water, it is unlikely that this bfoler-
ance alone 1s responéible for 1ts abllity to remain almost
continually away from ponds. Since evaporation goes on con-
tinually from the surface of these animals, even in a satu-
rated atmosphere, at rates nearly proportional to the relative
humidity (Adolph, 1932); water locss from frogs living in the
fields I studied must have occurred at fairly rapid rates,
for the humidity in the grass regularly fell to 40-50% for
8-10 hours in each rainless day; With such continual loss,
body moisture would sdrely have reached the lethal level
in a few days if water had-not been obtained from some source

106
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to make up the loss. In addition tb'foéd,.réin, dew and
soll moisture are possible sources of water ih a terrestrial
environment. | |

There is little doubt that Leopard Frogs can andfdo.
utilize moisﬁure from rains, obtained elther by droplets
falling diﬁectly on them,'from brushing wet objeéts or
from sitting on wet surfaces andvin temporary puddles. _Théy
are not, however, dependent on the temporary wetting from |
raing, for durlng a 30-day period of drought, June 19 to
July 19, 1962, in which only 8»3 mm of rain fell, Leopard
Frogs with trailers showed no indication of leaving the’
fields for'the»ponds, faring quite well despite the lack of
rainfall. While rains occurred at irregular inﬁervals and
did not provide a regularly dependable molstupe supply, dew
and moist soll were almost always regularly available, and-:
seemed particularly likely to be important sources of water,
Consequently the ability of Leopard Frogs to obtain water
from these two sources and their importance in water economy

were investigated briefly in the present study.

Use of Soil Moisture

| To determine 1f frogs could obtain moisture from the
soil, samples of earth were cbllected at four localities
along the soil moisture gradient 1n the northwest seétion
of Budzinski's pasture in August, 1962, following a week_of
réinless weatherf ‘These samples, one from the marsh which
aﬁ the timé'cbntained no standing water, a second from a 

point midway between the marsh and the periphery of the



108

- wet area, a third fﬁom 1 m inslide the outer margin of the
wet soll and a fourth from the dry ridge,_were obtalned by
eutting rectangles of earth and placing the entire blocks
intact into terraria. By removing the soll in one piece,
including about the top 10 cm of earth, which would just

fit the containers, the characteristics of the soil surface
upon which the frogs sat were essentially’uhéhanged. The |
water content of each sample, expressed aé per éént of dry'
Aweight of the soil, were 375% in the soil from the marsh
'54% midway along the moisture gradient, 37p at the margin
of the wet area and 2% on the ridge. Adult male frogs (59-
74 mm) captured from various localilties in the vicinity of
The University of Michigan Binogicél Station wére placed

in an inch of water 1n enameled pans and forced to remain -
for 24 hours. Eéch'was then gently dried with a soft towel
and weighed to the nearest 0.1 g to determine its fully
hydrated weight. The contents of the bladder were then for-
clbly expelled by pressing on the lower abdcmen and the anie
mals allowed to dehydrate slowly in an open container for
another 2& hours, after which they were reweighed. vThe
frogsvwere divided randomly into four groups of eight and
each group placed into one of the four terraria and the
containers cdvered with plate glass. Humidity in fhe three
containers with moist_soilAwas between 95-100%; a container
of water,’unavailable to the frogs, kept the humidity at

the same level‘in the terrarium with the dry soil. No
attempt was made to maintain a constant temperature but

all terraria were wept under identical conditions so that
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the temperature of all varied together. After'gitting for 24
hours on the soil each>frog was gently wiped with é'soft towel
-to remove any clinging dirt and reweighed’to detérmin@ if it
had regained any of the weight lost during the dehydration
period. As the.haddling of the animals,ih cleaning off the
801l particles generally caused them to expell the contents
of their bladder, weights obtained did not include the urine.
Since no food was provided thréughout the experiment and
leopard Frogs cannot obtailn water from the atmosphere (Adolph,
1932) gains in weight can be attributed to the uptake of
water from the soil. | '

All frogs on wet soil gained back at least a part of the
weight lost during the dehydration period, but the amount of
#eight regaiﬁed differed amﬁng the three groups. (Table 1).

- In 24 hours those on the wettest soill (375% soil moisture)
regained a mean of 87.3% of the weight léﬁt during dehydration;
the frogs on the soll wilth 54% moisture regained 78.4%; those

" on the soii from the margin of the wet area (34% soilrmoistufe)
regained only 5601% of thelr lost weight. All frogs placed on
the dry soil from the ridge (2% soil méistﬁfe) continued to
loge weight. It is evidenb that Leopard Frogs are able to
extract moisture from wet soil, the rate of uptake increas-
ing with the wetness of the substfateo

Beeause of the exelusion of the contents of the bladder
from the weights of the rehydrated frogs the final weighinge
do not accurately represent the state of body moisture in

the animals. Since the production of urine ceases during
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pericds of dehydration and water is resorbed from the bladder
(Nussbaum, 1878; Adolph, 1927; Steen, 1929) the presence of
urine indicates that a frog is obtaining an adequate supply'
of water. Seven of the eight frogs rehydrated on the wettest
vsoil produced 2 coplous amount of urine as did six bfAthoae
on the 5#% s0il. Only three rehydrated on the 36% soil
urinated and each barely a tréce. None on the dry soil
urinated. Had it been possible to include the contents of
their bladders in the finai weighing the mean weighﬁs of the
two groups on the wettest soll would have been considerably f
higher and the mean percentage of welght regained would pro-
' bably have approached or surpaSSed 100%.

An indication of the wetness of the soill upon which
Leopard Frogs can normally survive under natural conditions
wés'obtained by taking surface soil samples in the latter
‘part of June and early July, 1962, from the vicinity (15 cm
or less) of 16 forms occupied by trailed frogs for periods
of 24 hours or longer. The moisture percentages of these
samples ranged from 25;65% with & mean of 47.1%. The least
wet sample was taken from near a form which had been occupied
by an 81 mm female (No. 2400, Fig. 12) for five consecutive
hot, ralnless days. The animal showed no signs of dehydra-
tion, indicating that she was able to maintain her water
balance adequately undef the prevailing conditions. As all
frogs trailed were quite large (60 mm or more) no significént
correlation between size and moisture content of the forms

could be found.
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Use ggwnew

TQ determine the importance of dew in the water economy
of Leopard Frogs, several animals were deprived of it and
‘their behavior and ability to obtain sufficient moisture o
survive compared with a comparable group living under more
normal conditions. This was done in the following manner.
-In the northwest section ovaudéinski's pasture whére the
soll was permanently moist and where Lecopard Frogs were
common, two enclosures 1.8 m sguare and 0.8 m high of 6.3 mm
mesh hardware cloth were erected side by side. At the top
of each, 6 em of wire were bent inward at right angles so
that frogs could not leap out; the bottom"edges were sealed
with earth to prevent escape via that route. Though small
ihsects entered the enclosures through the wire and larger
ones flew in through the open top, snakes large énough to
harm the frogs were unable to enter the cages. The conditions
within each enclosure were tliose normally encountered in the
field; no ponds were included sc that the only sources of
water exclusive of food were rain, soll moisture and, in one
cage, dew. Over one enclosure a sheet of thin, transparent
vinyl plastic was erected oh a wooden frame so that it stood
0.6 m above the top of the wire cage. This effectively pre-
vented dew from forming in the enclosure below, yvet permitted
1;ght to pass through. Dailly checks of temberature and
relative humidity revealed no differences between the two
cages. Measurements of light intensity on a bright sunny

afternoon gave readings of 4160 and 4240 ft candles for the
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~covered and uncovered cages respectively, a difference of
8lightly less than 2%. , | ,

On July 28 ten adult male Leopard Frogs (60-76 mm) were
placed in each enclosure and allowed to remain until August
29. At that time, all 20 frogs were in good health, and no
differences could be detected. between those which had been
deprived of dew for 33 days and thosge which‘had not. It is
obvious that dew was not a necessary source of moiature.though»
it may have been an important supblement. Severél pieces of
evidence indicate that it was, in fact, utilized by Leopard
Frogs when available. These will be discusséd below.

For a perlod of seven days, beginning the morning of
July 30, each of the 20 caged frogs was weighed twice daily,
morning and evening, and the mean weight of the frogs in each
cage determined for each weighing. As it was necessary %o
capture the animals with a net and they often urinated upon
being removed from it, the weights did not include the con-
tents of the bladder. Attempts after each weighing to force
the frogs to further expel urine wefe unguccegsful, indi-
cating that all had empty bladders when weighed. Records
were keptoof the occurrence of urination before weighing, and
estimates of quantity (trace, average, copious) were noted.
The mean weights at each weighing of the frogs in the two
cages are shown in Fig. 21, plotted as a percentage of the
mean of all weighings of all frogs in the group.

"The groups of frogs with and without dew both showed

fairly regular fluctuations in weight, the mean weight of
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Mean welghts of frogs in "dew" and ”de&—'
less" cages éacﬁ mcrniﬁg and evening plotted
as percentage of the mean of all weighingé
of each group. Dots indicate mean weights
of 10 frogs with access to dew; circles
indicate mean weights of 10 frogs without

atcess to dew.
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both groups belng greatest ih the morning and least in the
evenling. Pért of the change in weight was undoubtedly due
to Intake of food, for the animals were free to éat, but,
as feeding occurred at any time éf the day or night whenever
the opportunity presented itself (Kilvy, 1945), the regular
fluctuation of the group as a whole was most likely the
result of the uptake and loss of water. This is supported
Q!kby the fact that in the mqrning the bodles of frogs were
always sleek and glistening with moisture and they commonly
urinated when handied, whereas in the evening their skin
usually appeared dry and urination occurred only occasionally
(Table 2). Thus, frogs in the field undergo a net loss of
water during the daytime; the amount lost by evaporation ex-
ceeding uptake from the soil, but at night, when uptake
eXceeds loss, they are able to replace the water lost during
the preceeding day. In this way they are able to Survive in
regions where moisturé conditions are not always favorable,
80 long as their body water does not fall below the critical
level before they are able to make up the loss.

Daily fluctuation in weight, however, was cousiderably
greater among the frogs with access to dew than among those
without it. Since the mean weights of the two groups were
very close (28.9 and 30.4 g) it is unlikely that the Aiffer.
ence was due to more rapid gain or loss of water associated
with size. Though the reason for‘this difference is not
readily apparent, records of urination indicate that, in

general, the frogs with dew possessed an abundance of body
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water more commonly than did those without dew. In Table 2
the number of times frogs in each group expelled urine when
handled 1s shown, those which expelled only a bare trace
being grouped with those which produged none, as both pro-
bably indicate a lack of a surplus of body water. Urination
rarely occurred in the evening; oﬁly four frogs, all in the

~dew cage, produced more than a trace of urine. TIn the
mornings,‘however, frogs in poth enclosures commonly had
.urine in thelr bladders, but those in the dew cage urinated.
more than a trace significantly more often than did those

without access to dew (}* = 14.6 with 1 af; P < «001). Since

in Leopard Frogs urine secretion stops and the bladder con~
tents are resorbed when moisture is available in gnsufficient
quantities to offset that lost (Nussbaum, 1878; Adclph, 1927;
Steen, 1929)lthe difference between the groups may indicate
that frogs with access to dew had an excess of body water |
more.commonly than those in the dewless cage. Thus, the

greater degree of fluctuation in weight among the frogs in

<

he dew cage was probably the result of more rapid uptake
of water during the night, presumably because absorption of
molsture from dew 1s more rapid than from soll, and a greater
loss of water during the day, probably because of more fre-
quent urination. |

The locations of the frogs wlthin the two enclosures
befére the dew had dissipated in %the morning provide addi-
tlonal evidence that it may have been regularly utilized as

a source of moisture. Before disturbing the animals for
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their morning weighings, a visual check was made of each
cage and the positions of all frogs seen were noted. In
. @hé dew cage, frogd were found 26 times sitting beside their
forms on tdp of mats of dead grass, moist with dew. In the
dewless cage frogs were seen out of their forms only éight
times. Thouéh not all frogs were seen each morning, some
beihg-out of sight among the dense grass, those not observed
were most likely sitting in forms, as this was the usual
behavior; frogs on top of the grass were readily visible, so
probébly few were missed. Assuming that those not seen were
in their forms, the proportion of frogs found on top of vege-
tation in the morning was significantly gfeater among the
frcgs in the dew cage.than among those in the dewless one
(X = 11.22 with 1 df; P < .001). Thus, it appears bthat
when dew 1is avallable Leopard Frbgs often leave their forms
during the nlght and sit on top of the wet vegetation, pre-
sumably to.absorb the dew through the groin.

Six frogs fitted with tralling devices also are known
to have left their forms during the night %o sit on dew-covered
vegetation, retreating to the wet soil again after the dew
digssipated. A male which occupied a2 form in Budzinskits
pasture for six counsecutive days was found each morning at
8 a.m. sitting 8 cm away in a shallow depression on a mat of
dead grass, wet from dew. By 10 a.m. éach day he had returned
to hils form. Since the dew disappeared each morning between
8 and 9 a.me it 1s likely that the retreat to wet soil was

assoclated with the drying of the dew. Each evening at
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7-8 psm. the frog was still in his form, but he moved to the
grassy site agaln sometime'before morning. Of the five other
frogs which similarly moved between forms and mats of dead
vegetation, one alternated daily between two such gites 20 cm
apart for a five déy period, two shifted‘regularly less than
10 cm for three days, and two_movéd similar distances for two
day periods. It is very probable that many of the other frogs
which shifted from one form to another during the night aiso

stopped on the dew covered grass.

Burying Behavior

AnotherAbehavior pattern undoubtedly related to the main-

tenance of water balaﬁce was noted among three adult Rana

'gigigggﬁkept in a terrarium in a laboratory. The animals
were placed in the container November 16, 1961, on wet soil
containing water equal to 50% dry welght of the so0il and the
terrarium covered with loose fitting plate glass. The frogs
had no access to moisture except from the soil which was
allowed to dry gradually; they were not fed. For 17 days

the three frogs simply sat on the wet substrate, occaslionally
moving about the chamber. Own the eighteenth day, when the
moisture content of the soil had reached 25.4%, one was

found sitting in a hole 2.5 em deep, Just fitted to its body,
which it had dug during the night (Fig. 22). On the nine-
teenth day the aniﬁal was nearly completely buried, only its
head and part of its back visible. In addition, a second
frog had begun digging a similar hole and was sitting in it.

On the 21st day the remaining frog, too, had constructed a
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Figure 22 (Top) Three Rana pipiens in terrarium

occupyihg shallow holes which they dug
as soil gradually dried. (Bottom) One
of above frogs almost completely buried.

Aﬁimal is facing lower right corner.
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FIGURE 22
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hole in the soll and was occupying 1t. At this time all
three frogs, plump when first placed in the terrarium, were
noticeably dehydrated, theilr skin surface dry, and none
expelled urine when handled; soil moisture was 20.7%. All
three remained in their holes until the twenty-fifth day
when the soil was. wet down; within 24 hours all had regained
thelr normal appearance, body rotund, skin glistening with |
moisture and all urinated when handled. |

Undoubtedly the burylng reaction was brought about by
a reduction in body water. Surrounding themselves with soil
would tend to reduce the rate of water loss and in nature
such behavior might possibly bring them into contact with
moist soil below the surface. It is doubtful that such be-
havior 1is common among Leopard Frogs in theilr natural euviron-
ment, for they probably usually return to ponds when unable to
obtain sufficient moisture from the soil or dew. On one
occasion, however, an adult male was found at Sedge Point
buried in loose dry sand with only the tip of its snout pro-
truding above %he surface. UWhy it buried itself is not clear,

for it was less than 10 m from the lake.

Movement to Ponds

Although adults of Rana piplens were generally quite

independent of ponds as a source of water in the summer, a
few were apparently unable to maintain a favorable water
balance under prevailing condiltions by usual means and were -
forced to move to ponds. On the night of July 8, 1962, such

activity was strikingly evident, for six of the 10 frogs with




124

trailers moved directly to water. This unusual behavior was
hndoubtedly caused by strong winds which blew all night caus-
ing the evaporation of l.4 ce of water_from evapcriieters in
the grass, the only measurable amount of water loss from these
instruments during any night in the summer. Though no other
such mass movements to water occurred, six other frogs moved
toward the ponds on different days, probably also prompted

by an lnability to maintain a favorable water balance in

their usual manner (Fig. 23). Two of these moved in daylight.

Disgussion

Because of theilr independence of standing water during
the summer and their abllity to absorb water from the ground,
thefe can be little doubt of the importance of soil moisture
in maintaining water balance in Leopard Frogs. The typleal
behavior of clearing the dead vegetation and debris from the
soil, creating a form, is no doubt brought abouﬁ by the need
to remain in close contact with the wet soil beneath, thus
allowing continued absorption. Probably many of the sﬁifts
from one form to another result from a need to find more
favorable conditions as the soil in one 8pot becomes unfavor-
able for maintaining an adequate water supply.

Despite the fact that the ability to obtain moisture from
soil may have been an important factor in the invasion of
terrestrial habitats by émphibians, its importance has been
largely overlooked. Except for Stille (1952), who found that

@ufo_woodhog§§;‘fowlggghrégularly frequented wet beaches

where they sat and absorbed moisture through the groin, no
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one has demounstrated the use of this source of water by
anurans under natural conditlons. Stille (1958). also showed

that several species of frogs, among them Rana Qipiens, could

absorb moisture from a wet substrate (sand,’éponge, cloth,
glass, plant leaves, stone). The utilization of soil moisture
may be more common than is generally realized and, if differ-
ences in this abllity are found between various species, may
in part account for the diverse habitats occupied.

Behavior of adult Leopard Frogs .indicates that, when
availlable, dew 1is also used as a source\of water. As with
soill moisture, absorption of dew apparently takes place
largely or entirely through the skin of the grolin, the ani-
mals sitting on dew-covered surfaces much as they would in
forms. Stille (1958) in his laboratory observations of frogs
observed a "wiping behavior" whereby ﬁhe animals sitting on
molst substrates such as plant leaves continually shifted
positions over the surface, thus removing much of the
molsture. Such behavior Was not seén in this study but may
well have occurred amoung the frogs found sitting on dew-
covered mats of dead grass.

The directness of the trails of the frogs when forced to
return to ponds indicates that the animals either knew where
water was or were able to detect 1t from a distance. Since
adult frogs occupied ponds during the spring (see later
section) and many, perhaps all, made occasiomal exXcursions
from their home ranges, it is not unlikely that they wére

indeed familiar with the area and knew the whereabouts of
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pohds from former expefience. Evidence was obtalned, however,
that newly metamprphoseé young were also:able to move directly
to water (see section on disperszl). Since these animals could
not have learned the location of ponds from previous. experl-~
ence it ié ver& probable that Leopard Frogs can detect bodies
of water from & distance. The clues which might be used in
orienting to watef warrant conslderation. |

The possibility that amphibians follow a gradient in
atmospheric moisﬁure in movihg to water has been cbnsidered
by Several‘aﬁthors (Savage, 1961; Chapman and Chapman, 1958;
Breder, Breder and Redmond, 1927; and others). That frogs
can detect such changes is without doubt, but it is difficult
to see how this would have enabled the frogs to locate water
in the present sitﬁation° During the night in which six
trailed frogs moved to water the relative humidity in the
grass, even over the dry soil, was 100%. Under such condi-
tions no gradient exists. In addition, two of the other
frogs which returned toward water did so during daylight,
moving from a wet corner of the field across the dry ridge
where the relative humidity must have been less. It is
ocbvious that they were not guided by a moisture gradient.

Sound could play no part for the frogs do not sing in
theAsummer. Positive geotaxis was certainly not inﬁolved,
for all frogs moving tc the gravel pit went uphill to reach
it.

The possibility that vision plays a part in detection
of water has been suggested by Muntz (1962a, b) who reported
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that frogs show a strong affinity for blue light and respond

differently to it than to other colors. 1In Rana pipiens he

found that the optic nerve fibers passing to the diencephalon
responded much more strongly to blue than any other color.

Using Rana temporaria he found that the frogs jumped toward

blue‘light slgnificantly more often than toward any other
color or combination of colors. Hé suggestéd that this
response may play a part in gulding the movements of these
animals towards water, ﬁhich reflects blue light. This
explanation was earlier put forth by Hooker (1911) to explain
the bioclogical significance of similar results in young
Loggerhead Turtles, suggesting that they find their way to
the sea by moving towards the blue light. However, since

the poands to which many of the frogs in this study moved were
in the bottom of thé gravel pit so that the animals could not
have geen the water direétly, 1t 1s difficult to see how they

could have debtected light reflecting from i1t.

Savage (1961) believed that Rana temporaria locates
ponds in spring by moving toward the source of odors produced
by algae in the pools. Pimentel (1960) reported that odors
also guide the movements of the Rough-skinned Newt (z_q_r-_;_q_kgg~

torosa granulosa) to water and Twitty (1959) has shown that

ocdor is of primary importance in guiding movements of Taricha

g}vularis, Martof (1962) found that Pseudacris triseriata
tends to move toward odors from ponds, indicating that smells
may gulde the movements in that species. The possibility

that Leopard Frogs, too, can find wabter by means of particular
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smells assoelated with it can neither be proved nor disproved*
from data obtained in this study. = However, the movements of
trailed adults on the night of July 8, 1962; when six moved
to ponds, were probably not gulded by odors, for a stréng
wind blew from the west all night, yet four of the six frogs
moved downwind; odors from the ponds to which they mdved
would not have reached these frqgs. These animalé most
likely were familiar with the reglon and knew the location
of the pondse. Thié does ﬁot, however, fulé ocut the possi-
bility that.LeopardvFrogsvcan detect water by smell, Perhaps

those not familiar with an area are guided to water in this

manner.



