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INTRODUCTION

A quantitative field study of a local population of .
the box turtle, Terrapene carolina (Linnaeus) was made at
the Patuxent Research Refuge, Maryland, during the years
1944-1947.

The main goals of the project were, firat, an under-
standing of home range relationships, and second, a deter-
mination of the size of the population. The term, "home
range relationships,” is here used to include such topics as:
(1) the presence or abgence of defensive territoriallsm,

(2) the ways the activities and home ranges of different
individuals in the same area are related, (3) the size of
the home range in the habitat studied, (4) the characteristioc
movement patterns of the animals in the home range, (5) the
nature and extent of travels beyond the home range, and (6)
the freqﬁoncy of transients and the causes for them. The
study has thrown some light on each of these topiocs.

The determination of the size of the porulation neces-
sitated corrections for transients and for individuals resident
on the margin of the study plot. Methods of making these
corrections and calculations received special consideration.

The box turtle is especlally well suited for study of
the phases of population blology dealing with home range rela-
tionships. Detalls of travels can be followed for weeks or.
months by attaching thread-laying devices to their carapaces.
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Their normal activities are not detectably altered by the
attachment of these trallers, or by handling and marking.
Box turtles can be collected readily without the disturbance
of trappfhs or shooting that 1s‘often necessary in studies
of birds and mammals. All the animals resident in an area
can be collected several times in the course of a season.
Under favorable conditions a large number can be'collééted
in a few houra. The turtles are active only in the daytime,
8o they can be observed during their entire activity period.
They are long-lived, so it is possiblé to study many of the
same individuali year after year. It is therefore poasible
to make more detalled home range and population studies of

the box turtle than of many other'animals.



CHAPTER I
HISTORICAL BACKGROUND

Before proceeding to the details of the present study
1t 18 desirable to survey the hlstorical and theoretical back-
ground that has grown from field studies of many kinds of
vertebrates. An attempt will be made to trace the develop-
ment of ideas important to this phase of population blology,
and to discuss these 1deas in relation to the different groups
of terrestrial vertebrates. o

Birda. - The 1dea of territorialism among birds
was reintroduced to biologists in 1920 when Howard published
his book, Territory in Bird Life. The important ideas
expounded here were: (1) that pairs of birde inhabit a par-
ticular restricted area during the breeding season, (2) that
this area is defended, and, (3) that 1t 1s defined to a cer-
tain extent by the locations of the singing stations of the
male. These 1deas provided not only phé basic concepts but
the fundamental methods for bird population studies. Both
were ;mmedlately taken up by ornithologists for testing and
elaboration. Many additions were made to the list of birds
whose behavior fitted this pattern. Examples were found of
variations and apparent exceptlons. With these concepts
established, other types of studlies became posalbloz‘ r;rst.
the size of a population coulq be found by counting singing
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males at the breeding season, and second, bird bshavior could
be studied not only as lite history, but as individual behavior
in relation to community organization. Actually, counts of
birds did not take the form of a systematic census until much
later, for Kendeigh (1944) credits Williams (1936) with the
first field mapping of bird territories as a census method.
Today, the breeding bird densus. made by counts of singing
males, 18 a standard method in fleld ornithology.

In the twenty years following Howard's publication,

a number of highly specialized bird etudleé were made. It
was shown that the germs of the territorial idea had been
present in the literature before Howard, but the fact remained
that he had independentiy concelived and'proséntod the ideas,
and his influence was much stronger than that of his. pred-
ecessors.

It 18 not the province of the present paper to discuss
the many'tlndinga of ornithological population research.

The significance of these studies, their historical devel-
opment, and their bearing on modern ornithological thought are
ably covered in a paper by Nice (1941).

Critical workers were not long satiasfied with the
identification of individual birds by location alone. Many
problems of soclal structure at the breeding season and in
successive seasons required positive ﬁetﬁods!tdr identification
of individuals. Bird banding made this possible. Bird banding
in the United States was organized on a systematic basis
about 1920, and was readily adapted to population study.

The general use of colored bands, begun in the 1930's
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(Hickey 1943), was of even greater importance for local
population astudy. By this means individual birds could. be
recosnized without  repeated trapping.

The‘preceding discussion of the development of
ornithological population research is oversimplified. For
a more thorough discussion the reader is referred to
Nice (op. cit.) for theoretical discussion and to Kendeigh (op.cit.
for a discussion of method and a critique of modern procedure.
The point that is made here is that the principle of terri-
torialism and the method of banding have been the basic tools
in bird population research. Among mammals, reptiles, and
amphibians the process has been similar, with advances in .
ideas paralleling those in method.

Mammalg. - Some mammals have been shown to-hold'and
defend territories, but for many species this behavior has not
been demonstrated. Territorialism received particular notice-
among. the mammals whose habits were largely diurnal, such as
antlered game. A number of early observations are cited and
discussed by Heape (1931). It was noted relatively early
that even those animals that defended particular areas also :
spent some time on neutral ground. Seton (1909) used the
term “"home range™ to describe the home area.of an animal,
whether this area wna»defondod or not, and stated that,

"No wild anlpal*roama at random over the country; each has
a home-region even 1if 1t'haa.n6t an actual honp."arﬂb“gave

estimates of the size.of this range for several mammals.:
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‘ThHis concept of home range as distinct from territory
is very useful in understanding and describing the behavior
of animals. In a dliscussion of home range and territory in
mammals, Burt (1943) emphasized the distinction with the
following definition, “Home range . . . is the area, usually -
around a home site, over which the animal normally ‘travels
in search of food. Territory is the protected -part of the
home raﬂse. be 1t the entire home range or only the nest.”

The development of population studies of mammals -
was handicapped by the difficulty of observation, for many
mammals are nocturnal and secretive and can seldom be studied
by direct observation. Into this category fall most of the
smaller mammals whose ranges are small enough to make their
behavior susceptible to careful analysis. Development of
methods of trapping and marking, as well as techniques of
procedure were required. As late as 1924 one of the objectives
of a small mammal study was to find if the animals could be
trapped and re-~trapped a number of times (Johnson, B. M.1927).
In ‘the same year, travels of small mammals were aﬁudied-hy"
live-trapping and releasing them at a distance from the:point
of capture (Johnson, M. S. 1926). Both workers marked the:
animals so that individuals could be recognized. Similar
methods were used by Murie and Murie (1931, 1932) in their
studies of the travels of small mammals.

-+ Population research in a broader sense, involving

study of individual behavior and the size and behavior of ‘the
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population as & whole, began with Dice's suggestion, (1938)
of the live-trap quadrat method of studying.small mammal
populations. The method involved the use of numerous live
traps at regularly spaced intervals, and systematic trapping.
From recaptures of individuals and the total trapping results,
many facts concerning the population and the individual
snimals were derived, including reliable data on movements
and on the slze of the population. Burt (1940) applied these
methods successfully to & study of the small mammals of a
Michigan hardwoods. Since that time the same methods have
been used in population studies of many species of mammals.
Good examples of the use of these methods in small mammal
study are found in Blair (1940), and for larger mammals in
Allen (1942), Haugen (1942), and Stuewer (1943). |
From the preceding discussion of home range and ter-

ritory it might be concluded that individual animals are
neatly compartmentalized in habit, and diagrammatic in pattern
of.bohavior. This is far from the truth, for an animal pop-
ulation is in a constantly moving state. There are travels
and changes accompanying growth and development of new gen-
erations, as well as losses to the population through death
and emigration. Even within a limited time in a normal,
- eastablished population, there are travels and moveqpnga out-
slde the home range, often of unexplained nature. These
‘travels should be viewed as a phase of animal behavior in
‘coordination with the home range concept. Burt (1940) ve-

lieved thosc travels were normal tor snall mammals.

-
h
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Storer, Evans, and Palmer (1944) also found that travels
outside the home range were not.rareramons?small mammals,
and gave examples of this behavior in several specles.
The problem is taken up asqin in a later section of the
present paper.

‘Ampphibians. = 3Studies of populations of ‘amphibians
have been largely confined to observations of breeding
aggregations. Only:.very limited observations have been
made on‘theltravoln'or salamanders outside the breeding season.
Test and Bingham (1948), in connection with a study of ‘a.
local population of red~backed salamanders, cite records
that suggest that at least some salamanders maintaln home.
ranges. The difficulty of marking salamanders is probably
a pginoipal reason for scarcity ér this type of observation.

'fhere have been a' few 'studies of travels of frogs
and toads. One of the earliest of these (Bredor.TBrodor.'
and Redmond 1927) showed that individual frogs (Rans glami-
tans) maintain home ranges. outside the breeding- season.

" They had recapture records for 31 frogs, released at the
site of collection. These were collected a total of 161 -
times, and individuals were collected 2 to'l4:timeas. Thirty
had traveled distances: less than 150 feet; one had traveled
farther. They also made homing studies of R. glamitans that
tend to support - thelr other data. They :showed thnt-unle
toads (Bufo ‘fowleri) have a'yolladovalopcd homing instinot
at'lbnstnwhbnffnﬁvoico‘u The froge and‘toads wers marked

: 'ith'lmailvnumborcd“paporftlgs:tlod'iroundfthe middle- .of the-
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‘body. The numbers could be read in the field without dis-
turbing the animals, and remained legible for about .three -
months. In some instances aluminum tags and colored beads
were used.
~ Noble (1931: 403-407) summarizes other amphibian

laboratory and. field studies that show restriction to home
area and homing behavior.

Travels of Rapa glamitens, primarily during the.
‘breeding season, have been studied by Raney (1940) and
Ingram and Raney (1943). The travel distances they recorded
were highly variable. Some frogs were retaken near the place
of release and others were retaken thousands of feet away.
The results of recaptures after a lapse of a year or more
are of particular interest. Twenty-one individuals were
retaken after one or two years in the same ponds where they
were first found. The distances from the original collection
sltes varied from zero to 650 feet. Other frogs were takon
in aucceeding years at considerably greator diltunooa and ln
different ponds. They report three cases of 'homins over
distances of 400, 570, and 675 feet.  The trqga were marked
by meta;,fiah_tass_olipped around the: lower Jjaw. -

The first recorded attempt to estimate the size of
a frog populsation by marking and recapturing was made by .
A.fP. Blair (1947).  He recorded forty different frogs
(g;n;,ngggg;) durins five nlghto colloctlns along pnrt of a
croek. Each tros was mnrked by toe-clippins and the lndi- S

',vldual travel dlatancea were recorded tor recapturod lnlmalo.
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Twenty-three tross were recaptured one or more timea, most
of them near the place of first capture. However, the data
did not prove suitable :ér'estipates of population q}ze.
sither because of habits of the frogs or methods of col-
lecting. ' ' '

Reptiles. - Few detailed population studies have -
been made of reptiles. Demonstrations of territorialism -
in this 3rohp‘havo been confined to alligators, lizards, -
and Sphenodon. Snakes and turtles have been shown to have
homo‘fanses. but there are no avallable data pointing to
territorial behavior. '

Von Hamst (1881) studied the habits and behavior
of Sphenedeon on the Chicken Islands, and his tlndinss are
described by Gadow (1910: 299), IR ‘

The Tuatara excavates its own hole, and this is

shared sociably by various kinds of Petrels. . . .
Whilst very tolerant of the bird with its egg and-
young, it does not allow another of its own kind to
live in the same hole, which it 1s ready to defend by
lying in such a manner that the head is placed where
the ,passage widens out into the chamber. On putting
one's hand or a stick into the burrow. tho Tuatnrl bitoa
at them furiously.

Evidence of home areas and territorialism amorg'
alligators is given by MoIlhenny (1935). He stated that*
alligators used the same wintering dens throughout life and
that females often used the same nesting place year after
year. conoernlng defenae of terrltory. he states,;

Large male alligators are very intolerant of the

near approach to the place in which they live, of other

large males, and I think most of ‘the roaring they do is
for the purpose of wurning away any other who nlsht



11
invade their range. The males fight each other fiercely
and it 1s not uncommon to find large males with a foot
or leg missing, or a considerable section of its tail
gone, or severe scars on its body, which could only be
made by other alligators. I have often seen them.
_flshting.

