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ABSTRACT

Field work was conducted in 1983-1986 to gather data on social behavior of the
Florida red-bellied turtle, Pseudemys nelsoni, by direct, underwater observation (Rock
Springs run, AbOpka, Florida) and home range ‘;malysis using mark-recapture aﬁd
telemetry techniciues (Rock Springs run and Payne's Prairie, Gainesville, Florida).
Laboratory observations and experiments were conducted at the University of Tennessee in
1982-1986. A behavior catalog of P. nelsoni was constructed. While not comprehensive,
it indicates that the 'socia,l behavior of this species is complex and adaptch for conditions of
poor visibility. Consbeéiﬁc identification probably occurs prior to courtship and other
social interactions. Aggressive behavior, mostly by melanistic males, was directed toward
conspecifics of both sexes. Aggressive behavior dil"CCth towards other males consisted
largely of threats while,‘fcmal‘és were bit and tugged on. Basking phéscs were not clearly
discernable 1n P. nelsoni althoﬁgh sdme postures and behaviors were associated with the
length of time an Anhngl had spent basking. - An investigation of how juvenile turtles
assembled bchaviér. revealed that‘altémating' pairs of Bchaviofs were the most common
pattern. Variability in the patterning of behavior amon g observation periods and individual
variation likely obscures much of the organization of their behavior. The most valuable
techniques fof invcétigating behavior patterns in this study were 1) identifying "units" of
behavior, 2) first order transition matrices, 3;) inf(')rmatioq theory, and 4) auto- and cross-
associations. Precdcial co;irtship was a frequent social event of juveniles in the laboratory.
While this behavior's function is not obvious, mémy of its attributes coincide with those
given for play behavior suggesting that the function of juvenile courtship is similar to one
or more of the possible functfons of play. The results of two laboratory experiments, one

using positive reinforcement and the second punishment, suggest that these animals can-



distinguish between a pair of turtles matched for size and pattern. To describe home range

size and usage, the data were recast as a constrained nonlinear optimization problem and
solved using a FORTRAN program. Home ranges were small at both the Apopka and
Gaiﬂesvillc populations despite substantial habitat differences and the different techniques
used to locate turtles. The entire hoime range could be traversed by an individual in one or

two hours.
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PART 1

GENERAL INTRODUCTION AND OVERVIEW



CHAPTER 1
LITERATURE REVIEW

Semi-aquatic chrysemid turtles (sensu McDowell, 1964, corhprising the genera
C hrysemjs, Trachemys and Pseudemy;v; hereafter, chrysemid) are traditional subjects in
many areas of research, but basic behavioral studies are scant. This has impaired the
advancement of other disciplines that would profit from a knowledge of these turtles'
natural behavior. Psychologists have exploited the Wiilingness of turtles to accept food in
learning studies (reviewed in“ Burghardt, 1977). Physiologists rely on the resiliency of
turtle preparations for research on vision, cardiac and anaerobic metabolism (e.g., Gatten,
1974, Neumeyer and Jaeger 1985) The relatlvely recent discovery ‘of temperature-
dependent sex deterrmnauon in some emydid (Emydidae) turtles (Vogt and Bull, 1982) has
secured this group's popularity for laboratory mvesugauons

Ethologlcally oriented lab research on theése turtles has primarily been concemed with
courtshlp One of the earliest descriptions of courtshxp was by  Taylor (1933) on
Trachemys scripta elegans and Chrysemys pica. Subsequent observations of these genera
erre conducted by Emst (1971), on C. picta; Davis and Jackson (1970, 1973) and Jackson
and Davis (1972a) on T. scripta; Marchand (1944) and Jackson and Davis (1972b) on P.
concinna suwanniensis; and Jackson (1977) on P nelsoni. Cagle (1955) was the first to
note that captive juvenile turtles occasionally vibrated the nails of their forefeet near novel
turtles or objects.

There has been considerably more ’interest in turtle natural history. Homing and
oﬁentaﬁon in chrysemid turtles have been investigated by a number of authors (e.g.,'

Anderson, 1958; Bennet et al., 1970; Cagle, 1'944; DeRosa and Taylor, 1982; Emlen,



| 1969; Ernst, 1970; Gibbons and Smith, 1968; Murphy, 1970; Ortleb and Sexfon, 1564;
Williams, 1952). Most of the species in this group appear capable of orientation and .
homing if displaced less than a mile from the capture site. If released on land the most
important sensory modality is vision (identification of landmarks;). When released in the
same stretch of water olfaction may be equally or more important.

Although}feeding ecology has been researched ,by‘several authors (Clark and Gibbons,
1969; Hart, 1983; Knight and Gibbons, 1968; Parmenter, 1980; ‘Raney and Lachner,'
1942), food prefereqce in chrysemid turtles has been studied only by Mahmoud and
Lavenda (1969). They sﬁowed that food preferences of juvenile Trachemys scripta weré
transitory. Using a different design and Chelydra (Chelydridae), Burghardt and Hess
(1966) found that food preferences established during the first feeding episodes appear
more permanent .

Circadian rhythms have been demonstrated in the diurnal species, Chrysemys picta
(Graham, 1972) and Trachemys scripta (Cloudsley;Thomps’on, 1982). The activity
patterns are influenced by temperature and are possibly entrained by ultraviolet radiation, at
least in T. scripta (Cloudsley- Thompson, 1982). '

The remaining rcsearch on chrysemia turtles has dealt with terrestrial activity, nesting
and basking. There are no quantified descnpuons of nestmg but all studies agree that the
nest hole is dug in an extremely stereotyped fashlon w1th the hind legs alone (Allen, 1938;
Cagle, 1937; Mahmoud, 1969). Basking has been more thoroughly studied and a partial
ethogram of the basking behavior of Trachemys scripta has been prepared by Auth (1975).
Other relevant studies include Boyer (1965), Hennemann (1979), Litwin (1976) Lovich
(1984), Riedesel, et al. (1971), and Zipko (1982).




CHAPTER 2

RATIONALE: WHY STUDY TURTLES?

To interpret an animal's behavior in the lab correctly, one must also study it in the
field. Only in the field does the relevance of many learning paradigms become clear (e.g.,
illness induced avoidance in the rat, summarized in Garc;ia et al., 1973). Similarly,
irrelevang behavior patterns in artificial situations may be put into perspective by
understanding their use in the wild (e.g., raccoons "Iwashing" coins, Breland and Breland,
1961). | |

: 'Unfortunately, laboratory projects often evolve with little regard for field work. For
example, wild rats were not studied in the field until the late 1950's (Barnett, 1975)
althoug.h domestic and occasional wjld rats were widely used as experimental subjects
during ‘fhe preceding 30 years. o

A similar situation exists with chrysemid turtles. As mentioned above, only basking
behavior has been systematically investigated in the field. Baskiﬁg has little relevance to
the kinds of questions asked by comparative psyéholégis;s. Howgver,‘ an understanding of
aquatic behavior of the animals in the field may do much tb.help interpret and complement
lab work, as well as suggest future lab work.

There are many reasons for studying turtle behavior in its own right. Turtles are

' probably the most primitive of the extant reptiles, already separate from other lineages by
the early Permian (Prichard, 1979). They are modératély suécessful and show a wide
variety of forms. : Part of the reason for their success must lie with their behavior. Of
special interest is the balance between remarkably stereotyped behaviors (e.g., nest hole

digging) and behavioral flexibility. In a natufal situation, Moll (1980) describes how a
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" turtle population adapted to a radically altered (ppllutéd) epvironment through diet
modification. When studying a conservative behavior pattern such as nesting, we are
studying an old pattern indeed. Virtually all extant turtles djg nest holes in the same manner
(Ehrenfeld, 1979) and,presu‘mably extinct ones did as well. Th.is,,patt‘cm may be over 250
million years old. |

Turtles are the only extant reptile group with a protective shell. Carrying a shell has a
great effect von mobility and locomotion‘(Walk,er, 1979). Their sldwness hgs strongly
influenced the manner in which they confront ecological pressures. Although predation oﬁ
adults may be low, jpvenile chrysemid turtles are vulnerable to aquatic predators because .
they swim slowly and lack the buoyancy control possessed by adult.:s (unpubl. obs.).
‘Thus, the); must depend on crypsis and concealment to avoid predators du‘i'ingy the first few
years of their life. Rapid growth in chrysemid turtles is not possible due to the foraging
inefficiency of a slow moving predator and the high calcium requirement of the shell for
growth. | |

Due to their foraging inefficiency, one would expect young turtles to be opportunistic
generalists, ‘ea"ting Whétever and whenever théy can. This is precisely Why they make such
good study anirflals in the laboratory. As they get older the percentage of plant matter in
tpeir diet increases. Adults of the largest species are almost completely ﬁ¢rbivoroué (Ernst
and Barbour, 1972; Hart, 1983). The constraints forcing turtles to be foéd generalists may
have aided them evolutionarily. Over the loﬁg run, a food spei;ialist is more likely to

become extinct.




CHAPTER 3
~ OBJECTIVES

This study had three major objectives: (1) to describe the overt behaviors of a semi-
aquatic turtle in the field, (2) to analyze selected behaviors and behavior sequences in the
laboratory or field and, if possible, to investigaté problems made ai:parcnf during field
observations, and (3) to estimate the number of conspecifics an individual regularly
encounters.
 Asafirst step in describing “the behavior of Pseitdemys nelsoni a catalog of the
behaviors of this turtle was ‘consltr;xc'te'd (Pan'2). Both Lorenz and Tinbergen have
advocated the utility of efhoérams (Schleidt et al., 1984) and Lehner (1979, p: 46) states
that, "...'-:i't should be the starting point for any ethological researéh, especially species-
oriented research.” As in Byers and Bekoff's (198i) field study of peccaries, frequency
and durations of the behaviors of P. nelsoni in the field were recorded, if possible, for
subsequent use in analyzing social and maintenance behaviors.

Schleidt, et al. (1984), among others, point out that the social behavior of turﬁes has
been only cursorily investigated (see above). Since most interactions seen inlthe field were
dyadic, male-male, male-female, and female-female interactions are described. Ascribing
- functions to some of these behaviors is problematic, thus tl'ie most 'likély explanations are
put f;)rward with the goal of clarifying how future research may resolve these problems.

The second 6bjective is divided into Parts 3-6. In Part 3, I éxamim sdquences of
behavior exhibited by juvenile P. nelsoni kept in the laboratory, and in Part 4 basking
patterns of adults in the field. There are several related reasons for an attempt to analyze

sequences of behavior. One is to group behaviors into categories that share common




causes or motivation (Slater, 1973). Sequence analysis is also useful to test for behavioral
differences among individuals or between species (Crane, 1978). Finally, "rules" of

" behavior may be discdvercd that:can aid in understanding an animal's behavior (Dawkins.
and Dawkins, 1974). The sequence analyses of laboratory juveniles were made primarily
to uncover "rules" and individual differences in behavior. Basking behavior was analyzed
to determine if the basking phases ("rules") proposed by Auth (1975) for Trachemys
scripta might alsé describe basking patterns of P. nelsoni.

In Part 5, precocial courtship in juveniles is examined. Courtship behavior in this
species has only recently been described (Kramer and Fritz, 1989). ; Courtship-like
behavior was a frequent social event of juveniles maintained in the laboratory. Other
researchers (Cagle, 1955; Petranka and Phillippi, 1978) have also noted precocial courtship
in other species, although it was less frequent than seen in these juveniles. In this Part,
precocial cpurtship is described and quantified. Preferences of individuals to "court” others
is examined. As with some other social behaviors its function is not known. However,
many of tﬁe attributes of this be.havior’coincidc with those Fagen (1981) gives for play

- behavior suggesting that the function of juvenile courtship may be similar to one or m6m of
the possible functions of play.. |

Individual recognitioq may play a prominent role in the organization of social animals,
espec;ially vertebrates (Barnard and Burk, 1979; Johnsdp, '1977). Chrysemid turtles are
often found in dénse populations (Bury, 1979), suggestipg fhét they have been under
selective pressure to evolve rﬁechapisms to rninirhize agdnisﬁc confrontations.. One such
mechanism is the establishment and maintenance of a dominance hierarchy (Bernstein,
1981), presumaibly requiring individual recognition. In Part 6, I examine the evidence for
. individual recognition in turtles. Two experiments to test for individual recognition are

described and the results compared with similar tests on other taxa.
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If the social organization.of these animals is mediated through individual recognition,

one expects most individuals to regularly encounter a limited number of conspeéiﬁcs. In
these turtles, this could be accomplished if home range size was inversely proporu'onai to
populatiori density so that the number of individuals encountered ;ioes not exceed the
number that can be recoénized. Thus, it was of interest to estimate the number of
conspecifics an individual would regularly encounter (obj‘ective 3) by estimating home
range size and population density. To estimate home range size and utilization, I adapted
the mathematical technique developed by Ford and Krumme (1979), where the data are
recast as a constrained nonlinear optimization problem, the solution yielding the desired
estimates. Population estimates were made using standard techniques (Begon, 1979). The

results are consistent with a social system based on individual recognition.
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CHAPTER 1
INTRODUCTION

Carpenter and Ferguson's (1977) reviéw of stereotyped social behavior in reptiles
attests to herpetologists' interest in describing the behaviors of their study animals. The
descriptions generally fall into twd classes: (1) thosé constructed for making quantitative '
assessments of an animal's behavior ‘(e.'g.,_J ackson and Davis, 1972a), and (2) those noted
due to their peéuliarity (e.g., Cééle, 1955), despite the frequent unavailab?lity of thev
aniﬁlal's tyi)ical behavior in the literature. ~Sys'tematip attempts to catalog all or most
behaviors of any rcpﬁle species have been lab oriented (e.g., Greenbérg, 1977). This is
surprising because the best studied reptiles, lizafds, are usually diurﬁal, have.small home>
~ ranges, and are tolerant of observers (e.g., Rand, 1964, 1967; but see Sugarman and
Hacker, 1980). For turtles, the average number of acts described per species in Carpentér |
and Ferguson (1977) is' only 10.15 (Schleidt et al., 1984) with many species absent. I
found no published completé ethog;ar;l,of ahy‘turt‘lle. Here I catalog the behaviors of
Pseudemys nelsoni, ‘the Florida red-bellied:‘turtle, and present the contexts in which these.
behaviors are exhibited. o

Rseudemys nelsoni (Testudines: Emydidae) is a member of a group that includes the
genera Tréc"hemys and C hrysemys.’ Thére a‘ré three (;)f four, éccordin'g to Ward, 1984)
closely related Pseyde'my; red-bellied turtles that, at one time, were probably 'distributed
continuously along the gulf and eastern coast of the Urllited States. P. nelsoni is the
southernmost member of this group and preséntly occupies peninsular Floridal (Ward,

1984). P. floridana peninsularis, also observed during this study, is the southernmost
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subspecies of P. floridana (Ward, ‘1984). The natural history of both species is descrchd
by Ernst and Barbour (1972).

These three genera share a number of behavioral traits, such as frequent basking
(Auth, 1975; Litwin, 1975; Zipko, 1982) and a complex and pfolonged courtship (Jackson
and Davis, 19724, b; Kramer and Fritz, 1989; Marchand, 1944; Taylor, 1933; but see
Davis and Jackson, 1973, for an exception). Social structure is poorly understood
- although agonistic interactions have been observed in several species (Bury et al., 1979;
Kramer, 1986; Lardie, 1983; Rundquist, 1985). Both a territorial and hierarchical social
structure havg been suggested for Trachemys scripta (Lardie, 1983). A size-based
hierarchy for access to preferred positions is likely on basking sites (Auth, 1976; Bury et
al., 1979; Lovich, 1984). Individuals of these species generally share their home range
with many other individuals (Bury, 1979; Kramer, 1986) suggesting a well developed

social system.
Choice of Subject

Reasons for choosing Pseudemys nelsoni, rather than another emydid turtle for this
study, include the following. (1) Populations of this species occur inlclear spring runs, the
best natural environment for conducting underwater obselr\'/ations on North American
emydid turtles; Of the suitable spring runs that I visited, Pseudemys nelsoni populations
were denser than those of P. floridana or P. conciﬁna. (2) Individuals appeared to be more
tolerant of an observer than P. floridana. P. concinna, in Rainbow run, Fla., were aiso
tolerant of an observer but the number of these turtles has so greatly diminished since
Marchand's (1945) study that animals there were difficult to find. Finally, (3) the animals

are large and sexually dimorphic. The sexes were readily distinguishable underwater and
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when basking because males'hit_ve a lower shell profile, long front claws, large heavy tail,
and are frequently melenistic. .Due - to confueion with P. ﬂoridtma, it was occasionally
difficult to ascertain the species idehtity of an mdividual without distutbingit.

Since Psetttiemys nelsoni is not widely distributed and possesses no outstanding
characteristics, few researchers have taken pams to study it (for a review of the literature
see Jackson, 1978) Only-three behavioral studies have been quantnauve In a preliminary
report, I discussed the sloclal mteractlons in P. nels»om' based largely on underwater
observations (Kramer, 1986). Kramer and Fritz (1989) described courtship behavior
' based on laoomtory and field data. Bjorndal (1986) exz_unined the influence of conspecifics
~on feedin‘gt rates in the laboratory. Other Behavio‘ral reports ‘on this turtle have been
aﬁec@otal. These include a brief description of courtship behavior by Lardie (1973) and a
note by Jackson (1977) reoorting a female titillating (courting) a male. Some baskinvg
behaviors have been noted by Prichard and Greenhood (1,968) es. well as a thermal
tolerance ebove tltat of two sympatric specie_‘s,’ Pseudemys ﬂoridaﬁa and P. concinna.
Basking females were also observed by Auth (1975) although their behavior apparently did

-not differ enough from Trachemys scripta to warrant mention.
The Use of Ethograms

An ethogram isa complete catalog of an animal's behavtors (Lehnet 1979). Many
studies present only a partial ethogram. of one behav1or category, e.g., comfort behav1or
(Ainley, 1974), while others.are more complete (e.g., Greenberg, 1977; Phllhps, 1977).
Howeyer, 'if one's intent is to begin research ona poorly studied spec1es, ‘construction of'
an ethogram is a logical first stet) (Jennings, 19()6 [in Schleidt et al., 1984]; Lehner, 1979).

The primary value of an ethogram or catalog of ‘behavior.s is to present the behavioral
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repertoire of a species. This answei's, in part, how an animal behaves by nroviding a
description of its behaviors. A |

| Catalogs of behavior have additional, d1rect applications Catalog construction
uncovers inadequacies in the investigator's understanding of the species' behavior, often
through comparison with other catalogs. This may encourage additional hours of
observation, suggest novel contexts in which to study the organism, or prompt a detailed -
' analysis of certain behaviors. A good ethogram may benefit researchers searching for a
suitable species to investigate broad ethological questions. A large collection of ethograms
~ on-diverse taxa may. be necessary to investigate phylogenetic and adaptive trends (e.g.,

Moynihan, 1970).
A Emotional 'Behavior

The oatalog oi' behaviors 'that I present below ,would not be complete vwitho“ut reference
to the apparent emoﬁonai behavior displayed by,turtles. There are several reasons to justify
‘its inclusion. First,l sonie behaviors looked like emotional responses because changes in
body posture and muscle tone were simiiar to the emotional beh‘ayior described for more
familiar animals (e.g., dogs see Darwin, 1965) in similar situations. Seeond ethologists
' workmg on vertebrates usually credit their subJects with emotions, often thought to
motivate some behaviors (Hmde, 1985 Weinnch 1980). The evolutlonary connnuity of
_emotion (Burghardt, 1985) has intuitive appeal and greatly aids informal descriptions of an
animal's behavior. Third,'Sonie‘ behaviors are highly.vcon'elated with patticular emotional
expressions (examples in Darwin, 1965). ‘Fourth, classifying behaviors by shared
emotional states, like classifying by context or function, ,niay be useful .,in revealing the

organization of behavior.
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CHAPTER 2
MATERIALS AND METHODS

This camlog of behaviors is based on observations couducted at a field site in Apopka,
Florida, supplemented with observations in Payne's Prairie, Florida, and the laboratory.
In the field, observations on animals ih the water were made by snorkeliug, or from a
canoe or bank Basking animals were observed from a canoe or bank In the lab, |

observations were made on animals in large aquaria or wading pools Detatls follow.
Field Sites

The study area was located in the upper portion of Rock Springs run, Apopka, Orange
County, Fla., located at 28°4520"N, 81°29'58"W. It was two km dowsstream from Rock
Springs and comprised a 980 m section of the t'iver. 'The water remained relatively clear
through’out‘ the year and water temperature probably did not deviate from 21°C by more
than 2°C. Preddminant maerophytes alottg the banks were Nuphar luteum, Phntederia.
lanceolata, Typha spp., Hydrocotyle umbellata, and Pistia stratiotes. Vallisneria amerzcana
~and Hydrllla vern(:lllata were abundant in the rmddle of the run if the water was shallow
.and moving quickly. Elsewhere the substrate cons1sted of soft mud. Osc:llatorla spp a
preferred food of these turtles, was found in clumps on the bottom and ﬂoatmg at the
surface throughout the study area. Six field tnps for observmg ammals were made from
1983-1985 (Table 1)f. Some behav1oral data were collected at Payne's Prairie,

" Gainesville, Alachua County, Fla. during a brief telemetry study in 1986.