Emergence From Hibernation and Spring Activity

With the approach of spring, Leopard Frogs leave their
“hilvernating quarters for the breeding ponds. Those which {
hibernated in these ponds presumably remain untll breedlng
1s completed, but others, which hibernated_in ponds or
streams unsuiltable for breeding or in terrestrial situations
move to the breeding sites. Though no effort was made t£o
study activity in the spring so-thoroughly as in the summer,
three thorough searches of each study area on April 26-~29,
May 5-7 and May 19-21, 1962, provided considerable informa-
tlion concerning spring activity. The dates of emergence and
the beginning of breeding are not known exactly but approxi-
mate dates were determined from changes in behavior and egg
development, and from information furnished by residents of

the area.

Time of Ereeding
A chorus of frogs, probably including Rana pipieuns, was
first heard at Budzinski's by local residents on the evening
of April 20. Air temperatures, whiéh had reached 14 C during
the afternoon, fedl to -2 by mldnight, causing a cessation
of singlng. The following evening chorusing was resumed, but
only for two to three hours despite z rain which began fall-
ing about 10 p.m. No calling was heard on April 22 or 23,

due to the low temperature (1-10 C) but it resumed on the

night of the 24th when air temperature reached nearly 21 C.
131
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On the evening of April 26, the first time I visited the
area, mating activity of Ranz piplens was in progress as
evident from the vociferous calling of'males, the.capture of
four péirs in ampléxus, and the fact that three of five 51ngle_
females taken had not spawned. On the .following day a thor-
cugh search of the ponds revealed 74 egg masses in the marsh,
L0 of these in an area of less than 1 sq m, and nine in the
gravel pit. Fifty-seven of the T4 were in cleavage stages
and ncne cf the others had developed beyound the yolk plug
stage, indicating they had all been deposited within the pre-
ceding 48-60 hours, as the water temperature varied from 14.5-
18 ¢ (Rugh, 1961). On the evening of April 27 only three males
were calling between 7 and 10 pem. and no other breeding acti-
vity was seen despite the mild temperature (14.5 C at 10 p.m.)
and raln in early morning hours. On April 28 and 29 tempera-
tures did not rise above 6.5 and 5.5 C respectively; no call-
ing was heard or other mating activity seen. When Budzinski's
was visited again on May 5 three egg masses were in the prd—
cess of hatching and the rest were in late stages of develop-
ment. None was found which had been laid in the previous week.
Thus, 1t appears that oviposition was completed in the three-
day period preceding April 27.

It 1s not known when calling first started at Sedge Point,
but presumably frogs emerged at about the same time as those
at Budzinski's, or possibly a few days later as SedgeAPoint
was more exposed to the wind off Douglas Lake and was usually

somewhat cooler. When first visited on the morning of
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April 28 four pair were found in amplexus, probably having
paired the p:eceding night, but no other breeding activity
was geen. There was no calling. Though 55 egg buncheg were
found, all in pre-blastula stages, breeding was obviously
not completed, for of 19 females captured 15 had not spawned.
During the cool weather from April 28 to May 3 (maximum day-
time temperature = 8, 5.5, 15.5, 9; 9, 16.5 C respectively)
apparently very little egg laying occurred, for on May 6,
54 egg bunches wefe in early cleavage stages, 1indicating
oviposition in the two days of relatively wérm weather since
May 3, whille all but two of the rest were hatching or in late
stages of development, indicating deposition at least a week
?fevious. Only two bunches were found which were probably
lald in the intervening week of cool weather, both in the
tall bud stage. Thus, it appears that Sedge Point breeding
was interrupted by a four- to five-day périod of cool weather.
Occasional ecalling males could still be heard on May 7, but
as only one female (spent) was capbured between May 5 and 7,

ovipogition had probably terminated.

Spring Emergence and Migration

An eight hour search (8_aom. -1peme, 7 - 10 pemo) of
Budzlnskl's entire pasture on April 27 revealed 37 adults
(28 males, nine females); no immatures were found. On May 5,
when the pasture was searched between S a.ms and 4 pem., how-
ever, along with 27 adult males and 20 females, 20 immature
frogs, young of the previous year, were captured in the

shallowest parts of the two ponds (Fig. 24). Surface
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temperatures at the east end of the gravel pit where the
1mmature frogs were congregated were 2 and 2.5 C.warmer
than at the deeper west end on May 5 and 19'respectiveiy,
perhaps indicating an affinity for the warmer water. At
Sedge Point no young'were found since none metamorphosed in
1961, and all 1960 young had reached adult size.

Though most migration to the ponds probably cccurred
before my first visit to the study area, three adult males
were taken on the evening of'April'27 moving across a dry

gravel road toward Budzinski's marsh and gravel pit from

which loud choruses (Rana pipiens, Hyla cfucifer, Bufo

terrestris, Pseudacris triseriata) were emanating (Fig. 24).

Two had not been captured previously and were never seen
again, but the third had been ne;ted_bn August L, 1961, near
the marsh and was captured three more times in the summer of
1062 in the same area in which 1t had'first»béen found a
year previouéo It is likely that he had hibernated‘elsewhere

and was returning to the marsh to breed.

Dispersion of Population in Spring

The capture sites of all frogs collected in the three
spring censuses are also shown in Fig. 24. Though the eutire
field was searched on each occasion only 10 frogs (4% of 231
taken in April and May), three of them migrating to the marsh,
and two moving between maréh and gravel pit, were found more
than two meters from the two ponds. One of the frogs not
captured in the larger bodies of water was sitting in a small

puddle and three others in the same area were less than 10 m
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from other puddles. Similarly at Sedge Point, frogs,were
confined almost entirely to bodies of wabter during the spring
except when migrating. This distribution is in marked con-

trast to that later in the summer when most adult Leopard

Frogs occupied the fields (Fig. 19).

Spring Movements

Of 231 frogs captured at Budzinski!s prior to June, only
one, a male, was taken in all three censuses, on April 27 at
the north edge of the marsh pond and again on May 5 and 19
in the southeast corner, 40 and 45 m from the first site.

Of nine malés taken in two spring censuses, six were captured
both times in the Same pond, having'moved a mean distance of
37 m (range, 15-52 m) in the intefvening period. The three
others had moved 50, 70 and 120 m from the zravel pit to the
marsh. Four of the eight females taken twice on the April

and May censuées were 1ln the same pool on the second capture,
having moved a mean of 25 m (range, 10-52 m); thrée others

had moved from the gravel pit to the marsh (50, 80 and 95 m)
while a fourth had moved 100 m from marsh to gravel pit be-
tween 10 a.m. May 19 and 9 a.m. May 20. Of these eight, four
had spawned before their first capture on May 5 and one before
it was first taken May 19; two were gravid when first taken
on April 27 but were spent on May 5 and May 19:; one was gravid'
on May 5 but spent on May 19. All four which shifted to a

new pond were spent on theilr second capture. 3Six immature
frogs taken on May 5 and again on May 19 were recaptured in

the pool where first found, having moved a mean of 19 m (range,
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5-55 m) in the intervening 14 days.
Of the 88 adults taken during the spring at Sedge Point,
only three, all males, were captured twice, One was found
the second time in the same pond, 18 m from its previous site;
a second had moved from the west to the east pool (65 m);
the third had moved from the east pond into the swamp (160 m).
At Sedge Point there was a general exodus from the breed-

ing ponds following breeding in 1962, for the number of cap-

~ tures in the study area declined from 45 on April 28 to only

four on May 21, though each of the searches was comparable
in time and ﬁhoroughness. In an at?empt to locate the miss-
ing frogs, the swamp north of the pool area was searched on
May 7 and May 21. None was found on the first date, when
only an hour was spent in the southern half of the swamp ;
on May 21, however, a four-hour search among the dense brushy
vegetation of the swamp's northeast corner, its farthest point
from the beach pools, revealed 40 adults gitting on isléts of
moss and leaves. Twenty-three (seven females, 16 males) were
netted while 26 escaped capture. Only one male was found in
the more open part of the swamp which had been searched
briéfly on May 7 wﬁere no islands upon which the animals could
rest were found. No calling, mating activity, egg masses,
tadpoles or other evidence that the Leopard Frogs had mated
in the swamp was found. All females taken were spent.

At Budzinski's, exodus from the breeding pondé and return
was not so noticeable though the movements of seven frogs bé-

tween the marsh and gravel pit indicate that all frogs did
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not remain in a sipgle ponde. Also indlcative 18 the fact
that of 47 adults taken on May 5 only three (6.3%) had also
been captured in the census one week earlier when 37 had been
caught. By contrast, of 76 adults found on May 19, 17 (22.3%)
Wwere recaptures from the preceding census two weeks before.
Inasmugh as during the summer approximately 25%_of the frogs
taken an a census are recaptured in the next (seersection on
methods) the population appears to have remained fairly stable
'fetween May 5 and 19; the 22.3% recapture does not differ |
significantly from the expected 25%. The low percentageiof
recapture on May 5 may indicate a turnover in the population
members, due to a large proportion of the frogs present on
April 27 leaving the area, and immigration into the area
from other ponds in the week following. It is likely Tthat
~the rains (48 mm'on three nights) between the first and
second cehsuses stimulated migratory activity both at Sedge
Point and Budzinski's. 1In the next two weeks no rains fell
at night, probably accounting for the stable population in

this period.

Discussion

The appearance of adult Leopard Frogs in the spring
lﬁrior to the smaller ones has been previously reported by
Cummins (1920). This contrasts with the situation found by
Martof (1956) for Rana clamitans, in which the smallest frogs
preceded the adults out of hiberunation. Martof suggested
that the largebxémbuqt of surface area per unit volume of

the smaller frogs permits them to warm faster than the larger
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ones, accounting for their earlier appearance in the spring.
It is likely that, at least in Rana pipleng, other factors
than rate of warming are involved. Perhaps, due to hormonal
differences associated with sexual development, adults, which
breed very shortly after emergence from hibernation, have a

different temperature threshhold, becoming active at lower

temperatures than smaller frogs. Rana clamitans, on the

other hand, breeds much later in the spring and summer, the
later development of physiological chahges assoclated with
breeding perhaps accounting for the later emergence of the

adults. It is not likely that the small Rana pipiens were

simply missed in the first census, for both marsh and gravel
pit were segrched thoroughly twice on April 27.'

Because Lecpard Frogs are residents of fields during
summer, thelr almost total confinement to the vicinity of

ponds in the spring is of interest. Among the adults the

affinity for bodies of water is undoubtedly related, at
leas?t in part, tc mating behavior, for they normally lay
their eggs in shallow quiet water, usually with flooded
vegetation, remaining in, or moving to, the pouds for breed-
ing. Sexual behavior is probably coutrolled largely by
hormonal changes, which may continue to influence the ani-
mals' behavior for some time after breeding has occurred,
for the changes 1in hormonal concentrations are undoubtedly
gradual, extending perhaps over several days or weeks. The

fact that males still called occasionally at Budzinski's on

May 20, more than two weeks after breeding had terminated,
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attests to this gradual decline, though these ﬁa& have been
unmated males in which hormonal changes were more extended.
The»affinity'bf lmmature frogs for water during the spring
cannot be tied so readily to hormonal changes., It is likely
that other factors are involved in keeping the frogs, immatures
and adults, in the vieinity of water dufing the spring. One

possible explanation is suggésted by the finding of Donald-~ "

son and Schoemaker (1900) that Rana virescens (= Rana pipiens)

éollected from Minnesota and Illinois in May and placed in
tanks containing stones surrounded by shallow water lost
welght rapidly; as much as 18% of their body weight in 12
days, presumably due to water loss. Frogs of the same size:
captured in summer and rall and placed in the bank under the
same conditlons either gained wéight, cr lost only small
amounts (1-4.6% in 12 days). They concluded that the large
. and progreséive loss observed in May is a peculiarity of spring
'frogs. The cause of the weight loss was not determined but
it may be in some way related to the changes in physiology
oceurring in connection with breeding, or simply %o the
change from‘torpidity to activity. If frogs in nature loge
water more rapidly in the sprirg than summer, and the find-
ings are hot Simply a result of a greater temperature changé
from field to laboratory in the spring (temperatures were ﬂot
given in their paber), this would explain the dependence of
these animals on water during the few weeks after Enmergence.,
Other possible explanations for the confinement of

spring frogs to water are: (1) an intolerance to the extreme
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temperature changes whilch occaslonally occur in spring, the
tendency to remain near pends having perhaps evolved because
of the quick refuge provided by water, a medium where changeS'
are slower and less extreme than in air; (2) a greater avall-.
ability of food around the water in the spring; or (3) the
lack of cover in the fields. During the early part of May
Budzinski's field wés covered 6nly with a mat of dead grass
lald flat by the winter snows, presenting an almost uniform
- brown surface upon which frogs were surprisingly obvious.
Vegetation samples taken over thé field on May 19, when grass
shoots had Just begun to give the field ah appearance of
green, gave an average helght of grass of 15 cm, and an
éverage of 0.16 blades per sg cm, largely rclled up and pro-
viding very little cover. By June 5, at which time the-adult

frogs were océupying the fields, the averége height of grass
was 40 em with 0.35 unrolled blades per sg cm providing con-
siderable concealment for the frogs.

Despite the attachment to water in the spring, consider-
able movement between ponds occurred, probably stimulated by
nocturnal rains. This was strikingly evident at Sedge Point
wherevthe'decline in population size resulting from the exodus
of the post-breeding.frogs wag conspicuous. Here no frogs
moved into the area to take the place of those which left,
for there were no other large populations of leopard Frogs
within at least 1.5 km. At Budzinski's there was also appar-
ently a general exodus immediately féllowing breeding, but
it was not so obvious, as immigration from nearby ponds

tended to mask any diminution of the population.
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This spring turnover appeérs to have involved largely,
or entirely, postfbreeding animals, for none of the females
which moved to another pond during the spring was gravid
when captured the second time. It was not possible to know
1f the males had mated but as no calling or mating activity
was noted in the swamp at Sedge Point and oviposition appar-
ently terminated.in both areas by early May, all frogs proF
bably had completed breeding activity'before leaving the
ponds. If only frogs which had already mated were involved,
the movemeﬁt contributed nothing to genetic exchanges between
populations, at least for that year.

Although the migration of frogs to the breeding ponds
from their winter hibernacula was not observed by me, such

movements of Rana pipilens have been reported in the litera-

ture. Cummins (1920) trapped adult Leopard Frogs moving in
.the spring to a breeding pond from outlying areas; he trapped
37 females and 21 males between March 26 and April 1, the “
greater number of females perhaps indicating that they more
gommonly hibernate away from the breeding ponds than do males.
Ballou (1887) described mass movemeuts of frogs, probably

Rana pipiens, from hibernation sites at the bottom of a

river to pralrie sloughs where they bred.

o
.
9
L



Shift From Spring to Summer Habitat

In late spring and early summer Leopard Frogs abandoned
the ponds and moved to their home ranges in outlying areas.
Neither the nature of the initlal exodus from the ponds nor
the exact time at which the shift began is known for 1962
(the only year in which the frogs were extensively studied
in the spring) because the.stﬁdy areas were not visited
between May 21, at which time frogs were still confined to

water, and June 4, when they were found throughout the grass.

Movements at Budzinski's

‘Evidence gathered after June 4 indicates that the shift
was not accomplished by all frogs in one great movement in
The spring; rather, individual frogs moved %0 their home
fanges'over a period of several weeks in late May, June, and
early July. Of 68 frogs captured at Bﬁdzinski's‘between
June 5 and 17, aAd again in July or August or both, 24 (35%)
were not yet occupying, on the earlier date, the regions in
which they spent the latter part of the summer. Of the 24,
15 were Still in ponds in early June, appareﬁtly having
occupled them since emerging from hibernation in April, while
nine were captured in the fiélds, bus not 1in the areas occu;
pied later, indicating that they were in the process of
moving to thelr summer ranges. Twenty-three (52%) of the
4 frogs already on their home ranges in early June, had
not moved to new loéalities, but occupied the same region

14l
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in summer that they had in spring. Nevertheless, all occu-
pled the’ponds in spring and the fields in summer. :This was
poasible, beeause, ag the water in the marsh feceded, grass
and sedges grew uﬁ where_it had been, providing a grassland
habitat for the frogs in those areas. |

By contrast, only 10 (19%) of 53 frogs captured in late
June (June 18-30), and agaln in July or August or both, were
not in the regions which they occupied later Iin summer. Of
these, five 8t1ll remained in pcnds;'the other five were in
the process of moving to their home ranges. Of the 10, eight
were 'captured on thelr home ranges before July 9. One male
was still in a pond on July 7 but was taken on his home range
in the fleld 20 days later; a subadult remained in the marsh
until after July 9 but had arrived on its home range by July
20. Both, bf course, may have moved several days prior %o
being éaptured on their home ranges, for'they werevnot'trailed

at this time.

Movements at Sedge Point

At Sedge Point the process of shifting between the ponds
and home ranges in 1962 was complicated by the fact that
almoat the total population emigrated from the study area soon
after breeding. The frogs gradually returned in June, as indi-
cated by the increase in the number captured in the study area
in each succeeding census (Table 3), and the fact that the
number found in the swamp declined from s8ix on June 9 to one
on June 22 and none in four Searches thereafter. 1In addition,

four adult males and four females were trapped while moving
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i Table 3

i
&
If ’

Number of frogs captured in Sedge Point study area in
consecutive censuses from April 27 to July 5, 1962. All
censuses are comparable in area searched except for June 28

when only the area around the east beach pool was covered.

No. of adult No. of adult No. of hours
males cap- females cap- spent search-
tured tured - Total ing '
April 28 26 19 45 5
May 6 15 1 15 4
May 21 L C == Y 4
June U4 8 2 10 4
June 9 13 3 16 3.5
June 13 9 7 16 L
June 22 24 13 37 4e5
June 28 27 8 35 4

July 5 33 11 LY ' 5
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toward the ponds from the woods between June 7 and 30. None
was trappéd ags they moved in the opposite direction. The

| return was not forced by a need for moisture, for the swamp
contained water until July 7, yet they vacated the area
 severa1 weeks before. _

The mass exodus in May probably did not bring about_the
shift to the.home range, at least for most frogs. 1In fact,
nine (39%) of 23 frogs captured in the study area in April
or May and again in July or August were occupying their home
ranges when taken in the spring. This wasApossible largely
because of the extensive flooding of the low areas in the
spring which became grassland as the water receded, and the
fact that over 90% of the resident. frogs had home ranges
immediatelj adjoining bodies of water. Thus, the spring
exodus actually took many frogs off their home ranges.

Four males and two females found in the swamp on May 21
were captured later in the summer in the beach pool area.
Two males had returned by June 5, two femalesz and a male by‘
June 22, and a male by June 28. All, of course, may have
returned sooner. Three of these had béen captured the pre-
ceding summer: two males returned to within 5 m of the
sites of their 1961 captures; a female was captured 40 m
from the location of her previous year's capture;, but was
not seen again.

It thus appears that the animals; after having made
temporary excurgions from the ponds subsequent to breeding,

moved back to the regions where they habitually spent the
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summer. Thus, the spring movement was not unlike the migra-
tions from‘thé home ranges whiech occurred during summer. It
1s possible that some frogs which had home ranges outside
the study area shifted to them in thé spring movement, but

this is not known.

Detailed Movements

- Two frogs trailed at Budzinski's in mid-June appeared to
be 1n the process of moving from the breeding ponds to their

home ranges. Their movements will be deécribed in detail.

No. 2400, adult female, 81 mm (Fig. 25) --

When first captured on April 26, 1962, in the gravel
pit pond this animal was being embraced by a male but
had not yet spawned. On May 5 when recaptured in
the.same body of water 12 m from her first gsite,
she'was‘spento' Following a light rain which fell
early in the morning of June 9 she was agein cap-
tured, this time in the pasture about 20 m from
the plt, presumably having left the water in the
rain. Elght days later she was retaken in a field
of blue-grass more than 150 m from the pit and
across a gravel road from Budzinski's pasturs.
Fitted with a trailing device, her movements for
the next four days are known. During the night of
June 17 she moved about 20 m, perhaps stimulated
by a 7 mm rain which fell in the early morniﬁg

v~ hours. On the night of June 18 she traveled 30rm
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to the woods edge, possibly agsin stimuléted by rain,
a trace of which fell shortly after midnight. During
the dayllight hours of June 19 she moved 40 m more,
this time into the fleld away from the forest, but
the following night retreated again to the wéodsv
edge. Before 8 p.m. on June 20, without the accom-
pﬁniment of rain, she again began moving; during

the night she entered the edge of the woods but
bfoke her thread and escaped. A thorough search

of the woods and field within a 30-40 m radius of
the end of the trail in the morning of June 21 did
not reveal her, but on June 27 she was captured
again in the field and trailed for 16 more days
during which time she exhibited typical home range
behavior (Fig. 12), moving back and forth in an

area 20x30 me On July 12 she was removed from the

field before 1%t was mowed for hay.