Some 1izards are known to restrict thelr activities
to relatively small areas, uﬁd to defend territories. Early
ﬁapera dealing with this subject are liasted by Evans (1938).
More receﬁtly. additional population and eooiogical studies
o} lizards have appeared. Of particular excellence are
sﬁudiea of two differént species of the genus §§glgn§ggg.
These are b& Fitoh (1940) on Sgeloporus oocidentalis and by
Stebbins (1944, 1948) and Stebbins and Robinson (1946) on
Sceloporus graciosus. In both studles the lizards were
marked for permanent identification by toe-clipping. In
the latter studles lizards were marked with colored indelible
pencils for field identificatioh. The studies of both species
include observations on territorialism, home ranges, and
population structure and change.

Miller (1944) found a population of at least sixty-
two limbless lizards (Anniells pulchra) on a one-hundred foot
square islet off Point Pinos, California. Repeat captures
of ten marked individuals showed very short travel distances,
1.87 to 27.5 feet. | S et

Evidence that snakes have home ranges is given by
%. H. Stickel and J. B. Cope (1947). They offer explanations
for opposite conclusions by previous authors.

A study ‘of ‘an unusually dense snake population was

ey es

-
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made by Seibert and Hagen (1947). In a single summer season
they collected and marked the remarkably large number of
383 snakes on & 3.2 acre plot. These snakes were mainly
Thamnophisg and Opheodrys. Recaptured individuals had appar-
ently traveled very short distances, an indication of home
range behavior 1n.these species.

Fitch (1947) found that in a population of rattle-
snakes (Crotalug viridis oresanug) most recaptured individ-
uals were taken at distances leas than one-hundred yards
from the sltes of flrst capture.

There has been no satisfactory evidence of territorial
behavior in any snake. Fighting between male anakes has
been observed both in the field and in captivity. Male
combat behavior in snakes is described by Shaw (1948).
Lowe(1948) reviews the published records of combat between
male snakes and discusses its implications. He consliders
the fighting to be territorial behavior. This fighting
between males cannot by itself be considered evidence.ot
territorialism as it ia now generally deflned (See page 6
above). The term “combat dance" used by Shaw (op. cit.) 1is
a more sat;sractor& deacriptlon.of the phenomenon.

Home range behavior has been shown in both aquatic
and terrestrial turtles, although detalled studies have been
few. ©Studies of aquatic forms will be considered first.

A marine turtle of the West Indies, Chelonia mydag,
was studled by J. Schmidt (1916). He found that individuals

were often recaptured in the same locallity where- they were
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outside their normal ranges. When the water level fell
drastically in one of the lakes being'studied. many turtles
left the lake. These apparently traveled at random in d4if-
ferent directions. Others may have stayed, buried in the
mud. After the lake was drained and refilled, ten turtles
were retaken 1n the same area of the lake where they had
been collected and released one to three years previously.

Estimates of the size of normal populations were
not made. In an earlier paper the number of turtles con-
centrated in a section of drainage ditch at low water level
was calculated by the collecting ratio method of Pearse
(Cagle 1942). ' '

Woodbury and Hardy (1948) studied a semi-isolated
population of the desert tortolse (Gopherus azasaizii) in
Utah. They estimated this local population to consist of
approximately three-hundred tortolses, a density of about -
one tortoise for each four acres of land. Théy found that
each tortolse had a small home range usually coverlnghlboht
ten to one-hundred acres. Ranges of different individuals
overlapped and there was no evidence of territorialism.
Evidence of home range behavior in _gnhgngg was also glven
by Grant (1936) and Bogert (1937).

‘ Imqbrbant data concerning the populatioh“bioidgy'or
the box turtle are found in the study made b&"J.;T.'Niéhﬁla
(1939) He collected and marked ‘the turtles near his Long

Island home and" recaptured a number of then 1n tho aamo .
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vicinlity after several years. Most of the tqrtles wqrq.‘_
taken some distance away from the collection point before
they were released. There were eleven recoveriesa or.turtlea
removed one-half to three-quarters of a mile from the cbl-
lection point. Many others were not capturedwgggin. All
of the -recaptured turtles had returned home and the second
collection was within a few hundred yards of the place of
original capture. Other turtles were released where they
were found, and twelve were recaptured. Recap&urpa for theso
turtles also were only a few hundred yards from tppﬁorlginal
slte. These data show that at least some box turtles remain
in a limited range for many years.

More casual observations had earlier indicated that
box turtles remain in limited areas. Such records are those
of Schneck (1886) and Medsger (1919).

A uniquo.method of studying turtle behavior waé used
by Breder (1927). She attached a spool of thread to the
posterior marginals so that the spool dragged along the ground
behind the turtle and the thread unwound as the turtle moved.
She had a limited time for the use of the technique and
encountered mechanical difficulties with the device which
cauged threads to break, bdbut nevertheless secured some in-
teresting data. She tried £he trailing device on’tour4turtlea.
All were released some distance from the places they were
collected. Most of them trgveled in the direction of the

place of collection, thus showing signs of homing behavior.

- -
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Two individuals were brought back to the starting point two
or more times, but persisted in heading back in the same
direction. One of the turtles was released only seventy-
five feet from where 1t was collected and was apparently
still within 1its home range. This turtle traveled in a more
irregular manner than the ones released farther frdm”théi“
places of collection.

* Taken as a whole, population studies of reptiles and
amphibians nre‘few. and of relatively recent date. It is
probable that the population studies of reptiles and
amphibians have been 1nt1&enced rather strongly by those on

other vertebrates.



CHAPTER I
METHODS

Two supplementary methods were used to secure pop-
ulation -and travel data concerning the box turtle.. The first
was to census the animals by»lntonslvé'colleoting on a sys-
teddtic basis. The second was to-'follow the detailed move-
ments of selected individuals by means of a tralling device.

- Censug. -= The collection data were used to estimate
the size of the population, to find the size and locations
of the home ranges of ihdividual turtles, and to determine
interrelationships of home range areas. -~ SRR

In order to use collection data in these ways it was
" necessary: (1) to mark individual turtles so that each could
be positively identified on recapture, (2) to: record loca-
tions quickly and accurately, and (3) to make numerous col-
lections well distributed over the study area.-

‘Marking. = Each turtle was marked’by’rlllné notches
in its marginal scuteu~ﬁccﬁrd1ng’to the code system used by
Ohg;e (1939). A very large number of combinations of marks
is possible, and a recaptured turtle can be identifled with
certainty. larslniiu four through seven were not included
in the marking plan as these form part of the bridge joining
carapace and plastron. Marks were filed with-a half-round

‘ 17 .
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bastard file. This file has some advantages and apparently .-
no dlsadvantages over the. square-edged mq;q;ffilg.gﬁ@ha;”f:_
square-edged file 18 easily clogged with the -bony material.
of the turtle's shell and rapidly loses its efficiency unless
cleaned trcﬁuen;ly. Fatience and strength are needed to

file a sulitadbly deep notch even with a clean file, and there.
is danger of fracturing the horny covering .of the bone.
The half-round file is essentially self cleaning, and a
notch of any desired.depth.is made quickly and easily, with
little danger of fracturing the horn. The v-shaped notoh
geems equally &8s satlsfactory as the aquﬁre notch of the
square-edged rile} These marginal notches are visible in
geveral of the photograrha.

Locations. = Golléctins locatioﬁs were recorded with
reforence to markers placed at 82.5 foot intervals over the
atudy plot. The U. S. Geologioal Survey has surveyed the
entire refuge, placing bronze-cement numbered markers at
330 foot intervals, thus dividing the area into 2.5 acre
plots. flacing tag markers at one-quarter plot intervals
resulted in the 82.5 foot grid pattern. The terrain and
natural landmarks of the study plot became very familiar,
and this simplified spotting a marker after a turtle had
been tohnd.f Except during the earliest part of the work,
distances could be paced and locatlions réoorded within one

or two minutes.
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‘Records; - DBesldes location and code number, various

other'dnga“yere recorded at the time a turtle was collected.
Date, time of day, habitat, behavior, and sex were recorded
for all turtles. New turtles were measured and marked.
Sex oY adults was determined primarily by the _plastron
depression, which is ordinarily deep and consplcuous.in males
and absent or slight in females. Other‘aqundgry_gquOng-
acters such as helght and shape of cnrdpaoe, and eye .color
were used to verify the determinations. . L

- Collectiona. - Much of the collecting on the study ..
area took the form of systematlc, standardized census trips.
The obJject was to secure comparable data for -use.in esti-
mating .population size. A'qonaus trip consisted of an inten-
slve two-and-one-half to three hour search of,the.jtudy,plot
by two collectors, each rpﬁponslble forihaltlghe area. Every
effort was made to cover the plot thoroughly and uniformly,
and to secure as many records as posaible. DBetween thiryy.
and fifty collections were made on most census trips. Uni-
formly distributed, intensive collecting i1s possible only . .
when the participante are thoroughly acquainted with the area
being searched, and familiar with turtle collecting.

- Partial, or check censuses were made when there was
not time for a complete census, or when the number of turtles.
available to collecting was small. In these check censuses
a number. of localities in different parts of the study area

were searched. Many additional records were obtained .
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incidental to other work in the area. All collecting was
done in & way that left brush and other natural cover
undisturbed. ‘ ‘

The most intensive fleld work was in 1945: In thls
seagson collections were made on 77 different days from
March to October. Thirty-two of these were systematic
census trips and 19 were check éensuses. In this year 263
turtles were collected a total of 991 times: Collections
were made on 71 different days in 1944 and totaled 572 -
records. In 1946 there were 546 collections. The collections
for the three seasons totaled 2109. - - ‘

 Tralling. - The second method used in the study of

population behﬁV:ob”vhs detalled observation of the travels
of individual turtles. This was accomplished by the use of
a tralling device. The data obtained by thl's method were
used to study the relationship of the individual to its home
range and to the ranges of other turtles, ahd to determine -
extent and routes of travel. These observations of travel
behavior were also useful in interpreting the data obtained
by collecting. - :

Turtle travel routes were plotted on graph paper in
‘the field. The location markers dlscussed above wWere used
as reteréncb'poihts'in the mapping. Detalled route maps were
prepared for 456 turtle days. These-ébovide‘a‘cloar‘doﬁoﬁ-
stration of actual turtle behavior. The longest record:for

a single turtle was 161 days, July 3 to October 24, 1946
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and May 1 to June 18, 1947. .Ten other turtles were followed
for periods of one to forty-four days.

The trailing device 18 pictured in Figure 1. When
the turtle moves, the spool unwinds and the turtle's route
is marked by a trall of thread. The idea of using a thread
trall to study turtle behavior was proposed by Breder (1927).
The traller éhe used was a device hooked into a hgle bored
through one of the posterior marginal scutes. The spool of
thread dragged on the ground a number of inches behind the |
turtle. Under the field conditions encountered in the present
study, this design was unsatisfactory, for turtles almost
immediately caught the deviéo on obsastructions and were teth-
ered. A workable traller was developed in the summer of 1944.

The trailer 1s easlly made from a six ounce (85 by
62 mm.) can. A metal housing is cut to fit smoothly én ﬁho
carapace of the individual turtle. Two wire hooks to hold a
spindle, and a guide loop for the thread, are soldered to the
inside of the housing. A short metal rod cut from an iron
bolt is used for the spindle. An ordinary thread spool 1s
cut down at the core to hold about 550 yards of number eighty
white thread, and this is placed on the spindle. The whole is
fastened on the turtle's back with strips of waterproof ade
hesive. The trailler does not catch when the tuétle valks
under or between obstacles, for it forms a smooth extension
of the carapace, nqlthar higher nor broader than the shell
itself. Turtles carrylng trailers move and behave normally;

- recorded hovaments of turtles with and without tflilcrl-



o

N
e}

Figure 1. Box turtle with trall-laying device. A
metal housing 1s cut from an 85 by 62 mm. can to
fit smoothly on the carapace of the individual
turtle. Two wire hooks to hold a spindle, and a
gulde loop for the thread, are soldered to the
inside of the housing. A ghort metal rod cut from
an iron bolt is used for the spindle. An ordi-

nary thread spool 1is cut down at the core to hold
about 550 yards of number eighty white thread, and
this 18 placed on the spindle. The whole 1is
fastened to the turtle's back with strips of water-
proof adhesive. The traller does not catch when the
turtle walks under or between obstacles, for it
forms a smooth extension of the carapace; neither
higher nor broader than the shell itself.
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do not differ.