T Tables and figures are located in an appendix following the Literature Cited at the end of each Part.
) 0 .



Marking

Pseudémys rrelsoni and P. ﬂoridana individuals were collected indiseﬁmrnately. One
hundred and twenty rline P. nelsoni (73 male, 56 female) and 43 P. ﬂbridana (23 male and
20 female) were marked. They were captured by diving, placed in a canoe, and brought
ashore for measrrring and marking.

Three types r)f marks were given to all but the smallest turtles. These were 1) up to

' three permanent holes drilled in the ﬁrst three or laet eight marginals (Cagle, 1939), 2) a
1.3cm (1/2 in) fabric fastener inserted through each hole, and 3) a number painted“on the
carapace in four places w1th a rubberized pamt marker (Sport Divers Mfg felt tip marker)
Or an epoxy pamt The number painted on the carapace was dempherable for 1-3 months.
The fabric fasteners remarned in the holes for about one year.. The fasteners permitted

individual identiﬁcatiorr after the paint had worn off and the holes obscured by algae.
Underwater Observations

De to rapid chiiling when motionless underwater, only two or three one-hour
observatiorllperiods were po;sible per day desp‘i_te usirrg a Wetsuit. Figure 1 gives the
distribution of horrrs of observation by. time of year and by time of day.

. Animals were l‘oca‘t'ed by swimming upstr'eam slowlf along one of the banks. When
an individual or group was éeerl their behaviors were noted by writing on' rougﬁened white
Plexiglas sheets with a penéil. Some photographs were taken using a Nikonos II anri Tri-
X film push-processed to 1600 ASA. Occasienaliy I was z;ble to follow animals that
appeared undisturbed by my presence. More often, however, animals exhibited a

startle/escape response (see belbw) when I approached closely unless they were engaged in
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courtshlp or agomsuc encounters ‘By remalmng at least two m away from the animals and "
moving slowly I could usually makc observatlons w1thout disturbing them. Jordan and
Burghardt (1986) deal quantltatlvely w1th some issues of the observer effect on black
bears. -
It was not possible to take detailed notes undchater. My field notes are biased, not

.only by which animal's behavior was recorded, but also by which bchaviors I selected to
record or was able to recogmze Thus, the number of times these behaviors are indicated
as occurring in the catalog are only approxlmatlons (underestlmates) of their true
frequencies. Nelther copulation nor nesting was ever obscrved in the ﬁeld surely many
other, perhaps less conspicuous, behav1ors are also absent. I attempted to record all social
interactions which preclnded recording the sequential behavior of a single individual ina
group.

" Small juvenile Pseudemys nelsoni ‘were seen mostly in areas. unsuitable for
observations. While both juvenile and adult P. floridana were found in tleeper \t/ater, they

panicked‘more readily and interacted less frequently than did adult P. nelsoni.
- Basking Observations

Forty three hours were spent rccording' the behaviors of basking‘ ‘turtles. Three
basking logs in the study areabffered good conditions for observation. One log, near a
bank, was observed from a canoe ’stationed at the other bank, about 25 m away. Most of
the turtles basking on this' lo‘g were male orismall females as~itwas too narrow for large
females to surmount. A second log, near the first, rested partly on the bank and was wider
but much shorter. - It held up to five large turtles. The third log was near the opposite bank

and partially surrounded by cattails. It could be observed from land, about 17 m away,
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without disturbing the turtles because the forest served asa natural blmd This log was
used by adults and Juvemles ' ‘

Basking observatxons were made only on sunny days w1th the a1d of 7 x 35
binoculars. Data were taken by hand using focal animal sampling (Altmann, 1974) on the
first adult emerging on the Abasking site once preparations were made. 'Ihe'behaviors of
other basking turtles were recorded if this did not interfere w1th data collection on the focal
ammal The dlstnbuuons of hours of observation by time of day and month of year are
given in Figure 1.

Other Field Observations

At the Rock Springs run study site, opportunistic observations of animals in the water
were occasionally made from a canoe, dock, or riverbank. At Payne's Prairie, some

behavioral data were collected‘ from a canoe or dike.v n
Labo’ratory Observations

Not all age classes of Pseudemys nelsom could be observed in the ﬁeld Neonates and
juveniles less than three or four years old frequented shallow water w1th cons1derab1e
debris and vegetatlon, ,bamng observation. Thus, their behavxor was examined in the
labdratory. A pair of adults also was brought into the labdrutory to examine courtship in

greater detail (Kramer and Fritz, 1989). The behayior of adults in captivity demonstrated

~ the importance of field observations. Important‘social behaviors, e.g., male-femdle,

aggression, were never seen in the laboratory whereas others, e.g., courtship, occurred.

much more frequently in captivity than in the field.

22



Four juvenile Pseudemys nelsoni were hatched in Aug. 1982 from eggs laid by two
captive females. They were maintained in a polystyfen’e container measuﬂng 1ﬁ2 x70x 48
cm for 3 yr and theén transferred to a 180 x 39 .x 33 cm aquarium. In addition to the
juvenile P. nelsoni, two juvenile P. concinna suwanniensis and three juvenile P. floridana
peninsularis wére maintained in thé aquarium. Behavioral data were collected by hand
using checksheets or tak‘ing"no_tes, and with about 10 min of Supef—S film and 4 h of"
videotape. )

Adult‘l"’seudemys nelsoni and P. ﬂéridaniz were maintained in the labOrétory, at various
times, sorﬁe in a circular swimining pool (137 cm ‘diameter, ﬁlléd to a depth of 23 cm),
others in a 180 x 39 x 33 cm glass aquarium. These ‘were' three female and one male P.
~ nelsoni and two fermilé and two male P. floridana, each held for about nine months. About
5 min of Sﬁb;r-S mm film and 10 h of videotape were taken .on, a pair of P. nelsoni
maintained in the glass aquarium, -

The behaviors of captive animals were notéd along with any changes‘over time. Theﬂ
videotapes and Super-8 mm films were useful for ex’athining details of courtship, feeding,

and basking behaviors.
- Coverage

- The sample coveragé and repertory fraction-(Fagen and Goldman, 1977) were not
calculated because poor observatibn condiﬁons and lirrﬁtéd data reco‘rding techniques in the
field assured biased vsamp‘les of behavior. Additionally,'behéviors were kno@n to be

‘missin“g, e.g., copulation. | ‘ |
-Fagen and Goldmanfs (1977) methods of calculating catalog comple&:ness require that

behavior is sampled randomly. While the problem of missing categories. does not pose

23



dlfficulttes (Fagen and Goldman, 1977), b1ased samphng would make calculations of

catalog completeness meaningless.
Emotional Behavior

Izard (1982) suggests that an .understanding of emotional processes should be
addressed at three levels: biological '(neuropltysiological-biochemical),‘ behavioral
(expressive), and subjective (experiential). An emotion is defined using data from all three
levels, hotvever, data from just. ttvo should 'be sufﬁcient for identification (Izard, 1982).
Emotional beltavior in animals would be difficult to research from tlte subjective level.

"Since I have no data at the bioloéical level, my perspective is necessarily speculative and
anthropomorphic. In describing emotional behavior I have considered overt beha;/iors and
context simultaneously although Lewis and Michalson (1982) caution that, due to variation, .
the emotional behavior of indiyidnats may differ in similar 'contexts'.‘ The classification that |
I give is intended to suggest situations where emotional behaviors are reﬁably observect and
to group situations involving the same exnotional behavior. Labeling was con‘servative and

reflects terminology used frequently in the literature.

The terrns emoti'on and ernotional behavior are difficult to deﬁne, in part because they
blend with feellngs on one level and motivation on another, and in part because clear
dlstmcttons among emotions have largely proven refractory at the physiological or
neurophyolologlcal level. For this ethogram I propose the following definition of
emotional behavior: An abrut)t ehange in beh'ai/ior pattern often reliably elicited by certain
classes of temporally unpredlctable sumuh such as the behavior of conspec1ﬁcs or
potential predators, and resultlng ina presumably adaptive response. This does not extend

to behavior patterns exh1b1ted due to regular cyclical exogenous or endogenous changes,
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e.g., foraging to satisfy hunger. Interpreting emotional behavior in turtles is also difficult
because there may be little selective advantage for expressing certain emotions (e.g.,

pleasure) to conspecifics, thus littie outward manifestation of a change in mental state.
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CHAPTER 3
RESULTS
Behaviors of Pseudemys nelsoni
Aquatic Behaviors

In the catalog that follows aquatic behaviors are grouped, for convenience, by
presumed function. The relationship between functional and simplified contextual
categories of Pseudemys nelsoni is diagrammed in Figure 2. Events (behaviors completed
in a short time, on the order of seconds) and states (behaviors wﬁose usual duration is on
the order of minutes or hours) should be readily distinguishable from the description.
Some formations (orientation of one animal with respect to another, Phillips, 1977) are
given. Many of the descriptions fit P. floridana and P. concinna well; differences that I
observed are noted. The behaviors described below are listed with frequencies and percent
of total time from field data in Appéndix 2. Total recorded frequencies of behaviors and
observation time§ in the field are as follows: male P. nelsoni, 1070 behaviors, 40.3 h;
female P. nel.;'oni, 565, 26.1 h; male P. floridana, 283, 13.1 h; female P. floridana, 492,
22.5 h. The actual number of individuals observed duﬁng the study is not known since
most individuals were unmarked. I estimate that observations were made on 200-300
individuals.

The likelihood of observing male and female Pseudemys nelsoni (Fig. 3) did not differ
throughout the day. I tested this by subsampling the data set, assigning months of

observation randomly to one of two groups. An analysis of variance was performed with

26



percent time observed as the response variable and sex and time period as the independent
variables (Table 2). This analysis relies on several assumptions not completely met by
these data. Violations iﬁclude bias in&oduced by observing some individuals on ‘Imany
occasions and others on far fewer, and by confounding the error term with a possible
seasonal effect. However, the purpose of this analysis was exploratory rather than
definitive. None of the effects (sex, time period, or sex by time period) were signiﬁc:ant at
the 0.05 level suggesting that the sexes were equally likely to be observed in any of the

time periods and that time period did not affect the likelihood of seeing animals.

Foraging

1. Eating. Behaviors associﬁfed with the processing of food prior to digestion.

Ingesting large items begins with a forward thrusting of the head with a concurrent opening

of the jaws, concluding with a bite. The bite is completed even if the animal misses the

food item. If small, the food item is swallowed whole. If too large to be swallowed

whole, it is manipulated by pushing or tearing with the forefeet (see below) or by releasing,

then regrasping the item, after shifting its head. |
Turtles eating Oscillatoria, the most frequently consumed food, stand on the substrate

facing a small mass of algae. The jaws are placed into the algal mass, opened slightiy and

the hyoid apparatus is lowered after which the jaws are closed and the hyoid raiscd.l This

sequence occurs repeatedly giving the appearance of very small nibbles.

2. Swallowing. Food is moved posteriorly from the buccal area. |

3. Tearing food with forefoot. The food item is held with the mouth, a forefoot is rotated

so that the palm faces outward and then raked against the food. This may be peff(;)rmed

with one forefoot or both forefeet simultaneously.

i

|

g |
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4. Expose food. The turtle hovers (tread-paddle) over the potential food item, rotates the

front feet, palms facing outward, brings the front feet together above the food item, then
gently brushes outward with the front feet removing the debris covering the food item.

5. Food contest. One animal attempts to eat food held by another. When the ahimal
grasping the item was larger than its contender it would often retract its head slightly,
swing its forélimb(s) forward with the palm(s) outward and push, usually catching the

1

other turtle's head, pushing it away.

Approach/Investigate/Avoid

1. Approach (Figs. 4 and 5). An animal moves toward a conspecific, observer, etc;. with
the apparent goal of attaining it.

2. Follow. Following is approaching an animal that is moving away slowly (walking or
swimming).

3. Nose (Fig. 5). Animals place their nostrils within a mm of the surface of an object or
conspecific.

4. Turn toward. The entire body is rotated, requiring the coordination of all four limbs to
orient to another individual. The head of the animal is ﬁsually‘directed toward it befort;,
turning. |

5. Avoid. A) An animal moving toward or near another 'abruptly'changes diréction,
moving around or away from it. B) An.animal that is approached by 'another moves away
from it before the appréaching animal is witﬁin.(')ne body length. ‘ |
6. Leaving. An animal leaves the immediate vicinity of another following investigatory

behavior or an interaction, but not due to the quality of the interaction (does not include

fleeing or retreating).
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7. Nosetouch (Fig. 5). Two animals in close proximity and within 90° of facing each other

slowly extend their necks fully until their snouts touch or almost touch.

Comfort Movements |

1. Coughing. The animal closes its eyes, opens its mouth and the partially retracts its head.
Then it drops its head while at the same time retracting it slightly in a jerky manner. The
head is then slightly raised and extended. This is repeated several times.

2. Rubbing/scratching. A) Back rub. The animal crawls or wedges under an object (rock
or hose in the lab), pushes up to exert some pressure against the object with its carapace,
and swivels. B) Head rub. The head is partially retracted and bent in the direction of one
of the forelimbs. That forelimb is rapidly rubbed back and forth over part of the head (Fig.
4). C) Both forelimbs and hindlimbs may be rubbed against the underside of the
marginals. D) The hindlimbs are occasionally rubbed agzﬁnst each other or (E) againist the
tail (Fig. 4). |

3. Yawning. The mouth is slowly opened very widely for one or two seconds, then ciosed
quickly.

4, S_M.&a_r_ leg. A rear leg is slowly extended laterally and posteriorly while the digits
are simultaneously spread. The leg is withdrawn more abruptly. The timing and
appearance are similar to that of a cat performing the same behavior.

5. Limb shake. The limb is partially extended and the distal portion rapidly shaken. This

act is similar to rubbing but the appendage does not touch the body.

Locomotory

1. Swimming (forward). Forward locomotion through the water above the substrate.

There are three readily distinguishable classes of forward swimming, based on speed. ’
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The slowest, paddle-glide, has noticeable interstroke pauses (glides). The animal
appears to be unhurried, often moving its head from side to side, giving the impression that
it is scanning the environment. The dg;_qs_d paddle is variable in speed but directed toward
a specific object. The head is normaily outstretched and oriented toward the object. There
are no or infrequent glides between strokes. The escape dash is directed away from an
animal (usually the observer) at maximum speed.

2. Backpaddling, turning and stopping. Locomotion in the water other than swimming
forward. Swimming backwards or backpaddling occurs by a sculling motion of the hind
legs alone and is slow. Turning usually involves the forelimbs as well. Movements
involving turning are generally well coordinated, better on the horizontal than vertical
plane. The hindlimbs are used for stopping. Turtles are able to stop and turn qﬁickly
during paddle-glide and directed paddle.

3. Tread-paddle. While the hindlimbs are backpaddling, the front limbs paddle forward.
The head and tail are extended. The animal remains stationary in the water.

4. Walk. Locomotion on the substrate. The plastron is usually not in contact with the
substrate.

5. Burrowing. An animal burrows into the substrate so that mud covers it to at least the

carapace marginals.

Agonistic |

1. Stare. An animal faces another within two body lengths, looking steadily at its flhead.
This was considered a threat because the recipient usually looked, turned or moved 5way.
This behavior has been noted in other taxa (Exline, 1982).

2. Look away. An animal appears to avoid looking directly at the head of arl!other

individual in close proximity. This behavior has been described by various autho:rs for
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other species of turtles (Boice, 1970; Bury et al., 1979; Lovich, 1984) and is an example of
a "cut- off" behavior (Chance, 1962).

3. Nudge. One animal, with its snout, lightly pushes against another.

4. Gape (Fig 6). Gaping, interpreted as a threat, occurs when one animal, facing anbther,
partially retracts its head and rapidly opens its mouth. The duration of a gape is variable
but usually several's.

5. Snap (Fig. 6). The head is thrust forward with the jaws open, as in a bite, but the jaws
close far short of the other turtle. These turtles have poor aim and may miss even a
stationary food object on the first attempt. Some snaps, however, fall at least 10 cm short.

This seems in excess of what might be attributable to poor aim.

" 6. Social bites and attempted social bites. Bites (as described above in eating) or attempted

bites that were directed to other turtles were considered to be social bites.

7. Withdrawal of head and front limbs (Fig. 7). Retraction of head and front limbs under
carapace. ,
8. Extension of head and front limbs (Fig. 7). An animal extends most or all of its head
and front limbs. ‘

9. Tail extension. Tail parallel with body axis, either straight or curved ventrally.

10. Tail retraction. Tail is withdrawn sideways underneath carapace.

11. Complete mgggg All limbs, head and tail are withdrawn under the carapace.

12. Retreat. The individual moves backwards rapidly away from another animal for
roughly one to three body lengths by crawling or swimming. It then stops or turns and

swims away. The head is partially retracted.

13. Chase (Fig. 7). An animal attempts to approach another that is rapidly swimming

away.
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14. Push (Fig. 7). One animal attempts to change the position of another, either by

pushing it with the front of the carapace (male- male) or by pushing it forward with its
whole body while holding the other turtle's forelimb in its mouth (male-female).

15. Drag. A turtle, either biting or being bitten by another, changes its position and:by SO
doing displaces the other by pulling it behind.

16. Circle. A) One male swims around a second male, pivoting on the bottom and
maintaining a head-to-head orientation. B) Both males swim, circling each 6thcr,
maintaining a head-to-head orientation.

17. Lateral presentation. An animal changes its orientation so that its side is presented to
the other turtle. '

18. Tilt body (Fig. 7). The shell is tilted vertically to about 45° and tipped down slightly
anteriorly in response to an approaching conspecific male. The male is presented with the
top surface of the carapace. The behavior occurs on the substrate.

19. Kicks. One animal pushes another away with several sharp kicks to the other's
carapace using a hind leg.

20. Grip (Fig. 7). One individual holds another with its jaws. This occurred only when a
male gripped a female's forelimb. |

21. Yanking. A male pulls a female's foot with ‘his jaws while bushing or holding the
female's shell away with his front legs. This is repéated‘rapi‘dly in short bouts sométimes

producing a clattering sound (see below).

22. Clattering. A clack, produced when the male’s front cai'apace contacts the bridge érga ‘

of the female's shell, :occurring‘when' the male stops‘yanking on the female's forelimb.
The female may also try to retract her front leg, increasing the force with which the shells

come into contact. This behavior was repeated frequently and quickly, producing a
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clattering sound with up to 10 clacks/bout. Up to seven consecutive bouts of clattering
were observed with about one bout/min.

23. Perpendicular arrangement of shells (Fig. 7). During male-female agonistic
interactions the shells are roughly perpendicular. This formation persists as long as the
male is biting the female's forelimb.

24. Face same direction- head to tail (Figs. 5 and 7). This position often delineated the
beginning and sometimes the termination of a male-male agonistic interaction. This
formation also occurs in the initial stages of courtship (Fig. 5).

25. Face opposite direction- head to head. This was the usual position in a male-male
interaction, attained shortly after its initiation. Males might circle each other or move

backward or forward while maintaining this formation.

Sexual

1. Swim above (Figs. 5 and 7, see also Fig. 1 in Kramer and. Fritz, 1989). One turtle
swims above another orienting to its head and attempting to position itself for titillation.
The turtle above attempts to maintain an inclination of approximately 20°, tipped downward
anteriorly, and extend its forelimbs anteriorly.