No. 2977, adult female, 85 mm (Fig. 26) --

First captured and saddled on June 17 in the same
field ag the previous frog, she, too, moved a
short distance (15 m) into the grass during the
light rain which fell in the early morning of June
18; at 9:30 a.m. she was sitting in a form ot the
wet soil. Within the next half hour, however, she
left her place and began moving toward the woods,
entering it at aﬁproximately 10 a.m. As she was

not disturbed, her activity could not have been
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Figure 26 Trail of adult female. 2977 (85 mm )
in 1962 as she moved from breeding site
to home rangéc Dots are forms or stopping
places; arrows indicate animal actively

moving or a forced halt.
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caused by me. She continued moving through the
woods until sometime before 2 p.m. when she was
found s8itting in a cavity under a log. By evenilng
she had left this retreat and moved 8 m farther
where she sat on top of the damp leaf 11tter all
night, still sittihg in the same place at 11 a.m.
on June 19 even though a trace of rain fell during
the night. The relatively cool weather (minimum
'temperature 12 C) may have inhibited her movement.
Dpring the following day she moved 45 m deeper
into the'woods, stoppiﬁg again on the leaf litter
for the night, but on the morning of June 20

moved about 15 m to where she was found sitting
‘at 8 p.m. Sometime during the night or morning

of June 21 she moved another 50 m to the end of
her thread, where she was found at 10 a.m. Afier
belng supplied with a new bobbin she continued
another 40 m during daylight, passing through an
opening in the woédg with a dense growth of

bracken fern (Pteridium aquilinum) and moving

into a Thuja-Alnus swamp where she sat for two

hours or more in a small puddle, the only water
left in the swamp though the soil was moist.
For the next six days her trail shoﬁed typical
local movements as she moved over a winding,
twisting route, crawled into crevices, cavities

under logs, a mouse burrow, and under leaf litter,
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until on June 27 she crawled under a mqy of dry
leafl littér, apparently to reach the molst soil
beneath. That evening éhe was found in the same

spot, dead and badly dehydrated.

Diséussion |

As shown by recaptures, the shift from the spring habitat
of the ponds to the home ranges in outlying areas toock place
in 1962 from late May to early July. Most of the shifting
6ccurred before mid-June with only a few stragglers remain-
ing in the ponds in late June}and July. Due to the scarcity
of rain in June, it is 1likely that the time of moving to
the summer regions was more extended than is usual. Though
shifts over short distances where the soill was molst could
have been made without accompanying rain, it is uﬁlikely
that frogs often crossed the extensive dry areas of %the
field execept during or immédiately after precipitation. Per-
haps in wetter years all frogs are on.their home ranges by
early June.

Although 1t is not possible to be absolutely cerbtain of
The age of Leopard Frogs after they reach sexual maturity,
because of the large size (81 and 85 mm) of the two frogs
trailed moving to their home ranges it is most probable
that they were at least in their fourth season, possibly
older. As evidence from recaptures shows that adult frogs
genefally reoccupy the same home range year after year (see
next section), both were probably.returning to previous

years! ranges. Also, the directness of the tréil of 2977,
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and of 2400 as she neared her home range, indicates that
these animals were nct moving at random but toward partic-
ular places.

No. 2400 in moving to her home range did hot follow a
direct route, but rather her trail tended to show a'zig—zag
pattern, which may_reéresent a "searching" for a particular
area. It is equally probable that she was following a par-
ticular set of clues learned when she first established her
home range in some previous year, and thus was obliged o
follow the same indirect route and make the same‘false turns.
No. 2977 may also have been following a previously learned
pathway. Her trail, though undoubtedly more direct, probably
does not show each small deviation in movement, for the ground
vegetation in the forest upon which the thread could catch
was sparse. Nevertheless trees, twigs, logs and the upturned
edges of leaves tended to snag the thread and gave a reason-
ably close approximation of the travei route.

As each of these animals neared her home range, move-
ments.seem@d to become more rapid, deliberate and direct.

Hac she not run out of thread, 2977 might have covered the
last 100 m or more in only 3-4 hours. Certainly her traill
over the last 100 m was remarkably straight even when she
passed through a dense growth of bracken fern where there
was ample vegetation for the thread to snag on. During the
night of June 21, 2400 moved over 50 m and probably reached
her home range, after breaking loose, a total distance of

at least 90 me The fact that she managed tovbreak,her
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thread, taking the trailing device with her, indiecates that
she was intent on continuing her travel, for of all the
frogs trailed, only two broke the strong nylon thread; all
‘others which reached the end of their thread either escaped
by crawling from the elastie band holding the trailing device
on them or sat and waited until a new bobbiﬁ waé supplied.
The apparent "hurrying” as they approached their home ranges
may have been the result of a need for moisture, for 2977,
who was forced to sit in an unprotected site when she reached
the end of her thread, was sitting in a puddle only two hoﬁrs
after receiving & new thread supply. It 1s also likely that
ag the animals he&fed thelr home ranges they were stimulated
to more intenée activity by a positive attraction to these
familiar regioﬁso |

Movements of these two frogs differed in at least two
- aspects from summer migrations from‘the home range, discussed
earlier. Though brief rains fell shortly after they were
first fitted with tralling devices,, their movements were not
dependent upon precipitation, for each moved most of Sthe dige
tance in fair weather. In addition, both frogs moved in
daylight, whereas summer migrations took place only at night,
sfopping at dawn. Perhaps the more subdued light in the
foregst was a factor allowing 2977 to remain active in day-
light, but this could not have affected 2400 which was in
an open fleld. The travel of these animals, particularly
2400, also differed from summer migrations from the home

range in that movement was not continuous in one direction.
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It thus appears that travel to the home range in ear;ﬁ summer
was dependent neither on rain nor darkness as were migrations
of Leopard Frogs from their home ranges. DMovement apparently
ocecurred at any time, day or night, rain or.shine, until the
animals reached their home areas. It is unlikely; however,
that frogs crossed large dry areas eXcept In wet weather. '
Fiteh (1956) reported that Gastrophryne olivacea also moved
from the breeding ponds to their home ranges under consider-
ably drier conditions than occurred in the migration to the
pond which usually took place in downpours. He concluded
that'“probably the return travel is slower, more leisurely
‘and with more tendency to keep to sheltered situations.”

The cause of death of 2977 is not known; no evidence of
injury, external or internal, could be found. The stomach,
though not full, contained the remains of several insects;
so starvation was not likely the cause. Her dehydrated con-
dition suggests that death may have resulted from a lack of
gsufficient molsture. Since the 1mporpance of so0ll moisture
to Leopard Frogs was not known at the time she was tralled,
the moistér@ content of the soil upon which she was resting
was not determined; in my notes the substrate beneath the
frog was recorded as "scarcely damp." At the time of her
death even the last twb puddles in the swamp, in whieh she
had previously sat, were gone. It 1s probable that her home
range, which in former years had been much wetter, was not
gsufficiently moist in 1962, the result of insufficient rain-
fall, to permit her survival. Why she did not attempt to
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-return to & pond as others did 1z not known; the neareat body
of water, however, was more than~h§0 m away. It is also possi-
ble thét she died of "old age" since she was near the upper
;size limit of females (only 31 of more than éooo‘frogs merked

in the three years were larger than 35 mm).




Spatial Relations

Tﬁailing records for periods as long as 25 days showed
clearly that adult Leopard Frogs tended to remain in limited
areas during the summer. Though some left for brief periods
they showed a strong tendency %o retdrn, indicating an affin-~
1ty for their home regions. Captures of second-sesson frogs
showed that they, too, confined their normal dailly activities
to relatively small parts of the avallable habitat and re-
turned to them after brief trips away. Most young-of-the-
year, however, showed little tendency to remain in one region
for long. In this chapter the spatial relations of frogs in
ﬁheir second season and beyond will be discussed. The distri-
bution of young within the population will be considered
briefly; a complete discussion of their movements is rele-

gated to the sections on dispersal.

Home Range

E@fo?e pursuing vhe gubject of limited activity areas
it seems desireable to discuss briefly the choice of terms
used in this paper.

A8 first proposed by Burt (1943) the term "home range"
indicated "the area, usuaily around the home site, over which
the animal normelly travels in search of food," but exclud-
ing "occasional sallies outside the area, perhaps.exploratory
in nature.” Carpenter (1952) introduced the term "activity
range” to distinguish the region of activity of snakes, which

160
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were not known tc have a definite "home," from the concept
of;home range. He defined activity rangé ag "the area

covered by an animal in the course of 1ts day to day exist-
ence," differing from a home range mainly "in the lack of &
definite home site or other center of actiﬁity.“ Though
Leopard Frogs have no nest, burrow or other "home" in the

usual seunse of the word, they often show strong tendencies

to return again and again to particular parts of their areas,
often,io certain forms, which appear to have a special signi-
ficance to them, and perhasps rebresent simple, rather temporary
"homes." The forms also provided shelter, since their utiliza-
tion reduced evaporation and, in a few cases at least, provided
a certaln amount of concealment, for frdgs sometimes becqme
partly covered with dead grass in the_process of clearing

thelr forms. For these reasons, home range seems a beﬁter

dese?iptive term than activity range to apply to Rana pipians.

and will be employed in this paper to refer to the limited

reglon occupied by a Leopard Frog in the‘summer monthsg.

Digéxlbution of Ranges: It is difficult to distinguish
on the basls of available data, between resident frogs and
those which have entered the study area only temporarily,
for sometimes transients are forced by unfavorable weather
conditions to remain for several days or even weeks. In
general, however, residents will be collected moré,times and
over longer periods than'transients 80 that the number of
collections per individual, as well as the length of time

over which collections were made, serve as an aid in
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distingulshing resident frogs. For purposes of analysis a
congervative practice was adopted; only those frogs captured
in the study area at least three times over a period of 30
dayé or more within a single season were consldered to resilde
there. ' The home ranges of these animals were determined by
connecting the outside points of capture with straight lines
.and the resulting ranges for 1962 at Budzinski‘s'plotted in
Fig. 27; data from 1961 (not shown) are in substantial agree-
ment in their distribution. Gapture sites which probably were
associated with brief absences from the usual area, such as
captures in normally unsultable areas or at more than 50 m
from the other captures immediately following rains, were not
1neluéed as part of the animals?! home ranges. _
Among the resident frogs the difference in the portion
of the study area occupied by the two sexes of adults and the
subadults is readily appareét from the figures¢ The subadult
(second-season) frogs (mean length 40.0 - 50.3 mm) oceupied
the very wet reglons close around the marsh and the gravel
plt in the vicinity of ponds. Adult males, ranging in length
from 63 %o 77 mm, inhabited almost the entiﬁe moist aréa of
the fleld, including the region utilized by subadults, but
extendlng farther toward 1ts periphery. Four also occupied -
the gravel pit, at least in»part. The home rahges of females,
by far the largest individuals in both bulk and length (68 -
85 mm long), were almost euntirely confined to the peripheral
areas of the permanently moist reglon; none was resident in

the gravel pit. Thus, there is a general correlation between



Figure 27
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Home ranges of all frogs resident in Bud-
zinski's study area in summer of 1962.
Heavy line indlcates gravel pilt; dashed
line, region of field where soill remained
moist all summer; dotted line, periphery

of Carex-Eleocaris zone of marsh.
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the size of the frog and the wetness of the reglon occupied,
the smallest individuals having home ranges in the wettest
areas and the larger ones lnhabiting the less wet regious.
The water conteﬁt of the soil, expressed as per cent of dry
welght of the soil, ranged from 375% in the marsh to 37%

1 m 1lnside the periphery of the moist region.

Permanence of home range: Since the regions oecupied by

subadult frogs and adult females were almest mutually exclu-
sive at Budzinskl's, 1t 1s reasonable to assume that as adults,
females do not usually occupy the samé home fanges which they
used in their second season; The area occupled by adult males,
on the other hand, coinecided to a large extent with that uti-
lized by subadults 80 that it would be possible for them to
continue to occupy Their subadult range as adults. Additional
evidence that females, in general, utilize different home
ranges in their second and third seasons, whereas males may
or may not reocccupy the same range, 1is provided from an
analysis of capture data as follows.

Of the four females captured at Budzinékiﬁg a4¢ least
fwice in their second szeason and again as mature adults, three
had shifted to new home ranges in their third season. One
moved 112 m from her subadult range in the gravel pit to =
new one near the periphery of the moist region of the field;
anothef left her second-season range near the marsh and moved
300 m to a new locale in a low wet area of an adjacent field;
the third moved about 10 m from near the marsh to the eastern

edge of the moist area. The fourth, although reoccupying her

’
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Subaéult range in her thilrd season, enlarged 1t, extending
it more than 20 m toward the periphery of the moist,seilf

Among elght males at Budzinski's captured two or more
times as subadults and agaln as adults, five occupled the
same area both yearé, four of these immediately adjoining
the marsh and one in the gravel pit. One,ofher moved from
the marsh 34 m to a podnt near the edge of the moist séil;
another shifted from the gra§91 pit 88 m to the molst nerth-
west corner of the field; and a third moved 110 m from the
gravel pit to the low area in the southeast corner of the .
field.

At Sedge Polnt the tehdency for adult frogs to reoccupy
thelr subadult range was much greater than at Budzinski's.
Of six males and a female taken both in their second and
third seasons, all were in the same area both years.

Once their adult home range was.establishedg the frogs
at both Budzinski's and Sedge Point showed a strong tendency
to reoccupy it year after year. Of three adult females and
14 adult males capbtured at least twice in cach of two con-
secutive years at Budzinskils, all were rebtaken in the same
locality both years, the home range occupied in each year
being elther nearly identical or broadly overlapping. At
Sedge Point the situation was similar. All of 29 adult
males taken 1in two consecutiée summers and three taken in
all three summers of the study were captured each year on
the same home range. Eleven of 12 adult females also reoccu-

pled their former home range the second summer. Only a single
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female (Fig; aa)fshifted to a new range, occupying the area
between the beach pools in the summer of 1960, but inhabit-
ing a sedge~-choked slough in 1961 and 1962. The extremely
- dense vegetation in the siough made 1t difficult to;search
effectively, probably accounting for the relatively few cap-
tures 1n the last two years. Two captures in early July,
1961, are not included as a part of the home range because
the animal was not recaptured in that area againg; they péo-
bably occurred ag the animal was moving to her new home range.
One male taken three times at Sedge Point in 1960 in an
- area about 10 x 15 m was not captured at all in 1961 though
his home range was repeatedly searched. In 1962, however,
hevwas again recaptured in the same region as in 1960. It is
possible that he simply evaded capture in 1961, but it 1s more
likely that he was absent from his home range. His ultimate
return, if he was absent, implies a strong affinity for that
area, even after a full seasonfs abseneegl

Size of home ranges: Determinations of the sizes of home

ranges vwere based on capbures during a glngle season 0 pre-
vent slight shifts between years from inereasing the apparent
slze of home ranges. To determine the area of the home range
the capture eiﬁes of each individual were plotted on a scale
map and the outside points connected by straight lines to
form an irregular polygon, the minimum-home-range method of
Mohr (19M7)° Those captures Whiéh could reasonably be
assumed on the basis of available evidence to have been away

from the animal's»home range were excluded. The area within
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each polygon was calcplated by welghing to the nearest .0001
gram a plece of paper cut to the exact dimensions as plotted
on the scale map. The weights were then converted to ares
by establishing a standard conversion graph based on welghts
of paper representing known areas. To minimize the 1nf1uende
of variation in weights of the paper, all polygons were cut
from the same shéet, and paper (Nekoosa duplicator) with a
low coefficient of variation was used; variation in welght
between pieces of the same size cut from the same sheet was
less than 0.2%. ‘

In general, the estimated size of a home range tends to
increase as the number of capturés increases, approaéhing a
maximum valﬁe asymptotically. To determine the minimum num-
ber of captures necessary to make a reascnable estimate,_the
mean area and standard deviation from the mean were determined
separately for all home ranges based on four, five, sixz, seven
and eight captures. Though the size of home_rang@s based on
only four captures was much smaller than the rest, the mean
size based on five did noﬁ differ significantly from those
based ¢n gix Or. more. ‘However, gince the variance among the
five-capture group was nearly twice as great as that among
the groups with greater numbefs of captures, a conservative
procedurs was adopted and only data from frogs captured six
or more times in a single season were utilized in determining
home range size.

It should be noted that the home ranges shown in Figure

27, showling distribution, were determined on the basis of
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different criteria'than were those from which range size data
were obtalned. Hence %the ranges shown in the figure do not -
necessarlly reflect accurately the sizes of ranges as pre-
sented here. | |

Among the frogs at Budzinski's, the sizes of the home
ranges weré as follows: subadult ranges, ranging from 85 to
515 sq m, had a mean of 283 * 146 sq m (N=17); adult male
ranges, ranging from 15 to 996 sq m, had a mean of 361 £ 277
(N = 26); the two adult females captured six o» more times
had ranges of 390 and 615 sq m (mean 503 X 159 sq m). The
differences among the three groups were not statistlcally
significant (P > +30) as ‘tested by the Kruskal-Wallis One-way
Analysis of Varilance (Siegel, 1956). A statistically sig-
nificant posgitive correlation (P < .01) ‘between the length of
the frog and the areé of its home range was fouand, however
(r = 484, N= 45).

At Sedge Point home ranges of subadults averaged 68 *
77 sq m (range, 23-182; N= 4); ranges of adult malés had a
mean of 78 % U5 sq m, and ranged from 15 to 165 (N= 13)s
adult females had a mean range size of 113* Q7 sq m, and
ranged from 20 to 270 (N=5). The differences among the groups
were not statistically significant (P >.50) when analyzed by
the Kruskal-Wallis Test. No statistically significant corre-
lation between body length and home range 'size could be found.

Thé home ranges at Sedge Pqin‘c were significantly smaller
than those at Budzinski's. As ana_lyzed by fhe Mann-Whitney
U Test (Slegel, 1956) the probability that the home range



172

sizes in the two areas are the same is less than .0003 {(all
home ranges in each study area were lumped ).

Factors influencing range sizez—'Density'has'been

suggested as a factor influencing thé size of home area in
animals, a greater density usually 5eing thought to cause 2
decrease 1in range slze due to crowding (Burt, 1943; Sticgél,
1950). Pearson (1955), in fact, has shown that range size

in Scaphiopus holbrooki was smallest_in dense populations.
Kendeigh (1947) showed clearly that the area utilized by-Bay-

breasted Warblers (Dendroica castanea) was smaller in dense

populations than in sparse ones. To discover whether différ-
ences 1n the degree of crowding of Leopard Frogs might have
been responsible for the difference in range size in the %wo
atudy areas; estimates of population size, and from these,
density, were obtained fov the two areas in 1962. BRecause
Leopard Frogs entered and left the study areas during raius,
thus altering the percentage of recapture, reliable estimates
using the proportional method (Lincoln, 1930) could only be
obtained from capbures made during a period of no precipita=
tion. Therelore, population estimates for both Budzinski's
and Sedge Polnt were based upon two censuses, one week apart,
during a dry period in early July, 1962.

At Sedge Point a thorough five hour search of the area
around the east beach pool on July 5 disclosed 44 frogs.‘ A
comparablé search on July 12 revealed 49, of which 15 were
recaptures. From these data an estimate of 144 frogs present

on the earlier date 1s derived (5542_%5} X = 144). The area
X 9
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searched, exclusive of the open water of the pool and the bare
sandy beach where Leopard Frogs rarely were found, contained
approximately 3500 sq me Thus, a denslty of 4.1 frogs per
100 8q m is obtained. | |

At Budzinski's ﬁhe eastern half of the wet area in the
northwestern cornér of the fleld and the gravel pit were
searched on July 3 and 70 frogs found. A comparable search
on July 10 turned up 90, of which 20 werehrecaptures. From
these figures an estimate of 280 frogs 18 obtained and, as
the searched area contained roughly 9000 sq m, a density of
3.11 ffogs per 100 sq m was determined. Thus, the frogs at
Budzinskl's were somewhat less crowded than those at Sedge
Point.

As a check, density was also determined for the two areas
using only frogs known to be resldent rather than the total
populations. At Budzinski's, 68 frogs were resident in the
gravel pit and the whole northwest corner of the field (approxi-
mately 12,500 sq m) in the summer of 1962, while at Sedge
Point there were L0 resident frogs, the criterion for resi-
dency being that used previously, three captures in the study
area over a perlod of at least 30 days. From these figures
density estimates»of 0.54 and 1.14 resident frogs per 100 sgqgm
were obtalned for Budzinski's and Sedge Point respéetively,
the resldent frogs at Sedge Point being more than twice as
crowded as those at Budzinskit's. It is, therefore, possible
that the more crowded conditions at Sedge Point were responsi-

ble, at least in part,'for the generally smaller home ranges.
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The avallability of water in the two study areas may
also have affected range size. At Sedge Point, water was
abundant throughout the summer in both of the two large

- beach pools and.the lake surrounding the point. It 1s not

. surprising, therefore, that of 40 frogs resident in the

study area in 1962, 37 (92.5%) had home ranges adjoining

a body of water. The remaining three occupled areas less

than 10 m from ponds. At Budzinskl's, however, after,mid-
July when the marsh dried, the only bodies of watef were

two small ponds in the gravel pit. None of the home ranges

of 13 adult females adjoined a body of water,.and only three
of 37 adult males and five of 16 Subadults had ranges adjacent
to ponds throughout the summer. Thus, the frogs at Budzinski's
were almost entirely dependent upen other sources of water,
largely soil moisture and dew, after the marsh dried, whereas
the Sedge Point frogs had only to move to a pond a few meters
away. It does not seem unreascnable to expect that frogs
dependent upon soil moisture would move over é greater area
seeking proper conditionsg than Qould those with a body of
water close at hand.

The availability of suitable coverAmay also have been
important in deterﬁining heme range size in the two areas,
but it is difficult to separate this from a density effect.
Whereas at Budzinski's almost the total area considered,
except for small parts of the gravel plt, had amble vegeta-
tion, muchof Sedge Point (perhaps.25-30%) was bare sand
usually not utilized by Leopard Frogs. The éqimals at Sedge
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Point were thus forced to occupy thé végetated reglons between
and immediately surrounding the beach podls. Had the beaches
supported suitable vegebtation the animals would probably have
spread out onﬁo them and perhaps, due to reduced density,
occupled larger}home'ranges.