New spools of thread were easily supplied in the
field. Adhesive was changed qcc;slonallj. usually after
rainy weather. An old electric mixer was adapted to pro-
duce a mechanical winder for re-winding the spools.
Trallers were applied in the field and the turtles were
then visited about once daily, usually in. the evening.



o : CHAPTER'III
| DESCRIPTION OF AREA
" The Patuxent Roibarch'notusoginblr Laurel, Maryland T
comprises: 2650 acres of land along the Phtuxont Rivers:. o0
Most of its area.is wooded, although: parts are asricul-n* S
tural land and residential ares. On the north and northeast
the refuge 1s bounded by the extensive: wooded portion of-
Fort George Meade, and on the south and: southwest by U.: 8.
Forest Service land. In other directions are mixed woodland
and small farms. The refuge represents a fairly natural -
situation for the region, and affords a 'good opportunity "' -
for the'study of animals under undisturbed conditions.
Plant communities or the reruse have beon deacrtbad _
by Hotchktsl and Btowart (1947). who havo aluo summarizod‘ )
the more lmportant phynlcal and phyalospaphlc roaturos.~
Thereroro. 1t w111 be necessary hero to‘montion only the
moro lnporznnt general tolture-.rberore procooding to a ,
doacrlption or the pnrtioular area where: the preeont atudlec
wore mldo. ‘ :
Goolosloally. the retuge lies wlthln the Fhll-llno
Glny 8111- District of the Atlantic Coastal Platn Provinoo o
(Harper 1918, Fenneman 1938). Physiosraphlcally. tho aroa -
comprises_three princlpal types, flood plain.'terrtce. and
a5

-
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uplandas. The flood plain extends one-quarter to one-half mile
back from the river, and in most places Jolns flat stretches
of terrace, with bluffs of fifteen feet or less at the
Juncture. Some places the dbluffs are hishei and the flood
plain adjoina the uplanda. From the terrace level the land
slopes to the dbroad hilltops of the uplands. Fr,

Box tuftlos_have been found in all hn&ltsts. but are
by far the most numerous on the flood plain. For this reason
an area near the river was chosen for special study. The
study plot was a 29.1 acre area (Figure 2) located in the
portion of the flood plain classed as woll-drained_bottom-
land forest.l .

The turtle study area is faibly typlcal of much of
the refuge bottomlands. On a hot midsummer day, its temper=-

atures are in striking contrast to those of other parts of

lBotnnloally these bottomlands are characterized by
the large number of plant speclies that occur commonly. No
single species dominates in numbera. The principal species
of trees, shrubs, and herbs listed by Hotohkiss and Stewart
(1947) for this plant community include:

Treesa Shrubs and Vines Herbs

Carpinus caroliniana Lindera benzoin Arisaema triphyllum
Betula nigra Toxicodendron radicans Erythronium americanum
Fagus grandifolia Viburnum prunifolium Laportea canadensis
Quercus palustris Claytonia virginica

Ulmus americana

Liriodendron tulipifera’

Liquidambar styraciflua
Acer rubrum
Fraxinus americana

Ranunoculus abortivus
Podoprhyllum peltatum
Impatiens biflore

Viola affinis

Circaea quadrisulcata
Cryptotaenia canadensis
Galium aparine



Figure 2. idap of box turtle study area. The study
area comprises 29.1 acres of the wooded bottomlands
of the Patuxent River. It appears on this map as all
the land south of the river. The squares drawn on
the map are 330 feet on each side and each marks off
2.5 acres. The major natural drainage channels are
shown by broken lines. These, and many other minor
channels are filled with water in the spring and at
"other times of high water. Most of them are dry the
greater part of the year, although a few hold some ,
water at all seasons. There 1s no flow in the channels
except at high water, and during dry seasons water 1is
present only as 1solated pools along the course of -
the more permanent ones. The parts that tend to retain 3
water most of the time are shown as solid lines.
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the refuge. Temperature rarely exceeds 85° Fahrenheit and
dally midsummer maxima are ten to fifteen degrees below those
of the open hilltop. Humidity is prevailingly high.

A dense tree canopy diffuses the light so that in
most places sunlight appears only as small flecks or.pltchoa.
Lianas of grape festoon the trees and shaggy, wrist-thick
stems of polson ivy vine ascend the tree trunks. The ground
underfoot is soft with moisture under its cover ofileary_
material. The same leafy layer also fills numoréus pits and
ground depressions to the surrounding level. These pits
vary in depth and size, but are usually eight to twelve 1nches:
deep and one to three feet across. They appear to have their
origin in the burroying activities of small mammlla; In
many places, especially about o0ld rotted-out stumps, these
bﬁrrowl honeycombd the ground. In time the earth is so weakened
that the surface collapses and pits or holes appear. Other
pits are formed when a woodchuck burrow is abandoned, or a
yellow-jacket nest is dug out by a raccoon.

Heaps of woody debrla,irallen tree branches, logs and
stumps are everywhere (Figure 3). Trees and tree branches
are brought down in storms. A falling tree often carries
along a great tangled mass of grape and polson ivy vine that
formas a large dense viny tangle, like the one pictured in
Figure 4. A single falling branch resulted in the tangle
-shown in Figure 5. Heaps of wood and doﬁ:lu are piled around

bush clumps and tree bases at times of high water (Figure 6).



-
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Figure 3. . Wooded bottomlands near the center of the

1

study area. Fallen trees, like the one shown in the .

background, are fairly common in the study area.

Their fallen branches provide shelter and the break =

they csuse in the leaf canopy admits sun to the -

forest floor and promotes shrubby growth. Lenicers

Sa and .some shrubby V

- around the fallen crown of the tree shown here have.

formed a loose tangle that 18 a frequently uased
shelter and sunning area. - The trees in the fore-
ground are Liricdendron Lullprifera, one of the
laportant constituents of the overstory.

Botanical features of the bottomlands are dlscussed
on page 26.
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Figure 4. Viny tangle made by a fallen tree with
its burden of grape vine. These tangled areas
are common in the bottomlands and are used exten-
slvely by turtles for shelter and sunning.



Figure 4



Figure 5. Viny tangle at the base of a small tree.
This particular tangle was formed by a single @
- falling branch carrying down a mass of vines.
" Turtles were frequently found beneath its shelter.
Y




Figure 5»
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Figure 6. Leaf-filled dry channels. The heaps
of debris piled at the tree bases were deposited
by water flowing in these channels at flood time. -
The channels are filled with swiftly flowing :
water at several different times in a season.
The debris plles provide good turtle cover, but
are not used as extensively as are more perma-
- .. nent brush plles. This picture also shows the ey
-+ festooning grape vines that are typicll or many RGO
- parts of the bottomlundn. e
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In these respects the appearance of the land chnngqs, for
each windstorm or flood drings down new branches, moves .
debris heaps about, and otherwiae_chnnges‘the distribution
of this natural cover. |

Another type of cover is found in certain woods
openings. In these, gnnng,lnd Smilax combine with a bruoh;
growth of Viburnum erunifelium to form dense spiny thickets.
Some of them are so nearly iipenetrablo that thoy‘cnn be
;ntored only with the aid of machete or clippers.

The turtle study aron, like the flood plain senerllly.
is laced with a notwork or natural drainage channels. In
1945 the majority of these held water through the summer.

In some other years the majority have been dry in nidahmmbr.
Even in the driest years water remains in some of the doopor
channels (Fisures 7 and 8). Normally thero.ia_littlo flow,
but after heavy ra1na_the§e is a strong current. It 1is usual
for the bottomlands to be partially flooded sovornl'tlmo;

a year. At these times the portion of the flood pluln_neareat
the bluff is submerged, and the gullies and ohannelp ot.tﬁé'
better drained portions are full. Some orrthe léwép'plfti
of the well drained bottomlands are also inuﬁdapod,'but much
land is emergent. Rarely, perhaps once in many years, the
river overflows its banks and covers the‘Ehtlro'tlood-plaiq,
Even these floods are of short duration. OConditions become

essentially normal within a few days.




Figure 7. Semi-permanent channel at low wator.

After a hard rain this becomes a flowing stream for:

s day or two. Usually it contains more water than.

shown here. WVater is always present in the bottom-

lands in the numerous pools like this one. The

water table is high and the ground itself 1is alwnys'" ;

moliste.
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Figure 8. A large scni-pomanent. oh-nnol. well
filled but not flowing. Turtles enter the '
shallow water of the channels readily and are
occasionally found in t.ho water:or 1in t.he mud
and water at the channel's edge.

wy o
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CHAPTER IV
BEHAVIOR IN RELATION TO ENVIRONMENT

The abundance of box turtles in the bottomlands
probably depends on a favornﬁlé combination of enviponmental
features. The behavior of the turtles in relation to shelter,
food, and weather will be reviewed in this section as a
baokgrohnd for the discussions that follow.

One of the most conspicuous features of box turtle
behavior in the bottomlands ias the extensive utilization of
cover. This 18 not confined to taking shelter at night.
During the day, turtles that are not actively moving are
almost always found in and around the brush piles, heaps of
debris, and tangles of vines and briars that are character-
1stic of the bottomlands. Grape vine tangles make a dense
cover that 1s frequently used. One partlculafly dense tangle
of this sort, formed about a tree base when one of its branches
fell and dragged down & mass of iines is shown in Figure 9.
Not all trees are encumbered with vines, and when these or
thelr crowns or branches fall, a thinner type of cqvér results.
Turtles are frequently found in these places. Figure 10 shows
a portion of a fallen tree with a turtle resting beneath its
branches.

The thicket bartly shown in Figure 11 1s one of the
doiﬁ used areas of the study plot. At some tihoi of the yqar.

- - &3 ,

e



Figure 9. Box turtle coming out of a dense viny
tangle where it had spent the night. This tangle
was formed by a single branch with its vines. It
is in a sunny place near the rlver. and is a
ravonblo t.urt.le locality. ‘

-, .



Figure 9
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-Figure 10. Adult male box turtle under the partial

shelter of a fallen tree crown. Even when brush or
branches are few and seen to provide little shelter,
these sites are preferred to strictly open areas.

- The particular turtle shown in this picture has the

horny carapace worn away to the bone toward the rear,
and this shows as a lighter area. One of its code
marks is visible anteriorly.



Figure 10
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it is common to find six to ten turtles there. The thicket
covers an area of about twenty-five by fifteen feet, and is
on the edge of a shallow gully. At the highest point the
mass 18 more than five feet tall. It is formed by a complex
of Rybuas, Smilex, and Viburguz prunifeljum. The vines of
Rybys and Smilax interlace in a continuous tangle. At the
ground level thé'oldvguhng canes form a loosely Dacked ldyer.
This layer contains a network of passages and tralls made
by the turtles. Several well marked turtle paths lead from
the thicket to the gully.

The gully bank for about twenty-five feet adjacent
to the tangle 1s open, and 1s a favorable sunning area.

The combination of the dense thicket and the sunny bank is
apparently a good one, for this region is one ot'the best
collecting spots in the study area.

Turtles are active anly during the day. As evening
approaches they seek places to spend the night. A particulﬁr
type of construction for this purpose I have termed & "form."
It 1s a well ghaped cavity in leaves, debris, other ground
cover, or oven_aoilﬁ The turtle makes thQ cavity by digging
with the front feet and pushing and moving about from side
to side. A form may be used oniy once or 1t may be used
repeatedly at intervals of several days or longer. Different
turtles are sometimes rouhd in the same‘torm on succeeding
days. A turtle in a form is often completely concealed;
at other times the rear of the carapace projects. Within,

the head and front legs of the turtle are sprawled out in
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. sleep. Formn are easily recognizod arter a few -amples havo

béen~egen._ Figure 12 shows a turtle 1envlns a forn 1n leaves

and sticks. Forms are-most often constructed 1n tho midat ;Exﬁ} f"

of brush or.viny dabria. or 1n honps of leary natorial piled

ngainat loss or stumps. Lens frequently they are miae 1n .

the lenty or sraasy sround oovor away rrom other aholtor.;f4lfi‘
Use or l rorn is not invariable. although 1t 1- by

‘rar the commonost typo or nlghtly rotront. Turtlo- orton

push up asninat a log or troo blue} wodge thennolven under

branches. or crnwl Lnto a hoap ot lenvel or: dobrl-. without

1oav1ns any evidence of thoir preaenco whon they dopart.