2. Rotate forelimbs. The forefeet are brought forward together and rotated inward
(pronation). The motion concludes with the forelimbs roughly parallel to the head,
extending forward with the palms facing outward.

3. Titillation. The digits of the forelimbs are vibrated rapidly, with the claws placed just
above another turtle's head.

4, Mounting (transition to copulation). The male moves from the swim above position to
the copulation position (described in Kramer and Fritz, 1989) by sliding backwards,

bringing the rear of his plastron in contact with the rear of the female's carapace.
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5. Copulation. This behavior was not observed in the course of this study but is described
by Kramer and Fritz (1989).

Miscellaneous Maintenance Behaviors

1. Throat pulsation. The throat rhythmically distends and contracts, due to lowering then
raising the hyoid apparatus. This draws water through the nostrils and out the mouth,
which is slightly opened at the same time that the hyoid apparatus is raised. The flow of
water can be reversed to exit from the nostrils.

2. Surfacing and submerging. Animals come to the surface to breathe, either extendiﬁg the
head or only the nostrils above the water surface. |

3. Defecation. Voiding of feces.

4. Urination. Voiding of the bladder.

Startle/Escape

1. Startle response. The immediate reaction to a potential predator.

An animal in the water, startled head-on by an observer, withdrew its head, forelimb:s and
tail, and used its hindlimbs for sfopping and backpaddling. If startled from behind the
turtle withdrew its tail and rapidly swam away. This act was completed in one s or less.

2. Wedge under an object. A hatchling or small juvenile swims to the bottom where it

attempts to burrow into the substrate or wedge under an object.

Inactive
1. Rest. Animal is alert but inactive.
2. Ride and resting on others at surface. A smaller individual uses a larger one that is

swimming slowly or resting near the surface as support.
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3. Resting on others on bottom. One turtle crawls or rests on the carapace of another on
the substrate. It differs from mounting (sexual béhavior) because the animals are nof
necessarily facing the same direction and the turtle resting on the other does not
subsequently exhibit sexual behavior. |

4. Waterbasking. The dnimal is supported by debris or vegetation at the surface'in full
sunlight. The head and most of the carapace are out of water, the limbs are lowered and the
tail extended. |

5‘. Restin ﬂbﬁ;ﬂl& The animal is inactive and in mud with only the head and carapace
- visible (see burrowing).

6. Sleeping. Animals are inactive and eyes are closed for long periods of time.
Basking Behaviors

Basking observations were conducted using focal animal sampling (Altmann, 1974),
supplemented by noting the behaviors of others when the focal animal was inactive. Data
on focal animals are analyzed and presented in Part 3. Subtle behaviors were mostly
recorded only for the focal animal. Most turtles observed basking were male Pseudemys
nelsoni (814 behaviors noted). The number of behaviors recorded for the three other
groups are: female P. nelsoni, 371; male P. floridana, 45; and female P. floridana, 61.
The basking behaviors of the small sample of P. floridana observed did not differ from that

of P. nelsoni.

Social
1. Nose/nudge. A turtle behind another, facing the same direction, noses/nudges th€ tail or

carapace of the one in front.

35



2. Climby/rest on another. One animal partially climbs on another and rests with the front of
its plastron supported by the other turtle's carapace.

3. Touches. An animal contacts a second by placing a limb on its carapace.

4. Push off. A hindlimb is used to push off an animal that has touched or begun resfing on

its carapace.

5. Swivel. The shell is elevated slightly and rotated back and forth about 45° after tactile
stimulation from a second turtle. '

6. Push with shell. A larger animal pushes a smaller animal with the edge of its carabace.
7. Bracing. An animal that is pushed resists being moved by extending its legs down and
laterally as far as possible, clutching at the substrate with all four legs. This occurred if the
turtle nosed/nudged was unable to move forward.
Nonsocial |

1. Emerge from water. Pseudemys nelsoni follows the emergent pattern describlled for
Trachemys scripta (Auth, 1975). Animals appear wary or hesitant when approaching a
basking site. Once begun, the animal rapidly mounts the log. When on top it uSuaﬂy turns
90° so that its body axis is parallel to the log. The front legs are used to pull the animal up
to the point where the hind iegs can grip the log. If at least oné hind leg cannot be brought
into play, the animal is not capable of emerging.

2. Into water. An animal moves into the water by walking or pushing off and dropping in.

Sometimes animals were pushed in by others or fell off when moving abbu_t on the log.

3. Turning in position »(rotation. of Auth, 1975). . An animal changes orientation wlithout :

moving forward or backward. The plastron may or may not be elevated above the
substrate. When turning in position the hindlegs were more important than the forelimbs

for grasping the substrate. After emerging turtles usually turned 90°.
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4. Kicking. A limb is rapidly retracted then extended several times. The motion appears
similar to swimming movements and is made in a horizontal plane but is performed more
quickly.

5. Moves legs. One or more appendages makes a slow swimming or waving motion, not
contacting the substrate and usually not repeated more than once.

6. Rubbing. An appendage is rubbed against another body part or substrate. Five readily
distinguishable kinds of rubbing were noted; rub head with forefoot, rub anterior
undersurface of carapace with forefoot, rub posterior undersurface of carapace with
hindfoot (lateral and anterior to hindfoot), rub tail and undersurface of carapace abo‘ve tail
with hindfoot, and rub appendage against the substrate. |

7. Limb retraction and extension. Retraction occurs when a limb is' folded next to the
body, under the carapace. Extension occurs when a limb is straightened. The hindlimbs
are extended laterally and posteriorly, the forelimbs laterally a}ld anteriorly. They may be
touching the substrate but usually are lifted so that the feét are slightly elevated.

8. Raises/lowers limb. The limb is elevated from the substrate, remaining partly flexed.
An appendage can be lowered from a partly flexed, retracted or extended position.

9. Raises/lowers head. The head is elevated or lowered, the neck remains slightly flexed.
When lowered the neck is usually partially retracted and the head parallel with the opening
between carapace and plastron.

10. Shake head. The head is moved very rapidly and briefly from side to side in the
horizontal plane.

11. Scan. The turtle elevates its head and turns it from side to side slowly in a horizontal

plane.
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12. Walking. Terrestrial locomotion (discussed in detail by Walker, 1979). On land or a
basking site animals have two readily distinguishable gaits; a very slow deliberatel walk,
with frequent pauses, and a rapid, escape gait.

During walking the head is lowered, the neck parallel to the substrate, and the bbdy is
held completely off the log or ground. Stops are frequent. After stopping the head is
raised and the animal scans. ‘

In the escape gait animals move as quickly as they can, usually toward water. The
head is completely or partially retracted.

13. Inactive. Animal is quiescent, eyes may be open or closed. Animals do not commonly
remain still for more than 15 min.

14. Nose substrate. The animal brings the tip of the snout near the substrate.

15. Digit spreading. The digits are widely separated so that the webbing is extended.

16. Yawn. The animal opens its mouth very widely and slowly then closes it. There are
no discernible difference from yawns in the water.

17. Nonsocial gape. The animal opens its mouth to lé lesser extent than in a yawn but

leaves it open, usually for 15 or more s. The open mouth is not oriented to another turtle.
Miscellaneous Behaviors

Behaviors included in this section were either known to be missing (nesting) or djd not
fit into other categories (hiss).
1. Hiss. Sound is produced as air escapes through the nostrils and possibly the 1?nouth
during retraction. Hissing was heard when the animal retracted suddenly on land.

2. Nesting. No animal was observed nesting.

38




S

Emotional Behavior

Emotional behaviors are subjectively labeled fear, annoyance/anger and pleasure.
Nonspecific arousal is also described, although it is probably not an emotional behavior,
because it could be distinguished from other emotive or motivational states ar;d, in
particular situations, has been treated as an emotional behavior (e.g., Plutchik, 1980; for
other authors see Fantino, 1973).

These emotions are characterized below. It should be borne in mind that this iist is
likely a simplification of the emotional behavior of these animals.

1. Fear. In water an animal backing away and fleeing, or turning and fleeing manifests
fearful behavior. Other indications of fearful behavior are retraction into the shell and
defensive gaping to an approaching conspecific. These animals always have their tails
withdrawn.

2. Anger/annoyance. An animal stares at (threatens) another individual (contrasting with
the look away posture) and is liable to gape, snap or bite at it.

3. Pleasure. Behaviors similar to those of other taxa in contexts that appear pleasuxl'able,
e.g., the slow, almost lazy opening and closing of the eyes and general relaxatiorl1 and
extension of the limbs during a basking episode when the animal first positions itself under
a warm lamp. This emotional behavior is less obvious than the others.

4. Nonspecific arousal. The individual is very active, either A) excited, or B) agitated or
restless. |

A) Excited. An animal engages in vigorous swimming directed or pertaining to fobd or
another individual (in a courtship or courtship-like context).

B) Restlessness. An animal ignores other individuals and objects and swims continudusly,

punctuated lonly by surfacing for air.
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Behaviors in Context

Aquatic Behaviors

Foraging

Most animals were seen feeding from afternoon until dusk in open, often shallow
areas where Oscillatoria spp. was abundant. The top of the algal mass alone was grazed.
Only a small amount of each algal mass was eaten before moving to another patch Qithout
backtracking, males moving more often than females. They occasionally ate Oscillatoria
spp. or vegetation at the surface but not in long feeding bouts. Foraging appeared to be
solitary although two turtles were sometimes seen within one m of each other, prob:ably a
result of the distribution of food resources.

The following natural foods were consumed: Oscillatoria spp., Hydrilla verticillata,
Eel-grass (Vallisneria americana and/or Sagittaria kurziana), Spatterdock (Nuphar lz;teum)
flower bud, and an apple snail shell. In addition, a female Pseudemys floridana ate an old
Spatterdock stem. A bromeliad that had fallen into the water was bit but rejected. Lettuce
and celery tied to a branch were also rejected. In the lab the following foods were accépted:
dog food, cat food, lettuce, anise, celery, crickets, dead minnows, Plaster of Paris
briquette, algae (unidentified), and feces (of other turtles). There were no observable
differences in the feeding behavior or food items consumed between P. nelsoni and P.
floridana. The nibbling behavior seen-when turtles ate Oscillatoria may function to strain
the water entering the mouth of coarser particles. Alternatively, it may be similar to the

phytophagous behavior described for other species (Belkin and Gans, 1968).



Swallowing always occurred in the water. The animals used inertial feeding to initiate

the process. It is likely that water pressure built up anterior to the food item is used to
assist the passage of food through the esophagus.

The effect of tearing depends on the food stuff. An insect usually comes apart after
several seconds, especially if caught by the claws. A fish is twisted so that its long axis is
parallel to that of the turtle. Pieces of plant matter are usually separated by tearing. If
several tearing attem'pts are unsuccessful the turtle relinquishes its hold and bites the food
item elsewhere. After tearing there may be small food particles left on the front claws. The
particles are not brought to the mouth, instead the turtle extends its head to its claw§ to eat
them.

During a food contest it was not clear if the turtle gripping the food was attempting to
push away the other turtle or tear at the food. 'The recipient might attempt to appropriate the
item again but would never gape or bite in return. Individuals also chased others grasping
food. Possibly, the food item alone was being chased. These behaviors were seen only by
juveniles in the lab when eating animal matter. Turtles consuming plants would feed next

to each other without interacting.

Approach/Investigate/Avoid

Most approaches and investigatory behaviors, other than toward the observer, were
directed toward conspecifics. This suggests that species discrimination is possible from a
distance, at least in the relatively clear water of a spring run (see below).

While making observations I was frequently approached when an animal was
swimming downstream and I was in or near its path. Occasionally, an animal appeared to

go out of its way to investigate me, some individuals repeatedly during an observation
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session. A behavior similar to exposing food was performed by a male Pseudemys nelsoni
in the field after it had approached me, for no apparent reason.

Individuals usually approached the observer, some inanimate objects, and another

turtle's posterior or side slowly and hesitantly. If the approached individual was at the

surface, the approaching turtle stopped behind it and extended its head while treading water

or resting on a branch.

An animal approached the anterior of another slowly or rapidly. In the lab, a slow
approach was seen in juveniles preceding a titillation sequence. The approach was usually
made by swimming. Pseudemys concinna juveniles differed in that the slow approach to
the anterior of another usually preceded an aggressive interaction. In general, animals
avoided approaching each other head-on. Rapid approaches occurred during courtship
patterns (juvenile or adult) when the recipient dodged or fled. When it stopped, the
displayer approached it very rapidly. Rapid approaches were also common in aggressive
encounters.

Sufficient approaches were observed for statistical comparisons between sexes using
the G-test. Male Pseudemys nelsoni approached both conspecific males and conspecific
females significantly more frequently (p < 0.05) than did female P. nelsoni. While male P.
floridana approached female conspecifics significantly more often (p < 0.05) than did
female P. floridana, neither class approached conspecific males or P. nelsoni of either sex.
Male P. nelsoni were not observed to approach male P. floridana but did approach female
P. floridana suggesting that male P. nelsoni had greater difficulty distinguishing between
conspecific and heterospecific females at a distance than did male P. floridana. This could
not be tested statistically because opportunities for social interactions were unknown.
Assessing opportunities would have required determining the proportion of these two

species in the study site as well as the degree of microhabitat overlap.
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I have not seen following where two animals, moving in the same direction, remain

the same distance apart. Sequences when one animal follows another culminate when the
animal being followed is reached.

Obvious avoidance behavior to other turtles was uncommon. Only males were
avoided. This behavior was not common in Pseudemys nelsoni and not observed in P.
floridana. 1was usually avoided and never used as a resting platform.

Leaving was the usual termination of an interaction. The animal that was leaving
would usually look away from the other before leaving.

Nosing is presumably for olfaction, most often addressed to potential food items or
other turtles. In a social context the cloaca, hindlimbs or head of the other turtle was
nosed. Nosing the substrate sometimes occurred after an animal settled to the bottom.

Nosetouching was maintained for 5-10 s. One animal broke contact by turning its
head away. This was not often seen in the field. On one occasion an interspecific
nosetouch was observed between a female Pseudemys nelsoni and a female P. floridana.
Nosetouching was performed more frequently by juveniles in the lab. It never ended in an
agonistic encounter or titillation sequence in juvenile Pseudemys nelsoni or P. floridana but
in P. concinna suwanniensis it sometimes ended with a gape or snap. The function of this
behavior is not clear. It may serve to gather information on the other turtle or be a

'greeting’.

Comfort Movements
During coughing, my impression was that the animal was trying to expel food from its
throat although this was never observed. This behavior was infrequent, usually following

eating. It may aid in manipulating food in the throat to assist swallowing.
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Rubbing was usually a vigorous behavior. Baékrubbing may be done for periods of
10 or more minutes with interruptions for breathing. The function of this behavior may be
to aid in dislodging epidermal layers of the scute during ecdysis.

Yawning was sometimes accompanied by rubbing the head with one of the forelimbs.
It did not occur following eating as seen in many lizards and snakes. No external stimulus
appeared to initiate yawning.

Limb shaking may be performed to rid the appendage of an irritant or, with stretching,
to stimulate circulation.

Other than coughing, comfort movements usuaily occurred when animals were resting
on the bottom and appeared to be relaxed. These movements were seen infrequently. in the
field and do not greatly differ from similar behaviors in basking animals. None appear to

have a social signal value.

Locomotory

Both species of turtles swim slowly and can be captured easily by hand underwater.
Pseudemys floridana are stronger swimmers than P. nelsoni and females of both species
are slower than conspecific males. When attempting to escape, adult P. nelsoni swam in a
large semicircle close to the surface even though individuals were observed feeding at the
deepest point in the study site (about 5 m). In contrast P. floridana would flee toward
deeper water along the bottom. Juveniles qf both species fled to the bottom.

The paddle-glide swimming gait was used mostly by solitary individuals. In the lab
the directed paddle was used fof approaching a fdod item and, sometimes, anothex;
individual. Following the escape dash, some animals turned their heads to see if they were |
followed. In the field, read-paddle was exhibited mostly by Pseudemys ﬂofidana females

when they surfaced for air and lasted less than 30 s.
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While swimming adult turtles are negatively buoyant. When they stop swimming they
slowly sink to the bottom. Contact with the bottom substrate is usually made first by the
downward projecting hind limbs. Animals walk only short distances, as when moving
from one food patch to another. Both aquatic and terrestrial gaits in chelonians are
discussed in detail by Walker (1979).

Burrowing was seen infrequently at the Rock Springs run study site and not employed
as an escape maneuver by adults. However, in Payne's Prairie adults did attempt to;escape'
by burrowing. While the substrates in both areas consisted of soft mud, the water was
much shallower at Payne's Prairie. Turtles may enter the mudlto avoid interactions with
other animals or to thermoregulate. Bottom mud is often (;ne or two degrees warmer than

the water above it, probably due to the presence of decaying organic matter.

Agonistic Behavior

The function of look away is probably to aQoid initiating an interaction with a facing
individual. An animal seeking to interact with another makes no attempt to look away from
the individual it is approaching. An animal that is approached may try to look away from
one approaching by looking to the side, down or nosing the substrate, or turning away.
The appearance of indifference to other individuals may be the result of this behavior. |

Gapes were frequently seen in agonistic interactions. In melanistic males, the open
mouth, with its light pink interior, sharply contrasts with the black head. The recipient's
usual reaction to gape was retreat (backing up). In the lab this behavior was per;formed
more frequently by juvenile Pseudemys concinna than juvenile P. nelsoni and never by

juvenile P. floridana.
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Biting was not observed with great frequency in agonistic interactions although poor
observation conditions may have precluded seeing nips. Biting did not seem to inflict
damage on conspecifics, even after a prolonged biting sequence.

Occasionally a retreat began with a jerky appearance. This was due to the repeated
synchronous retraction then extension of the head and forelimbs. At the same time the
animal moved backward using its hindlimbs alone. It appeared to be a conflict behavior
(approach/withdrawal). Retreat sometimes occurred without any overt sign of aggression
by another turtle.

Male-male agonistic interactions were usually initiated when one male disturbed
another at the surface by nudging it. In some cases this may have been augmented by a nip
or be peculiar in some other way because the recipient immediately turned around to face
the animal that disturbed it. When I poked males resting at the surface with a pencil or my
finger on a hind limb there was either no response or the animal would panic. Some
aggressive interactions began when a swimming male encountered a stationary one.
Aggressive interactions were infrequent, in most encounters males either ignored each other
or exhibited only a cursory interest in the other.

After being nudged or bit the male at the surface would usually submerge backwards
and turn to face the male that disturbed it. They would face (stare at) each other for five or
more seconds. The only physical trait that appeared to be associated with aggressive
behavior was melanism in males; this also appeared to be the case in male-female
aggressive behavior. |

My .impression of aggressive interactions is that aggressors or dominant males
exhibited the following behaviors: the initial nudge/bite, gape, snap, stare, tail extended,
head and forelimbs extended, approach, chase, and circle. Submissiveness was inciicated

by look away, withdraw head and forelimbs, retract tail, and retreat. Defensive behaviors
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included withdraw head and forelimbs, circle, gape, and tail retraction. These defensive
behaviors were observed in more protracted encounters and seen sporadically in both
animals.

Fights were of short duration and usually ended abruptly, one animal either fleeing or,
more commonly, surfacing. Occasionally the individual at the surface would be nudged/bit
again and another agonistic interaction would ensue. Usually both males would surface
without further agonistic behavior. In most cases clear winners and losers were not
dis;cernible, making interpretation of the fights difficult.

In the field male-male chases sometimes followed agonistic interactions. The fongest
chase was less than two meters. In laboratory juveniles, chasing occurred in sequences of
precocial courtship.

Two aggressive interactions were unusual. In one, after the initial nudge, staring and
subsequent circling the males descended to the substrate and appeared to be pushing against
each other, carapaces abutted, head and forelimbs partially withdrawn, and gaping (Fig. 7).
Similar behavior has been described for combating male tortoises (Carpenter and Ferguson,
1977). One male surfaced for air during the interaction. While there the othelr male
remained motionless on the bottom until the first returned, the fight seemingly picking up
where it left off. In the second unusual aggressive interaction, a group of four or five
males remained in close proximity to each other for at least 10 min while carried along by
the current. Most or all of the animals were intermittently engaged in agonistic interactions
with different individuals in the group. When the group dispersed there were no clear
winners or losers.