It 1s not likely that the relative abundance of food
played 2 gignificant part in regulatiﬁg range size. Though
no quantitative measures were made, ground-dwelling insects

such as grasshoppers, crickets, leaf hoppers, beetles, etc.

which contribute a large part of the food of Rana piplens -

(Kilby, 1945) appeared to be much more abundant at Budzin-
SRi'so If food had been a major factor it seems loglcal that
the frogs at Sedge Point, where food was probably less abun~
dant, should have ranged over the larger areas in search of

prey.

Territoriality

A territory is generally considered to be an area which
is actively defended, either by physical contact or threaf
display or both, against other individuals of the same apecies.
In the three years of this study no evidence of aggresslive
action between individuals or of the exclusive use of an area
by one frog was seen. Home ranges overlapped to a great ei-
tent and a few were completely enclosed by others. .

However, if density is, as comparisons of Budzinski’s and
Sedge Point suggest, an important factor regulating home range
size, some sort of aggressive action or spacing regulation

betweep individuals is implied. If the animals did not so
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Interact and were completely tolerant of one anothér‘there
is no apparent reason for the home range size to vary with
dengity; even in a dense population each frog could still
theoretically move over as large an area as it would in a2 .
sparse population, if no interaction between the animals
existse. Ih fact, 1t 1s reasonable to expect that 1d é dense
- population of socially tolerant individuals, the animals
‘would move over greater areas in search of prey, for food is
often less abundant where competition is high.

- Although aggressive action and threat displays are easily
seen in some animals, especially birds, it is possible that
these same phenomena actually exist in the Leopard Frog but
in a form too subtle to be discerned; or they may occﬁr only
Infrequently under conditions where they could seldom be
expected to be observed. Only a few frogs were watched in
the filelds because of the difficulty in seeing them; most
observations were made in the vicinity of the ponds in Bud-
zinskits gravel pit. Since very few older frogs maintained
residence around the pond it 1ls likely that most of those
obgerved were temporarily off their home ranges. One would
not expect to observe defense reactions among such frogs
even though they might defend a part or all of their home
areas in the field.

The strong tendency of some frogs to return repeatedly
to particular parts of their ranges, even ﬁo certain forms,
indicates a strong attachment to these areas. Iﬁ is not

unllkely that ILeopard Frogs defend small parts of their home
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ranges, or particular forms, but not their total areas. As
no detailed observations of frogs defiunitely on their home
range werelmade, their behavlior in such situations toward

other Rana pipiens 1s not known.

‘Thus, though no positive evidence of aggressive action
or defense of an area was found in this study, the pbssibility

that Rana plplens does have some degree of territoriality is

not ruled out. Mertof (1953a) presented evidence of territorial-

ity exlsting in a closely relsted species, Rana clamitans, even

though he saw no aggressive behavior. He found that males
maintained their relative positions in a population for long
periods, apparehtly recognizing their nelghbors, and coneluded

that this represented a weak form of territoriality.

Habitat of Young

Whereas frogs in theirrsecond geason or older commonly
occupled the fields wherever the goll was sufficiently moist,
young-of=-the-year were seldom seen in such environments ex-
cept duéing migrations in the rain, instead being found gen-
erally ﬁithin a few meters of ponds. The difference betveen
the hébitats of young-of-the-year and older frogs is illus-
trated in Figure 29 where all frogs captured in August, 1962,
in the field, marsh and gravel pit at Budziuski'’s have been
grouped by size; captures on eight rainy days have been
excluded. Although 31 recently metamorphosed frogs were
captured in the field, none.was taken there more than once,
indicating they were transients in that habitat. These 31

young in the fleld represented only 11% of all frogs taken
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Figure 29 Size frequencies of frogs captured in- 1‘
. o

August, 1962 1n Budzinski's field, marsh g
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‘in the fleld, and only 6% of the young-of-the-year taken in
all three habitats.

The occurrence of young in the vicinity of water was not
due simply to the fact that they meﬁamorphosed there; during
rains they dispersed over the countryside but after a few
days of rainless weather again clustered around water (see
section on dispersal).

In an effort to determine 1f the small frogs were capable
of existing in the habitat of the adults a brief experiment
was made. Ten recently metamorphosed frogs, 22-26 mm long,
were confined in a 30 x 30 em havrdware cloth cage in a moist
pértion (so1l moisture, 50-60%) of Budzinski's field, in
dénse grass approximately 40 m northwest Qf the marsh, where
adult frogs were abundant but no young lived. Inm thé 15 days
of confinement (August 14-29) four of the frogs disappeared.
As no evidence of their remains could be found it was assumed
that they had either escaped or had been eaten by small snakes
which wriggled through the wire. At the end of the confine-
ment period the six remaeining frogs were all in good health,
having grown an average of 2.1 mm in length during the inter-
val,

Because of the brief period of time involved, the loss
of four frogs, and the heavy rains during the period of con-
finement (a total of _36.mm:. in three rains, August 15, 24~
25 and August 28) it 1s not possible to make any definite
conclusions as to the ability of the ybung to survive indefini-

tely in such an environment. It is clear, however, that at
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‘least 60% of them were able to survive and grow in the
habitat of the adults, even over a 10 day rainless period.
ThorsonA(lgss);'héwever, has presented ample evidence that
small individuals are more dependent on water than larger
onés. It 18 likely that a greater need for moisture is the
primary cause of their confinement to ponds, and that under
‘more adverse conditions, fhrough which a large frog might
easlily survive, the young would succumb.

The possibility that the young are excluded from the
grassy areas occupied by adults for other reasons than
inability to maintain a proper water balance cannot be ignored.
Perhaps they do not remain long in these areas because of
aggresslve actlon by resident adults forcing them to move to
other regions. Possibly those young which do remain in the
fields are subject to a greater degree of predation, both by
regident frogs and snak§s, than are those near the water.

Thig 1s not unlikely, for cannibalism i# Rana pipiens has been

noted by Kilby (1945) and Donaldson and Schoemaker (1900) and
has been seen by me. Snalkes probably are able to sapture
young £rogs in the field more easily than they can capture
adults, for the small ones take shorter leaps; young frogs
around ponds-generally elude snakes by diving into the water,
but 1in the fileld they would be entirely dependent upon their
hopping ability to escape.

Spacing of Individuals

As I depended upoh the movements of frogs in locating

them in dense vegetation, it was not possible to determine
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the exact spot in which frogs taken in censuses had been

‘sitting before being disturbed, hence no information on the

exact distances between individuals in the field was obtained.

- Around the ponds in the gravel pit at Budzinski'!s, however,

Leopard Frogs could be easily seen and their relationships
to each other were noted on several occasiéns.

In late summer large numbers of receuntly metamorphoged
young could be observéd in fair weather sitting on aquatic
vegetvation in the ponds or within 2-3 m of the water on the
bare mud. These young appeared to be completely tolerant
of each other, for in these dense populations distances of
less than 10 c¢m separating individuals were the rule. It
was not at all uncommon to find three or four young sitting
together 1éss than 1 om apart, sometimes their bodies actu-
ally touching. No evidence of aggressive action between
younngas seen and there was no indication that individuals
occupled particular spots. Young taken oﬂ one side of the
pond on one day frequently were taken on the opposite side
when next captured.

Although in the vicinity of the ponds subadult and adult
frogs were nct nearly so numerous as young, at almost any
time a few could be found there.- Though the ponds probably
were not within the home ranges of most adults observed,
some subadults may have been on their ranges. The presence
of these older frogs apparently affected the spacing of
young only slightly, for the young commonly sat within only

a few centimeters of them. Although slow movemeunts of adulss,
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such as when stalking prex;did not apparently affect the
young, suddén movement of a large adult sometimes caused

the smaller animals nearby to scatter slightly. This was
probably an avoidance response similar to that manifest
when a2 snake or other large object moved nearby. Since the
typical behavlior of adults was to sit quietly for long peri-
ods, thelr presence did not usually disturb the young.

Also, so far as could be determined, there was complete
soclal tolerance among subadult and adult frogs. On several
occagions subadults wére found sitting within 10 6m of each
other, and two instances were noted of subadults sitting so
that their bodies touched. The closest recorded distance
between two adults (both females) was 40 cm. All other
adults observed were at least 60-70 cm apart, usually several
meters. If is possible that the fallure to find adults
closer together was-the result of an intolerance of one
another, but it is more likely that it was simply beecause
there were seldom more than four to five adults in the viein-
ity of the ponds at any given time, hence the chances of two
being together were slight. 1In any case, the possibility of
aggressive behavior toward other Leopard Frogs among adults

on thelr home ranges is not ruled out.

Discussion

In most species of anurans which have been carefully

studlied individuals have been found to restrict their activities
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to relatively small reglons of the available habisat, their
home ranges. The tendenecy to remain in a small area for long
perlods, sometimes up to several monthe, hag been deseribed

for Rana clamitans (Martof, 1953b), Rana nigromaculata (Kikuchi,

1958), Rana pretiosa (Turner, 1960), Scaphiopus holbrooki
(Pearson, 1955), Syrrhophus marnocki (Jameson, 1955), Acris

' crepitans (Pyburn, 1958), Hyla regilla (Jameson, 1957),

Gastrophgyne olivacea (Fitch, 1956), Prostherapis trinitatis

(Sexton, 1960), Bufo boreas (Carpenter, 1954) and Bufo ;
woodhousii (Stille, 1952). In addition, many species includ-

ing Rana clamitans (Breder, Breder and Redmond, 1927; Martor,

19530, Rana catesbelana (McAtee, 1921; Ingram and Raney, 1943),

Bufo terrestris (Bogert, 1947), Bufo regularis (Chapman and

Chapman, 1958), Scaphiopus holbrooki (Pearson, 1955) and Hyla

regilla (Jameson, 1957), have been demonstrated to have a
homing abllity, indicating a strong attachment for their home
ranges. |

Fitch (1958) has stated that individuals of Rana pipiens

which he studied on th@'ﬁniversity of Kansas Natural History
Reservation, in contrast to most other aﬁurans, tended to
wander over the entire habitable area. Evidence from the
present study, both from trailing records described previously
and capture data, demonstrates that, in northern Michigan at

least, individual Rana pipiens limit their activities during

the summer to relatively small areas. Though they sometimes
leave thelr ranges during nocturnal rains or when forced by

unfavorable conditions, they generally return. In addition,
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once an adult frog establishes a home range it tends to return
to fhe-same region each sunmmer.

Among Budzinskiis frogs there was a general correlation
between the size of the'animal and the wetness of the habitat
occupled, the smallest frégs living in the wettest regions
and the largest ln the least wet. This 18 as would be ex-
pected, for Thorson (1955) demonstrated that small Rana
pipliens are more dependent on moisture than larger ones. He
showed that even though the smallest frogs (5-14 g) contained
proportionately more water they reached their limits of
tolerance to water loss in less than half the time taken by
the largest ones (60-T4 g) because they lost water at a much
more rapld rate. He found, for example, that in 10 hours
under comparable conditions the largest frogs lost abouﬁ 149
of their body weight as compared with 46% by the smallest.

The larger frogsg which lose water more slowly, afe no doubt
able to maintain an adequate water balance on soil with fairly
low moisfure content upon which a smaller frog cannot survive.

There is, however, no obvious reason why adult females
should not be able to have home ranges in the wettest parts
of the field occupied by subadults and males, yet none resided
there. It 1is probable that these larger frogs occupied the
peripherai reglons not solely because they were able to do
80, but because crowding and competition were less in these
areas. Since the relatively small frogs, subadults and small
males, tended to cluster in the wettest areas the density

there was much greater than in the peripheral regions. It
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is likely that Leopard Frogs tend to reside in areas where
éompetition is least but where there is gufficient molsture
for them to survive. Thus, the shift to new home ranges
made by most females and many males as they reached adult-
hood may have resulted from a tendency among these animals
to occupy regions where crowding is least. The shift and
enlargement of home ranges by two females, one moving from
near the marsh as & subadult to the periphery of the moist
region in her third season, and the other extending her
range into a2 less wet area (both described earlier) support
this view, for both shifted to regions where fewer frogs
resided. Martof (1953b) reported that the home ranges of

subadults in'Rana clamitans also were not so permanent as

adult ranges, for the subadults commonly moved to new regious
as they matured. He found that the small frbgs occupied
shallow water almost exclusively whereas adults had home
ranges near deep waters I belleve, this shift to deep water,
where young did not occur, may have been the result, among
other factors, of less crowded conditions in the habitat of
the adults. |

At Budzinski's a statistically significant positive
correlation between the body leungth of the frogs and the area
of their home ranges was found. Although the same correlation
among Sedge Point frogs lacked statistical significance, the
fact that the mean slize of home range was least among the |
smallest frogs (subadults) and greatest among the largest

(adult females) probably indicates that the same tendency
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existed there as well. Had more home fange estimates been
available for the subadult frogs at Sedge Point, the correla-
tion might have been significant.

The grester size of the area occupied by the largest ani-
mals at Budzinskl's might‘havevbeen due to decreased demnsity,
for they tended to occupy the outlyiﬁg regions where there
were fewer frogs. Ox perhaps ﬁhe near-minimal moisture con-
ditions in these peripheral areas, and an accentuation of
the dearth of'water in long rainless periéds, caused the
large animals in these reglons to méve oﬁer greater areas,
especiaily toward the marsh, in search of suitable moistpre
conditions. It is unlikely that the availability of food
affected home range size, for prey was probably~most abun-
dant iﬁ the peripheral regions where there were fewer frogs.
In any case, Leopard Frogs seldom forage for food, rather -

tending to wailt passively for it.



Sex Ratio

In both study areas in all three,suﬁmers adult males
were collected more commonly than adult females. The ratio 1 
among adult resident frogs in 1962 was 2.20:1 at Sedge Point-
and 2.47:1 at Budzinaki's, both fa?oring males. In 1960 and
1961 the ratioc at Budzinski's appeared ﬁo be even more in
favor of the males (7:1) but this was undoﬁbtedly due to
sampling bias since most collecting was concentrated in the
area around the marsh and in the gravel pit, neglecting the
peripheral areas of the moist region where feméles were later
found to reside; this was corrected in 1962. The ratlo of
adult resident frogs at Sedge Point was closely similar in
the three summers.

The deviation of the ratios among regident adults in
- both study areas from the expected 1:1 was statistically
significant at the 1% level. The difference is not due to
an lnability to determine the sex accurabtely, sinee all ani-
mals counted as males were definitely identified as such By
the présence of fhumb pads or vocal saceg or both. Those
adults not so ldentified as males were considered to be females.
Although the actual ratio may be slightly more in favor of
males, due to the poséible inclusion of some maleg with the
females, I believe the sexes of most adults were accurately
determined. The sex of many females was verified by the:

presence of eggs in the body cavity in late summer or in the

188
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spring, and that of many males by the swollen thumb pad, call-
ing, or amplexate position in the spring of 1962. Of 26 adults
breeding in spring of 1962 whose sex had been determined in the
summer of 1961 by the presence or absence of thumb pads or
vocal sacs, all were found to have been sexed correctly.

Any of four factors could have been responsible for the
abundance of males in the population: (1) males may be more
commonly produced through some peculiafity in the sex-deter-
mining mechanism of the species; (2) sex reversal may ocecur,
some "femaies" becoming males; (3) there may be a differential
elimination of the sexes so that more males survive than fe-
males; (4) or there may be behavioral differences between
the sexes such that males are more commonly captured.

To check the possibility that the preponderance of males
was due to some peculiar genetic sex-determining mechanism
125 newly metamorphosed frogs were collected from a large
breeding pond near Budzinski’s. When the sex of these indivi-
duals was determined by examining the gonads, 61 were found
to be males and 64 females. This difference does not deviate
‘significantly from the expected 1:1 ratioc. Thus, the excess
of males must be the result of one or more of the remaining
factors. Evidence of the possible i1nfluence of each will be
presented.

As Leopard Frogs of all ages are almost totally eonfined
to water during the spring, proportions of the sexes of mature
frogs at the breeding ponds before they invade the fields pro-
bably closely approximate the actual ratio in the adult
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- population. Three Gehsuses of the ponds at Budzinski's dur-
ing the spring of 1962 yielded ratios of 3ali:1, 1.35:1 and

- 1.97:1 on April 27, May 5 and May 19 respectively, all favor-
ing males. At Sedge Point a fatio of 1.37:1 was obtained on
April 28, but on May 6 it was 15:1, due to the post-breeding
emigration from the area. On May 21 only four males, nho
females were taken. The ratios obtained on April 28 at Sedge
Point (1.37:1) and May 5 at Budzinski's (1.35:1) did not
differ significantly from 1l:1. However, the fact that all
spring samples favored the males probably indicates that the
adult females are actually outnumbered. The slight surplus
of males may be due to some females becomiﬁg males, but as
there 1s no evidence that sex reversal occurs naturally in

Rana pipiens, it is more likely due to a greater mortality

amohg the females. This would not be surprising since they
'tend to occupj less favorable habitats at greater distances
from‘water than do males; also, their heavier bodies, especi-
ally when full of eggs, may make them less agile than the
smaller males and therefore more prone o pﬁedation;

In the summer, after the frogs had left the ponds, the
proportion of males in most census sampleé was nearly double
the lowest proportion in the spring. It appears likely, there-
fore, that even thdugh males probably outnumbered females
glightly in the pobulation, the difference in the proportiohé
of each sex taken in the study area in summer was accentuated
by aﬁother factor.

As has been pointed out in a previous chapter, adult

females tended to occupy less wet areas than malés due to -
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thelr lesser dependency on moisture. It 1s probable that the
fewer females 1n the study areas in the summer is, to a large
extent, the result of their leaving the vieinity of the ponds
for more distant regions. Evidence that this is actually the
case is provided by the finding that in a fleld adjoining Bud5
zinski's pasture, more than 150 m from the neareat pond, the.
ratio among resident frogs was 1.2:1, still favoring males
slightly, but indicating that at this greater distance from
the water females were relatively more abundant than in the
study areas.

The changes in proportions which occurred in samples
taken in censuses followlng rains provide further evidence
that the scércity of females in the study areas was the result
of their tendency to occupy regions more distant from ponds.
While the ratio in most censuses in the summer of 1962 at Bud-
zinskl's ranged from 2.1U4:1 to 3053:1, in two censuses (June
10 and July 20) which immediately followed nocturnal rains, it
was 0.85:1 and 1.61:1 respectively. Similarly at Sédge Point
where proportions in mo&t‘éensuse& in summer ranged ffom 3.00:1
to 4.33:1, on two censuses made ¢losely following rains the
proportions fell to 1.28:1 and 1.84:1. These shifte towards
more equal divislon of the sexes weﬁe most likely the result
of many animals migrating from their home ranges, and méving
over the countryslde. Thus, males which usually predominated
in the study areas tended to leave, while females from out-

side'entered, producing a more equal ratio.
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Discussion

Reports of unequal sex ratios among adult anurans are -
not uncommon. Males have been reported to be more abundant

than females in breeding populations of Rana catesbelans and

Rana clamitans (Raney, 1940), Bufo woodhousii (Bragg, 1940),

and Bufo americanus (A.P. Blair, 1943), while in Rana temporaria

(Pelseneer, 1926) and Rana esculenta (Balli, 1938) and in

summer populations of Rana pretiosa (Turner, 1960) females

were more common. Turner found, however, thét in R. pretiosa
the sexes were preéent in nearly equal numbers until the fifth
year of age when females predominated, posslbly indicating a
greater moftality among older males.

Though the males apparently predominate slightly in adult
Rana pipiens, the deviation»from the 1:1 ratio in the region

of ponds ls accentuated in summer by behavioral differences
between the sexesg. In general, the lafger females tended %o
reglide in less wet places at greater distances from water than
did the smaller males, hence were less often taken in the study
areag in the vielnity of ponds. Behavioral differechces have
been reported to account for deviations in the sex ratios

found in other anurans as weil. Pyburn (1958) found an appar-
ent deviation from a 1:1 ratio in the breedingz ponds favoring |

the male in Acris crepitans, but he later demgnstrated that

this was due to the fact that the males, conspiclious by their
calling, were more likely to be capﬁured, while females tended
to move away from the ponds into the vegetation where they were

overlooked. Martof (1956 ) found that, considering all adult
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R. clamitans taken on their home ranges outside the breeding
season, the females were more common, though the deviation
from a 1:1 ratio was not statisticaliy significant. He stated
that males returning from breeding may have had to move to
locations farther from the pohds because the niches closer

at hand were already occupied. Thus "4if an area located
farther from the breeding ponds was cénsidered, perhaps the
males would be found in greater abundance in the nonbreeding
season than the females. Or if & larger area had been studied,
a one to cne ratio might have been obtained." Jameson (1957)

found that in the seml-aquatic Hyla regilla males were domi-

nant in the area of the breeding ponds; females were obtained
only following hard,'warm~ra1ns. Thus, the lack of females
in the ponds was the result of differences in behavior, each

8€Xx occupyling a different habitat.




Dispersal of Young

Every species has some means for dispersal at some stage'

of its life cycle, permitting the extension of 1ts range into
other favorable habitats and 1ncreasiﬁé its chances of con-
tinued survival as local conditions gradually change. In

the majorify of vertebrates the dispérsing phase occurs early
in the life of 1ndi§iduals, the young usually maintaining no
"home," but instead moving considerable distances. The dis-
tance the dispersing animals travel influences the amount of
inbreeding and thé rate of spread of genetic factors, thus
controlling in part the direction and rate of evolution in
local populations.

In the present study considerable effort was devoted to
an analysls of dispersal of newly transformed young Rana
pipiens. In the three_summe@s of fleld work more than 3500
young were marked and 971 recaptures made. In thié sectlon
the pattern of dispersal in the Lwo populations studied will
be considered. Environmental conditions affecting dispersal

movements are discussed in the following chapter.