Some turtle resting sites aro shown in Fisurel 13 throush

17.
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quiet. In dry weather or unusually hot or cold weather a
turtle may stay in its form for days or weeks. This behav-
lor is especlally conspicuous in the fall when the actlive
days are often fewer than the inactive. Under the very
favorable conditions of parts of midsummer there may be
some activity each day for many days before a day or two
of rest. Even under the most favorable conditions not all
the turtles are active. On the best collecting days some
turtles are 1nvgr1&b1y found in forms or partly concealed
in debris. .

These varied activity habits were firast noticed in
connection with the results of collecting trips. They were
later shown in the records of traller turtles. Some of the
activity records for different months are shown in Table 1.
These contrast thé days when there was some activity with
the days when the turtles remained in their forms.

Water and sun may be lmportant for other reasons
than their stimulus to activity. PFPlaces where openings
in the canopy have allowed sun to reach the ground are
frequently utilized as sunning areas. The sunny areas
that also have protective cover in the form of brush,
vines, or tall weeds seem to be favored over completely
open areas. The best sunning areas in the study plot

are gully banks, marginas of the old woods road, and
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woods openings formed by falling trees.

Viarm shallow water is present in many of the natu-
ral drainage channels through the summer. Turtles enter
these readlly, sometimes apparently to bathe or soak.

They are occasionally found sitting quietly in the middle
of the stream, head and top of carapace above the water.
One turtle carrying a trailler made several short excursions
into shallow water. Several times I have found & turtle

near the bank of a gully, partly covered by mud and water.
I have never found large numbers of them in mud or pools.

These groupings have been reported to occur in some plaqea
where summer weather is warm and dry (Overton 1916, |
Engelhardt 1916, Hurter 191l).

The box turtle 1s an omnivorous feeder (Surface 1908,
Allard 1935). It would seem that the bottomlands forest
should provide abundant food. DBeetles and other insects
are common, as are spiders, millipedea.,harvestmen..and
snaila. Mushrooms and may apples are available lnlseaaon.

The foods that are most important to the box turtle
probably vary with the season and the habitat. Notes were
made of all feeding observations in the bottomlands as a
rossible clue to important foods there. Altogether I have
records of sixty observations. Fbrty-;hreo of these refer
to turtles feeding on mushrooms. More than ﬁnlr of these
records are for the first two weeks of July, when mushrooui

are plentiful. This is an indication that mushrooms are one
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of the staple foods, but should not be interpreted to mean
that they represent as high a proportion of the food as
would appear from the field notes. Feeding on insects
and other small prey would be dlffiouii to obaserve, and
probably was overlooked frequently. The seventeen records
of other foods were for may apples, millipedes, snails,

caterpillars, earthworms, and beetles.



CHAPTER V

TERRITORY AND HOME RANGE

Most specles of animals whose fleld behavior has
been studied carefully have been found to have home ranges;
their day to day activities are largely restricted to a
limited area. Some have been shown to holdJterritories;
they defend a part or all of the home range.

Home ranges and territories of various vertebrate
animals are discussed in a previous section. The findings -
of the present study concerning home range and territory in
box turtles are described below. |

Torritory. = Box turtles apparently do not hold’
territories, and in fact show social tolerance. No turtle
seems to ococupy any'pleco of ground to the exclusion of other
turtles. Ranges overlap grossly, and are sometihos com=
Pletely superimposed. All sexes and ages aprear to be
equally tolerant of the others' presence. Adulta-and Juve-
niles of one or both sexes often ocoupy the same érea. The
'ransea of fifteen of.the turtles occupying parts of a five
acre plot in the study area are shown in Figure 18. Ranges
overlap to an even greater degree in most other parts of the
study plot. |

Turtles nro’troquontly found near each other, not
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uncommonly in groups of three or four. These are not
breeding groups, for they may contaln members of only one
sex, and sometimes include juveniles. Sometimes the turtles
are 80 close together thelr shells nearly touch, but at
other times they are spaced more widely. The turtles may
be together because the locatlion 1s particularly deeirable;
but they must be tolerant of each other, or the groups
would not occcur. The amount of grouping i1s somewhat vari-
able. For example, on the collecting trip of August 29."
1945, thirty-five per cent of the forty-eilght turtles col-
lected were in the vicinity (within twenty feet) of one or
more othera. On October 17, 1945, sixty-three per ceat of
the thirty-elght turtles collected were near one or more
others. ‘ '

No turtles were seen fighting althoush“ﬁbfé'thaﬁ'
two thousand collections were made. There wéfe'foﬁr'1945
records of males on top of other males or following them.
Two of the aggressor males were later found in courtship
behavior with females, so the behavior was most probably
attempted mating activity, and lrrelgﬁaht'to the problem
of territoriality. ' ' o

" Allara (1935) described & fight that took place
between two captive male box turtles and La;haﬁ (1917)
described a fight that took place between two wild indi-
viduals. However, from the records of the present study

1t appears that fights rarely occur in nature. They .
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certalnly do not occur often enough to demonstrate terri-
torial defense or aggression.

Females usually lay theilr eggs some distance from
thelr normal ranges and, after laying, display no further
interest in the eggs or site. Whether a female would defend
the slte where 1t was actually preparing a nest or depositing
eggs 18 not known.

Home range. - Box turtles llving in the study plot
showed definite home ranse behavior. lost, if not all, of
the adult animals occupled specific home areas. There was
a strong tendency for the turtles to retain the same home
ranges from year to year. Even numerous collecting records.
cannot be expected to show the exact limits of range in
every direction. For this reason slight shifts in position
of range or small extensions or decrease of range will not
be accurately shown by collections alone. Beyond these
pogssible slight shlfts there appeared to be no change in
range among 106 turtles collected three or more times in
each of two successive years. Moat recorded ranges in
succeeding years overlapped broadly or were nearly ldentical.
There may have been weekly or monthly changes in the exact
amount 6f land traversed, and in the shape of the home range
area..but such changes were not detected. There were no
records of turtles changing thelr ranges completely, and no
evidence that resldents of the study plot moved away. All
turtleas that could be deflnltely rated as residents of the
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plot 1n 1944, on the basis of four or more collections in
the area in that year, were retaken there in 1945. Examples
of record maps made from collecting data are shown in Figures
19 through 23.

Box turtles tend to remain in their home ranges, even
under adverse conditions. This was demonstrated when flood
waters covered the bottomlands in July 1945. Rains began
July 14 and continued more or less steadlly through July 19.
The Patuxent River overflowed 1ts banks, and the bottomlands
became a swirling mass of water for one-quarter to one-half
mile back from the river. The study plot was completely
submerged to a depth of two to three feet. The flood peak
came July 18. On July 19 and 20 most of the land was still
under water, but the water level was lower, and there were
elevated portions not submerged. On these two days, 25
turtles were colledted in the study area. MNost of the turtles
proved to be within thelr normal ranges, despite the severity
of the flood. ZEighteen of the 25 turtles collected July 19
and 20 were collected between 5 and 14 times each 1n the 1945
season, so0 their ranges were fairly well understood. Of
these 18, one turtle apparently had been carried by the flood
waters, for she was found 670 feet from the nearest portion
of her normal range. She was found in her usual home range
11 days later, and was collected there 8 more times that

season (Figure 24).



Figures 19 through 22. Sample maps of home ranges
based on collection records of adult box turtles.

Maps of these four individuals are typical of record
obtained for most of the resident study area turtles
Solid lines connect consecutive collection points in %
a single seagon. Broken lines connect the records
of different years. ‘ 8
1944 records: O 1945 recorda: e 1946 records:

Figure 19. @ 393:

19 = June 21 to October 19; 12 collections
1945 - April 3 to October 17; 6 collections
1946 - September 10; 1 collection

Figure 20. & 546:

1944 - September 5 to September 22; 4 collections
1945 - July 12 to October 18; 7 collections

1946 = August 29 to September 12; 6 collections

Figure 21. & 478:

1944 - July 27; 1 collection

1945 - April 3 to October 29; 1l collections
1946 - September 10; 1 collection

Figure 22. & 505: '

1944 - August 3 to October 7; 3 collections
1945 - April 3 to October 19; 12 collections
1946 - July 8 to October 7; 4 collections



Figure 19 Figure 20
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Figure 23. Sample map of home range based on
collection records. The range of this turtle is
1azﬁer than the average, but is otherwise typiecal.
19 records: @ 1945 records: © 1946 records: o

e 426: :

1944 = July 3 to October 7; 7 collections
1945 April 3 to September 26; 8 collections
1946 July 8 to September 13; 4 collections

Figure 24. Map of collection records of a turtle .
displaced from her normal range by a flood. .
Records in the home range both preceded and
followed the flood record, which was 670 feet :
from the nearest recorded part of the normal range.
1944 records: ® 1945 records: @ 1946 records: o

Q 597:

1944 = September 15 to October T: 3 collections
1945 « May 13 to October 19; 10 collections (flood
collection on July 20). .
1946 - September 3 to.September 13; 3 collections.
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;

Figure 23

Figure 24
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Two others may or may not have been moved by the flood for
they were found 170 feet from the nearest known parts of
their home ranges. The remaining 15 evidently were not
displaced, for their flood records were within their normal
ranges.

Seven of the 25 turtles found during the flood
were collected fewer times in the 1945 season, so their
status in the population was less clear, and thelr flood
recordis less subject to interpretation. Nevertheless,
with two exceptions, collecting localities at flood time
were less than 150 feet from their other collection points.

These findings concerning home ranges are in accord
with those of Nichols (1939). He found box turtles in the
same general localities after many years. He records one
inastance of fifteen years, one of ten years, and a greater
number for shorter perlods.

Turtles with established ranges in the study area
occasionally left their ranges for short periods, and turtles
from other places occasionally passed through the study area
as tranaslents. These travels present a separate problenm,
and are discussed below. They are mentioned here to show
that constancy to the home range is not invariable.

The above discussion refers primarily to adult turtles.
The age when the home range 1s established is not known.

In the present study, Juveniles were collected infrequently,

and there were too few repeat captures to anawer the question
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with certainty. However, a few juveniles seemed to have
established ranges. A turtle 88 mm. long in 1944 was
collected within the same 100 foot area a total of 7
times. It was taken 3 times in 1944, once in 1945, and
3 times in 1946. Another, 97 mm. long was collected
once each in 1944 and 1945 and 3 times in 1946; all
records were within 325 feet. Some other juvenile records
are shown in Table 2. The paucity.of data concerning
Juvenliles may be an indication that some turtles of this

age behaved differently from those described above.



CHAPTER VI

SIZE OF HOME RANGE

Diacugsion. - Silze of home range is a significant
variable in an animal population for it expresses the effect
of a complex of environmental features. The size of the
home range with the size of the population constitutes an»
expresslion of the status of the population and an index to
the suitability of the environment.

The factors that govern the slze of the home range
are largely unknown. There have been few detalled com-
parative studies of home range variation in any specles.
Nevertheless, it may be worth while to conalder some of the
factcré that may influence range size.

(1) Environment. Food, shelter, and other physical
features of the environment ihfluence range size. There is
evidence that range slzes are larger in unfavorable habitats
than they are in favorable ones (Stickel, L. F. 1948). It
13 logical to expect vatiations in the suitability of
environment from place to place. Seasonal or annual changes
might also produce variations ln a single locality.

(2) Physiology. The individual's needs will determine
the dlstances of travel under a glven set of environmental
conditions. At one extreme, in very poor habitat, the energy
expenditure required to secure food might exceed the energy

80
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value of the food (Leopold 1933). Food and shelter might
not be available within a reasonable distance of each other.
At the other extreme, when there 1s an abundance of food
and shelter, other physiological needs (perhaps, for example,
exercise requirements) might cause an animal to travel over
a larger range than would be necessary to secure food or
shelter.

(3) Population size. Range sizes might tend to be
amaller in densely populated areas than in gparsely populated
ones, because of the pressure of crowding.

(4) Territoriality. The desire of individuals for
exclusive use of property of a certain minimum extent may
under some conditions limit the minimum size of range (Burt 1940).