In summary, male-male agonistic behavior was uncommon although groups of males
were often seen. Fighting could best be characterized by staring and gaping leading to

quick but unclear resolutions. No bites other than the initial nudge/bite (nip) were seen,
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unlike male-female aggression in this species and Trachemys scripta (Rundquist, 1985) and
male-male aggression in T. scripta (Lardie, 1983). No male-male aggression of any kind
was seen in Pseudemys floridana. |

Only one kind of agonistic behavior was observed between males and females
undérwater, and it occurred infrequently. Melanistic males were the initiators and
aggressors. A male attacked a female by grasping a forelimb with his mouth whiile the
female was resting at th;: surface or after chasing her down. The male would try to pull the
female to the bottom by swimming backwards, the female trying to resist and free her
forelimb. If the female was unable to do so the male pulled her to the bottom and :started
tugging on her forelimb, repeatedly tearing and pulling as if to separate the female's limb
from her body. Tearing may be a response to holding an object too large to be swailowed
held in the mouth. After several minutes the méle would release the female and she'would
swim away. The male never tried to pursue the female or exhibited sexual bcha\;:ior. A
female encountering a male on the substrate sometimes tilted her body, probably to
discourage male aggression. Captive individuals may perform this behavior if they are
tapped with a pencil on the anterior edge of the carapace while basking. |

Male aggressive behavior by a male to a female Pseudemys floridana may have
occurred once, but this is questionable due to poor observation conditions. IIn this
encounter, a male nudged or nipped a female several times during a courtship episode.

No agonistic behavior was ever observed between adult females in the field. Juvenile
females in the lab occasionally exhibited agonistic behﬁvior, usually to ward off z;nother
preparing to display (titillate).. This was always followed by the approaching :animal

retreating.
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Sexual

Although male P. nelsoni investigated both conspecific and heterospecific females,
they appeared much more likely to investigate conspecific females. This could not be teéted
statistically because the ratio of abundances of females of the two species was not known.

Male Pseudemys nelsoni only courted female P. nelsoni. However, on one occasion a
female P. floridana swam between a pair of courting P. nelsoni and the male smﬁed to
follow her. In less than 30 s he stopped, turned back, and appeared to search for the
female P. nelsoni.

Since I did not catch courting animals, I cannot document the degree of melanism or
other characteristics possessed by courting males. My impression was that courtingi males
tended to be smaller than average and not be strongly melanistic. |

Courtship appeared to be a time-‘consuming behaﬁor, lasting many minutes, hoﬁrs, or
even days with animals covering lmée distances. Typically, a male overtook the f:emale,
titillated, fell behind and followed. When the fgmale surfaced for air, the male surfaced
immediately behind her. As soon as she submerged, he submerged, followed her, and
started a new cycle. Titillation occurred only when the female was moving and Qﬁen the
recipient's head was under water. A bout of titillation probably averaged fewer than 10
vibrations. Courtship sequences contained many bouts of titillation.

No instances of interference were seen by other males or females except for the mix-up
described above. Courtship is analyzed in greater detail in Kramer and Fritz (1989). 4

Courtship in P. floridana was similar to that of P. nelsoni. The percent of ob:served
time courting appears disproportionately large in P. floridana (Appendix 2) due to
observations made on two long courtship sequences (totaling 69 min). The swim above

formation was seen only during adult and precocial courtship.
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Miscellaneous Maintenance Behaviors

The probable function of throat pulsation is to create a water current as an olfactory
aid. This behavior is more or less continuous whenever the turtle is active in the water.
Juvenile P. concinna suwanniensis can enlarge their throats to a greater extent tﬁan can
juvenile P. nelsoni and P. floridana.

Animals surfacing sometimes shake their head slightly two or three times while
extending it above the surface. This may prevent debris on the water surface from sticking
to their eyes. A functionally analogous behavior, but with the use of the forefeet, ha;s been
described for Trachemys scripta (Auth, 1975). ‘

Submerging may be slow, by sinking, or rapid, by backpaddling. Animals sulE)merge
rapidly when panicked but also sometimes when there is no obvious disturbance.

Defecation occurred most often in the water when the animal was alone, foraging or
resting. There was no obvious preparation except for a slight lifting of the tail. ’I'hj:e feces
are very soft and separate easily. Urination cannot be observed while the animal is in

water. Wild or captive animals frequently urinate when handled.

Startle/Escape

These behaviors were given only in response to my presence and never to another
turtle. The first reaction of any startled animal was to retract its head and front limbs, at
least slightly. P. floridana appeared to be more wary and susceptible to panicking than P.
nelsoni. |

Wedging under an object occurred after a small juvenile was alarmed at the surface. It
may function to avoid visual detection, resist attempts at extrication, and prevent floating to

the surface. For unknown reasons, an adult Pseudemys floridana wedged under a log.
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Inactive !
When floating a resting animal breathes at the surface without support from the
vegetation or substrate. All limbs and the tail are extended. The head is out of water and
the animal peers about. This behavior normally lasts less than one minute. When
supported by the substrate, the position of a resting animal is similar but may be retained
for much longer periods. In deeper water, periods of rest on the bottom appear oxygen
constrained. Pseudemys floridana was observed resting on the bottom for longer p;ﬁods
than P. nelsoni.. In the field, animals always appeared alert when resting. They were
occasionally found resting in cavities in the bank or burrowed in the mud. In Payne's
Prairie a radiotracked male P. nelsoni appeared to have remained completely burrov'ved in
about 50 cm of mud for several days. In the lab, juvenile P. nelsoni occasionally retreated
into a shelter, completely retracted and closed their eyes. They may rest immobile in this

posture for many minutes. In the lab, juveniles spent less time resting than adults.
Turtles used as support by others appeared indifferent to this. During courtship in
Pseudemys nelsoni but not P. floridana, the male rested on the female when she stopped
and surfaced to breathe. When the female submerged the -male often rode until he fell off,
then followed her. Riding and resting on others was seen at other times in the field and lab
and was not sex specific. Legler (1956) describes Chrysemys basking on swinixming

Chelydra (snapping turtles). |
Animals were inactive much of the day, usually in a patch of debris or vegetation.
Commonly several animals of either or both sexes rested together in a small group. This
grouping may be an artifact of the heterogeneous habitat, with preferred resting sites acting
to concentrate individuals. Groups were seen near the upstream edge of vegetation
patches, underneath vegetation overhanging the bank, and in the vicinity of fallen trees or

large branches that had collected debris at the surface.
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Although physical measurements of resting sites were not made, preferred sites

appeared to differ between the two species. Pseudemys nelsoni rested mostly near the
bank in shallow water (about 1 m deep) with debris and vegetation. In contrast, P.
floridana tended to rest in more open, deeper areas but still with some debris and
vegetation. However, individuals of both species were found resting in the same group,
usually the deeper sites. P. floridana individuals also appeared to rest while ﬂoaﬁng at the
surface for longer periods of time than did P. nelsoni.

Most individuals seen waterbasking from a canoe were P. nelsoni. Judging from the
ring of algae around the edge of the carapace in some animals, this posture is probably
maintained for long periods of time in favorable conditions.

In the field P. nelsoni were found sleeping at night supported by vegetation
sufficiently close to the surface to breathe by extending the head above the water. P.
floridana were seen on the bottom or supported by vegetation but 15 cm or more belbw the

surface.
Basking Behaviors

Preferred basking sites afforded an unobstructed view of the surroundings, tybically
located more than a m from the bank. These animals were prone to panic when basl;ing. If
approached quickly, they often did not leave the log in a directed manner, rather any rapid
movement on their part caused them to lose balance and fall into the water. This scurrying
motion may startle an approaching predator. If approached slowly their movements are

more efficient.
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Social

Despite aggregations of turtles on basking sites, basking was a nonsocial activity;
groups formed due to the relative shortage of good basking sites.

The little social behavior observed functioned primarily to maintain spacing and allow
individuals to position themselves without facing adjacent turtles. A particular orientation
(facing the most elevated parts of the log) was favored by most of the turtles. This
orientation was consistent among observation periods. Often, if a turtle emerged and
turned in the "inappropriate" direction it later turned 180°. Nosing/nudging typically
occurred when an animal was blocked from walking forward by a turtle directly in front of
it. In virtually all cases the one in front that was nosed/nudged walked forward several
steps, often nosing or nudging the one in front of it. This proceeded up the file of basking
turtles.

Nosing/nudging is advantageous for turtles emerging from the water or in the middle
of a file of basking turtles because it provides space in front. By moving forward, a turtle
that has been nosed/nudged avoids having the turtle behind attempt to climb on or over i,
possibly dislodging both.

Although basking Pseudemys nelsoni at my study site tolerated others touching them,
individuals were usually intolerant of others resting on them. They would break contact by
moving forward or, if unable to do so, by pushing the other off or swiveling (uncommon).
I never saw them stacked as described for other species.

Infrequently a larger individual pushed another with its carapace when attempting to
emerge and another was in its path. The initial reaction to this type of pushing was bracing
after which the emerging turtle stopped and the turtle that was pushed moved away, space

permitting. On one occasion a turtle was toppled when pushed.
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Social gaping (threats), snaps, bites or attempted bites were not seen. It is likely that
the turtle density was insufficient to evoke the agonistic behaviors reported by others (e.g.,

Bury et al., 1979; Lovich, 1984).

Nonsocial

Large animals have more difficulty emerging than smaller ones and were more h'kély to
fall off while moving about on a log. Turtles usually swam about the log to locate an area
that was clear of baskers or where ascent was easiest. The largest turtles all mounted:at the
same places-on the logs and did not hesitate to push or crawl over smaller turtles basking at
these spots. Turtles occasionally emerged on shaded logs.

Kicking typically occurred in bouts. The animal may be responding to an injtation
caused by the drying of its appendages. No more than two limbs were kicked
simultaneously. Animals usually had their heads withdrawn during kicking, after which
they would extend their heads and scan. Kicking, rubbing and moving legs m:ay be
different intensities of the same motor pattern. This is the most conspicuous movement
performed by basking animals.

When the head was rubbed it was partially withdrawn into the shell. This may by a
response to small flying insects sﬁch as gnats or mosquitoes as might shaking the head.
Other than head rubs, rubbing occurred in bouts with some switching, e.g., rub arllterior
undersurface of carapace to rub posterior undersurface. The héad was‘ usually withdrawn
during a bout of rubbing. After the rubbing bout the head was usually extended a;1d the
animal scanned.

The slow walk was seen when an animal changed position on a basking site. Nosing
the substrate often preceded walking forward. Digit spreading typically accompanied limb

extension and was more pronounced with the hindfeet. Usually the digits on both hind feet
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were spread simultaneously and slowly. I have not seen limb extension in waterb%ﬁng
animals.

Behaviors in this category appeared to be largely comfort and repositioning
movements, probably due to drying of the integument, as a circulatory aid or related to
thermoregulation. Other behaviors involved environmental stimuli; nosing the substrate,
scanning and remaining generally alert. Limbs are immediately lowered to the substrate
when an animal is disturbed. Animals leaving the log caused most others to extend their
heads, scan, or move into the water, most likely due to vibrations set up on the log by the
moving turtle.

The optimal basking temperature appeared to be below that encountered on sunlit logs,
at least during the summer months. In three cases individually recognizable animals moved

into the water then climbed back on within 1 min.
Miscellaneous Behaviors

Rapid retraction occurred under water but air bubbles were not formed suggesting that
no hissing sound was produced. Hissing was not always heard by turtles rapidly retracting
on land indicating that individuals differed either in their ability or inclination to hiss.
Hissing was not audible in animals less than about two years of age. It may function was

an antipredator display.
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Emotional Behavior

Fearful behavior occurred both in response to my presence and to conspecifics. In the
latter case, fearful behavior was observed following approaches, gaping, biting, anq other
aggressive behaviors.

Out of water fearful behavior was characterized by complete retraction, except‘ when
basking. During basking, animals fearful of conspecifics withdrew their head, forefelet and
tail, and braced with their hindfeet. This sometimes occurred when one animal approached
another, usually smaller individual, from a head-on position. Retraction was observed
only by the individual that was approached. On land, complete retraction was the usual
reaction to a potential predator (human).

Animals exhibitiné anger/annoyance characteristically had their appendages and head
extended. This was most commonly observed in the lab, by the recipient of several
titillation bouts performed by an insistent conspecific, and in the field, by a male after "first
noticing” ano;her male before it initiated an agonistic encounter. |

Rubbing the carapace against an object appeared pleasurable. Titillation in jm;eniles
appeared to be pleasurable to the performer, but not recipient, because the perfformer
sometimes continued until the recipient's minor annoyance, indicated by staring at the
performer, changed to gapes and snaps. ‘ |

Animals in the lab became excited when givei; food. They rapidly associated c‘:ertain
human behaviors with being fed. When these or simnilar behaviors were performed by
humans the animals surfaced or slid off their basking platform aﬁd swam towafd >the
person. They then exhibitedl'.mahy individuglly'pecul{af behaviors tha;' appeared \}avholly. k
self-trained. Some swam in circles on the surface with their heads directed upwards.

Others would consistently go to the bottom and swim against a corner.. These behaviors
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are probably best labeled "superstitious" (behavior resulting from and maintained by
reinforcements that are independent of the animal's behavior; the animal associating the
reinforcement with the behavior it was performing when the reinforcement occurred),
produced with operant conditioning by dispensing food to hungry animals independent of
their behavior (Skinner, 1948). This vigorous activity diminished once food was
proffered.

Juveniles atterfxpting to titillate others vigorously pursued and maneuvered about the
recipient. An excited state was also evident in preceding and subsequent behavio'rs. For
example, the performer did not rest between bouts of titillation but briskly swam aBout the
aquarium nosing objects and other individuals.

When an animal was restless it either swam back and forth in the aquarium or 'against

one of the sides. This behavior lasted up to 20 min.
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CHAPTER 4
DISCUSSION
Standard Ethograms
Behavioral units !

Schleidt et al. (1984) have expressed the need for standard ethograms that: would
facilitate cross species comparisons and synthetic attempts (see also Schleidt, 1985). A
preliminary step would necessitate a consensus on the size of behavioral units and the
classes of behavior (i.e., "lumpers" vs. "splitters"). While Schleidt et al. (1984)
recognized this problem, they did not provide guidelines; instead they describe how
differences of opinion early in the study evaporated with increasing familiarity wnh their
study animal. This approach is representative and appears to satisfy most ethogram
architects, however, it does not insure uniformity. |

The richness of an animal's repertoire can influence a study in two ways. First,
animals with large repertoires will require more time for the researcher to gain familiarity
with the species as well as adequately census its behavioral repertoire. Second, animals
with smaller repertoires will probably have their behavior scrutinized in som'ewhjat finer
detail. This is a direct result of repertoire size (e.g., Wilson, 1976). If two species are
compared, one with a smali behavioral repertoire and one with a large one, two predictions
can be made. First, for the same time invested, the researcher should see a larger
proportion of the repertoire, all else being equal (e.g., rates of behavior). Second, on

average, each behavior would be seen more often.
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Byers and Bekoff (1981), for example, give 147 motor patterns for the cqllafed
peccary, Tayassu tajacu while Greenberg (1977) gives 76 for the blue spiny :lizard,
Sceloporus cyanogenys. Most would agree that the peccary's repertoire is more than twice
as rich as the lizard's. However, data for the latter were obtained in the laboratory, under
better observation conditions w1th motor patterns partitioned in finer detail. Such exémples
suggest that beyond a certain number of motor patterns, acts that would remain separate in
behavior-poor repertoires are lumped in behavior-rich repertoires. |

The number of categories of behavior listed in an ethogram, while hopefully reflecting
the animal's repertoire, is also determined by the observer's ability to recognize patterns
(Schleidt et al., 1984) and the degree to which an animal's responses to stimuli are visually
or acoustically detectable. Another prominent factor affecting the " grainines;s" and
construction of behavior categories is the orientation of the researcher, e.g., neuroethology

or ethological physiology.
Behavior categories and context

Ethologists have long recognized the importance of the criteria by which behaviors are
described and classified, since what one records will considerably impact resulting analyses
and conclusions. Hinde (1970) recognizes two independent but overlapping approaches:
description bS' form; the strength, degree and patterning of muscular contractions, and
description by function; the consequence of a behavior. While he states that there are
advantages aﬁd disadvantages of both, functional descriptions have attracted more criticism
since functions may be obscure or misinterpreted. Purton (1978) pursues this disqncﬁon,
detailing the philosophical reasons why description by form and by function should remain

distinct in the minds of researchers as they observe and record behavior. Drummond
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(1981) proposes five dimensions (domains) to objectively define a behavior by form
(location, orientation, physical topography, intrinsic properties, and physical effeéts). In
general, researchers consider only a subset of these, possibly leading to rnisinterbreting
behaviors. Errors can be avoided, Drummond (1981) suggests, if the obse#‘ver is
cognizant of which aspects of a behavior are being selectively recorded and;which
selectively ignored. |
Recently, Millikan (in prep; see also Millikan, 1984, 1986, for related discussions) has
suggested that the apparent objectivity of description by form is a misconception. She
argues that description by form alone has such latitude that only by passing the plethora of
motion and changing relations of the animal with its environment through a filter (the
observer) can behavidr be described. Why are some features of behavior recorded and
others ignored? Millikan suggests that we record features that appear to serve a fﬁnction,
we ignore those that do not. Whether the behavior is labeled and described by form or
function, she argues that our selective attention is predominantly to functional beiflaviors.
Further, function is restricted to biological function ("proper function"), in brief,
historically what the behavior is "used" or "designed" to do (Millikan, 1984). The
biological function of a behavior has evolved and is maintained by selection (Millikan,
1984). '
~ In general, the function of a behavior can be experimentally determined (Drummond,
1981), thereby dissipating objections raised b’y labeling with one scheme rathpr than
another. However, any conspicuous behavior, regardless of its functional importance, is

likely to enter an ethologist's catalog. While most conspicuous bchaviors may be

functionally important, this is not necessarily true, e.g., the function of play is {xnclear.* . '

Another rebuttal to the argumént posed by Millikan (above) has been given by-SchlEidt and
coworkers (Schleidt and Crawley, 1980; Schleidt, 1982; Finley et al.,» 1983). They
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propose that the salient features of a behavior's form can be objectively determined if every
feature is recorded and the data passed through a rigorous statistical analysis. Features
with relatively low variability and consistent association would be retained to describe the
behavior. While their studies demonstrate that this approach is theoretically possible for
some behaviors, they also document how time consuming such studies are. To construct
an entire ethogram using their approach is not presently feasible. Further, it would deal
ineffectively with behaviors characterized, in part, by high variability, €8s much
investigatory behavior. One is still left with the question of how behavior is to be classified
and described. If by form, how is one to decide which features are importanf; if by
function, how does one treat conspicuous but apparently functionless behaviors?

In practice, behaviors are rarely treated so delicately. Ethc')logistsv often concentrate
only on a few obvious behaviors, thus avoiding these issues. It is, perhaps, unrealisitic to
expect a researcher to devote a large amount of time‘to meﬁculousiy examine every
behavior in fine detail. The compromise most ethologists effect is to initially describe the
behaviors of interest by their physical form, relying on distinctive characters th:at best
differentiate among them. These definitions (and a bette; understanding of the beﬁgviors'
functions) are refined as observations proceed. Since functions are rarely tested,
"presumed function" more accurately reflects actual usage in ethograms. Experimental
evidence is sought only in cases where the function is ambiguous or inconsistent with that
of related taxa. Ultimately, the purpose of the study, not philosophy, dictates how
behavior is _classiﬁed (see Sherman, 1988). Those who need to know details of behavior
patterns use fine units classified by form (e.g., studying behavioral homologies; see
Lauder, 1986). Those interested in how the consequences of a behavior affect fitness will
develop definitions suggesting presumed function (e.g., Amnold, 1976). As Millikan (in

prep.) states, "If there is agreement on anything among current philosophers of science it is
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on this: what the data for a given branch of science are and how those data must be
described so as to connect with theory are matters adjusted along with theory, and cannot
be settled in advance. Theoretical science is, in this respect, always a bootstrapping
operation." '

Introducing context to a description may inflate subjectivity since it is difficult to
demonstrate that the researcher's classification of context matches the animal'sl. For
example, male turtles might treat females differentially based on their likely receptivity, i.e.,
hormone levels, using olfactory cues. These are cues an observer is unlikely to perceive.
With social behaviors, however, context must be included, since many are elicited only by

the presence of a conspecific.
Construction of this catalog

In the catalog of the behaviors of Pseudemys nelsoni, presented above, I have
followed a traditional approach by consulting several of the available ethograms,
familiarizing myself with the study animal during reconnaissance observations (Lehner,
1979), and then labeling behavior patterns that were readily identifiable, appeared
biologically relevant, and were of sufﬁcient detail to allow presence/absence comparisons
with related species without niaking the catalog unwieldy. In some cases this resulted in
unevenness when "lumpitig" and "splitting", hopefully compensated by making the cj:atalog
more useful. Selection of the behavioral units and their graininess was also influenced by a
subjéctive impression of their importance to the subjects.