Budzinski's Farm

On August 1, 1960, four traps were placed at the cardi-
nal compass polnts around Budzinski's marsh, each 40 m from
the water (Fig. 8). Supplemented by additional traps in
1961 and 1962, they provided information on the direction,

inéensity and times of emigrations. Capbures of individuals

104
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by hand provided additional information.

Occurrence and Pattern of Dispersal: The year 1960 was

particularly good for Leopard Frog young due to excessive
rain which kept the ponds at Budzinski;s full all summer,
allowing large numbers of tadpoles to survive to metamor-
phogis. Several lavrge emigrations occurred from the marsh in
August, the only period when the population was studied. 'In ,
1961 and 1962 the number of young emerging from the marsh was
much smaller because of early drying of tﬁé ponds before the
bulk of the tadpoles had transformed. Though dispersal took
place, no spectacular emigrations such as those in 1860 were
observed.

As shown by the emigrations in 1960, the number of young
dispersing was not evenly distributed in time. Large numbers
left the marsh on certain favorable nlghts, August 1, 6, 11-13,
and 16-19, whilé'only a few (usually less than 10) were trapped
while emigrating on the other nights (Fig. SO)Q The young
dispersing on the nine nights mentioned above constituted
approximately 80% of the total number dispersing in August.

Throughout the dispersal period in August, 1960, some
young were also trapped as they entered the region of the
marsh, the largest numbers being taken on nights followlng
masé emigrations. Evidence indicates that a large part of
these came from other ponds. Since the length of the four traps,
éonsidered as arcs of a hypothetical circle with a 50 m radius
around the marsh, constituted 9.2% of the circumference of the

circle, the trap samples should represent approximately 9.2%
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of the total number of frogs entering or leaving the area.
Thus, if all frogs trapped whlile entering the marsh region
were local animals returning after dispersing, roughly 9.2%
of them should have been recaptures. However, only 11 (4.7%)
of the 232 trapped while entering the marsh area had been .
trapped earlier (one to three days) as they emigrated from
the reglon. This proportion differed significantly from the
expected (2 = 5.03 with 1 df; P < .05), indicating that a
large part of those entering the marsh came from other regions.
In fact, it is very probable that the vast majority came from
other ponds, for the emigrating frogs trapped and marked were
more likely to return to the marsh, and of being retrapped if
they did so, than were those which dispersed freely. This
wae in part because the trapped frogs were not released until
morning, hence did not move so far. Also, they were released
on the opposite side of the trap, so that if forced to return
to the marsh by unfavorable conditions, the likelihood of
trapplng them again was great. Thus the percentage of marked
young retrapped while returning to the marsh was probably
greater than among the emigrated group as a whole.

In Table 4 are shown the total numbers of young frogs
trapped while emigrating from the marsh in 1960 and 1961.
Though in 1960 the largest number of trapped young were moving
eastward toward the gravel pit, the differences in the pro-
portionS_disperSing in each of the four diiections did not
differ significantly from that expected if dispersal were

random in all directions.
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Table 4

Young trapped while dispersing from Budzinski's marsh
in each direction. None was trapped in 1962.

Traps 1560 1961

North 102 , 0
Rast | 136 | 39
South 109 18]

West 125 0
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In 1961, however, all 39 young which were trapped at
varlous times while leaving the marsh, were moving eastﬁardA
toward the gravel pit; one, in fact, was later captured by
hand in the gravel pit pond. Such hon-random movement implles
that some factor not operating in 1960, or operating to a
smaller degree, influenced the direétion of emigration. As
the marsh, full in 1960, was withouﬁ water afteé August 2 -
in 1961, the movement of the young frogs may have been in
response to a need for mbisture. Thelr orientation towards
the plt may have been the result of their moving toward water,
for it contained the mly ponds in the immediate vicinity. If
the movement to the gravel plt was, in fact, prompted by a
need for moisture, a means of'detecting water from a distance
is implied, for the newly metamorphosed young could not have
known of the ponds from péior experience. Neither could they
have seen the water directly, for it was in the bottom of the
pit, separated from the marsh by a ridge. The mechanisms which
might be involved in distant detection of water have been dis-
cussgsed in an earlier section.

In 1962, because only a handful (pfobably less than 100)
of young metamorphoged in the marsh before it dried in mid-July,
no emigrating young were trappéd. However, four which trans-
formed in the marsh were later taken in the vicinity of the
pond in the gravel pit, indicating that some emigration

occurred.

Distance of Dispersal and Establishment of Fome Range:

Of the 472 young trapped while emigrating from Budzinski's
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maréh in 1960, four (0.8%) were retaken in the study area in
1961 and four others in 1962, but none was resaptured more
than once. 8ix (4%) of the 146 young captured by hand in 1960
and not known tc have left the vicinity of the marsh were also
retaken in the study area in 1961. Five of these were taken
only one time each, but one individual was taken four times
between July 26 and August 22 in an érea about 20 x 5 m near
the marsh,Aapparently’having,establishéd 1ts subadult home
range there. It was not retaken in 1962. )

Of 431 marked young ﬁhich metamorphosed at Budzinéki’s
in 1961, none of which was known to have left.the study area,
seven (1.6%) were recaptured in 1962. Four of these were
retaken only once in the study area, but three had established
‘home ranges in the vieinity of the maréh; one was taken four
times between June 5 and August 10, a second four times between
June 9 and July 27, and the third nine times from May 19 %o
- August 19. .

In the spring of 1962 more than 150 breeding adults were
captured in five ponds outside the study area but in the vieine-
ity of Budzinski's. Two of these, & male and female, which as
young had emigrated from Budzinski's marsh in 1$60, were found
in breeding ponds 800 and 400 m from Budzinski's respectively.
In addition, a male which had alsc emigrated in 1960 was found
clasping a female in the gravel pit on May 5. This was his
only recapture; he had not been taken in 1961 nor was he cap-

tured again in 1962.
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In 1961 and 1962 a large influx of "foreign" young into
the study aréa'was shown by trap captures. That these were
not local frogs réturning after a disperéal was evident both
by thelir size and the direction of the movement. In both
years the frogs came from the west or northwest and averaged
6-8 mm longer than local young, indicating that they were
from another pond where metamorphosis had occurred earlier.
None was marked. |

The origin of the 1961 influx is not known with certain-
ty, but in 1962 the probable source was located, a large marsh
800 m northwest. A sample of young taken from this marsh
immediately following the immigration showed no significant
difference in mean size from those which moved into the study
area, but both samples differed significantly from the young
khown to have transformed at Budzlnskils. This agreement in
8ize, the general direction of the movement and the fact Lhat
no other source of frogs could be found within a 1.5 km radius
of Budzinski's toward the west or north indicates that this
wag the origln of the frogs. As the general direction in both
years was the same, the 1961 immigration may have originated
in the same source, or it may have come from another marsh
approximately 0.8 km NNW which was discovered in 1962, but
contained no young that year.

, In 1961 the movement of young toward Budzinski's probabiy
began in the night of July 20 when a 9 mm rain fell. On ihe
morning of July 22, five "foreign" frogs were found to havel'

been trapped entering Budzinski's'pasture during the preceding
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night; on July 23, six were trapped; on July 24, 30. On.

‘July 25, after a 1 mm rain during the night, two more were

trapped entering the pasture, ahd six fell into traps as
they moved eéstward and southward from the study~area, appar-
ently continuing the journey in the same direction. One

hundred ninety-seven other‘immigranta were captured by hand

in the study area. Twenty trapped while entering the pasture

were recaptured later by hand; the mean number of days between
entering and their last capture in 1961 was 7.05 (range,,l-EB).

Four were recaptured agaln at Budzinski's in the spring of 1962,

apparently having hibernated there, and one of these established

1ts home range as a subadult near the marsh, for it was taken
elght timés between May 19 and August 5, 1962. Two others were
taken in 1962 in another pond 0.8 km south of Budzinski's, a
straight line dispeféal distance from.their pond of origin of
over 1.2 km. Actually tﬁey must have moved well over 1.6 km,
for the study area was not on a straight line between the two
ponds., |

In 1962 the pattern was similar. The movement towards
Budzinski's probably began in the early moruing of August 4
when a light rain (8 mm) fell, lasting until daybreak. On
the morning of August 5, three young were found to have been
trapped as they entered the study area during the previous
night; on the morning of August 6, 26 had been trapped; on
August 7, 32; on August 8, four; and on August 9, two. All
came from the northwest. During this period these "foreign"

young, readlly ldentifled by their larger size, were abundant
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throughout Budzinski's pasture, especially around the ponds in
the gravel pilt; there was no water in the marsh at this time.
In a 2.5 mm rain in the early movning of August 8, four were
trapped leaving the gravel pit, moving eastward. Of the 67
trapped as they entered the area, 33 were subsequently recap-
tured by hand, all but eight near the pond in the gravel pit.
The mean number of days betweén the time these first entered
and their last capture was 6.5 (range 1-15) indicating that
most did not stay long._

If, as seems reasonable in light of evidence presented
later, the movement of all young toward Budzinski's in 1961
began in the rain in the night of July 20, the migratory frogs
must have negotlated the 800 min a period ranging from approxi-
mately 30 hours for the most rapid to more than four days for
the slowest, the peak of the arrivals coming during the third
night following the rain. Since dispersal oceurs only at
night (see later) the five animals in the traps on the morning
of July 22 probably moved the distance in less than 12 hours
of travel time, as the dark period in northern Michigan at
this time of year is approximately seven hours long and the
rain began about fiive hours before daybreak. In 1962 the
first frogs also arrived during the night following the rain,
having moved the distance in something less than 10 hours.A
The bulk of the frogs did not arrive until the third and fourth
hights following the rain, however, and a féw stragglers took

as long as five days.
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As an indication of the eXtreme dispersal distances some-
times involved, three captures made in 1962 by Peter Lee are
of Ilnterest. In the course of his study Mr. Lee collected
more than 100 adult Leopard Frogs at Nichol's Bog, 5.2 km SSW
of Budzinski's. Among these he found three males which had
been marked. As no other marking atudies were being conducted
in the area, they could only have come from Budzinski's. That
these “"numbers" were not the result of accidentally lost digits
18 evident by the patterns they showed, one animal having toes
on two feet clipped, and two animals having clipped toes on:
three feet. On certain feet two non-adjacent toes werevgone,
exactly the toes which would be ¢lipped in marking. In none
dld the toe combinations present an impossible "number" com-
bination as would be expected had their loss been adcidéﬁtal.
In addition, the sizes of these animals fit into the estab-
lished growth pattern; all were in the lower size range of
adults as would be expected of third season frogs, and their
numbers were those of young of 1960 at Budzinski's. All were
trapped while leaving the study avea and none wasg seen again.
There seems little doubt that they actually were frogs which
metamorphogsed at Budzinski's in 1960 and emigrated. Movement
must have been overland'fbr no bodies of water connect the

two areas.

Dispersal in Relation to Density: In 1960, evidence was

obtained which may indicate that dispersal of young Leopard
~ Frogs 1s density related. Though the data are open to some

question and to other interpretations, they are presented because
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‘they may indlcate that such a relationship exists in an animal
which is neither antagonistic nor overtly aggﬁessive to other
individuals of its species.

 From trap data i1t is possible to estimate the number of
young in the marsh for each day in August, 1960. On August 20
and 22 the entire marsh area lying between the feur.trapé was
searched and alllyoung captured were marked and released. From
these data 1t is possibie to.estimgte the number of young pre-

sent on August 20 using the proportional method {Lincoln, 1930):

125 _— 13 X = 1173. This secems a reasonable estimate
pd 122

since movement into and out of the area (as‘determined'by trap
captures) was negligible between the twb census periodse and all
tadpoles had metamorphosed. _

anSidering the traps to be four ares of a circle with A~‘
50 m radius surréunding the marsh, and knowing the iengthalof
these arcs (7932 m each), it is possible to estimate the number
of young entering and leaving the area of the cirecle. Using
the standard formula C= 2T r to determine the cilrcumference
of the hypothetical circle, a factor of 10.79 ig derived by
which the trap samples can bevmultiplied to estimate the total
number of young entering or leaving the area. All frogs
trapped on the marsh side of a trap were considered to be
leaving the region, while those trapped on the opposite side
were considered to be entering it. The day-by-day population
estimates based upon the estimated number entering and leav-
ing (which were based on knbwn number trapped), projected both

backward and forward from August 20, are shown in Fig. 31.



*(e0Bag =) smoaar £q csosu 8T

™~
e

SaA9%8WTTTIW Ul TTBIJUTBY °096T ‘4sn3ny ul ysdeu
8; TMsutzpng ca.mc:oh Jo gequnu utr sel8uryo ATTeq T °In3Td



s o]
L O
o

o€ 8

c ,mm

qe 22

1€ FuNOId
096T LSADAV NI SAVA
0z 8T 9T #I "8l 0T §

9

i

T L]

¥

1

000T
00ST

000¢c

006GE

HSHVW NI DNOOR 40 HAGWAN QELYHILSE



209

No great degree of accuracy is proposed for these figures,
but they probably show the general tfend 1h decline of the
population wiéh'each emigraﬁiom, and at least 1ndicaté the
genéral magnitude of thepopulation excepﬁ during the first
week of August. The projected estimates of ybuﬁg presen£
before August 10 are probably too high due to the fact,that
an unknown proportion of these’"frogs" wey" present at this
time as tadpoles and cannot be considered as lnvolved in the
density of the youhg metamqrphosed frogs. = In making these
population estimates it has been assumed that the only factors
affecting the population size in the area are emigration and
lmmigration. This 1is probably unrealistic since some undoubt-
edly were lost to predators, but there is no way to determine
the magnitude of their effect. The estimates also do not

take into account the addition of new frogsAby metamorphosis,
and since tadpoles were still present in the marsh in early
August this cannot be disregarded. On August 10, however,

a search of the marsh revealed only a few remaining tadpoles
(7 were seen). Thus, the population estimates after this

time are probably reasonably accurate, being affected only

slightly by metamorphosis. Only the data from that point bn

will be considered here, for no reasonable way of correcting

the earlier population estimates is available.

It is evident from Fig. 30 }hat fhe'magnitude of the
emlgrations gradually decreased, until only three younglwere
caught as they left the marsh on August £9 even though con-

ditions were such at that time that a mass emigration could
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have been expected to occur (aee next section). Considering
the two known emigration periods after August 10 and the pro-
bable one for August 29, a gradual decrease in ﬁhe proportion
of the population emigrating is evident as the population size
‘decreased. (Table 5). No more mass emigratidns occurred after
the estimated density of population droﬁped to approximately
2.6/8q m though weather was suiiable at least on August 29.

The possibility of dispersal being related to density is
furthér supported by data gathered in 1961. In that year the
estimated number of young metamerphosing in the marsh was 751
(caleculated by proportional method); roughly three-quarters_
the number present on August 29, 1960. This estimate was not .
affected by the addition of metamorphbsing frogs for it was
made at the time the margh dried up; movement in and out of
the areé_was also negligible. Degpite the fact that weather
conditions were apparently suitable on at least six nights
in July and Augﬁst no mass emigrations such as those in 1960
occurred. The 39 frogs trapped at various times as they left
the area 2ll moved eastward, apparently the result of a need
for water.

One further obsérvation concerning the possible affects
of deusity 1s of lunterest. On several nights inrAugusﬁ of
1961, after the marsh had lost all of its standing water,
young were found as far as 10-12 m from it in the grass. After
about 9-10 a.m. most had returned to the marsh where the soil
remained very wet. It seems likely that this "spreading" was

a prelude to dispersal. Pogsibly the animals tend to avoid
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crowding, even though they show no apparent antagonism. Con-
sequentlj, when conditions are suitable they tend to move away
from the mass. In a small population they would not have to
move far before the crowding was alleviated, the density being
decreased because of the 1abger are. occupied; as a result
they may have no further inclination to disperse. In a very
large population, on the other hand, they would have to move
ﬁuch farther before the population became diluted to the same

extent.

Sedge Point

In 1960 a large number of young metamorphosed in the
Sedge Point Pools, and again in 1962 a fair number transformed
there. None‘was produced in 1961, probably due to heavy pre-
datibn, and no data were collected. Most information on dig-
persal was obtained by repeatedly searching the vieinity of
the ponds, the lake'shore, and to a lessger extent, the swamp
north of the area. In 1960 three traps ih the woods between
the pools and the swamp, and in 1962 four traps iﬁ the woods
and two on the beach (Fig. 8), provided additional information.
The beach traps, one 40 m west of the west pool and the other
4O m east of thé_east pool, were placed so théﬁ they extended
approximately 2 m into the lake and 5 m onto the'shore to

trap frogs moving parallel to the lake's edge.

Occurrence and Pattern of Dispersal: When Sedge Point
was first visited on July 11, 1960, newly tfansformed and

transforming young were seen to be emerging in large numbers
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from the east pool and a slough which earlier had been.cut off
from*thé lake as the water reoeded. Both 8t1ll contained large '
numbers of tadpoles, all in late stages of develbpment. On
July 13 and 18 the entire study area and the lake shore from
200 m west to 200 m east of the point were searched; young

were concentrated largely in the east pool and in and around
the slough (Fig. 32). Those on the lake shore probably had
emerged from the slough, or from the lake if the tadpoles had
wandered out before it was cut off. Though tadpoles were
numerous in the west pool only four young were found there.

- In contrast, when the study area.gnd lake shore were
searched again on July 22, following a heavy rain, only two
young were found in the east pool, nohe in the slough. Twénty-
seven were taken along the lake shore among dénse sedges where
young frogs had not been found previouslya In further searcﬁés
on July 25 and 29, the latter made with the aid of nine persons
agsociated with the Vertebrate Natural History class at the
University of Michigan Blological Station, young were found
concentrated largely along the lake shore south and east of
the polnt, and, to a lesser extent, in ﬁhe swamp. Due to the
large area of the swamp and the difficulty of locating frogs
in the watér, many were undoubtedly missed, but the 13 cap-
tured there, and 16 trapped during the rain on the night of
July 21 while moving northward toward the swémp, indicate s
sizeable emigration in that direction.

The 13 frogs captured in the swamp were not scattered at

random over its entire area. Ten were found in two regions,
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each about 10 x 10 m, where the canopy was open, small islets
of moss emerged from the water, and several dense ¢lumps of
gréss grew. The remaindér of the swamp, where only three
frogs were found, was bare of ground vegetation. Two of
the 10 captured in the part bf the sﬁamp where grass grew
were recaptured in the same region less than 5 m from their
first capture site 26 days later, on August 24. One of the
three found in late July in the portion of the swamp in whiéh
no grass grew was also recaptured on August 24 in the swamp;
but it had'moved approximately 40 m back toward the beach
| pools. It thus appears that the two youngvin the grassy region
of the swamp, after dispersing from their place of metamorphosis,
stopped moving and established themselves, at least temporarily.
It is probably significant that they stopped in a reglon which
supported vegetation similar to that in the habitats where
Leopard Frogs are usually found. By contrast, the frog taken
Twice in the bare part of the swamp did not remain stationary.-
In 1960 no young were captured more than once iﬁ the pond
where they metamorphosed, and, in fact, only 12 were takeﬁ in
the east pool after the July 21 emigration, though 1t was
repeatedly searched. Emigration must have been nearly com-
plete. In 1962, however; several young did not leave theiﬁ
pond of origin, at least not during the period of the study.
Of 69 captured at least twice in 1962, six (9%), which had
been captured in late July, were still in the pond whefe they

transformed on the last census on August 26.
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Movement alopg Lake Shore: After the initial dispersal

from the pools therg was a definlte trend of movement along
the lake éhoreg mostly eastward. This is shown in Fig. 33

in which the capture sites of all marked young of 1960 that
moved more than 20 m {roughly the mean diameter of adult

home ranges at Sedge Point) between their first and last cap-
ture are plotted. E;even of the 15 captured more than onée
at the lake shore shifted positions 30 to 240 m from their
previous locations. That there was some movement from the
shore-line inland is evident from the captures of four which
moved into the swamp. In 1962 a similar tendency of young to
disperse along the lake shore was noted (Fig. 33). None was
found in the swamp, probably because it was completely dry
when the young emerged. Three, however, were trapped moving
northward into the woods (not shown on map) indicating some
dispersal in that direction.

Evidence gathered in 1962 indicates that the dispersing.
frogs did not necessarily move parallel to the lake shore as
was guspected from thelr repeated capture at various polnts
élong 1t. Rather, they apparently left the shore, presumably
moving into the woods, and only later returned to the lake.
That movement along the beach did not occur to any great
extent was clear from captures in the two beach traps. Though

they captured more than 100 young Rapa clamitans, these tgaps

caught no Rapa plpiens, yet three marked young are known to

have by-passed the traps in moving to new locations along the

shore. In additlon, when the shore line was thoroughly
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searched on August 4 following a heavy rain during the previous
night, not a single frog was found. When re-searched on August
7, young were agala taken at the shore 1nd1cat1ﬁg that they had
left the lake and moved into the woods in the rain.

Ten young captured at the shore prior to the August 4
search, were retaken at the lake's edge again later in August.
Filve had moved to new locations 20-85 m from their previous
sites. Filve others, however, were récaptured less than 10 m
from their sites of capture on the shore previous to August 4.
These may have been missed in the search or they may have left
the region and returned. It is very likely that they moved a
short dilstance into the woods during the rain, preventing cap-
ture on August 4, and returned at some later time to the beach.
In any case, 1t appears that these few may have developed an
affinity for particular regions, gimilar %o that shown by
older frogs to their home ranges. The attachment was pro-
bably temporary, however, for two of the five moved in later
rains to other places.

Most young tended to remain in small regions of the shore
during fair weather. All movement between locations greater
than 7 m apart occurred in periods when rain fell; presumably
the movement was coincident with rainfall.