Turtle ranskegs. - The average size of the home range
was calculated from the 1945 records. A single season's
records were used so that range shifts or population changes
would not influence the resuits. Collectlions in 1945 were
more numerous and better distributed over the study plot than
the collections of other years, and gave the most nearly
complete data. Quantitatively similar calculations could not
be made for 1944 and 1946 because of the differences in col-
lecting pressure. However, the mapped travels of turtles in

these two years showed a very close similarity to the 1945

records. There seemed to be no difference in range size in

the three separate years.



82

Most of the collecting in 1945 was done on system-
atic census trips, when the entire study plot was carefully
gearched. When collecting is done in this way, turtles are
likely to be found in many different parts of thelr ranges,
and the range slze will be estimated more reliably than it
would be if collecting were casual. Collections were made
on seventy-seven days from March to October. Nine~hundred
and ninety-one records were secured, a greater number than
in any other season.

Box turtles normally traverse their ranges within
a period of a few days. It is theoretically possible to
find the size of the range, or at least 1ts maximum diameter,
by a relatively small number of collections. In practice
this 1s not strictly true. Vihen only a few collections
are avallable, 1t is impossible to determine which turtles
have thelr home ranges completely within the study plot, and
which ones have thelr ranges partly inside and partly outside
the area. Further, there is no way to distingulsh between
these resident turtles and the transients that are traveling
thpgpsh the area. Records of transients would be especially
ditfiéult to interpret, although the records of the marginal
residents might have more influence on calculations. In a
season's collecting, the permanent residents of the area will
be collected more times than the transients or border resi-
dents. The number of callections per individual can therefore

be used as an ald in gselectling the turtles whose records are
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uged to calculate the average range size. For the present
calculations the travel records were grouped according to
number of collections, and the groups were studied to find
the ones most sulitable.

Among males, there was no significant difference in
the ranges of turtles taken three times and those taken any
greater number of times. Trips outside the home range for
egg laylng or other purposes complicated the records of
female turtles. Non~resident turtles traveling through the
study area were sometimes collected at two or more points in
thelir travels. As a result, the average travel range of
female turtles collected twice exceeded the travel range of
those taken three or four times. Also, the average range of
those taken three times exceeded the range of those taken
four times. Averages for female turtles taken four, five,
or six times were not slgnificantly different from each other.
Indiyiduala collected more than six times were too few for
reliable comparison. In thls group there were some turtles
with well defined ranges who made travels outside the home
range so their maximum travel distances were unduly great.

A conservative procedure was decided upon; calcu~
lations of range slze were based on the records of turtles
collected at least six timea. On this basls there were 440
records for fifty-five turtles, an average of elght collections
per turtle. Four examples of travels outside the home range

made by female turtles were excluded from the data before

,H
A
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calculation. Travel distances are shown in Table 2.

The mean range (average maximum diameter of home
range) of adult males in the study area in 1945 was 330
feet, with a standard error of the mean of 26 feet.

Standard deviation was 137 feet. One standard deviation

on each side of the mean includes home range sizes between
193 and 477 feet. The ranges of two-thirds of the population
can be expected to lie between these limits. The coef-
ficient of variation is 41.5.

The mean range of adult females is 370 feet, with
a standard error of the mean of 29 feet. The standard
deviation 1is 149 feet, B0 two-thirds of the population should
have ranges between 221 and 519 feet. The coefficient is
40.3.

There 18 no significant difference between the size
of male and female ranges: the difference between the means
contains its standard error 1.04 times. Therefore, the
records of the two sexes can be grouped and studied together
in problems related to range slze.

The ranga‘slzea found 1n the present study are of the
same magnltude as those found by Nichols (1936) on Long Island.
Twelve of the box turt;ea that he released at the site of
capture were recaptured six months to six years later.

They were retaken from less than 150 feet to as much as 750
feet from the places of original capture. The average

distance for the twelve was 390 feet.



Maximum
diameter

of known 2

range
(feet)

© 0-50

51-100
101-150
151-200
201-250
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301-350
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TABLE 2
BOX TURTLE RANGES AND COLLECTIONS
IN 1945

Number of Collections in 1945
3 4 §§ 6 7 8 9 10 11 12 13 14 15

Rd 238 09d Q8 Qd Q0338938 Qd8Q39dedod Q
4 2
4321 11
113242 11 1
41521 13 1
3132126122 "1 1
112 11 1 1°1 1
2 322 21 1 1 1 1
1 221 11321 1 1
1 03 11 1 1 1
1122 1 12 & | 1
1 2 11 1
1 111 1
1 g
1 1
1
1
1
1
1
1

to 765 ft. on trip away from home range
to 770 ft. on trip away from home range
to 855 ft. when carried by flood

to 1380 ft. on egg laying trip

to 985 ft. at peak of flood
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Range size among Juveniles has not been esatablished,
nor has 1t been found whether all juveniles have home ranges.
The 1945 travel records for juveniles 107 mm. and amaller
are shown in Table 3. The shortest and longest travel
records for Juvenlles do not differ appreciably from those
of adults collected an egual numbér of times. Juvenile
travel records for other years were similar to these.

The long travels are proportionally more numerous
among these Jjuveniles than among adults. Perhaps this is
the result of sampling error owing to the smallness of the
gerlies, but it is also possible that it is an indication
that more Jjuveniles than adults are prone to extensive
wanderings. The small number of collectiona per juvenile
may indiocate that young turtles travel extenslvely, or it
may simply reflect the fact that they are difficult to
find.



TABLE 3

TRAVELS OF JUVENILE TURTLES

Code Length Times 1945 Collections other years
number mm.* coll. distances
' 1945 feet

522 88 2 520 none

594 o7 2 1360 Once in 1944, 125 ft. from
the nearest 1945 record.

825 103 2 280 Three times in 1946, over-
lapping the 1945 records.

830 104 2 455 none

653 106 6 170 Once in 1944, § times in
1946, overlapping the 1945
records.

410 107 3 1230 Once in 1944, 290 feet from

the nearest 1946 record.
Three times in 1946, within
245 feet. Two of the 1945
records overlapped the 1946
records.

*l{easurements are made in a straight line from anterior to
posterior margins of carapace. Iieasurements in this table
are for the year the turtle was firat collected. Therefore
several of the turtles were larger than this in 1945.
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CHAPTER VII
MOVEMENT PATTERNS IN THE HOME RANGE

Very little 1s known about the dally travels of
any animal, except that they are usually limited to a
definite home range. It 13 not surprising that this sub-
Ject has been stud;ed so little, for most animals are
difficult to observe. Many are nocturnal, and almost all
are wary. In contrast to other animals, the boi turtle is
almost ideally sulted for studles of travel and range rela-
tionships, for it can be made to map its own travel routes.

In the present study the use of a trailing device
has been the principal technique in determining movement
patterns of the box turtles. The trailer, a small light
structure that 1s attached to the turtle's carapace, is
described in detail and illustrated in the section on methods.
Aa the turtle moves, a spool of thread unwinds, and makes an
exact and detailed record of the turtle's travels. Routes
can be fellowed for days or weeks. The.behavior of a turtle
carrying a traller appears absolutely normal. Its method
of walking, speed, and other actions are the same as for
turtles without trailers. The distances traveled are entirely

comparable.
88
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The principal difficulty of the method 1s that only
a few turtles can be studied this way at any one time.
Locating the turtles each day and supplying new thread
occuples about two hours per day for five turtles if they
all live in the same vicinity. When their paths are diver-
sent,'or they live at distances from each other, the time
required is greatly increased. More prohibitive 1s the
problem of mapping the travel'routea. In the study area
markers at regular intervals simplified the mapping but it
was nevertheleass very time consuming. _

Dstalled travels of eleven turtles were followed
and mapped for 456 turtle days. The longest record for
one turtle wasv161 days. The ten others were followed for
periods of one'to forty-four days.

Systematic collecting in the study area provided
more indirect data concerning tdrtle movements. All
collection sites were mapped and the maps were used in making
interpretations of some of the traller data. Generalizations
conéernlns travel behavior are based on evidence gathered |
by the comblnatl&n of methods.

The normal movements of a turtle in its home range
form a complicated pattern:

(1) There are numerous turns, doublings, detours,
and criss-crossing paths. These appear in the routes of
every turtle followed with d tratler in its home range for

as much as one day of activity (Fisuraa 25 and 26).



Figure 25. Travels of an adult male turtle during!
eight days of midsummer, July 7 through July 14,
1945. The devious path, with its turns, doublings,
and detours is characteristic of the travels of
turtles in their home rangeas. The maze of paths
at the middle left of the map was made by the
turtle returning to this same place at different
times, while traveling in various directions in
between times. The same stretch of path was thus
traveled seven different times in the eight days..

The tendency to retrace the same particular route,'>:

at different times is typical of behavior of
turtles in thelr home ranges. )

S 424: , .
) Place collected July S and released July 6

RS
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Figure 26. Collections and traller records in the
home range. This map shows the collecting local-
1ties from 1944 to 1946 as well as the detalled

travel route during eleven days of midsummer 194S5.

1944 records: ® 1945 records: ® 1946 recdrda o

é 192: : ,
Collection data: :

1944 - July 25 to September 28; 8 collections
1945 - April 17 to September 28; 10 collections
1946 - June 15 to October 7; 14 collections

Tratler records:
(2) July 6

0) July 11
12) July 12
July 13
July 14
July 15
(17) July 16

(
(
(
(
(
(
(
(
(
(
( July 17
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(2) There is an interapersion of falrly direct routes
or traverses of the home range so that the principal parts
of the range are visited in a relatively short time (Figure
26) . |

(3) There i3 a tendency for some routes to be traveled
more frequently than others. At intervals of a day or wore a
turtle may return to a particular tree or bush. ZXach time
it will make a turn or two around 1t, until finally an ir-
regular web-like pattern results. The route may loop around
the end of a particular log many times in different trips
across the range. One turtle walked along a single short
stretch of path seven different times 1n eight days, traveling
over diverse areas between times. These travels are shown in
Figure 25.

The distance a turtle travela in a day usually has
very little relationship to the distance measured in a straight
line. Feople occaaslonally report finding the same turtle
in nearly the same spot at several different times, and con-
clude that the turtle is extremely sedentary. There are
times when turtles travel very short distances, or none at all
for some days, but Af a day ls favorably warm and moist the
actual dlstance may be great in relation to the straight-line
distance, or even to the total dlameter of the home range.

One of the traller turtles covered 456 feet in a day without
leaving its home range, which was less than 300 feet in 4di-

ameter. The stralght-line distance between the form the
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turtle left in the morning and the form where he spent the
night was only 170 feet. This much travel on a favorable
day 1s not exceptional.

There 1s some varliation in the amount of its home
range a turtle covers in a single day, but most turtles
seem to reach or approach the extreme limits within a rel-
atively short perlod.

Collection records show no correlation between the
distance that 1s traveled and the time that has elapsed
between collections. Maximum distances may be recorded
within a few days or weeks, and minimum distances may be
recorded after time lapses of months or yearas. The
tendency to reach the 1limits of the home range in short
perioda was also shown by the traller turtlea. Three
examples are given below.

Exampl? 1. = The home range of &8 192 was deter=-
mined by collectling records to be about 285 féet in greatesat
diameter in 1945. The records for two other years gave
similar results: 265 feet 1in 1944 and 290 feet in 1946.
During four days in July, 1945, while carrying a traller,
this turtle covered an area having a maximum diameter of

245 feet. Thils was only forty feet less than the distance

recorded in collections from April to September of that ycar.

The detailled route of travel for these four days and an

additional seven days is shown in Figure 26.

’
!
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Example 2. - Trailler records for @ 476 covered an
area 390 feet in greatest diameter during a nine day period
in July. Seven collections during the year showed a max-~
imum range of 355 feet. The small difference 1s within the
sampling error.

Example 3. - The home range of ¢ 629 was determined
by collecting records to be about 235 feet in diameter.

During five days in July, whlle carrying a trailer, it
covered an area 185 feet in dlameter. Traller records for
four additional days did not increase the distance.

The general tendency to cross and re-cross the entire
home range at frequent intervals is not followed by all turtles.
Other types of travel are best 1illustrated by traller records,
but. are also susseaﬂed by the collecting records.