There are several other attributes a 'standard ethogram’' might incorporate, not included
in Schleidt et al. (1984). These include some quantification of behavioral frequencies and

percent of time occupied by the behavior, the contexts in which specific behaviors are
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exhibited (Gordon, 1985), the degree of stereotypy/plasticity in a behavior, and behaviors
that are species typical or aid in distinguishing related species. Pictorial representation of
the climax state worked well for the blue-breasted quail (Schleidt et al., 1984) and would
probably be successful for other (primarily visual) animals. It was useful for dépicting

some turtle behaviors, primarily static postures, but not others.
Difficulties in Observing Freshwater Turtles

In a study of this nature difficulties arose from two sources; 1) those inherent to the
environment in which observations are made, and 2) those specific to the study organism.
In (1), the duration and frequency of underwater observation periods were limited.
Recording behaviors posed difficulties when attempting to maintain position in a current as
inconspicuously as possible. Mobility considerations precluded the use of bulky
photographic equipment (e.g., supplementary illumination). Finally, it was nece“ssary to
approach the animals quite closely because visibility was limited in areas the turtles
frequented. Behaviors recorded in this manner are suspect of bias due to the observer
effect (Lehner, 1979).

In (2), problems specific to the study animal, flight distance presented a problem.
Some individuals were tolerant of close observation but many more were not. This
strongly biased which animal's behaviors were recorded.

In contrast to recording behaviors underwater, observing basking animals po§ed few
problems. Animals were stationary for long periods of time. Social interactions were not
frequent and other behaviors appeared to be dictated by environmental conditions or the

duration of time the animal was out of water.
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Emotional Behavior

Emotion cannot be divorced from motivation (Buck, 1984), thus some (e.g., Fantino,
1973) suggest dropping the term emotion entirely. While this may happen in the future,
presently it is more useful for ethologists to retain both terms and allow for 6verlap
between them. Some emotions fit the motivation terminology well, e.g., pleasurc; which
is believed to accompany many consummatory acts. Nonspecific arousal may céniprise
several appetitive behaviors since "nonspecific" refers only to my inability to specify
arousal states.

Fear has received considerable attention, largely from psycholdgists, since many
fearful behaviors are quantifiable (Suarez and Gallup, 1983). Alarm reactions of turtles to
visual stimuli have been quantified and appear similar to those of other taxa (Ha;yes and
Saiff, 1967; Ireland et al., 1969). Fearful responses to predator endotherms shi)uld be
inﬂueﬁced by temperature since reptiles’ reaction time and speed are influenced by 1t. This
was demonstrated for the lizard Anolis lineatopus by Rand (1964), although it ma); not be
true for lizards that retreat iﬁto secure hiding places when temperatures are below their
preferred range (Rand, 1964). While temperature may influence fearful responses to
predators, its influence on fearful responses to conspecifics has not been invesdgatéd.

In Pseudemys turtles, flight distance from predators in the water probably depends on
visibility conditions rather than temperature. HoWévér, in basking animals many factors
are likely involved, even for one class of predators, e.g., humans in a canoe. {Casual
observations suggested that animals 1n this study site differéntiated‘ classes of canoeists
because people fishing could approach basking turtles much closer than those padqling for
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Anger and annoyance, likely concomitants of aggressive behavior, have received
attention partly because agonistic beh‘avior can be reliably elicited through context
manipulation (Jenssen, 1978) or brain stimulation (Vowles and Beasley, 1974). Turtles
have not served as subjects in this field. Observations made during this study did not
suggest great differences between agonistic behaviors (and presumed accompanying
emotions) in Pseudemys nelsoni and many other vertebrate taxa. However, the apparent
absence of aggressive behavior in P. floridana was the single greatest difference between
these congeners.

The number of fundamental emotions has been disputed. Most agree that thefe are at
least six in humans (happiness, sadness, anger, fear, surprise, and disgust) from which the
others can be derived (Schwartz, 1982). Green and Marler (1979) give ethological
activities that correspond to a similar scheme proposed by Plutchik (1970). Some es;timates
are considerably larger (Izard and Dougherty, 1982, give ten). Others (e.g., Scott 1980),
see some emotions as general while others are taxon spec1fic Wemnch (1980), unlike
those who believe that at least some emotlons are general (1mply1ng homologous and
conservative brain organization), maintains that the number of emotions 1s|not an
interesting question. He speculates that the eiistence of a particular emoﬁon ina taxon
relies largely on the adaptive value of the emotion, with phylogeny, size and nervous
system complexity acting as obvious constraints. The short list that I give describes only
the most obvious emotional behaviors and makes no attempt to be exhaustive.

Frustration is generally not included in shorter lists and may not be a fundamental
emotion. However, ethologists should be interested in it because it may underlie the
expression of displacement behavior (McCleery, 1983). |

I do not consider "surprise/startle” behavior to be emotional behavior. Startle or

surprise is the immediate reaction to an unexpected stimulus. If the stimulus is darigerous,
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the emotion that follows "surprise” is "fear", making "surprise” a redundant category. If
the stimulus is not dangerous, the animal may remain alert, exhibiting the behavior state I
label "arousal".

Emotional behavior requires more attention from ethologists, especially with respect to

its likely adaptive value.
Issues this Behavioral Catalog can Address

Data similar to these for Pseudemys nelsoni and P. floridana have not been
systematically gathered for other chrysemid (sensu McDowell, 1964, hereafter chrysemid)
turtles or, for that matter, any semi-aquatic or aquatic chelonian. This makes comparisons
difficult or impossible. Still, two questions can be considered: 1) How complete and
representative are the results presented here for P. nelsoni, and 2) What conclusionsl can be

drawn by comparing the behavior of this turtle with the available data on others?
Habitat Specific Behaviors

The habitat of Rock Springs run may be atypical of Pseudemys nelsoni. Typical P.
nelsoni habitat is usually more eutrophic (Emst and Barbour, 1972), such as that found in
Payne's Prairie. Since underwater observation would be impossible in this type of habitat
one is left with the nagging question of whether the behaviors that were observed should be
interpreted as 1) best suited to a different habitat, 2) part of a range of variable strategies,
individuals using behaviors appropriate for the habitat, or 3) some mixture of the two.

Social behavior appears well adapted for conditions of low visibility. Courtship and

many other social encounters seem to be initiated by olfactory cues. Tactile information
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may also be important, e.g., during courtship. A female can be readily followed in murky
water because the alternating kicks of the hindlimbs intermittently exposes the light striped
skin between the hindlimbs and tail, giving the impression of alternating blinking beacons.
During my observations, this facilitated following females under dense vegetation mats.
Aggressive encounters occurred only when animals were in close proximity. If one animal
retreated a short distance, aggressive behavior ceased. There are apparently nd long
distance social signals. This suggests that these turtles do not take advantage of the water
clarity at Rock Springs run but exhibit social behaviors suitable for conditions of poor

visibility.
Courtship and Species Discrimination

Jackson and Davis (19724a) have suggested that male courtship behavior might serve to
identify conspecifics in Trachemys and related turtles. This does not appear to be the case
for Pseudemys nelsoni for reasons discussed below. I do agree with them that titillation by
the male serves to slow the female down.

It is unlikely that the titillation display in Pseudemys nelsoni alone serves as a species
isolating mechanism. Courtship of P. nelsoni is very similar to that of P. concinna
(Jackson and Davis, 1972b) and P. floridana (personal observations). Like many animals,
the female indicates her willingness only at the end of a protracted courtship. This may
increase her sons’ fitness by endowing them with a persuasive suitor's genes (Fisher,
1958). For the male, who must follow the female for a considerable distance and time,
courtship is time-consuming and appears energetically expensive. Courtship by male

Trachemys scripta has also been described as energetically costly (Jackson and Davis,
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1972a). This should select for males who court only suitable females, i.e., conspecific
females.

The dura&on of the titillation bout appears much more variable in Pseudemys nelsoni
(620 msec * 340 SD, n = 9)(Kramer and Fritz, 1989) than P. concinna (506 msec £ 22.2
SD, n = 10?)(Jackson and Davis, 1972b) or T. scripta (808 msec £ 12.12 SD, n =
9?7)(Jackson and Davis, 1972a). These estimates may be unrepresentative since sﬁmple
sizes were small (Kramer and Fritz, 1989, measured only one male). These data a:nd my
observations of P. floridana peninsularis courting suggest that too much variation and
overlap exist for titillation to serve as the only means of species identification.

In courtship, there appear to be two times when a species discrimination could be
made. The first occurs when the male investigates the female. His decision to initiate
courtship to a female probably depends on species specific olfactory cues. The §econd
occurs when the female decides to accept or reject the male. Assuming she is receptive, her
decision may be based on the male's courtship performance. A female P. nelsoni need
only infrequently make a species discrimination in nature. Except for the mix-up described

above, no male was ever seen trailing or courting a female of the wrong species in the field.
Comparison with Other Turtles

There is some data available for a comparispn of aqﬁaﬁc social behaviors, compiled by
Carpenter and Ferguson (1977). Using their cﬁtégdries, I corppared the social behavior of
Pseudemys nelsoni from this study with behaviors': observed in other chrysemid turtles
(Tables3and4). o |

Using thé behavior catqéories listed By ‘Carpenter and Ferguson (1977), Pseudemys

‘nelsoni has 50-60 social beilaviors, only slightly more than the 50 given for Terfapene
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carolina (Carpenter and Ferguson, 1977). This suggests that an upper limit for the number
of social behaviors possessed by a single species of turtle may have been approached.
Sadly, only 37 different behaviors have been reported for all other species of chrysemid
turtles combined, reflecting how poorly known the social behaviors of these genera are.
This makes comparisons difficult since the absence of a behavior from the literature does
not reliably signify its absence from the species.

In many taxa, dominance hierarchies are established by intensive fighting. inter, to
reinforce dominance relationships, brief agonistic encounters, unlikely to lead to‘injury
("squabbling"), may occur (McBride, 1964). Male-male interactions of Pseudemys ﬁelsom'
are probably best labeled as "squabbling”, functioning to maintain a dominance hierarchy
(Kramer, 1986). However, not only did P. floridana not exhibit agonistic behavior but,
compared to P. nelsoni, males infrequently approached and interacted with conspecific
males. Thus, fundamental differences may exist between the social structures of P. {zelsoni
and P. floridana. In the lab, juvenile P. concinna exhibited more intraspecific agg1?‘ession
then did juvenile P. nelsoni or P. floridana. An investigation of their social s'uuctmei would
probably be rewarding. ' |

The nonsocial aquatic behaviors of other turtles have not been reviewed and are so
sketchily reported that comparisons with this catalog are not yet warranted. Emst and
Barbour (1972) give perhaps the most detailed general descriptions of North American
turtles. Moll and Legler (1970) discuss some behaviors of a Central American Trachemys.
Nonsocial aquatic behaviors may differ little among closely related species. At this study
site, only trivial differences were noted between the nonsocial aquatic behaviors of
Pseudemys nelsoni and P. floridana.

Despite the inadequacies of the behavioral data on chrysemid turtles, some points can

be made. First, there is extensive behavioral overlap among the species. This is not
v
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unexpected when considering phylogeny, morphology, and gross habitat preferences. The
greatest divergence appears among courtship behaviors of the Trachemys complex
(Jackson and Davis, 1972a; Davis and Jackson, 1973; Moll and Legler, 1970). The effect
of this, if any, on reproductive isolation has not yet been examined. Other behavioral
differences are largely due to the presence/absence of a small class of behaviors. Second,
lists of this sort are not useful in distinguishing among possible social systems. As one
example, the same agonistic behaviors may be common to both hierarchical and territorial
social systems. Lists of behaviors and their definitions when used to compare different
species need to be supplemented by contextual and frequency information. Third,
considerably more research is needed to address comparative ethological questions on
chrysemid turtles. Behavior catalogs of species related to Pseudemys nelsoni need to be
completed and placed in a framework that reveals the relationship between social systems

and habitat and to delineate individual strategies within their social context.
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APPENDIX 1
TABLES AND FIGURES
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Table 1. Field dates and hours of observation at the Apopka, Fla. field site.

Date

Sept. 10 - 20,1983 -
Dec. 13 - 30, 1983
Apr. 22 - May 19, 1984
iunc 15 - July 1, 1984

Aug. 27 - Sept. 20, 1984

- May 20 - June 18, 1985

" Hours of Observation
J Underwater »Baéking
4.6 .
14.3 11.4
30.4 7.4
16.4 -
46.2 5.8
36.9 18:8
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Table 2. ANOVA testing thie effects of sex, time of day, and their interaction on the
proportion of time Pseudemys nelsoni turtles were observed. :

Source of Variation daf Mean Square  F-ratio P
Sex 1 0.00769 0672 . 0.44
Time Period 3 0.01237 . 0.360 - 0.78
Sex by Time Period 3 001939 1694 024
Error 8 0.01144 |

Note: Time of day was divided into momning (< 1100), noon (1100 1400), aftcmoon
(1400 - 1700) and evening (> 1700). No effects were significant.
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Table 3. Behaviors seen in P. nelsoni in this study and hsted in Carpenter and Ferguson
a977), relatmg pnmanly to mtraspec1ﬁc aggression, courtshlp and maung .

number description : o reported in other chrysemid turtles
1 extend head X
2 retract head into shell o ' ‘ X’
.3 raise head high while neck extended =

4 lower head while neck extended (olfactory) X
8§ tilt or tip head o
9 strike or lunge (rapldly)
10 nudge with head - X

11 sniff with snout, head to head X

13 crook head by inclining (arching) [— 47 X
16 pulsate throat. X {
17 ' bite, nip or snap T X :
18 grasp, drag with jaws X
19 . gape with mouth X
21 ' 'open eyes
22 close eyes X
27 * extend legs from shell X
28 retract legs into shell X
29 raise or lift up legs
30 lower legs
31 ‘ swing legs ' X
34 © . wipe with foot orleg ‘

- 37 foot
38 close foot
39 rotate foot X
44 raise tail, bring tail up L . .
45 ‘ lower tail, bring tail down X
46 retract tail - ] }
47 straighten tail [= extend tail?] : X '
48 . curl or bend tail , X
57 push with shell (using legs) , © X ,
62 tilt shell laterally o - ,
64 , p1vot shell [= 76] X
68. - swimming (forward) X
69 swimming (backward) X
70 swim jn a circle or semicircle X '
72 sink to bottom in water : X !
73 walk forward _— .
76 pivot [= 64] . X .
77 lunge forward
79 _face same direction, head to head .

- 80 face one another, anterior presentation [= 11?] X
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Table 3. (continued)

number description reported in other chrysemid turtles
81 lateral presentation

82 positioned one above the other X

83 perpendicular arrangement of shells

84 occupy alert position, all appendages extended

85 ‘emit sound (hiss) ' X

86 void (defecate) 5 X

Note: The number given is from the list of Carpenter and Ferguson (1977). The last
column indicates its presence in other chrysemid (sensu McDowell, 1964) turtles (from
Carpenter and Ferguson, 1977).
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Table 4. Behaviors not seen in this stﬁdy in Pseudemys nelsoni but seen in other
chrysemid (sensu McDowell, 1964) turtles, as listed by Carpenter and Ferguson 1977).

Number Description
6 swing head from side to side (olfactory)(T. scripta) }
23 . spray, boil from nostrils (T. gfayi gnd T. ornata) }
32 flex legs, clasp or pinion with legs (P.ﬂoﬁ&éna)
© 35 bring legs mgeﬂler in bilateral addﬁctioﬁ (P floridana, T. scriplta)
"~ 40 clasp with feet, ﬁook with nails, ﬂex toes (C. picta, T. scripta)
42 caress, stroke, scratch, click w1th nails (P. concinna, T. grayi, T. ornata, T.
script;z, C. picta) . ‘
49 twist, turn with torque, rotate tail (P. floridana)
entwine tails (2 individuals)(T. scripta)

Note: Numbers and behavioral descﬁptidns .follow Carpenter and Fergusoh (1977).
Species that exhibit these behaviors are in parentheses. ' .
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Figure 1. Hours of field observations. A. Distribution of uriderwater observaﬁons b'y time
of day in 15 min blocks, corrected to eastern standard time. B. Distribution of basking
_ observations by time of day in 15 min blocks, corrected to eastern standard timie. C.
Distribution of hours of underwater observations by month of year. D. Distribution of
hours of basking observations by month of year. !
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INTERSPECIFIC - SOCIAL . NONSOCIAL
— Agonistic Comfort Movemenfs;:
Startle/Escape ’
— Foraging
Sexual

— Inactive

Approach/Investigate /Avoid —

LLocomotory -

functional categories in more than one context.
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. Figure 2. General relationship between context (interspecific, social and nonsocial) and
functional categories in the aquatic behaviors of Pseudemys nelsoni. Bars indicate
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Figure 3. Percent of time in each of four time periods that male (left) and fcmale (right)
Pseudemys nelsoni were observed while making underwater observations. For each sex.
and time period combination the durations of all animals on which data were taken were
summed and then divided by the total amount of time spent underwater for that time period.
This gives an index of how "observable" males and females were throughout the day
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Figure 4. Approachcs of one Juvcmlc Pseudemys nelsoni to another in the water and

rubbing. A. Head on, B. From behind, and C. From thc side. D. Hcad rubs. E. Rubbmg
,the two hmdfect and tail together. |

86 ,
|
i

1
|
i
!
!
Il
|
t
1
!
[
|
|
|




Figure 5. Investigatory postures. Nosing by A. An adult male of an adult female
Pseudemys nelsoni, B. By an adult male P. floridana of an adult female P. nelsoni. C.
Approach of a male to a female P. nelsoni prior to a bout of titillation. D - F. Sequence of
postures of two juvenile P. nelsoni during nosetouching. P

87 i




1 |

Figure 6. Social postures (1). ‘A, B. Sequence of postures by two Juvemle Pseudemys
nelsoni when the left individual gaped at one approaching from the right. C - E. Sequence
of postures by two juvenile P. nelsoni during a snap by the individual on the nght iy
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. Figure 7. Social postures (2). Postures of two male Pseudemys néls'om‘ du
agonistic interaction: A. "Dominant” posture by winning male, B. "Subordinate”

|
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ring an
posture

of losing male. C. Male P. nelsoni.on right chasing another. D. Precocial courtship in P.

nelsoni depicting the swim above position. E. Male P. nelsoni biting left forelimb of

e )

female P. nelsoni during an agonistic encounter. F. Pushing by two male P. nels:orjzi on
substrate during an agonistic encounter. G. Female P. nelsoni tilts body in response: to an
1

approaching male.
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APPENDIX 2
FREQUENCIES AND PERCENTS OF BEHAVIORS



Observed occurrences (freq.) and percent of total duration of individual behaviors and
behavior categories of Pseudemys nelsoni and P. ﬂorzdana recorded in the field.
Categories and numbers correspond to those given in the text. The total number of
recorded behaviors and their summed duration are given in the text.