In both 1960 and 1962 young were captured much more
commonly along thé lake shore south and east of the point
than to the west, and, in general, movement of frogs dispers-~
ing along the shore was eastward. Only five of the 20 frogs

which moved to new locations on the lake shore (Fig. 33) were



221

captured farther westward on their lagt capture than on their
first. In 1960, none was taken on the lake shore west of the
point, but in 1962 two moved in that direction.

Movement eastward may have been passive in part, for the
prevalling wind and wgvé action along'the beach was from the
west. Small frogs ehtering the lake when.strong Waves were
beating the beach always came to shore again downwind from
their .original site, though seldom more than 1-2 m. The cumu-
lative effect of belng moved a few meters each time 1t entered
the water could, however, result in movement of a frog over a
fairly long distance.

Pronounced vegetation and substrate differences. probably
were largely responsible for the young frogs seldom being
found along the lake shore west of the point. Whereas the
shdre east of the point supported dense growths of Spartina

8p. and Carex americanus providing ample cover and, in faect,

making capture of the young quite difficult, the west shore
was almost bare of vegetation along the water's edge. Only
occaslonal gperse sedge clumps, nowhere approaching the dense
growth of the east shore, provided cover for the frogs. The
substrate of the two regions also contrasted markedly. To
the east the beach was sandy, geverally moist as much a8 1 m
from the shore on calm days, and often with scattered mats of
decaying aquatic vegetation washed ashore by the waves, but
to the west the shore was composed of bare rocks and sand,
seldom moist on calm days more than 10-20 em from the water's

edge. Frogs which dispersed along the west shore probably_didr
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‘not find conditions suitable for their continued survival

because of a lack of cover, and did not remain long.

Distance of Dispersal and Establishment of Home Rangs;

Seven of the 325 young marked in 1960 were recaptured in 1961.
Two, captured but once in 1960 along the east 1ake.shoré,'were
taken only one time in 1961. The other five, however, estab—
lished their home ranges on the east.sidé of the east pool: in
1961 (Fig. 34). Why all five should have settled on the east
side is not élear° It may have been related tO'thé fagt that
thg ma jority had dispersed to the east, and in returning this
was the closest suitéble site. It might also have been due %o
the general scarcity of resident adults along the east edge of
the pool, for most adults'had their home ranges between‘the‘
tWwo pools where the soil was always moiét and a very}dense
cover of grass grew. The east edge of the pool had much less
‘cover, supporting only a few willows (Ssalix sp.), milkweed

(Asclepias scariaca) and scattered poison ivy (Rhus radicang).

Perhaps, the newcomers were “"forced" to take the less desipr-
able habitats because the more habitable ones vere already:
occupled. If this was so it implies that there may be some
sort of aggressive action among adults to keep subadults out
of their area, or that subadults tended to avoid older frogs.
The small number of 1960 young recaptured in later years
indicétesvthat most either did not survive to their second
season or moved completely away from the study area. Though
nos. 270, 456 and 457 (Fig. 34) almost certainly metamornhosed
at Sedge Point there is no way to be certain that nos. 176 and
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192 weré not "foreign"'frogs, frém Deer Point pools, 400 m
northeast along the shore. It is likely thsat nos} 192 and
270 came (returned?) to Sedge Pools in the fall of 1960,
hibernated there, énd established themselves at the edge of
the pool in the summer of 1961. No. 456 probably spent the
winter in the Deer Point pools, for he was captured there

early in the summer of 196l1. As Deer Point supports a popu-

lation of Rana piniens and the area surrounding it seems to
be equally sultable to Sedge Point for the establishment of
a homé range, 1t is not clear why he returned to Sedge Pools.

No. 457, in contrast to those Just discussed, was cap-
tured no farther than 30 m from the east pool. In 1960 it was
captured only once, along the shore,’énd in 1961 had a home
range near the place 1t had been captured the previous year.
If it, too, left the area for a period in late summer or fall
of 1960, there is no evidence to indicate it.

None of the 1960 young whieh had occupied home ranges at
Sedge'Point in 1961 were recaptured in 1962. However, three
additional 1960 young were taken in the study area two years
later, each only one time. One other was found in May, 1962;
in Deer Point pools, about 400 m northeast of Sedge Point;
she had probably spawnedvthere.

Discussion

As with most specles of vertebrates, dispersal in Leopard
Frogs is largely a function of the young, for older frogs
‘showed strong tendencies to remain in relatively small regions.

Thus most of the exchanges of individuals between ppulations,
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hence gene fldw,véppears to be brought about by movements of
| the young very soon after metamorphosis.

Evidence ihdicatea that young Leopard Frogs may disperse
over greater distances than have been preViouﬁly reported for
most species of anurans. Hundreds orvyoung.entere& and passed
through Budzinski's in 1961 and 1962 éfter moving more than
800 m from the place where they metamorphosed, and two of
these were known to have moved at 1east.: 1.6 km. The three
- marked frogs found at Nichol!'s Bog must have moved over 5 km.
Maximum dispersal distances of young reported for other specles
based on recapture déta have generally been much less than a
kilometer. Jameson (1955) reported the dispersal of young
Syrrhophus marnocki up to 328 yds before establishing resi-

dence. The same author (1956) found one Juvenile ggia regilla

whlch dispersed 260 yards; most dispersed less than 200 yards.

One Bufo valliceps was found in its second year about one-half

mile from its place of'm@tamorphosis (W. F. Blair, 1953).

Although young of Rana pipilens may, in fact, be exceptionally
vaglle, the relatively short dispersal distances reported for
other species of anurans do not necessarily indicate that the
animals do not move greater distances; these data probably
reflect, ét least 1n part, the meager chances of recapturing
Vanvindividual which has moved more than a few hundred meters,
since, 1in general, the area of search is limited because of
practical considerations.

The rate at which dispersing Leopard_Frogs moved was
found to be quite rapid. A few of the fastest "foreign" young
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which were trapped entering Budzinski's in 1962 apparently
- moved 800 m in little more than 24 hourg, but the bulk in
both 1961 and 1962 moved the distance in from 48 to 72 hours.
Such relatively rapid movement would enable the young frogs
to cover considerable ground in only a brief time during aﬁd
after rains. Those which dispersed again in later rains
could conceivably cover several kilometers before hibernating
in the fall.

As they dlspersed, young Leopard Frogs apparently moved
quite as readily through wooded areas, not the usual habitat
of Rana pipiens, as through grasslands. (Though some adults

did have home ranges in very wet wooded swamps, none were
known to occupy the drier forest). That woods did net act

as banriers to dispersal is evident from the number of young
captured while moving into the maple woods north of Sedge
Point. Similarly the "foreign" young which moved into the
Budzinski study area probably passed through about 400 m of
beech-maplé forest, though some may have moved down a gravel
road. Disper@al through unfavorable habitats is also charac-
teristlc of some other animals. Howard (1949) found that

young Qrairié Deer Mice (Peromyscus maniculatus bairdii) dis-

persed through woods. Anthony (1923) observed picas (Ochotona)
on several occasions "miles from anything that could be regarded

as thelir natural habitat." Although Martof (1953b) found in

his study that young of the highly aquatic Rana clamitang
tended to disperse along a stream, in the present study young

Rana clamitans were commonly captured in the traps along with
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Rana pipiens indicating that they too dispersed overiland,.

away from thelr usual aquatic habitat. Jameson (1955), how-

ever, found that in the €liff Frog (Syrrhophus marnoecki) most
Juvenile dispersal oocurréd along rock exposures, the normal
habltat of the species. |

In spite of their willingness to disperse through more
or less unfavorable reglions, young appeared to show a pre-
ference for grassy vegetation types, consistent with the
habitat in which Leopard Frogs are most commonly found. Tﬁis

was shown by the fact that ten of the 13 captured in the swamp
at Sedge Point in 1960 were in regions. where denge clumps of
§E§£§§E§.ép. ahd islets of moss emerged from the water, two
remalning for at ieast 26 days. The tendency to aggregate
ambng'the grass may have been the result of the presence of .
cover, largely lacking elsewhere in the swamps, or pdssibly
the islets, on which the animals could rest. Whatever the
attraction, the tendency to colonize regiqns 8imilar to the
usual-habitat of the species would be advantageous, for such
regions would be most likely‘to provide comditions necesgsary
for continued survival.

Dispersing frbgs did not always settle dewn in the first
sultable site which they encountered. This was clearvfrom
the fact that many which moved to Budzinski's in 1961 and 1962
dispersed again in the next rain. It is not unlikelylthat
some continued to dé so for sevéral weeks; such vepested dis-
persal could conceivably carry these animals over several

kilometers before hibernating in the fall. Also the‘repeated
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shifting of young along the lake shore at Sédge Point indi-
cates that dispersal does not always stop at the first suit-
able site reached.

Evidence from Budzinski's in 1960 wag presented which may
indicate that crowding has an effect upon the percentage of
young in a populétion which disperse. BovbJlerg (1959) after
studylng dispersal in crayfish proposed the hypothesis that
"animals demonstrating'1ntraspecif1c aggressive behavior,
territoriality, or spacing will disperse in ... a density
related fashion. Conversely, those species without these
behavioral attributes will disperse in a manner not related
to density or fail %o disperse ...". Leopard frogs would be
expected to fall into the second category, for no overt
aggressiveness or antagonism has been clearly demonstrated.
Observations of movements of young (described in detall later),
however, suggest that crowding does affect movement, for wheﬁ |
large numbers of young were together the movement of one often
disturbed others, causing them to turn and jump. Whether the
disturbance of one frog by another would ultimately result in
dispersal from the region or only short movements in the loeal
area 1s not known. 7 |

Though environmental factcrs such as crowding and'aggrés-
sion have often been considered to have an affect upbn dispersal
of animals, less attention has been paid'to the possibility that
individual animals of the same species vary in their inherited
inclination toward dispersal. Certainly there was a :ride

range of behavior among the young frogs, for some dispersed
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long distances, often moving agaln and again; others dispersed
only once and then settled down; still others did_not dlasperse
at all. It is entirely possible thatyin certain individuals
there is an innate restlessness which is lacking in others.
Howard (1960) has suggested this hypothesis to explain the

non-random dispersal distances which Dice and Howard (1951)

reported for Brairie Heer Hice kPeromyscus maniculatus
balrdii), most of ﬁhich dispersed long distances or not at
all, while only a few moved intermediate distances. Burt (1949)
states in regard to mammals "if ... there is an inherent desire
to wander, it most certainly is not developed to the same~de—
gree in all individuals of a species." Though an inborn pre-
disposition to wander has not been clearly demonstraﬁed for
any animal it is probable that variations within species in
this’reSpect do exist. In fact, 1t is possible that the lack
of mass emigrations from Budzlnski's in late August, 1960, was
not due to decreased density at all, but was the result of the
earlier departure of all frogs with a tendency to disperg@,
leaving behind only those frogs lacking such a p@edileatigme
With the data obtained 1%t is not possible to be certain which
explanation is the correct one.

Recency of metamorphosis did not appear to be a crucial
factor. in determining the predilection of young to disperse.
Incompletely metamorphoged young, many stilll with tails (vp
to 15 mm long), were commonly trapped as they dispersed, as
were numerous young which had obviously metamorphosed several

weeks prior to dispersal. Thus,'it is unlikely that young
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 lose the urge £o disperse (assuming they have it) as they
grow oldei, at least during their first season.

Some idea of the relative importance of %the dispersing
and non-dispersing frogs as replacements in local populations
can be deduced from the young which later astablishedrhomé
ranges as subadults in the study areas. At Budzinski's oniy
one (0.4%) of the 140 known to have enﬁered the study area
from another pond in 1961 established a home range there.

Four (0.9%) of the 431 local frogs of 1961, for which there
was no evidence of emigratioﬁ, did so. These facts suggest
that dispersing frogs may accéunt for a smaller proportion '

of the replacements in local populations than do'those which
fail to leave their place of metamorphosis. Probably a larger
percentage of dispersiﬁg frogs_is lost through predation, dehy-
dration, and other causes than of those which remain where they
metamorphosed; so that survival among the dispé%sing feogs is
much lower. |

‘Even among those which emigrated, dispersal distance was
not always extreme. This is indieated by the recapture in |
Budzinski's study area in 1961 and 1962 of eight frogs trapped
leaving Budzinski's in 1960. Though»all were recaptured only
once; the fact that they were taken at all suggests that they
had settled in the vicinity, probably not mofe than a few
hundred meters from the pasture. Likewise at Sedge Point some
frogs which dispersed didlnot move far and at least two (possi-
biy‘four) returned to Sedge Point after emigrating. Such
return to the place of origin had no parallel at'Budzinéki's,
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- for none whiéh were knoin to have left the‘stﬁdy,afea estab-  ‘
lished a home range there in subsequent yesrs. Probably the
greater tendency to return to Sedge Point was thé regult of |
few habitats in the vicinity favorable for continued oocupa;
tion. The point was entirely surrounded by the lake to the
south and forest extending more than avkilometer‘north. Aside
from Deer Point pools, 400 m northeast, and Hook Point pool,

550 m northeast, both on the lake shores, no other breeding

populations of Rana pipiens were known within a radius of a

kilometer.



Climatic Factors Affecting Dispersal of Young

Dispersal of young Leopard Frogs was shown in the pre-.
vious section to be-unevenly distributed in time. On partic-
ular nights large numbers of animals dispersed together,
these periods of mass movement separated by nights when few
or no frogs left the area (Fig. 30). The more or less s8yn-
chronous emigratioh of large numbers of frogs suggests that
climatic'conditions were important in regulating the time
of occurrence of dispersal. Because of the complex nature
of environment, and individual differences among frogs, an
analysis of the roles of the various climatic factors in
regulating emigration of young is difficult. No single
weather condition was invariably associated with dispersal,
implying that emigration is not entirely dependeﬁt upon one
particular environmental factor butb may ocgur under more
than‘cne set of conditiong. Despite the difficulties in-
volved, it seemed worthwhile to abttempt to determine the
influence of gome of ﬁhe ma jor environmentgl factors on
the activities of young. Information about environmental
effects on dispersal was collected both in the field and
from'laboratory experiments; evidence from the two sources

will be presented separately.

Fileld data

Most of the field data on influence of weather upon

dispersal were obtalned in 1960 when large numbers of young

233
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emigrated from Budzinski's marsh and Sedge Point pools.
Records of rainfall, temperature and relative humidity in
the study areas were kept, and a record of barometric
pressure was obtained from the United States Weather Bureau,
Pellston, Michigan, 16 km WNW of Budzinski's and . § km WSW

of Sedge Polint. The correlation of the time of oceurrence
and magnitude of dispersal, as determined by trap captures,
with climatic records, permitted a partialvanalysis of the
factors influencing emigration. No mass emigrations ccmpar-
able to those in 1960 occurred in 1961 and 1962 due to the

small numbers which metamorphosed.

Rainfall:-- Of 2ll the meteorological factors consid-
ered, precipitation seemed at the outset the most likely to
influence activity in animals so dependent upon moisture as
are frogs. Several occurreunces in thé fleld indicated that
rain did indeed play an iﬁportant role in initiating dispersal.
VNot only did the two 1argest mass emigrations, (August 1, 6)
and a tﬁirdgamaller one (August 13), from Budzinski's in
1960 occcur on ?ainy nights, but'dispersal from the east
beach pobl at Sedge Point in the same year also apparently
took place in a ﬁaino in addition, immediately after a rain
in 1962 when the lake shére at Sedge Point was searched no
young could be found, although several had been taken there
only a few days previously and many wefe again back at the
shore four days following the rain, suggesting thaf they
left the area temporarily during 1t. Most of the shifting

along'the shore occurred in periods of rainfall.
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In addition, direct observations of young showéd clearly
that their activity was influenced markeily by precipitation.
In more than 30 hours, approximately nine in rains, I spent
observing young from a blind in Budzinski!s gravel pit, a
good indication of‘;he nature of their activity was obtained.
A summary of thelr behavior is presented bélow.

In fair weather small Leopard Frogs typically were more
or less sedentary, not unlike adults (described earlier),
often sitting for several hours in the same SPOt, shénging'
locations only to feed or when disturbed by predators. Dur-
ing rains; however, they became much more active; three more
or less.distinct'reactions were observed. The most obvious,
and the one manifest by almost all frogs at thé onset of
ra’n, was a general, apparently non-directionél, increase in
activity. As rain began,‘the small frogs made short leaps
in 2 more or less random manner but did not leave the geheral
area. Those moving often stimulated others té become active
by hopping close and apparently disturbing them. They in
turn jumped, and in a dense population a chaln-veaction 7
usually developed, each frog jumping when disturbed and in
turn disturbing others. The total result gave_an appeaﬁance
best described as a general milling of the animals. Iﬁ was
impossible to follow individuals for vefy 1png so it is not
known 1f all frogs were involved or 1f some simply sat while
the others moved about. I suépect all did some moving,
though movement may not have been continuous for any individ-

ual.
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Some of the frogs, however, crawled under obJects~or‘A

: into dénse clumps of vegetation as though seeking shelter
from the rain. This shelter-seeking reaction was most pro-
nounced in light drizzles, during which many frogs were
successfﬁl In getting out of the rain. Those which succeeded
genérally-remained under shelter andfdid not move about fur-
ther. In intense precipitation some frogs still attempted
to escape the rain, but thefe was less success, and activity
remained at a high level. ’

Occasionally from among the actively moving frogs one
could be seen to execute a rapid series of leaps in a straight
line away from the rest and disappear into the surrounding
vegetation; This is 1nterpretéd to be trﬁe dispersal move-
ment, for of the three reactions mentioned only this one
‘'would be likely to result in emigration from the pond. In
the single diurnal rain in which behavior was watched (1.25
hrs in and affer a very light sprinkle which lasted only 15
min) none of the frogs was seén to leave the group of approxi-
mately 20 young being watched. In C”C@USGUlaﬂ or nocturnal
raing, however, such behavior was mdre common, possibly as
many as 5-10% of the population 1eaving the mass in a two
hour observation period in an intense rain. Even for as
long as an hour afterva rain had stopped (observations were
not continued longer) an oceasional frog could be seen to
disperse from the pond, although the activemilling usually

stopped with the rain.
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'Since the young frogs always became active aimost eimult-
aneously with the start of precipitation, there seems no
doubt that the activity was a direct'response to the rain;
apparenﬁly rainfall is a causative factor in initiating move-

ment rather than one which simply,allowé it to take place.

Baromettic pressure:-- Although the largest emigraﬁions

from Budzinski's marsh in 1960 occurred in conjunction with
rains, some young frogs were trapped while leaving the area
on almost every night in August. Since the periods in which
dispersal was greatest (Aug; 1, 6, 11-13, and 16-19) showed

& close correlation with rapid drops in barometric préssure

(Fig. 30), it seemed possible that pressure changes might

also be an important factor in initiating activity. Thé lack

of mass emigrations when the pressure fellAéfter August 19
may have been due to the lowered density of frogs (see pre-
vious chapter). in an attempt to determine-if changes'in
barometrlic pressure could stimulate young frogs to become
actlve a series of laboratory experiments was conducted;

these are described later.

Light :-- Dispersal of young was almost totally confined
to the dark part of the diel period, as determined by the
scarcity of trap captures during daylight. Of 472 frogs
trapped while leaving the marsh at Budzinski's in 1960, only
three fell in the traps between 8 a.m. and 8 p.m. Thus, 1t
appears that a very low light intensity is necessary for dis-

persal activity. The fact that no dispersal movements were
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observed in the single diurnal obsefvation in a rain is pro-
bably significant, but the lack of such movements wight also
have been because the rain was of short duration and low inten-
sity rather than because bf'the higher light intensity.

 Since light 1ntensity»measurements were not taken, the
photic 1ev§1 above which emigrations do not oceur 18- not
known. Neithe: was 1t determined if bright moonlight or
stariight inhibited activity, as no records of cloud cover
’were kept. It was found, however, tﬁat migratory movements
of adﬁlts, once initiafed by a rain, usually continued until
daybreak éven though the sky cleared and the moon shone
brightly. It is likely that young responded similarly.

Since the "foreign" frogs which entered Budzinski's in

1961 and %962 were trapped on several consecutive nights,
but none was taken dufing the daylight, it is probable that
dispersing frogs stopped during the day in wet places and did
not resume moving until the following night, in a manner
similar to that of the migrating adults. No evidence wés
obtained that they migrated during dayligh%t, even when over-

cast or rainy, though Martof (1953b) found that Rana clamitans

became hyperactlve before a raln and concluded that "the
activity demonstrated before a rain was no doubt}greatly
stimulated by the decrease in light that generally accompa-
nled precipitation.”

Though the amount of light undoubtedly affected the
time of occurrence of emigrations, low light intensity by
itself was not sufficient to initiate such activity, for mass

dispérsal did not occur on every night.
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Temperature: That temperature affects the activities

of a poikilothermic animal scarcely needs confirmation;'it

1g not surprising to find a significant correlation between
the number of frogs trapped while leaving Budzinski's marsh
in 1960:and the minimum temperature during the night (P< .02).
There is no doubt that temperature plays an important role

in regulating dispérsal, for emigraticn would not be expected
to occur unless the weather was sultably warm, even if other
conditlons favored such activity.

Although in general the largest emigrations occurred on
nights when the temperaturé remained fairly high, dispersal
was not confined to these nights. Even when the temperature
fell quite low during a night a few frogs were trapped as
they emigrated. Oun the nights of August 15 and 24, when the
- minimum temperature was 10 C, the loweét temperature recorded

in Aﬁgust, 1960, one and two young respectively were trapped;
~on the night of August 8, when the temperature fell to 11.C,
eleven were trapped while leaving the marsh. It is very
likely that on such cold nights most dispersal movement which
occurred took place in the few hours following sunset while
the weather was still relatively warm.