A simple variation 1s to cover only a part of the
range at a time. Movements within this area follow the patterns
described above. There was one striking example of this among
the trailer turtles. A male turtle, number 424, had a total
seasonal range of about 510 feet in greatest diameter. For

twenty-nine days, hay 21 to June 18, he remained in and near

4

a- single brushy entanglement at the extreme northern portion i

"

of his range. During this time all his travels were within an
area nlnety-fivé feet in dlameter. A few weeks later this

turtle was in the most southern part of his range. A tratler
was again attached and his route was followed for eleven days,

July 5 to 15. During this time his activities were limited
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to an area 260 feet in diameter, which was very intensively
covered. This eleven day route is shown in Figure 25.

Some turtles may have two home ranges, and travel
between them at infrequent intervals. The single example
of this behavior was provided by an adult female turtle.

In the summer of 1946 she was collected far distant from

her normal range, and a traller was atiached in hopes of
finding an explanation of her travela. This turtle had

been studied by collections in 1945, and one of these 1945
records had also been well removed from the othera. The
travels of this turtle were recorded from July 3, 1946,

until hibernation on October 24, and from the time of leaving
hibernation day 1, 1947 until June 18, 1947, a total of

161 days. '

She was collected July 3, 1946, on a hilltop road-
side. A traller was attached and she was released within
an hour at the same place. The first part of her route
(Figure 27) was related to egg laying. At 6:45 p.m. on
July 6 she was found digging an egg hole in a gravelly clay
spot on the shoulder of a little used road, 1045 feet from
where she had been released. By 7:45 p.m. the egg hole
had been filled with earth and the turtle was in a form a
short dlstance away. In the days following she traveled an
irregular route, malnly through an o0ld pine field, and on

July 13 reached the edge of the bottomlands bluff.
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The trip through the bottomlands to her previously
known range wasgs completed by July 22. There she remained
for nearly a month, criss-crossing her range and following
a twisted 2ig-zag route, all typical home range behavior
(Figures 28 and 29).

On August 17, folloiins a rain, she started south-
ward and in three days traveled in a fairly direct route
to a place 480 feet distant where her movements again took
on the typical home range pattern. She stayed here for one
month before starting north again (Figures 29 and 30).

The northern trip occupled four days. Again in her .
northern range she exhibited typlcal home range behavior.
By this time the weather was less favorable for turtle
travels than it had been in mldsummer and the dally movements
were shorter; The night of October 23, she covered herself
with earth and began hibernation in her northern range. 4he
place of hibernation was only thirty feet from the spot where
she had hibernated in the winter of 1944-45 (Figure 30).

She left the place of hibernation on May 1, 1947
and traveled about ten feet that day. She remained in the
northern part of her range until May 27, traveling inter-

mittently. Between May 27 and 29 she traveled south over the

same general path used previously in north-south trips, but
instead of stopping in her usual summer range she continued
into an 0ld pine and aweet gum field. Her route in this field

was similar to the route she followed in 1946 when she was
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returning to the bottomlands after laying eggs. On June
18 she was at the edge of the flield, not more than fifty
feet from the egg laying site of 1946. The traller was
removed on this date, and no further traller records were
made. No turtle collectlion trips were made during the
remainder of the summer. However, this turtle was coi-
lected again October 10, 1947 in the northern part of her
range in the bottomlands.

To summarize: In the time this turtle was under
observation in 1946 a northern range of four-hundred feet
diameter was occupled for a total of fifty-nine days, in
two separated intervalas, while a southern range of the
same size was occupled for twenty-eight daya. The two
ranges were more than four-hundred feet apart at the point
where they approached each other most closely. 'Travels in
the early part of 1947 followed a simlilar pattern.

It 18 not likely that many turtles divide their
time between separated areas, but the behavior 1s probably
not unique. Collecting records for most turtles are well
dlatributed through the season, and have, exogpt in a few
cases, given no indication that the turtles left their
ranges for appreciable periods. One colleot.ibn record for i
this particular turtle had been far from the others, but i§
until the travels were followed with a traller 1nterpre-'

tation was impossible, for turtles as well as other animals
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occasionally make bri@; trips away from their home ranges.
Other records of turtles collected far from the
places that were known to be thelr normal ranges are

discussed and described in the following section.




Figures 27-30. Maps of the travels of adult fe- !
male box turtle, number 539, for 1ll3 days, from
July 3, 1946 until hibernation October 23. She
divided her time between two separated ranges:
a northern range of four hundred feet diameter was
occupied for a total of fifty-nine days 1in two
separated intervals and a southern range of approx-
imately the same size was occupied for 28 days.
Two trips between the ranges occupled three and
four days each.

-

Figure 27. The turtle was collected June 3 on &
hilltop roadside (1) and from there traveled through:#
brush, woods, and an old pine field to a little -
used road. She traveled along this road (1-3) with
occasional deviationa into the adjoining pine riold.
and on July 6 at 6:45 p.m. was d1551n§ an ess hole :
on the gravelly clay road shoulder (3 7:45 p.
the hole had been filled and the turtle waa 1n a -
leaf form in the woods a short distance away (4),
where she stayed all the next day. On the day
following she traveled a short distance, where she
was found in a leaf form at 3:00 p.m. (5).

On the next day, July 9, she crossed.the. old ro
into the pine flield again and in succeeding days ‘.
followed an irregular route through the field to- ‘th
edge of the bluff separating uplands and bottomlands

The part of the route shown in.this figure lies:
of the area shown in Figures 28 to 30. Its position
can be seen from the gulde numbers at the side of ¢

,mnptand from the code numbers mariking the turtle a
route.
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Figure 28. - She entered the bottomlands July 13
(13-14) and traveled some each day until on July 22
she reached the home range where she had been col-
cected several times in the previous year (l14-23).
Here her travels took on a pattern typical of home
range behavior. She remained in this area for
nearly a month, July 22 through August 16(points
23-32 on this map and 32-40 on the map in Figure
29, which 1s a continuation of the same route and
shows the same area).
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Figure 29. On August 17 she started southward, and
in three days traveled a straight line distance of
480 feet to arrive at a place where her movements
again took on the typical home range pattern (40-43).
She stayed in this vicinity for one month, until
September 17 (points 43 through 57 on this map and
the following map, which 1s a continuation of the

same route and shows the same area) before starting
north again. '




{210

2700

Figure 29

s "“%&



Figure 30. The northern trip (57-60) took four days.
Again in her northern range she showed typlical home
range behavior, traveling in this region for thirty-
three days, until October 23 (60-74). Daily travels
were shorter than in midsummer and she did not travel
every day. On the night of October 23 she began
hibernation (74), thirty feet from the place where she
had hibernated in 1944-1945. : .
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CHAPTER VIII
TRAVELS OUTSIDE THE HOME RANGE

Box turtles occasionally leave their normal ranges
for more or less extended travels. Females at egg laying
time often go long distances from their home areas to deposit
thelr eggs in sultable sites. In the present study it was
also found that both males and females occasionally leave
their home ranges on trips of unexplained nature.

The length of the egg laying trips probably depends
in part on the distance between the home range and suitable
egg laying sites. Ninimal distances are shown by collections
made in Juhe. during the egg laying season, when female turtles
are sometimes found far from their normal ranges.

One female, number 426, was collected 1320 feet from
her home range on June 15, 1945, and may have gone farther
before laying esgs; Later in the summer of 1945 and in 1946
she was collected in her normal home range a number of times.
On June 16, 1948, she was collected on the hilltop, 2370
feet from her home range, farther away than the 1945 collection
but in the same general direction.

Five other turtles whose study area ranges were well
known were collected away from these ranges in June. The

109
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The distances were 2540, 2200, 1550, 850, and 820 feet.

It 1is not yet known whether turtles return to the
same place for egg laying in different years. Three different
turtles have been collected in the headquarters area in June
or early July of two different years and collected at other
distant areas in between times. A number of turtles have
been collected in the headquarters area in different years
at the egg laying season but not at other times. Some may
have been headquarters reslidents, but others probably had
ranges elsewhere. These records suggest that turtles may
return to at least the same general locality to lay eggs.

The other travels, made by both sexes, are not ao
easlly understood. These trips have been reported for other
animals. Individual FPeromysgscus are known to make trips
away from thelr normal ranges and then return to them
(Blair 1940, Storer, Evans, and Palmer 1944). Travels
greater than normal are frequently recorded in population
studies. Many of these may indicate trips away from the
home range rather than unusually large ranges or random
wandering. Some translient behavior may be explainable on
the basis of trips away from the home range.

This behavior among box turtles was first suggested
by a study of the maps of collection points. Later, trallers
were attached to certain turtles suspected of beilng transients
and theilr travels were followed in an effort to learn more

of the nature of these trips.
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There 1s some evidence that the trips outside the
home range may not be random in direction, and that travels
may be to and from the same area on different occasions.
If this is true, the difference between travels away from
the home range and the possession of two home ranges 13 only
one of degree, depending on the length of time spent in each
area. A female box turtle, number 628, showed this behavior.
She was collected in the study area for the first time in
late September 1944. She was not retaken in 1945 despite
intensive collecting in the vicinity of her capture and in
surrounding areas. In the following year, July 8, 1946, she
was again collected, near the 1944 locality. A traller was
attached to follow her movements, and she was released
July 9. For nine days she showed typical home range behavior,
moving around in an area four hundred feet in diameter.
Then on July 18, she began moving southeast in a direct line.
By July 20 she was several hundred feet outside the borders
of the study plot and nearly seven hundred feet from her
temporary range in the study plot. The trailer ran out of
thread and the record ended at this point. She was not
collected again although her temporary range in the study
area was searched frequently, and several collecting trips
were made in the vicinity of the place where the record ended.

The turtle with two home ranges, discugsed above,

traveled between the ranges at infreguent intervals. She

i
5
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‘traversed the same general area each time. If fairly
intensive collecting had been done in this intermediate zone
and in no other places, 1t is likely that she would have
been collected a time or two in different years. She
would have been correctly rated as a transient, but her
behavior would not have been understood.

The activities of a male turtle found in the study
area once only were recorded by a trailer for a portion of
his route. He was collected August 28, 1945, a traller was
attached, and he was released where he was found. He
remained 1n a debris form near this place for four days.

On September 1 he began to move, traveling northwest in a
nearly straight path for 845 feet. He escaped here near
the river several hundred feet west of the study area, and
was not collected again.

One female turtle traveled away from her normal range
in the fall, hibernated in the new area, and returned to
the original range in the spring. The records of this turtle
are of particular interest because her normal ranse was so
small. She was collected more times than any other turtle
in the study area, so the record of her behavior is rela-
tively complete. She lived on the riverbank in the northern
part of the study area. ©She was collected thirty-three dif-
ferent times from 1944 through 1946. Twenty-five of these
collections were within an area 170 feet in diameter. 1In

the fall of 1944 she moved from this range to a place



113
220 feet away. For most turtles this distance woulad hot be
significant, but 1t was an appreciable trip for this unusually
sedentary turtle. She hibernated in the new location. On
ldarch 29, 1945, she was found emerging from the hibernating
hole, a cavity dug in the ground in the midst of logs and
brush. ©She mated near thls same place April 26. On Uiay
31 she was retaken in her home range on the river bank.
The hibernating area was searched in the spring and fall of
other years, but-she was not again found away from the
riverbank (Figure 31).

Some turtles were collected in the study area once
only in each of two or more different years, often near the
pame place each time. Others were collected only once.

Some of these visitors to the area were also ¢ollected out-
slde the borders of the plot often enough to show that theipr
ranges adjoined or partially entered the plot and it was
entirely reasonable to expect that they would be collected in
the study area occasionally. The river bordered one side of
the study area and formed a partial barrier that was crossed
by an occasional turtle. Five females and one male were each
collected in the study ploi near the river and later collected
on a river island opposlte.

Some of the visitors were re-collected far from the
study prlot, and others were never taken again. DNothing 1s

known of the status of these turtles. Frobably some of them




114 -

had home ranges elsewhere and returned to them. Some may
have been wanderers, without established ranges, although
there 1s no evidence of this.

It may be said in summary that turtles occasionally
travel away from their established ranges. Sometimes &n
successive trips nearly,the»éame paths are followed to a
particular destination. It is not known how often this is
trde. for the destination and frequency of trips are poorly
known. There was one record of a turtle traveling to a new
area, hibernating there, and then returning to her normal
range. Female turtles regularly undqrtake long travels for

6gg laying purposes.