Pseudemys nelsoni Pseudemys floridana
—male = _female  _male _ __female

Behavior freq, % freq. % freq. % freq. % Notes

I. AQUATIC BEHAVIORS

Foraging 22 65 29 160 4 34 9 1.0- includes moving between
sites

Approach/Investigate/Avoid
163 62 63 35 80 76 69 32

<10 20 24 4 <1.0 opposite sex conspecific

1. Approach 26 <1.0 3
29 1.0 2 <10 5 <1.0 8 <1.0 approach and/or nose same
: sex conspecific
11 <1.0 0 00 3 <1.0 0 0.0 approach and/or nose
: ' . opposite sex heterospecific
0 0.0 2 <10 3 <1.0 0 0.0 approach and/or nose same
. ‘ sex heterospecific -
86 39 46 28 47 41 53 2.6 approach, investigate
A . . observer
2. Follow 3 0 1 0 to same sex conspecific
1 0 1 0 to same sex heterospecific,
‘ see also Swim above
3. Nose 0 8 - 0 2 substrate or objects only
4, Tumn toward ‘
(orient to) 7 2 0 2 conspecifics
Comfort Movements : : .
6 12 1 1
2. Rubbing/
scratching 5 5 0 1
3. Yawning 1 7 - 1 0
Locomotory ' .
46 324 269 24 115 187 258 204
1. Swimming 422 312 248 230 111 184 247 183
5. Walk 23 1.1 20 <10 4 <1.0 9 «<1.0
6. Burrowing 1 <1.0 1 <10 0 0.0 2 1.6
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Pseudemys nelsoni

—male ' __female

Pseudenys floridana

——male = __female

Behavior - freg. % freq. %  freq. % freq. % Notes
Agonistic : ' ’ .
92 42 47 5.2 2?2 00 3? 0.0 (individual acts)
Male-male aggressive i ‘ ‘
behavior 34 35 NA . NA 0.0 NA NA
4. Gape : 14 0 0 -0 to same sex conspecific
0 1 0 0 to opposite sex conspecific
6. Social and attempted ~ . .
social bites 13 0 0 . 0 nudge/bite/snap or
o S attempted bite to same sex
conspecific
2 1 2? 17 bite/attempted bite to
: - opposite sex conspecific
7. Withdrawal of head )
and front limbs 13 1.0 1 <1.0 0 0.0 0 0.0 retract head during
interaction = -
11. Complete .
retraction 0 1 0. 1
12. Retreat 5 2 0 1
13. Chase 3 0 0 0 same sex conspecific
2 0 0 0 opposite sex conspecific
14. Push 2 0 0 0 to same sex conspecific
1 0 0 0 to opposite sex conspecific
15. Drag 1 1 0 0
" 16. Circle 3 0 0 0
17. Lateral .
presentation 0 3 0 0 to approaching or near
, ' opposite sex conspecific
18. Tilt body -0 2 0 0
19. Kicks 0 . 2 - 0 0 to opposite sex conspecific
20. Grip 8. 29 8 45 0 0.0 0 0.0  male grips female's
forelimb with mouth
21. Yanking 8 <l1.0 8 <10 0 0.0 0 0.0  number of interactions
with yanking, male
gripping female's forelimb
22. Clattering 17 .17 0 0 number of bouts
Sexual : .
’ 39 16 20 .25 14 138 11 8.0
1. Swim above 19 1.6 19 25 11 13.8 11 8.0 Swim above and male
following female
3. Titillation 19 .0 3 0 number of bouts
4. Mounting (transition .
to copulation) 1 . 1 0 ] 0



Pseudemys nelsoni Pseudemys floridana
—male  _female __male = _ female
Behavior freq. % freq. % freq. % freq. % Notes
Miscellaneous maintenance behaviors
3. Defecation 1 2 0 0
Inactive
282 448 182 483 67 563 151 673
1. Rest 238 41.1 132 406 45 421 105 519 atsurface
36 3.1 48 76 20 139 44 153 onbottom, cannot reach
surface
3. Resting on others .
on bottom 6 <1.0 0 0.0 2 <10 2 <1.0 ‘
4. Waterbasking 2 0 0 0 during underwater
observation only
5. Rest in substrate 0 0.0 2 «<1.0 0 0.0 0 0.0
II. BASKING BEHAVIORS
Social
19 11 1 3
1. Nose/nudge 2 1 0 0
2. Climb/rest on )
another. 11 3 0 0
3. Touches 2 2 1 1
4. Push off 1 1 0 0
5. Swivel 1 0 0 0
6. Push with shell 1 2 0 2
7. Bracing 1 2 0 0
Nonsocial
796 360 45 60
1. Emerge from ‘
the water 116 32 6 17 successful
2 0 2 -2 not successful (6 others
not identified to species
and/or sex)
2, Into water 103 34 6 8
3. Turning in
position 45 17 13 9
4. Kicking 67 53 1 2 number of bouts, also
: ‘ includes some rubbing
movements
5. Moves legs 45 13 1 1
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Pseudemys nelsoni . Pséudémys floridana
male female . __male female

Behavior freq. % freq. % freq. % freqq ' % Notes
6. Rubbing 37 14 0 1 rubs head . :
‘ 1 - 0 0 0 rubs appendage against
. substrate
4 1 . 0 0 0 rubs above tail
7. Appendage retraction .
and extension 127 - = . 72 4 8 . extends or retracts head or
o . appendages
_ 8. Raises/lowers , 2 .
32 46 2 9
9. Raises/lowers Co-
head 102. 31 3 0
10. Shake head 3 1 0 0
11. Scan 12 7 2 0
12. Walking 95 30 5 3
14. Nose substrate 6 10 0 0
16. Yawn 2 0 0 0




PART 3

PATTERNS OF BEHAVIOR IN JUVENILE
PSEUDEMYS NELSONI
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CHAPTER 1
INTRODUCTION

Predictidg what an animal will do based on its recent oehavior has long interested
ethologists, whether to reduce long streams of behavior into manageable summaries or to
uncover the empirical "rules” that animals use to assemble units of behavior (Dawkins aad
Dawkins, 1973, 1976; Crane, 1978). Behavior sequences of individual animals can be
analyzed in two basic ways. One is time based, where ddrations of beh.avior's' and the time |
intervals between them are examined statisdéally or modeled (e.g., Metz, 1974; Delius,
1969 Andersson, 1974 van der Kloot, 1975; Heiligenberg, 1973). Fagen and Young
(1978) give a deta11ed treatment of temporal behavior analysis. The second way ignores
time and instead looks for patterns in the sequence of behaviors; which behav10rs are most
likely to precede or follow a given behavior.

To look for patterns in the sequence of behaviors one typically starts by constructinga -
transition matrix from the sequences of behaviors and then testing to see if a first order
Markov chain (Crane, 1978), where the ljkelihood of a behavior occurring depends ohly on
the previous behavior, is a more appropriate 'fnodel than a “random"” rﬁodel, based only on
total behavior frequencies. If sufficient data exisf, higher order Markov chains can be
explored. Transition matrices can also be made from laggedltransitions (Douglas and
Tweed, 1979) Here, if a ﬁrst order Markov chain does not adequately explain the data
one tests if a transition matnx to second following behawors is adequate etc. Another
pOSS1b111ty is to cluster. behaviors. into subunits, each subunit composed of several linked
behaviors (Fentress and Stilwell, 1973). The two latter alternatives circumvent the

difﬁculty of collecting sufficient data for higher order Markovchain analysis. Additional
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techniques to analyze beliavior sequences have been developed from inforrnation theory,
e.g., one can calculate the increase in predictability, or reduction in uncertainty, by
knowing one or more previous behaviors (Chatfield, 1973'). Sequential behavior analysis
assembles behaviors related by position; some authors have used these techmques to
‘suggest a hierarchical structure to behavior (e.g., Dawlcms and Dawkins, 1973 Fentress
and Stilwell, 1973). Examples of extracting patterns from behavior sequences of birds are
Lemon and Chatfield (1971) and Slater and Ollason (1972); flies, Dawlrins and Dawkins
(1976); lizards, Cooper (.1977,'1979-);.and ants, Douglas and Tweed (1979). Bekoff
(1977) and Fagen and Young (1978) give general diseussions of this approach.
Predictability increases when behavior units are more molecular (fiitely dii/ided)(Cane,
1978), exemplified by the many detailed analyses of one category of. behavior; e.g., .
grooming behavior in blowflies (Dawkins and Dawkins, 1976), singing in cardinals
(Lemon and Chatfield, 1971), and courtship in the fisli, Corynopoma riisei (Nelson, 1965
[in Metz, 1974])). Anbther situation with high predietability occurs. when the attainment of
a goal consists of a short sequence of relatively stereotyped behaviors, e.g., adult frogs
capturmg prey (Biedermann, 1988). | |
When behavioral units are far apart in ttme, predictability-may be good if the behaviors
can be mapped onto day length, tide or some other aspect of the environment with strong
‘ Zeitgebers. However, in these cases, only' gress (molar) behavior categories can be
reliably predicted. Some predictability of fin'er behavior units is possible because they
occur with a certain probab111ty within the. larger categones For example, swallowmg is
more likely to occur durmg foraging than during sleepmg ‘ .
Ttis the behav1ors and time umts in between that pose the greatest predicuon problems
This may be due to both looser relationships among behav10r categones and constraints of -

the human nervous system to.process. the information (Dawkins, 1983), frequently
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 requiring statistics to identify the "rules”. The focus of this investigation was twofold; to
explore relationships among the behaviors of jhvcnilc turtles in this time framework, and to

evaluate the differenct approaches to unraveling streams of behavior.
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CHAPTER 2
MATERIALS AND METHODS

Sequence; o'.f’behavio’r on four three-year old Pseudem);s nelsoni turtles were collected
in the laboratory using focal animal sampliﬁg (Altmann, 1974) and checksheets (Fig. 1).
The sﬁbjects were hatched from eggs laid by Mo captive females and subsequently
maintained in a polystyrene container measuring 122 x 70 x 48 cm for 3 years, then
transferred to a 180 x 39 x 33 cm aquarium in wh1ch observations were made. In addition

to the juvenile P. nelsoni, two juvenile P. concinna suwanniensis and three Juvemle P.
ﬂorzdana peninsularis shared the aquarium.

Behaviors in 30 s intervals were ordered by markmg their occurrence with a number
rather than a check (Hinde, 1970). Data were.collected in 20 to 60 mm observation periods
in the early afternoon, one or two hours after feeding. At this time animals were in thg
water and likely to be active. The focal animal was determined randomly, thus total
observation times for each animal are ﬁneqhal (Table 1).. Individuals were not pooled due
to problems of independence (Mééhlis et al., 1985), since inhomogeneous samples, if
reated as, homogeneo'ﬁs, are likely to pfoduce falsely significant tesi results (Metz, 1974).

Behavior categor‘ies‘ used were exhausﬁvé and mutually exclusive, deﬁnitions are
given below: |
1. suﬁ_‘ace: swimming vertically or diagonally toithe surface for breathing; resting or

swimming at the surface with the head out of water.
2. swim: all swimming in a horizontal plane above the substrate, not including swimming

at the surface or during interact (init).
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3. crawl: locomotion on the substrate, if not included in eat, to bottom, or interact
(init). |

4. to bottom: mostly vertical movement, by swimming, erawling (rare) or sinking, to
reach the substrate.

5. still: subject not engaged in one of the other actwmes, no locomotion for 5 - 10 s.

6. eat: ingesting food, includes crawlmg if for short d1stances and swimming if eating
from the surface. .

7. interact (init): subject approaches another turtle within' one body length and
investigates it or attem'pts‘ to initiate an interaction (e.g., aggression,
precocial courtship).

8. interact (recnp) subJect is approached within one body length by another turtle who -
investigates it or attempts to initiate an interaction with the subject. A
response by the subject may not occur although Qngoing behavior (e.g.,
eating) is usually interrupted. _ ‘

The data were analyzed in several ways to prov1de, when collated, a better
understanding of the 'rules” governing behavior (e.g., van Rhijn, 1977) Approaches‘
such as spectral analysis (Dehus, 1969; see Metz, 1974, for others) were not feasible
because behavior durations were not recorded. The approaches used in dlis study were: 1)
first o;der Markov chains, 2) lag seqdential analysis, 3) information theory, 4) stationary
distribution of behaviors, 5) "natural" behavior units, and 6) behavior associations in time.
These are explained in more detdil below. Brieﬂy, .('1) fitting a first order Markov chain
allows one to locate,sighiﬁcant posiﬁve or negative transitions among pairs.of behaviors.
This is extended with (2), lag sequential analysis, which locates significant positive or
negative transitions of two behaviors separated by dne or more .behaviors. The use of

information theory (3) permits one to assess the increase in predictability (or reduction in
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uncertainty) by knowmg the previous behavior and to estlmate the length of Markov cham
necessary to adequately describe the sequences. (4) By calculatlng the statronary
distribution of behav10rs, one can determine whether the data are stationary (a prerequ1s1te
for many of the other analyses) If the sampled and stationary dxstnbutlon differ, drurnal
cycles may be indicated. "Natural" behavior units (5) are repeated units of three or more
behavior occurring commonly in behavior sequences. An analysis of assdeiations in time
(6) identified behayiors that were found to be. positively or negatively associated with
others when separated by various time durations. The first five are sequence based

analyses and the last time based.
Sequence Based Analyses
Transition Matrices

The sequences were transcribed to remove contiguous repetitions of the same
behavior. First order Markov models for each turtle were constructed using the technique
described by Bishop, et al. (1975). The purpose of this analysis was to identify significant
transitions, where one behavior was significantly more or less likely than chance to follow
another. :

Altemation between two behaviors; termed trills by Dawkins (1976), -appears to be
characteristic of many species, from blowflies (Dawkins and Dawkins, 1976) to cardinal
singing (Lemon and Chatfield, 19715; It was cen“sldeﬁd important eneugh by Douglas and
Tweed (1979) to have devoted considerable effort to remoying the overwhelming effect that
long sequences of trills have on teasing apart relauonshlps of the other.behaviors. I did not

remove trills i in th1s study. This is partly because it comphcates an analysis by augmenting
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tﬁe number of behavior categories (anﬁ consgqueﬁtly lowéring expected cell ffequencies)
and partly because ﬁills were not as common in the samples of behavior analyzed in this
study as they wére in the samples of ant behavior ané.lyzed by Douglas and Tweed (1979).

The transition frequencies between pairs of behaviors were calculatcd for éaéh:turtle by .
a Pascal program (all Pascai programs were written by the author) and the resulting
matrices, with structural zeroes along the diagonal, analyzed using Hiloglinear in SPSS-X
to locate signiﬁcan‘t‘ @qsitions. Transitions were considered significant if the x2
standardized residual (x; - m;) / m;1/2, where x; is the obSefvcd a;id-rni the expected cell
frequency, qxcecded 1.96 or was less than -1.96. These approximate plus or minus one
standard normal deviate. ther methods‘ exist to examine internal cells -for significance but, |
as' pointed out by Biyshép;ct al. (1975), the correct mqthod is to-remove the cell in question
using a structural zero and-rétcst the matrix. One can then évaluaic the ceil based on the
differencg between the two G values, with one df. This amount of recoméutation would:
have been unrealistic for the number of matrices and queétionablc_s cells in this study.

The transition matrices were then reanalyzed after transforming off diagonal cells with
smail expected frequencies to structural zét‘oes.‘ The Pascal pfograni was subsequently |
modified to yield lagged transition matrices. For lag 1, all adjacent beha;rior triplets were
used to fill the transition matrix with-the middle behavior ignored. All behaviors except the
first and last @o of an observation period were therefore included in three different triplets.
This strategy was -continued with quartets (with the two middle behaviors ignored),
quintets, etc. 'until lag 10 matrices were calculated.. The purpose of this analysis was
twofold; to extend the ﬁrs‘t order Markov chain By examining transitions among pairs of
behaviors that were separated by one or more behaviors, and to examine interindividual -

differences by locating transitions among behavior pairs that differed among turtles.
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G-tests were ‘madé on individual niatriceg to test for independence of prior and
subsequent behaviors. Cells with low expected frequencies were eliminated to make G-
tests valid. G-tests were also made among matrices to test for differences among turﬂcs,
using a Cy3, Cp3 configuration (Bishop et al., 1975) (turtle = 1, prior behavior = 2,
subsequent behavior = 3). Deviant cells were identified using %2 deviates. Significant first -
order transitions, discussed above, differ slightly from the lag 0 matrices since cells with
low frequencies were not eliminated in the former. This is a result of different objectives,
the former was to identify transitions that were probably important, the latter to obtain vaiid

G-tests.
Markov Chains and Stationarity

Markov chains are often used by ethologists to sumrharize data, probably due to the
ease of calculation and intérpretatidn;, however, the assumption of stationarity, necessary -
for valid G-tests and infqnnation theory statistics, is unlikely to be met by behavioral data

| (Slater, ,1973)., If the data are staﬁohary, transition probabilities do not change with time.

Behavior A would be jusf as likely' to be followed by Behavior B at the beginning of the
observation period as‘vat.the middle or end. Hdweyer, even in the absence of variable
external stimuli, an animal's-internal s.tate'changefs‘ with time, L;#hich may be expressed as.
changing transition probabilities. This is one reason that the assumption of stationarity is
likely to be violated.

Aho_t_her potential source of nonstationarity is due to interactions with other turtles
because'transitioh probabilities are likely to change during interactions and as a result of
them (Oden, 1977). Since,the most recent introductions to the aqu‘arium were several

months prior to this study and all P. nelsoni subjects had been kept for several years,
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* interactive behévior among the animals should be stable among observati'on periods.
Similar reasoning underlies Heiligenberg's (1973) procedure of keeping juvenile Tilapia
maria with each focal Haplochromis burtoni cichlid.

Alﬂ)ough no in-depth analysis of violating the assum;ition of Stationarity is available in
the behavioral literature, there were two reasons for believing that it might not be a serious
problem for ﬂlese data. First, if changes }in transition probabilities ‘(intemal state) occurred
infrequently during the observation period, the transition ma_ttix would abpear more
random than-were the actual data. This is because important transitions occuiﬁng in only .
one part of the observation period wouid be “diluigd" by thbse same beﬁairiors oécurring
randbmly elsewhere in the observatibn period. UnfOrtunate‘ly,': the converse, that -
unimportant transitions may appear falsely significapt, is still problematic for the same
-reason that pooling individuals in not advised. The seéond reason justifying the use of
Markov'chain.s is that if one gakes data at tht;, same ti:mc each day, as in this study, the
changes in transitibﬁ prbbabilities should fluctuate about a mgan, with the effects of daily
cycles removed (Slater, 1973; Crane, 1978).

To investigate the assumption of statioﬁarity, matrices of transition freqﬁencies for
sequential 20 min portions of each observation period wc.re- created. Uhfortﬁnately,.
expected cell frequencies were so low as to preclude meaningful G-tests among the
matrices. As an altemnative, 10 min slidiﬁg' sums were calcﬁlatcd by taking 10 min sums
every 2.5 or 5 min. Results for some of the longer c;bsewaﬁoﬁ periods are éiven in Figure
2. In some observation périods the propbrtions of the eight behaviors changed rapidly and ‘
erratically with time, e.g., Ti-1 1/14 and T4-11/ _17, while in others they chapged little, e.g.,
T4A-11/22. These results suggest that the assufnption of stationarity is violated, at least fof

some ot'JsernvationAperipds. Haccou, et al. (1983) have developed a tcchhique to determine




when the transition probabilities change but their metliod requires continuous time based
data. » -

An additional assumption of Markov chains is that the animal'has a finite memory
. (Crane, 1978), presumably within the ot'der that will be analyzed using Markov chains.
However, we know that the memory, defined psychologically, of many anirtlals extends
for weeks or months, depending on the subject to-be ret:alled. Even short term memory
probably exceeds thé length of time used in rhost sequence analyses. Memory, in the broad
sense that apphes to Markov chains, is also good hence the high predictability of daily
cycles. A further limitation of Markov chain analys1s that it is unhkcly to 1dent1fy bouts and
clusters of bouts. Bout analysis (e.g., Machhs, 1977) would be more useful in revealing
the-se patterns. |

In summary, Markov chain analysis ignores longer"processes (cycles) ancl transition
rules not dependent solely on the previous few behaviors. A'I'hus, behavior is ﬁéually more

structured than a Markov chain analysis will reveal.
Other Sequential Tochniques

Information theory techniques as applied to behavior sequences were used to estimate
| redqt:tions in uncertainty by knowing the previous behavior and to estimate the order of
Markov chain necessary to éxplain the data satisfactorily (the avetage number of previous
| behaviors useful in predicting the current behavior). The calculations were programmed,
directly followmg the methodology given by Chatfield (1973) and Stemberg (1977)
The- stationary distribution of behaviors for each turtle was calculated by projection
using a Pascal program. The stauonary behavior distributions are analogous to stable age

distributions, giving the same kind of info,rmation,l ptojected proportion of each behavior if
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transition frequencies do not change. These are compared to the proportions of each of the
behawors for the four turtles. If there are d1fferences between the sampled and statxonary
: dasmbuuons, the data may not be stanonary Nonstationarity detected by this method could
be due to diurnal cycles, e.g., if there was a tendancy for- animals to rest more often
towards the end of observation periods, the stationary distribution would have a larger
proportion of still than the sampled one. |

Fentress and Stilwell. (1'973)»haVe suggested that sﬁ'eams of behavior be analyzed by
looking for sequences of behaviors that form natural units, i.e., behaviors that are usually
only assocrated with certain other behaviors, often in a pamcular order. A Pascal program
counted all identical strings of 3-9 behaviors for all observatlon periods of each turtle and

listed the most common ones.
| Time Based Analysesz

To examine the relationships of the behaviors in tirne; the original data sheets were
transcribed into a file giving the number of times each behavior ocem'red in each sequential
30 s interval. This file differed slightly from that described above since repeated behaviors
were not removed. The object of this analysis was to identify behaviors that oecurred more
or less frequently than chance when separated by various time intervals from other
behaviors. For exatnple, if surfacing (to breathe) occurred regularly, say about once every
other minute, one would expect surface to be positively associated with itself ln intervals
'encompassing multiples of 120 s. A separate analysis. was performed for each observation
period. |

A Pascal program was used to calculate the assoclanons among behaviors for seven

time intervals and perform G-tests (goodness-of ﬁt) on all assoclauons in each time interval
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excluding cells with an expected frequency of less than five. The intervals used were: (1)
behaviors that occurred within 60 s of each other, (2) behaviors that occurred between 60
and 150 s of each other, (3) between 150 and 300 s, (4) bctwecp 300 and 450 s, (5)
between 450 and 600 s, (6) between 600 and 750 S, and (7) between 750 and 900 s.. The 0
- 150 s interval was. separated into (1) and (2) to distinguish signiﬁcaht associations as
close in time as possible without creating too many cells with low expected frequencies.
For the same‘reason, the two possible cross-associations (behavior A preceding B vs. B
precediné A) were not separated.