In general the temperatures on rainy nights in summer
remained high, and did not show the sharp decline through
the night which generally occurred on clear nights. It is
very probable that the greater numbervof frcgs trapped on
nights with precipitation was, at least in part, due ﬁo the

higher temperatures, allowing the frogs to be more active
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as a result of their higher metabqlism. Also, the longer.
time over which activity could continue, the result of the
temperature remaining at a high level all night, allowed‘
more movement to occur.

. It is unlikely, however, that warm weather alone initi- .
ates mass dispersal, even though it 1s a necessary condition
if emigration is to occur. The lowest minimum temperature .
on any of the nine nights, August 1, 6, 11-13, and 16-19,
which together accounted for 80% of all the young frogs
trapped while leaving the marsh in August, 1960 was 15 C;

20 were trapped while they emigrated.on the rainy night of .
Augugt ;3 when the minimum temperature was 15 C. The mini-
mum temperature was above this level on seven other nights

when fewer than ten animals per night were trapped.

Atmogpheric Moisture: There is no doubt that atmospﬁéric
moisture affects the behavior of Leopard Frogs, the higher'
humidities allowing the animals to be active away from water
without risking rapild water loss. However, high humidity
alone d&d not initiate dispersal movements, for there was
net a single night during the three summers of the study when
the relative'humidity in the grass falled to reach 100%.

Dew: Though Leopard Frogs utilized dew as a water
source, its presence anpeared to play no part in initiating
dispersal. Dew formed only on clear nights, while emigrations

usually occurred on overcast and rainy nights.
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Evaporation: The effects of relative humidity, tempera-

ture and wind can be combined into a single function, evapora-
tion. In 1962.two.Piche evaporimeters were uéed at Budzinski'ls,
one placed in the grass near the marsh, the other southAof

the field among the sumacs, each with 1ts evaporating disc

5 c¢m from the soll surface, where condiﬁgona closely approxi-
mated those encountered by the frogs.

Due to the high relative humidity 1t was not unexpected
to find no evaporation occurring during moet nights; in fact
on nights with heavy dew the evaporimeters took»on water.

Only a single hight, one with considerable wind, showed a

measﬁrable'amount of evaporation. There is no evidence that
low evaporation alone stimulated disperéaI; for most nights
fell in this category. It is likely, however, that a night
during which waﬁer loss to air was high would be unfavorable

for emigration and retard 1ts occurrence.

Laboratory Experiments

The evidence that both raln and barometric pressure
changes might be important in stimulating movements of young
prompted a series of laboratory experiments. These were con-
ducted in the winter of 1961-62 in Ann Arbor using recently
transformed young, ralsed in the laboratory from eggs artifi-
cally stripped from Leopard Frogs obtalned from a Wisconsin

supply house.

Experiment I: A chamber 3.05 x 0.61 x 0.61 m with the

upper side open was consfructed of plywood. A 45 x 25 x 5 cm
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enamel pan, its bottom covered with sand, was placed at one
end to form & "pond." The remainder of the chamber was sodded
with sedges and graas, fanging in height from 10 to 30 om, to
simulate natural conditions; the sedges were placed in the
third of the chamber nearesf the "pond" while grass provided
coverAelsewhéreq The soll was kept coﬁtinually wet by fre-
quent watering. To the end of the chamber opposite the "pond"
was attached a 15 ocm wide runway'Which.Qpened through a 15 x
25 cm opening cut in the center of the end of the chamber, |
the bottom of the runway flush with the surface of the sod in
the chamber. The éuéface’of the runway was covered with dry
sand and gravel to approximate conditions on a gravel road.
At the endxof this 1.8 m long runway another, smaller chamber
(061 x 0.61 x 0.61 m), sodded with grass but containing no
water, was attached. Two treadlesg,bne at each end of the
runway, recorded the passage of frogs bn a 2k-hour kymograph,
 from which the time of erossing could be determined. The
rain chamber was constructed so that simulated rainfall, pro-
duced by nozzles atbached by means of flexible garden @Qa@

to a mixing faucet, could be controlled by adjuatments of

the faucets and nozzles. The nozzles allowed the wate: to

be dispersed as individual droplets félling randomly through-
out the main chamber, but neither the runway nor the small
chamber received "faino“ A recording hygrothermograph kept

a constant récord of temperature and humidity in the large
chamber while a microbarograph recorded pressure changes.

Fluorescent lights, controlled by an automatic time switch
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.82t for seven hours dark, 17 hoursvlight (approximate summer

conditionS»in'northern Hiehigan), provided illumination.

Thermostatically controlled heating in the room kept the
temperatureaneariy constant, never varying beyond 20424‘0.

A thin sheet of”polyethyléne over the chamber kept thefhum1d-
ity between 70 and 80% except'during and immediately aféer” |

| “rains," when 1t reached saturation» Fop observing activity

after dark a set of low 1ntenaity red lights, providing suffi-

clent illumination for obaervation, but apparently not affect-

ing the behavior of the animals, was utilized.

Small Leopard Frogs, w;thin seven days after’metamorphosié
was completéd, were placed}ih the "pond" in the main chamber_
and their behavior observedcl Confinement did not seem to

alter the usuval daily,activities_ofvtheae frogs for they sel-
| dom move about in nature. Typical beha#ior in periods of no
rain, both day and night, Was to remain sitting in the same
location far the entire duration of an observation (usually_
two hours).

During "raing,” howéverg most froge moved about the
chamber in a more or less random manner similar to that ob-
served in the field. What appeared to be dlspersal movements
of the same type as those seen in the field also ocourred,
for ocecasionally a frog which had been moving réndomly wduld
suddenly execute a rapid series of hops in a straight line
from one end of the chamber to the other. Upon reaching
the wall 1t usually leaped at it several timeé as 1f trying
to get out, but finally moved off im another direction to
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" resume the random movements. Shelter48eeking beha?ier suéh'
as was seeh in the field was also observed in the chamber ' 'd
during "rains.” On one oceasion when "paint (a light drizzle)
was éliowed to fall in only one-half of the éhambér for~;5
. minutes before it was beguan in thévother half, the three
- frogs receiﬁing the water diréctly became active immediately,
but two at the opposite end of the chamber d1d not leave their
usual spotss Only when they, too, received the rain did they
Become active. ‘In addition, one of the three which began
moving in the‘“rain" stopped upon reaching the end of the
chamber where no "rainé wag falling; the other two continued
Ato move actively in the“rainéuntil)eéch eventually'found.refuge
under clumps of sedges where they, too, stbpped. |

In Tables 6 and 7T are given the conditioﬁs for each
pccasién when a frog leff_the malin chamber and entered the
'rﬁnwaye Although the runway was open and availablé to the
frogs throughout the 104 days of the experiment, frogs were
recorded entering it on only 24, Those emigrations which
occurred on nights when “rain®® fell are listed separately
from those whiech took place at other times. All "rains”
began within 30 min. after the lights went off and lasted
for 15-30 minutes. Although "rainfall" was not measured
at each observation, 1n.gedera1;'fhe intensity of drizzles ﬁ
was approximately 0.3 mm "rain" per minute while in hard | |
"rains® appﬁoximately 1.5 mm fell per minute. |

Of the 114 passages through the runway, 80 (70%)

oceurred ou nights when "rains” fell. This does not differ
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greatly from the data obtalned at Budzinski's in 1960 when
62% of the frogs trapped as they left the marsh did so on
rainy nights. On every one of the 14 nights when "rain"”

fell in the chamber, at least one frog (i.e. 2 crossings)

left the main chamber irrespective of whether barometric
pressure was rising, félling, or,steadyo The relatively few .
emigrations early in the éxperiment were probably due to the
small number of frogs in the chamber at that time. As more
frogs metamorphosed and were added to the population, the
number crossing duriﬁg ralins increased.

Occasionally frogs traversed the runway, or entered one
end in the absence of rain, accounting fcr 30% of the cross-
ings. These individuals may have been "exploring," as
suggested by three which entered only the ﬁear end of the
runﬁay, then retreaﬁed again to'the large chamber. Perhaps
some, more restlesgs than others, were attempting to disperse.

On two occasions, when fhere was no "rain" in the chamber,
_activityvincreased congiderably ovér its usual level. On
April 30, six, and on May 19, 23 crossings were vecorded.

The movement oun April 30 occurred at the time of passage
nearby of a tornado which was accompanied by a drop of 4 mm

of mercury in a six-hour period, followed by a very rapid

rise of 2.5 mm'in about 10 min. (Fige 35). The first emi-
gration was recorded shortly after the'rapid rise in pressure,
at about the time the iights went off. The movement on May 19 .
began as fhe pressure began to fall rapidly, following the

passage of several thunderstorms which were accompanied by
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rapid fluctuations in pressure of the magnitude of about

0.5 mm of mercury (Fig. 35). Six of the 23 crossings occurred
before the lights were scheduled to go off. Although no
records are abvallable and I was not present to see, it 1is
possible that during or following ﬂhe thunderstormé a
general power fallure caused the lights to go out temporarily,
perhaps accounting for the emigrations before the lighﬁs were
supposed to have gone off. In view of the rapid changes in
'pressure on these two occasions whereas other conditions |
remained constant (except relative humidity, which on May 19
rose to 100%,the result of a general increase in atmospheric
moisture accompanying thundershowers outside) it is probable
that the animals detected and reacted‘to the pressure changes.
It is doubtful that the increase in humidity on May 19 initi-
ated the movement, since on three other unights in May the

humidity rose to saturation but no movement was recorded.

Experiment II: To test further the hypothesis that a
chahge iu barometric pressure can stimulate activity, a
second experlment was designed. For_this an aktograph con-~
sisting of a circular surface 20 cm in diaméter with contacts
dipping 1nto vials of mercury and recording on a'kymograph
was constructed. The apparatus was placed under a bell Jar,
into which the frogs to be tested were introduced, and the
bell Jar sealed. The pressure within‘the‘bell jar was regu-
lated by wilthdrawing air through a hypodermic syringe. Wet
paper toweling kept the humidity in the chamber at saturation.

All tests were run in temperatures between 20 and 23 C, the
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greatest temperature fluctuation recorded during a single
test being slightly more than 1 C. A cardboard box over.
thé entire apparatus excluded most of the light, simulating
 conditions étlnight.

Because of the design of the aktograph, only changes in
position of 6-7 e¢m or:more, or leaps in which the animal tem-
porarily left the platform, recorded as movements. Shifts of
position involving no change inilocation, or a change of less
than 6-7 cm, did not record.

Frogs within seven days after metamorphosis were tested
one at a time on the aktograph for four-hour periods. Each
was tested twice, once with the pressure falling at the rate
of 4 mm Hg per hour and agaln while the pressure remained
stationary. The two testsvfor'each frog were run at the
same time of day on two consecutive days. Eleven of the ani-
mals were subjected to the falling pressure first and 12 to
the conastant pressure. In all, 23 frogs were tested.

In Table 8 are presented the data derived from these 23
f?ogsg There was a marked degree of variation in ae@ivity
- among individuals, for while three did not move at all during
a four hour test period, two moved more than 300 times under
The same ccnditions. While, in general, those frogs which
were extremely active under one set of conditions were also
‘the most active under the other, the correlation between the
amount of activity under the two sets of conditions was not

statistically significant (P > .10).
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Table 8

Number of recorded moves made by 23 recently meta-

morphosed ﬁana pipiens under experimental conditions with
atmospheric pressure constant and again while dropping at
the rate of 4 mm Hg per hour. Asterisk indicates animals

subjJected to falling pressure first.

Frog Pres. Constant  Pres. Dropping Order of

Tests
1 2 51
2 0 67 % :
3 83 g 153 ’ . o-
L 340 i 106 .
5 6 , i
6 4 26 , #
T 365 133 :
8 120 ’ 125 *
9 49 101
10 0 23 *
11 6 15
12 ) 38 #
13 5 b
14 21 6
15 8 25 5
16 12 8 %
17 53 6
18 29 4 #
19 T4 36 #
20 88 2
21 184 53
22 7. T *
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Eleven of’the frogs tested showed the most activity in
decreasing pressure but an equal number was mogt active when
the pressure remained constant. Oné moved the same number
of times in each test. No statistically significant relation-
ship between the amount of activity (as measured by the num-
ber of moves recorded) and the conditions of pressure was -
found (P > .05). Neither could any significant association
between activity and the natural pressure changes to which
the animals were subjected prior to each test be discovered.
Previous experience with the testing apparatus appeared to
be unimportant in determining the amount of activity mani-
fest by the frogs, for no statistically significant tendency
among the group of 23 frogs ﬁo increase orrdecrease their
activity on their second testsr(irrespecﬁive df pressure con-
ditions) could be found (P > .05). |

Thus, these’data fail to support the previous hypothesis
that pressure changes stimulate activityo These resulﬁs may
be misieading, however, for 1t i1s likely that the failure to
obtain a correlation may have been due to several fachtors:
(1) The confined nature of the chamber, allowing a frog to
make at most two or three hops in any one dire@tion was not
conducive to dispersal movements which take the form of a
rapid series of hops in one direction; (2) the lack of other
individuals may have retarded movement, for'observations
indicated that the presence of other frogs often increased
activity; or (3) the handling of the animals in placing them
in the bell jar, as well as the completely unnatural environ-

ment, may have influenced their behavior.



253

Diséuasion

Noble (1931) and others have suggested that migration
may take place wlthout external stimulation in some sbecies
of amphibians. Noble pointed.dut that some salamanders, for
instance, retain theif porma; perlodicity of egg laying in -
the laboratory and "probably, Eherefore,,in'their desire .to
migrate." Though he was doncerned with breeding migrations,
the same might apply in diéper;gl, for it has been suggested
by Howard (1960) that~young animéis possess an innate desirej
'to-wander. If this is true, theun it is possible to assume
that the "stimulus! to' disperse is internél (perhaps hormonal)
ané always present, but the response (emigration) is only mani-
fest when favorable conditions permit the animals to leave
the ponds. Such an internal restlessness can neither be
proved nor disproved from data gathéred in this study.

Evidence was 6bta1§ed, however, whieh showgrthat ét
least one environmental factor, rain, actuallj stimulates
activity and does not simply permit>1t to occur. This wasg
evident from the observationsz, both in the field and in %he
laboratory, that almost immediately at the onset of rain;
frogs, which had previously been gquiesceut, began moving
very actively. Such behévior was unot observed at any other
time, though the passage'of several frogs across the ruﬂway
in the experimental chamber on two nights with rapid pressure
fluctuations, suggests that activity must have been at a high
level on these occasions as well. Apparéntly rainfall is an

important causative factor in initiating movement, thus
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explaining in part the tendency for large numbers of frogs
to disperse on rainy nights. _' |

What 1t 1is about rain which acts as a stimulus is less
clear, however. The increase in activity was not the;result
of increased humidity alone, for atmbspheric moisture in the
fiel@ reached saturation every night, yet mass movements did
not always occur even when temperatures were sufficiently
high. 1In addition, frogs in the chamber which did not receive
rain directly did not become active even though the humidity
increased to 100%. The shelter-seeking behavior of many
young 1ndiéates that the drops striking their bodies may act
as irritants, thereby stimulating activity. The suggestion
of Martof (1953b) that they respond to the failing drops as
though they were elusive prey seens unlikely to apply here,
for no indicatlon of attempts to feed on falling drops was
noted. Although two instances of frogs striking at water
droplets roll&ng slowly down a grass blade were seen, tnis
behavior was so rare as to be of no effect in migratiohs.

Obsgservations of other investigators also implicate rain-
fall as being an important factor in the dispersal of young

Rana pipiens. Fitch (1958) has reported that "... during

and just after heavy rains there is a mass dispersal (of

newly metamorphosed Rana'pipiensj, with relatively few remain-
ing behind e...succéssive waves of migrants emanate from the
breeding ponds throughout the summer ..... Within a few

hours after heavy rains, frogs have been caught in funnel
traps on slopes and hilltops hundreds of yards from the ponds,

where probably the trip was begun." Scott (1938) found dead
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Rana pipilens and Acris crepitans on an Iowa road adjacent &o

a marsh after a storm. He estimated the density to be 10 per
8q yd. Although he falled to indicate the size of the frogs,
Judging from the number of animals and time of year, the Rana
piplens were probably young dispersing from the marsh in the
rain. Whitaker (1961) while studying Zapus hudsonicus,

trapped numercus small Rana pipiens in mouse traps and found

thatvthey were more commonly taken following rains.
An assoclation between rain and emigrations of young of
some other specles of amphibians has also been demonstrated.

Blair (1953) found that Juvenile Bufo valliceps were stimulated

to disperse by a heavy summer rain and Martof (1953b) con-

cluded that most dispersal of newly transformed Rana clamitans

was accomplished during rains. Jameson (1955) found very

small individuals of Syrrhophus marnocki only on nights follow-

ing summer showers, suggesting that rain is an important
factor in dispersal of that species. The influence of rain
on movements, particularly breeding migrations, has also been
reported for many species of amphibians (Blanchard, 1930:
Packer, 1960;.Fitch, 1956; Pearson, 1955; Pyburn, 1958;
Martof, 1953b; and others) suggested that the influence of
‘rain on the activities of amphiblans is a rather general one.
Inconclusive evldence was also obtained which suggests
that young.Leopard Frng'might'also be able to detect pressure
changes and respond to them .in the same manner as to rain,
1.ei by becoming more active. Since rainfall is often accom-

panied by a fall of the barometer it is. not unlikely that
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the animals respond to both, perhaps either alone acting as
a stimulus to some frogs, but the occurrence of boph together
initlating the most pronounced activity. The possibility
that preséure changes might affect behavior of amphibians
has been seriously considered by only a few investlgators.
Bogert (1960), however, recognized its possible importance
for he states that "ehanges in ... atmospheric pressure may
- be effective in arousing migfation behavior in some species,
or they may be necessary Supplements to rainfall as the
primary stimulus to others."

Cértainlyﬂmany organisms, probably including frogs, are
sensitive to pressure changes. Oliver (1955) mentions that

Beck was able to induce mating behavior in Scaphiopus h.

holbrooki by lowering the pressure in a vacuum Jar. Bogert
(1960), referring to the samé animal, states that "little
attention has been paid tq'the possibllity that the sudden
lovwering of atmospheric pressures stimulates breeding activ- .
ity in the species. The droﬁ in pressure commonly accompany;
ing periods of abnormally'heavy rainfall would, however,

offer a more plausible explanation than the absorption of
water" for the initiation of Breeding activitles. Hicks (1949)

states that in the Western Fox Squirrel (Sciurus niger

rufiventer) the "degree of activity is, in general, relatéd
proportionally to magnitude of pressure," but "the specifie
effects of pressure‘isolated from the interaétions of any
other environmental factor are unknown." | |
Welliﬁgton (1946) after an extensive review of 78 arti-

cles concerning the effects of pressure changes on insects
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concluded that "lowered pressure acts to increase the rates

of various activities of ingects, including undirected loco-
motor activity." Since his paper was published Stephen and

Bifd (1949) have indicated that periods of high pressure

- promote long distance flights in the cabbage worm butterfly

| (Pleris rapae), while it is stimulated to egg laying by low

pressure, laboratory experiments demonstrating a definite
increase in oviposition. Broadbent (1949) found that aphids
flew more readily when barometric pressure was fluctuating
than when it was steady.

Only in Packer's paper (1960) on Taricha rivularis did

I find any previcus attempt to correlate pressure changes
with dispersal activity of amphibians. His 1s a negative
conclusion for he found "o correlation ... between either
changes in or the absolute level of barometric pressure and
the magnitude or direction of movement other than those which
can more easlly and more precisely.be defined on the basis |
of rainfail alone." This is not surprising since a fall in
pressure 1s orften accompanied by rain. As he does not pre-
sent hils data the possibillity that pressure doeg affect these
animals cannot be ruled out.

Although temperature 1s an important factor affecting
activity there is nd evidence “that it initiates dispersal
movement. The fact that mass dispersal only occurred when
the weaﬁher was sufficiently warm is undoubtedly the resuiﬁ
of the general effect of temperature changes 6n all bodily

functions in a polkilothermic animal. Other investigators,
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too, discount temperature changes as being the initiating
cause of movement. Blanchard (1930) found rain to be more
Important than high temperatures as the migratory stimulus

in Ambystoma maculatum even though such movements only

occurred when the weather was warm. Packer (1960) found

a correlation between temperature and the;number'of Taricha
rivularis migrating but concluded that a "high relative
humidity can overcome the 1nhibitery.effeet of a drop in
temperature." Savage (1961) discarded temperature as a

stimulus to migration in Rana temporaria with the following

statement: "I doubt very much if the temperature effect
is anything more than the result of the general !'poikilo-
thermous effect,' and is no more a 'stimulus'! to migrationv
than raised temperature is a sﬁimulus to digestion."

It is clear that at least three facters, raln, Lempera-
ture, and 1llumination, and possibly a fourth, pressure, are

lmportant in regulating dispersgal in young of Rana pipiens.

In general, the greatest amount of dispersal takes place on
varm rainy nights, but considerable numbers of young may also
leave the ponds on warm nights without preclpitation, per-
haps stimulated by a drop in pressure. Emigrations on cdoi,
clear nights when barometric pressure is high tend to be

much smaller.



Discussiqh

Dependent upon age, season, and particular environ-

mental conditions, Leopard Frogs in this study exhibited

several different types of activity. In general, their

movements can be geparated into the following more or

less distinct categories:

1.

2.

b.

6.

Travel to the breedling ponds from the
hibernacula in the spring.

ﬁovement within the breeding ponds, which

may or may not be associated with mating
behavior. |

Post-breeding. migrations to other ponds
during the spring, probably 6ccurring in
conjunction‘with rains and involving bnly
spent animals.

shift from the spring habitat of the ponds

to the home range im'outiying areas.
Routine day to day movementsAin summer from
one resting spot (form) td another within

the Bome range.