Figure 31. Travel outside the home range. A
female turtle, number 416, lived on the river bank
in the northern part of the study area. She

wag collected thirty-three different times from
1944 through 1946. Twenty-five of these collections
were within an area 170 feet in dliameter. 1In the
fall of 1944 she moved from her normal range to a
place 220 feet away (9-6 to 3-29 on map). On March
29, 1945 she was found emerging from a hibernating
hole in the new locatlon, and she mated near this -
same place April 26. On May 31 she was retaken in
her range on the riverbank. She was collected
there many times again that year and in 1946.
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CHAPTER IX

FOPULATION SIZE

Collection ratio. = The number of box turtles in
the study area was estimated by sampling the population at

different times and comparing the samples by a collection
ratic. This ratio may be expressed in general terms as

follows:

Total number of animals in the Number of animals in

%ﬁfﬁ%aﬁtﬁger of marked animals Number of marked animals
in the population (marked when in the second sample
the first sample was taken)

Pearse (1923) and Cagle (1942) used this method to
estimate numbers of turtlea. Various workers have used it
to estimate numbers of birds and mammals. The equation has
frequently been referred to as the Lincoln Index, following
its use by Lincoln (1930) in estimating waterfowl abundance.
A complex elaboration of the method, taking both death and
migration into account, was made by Jackson (1939) in esti-
mating numbers of tsetse flies. Several modifications of
the method have been used in fisheries research. Although
methods of making the eatimates have varied with individual
problems, the most thorough mathematical analyses have

applied to large populations where, as in fisheries problems,
117
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the proportion of marked animals was very small in relation
to the size of the population being sampled. The discussion
that follows appllies primarily to estimates of small population
units.

Agpumptions inherent in the ratlo. - In collecting
the data for population estimates 1t 1s necessary to glve
particular attention to the sampling criteria that are implicit
in the equation. If the above equation is used it is assumed
that:

(1) All animals in the population are equally likely
to be collected. In other words, collection 18 not selective.
The marked animals in the population are neither more nor less
llkely to be collected than are unmarked animals. Methods
of collecting, marking, and handling should not adversely
affect the animals, nor should they make them easier to collect.
Any periodic behavior of individuals or groups that would
alter avallability should be considered.

In the present study, locations and code numbers were
recorded in the fleld, and the turtles were released where
they were found. The handling and marking did not affect the
behavior or condition of the turtles, insofar as could be
determined. Late summer collections were used for census
calculations so the data would not be influenced by the absence
of females on egg laying trips, by early hibernation of some

turtles, or by the ease of collecting others at sunning areas

in the fall. The collections were spaced to allow free
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movement of turtles over their ranges between collections
and assure the more nearly equal availability of all turtles.

(2) Collecting is elther geographically random or
systematically thorough in each sample. In other words, it
1s assumed that there is no prejudice in collecting and that
certaln areas do not recelve particular attention to the
neglect of other areas. If the animals moved at random, the
collecting method might not be so important. But since most
animals have finite ranges, collecting should elther be
randomized or equally distributed geographically.

Samples for estimating the slze of the box turtle pop-
ulation were taken by systematic collecting trips. During
these census trips an effort was made to cover the study
plot as thoroughly as possible. The length of the collecting
periods was standardized and ccllectlions were made by the
same two persons.

(3) The balance between marked and unmarked animals
is assumed to remain undisturbed between the two sampling
periods. That is, marked animals in the area do not leave
it to be replaced by unmarked animals, and 3o reduce the
prorortion of marked animals. There 1s no influx of unmarked
animals into the area and there 13 no differential loas to
the population among marked animals as against unmarked
animals.

This assumption is not apt to be true 1in any natural

population. A large influx of unmarked animals would not

ﬂm
y
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be expected unless a breeding season intervened between the
two samples. However, there is a steady stream of transients
in many populations and if they are numerous some of them will
be marked in the first sample. Before the second sample is
taken they wlll move on and be replaced by other, unmarked
transients. The ratio of marked to unmarked animals in the
area will then be different at the time of taking the second
sample than it was immediately following the firat sample.
This disturbance is not likely to be large enough to be
significant except under unusual circumstances, when there
is a very large transient population.

The box turtle porulation always included a small pPro=-
portion of transients. The method of taking their numbers
into account in the popuiatlon eatimate 18 described below.

(4) All animals that have any part of their range
in the sampling area are assumed to have an equal chance
of being collected in eilther sample. This could be true
only under certain special conditions.

(a) If all animals living in the area are confined to 1t,
as in island populations, ecologically isolated populations,
or populations in securely fenced areas.

(p) If all the animals whose ranges are partly inside
and partly outside the area are within the area and subject
to collection in both periods. This might be true for some
animals, for example mice, where the sample is taken by a

uniform set of traps. Mice move freely over their ranges
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in short time periods, and are likely to be caught if there
are enough traps avallable. Mice resident within the trapped
plot and those whose ranges overlap its borders would have
nearly equal chances of being taken. The estimate would
represent the population of an area larger than actually
covered by traps, because of the outside area normglly oc~
cupled by the border residents. For turtles or for most of
the larger mammals, a single sample is not likely to include
comparable proportions of border residents and regular resi-
dents. An increase in the length of the sampling period
will increase the captures of border residents but will also
increase the capture of transients and so introduce another
error. ‘

(¢) If the individual members of the border population
are distributed in the same way in both periods. The ones
that are outside the borderas at the first sample are also
outside 1t at the second sample, and the others are inside
the area both timea. It is highly improbable that this
identical diatribution‘will occur at two separate sampling
periods. It is probable that some of the same individuals
will be inside at both samples, but that others will be
inside the study area at one sample and outaside it at the
other. Error from this source will be small if the study
area 1s large enough that theréx: great many more animals
with ranges confined to the area than there are animals with

ranges overlapping the borders. The error may be very great
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if the sampling ares 1s relatively small in comparison with
the ranges of the animals. In practical field problems it
18 almost always necessary to use relatively small study
plots, so the error introduced is often significant.
Modification of the box turtle data to allow for the
behavior of border residents is dliscussed below.

Effect of random ggmgling. - Although the assumptions
inherent in the equation may be fulfilled, the error of random
sampling will in practice produce variations in the estimates.
An estimate based on one pair of samples will often be seriously
in error. When many samples are drawn and estimates are made
separately by palrs, the estimates will fall on a normal
distribution curve and the arithmetic mean will represent the
‘most nearly correct figure. 1In actual sampling an infinite
number of samples cannot be drawn. There have been various
methods proposed to make the besat ugse of limlited data.

The least squares method of Schumacher and Eschmeyer
(1943) was used by them in fisherles studies where collecting
data were cumulative; numbers of fish collected in the first
period were compared with numbers collected in the second
period, first and second samples were combined for comparison
with the third, the first three samples were combined }or
comparison with the fourth, and so on. Thelr statistical
procedures for obtaining an estimate from their total data
served to weilght the value of the samples according to their

slze. The larger samples, where the error of random eamblins
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would be smaller, were thus given more weight than the small
samples where this error might be very large. Underhill (1941),
adapting a procedure dlscussed by Schnabel (1938) adopted a
simpler procedure which also welghted the data according to
size of sample. In both studies the samples drawn were very
small in relation to the size of the population being sampled.

In a more direct procedure, the data from one sample
can be compared in the ecuation with data from a second sample,
and all the samples avallable can be handled in this way by
rairs. The average of these estimates can then be consldered
the closest to the true ropulation size. The disadvantage
of thls procedure 1s that small and large samples will receive
equal welght and a stable population size during the time of the
sampling 1s assumed. An advantage 1s that corrections for the
behavior of border residents and transients can be made on each
sample before its use in the eguation.

Comparisons of the results of these methods applied to
data similar to that avallable in the box turtle collections
(but with no "transients" or "border residents"™) were made on
ropulatlons of one hundréd an& of fifty beans. =Random samples
of twenty-eight to thirty-eight beans were drawn, and repeats
between samples were tabulated. Sets of flve samples were
drawn and the data arranged in the ten rairs possible in com-
varing each sample with each succeeding sample. The results of
using these ten pairs of data 1lnderendently 1n the equation and
averasging the results were very nearly the same as when the

data were handled by the least squares method. In every set




124
of five the results were very close by the two methods,
although sometimes one and sometimes the other method would
be slightly closer to the true population size.

When the same data were cumulated (sample 1 compared
with 2, samples 1 and 2 combined and compared with 3, and so
on) and an estimate made by the least squares method, the
results were also essentially the same.

Estimates made on the smaller population of fifty
beans were individually more reliable than those made on the
larger population of one hundred beans, since in the former
the samples of twenty-eight to thirty-elght made up a larger
proportion of the population.

In the present study the behavior of the border
residents and translients make corrections of the raw data
desirable. 5ince the population was stable within the
sampling period and the samples all essentially the same
size, 1t was conciuded that the direct procedure of using
each pair ot.samples in the equation and averaging the results
would be most suitable.

Corrections for border residenta and transienta. -
Vhen all animals using a plot of ground are collected, their
numbers will represent, on the average, the population of the
plot plus the population of an area around its borders equal
in width to one-half the diameter of an average home range

(Dice 1938). It follows that the animals whose ranges overlap
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the borders of the plot represent the population of an area
that 1s equal in width to the diameter of the average home
range. The width of this marginal strip will be one-half
home range diameter 1inside the study plot and one-half home
range diameter outside its borders. These statements can
be used as a baslis for corrections of population calculations,
with the understanding that their reliability is general or
average in nature.

The 350 foot avérase range of the box turtles was
used to determine the acreage of the marginal strip. The
area of this strip was calculated to be 24.7 acres, with 11.2
acres ingide the atudy plot and 13.5 acres outside its borders.
No marginal area was allowed on the side where the study
plot bordered the river.

If the population is distributed uniformly over the
study plot and the surrounding area, the border residents
present in the 29.1 acre study area at any one time will
equal the population of 11l.2 of these acres. In a random
sample, the turtles that are collected can be assumed to be
39 per cent (11.2 & 29.1) border residents and 61 per cent
regular residents. At a subsequent collection the marginal
residents collected at the first period may have moved to
other parts of their ranges, outside the study plot, where
they are not available for collection. Other border residents,
not present in the area in the first veriod, may be there at

the second collection. At one extreme, no border residents
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that were collected the first period would be available the
second period. At the other extreme, all would still be
avallable in the study area the second period. On the av-
erage 1t would be expected that one-half of the border resi-
dents present in the study area at the first collection will
have been replaced by other border residents by the time of
another collection. Thus, for a single set of calculations
it 183 best to assume that one-half the previously collected
border reslidents remain in the study area, and to make cor-
rections on this basis. To m#ke no correction is to assume
the unlikely condition that all the previously collected
border residents remain in the study area. An exaggerated
porulation estimate would follow.

Some of the turtles collected were transients. An
estimate of the number of transients was based on the number
of collections per turtle during the entire season. B8y
intensive collecting, resident turtles were each collected
a number of times. It is believed that most turtles collected
only once were transients. A few transient turtles may have
been collected two or even three times on thelr way through
the area. On the other hand there may have been some turtles
that were collected only once because thelr ranges barely ‘
entered the plot. The criterion of a single collection to
indicate a transient individual is therefore not infallible.

Nevertheless the ratings on this basis are probably true for
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the great majority of the individuals, and can be satisfac~
torily used for generalizationas. On this basis, in the five
census trips used for the population estimates, seven per
cent of the collections were of transient individuals.