Expected frequencies for each time interval were constructed as follows. First, the
proportion of each behavior in the observation period was calculated. Next, the total
number of associations in that time interval was calculated. Finally, the sum waS multiplied
by the proportions of the two behaviors of that association. Freeman-Tukey cell deviates
(Bishop, et al., 1975) were used to locate sigﬁiﬁcant bosijivc or negaﬁve associations,
again using a £ 1.96 cutoff. Significant associations were classified into one of three

groups corresponding to a p of 0.05, 0.01 and 0.001 (£ 1.96, * 2.58 and * 3.32). The

program was run on eight of the longer observation periods, two per turtle.




CHAPTER 3
RESULTS
First Order Markov Chains

In this section I ﬁl’St present a traditional first order Markov‘ chain app'roach,v then use
these results as a reference from which ‘the results of other types of ‘analyses may be
compared. For exaniple, if one behavior is positively linked to a second and the second to
a third, a greater than expeqted frequenéy of the ﬁrét to third is likely with a lag pf one (that
is, wit.hl one behavior intervening between the two). Similarly,~ positively linked behaviors
should be closely associated in time.

Significant positive and negative first order transitions and summaries for the four
turtles are given in Figure 3. The difference in the nqmber of significﬁmt transitions in
Turtles. 3 (few) or 4 (many) versus Turtles 1 and 2 is due largely to sample size.
Frequencies of these transitions are depicted by the first bar of each histogram panel in
Figures 4-11. | ‘

Rather than examine all significant first order linkages, which would be tedious to read
and of little general interest, I‘ comment only on those that were found in at least three of the
four turtles (Fig. 3) with thq hope that these linkages are characteristic of Pseudemys
nelsoni at this age and perhaps of related species.

Behaviors 1 and 2, surface and swim were positively linked in all turtles; although
when retesting the transition ﬁmfrices by puttihg structural zéros in cells with iow expected .
frequencies, soni;f of the chi-square deviates shrunk to slightly beloy? the + 1.96 cutoff.

From Figures. 4 and 5 one sees that surface and swiin tend to alternate. This pattern is
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strongest in Turtle 1, its positive cell deviates are often signiﬁcanﬂy greater than those of
the three other turtles in the panels swim to swim, swim to surface, and surface to
swim (Figs. 4 and 5). |

Since these two behaviors tend to alternate, one expects them to Dbe closely associated
in time. Fxgure 12 gives associations in detall for one observation period of one turtle to
aid in interpreting Figures. 13 and 14, which give associations for eight observation
periods illustrating deviates from expected frequencies. In half of the observation periods
swim and surface were more likely to be found together than expected in the-same 60 s
intervnl. This linkage was also evident when r.he»s'treams of behavior were subjected toa
search for repeated units of 3 - 9 behaviors (Table 2). One explanation for the -linké.ge‘of
these behaviors is that swimming is an energetic- behavior, requiring frequent breathing. - |

In three of fourvturtles. swim was linked with to-bottom in a first order Markov
chain. At other even lags, to bottom also tended to follow swim due to the surface-
swim altemating pattern. Swim and to bottom were also found more frequently than
expected within 60 s of each other in six of eignt observation peﬁods (Fig. 13). '

To bottom was followed by eat significantly more often than chance in three of four‘
turtles. The senuence swim, to bottom, eat was common in two turtles (Table 2). Eat
was, in turn, followed by interact (recip) more often than chance, that is, animals that ‘
were eating were pronortionalIy more likely be become engaged in interactions initiated by
others than when they were perfonmng other behaviors. Interact (recip) was also likely
to be followed by eat; after t.he mteracuon r.he animal resumed eanng A tendency for these

 behaviors to alternate with each other can be seen'in the sixth and eighth rows of panels in
. Figures 9 and 11.- Re'peated'un,its of eat and,intei‘act (recip) were fonnd in two turtles

(Table 2).
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There are four first order sequences that occurred significantly less often than
expected. In all turtles swim was unlikely to be followed by eat, and in three of the four
eat was unlikely to be followed by swim. Swim was unlikely to be followed by eat
since to bottom usuolly interceded bctween‘;he. two if animals ate food on the substrate.
Occasionally, animals ate fooci from tho surface, in which case swim, surface and eat
occurred in the same 30 s interval on the checksheet. . Thus, the low frequencu:s of the
sw1m-eat transitions are most likely. due to food locatlon and not the ammals

The transition of swim to interact (recip) was unlikely in all turtles; that is, a
swimming turtle was unlikel)" to be engaged'in.ao'intemcsion by onother while swi;pxrﬁng.
Since most intemoﬁons consisted of precocial courtship sequences, this differs markedly
from adults, where rhaies only court moving females (Kramer and Fritz, 1989). These two
behaviors also tended not to occur in the same 60 s intervol in half of the obsorvatjon
peﬁods for which data were sufficient for G-tests (Fig. 13).

Finally, to bottom to surface was an uncommor; transition in three of the four
turtles. This did not appear as a negative association within 60 s intervals suggesting that
animals arriving on the substrate usually perform one or more behaviors before surfaciog.
| Hoving established that there are séveral significant positive and negativb first order
transitions, one next asks how useful that is in predicting behavior seqﬁences. 1ﬁ other
words, how much uncertamty about which behavior will appear next in a behavior stream
is removed by knowing the previous behavior?

Information theory provides us with an estimate of this, thcvnorma.lized transmission
(Steinberg, 1977). The percent reductions in uncertainty, corrected with the closod form
approximation (Steinberg, 1977) are: Turtle 1, 25..6%; Turtle 2, 26.2%; Turtle 3, 32.0%;
Turtle 4, 26.9%. AThl'lS, on average, there is a moderate increase in predictability by

knowing the previo'us behavior and the subjects donot differ gmédy in this respect. '
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How much additional uncertainty would be reduced by knowing additional previous
behuviors? While data limitations precluded G-tests on higher order Markov chains,
information theory provides a technique to estimate the order of dependency (Chatfield,
1973). Graphs of unconditional uncertainty were constructed for each of the four turtles
(Fig. 15). An "elbow" ina graph corresponds to a large drop in the average uncertainty if
the order is incremented by one. A clear "elbow" does not appear in any graph. The
largest drop,:at least in Turtles 3 and 4, is associated with a first order chain although
subsequent drops are also sizable. These drops,vtere not tested for significance because the
test statistic that would be used, 2(loge2)N;, 1T}, is the same as the likelihood ratio test
statistic (Chatfield, 1973) and both would be invalid due to the iarge number of cells with
very low expected frequencies. However, the graphs suggest that minimally a fourth or
fifth order Markov chain would be necessary to adequately describe these streams of
behavior. This is reinforced by re-examining Table 2 and noting the large number of
repeated "units" of four or more be'haviors, mostly repeated pairs.of behaviors.

The proportions of behaviors differ little i’rom the stationary distribution of behaviors
(Table 3). This is probably a result of sampling several observation periods per animal and
combining the transition frequencies HoWever this also suggests that a tendency to move
from one 1ntemal state to a second was not consistent over observauon periods (Fig. 2),

ie., there was no mﬂuence of diurnal cycles dunng observation penods
Short Terni Cycles

Another characteristic exhibited by some streams of behavior is cyclicity. While the
effects of daily cycles were hopefully eliminated through scheduled sampling, short term

cycles, on the order of minutes, could exist. Below I examine the evidence for cycles,
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when two behaviors tends to be separated by regular time intervals or, in a behavior
sequence, occupy the same position in relation to one another. These relationships are
usually hot amenable to a Markov chain analysis because very largei data sets are required to
examine higher order chains. Two approaches will be discussed; lag sequential analysis
and auto- and c;‘ésé—associaﬁons (Andersson, 1974).
~ In lagged sequences (Figs. 4 - 11), the most common pattern of significant cells is
alternate high and low frequencies between behav:ior pairs. To avoid presenting redundant
information, only the frequencies of following behavidrs are presented, éay A following B
(B to lagged A). To visualize the lagged frequencies of A preceding B, o.ne,need only to
reverse the panel of behavior A to laggc'd'B., The lagged frequencies of a behavior
preceding itself is a mirror image of the behavior following itself, with zeroes at the
immediately preceding and following cells (lag 0). |
Tﬁe alternation of high and low frequencies betWéexi behavior pairs is partially due to
the behavior definitions. If I had included the behavior 'pause’, there woul& have likely
been some repeated triplet patterns. Panels with significant cells involving larger lags but
not smaller ones were rare (Figs. 4 - 11), indicating that the 4th or 5th order Markov chains
that would be necessary to describe the behavior sequences are largely an artifact of
repeated behavior palrs Differences among tqrtles were quantitative rather than qualitative.
For example, Turtle 1 showed a stronger surface-swim pattern than lother turtles. The
one exception was the response of Turtle 2, the only maic, to ihteractions initiated by other
turtles. It usually crawled away, often followed ‘by another approaching it. Turtles 1, 2
and 4 usually did not rca;:t as strongly when other animals initiated interactions. In any
case, similarities among the turtles' behavior patterns are ﬁore striking than differences. I
suspect that some Qf the difference among turtles may be attributed to sampling since there

was great variation among observation periods of a single turtle.
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Overall G-test results on the matrices are given in Table 4. In Turtles 2 - 4 there is a
trend for the matrices of larger lags to have a larger p (the model of iﬁdependence of prior
and subsequent behaviors is a ‘beitcr fit). There is not a similar trend for differences among
turtles. Except for lag O, differcnces'in transition frequencies among turtles were roughly
the same across all lags examined. These differences are related to the strength of behavior

- patterning among the turtles. At lag 0, the difference among turtles was much greater,

su'ggesting not only. that it is inappropriate to pool individuals but that interindividual

differences in sequences of behavior are more pronouhced for transitions of ir_nmediately
adjacent behavior pairs. |

Below I discuss associations in time (Figs. 13 - 14). In these data there were many
significant cells but patterns common to all eight observation periods were rare Some of

the trends not previously discussed are given below.

The swim-to bottom- association was greater than expected in six of eight

observation periods in the within 60 s time interval, also seen in first order Markov chains.

" The swim-still association occurred significantly less than expected in three of six

observation periods in the <60 and 60 - 150 s time intervals, suggesting a short term active-

inactive cycle. Supp(;rﬁng this, in two observatio'n periods still was positively associated
with itself when close in time but negatively when further. Signiﬁcant associations of still
and other behaviors tended to be negative (T3-11/16, T4-1 1/ 17) especially with interact
(recip). Of ‘all associations with the latter behavior in which significant cells ‘could be
examined, 51% were negative, 18% positive, and 31% neither. . This suggests tlﬁlt when

animals are still they are ignored by others.
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CHAPTER 4
CONCLUSIONS

When observing these turtles their behavior, at the level addressed in this study, does
not appeaf. highly organizéd. One reason for thié may be the consqaint of tne way humans
extraét patterns on certain time scales (Dawkins, 1983). VCvertainly the séquence of the
component acts of each behavior used here wouid be strongly linked (Crane, 1978), the
reason that the behaviors can be easily and relatively unambiguously defined. Another
reason that organization may not be evident atl tnis time §caie, is that it ma)" be weak, at
variance with these results. .' Strong pntterns within observation periods are evident but,
with a few cxccptions; they are not common to all observation periods. This inconsistency
@ay be one reason tnnt, without statistical assistance, it is difﬁcult to extract the
organization of behavior at this level.

E.vidcncc has been presented demonstrating temporal cycles of \{nrious léngths. Finer

behavior units would have no doubt yielded addiﬁonnl shorter cycles, longer observation

periods, longer cycles. For single observers longer continuous observation periods are -

methodologically unsound because accuracy greatly diminishes with increased Qbscrvaﬁon
“time (Altmann, 1974). | In retrospect, an ndditionai bchavior, paué’c, would have been
useful since animals sometimes hesitated for a few s before exhibiting one of the coded
behavior patterns. This would have allowed some behaviors, such as eat, to be examined

| in more detail without overly taning data collection. | |
Some of the "rules” that have been extracted frorn the bchnvior of turtles in this study
can be compared with what one would a priori predict. For example, surfacing and

energetic behaviors should be coupled. This was the case for frequencies of surface and

114



swim in this study and surfacevand precocial courtship in Part 5. ‘Eeting and initiating
interactions with others usually belong to different motivational systems in animals and it is ‘
| uot surprising that they tend not to be temporally adjacent here. ‘

' Since several methods were used to analyze these data, one naturally asks which were
the most useful. All give somewhat different infotmation, so this may be unfair.
Nevertheless, I found my adaptation of Fentress and Stllwell s (1973) method of finding
natural behavior units to give a reasonably clear picture of how behavior sequences are
assembled but not to indicate the strength of patterning. Lag sequential analysis was .
difficult to interpret. A first order Markov approach would probably be most useful
following identification of natural behavior units followed by a graplt of unconditional
uncertainty. to estimate the order of dependency (Chatfield, 1973). In general, sequence
based analysis seems to suffer from large data set requirements, making it more likely that
. behavior org‘anizationvwill be obscured. Tq accurately assess the degree of organization,
the assumption of stationarity must not be vielated. Only under rare circumstances will this
be true for the kind of behaviors presented hel'e. However, the techniques suggested above
are useful in locating,linked‘behayiors. The aute- and cress-association technique served
best to assess variation among observation periods since data requirements for this
technique are small

We are told by Bartholomew (1982) that a study s results should be viewed from
several biological levels, both above and below the level from which the study sprang. Itis
easy to imugine ‘exteudjng this line of research to brain structures whose interactions control
the overt behaviors discussed; many neuroethologists hav_e taken such a route. This isa
reductionist approuch aimed primarily at proximate factors (Hailman, 1982). It is more
difficult to understaud why one set of behavior patterns, determined empirically, should be

more advantageous to an individual than another ,set; to us uerh_aps equally logical. While
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.

this is also couched in proximate terms, its solution is more elusive due largely to
difficulties in measuring the effects of a set of behavior patterns (an animal's “character”)
on lifetime fitness. Several avenues of research are directed at comprehending behavior at
this level, e.g., optimal foraging and mate selection. Unfortunately, little is known about
the characteristics of one set of non-goal directed behavior patterns that might make them
superior to another set.

In the data discugsed here, one might ask why the behavior patterns’ occur with any
particular level of predictability. More specifically, one can ask what the advantage is for a
turtle to follow the empirically determined "rules" described in this study and not others. Is
it a cpmpromise between minimizing energy expenditure and maximiiing benefits that
might come from social interactions or investigatory behavior? Perhaps increased
predictability would make an animal mofc susgepﬁble to predation or put it at a social
disadvantage (Krebs and Dawkins, 1984). More variability might adversely affect
performance, putting an individual at a coinpetitive disadvantage with conspecifics.
Questions such as these must also be addressed if one is to understand the "rules"”

governing patterns of behavior.
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Table 1. Summaries of observation periods and sums for each turtle.

Observation ID Duration (min) . Number of behaviors
T1-11/12 30 99
T1-11/14 60 177
T1-12/27 ‘ &0 154
150 430
T2-11/13 30 100
T2-12/29 20 61
T2-4/6 40 155
T2-4/7 &0 175
, 150 491
T3-11/16 60 188
T3-11/20 30 a3
: 90 251
T4-11/17 60 288
T4A-11/22 30 154

T4B-11/22 30 98

T4-12/5 60 223
T4-12/28 20 28
200 821

Note: Observation ID consists of turtle ID and date of observations.
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Table 2. Some common séquences of behaviors by each turtle (Pseudemys nelsoni).

Turtle ID Sequence ~ Frequency
1 : 212 75
2124 11
717 8
271727 3
2 - 212 40
21212 11
2124 19
246 12
246246 3
-242424 7
- 383 17
3838383 3
3 212 27
21212 7
2124 13
1212124 3
27272 4
86868686 6
4 212 71
21212 14
124 48
2124 33
1246 . 18
21246 14
6868 10

Note: Behaviors are: 1 = surface, 2 = swim, 3 = crawl, 4 = to bottom, 5 = still, 6 =

eat, 7 = interact (init), 8 = interact (recip).
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Table 3. Comparison of proportion of each behavior frequency of Pseudemys nelsoni with
that predicted by projecting the first order transition matrix.

“Stationary Distribution

Turtle Behavior Frequency Proportion

1 1 125 0.29070 - 0.29429
2 134 0.31163 0.31098
3 27 0.06279 0.06322
4 45 0.10465 0.10430
5 12 0.02791 0.02594
6 38 0.08837 0.08878
7 29 0.06744 0.06590
8 20 0.04651 + 0.04659

2 1 72 . 0.14664 -0.14591
2 141 0.28717 0.28734
3 72 0.14664 0.14492
4 81 0.16497 0.16795
5 25 0.05092 0.05110
6 26 0.05295 0.05309
7 36 0.07332 0.07384
8. 38 0.07739 0.07584

3 1 36 0.14343 "~ 0.14429
2 74 0.29482 0.29493
3 26 0.10359 0.10371
4 27 0.10757 0.10889
5 12 0.04781 0.04800
6 24 - 0.09562 0.09551
7 17 0.06773 0.06897
8 35 0.13944 - 0.13571

4 1 148 0.18408 0.18496
2 217 0.26990 0.26991
3 67 0.08333 - 0.08340
4 119 0.14801 0.14871
5 35 +0.04353 0.04148
6 109 0.13557 0.13544
7 .27 10.03358 0.03379
8 82 0.10199 0.10231
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Table 4. Results of G-tests for models of independence of individual matrices of lags 0-10
and for the model of no difference among turtles (Pseudemys nelsoni).