Migrations from the home range in conjunction
with nocturnal fains, followed by return to
the range, usually within a few weeks.
Temporary return to pondsrfrom the home range
in summer, brought about by unfavorable molsture

conditions,
259
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8. Shifts to new home ranges late in second or
early in third season, rarely involving adults.
9. Dispersal of young from the ponds.
10. Movement to the hibernating sites in late
fall.

A few comments on several of these types of movements

- are in order here.

Although breeding migrations were not specifically
studled in the present investigation, Cummins {1920) has
reported information concerning this phase oA the yearly

cycle of Rana piplens activity. His data 1ndicated that

migration to the breeding ponds took place both in the
light and dark, for he trapped 22 frogs moving to the water
in daylight and 17 at night. He concluded that the stimulus
inciting migration and the'facfors controlling migratdry
behavior operate independent of light and darkness. This
'is in contrast to the behavlor of Leopaya Froge in the
‘summer, as determined in the present study, for they did
not usually make long excursions overland during daylight,
confining such activity to the dark part of the diel period.
It is very likely that the tendency for the frogs to move
more actively in daylight in early spring is a result of
the lower nighttime temperatures at that time of year,
‘which probably often inhibit nocturnal activity.

Among the frogs trailed in the present study only five
showed substantial mov ement off their home ranges in day-

light, two of them forced to return to the ponds for water,
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two moving tb their home ranges from the pbnds in mld-June,
and one returning to her home range after an excursion;from -
it (Fig. 16, 3523). Gertéinly the two frogs which left their
ranges to reﬁurn to ponds did so out of necessity for water,
theAneed for moisture overcoming their reluctance to move

in daylight. The occasional daybtime movements of the two
frogs moving to their home ranges from ﬁhe breeding ponds
might have been partially the resulis of lower_temperatures4
at night, but it 18 also possible that frogs éff thelr home
ranges are more reétless 8o that the attréction_for the home
range overcomes the tendency to refrain from excursioﬁs’in
.the daytime;' A stroung attfaction to the home range,’may also
explain the continued movement after daylight of no. 3523,
following a long nocturnal.journeyo There is little doubt
thét she could have reached the swamp before daybreak had

she not been delayed twice by running out of thread, but

this does not invalidate the possibility that her diurnal
novement was prompted by an attraction to the familiar area
of her home range.

Although much attention has been put on the fact that
an animal®s home range is the area over which it habitually
travels 1n search of food or homesites, and with which 1t
ig familiar and thus better able to escape enemies, in addi-
tion the attachment to familiar areas is probably a psycho-
logical phenomenon. Not only does a home range satisfy the
physieaiiriéeds of an animal, which might be served equally

well elsewhere, but because of a psychological associlation
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wlith the particuiar area, an animal probably moves with
agsurance and has 2 sense of well-being, which is lacking
in unfamiliar surroundings. Discordant feelings may be
aroused when off its home range, so that an animal attempts
_to return home. Thus the tendency df_the frogs returning

| toward'their home range t0 be more active in daylight, and
indeed the homing tendency itself, may be in large part the
regult of psychological unrest and a motivation t¢ locate
the familiar surroundings which to the particular animal
represent "home."

Since all displacement from the home range in this study
was accomplished by the animals themselves, there ig no doubt
that the frogs had opportunity to become familiar with the
region over which they passed, enabling more or less di?éét
 return to the home range° It is very probable, in fact, that
all Leopard Frogs are sufficiently familiar with a large
region around thelr home ranges, the result of previous migra-
tions, movement to and from the hibernating and breeding
sites, and dispersal as young, tb r@turn-hOMQ by fairly
direct routes. - The return of many anlmals year after year
to the same area, after an absence of several months during
winter and spring, suggests that the memory of the home range
and motivation to return persist for long periods. The abil-
ity of Leopard Frogs to find their way home from totally
unfamlliar areas was not Investigated; presumably, return
to the home area under such conditions, if it occurred at

all, would involve random search until a familiar region was

encountered.
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The results reported in this paper, though clearly indi-
cating a homlng ability among Rana pipiens, did not identify

the particular sensory mechanlsms utilized in homing and in

recognizing the home area when it 1s encountered. Both visual

and olfactory cues may be 1mportant and, in fact, it is very

likely that both play a role, the animal using elther or bofh

as the situation demands. | | |
Sight is without doubt a vital sense in frogs; used in

. detecting both prey and predators.' Laboratory experiments

have demonstrated that visual cues play at least some partc

in orientation, for Yerkes (1903) found that Green Fﬁogs

(Rana clamitans) became confused when the colors of two

alleys of a maze which they had previously learned were inter-
changed. Pache (1932) showed that Hyla arborea can distin-
guish form, a triangle from a circle, even without movement _
of the object; 1t 1s very probable that all frogs can and do
‘distinguish differences in forms and outlines. Thus Leopard
Frogs probably learn to recognize individual visual landmarks
(isolated trees, telephone poles, ete.), as well ag the more
general outline of the horizon made by woods and topography,
and use these cues to guide their homeward movements.

Though 1t 1is possible that Leopard Frogs may be suffi-
ciently acquainted.with the microhabitat (individual herbace-
ous plants, microreliief, etec.) on their home range that they
~can move more or less directly from place to place within
this familiar region, it is improbable that suqh cues are

used in orientation as the animals move across the leas
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familiar areas outside the home range. The fact that the
three trailed frogs which returned to their home ranges
after leaving them in a rain (e.g. 2761) did not return;by
the same route taken in leaving the aréa indicates that such
details are not important; had they been, return would have
followed nearly the same path. Certainly such details would
be of no importance to frogs returning to their home ranges
after hibernation and breeding, for the herbaceous plants
and probably much of the microrelief would not be identical
to those of the previous year. It 1s likely that any visual
cues used in homlng must be more permanent, and large enough
to be seen from the dense grass. Trees, telephone poles,-fence
posts, houses, the“outline of woods and topography weré all
likely landmarks in the area where %this study was conducted.
Celestial cues, including star patterns, moon, sun, allkof
which have been implicated in the orientation of other ani-
mals (Carthy, 1956; Sauver, 1958; Gould, 1957, Hasler, et al)
1958) probably played no part in guiding frogs, for long
disftance moves generally took place on overcast nights,

The abllity of amphibians to detect and utilize odors
és cues in orientation has only recently begun to be investi-

gated. No work has been done with Rana pipiens, but Martot

(1962) has demonstrated that Pseudacris triseriata tends %o

move toward the source of odors associated wilth 1ts breeding

habitat, and has also shown that Bufo fowleri can be con-

ditioned to respond when an odorant is released. Twitty

(1959) has demonstrated that California Newts (Taricha
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rivularié) can successfully return to their home areas when
blinded; but lose their ability to orient properly when
deprived of the sense of smell. Savage (1961) has amassed

sﬁbstantial evidence over 30 years of study with Rana

temporaria that the frogs migrating to the breeding sites are

directed to a large extent by odor emanating from the ﬁonds.
If frogs do orient by means of their olfactory sense, |

what is the source of the odor? It is possible that the ani-

mals themselves provide distinctive smells to their home

o ranges, through urination or body secretions. Such odors

would probably, however, not be sufficiently permanent to
permit recognition of a home range after a winter's absence,
for the smells would dlssipate rapidly. It is conceivable
ﬁhat the peculiar combinations of plants and micro-organisms
provide distinective odors to the various parts of the country-
side, and would be suf'ficiently reliable, the same plants
growing year after year for the iifétime cf a frog, tc per-
mit recognition of the area. Savage (1961) has sugzgested
that particular combinations of algae provide ponds with
distinetive odors, detectable by frogs.

Dispersal in EgggAéigiggg_appears to be largely a func-
- tion of the recently metamorphosed young. Older frogs show
strohg tendencies to remain in the same region year after
year and probably never go more than a few hundred meters to
hibernate and breed; though they may not breed in the same
pond each year, they probably do not moﬁe far. - Young on the

other hand may move as much as several miles before settling
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downe. Undoubtedly thege first-season frogs are fesponSible
for most of the exchange of genetic material between popula-
tions, the relatively great distances sometimes involved
indicating that gene exchange is rather rapid in areas where
water is abundant and no major barriers to movement exist.
Thus, the gene‘pool of the specles is probably fairly homo-
geneous Qvef & wide area, accounting for the close similar-
ities between individuals in populations over large sections
of the countinent and the smzll number of recoghnized sub-
specles although the species has the largest range of any
North American anuran. It probably also falls largely to
the young frogs, rather than adults,'to inﬁade and occupy new
areas as they become suitable for habltation, thus exténding
 the range of the species. | |

Thorson (1955) demonstrated that in Rana pipiens the
1argést individuals lose water much moré 8lowly than the
smaller ones. Evidence from the present study indicates
that, in general, the larger frogs live at greater disténees
from ponds in less méiat habitats than do the smaller ones,
Aprobably therdirect result of the slower rate of water loss
in the bigger animals, coupled with the ability bo utilize
molsture from soil and dew. The ability of the larger ani-
mals to tolerate drier conditions undoubtedly 2llows the
species as a whole Eo range over a wlder area than would be
possible if all were so dependent upon ponds as sources of
water as are the smaller frogs, thus permitting more frogs

td exist in populations without increasing intraspecific
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bcompetition. Also, the oécupation of different habitats by
the recently metamorphosed young and the older frogs reduces
competition between them, probably permitting a greater
number of young to survive than might oﬁherwiae. In addition,
the presence of sexual dimorphism in size allows the mature
méles and females to occupy somewhat different reglons, thus
reduclng competition among them; this would seem to have a
distinct selective advantage and may be the basis for the
evolution of the different sizes of the sexes in this species.
Although the return of the frogs to the hibernating sites
in fall was not observed in this study, such movements have
been reported by Wright and Wright (1949, p. 490) of Rana
pRipiens 1n Minnesota. They record spectacular mass movements
reportedly seen by local residents: '"When the first frosts
come, the frogs begin to leave the lowland meadows for the
lake, the young ones first, the adults later.... [Mro Carl
Holmj nas seen them moving in such numbers at this season
as to form a band two rods wide and cne-half mile long where
no one could step without crushing rfrogs." These large con-
centrations of frogs resulted because "The land lies iu such
a way ... that there 1s a lane leading to the lake ..."
apparently serving to funnel the migrating frogs from a
large area into a narrow strip. It is not clear, however,
if the spectacular masses described cousist wholely cf adult,
of young, or of hoth. If adults occur in such droves, iv is
doubtful that these movements could be matched in Michigaﬁ,

for adult Leopard Frogs seldom are preSent
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here in such enormous numbers. Young, on the other hand,
may be very numerocus in late summer and early fall if sur-
vival to metamorphosis is high. '

Rana piplens, though commonly called the grass or meadowA

'frog, appears to have a wlder habitat preference than these
nameg 1lmply. -Numerous captures of these animals wereAmade
in woods, especially in wet, swampy places, and on several
occaslons individuals were trailed into and through forests;
at least flve had home ranges in wet woods. The behavior,
however, of the.animals in woods differed from those in
gragsy fields, for wood-inhabiting frogs commonly crawled
into crevices and cavities and beneath leaf litter so that
they were hidden from view. It is likely that Leopard Frogs
are more common ih wet woods and swamps than is generally
appreciated, but due to their secretive habits in such places

are seldom seen. Heatwole and Getz (1960) reported finding

this species in a hardwood (Ulnus, Betula, Acer) swamp, in
a spruce (g;ggg) gwamp, and av ponds in an oathickory
forest. Wright and Wright (1949) indicated that they occupy

grassy woodlands.



Summary and Conclusions

The purpose of this study was to determine the nature

of the movements and spatial relations of Rana piplens and

the factors controlling them. Movements in two populations
in Cheboygan County, Michigan, were studied by means of a
trailing device for following individual frogs, by trapping,
by weekly censuses of the study areas and by direet observa-
tion. In the summers of 1960 and 1961, and the spring and
summer of 1962, more than 6000 frogs were marked for individ-
val recognition by toe clipping.

Trailing was accoﬁplished by means of a spool of thread,
mounted 1in a holding devicé on the backs of adult frogs, which
unwound as the animals moved, marking their routes. One
hundred thirty-six frogs were trailed for a tobal of 681 frogf
days (one frog/one day); individuals were trailed conbti nuously
for periods up to 35 days.

Budzinski'’s study area wags within a 4,25 hectare pasture
containing an abandoned gravel pit énd small marsh, both
having water much of the summer. The Sedge Point study plot
was a l.2 hectare region surrounding two beach pools on a
point of land extending into a lake and bounded on 1ts inland
slde by a red maple deds. |

In spring, adult frogs preceded the young out of hiberna-
tion° During, and for three to four weeks after. breeding,

all sizes of Rana pipilens were confined to bodies of water
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and did not occupy the fields as they did during summer.
Thls seasonal difference in habitat may be the result of
seasonal phyéiological changes, differénces in availability
of cover or food, or envirounmental temperature differences.

Despite the restriction of frogs to bodies of water in
spring, counsiderable movement between ponds occurred, pro-
bably during nocturnal ralns, and apparently involving only
spent frogs. An almost complete e;odus of frogs from one
study area (Sedge Point) immediately after breeding was
followed three to four weeks later by a gradual return to
the area.

Sometime between May 21 and June 4 in 1962, Leopard Frogs
at Budzinski's abandoned the ponds and began moving to their
homé ranges in outlylng regiong; a few did not reach their
ranges untll early July, posslbly because a lack of rain in
June prevented earlier movement. At Sedge Point 39% were on
their home ranges within a week after emergence from hiberna-
tion in late April; this was possible because of extensive
spring {looding of the area and the fact that over 90% of
the resident frogs had ranges adjoining ponds, enabling them
to remain in water while on thelr ranges.

Two adult females were trailed as they moved from the
spring habitat of the ponds to theiriome rahges in a field
and woods 150 and 400 m away. One moved in a nearly direct
line to her range while the other followed a zig-zag route;
both may have been following previously learned pathways.
Much of the movements of both occurred in daylight and in

fair weather.
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In summer, frogs in their second season, or older, limlted
most of their activities to a home raﬂée. At Budzinski's,
ranges of second-season frogs were less permanent than those

"of~adults, for most females and many males moved to areas
more reﬁote from water upon reaching adulthood; the shift pro-
bably cccurred early in their third season. At Sedge Point,’
where the region inhabited by Leopard Frogs was smaller and
more confinéd by unsuitable habitats, second-season ranges
were commonly reoccupied. Adulté in both study plots tended
to reoccupy the same home range year after year; only one
adult, a female, wag knownh %o have—shifted her range within
a study area. One maie, absent from his range in the second
summer of the study, returned to it in the third year; pre-
sumably he occupied another range elsewhere in the year he
was absent.

Within each study area the differences in range size
between the adult nales and females and subadults lacked
statistical significance. The mean area of home ranges at
Budzinski’s were: subadults, 283 F 146 sq m; adult males,
361 * 277 sq m; adult females, 503 + 159 sq m. At Sedga
Point mean range areas were: subadults, 67.5 % 76.7; adult
males 78+ 45 sq m; adult females, 112 * 97 sq m.

The differences in size of home range between the two
study areas were statistically significant. Evidence is
presented that this may have been the result of different
degrees of crowding, or in the availability of water. The

possibility of territorial behavior among adulf ﬁggg‘gggiens
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is considered, but the evidence 1s inconclusive; though
home ranges overlapped, the defense of particular parts of
their ranges cannot be ruled out.

In falr weather in summer, Leopard Frogs on their ranges
in the filelds typically spent more than 95% of a day's time
sitting quietly in "forms," made by clearing the wet soil
of dead vegetation. Severél remained in the same form for
more than 24 hours, twe for more than fiﬁe days.

Travel on the home range occurred on;y infrequently during
each day, and usually consisted of a shift from one resting
spot (form) to another, seldom more than 5-10 m apart and -
usually much less. Such movement took place at all times
of the diel period, but almost two-thirds of the total dis-
tance moved by frogs on their home range was covered bétween
8 peme and 8 a.m., presumably during the night.

Movement within the home range formed complicated patferns
of turns, doublings and criss-crossed péthsa Many frogs
returned pepeatedly to particular parts of their range, often
to certain forms which seemed %o have some significance as
homes. Occasional brief trips into adjoining regions unin-
habitable by frogs may have been exploratory, or attempts to
reoccupy former parts of the home range which were no longer
sultable for occupancy.

Leopard Frogs which had home ranges in wet woods, seldom
constructed forms, but instead frequently used crevices and
cavities as retreats. It is suggested that §§g§~gggigg§‘may'

be a more common resident in wet forests than is generally
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realized, but is seldom seen in such piaces due to 1its
Becretive habits.

In nccturnal rains Leopard Frogs occasionally made
extended excursions off their-ranges. Such movement differed
from home,range movement in being direct, more or less con-
tinuous through: the night, and often covering distances of
100 m or more; one tralled frog moved 159 m in a silingle |
night. These migratory movements stopped at daybreak, the
frogs commonly remaining in the region they had.reached for
several days unless forced by unfavorable molsture conditions
to move to more moist regions. Occasionally the migration
was continued on the night following the initial movement;
one trailed frog traveled 240 m in two congecutive nights.

Heavy rains of long duration in which almost the total
population emigrated produced a marked, though temporary,
effect on dispersion. Although Leopard Frogs were almost
entirely confined to regions of moist eoil in fair weather,

during and immediately after heavy rains they scattered
| widely.

Migratory frogs, even those which reached areas suit-
eble for permanent occupancy, showed a strong tendency to
return to their ranges following nocturnal excursions. OF
30 subadult and adult frogs captured off their range during
or after raiuns, 25 were later taken on their home range or

had moved towards it
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The function of bhe nocturnal migratory excursions 1s
not known; they probably enable the animals to become acquaint-
ed wiﬁh a large area around their home ranges.
' The most rapld rate of movement determined for a trailed
frog during a migration was 46.6 m/nr. The distance traveled,
hence rate of movement, showed a significant positive corre-
lation with temperature. Rain appeared to be the environmental
factor initiating migratory movement.

Adult Rana piplens rarely frequented ponds during'summer.

Soll water, absorbed through the groin from the moist soil
of thelr forms, was their primary source of moisture. Dew,
cbtalned by sittihg on wet vegetation, was also used.

Ten adults confined to each of two:enclosures in a field
away from ponds; one in which both moist soil and dew were
available, and a second in which dew was prevented from form-
lng, all were in good health after 33 days. They showed regu-
lar daily fluctuatlons in weight due to the net loss of body.
water during the day, and net gain at ﬁignto |

Three adult Rapa pipiens in a terrarium without access’

to free water, partially buried themselves when the soil
molsture content reached 20-25% of dry welght. Such behavior
probably served to retard further water loss. Similar
behaviof was observed once in the fileld.

Only 12 of the 136 frogs trailed left their ranges to
move to ponds for water. Six of these moved on a windy night,
the only night when a measurable amount of evaporation was

recorded. Movement of all 12 was directly to ponds, indicating
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that the énimals either knew the locatlon of water from pre-
vious experience, or that they were able to detect it from a
distance without seeing 1t. Evidence was algo obtained that
hewly metamorphosed frogs sometimes moved direcgly to other

| bodlies of water when their place of metamorphosis dried,
supporting the latter hypothesis.

In general the larger frogs occupied home ranges 1in less
wet regions and at greater diétances from ponds thén did the
smaller frogs. These data fit well with the laboratory find-
ings of Thorson (1955) that small Leopard Frogs réached a
critical level of body water more rapidly than did iarger
ones. Because of the difference in size of the animalé,‘
hence different degrees of dependence upon moisture, the
regions occupied by subadults and adult females wepe almost
mutually exclusive. The region occupied by the intermediate-
sized adul% males overlapped that of both subadults and mature - .
females. Young-of-the-year were confined almost entirely to
the vicinity of sﬁanding water in fair‘weathere

Although the sex ratio of newly metamorphosed young was
1:1, males were more abundant in adult populations (approxi-
mately 1.40:1), probably indicating a slightly greater mor-
tality among females. In the vicinity of ponds in summer
the proportion of males to females was éven higher (from
2.50:1 to 4.33:1), since the larger females tended to reside
at greater distances from standing water. Immediafely after
nocturnal rains in summer, the proportion Qf the sexes in the
area of ponds was usually more nearly equal, the result of

- males migrating out and females moving in temporarily.
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Several mass dispersals of recently metamorphosed
‘Leopard Frogs took place in 1960, always on nights when the
minimum temperature was above 15 G, sometimes, but not always
coinclident with rain. Evidence is'presented, both from field
data and experiments, that rainfall is an important environ-
mental factor inttiating dispersal; the effects of rain upon
behavior of young is described. Evideuce that changes in
barometric pressure also may serve to initiate dispersal is
presented. |

Large numbers of dispersing young moved more than 1 km
from their place of metamorphosis; three moved hbre than 5 km
before settling down. Evidence was obtained, however, that
young frogs which failed to disperse or which dispersed only
short distances were numerically more important és replace-
ments in po@ulations than w;dely dispersing frogs.

Evidence that emigration of young Rana pipiens which

were not known to be aggressive, was density related is pre-l
sented and discussed-. |

Dispersing young at Sedge Point showed a strong tendency
to congregate along the lake shore east of the point and %o
shift positions eastward along the shore. . The tendency to
. aggregate in this aiea was the result of mcre vegetétion and
less rodky substrate than aloﬁg the west shore. Movement
eastward was probably passive in part; the animals being
carried by vigorous wave action along the shore.

Dispersal moVements were not confined to grasslands;
young were found to move through forests as well. DMore settled

down 1n regions where the vegetation was grass-like, however.
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