The detalls of making the corrections for border
residents and transients is given below to show the procedure
that was followed:

Example. The comparison between the collections of
July 31 and August 10 will be used. This 1s the first item
in Table 4. As shown in the table, 44 turtles were collected
on the first date and 43 were collected on the second date.
Eleven collected on the first date were retaken on the second.
Examination of the season's collecting data showed that 4
turtles collected on the first date and 3 turtles collected
on the second date were collected at no other time. For
correction purposes these were considered to represent the
nunmber of transients. These numbers were subtracted from
the respective collections, leaving 40 turtles for each date.
Correction was next made for border residents. As described
above, about 39 per cent of the first collection would be
expected to be border residents, and one-half of these were
considered to be outaslde the study area by the time of the
second collection. This number, 7.7, 18 subtracted from the
first collection to obtain the number of marked turtles
avallable for collection at the second date. This is 32.3.
The data were then used to solve the eguation as follows:
X:32.3 :: 40:11 and x = 117.45

Egtimate of box turtle numbera. - Corrections were
made for transients and border residents by the methods
described above. Ten estimates were made from the data of
the flve collections by comparing each sample with each
succeeding sample. The ten estimates from five samples were
possible because the turtles were recognizable as individuals,
and the returns between any two census trips could be

independently determined.
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COLLECTION DATA FOR FOPULATION ESTIMATE

Firat Sample Second Sample
Date Number Date Number Recaptures
T7=31 44 (4)% 8-10 43(3) 11
8-10 43(3) 8-29 40(2) 8
8-29 4o(2) 9-13 42(4) 13
9-13 42(4) 9-26 56(2) 15
7-31 44 (4) 8-29 40(2) 9
8-10 43(3) 9-13 42(4) 11
8-29 40(2) 9-26 56(2) 9
7-31 44(4) 9-13 . 42(4) 10
8-10 43(3) 9-26 56(2) 14
7-31 44(4) 9-26 56(2) 18

*Numbers in parenthesis represent transients. ©See text
for explanation, and for methods of making corrections
for transients and for border residents.
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The average of these estimates, 124.7, is considered
the best approximation to the actual size of the resident
population. The number of transients increases the popu-
lation estimate to 133.6 or 4.6 per acre on the 29.1 acre
plot.

The population of adult turtles is thus estimated
between 4 and 5 turtles per acre.

Statistical constants can be calculated to show the
error of the estimate. However, these calculations may be
affected by the fact that the ten sets of data were based on
only five samples. HHence, I do not know that standard pro-
cedures are entirely valid. They nevertheless give an
approximate measure of margins of error. The mean (esti-
mated size of population) is 124.7. - The standard error of
the mean 18 8.25, the standard deviation 26.4. These
calculated constants can be lnterpreted to mean that other
sets of samples taken by the same methods and used in similar
calculations would have mean values within the range indicated
by the standard error of the mean. Also, single additional
estimates would vary within the range indicated by the cal-
culated standard deviation. Uncorrected data from these
same census trips would give an average figure about 33
per cent greater than the corrected estimate. If the study
'

plot had been smaller in relation to the size of the animals

home ranges, the difference in estimates would have been
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greater. A greater number of transients would also have
increased the difference. |

Population estimate Dy a gecond methed. - The size
of the turtle population as estimated above can be compared
with an estimate based on the entire season's collecting.
The population as considered here includes all the resident
turtles whose ranges are normally confined to the study plot;
one-half the border residents, whose ranges overlap the mar-
gins of the plot; and the transients present in the area at
one time. In the course of the entire season's collecting
it 18 presumed that the regular residents will be collected
more frequently than the border residents, but that eventually
all individuals in both groups will be taken. The total
numbér of turtles collected will then be greater than the’
population of the area, because all rather than half of the
border residents will be included. Transients through the
area at different times will also increase the total.

When collecting is continued through the season, the
numbers collected should approach the poprulation of the 29.1
acre study area plus the population of the 13.5 acre marginal
area outside (See pages 124-125), a total of 42.6 acres.

In the preceding section the population was estimated at ii

4.3 residents and border residents per acre. The theoretical
expectation for the entire season would be 183.2 residents

and border residents plus an additional unknown number of
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translents.

The actual records for the entire season showed that
183 turtles were collected two or more times and 62 others
were collected only once. In the eatimates made in the
previous sectlion, turtles that were collected only once were
considered transients. Using the same criterion here, the
results of the two methods correspond. The very close
correspondence 1s purely cgincldence, but the similarity in
regults from the two sets of data does show that the estimates
approximate the true populatlion size.

Juvenlle pooulation. - The number of Jjuveniles in
the population was relatively small in comparison with the
number of adults. The problem of estimating thelr numbers
was complicated by several factors: (1) Small turtles were
not numerous and this made it difficult to get adequate
samples, (2) Small turtles were not as easy to see as larger
turtles, and (3) Small turtles may have more tendency to
wander than adults. This 1s not an established fact, but is
a possibility that must be considered (See page 86).

Turtles with carapace length 107 mm. and smaller
were classed as Juvenileas. Turtles of this size had the
secondary sex characters poorly or not at all develored and
were presumably immature. Turtles greater than 118 mm. in
carapace length were mature and had the secondary sex char-
acters well developed. However, some individuals in this

group had probably not reached maximum size and were still
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growing. The intermediate group, 108-117 mm. carapace length
contained some immature and some fully grown mature turtles.
It seemed most satisfactory to treat the three groups
separately because of the difference in collectabllity of
large and small turtles, and because a separation into two
groups only, Juvenile and adult, would have been quite arbi-
trary.

The number of turtles in the smaller size groups was
estimated by two methods, one designed to give a minimum
figure and the other a maximum figure, with the supposition
that the actual population slze wouﬂd lle between the limits.

(1) The actual number of Juvenile collections on the
census trips 1s compared with the number of collections of
adults on these same trips. The juvenile estimate is made
by proportional comparison with the estimated adult population.
Errqr caused by translents 1s avoided by this method. However,
it assumes that young and adults are equally visible and
avallable to collecting. Since this is not true, the esti-
mate will be too low.

On the census trips used for estimating the size of the
adult population, 225 collections were made. On these same
trips there were 7 Jjuvenlle collections and 6 collections of
turtles of intermediate size. Since the adult population
was estimated at 133.6 or 4.6 per acre, the eatimate for
Juveniles by this method will be 7/225 of 1%33.6, which is
4.2 or .14 per acre. For the intermediate group, -6/225 of
133.6 18-3.6 or .12 per acre.

. ;4 "‘) W“'ﬁ:&ﬁ
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growing. The intermediate group, 108-117 mm. carapace length
contained some immature and some fully grown mature turtles.
It seemed most sat%sfactory to treat the three groups
separately because of the difference in collectabllity of
large and small turtles, and because a geparation into two
groups only, Juvenile and adult, would have been quite arbi-
trary.

The number of turtles in the smaller size groups was
estimated by two methods, one designed to give a minimum
fisure'and the other a maximum figure, with the supposition

that the actual'populhtlon gize would lie between the limits.

(1) The actual number of Jjuvenile collections on the
census trips 1s compared with the number of collections of
adults on these same trips. The Jjuvenile estimate is made
by proportional comparison with the estimated adult population.
Error caused by transients is avoided by this method. However,
it assumes that young and adults are equally visible and
avallable to collecting. Since this 1s not true, the esti-
mate will be too low.

On the census trips used for estimating the size of the
adult population, 225 collections were made. On these same | ‘q
trips there were 7 Juvenlle collections and 6 collections of
turtles of intermediate size. Since the adult population
wag estimated at 133.6 or 4.6 per acre, the estimate for
Juveniles by thlis method will be 7/225 of 133.6, which is
4.2 or .14 per acre. For the intermediate group, 6/225 of

133.6 18 3.6 or .12 per acre.
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(2) The total number of juveniles collected in the
entire season is compared with the total number_gt adults.
This assumes that in the course of the season thé'propoftion
of the resident juvenile population that is collected will
be the same as the proportion of the }osidant aﬁulﬁ population'
that 1s collected; that the handicap of low viaibtlity is
overcome with increased numbers of collections. It also
assumes that Juvenilea.are no more transient than adults.

If the latter is untrue, the estimate will favor juveniles
and be too high.

In the 1945 season, 245 individual adults were
collected in the study area, plus 26 juveniles and 12 of the
intermediate group. ‘Tho estimate for juvenilea by this method
will be 26/245 of‘133;6 or 14.2, which is .49 per acre. For
the intermediate group this will be 12/245 of 133.6 or 6.5.
which 18 .22 per acre.

The intermedliate group is more likely to resemble the
adults in vlslﬁility and habits than the truly Jjuvenile group.
The expectation that minimum and maximum values by fh; two
methods would be closer together for the intermediate group
than for Jjuveniles proved to be true.

. The eatimated number of Jjuveniles is between .1 and
5 turtles per aéro. and the estimated number of turtles in

the intermediate size group is between .1l and .2 turtles per

acra.
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These numbers are small in comparison with the
number of adults in the population. Their addition to the
adult figures does not change the total estimate of between

4 and 5 turtles per acre.




SUMMARY

A population study of the box turtle (Terrapenpe
garolina Linnaeus) was made during the years 1944 to
1947 at the Patuxent Research Refuge, Maryland.

A thirty acre area in well dralned bottomland
forest on the flood plain of the Fatuxent River was se-
lected for intensive study. Similarly forested land
extended in all directions from the study plot.

Markers were established at eighty-three foot
intervals over the study plot for reference in recording
locality data. Individuals were marked by filing notches
in the marginal scutes according to a code syastem. There
were 2109 collections of study area turtles.

Records of collecting sites and turtle behavior
showed that in the bottomlands habitat cover: is utilized
extensively during the day as well as at night. Turtles
not actively moving about are almost always found in or
around brush piles, heaps of debris, and tangles of vines
and briars. Gully banks and woods openings are used for
sunning. Turtles are occasionally found in the mud or water
of the gullies.

The commonest type of night retreat 1is a cavity
congtructed by the turtle in leaves, debris, or earth.
These cavities, termed "forms™, may be used only once,
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but are sometimes used repeatedly, often at intervals of
several days or more. Different turtles sometimes use the
same form on successive nights.

Weather conditions most favorable to turtle activity
are high humidity, warm sunny days, and frequent rains.
The most unfavorable influences are low temperatures and
drought. ©On most summer days there are some active turtles
but individual turtles are not active every day. PFPeriods of
activity are alternated with periods of qulet even in fa-
vorable weather. This behavior is most pronounced in early
spring and late fall when inactive days are often more numerous
than active ones.

Maximum home range diameters were determined by
measurements . of the mapped ranges of individual turtles.
The average range of adult males was 330 feet in diameter
(atandard error of mean, 26 feet; standard deviation, 137 feet).
The average range silze for adult females was 370 feet (standard
error of mean, 29 feet; standard deviation, 149 feet). The
difference between male and female ranges is not significant;
the difference between the means contains its standard error
1.04 times. ‘

Locality maps were prepared for all turtlea. There
was no evidence of territorialism. Ranges of turtles of all
ages and both sexes overlapped grossly. Turtles were fre-
quently found near each other and no antagonistic behavior

was observed.
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Adult turtles occupy specific home ranges which
they maintain from year to year. The turtles living in
the study plot retalned thelr ranges even through a flood
that completely covered the area.

A trall-laying device was developed in order to
follow individual travel routes. The trailer consists of
a light weight housing fastened to the turtle's back. It
contains a spool of white thread that unwinds as the turtle
moves, thus marking 1ts exact route.

Turtles selected for this more detalled study were
followed with trallers for a total of 456 turtle days.
kaps 1llustrating their travels are shown. Normal movements
within the home range are characterized by, (1) turns,
doublings, detours, and criss-crossing paths completely
covering the area, (2) intersrersion of falrly direct tra-
verses of the home range, (3) frequently repeated travels
over certain paths or routes.

Traller records and mapped collection records both
show that the maximum limits of the home range are ordinarily
reached within a few days or weeks. This general procedure
is varied by some turtles to include intensive coverage of
only one portion of the range at a time.

Some turtles have two home ranges and travel between
them at infrequent intervals. One turtle showing this be-
~ havior was followed with a trailer for 161 days during 1946

.and 1947.
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Trips outslide the home range are made by some
turtles. These include egg laying trips by females as well
as trips of unexplained nature made by both males and fe-
males. Turtles from other areas occasionally occur as
transients in the study plot.

Systematic census trips, standardized for time and
procedure, provlided the data for estimating the size of the
population. Census data used in the estimates were those
taken in late summer after females -had rewurned from egg
laying. The samnples were spaced at intervals of a week or
more to allow free movement of turtles over thelr ranges
between collectlions, and so assure the more nearly equal
availabillity of all turtles.

' The population slze was estimated by comparing the
standard samples by a collection ratio. Asgsumptions involved
in the use of this ratio are discussed. Correctlion factors
were applied to the raw data to make allowance for turtles
whose ranges were partly inside and partly outside the study
area. Corrections were also made for transient turtles.

A second estimate, on the basis of the entire season's collecting,
gave closely comparable results.

The population of the study area was estimated to be
betwean four and five turtles per acre, with juveniles

conastituting less than ten per cent of the total.
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