Individual Turtles Differences
. among
1 2 : 3 4 —Turles
Lg G f§ G d G d G d G df

(= -]

0 85.5%% 13 280.1%* 27 51.9%% 507.9%* 30  180.4%* 10
1 189.3%% 18  184.9% 33 130.7%* 16 325.5%% 32 1435+ 44
138.2%* 15  87.4% 30  77.2** 14 1112%% 35 168.2%* 50
122.8%% 15  67.0% 29  304% 13 638%* 33 ' 16L.7** 54,
76.0%% 13- 69.6%* 24  32.9% 16 = 472% 32 1747 56

65.6%* 14 36.9* 22 26.3* 13 46.0 32 195.2%* 72

425 31 151.7%* 58
44.8 31  1704%+ 57

2

3

4

5

6 457%% 12 - 505% 22 88 11  495% 31 1768%* 69
7 372% 11 37.3% 20 50

§ 42.4%* 11 525% 21 2.9

9

48.0%* 12 268 22 103 | 56.8*% 35 not tested

0 .00 H W

10 43.8%% 12 75.7** 34 105 60.5*%* 34 not tested

*p<.05.
** p<.01
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sheet used to record sequences of behavior of Pseudemys nelsoni. A
viors were numbered within the 30 s interval so that

Figure 1. Check-
ed. If a line became too crowded before the end of

new line was started every 30 s. Beha

the order of behaviors could be extract

the 30 s interval, a new line was started with an X entered under time.
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positive transitions

negative transitions

Turtle 1
——a A\
1=2 3 4—=5 6 7 8 1 2 3 4 5 6 7 8
1=2 3 4 5 6 7 8 1 2—=3—4 5§—=6 7 8
' Turtle 3
1=2 3a—4 5 6 7 8
e
Tqrtle4
17=2" 3a—

m7 8

. key ,
4/4 - 1 = surface 4/4
1=2 2‘l swim 2 —_— G ~
3=crawl 2—ag
3/4 4 to bottom _
2—=4 i 3/4
4—=6 7 Interact (Init) 6—~2
6—8 8 = Interact (recip) 4—=q
2/4 2/4 .
3+—5 1—=8 3-—4
3+—6 2—=3 5—=6
4—3 , 2=—=5 6—=4

—1

. Figure 3. Significant first order transitions for each of the turtles (Pseudemys ~nelsdni).
Transitions that occurred more frequently than expected (positive transitions) are

diagrammed on the left, less frequently (

significant transitions common to all .tu

beneath the diagrams.

negative transitions) on the right. Summaries of
rtles, three of four, and two of four are given
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Figure 4. Lagged frequencies of surface following each of. the eight behaviors for each of
the four turtles (Pseudemys nelsoni). In lag O histogram bars, there are no intervening
behaviors, in lag 1 there is one, etc. Since repeated behaviors were eliminated, the lag 0
surface-surface transition is a structural zero. Filled bars and arrows beneath a bar or
-zero indicate chi-square deviates less than -1.96 or greater than 1.96 in the individual turtle

transition matrices.l " A plus or minus above a bar indicates a %2 deviate of less than - 1.96
or greater than 1.96 when comparing turtles. For.example, Turtle 1 was more likely to
follow swim with surface than other turtles at lag 0. :
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Figure 5. Lagged frequencies. of swim following each of the eight behaviors for each of
the four turtles, Pseudemys nelsoni. See the legend of Fig. 4 for details.
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the four turtles, Pseudemys nelsoni. See the.legend of Fig. 4 for detalls
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Figure 7. Lagged frequencies of to bottom foilowing each of the eight behaviors for each
of the four turtles, Pseudemys nelsoni. See the legend of Fig. 4 for details.
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Figure 8. Lagged frequencies of still following each of the eight behaviors for each of the
four turtles, Rseudeniysnelsoni—. ‘See the legend of Fig. 4 for details.
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Figure 9. Lagged frequencies of eat following each of the eight behav1ors for each of the
four turtles Pseudemys nelsoni. See the legend of Fig. 4 for detmls
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each of the four turtles, Pseudemys nelsoni. See the legend of Fig. 4 for details.
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Figure 11. Lagged fre_quenc‘iés of in,tel;act (recip) following each of the eight behaviors
for each of the four turtles, Pseudemys nelsoni. See the legend of Fig. 4 for details.
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- Figure 13. Auto- and cross-associations of behavior pairs 1 - 18.- The time period (X-
axis), observation session (top row), and the direction and magnitude of the deviations
(black bars) are given. Time periods correspond to within 60 s, 60-150 s, 150-300 s, 300-
450 s, 450-600 s, 600-750 s, and 750-900 s separating the behaviors. Deviations
illustrated are Freeman-Tukey deviates, the magnitudes correspond to p = 0.05, 0.01, and
0.001. Dotted lines indicate expected cell frequencies removed from the analysis due to
low frequencies. : ‘ . ~
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Figure 15. Graphs of conditional uncertainty (Hj) vs. i for each turtle (Pseudemys
nelsoni). An i of zero corresponds to the model that behaviors are equiprobable. Ani of
one corresponds to the model that behaviors occur at random but with different
frequencies. An i of two corresponds to a first order Markov chain, etc. The differences in
conditional uncertainty between models reflect the reduction in uncertainty by using the
higher order model. » t ’ : ;
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" PART 4

THE BASKING PATTERN OF PSEUDEMYS NELSONI
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CHAPTER 1
INTRODUCTION

Elevation of body temperature generally is believed to be the primary funetion of
basking in semi-aquatic turtles (Sturbaum, 1982). In addition, basking ma}; assist
digestion, skin maintenance, and vitamin synthesis ‘(I,ovich, 198'4;r Chessman, 1987).
Behavioral studies of basking ha\}e addressed social interactions (Bnry and Wolfhveim,
1973; Bury et al., 1979 Lovich, 1984), mamtenance behav1ors (Auth, 1975 L1tw1n 1975; '
Vogt, 1978), and the relauonsh1p between baskmg frequency and envuonmental vanables
(e.g., Auth, 1975). ' ' ,

Atmospheric baslting I(Mdll and Legler, 197_15 in semi-aquatic turtIes is amenable for
ethological field research »beean_se_animals are easy to observe and movements occur
intermittently. Forv'these‘reasons basking ‘animals are also good subjects for ecologically
oriented studies (e.g., Boyer, 1965; Auth, 1975; Chessman, 1987; Crawford et al., 1983;
Lovich, 1984; Spotila et al., 1984). | |

" The intent of this study was to quantify the behavmrs of atmospheric basking
Pseudemys nelsoni (Emydldae) and compare them w1th those of other turtles in particular,

Trachemys scripta (Auth, 1975) and Chrysemys picta (Litwin, 1975). .
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CHAPTER

S - A S |

MATERIAI.§ AND METHODS
Study Slte and Subje'cts
All basking observations were made at Rock Springs run, described in Part 2. Data
were collected on the behav1or of turtles: basking on three logs in the study site. One log
was used primarily by adult male and juvenile Pseudemys nelsoni. The others were used

by all age and sex classes other than small juveniles and by both P. nelsoni and P.

- floridana. ' One of the larger logs remained shaded until midmorning, the other two were

directly exposed for most of the day. bh weekend momings, when canoe traffic was

heaviest, basking animals were djsturbed'as. often as every ten min. In contrast, canoe

i

traffic on weekday aftemoons was light or nonexistent.

‘Many individuals in the study site were marked permanently with holes drilled through

the margmals They were also given temporary paint marks, readable through bmoculars

. but these only . lasted a few months (Kramer, 1986). Thus, identification from one
observation penod to another was not possible for many turtles. Some unmarked
individuals that left and returned later to conunue basklng could be rehably identified within
_ the observauon period dueto a comblnatlon of characters. The most useful were dark
markmgs on the ventral surfaces of marglnals 4 -7 and the bridge; also size, shape, sex,
species, general coloratlon, and muulatlons, such as m1ssmg part of the tail, foot or edge of
) carapace There were no obvious dxffercnces between the behavioral basking pattems of P.
nelsoni and P. ﬂondana and, since few observanons were made on P. ﬂorzdana data taken

on adults of both species were combmed. Analyses were performed with and without the
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addiﬁonal’ P. floridana data with identical results. The data discussed below include

observations of P. ﬂoridana.
Observation Prdcedilres

- Observations wére made only on during favbrable conditions (i.e., sunny days')
through 7 x 35 binoculars. The distributions,of daily and yearly obscrv‘atioh‘ periods are
given in Part 2. Movements and pos.ture. changes of one or two focal animals were
_ “continuously recorded during _the observation period with the behaviors of éddiﬁonal

animals recorded if this did not interfere with recording the behavior of the focal animal(s).
-Behaviors used in this analysis ('Tab‘le 1) are a subset of the behaviors described for
basking P. nelsoni in Part 2. The focal aniimal was the ﬁrst adult to emerge onto the log in
a positibn that pe;'mitted unobstructed viewing aftef"I had “settled into an observation
position. 'Ol?sewaﬁons were made either from a~canoe;anchofed near the opposite bank,
" about 25 m away, or from the densely shaded woods, about 17 m away, which served as a
natural blind. The behaviors of the focal animal were méorded by hand ﬁntil it went into
" the water. A later emergiﬁg individual whose behaviors had been fairly.well monitored

was then followed.
Data Analysis

An animal's recent basking history could influence subsequént basking behavior.
However, lumping data of animaﬂs with differing recent basking histories was unavoidable
since most individuals' basking history was unknown. ‘A basking session began when an

individual emerged onto the ‘baskir.lg site, whether bf not it had previously basked during -
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the observation period. All focal animals were Pseudemys nelsoni. Emergence time was
standardrzed to zero and the occurrence of all subsequent posture changes reckoned as the
time elapsed since the turtle emerged. Behaviors result1ng from obvious human
disturbance were not used in the analysis. At this-study site the majority of basking
_ sessions were ended by human disturbance. ‘ |
These data were used to examine the relationship between certain postures and time
spent baskmg (initial n = 24) The frequency d1str1buuons were converted to percentages.
and two-s1ded 95% confidence mtervals calculated (Rohlf and Sokal, 1981). 1 consrdered
the head and four limb postures of each turtle (if visible) as independent data (initial front
leg n =46, mmal rear leg n =47). Data hrmtauons precluded useful StatlSthS much past the
_first 60 min. ' | ‘
The focal animal data were then combined with all addmonal data taken on animals
other than the focal 1nd1v1dual for which emergence times were known (initial n = 42).

' ‘Thls larger data set was used to determine if the distribution of acts in time were
.independent of the distribution of the duration of baskmg sessions. The latter distribution |
was calculated as the average number of turtles observed baskmg for 0-15 min, 15-30 min,
etc. (Fig. 1b) and adjusted using the total of each of the acts to obtain the expected
frequencies. Since many basking sessions were interrupted by human disturbance, the-
" distribution of basking durations (Fig. 1b) does not represent the distribution of voluntary

or natural basking durations. | ‘ | B
| The observed frequencies of each act were tested against the ekpected'us.ing the G-test
.' for goodness-of- fit (Sokal and Rohlf, 1981) Cell deviates were examined using the chi-‘
square approx1mat10n (B1shop et al 1975) If the d1str1but10n of the act closely followed
‘the expected d1str1buuon, the. act occurs 1ndependently of time, that is, the length of time an

'ammal basked would not be a good predlctor of how -hkely itis to perform the act.
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Statistical Validity and Power

An assumption of theﬂnull'hypotheses for testing the independence of each act in time
is that the observed frequencies of the act occur with a character'istic probability (e.g.,
‘ walldng once is more likely than walking\ﬁve ‘times) but the probability diétribut_ion of
frequencies for the act is ‘the same throughout the basking session, i.e., the same in all 15
min intervals. | -

_ To determine- if a G-test could appropr'iately test these hyp'otheses,‘«a computer
simulation \Was performe'd for each of the five acts using Proc IML in SAS (1983). The |
routine assigned numbers gene‘rated randomly:from a uniform distribution (from zero to
one) to one of several of categones, the cate gones representlng the possible frequencies of |
the act.. For example, there were elght categones of walks smce an ammal m1ght walk from
Zero to seven umes dunng a 15 min mterval The probabrhty of a random number falling
into each category was determxned empmcally from the data, thus do not follow any
particular mathematical function. For example, the probability of a turtle wallcmg zero
times was 0. 8095‘ walking once 0.1201, etc. (Table,2)-. If the random number generated
was 0.5, the number of walks assigned to that turtle for that 15. min interval was zero. If
the random number generated was 0.99, three walks were assrgned Under the null .
hypothesrs, the probabrhty of walking zero times is the same for all 15 rmn 1ntervals,
likewise for walkmg once, twrce, etc. However; since the frequencies were produced
using a random number generator, the total frequencres of the 15 min intervals could differ
-greatly, even though the data were generated under the null hypothesrs For this reason,
the methodology outlined above can be uscd to determme 1f aG- test is appropnate If the
simulated total frequencies among the 15 min 1nterva1s do not d1ffer greatly, then the G test

: rs vahd. If they do differ greatly, then a G-test will not be able to d1scnm1nate between data
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distributed as hypothesized under the null hypothesis or distributed under an alternate
hypothes1s

Data were generated representing sample sizes of 4, 8, 16, 32, and 64 turtles for each
of the five acts in basking sessions of 10 15-min intervals. The resulting frequencies,
summed over turtles for ez;lch 15 min interval, were tested for goodness-of-fit agairist a
discrete uniform distribution, created by summing all frequencies for Pihat Simulation and
d1v1d1ng by 10, the number of 15 min intervals. One thousand simulated experiments of
each sample size were used to assess the validity of the G-test, with William's correction

.(Sokal and Rohlf, 1981).

To assess the power of the test, a number of distributions under altemaﬁve hypotheses
were constructed in the manner described above excépt that the probabilities of perforrning
the act differed among the 15 min mtervals I used exponenual funcuons to dlfferenually
change the probab111t1es of each act in the 10 15 min mtervals and simulated seven
alternative hypotheses. These ranged from the act being performed at shghtly higher
frequencies at the beginping of the basking session and negative exponentially decaying to
the values drawn from the data to the act being perfomed at modgratcly higher frequencies
at the beginning of the basking session (Fig. 2). These were tested against null hypotheses.
of equal frequencies amohg 15 mm intervals, as described above. One thousand simulate;d

experiments were used at each sample size to assess power.
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RESULTS

Basking Behavior in Pseudemys nelso.ni;'

Animals typically emerged on basking sites in full sunlight although they occasionally -
emerged on shaded logs, especially in the morning. Turtles often remained basking after
logs were shaded, the sky became overcast, or during light rain. After arriving to bask,'
turtles 1mmed1ately climbed to the upper surface of the log Most turtles were oriented in
the same d1recuon on the basking sité¢ and not for maxlmum sun exposure, probably due to
both the physical constralnts of basking on logs (Lowch 1984) and reluctance to face
others directly (Lov1ch? 1984; Vogt, 1978; see Part 2). Piling, when one turtle climbs.on
top‘ of another; and aggressive behavior wer‘e{rtever seen, probably due to relatively
uncrowded basking sites.

‘Marked or recognizable basking individuals were rarely seen to enter the water
voluntarily and reappear a few minutes later, described by Lovich (1984) for Chrysemys
picta. " However, reemergenee within 30 min or less. after a human disturbance was
common. Ammals that entered the water voluntanly did not exh1b1t hyperactmty or move

| about the basking site before entering the water (Auth 1975 Litwin,’ 1975), rather, they
turned, paused, and walked off the log. '
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- Posture Changes during Basking

The likelihood of a turtle assuming a-certain posture was related to the length of time
the animal had been hasking Throughout the basking session animals tended to maintain
theu' heads i inan elevated position (Fig. 1a) although the percentages of the other two head
postures increased w1th time. The front legs were usually planted on the substrate (Fig. ‘

| 1a). Retraction of the front legs became more frequent with 1ncreased basklng time and
plateaued at 30 - 40% after about 60 min. The hind legs showed a s1m11ar pattern (Fig. 1a)
alt.hough they were held extended more often than the front legs, 10 - 20% of the time after
the first 10 min w1th a maximum of 30% at 50 min. They were retracted shghtly less often

than the front legs.
Distribution of Acts in Basking Sessions
Results of simulations

The: results of the computer simulations demonstrated that the G statistic for testing
goodness-of-fit was appropriate for walks, turns, and extend legs since the null hypotheses
were reJected less than 5% of the time, but 1nappropr1ate for head rubs and kicks, etc.
(Table 3). In the latter two cases, the null hypotheses were re_]ected far too frequently for
the test to have merit. The goodness-of-fit tests for kicks, etc. yielded particularly h1gh
rates of rejection, for a sample size of 32, the:null hypothesis was rejected for 96.4% of
simulated experiments at an & = 0.05. The Teason that a G-test was valid to test some of

the behavior distributions against the null hypothes'is but not others is evidently due to the
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| empirical probability distributions of the beh’aviors Unfortunately, it is not known yvhat
- feature or combmation of features of these dlstnbutions 1s responslble | |
The power analyses on walks, turns, and extend legs revealed how different the .

distributions under the alternative and null hypotheses must be for the G test to reliably
differennate between them (Table 3). The ability to discriminate between a true alternative

hypothesis and the ‘null hypothe51s depends greatly on sample size but even moderate

differences were detectable with a sample size of 32. The results from the computer
S1mulations mdicate that the G-test is appropriate to test the null hypotheses that the

frequencies of walks, urns, and extend legs are uniformly dlstnbuted over the observation
- period. Additionally, there is good power to detect moderate to large differences m‘

frequenmes of these acts among the 15 min intervals for the data collected. 3
Results of testing for différences among 15 min intervals

The distributions of yvalks, turns, and extendlegs differed significantly (p < 0.01)
from the expected distnbunons, suggesting that they are more likely to occur at certain
times during a baskmg sessmn than at others. Walking (Fig. 1c) and turning in position |
(Fig. 6) followed a similar pattern, both occurnng significantly more often than expected in
the ﬁrst- 15 min of basking and disappearmg in turtles basking in excess of 150 min. In
both-cases this was due to movements shortly following emergence. Animals-would
usually turn 90° after emerging and then walk a ‘s'hort distance. ‘Extend legs (Fig. 1c)
occurred more frequently than expected from 15 - 45 mln and 120 - 135 min after
emergmg Animals basking longer than 150 min extended their legs less frequently than

expected Unfortunately, nothmg can be said about the data collected on head rubs and

151



kicks, etc. using the methods outlined above other than the high frequency for both-in the

fifth 15-min interval was due to the movements of a single female. .
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CHAPTER 4
DISCUSSION|

Descriptions and patterns of baskmg behavmr of chrysemid (sensu McDowell, 1964)
turtles have been prowded by only a few authors, notably Auth (1975), Boyer (1965),
Litwin (1975), Lovich (1984), Moll and Legler (1971), and Zipko (1982). Quahtattvely,
basking behavior in Pseudemys nelsoni d1ffers little from other spec1es Cons1der1ng the
overall morphological similarity among the speexes, it is not surpnsmg that there are few, if
any, differences in patterns .of lirub head and tail movements. However, there are other
ways baslcmg behav10r can differ, such as in quantity and quahty of social mteracttons,
responses to sun d1rect10n, and frequency of the vanous movements and postures common |
to these turtles Since quantitative data on the nonsocml aspects of baskmg behav1or are
lacking in other pubhshed Teports, compansons wnh the baslcmg behav1or of P. nelsom,
described here, cannot be made. However, two authors (Auth, 1975; L1tw1n, 1975) have
made qualitative assessments of baskmg behavior by devising teruporal basking stages,
permitting some comparisons with the data presented here.

Auth (1975) divides basking of Trachemys scnpta into four stages, not mcludmg‘

. prebasking (amval at the basking site). Litwin (1975) g1ves thiree stages for Chrysemys
picta; prebasking, basking and post-basking. They are cotnpared in Table 4.. Other reports
discussing details of the basking postures and movetnents generally support the
deseriptions given by Auth (1975) and Litwin (1975),‘ but they also do not give quantitative

. information on these aspects of basking behavtor. In fairness to these studies; their intent

was not an analysis of basking postures and movements.
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One might expect clear divisions if basking were djvided into distinct stages, even if
individual turtles entered them at somewhat variable times. For example, Auth (1975)
considered stage 2 of basking to begin when anjmals first extended their legs.. While legs
were extended more frequently than expected in the 15 -'45 min 1nterval ‘throughout the
basking session an1mals changed postures repeatedly, extending and retractlng their legs.
Some animals never extended their legs during .the basktng session although other
postures, such as a retracted head, suggested an advanced "stage" of basklng by Auth's
| defimuon Only turmng and walklng were clearly assoc1ated with a parucular t1me period
w1th1n the basking session, the first 15 min. | .

While. the probablhty of a turtle performmg a certain act or assummg a certain posture.
is related to the length of time the animal has been baslong, the term stage implies
temporally distinct units of behav10r, each w1th a cohesive behav1oral pattem or motif that.
is easily classified by an observer. . The term "stage" also implies that one behav1oral
pattern is temporally dependent on another, as might be found in courtshlp The only time
' dunng baskmg when some behaviors appeared dependent on previous ones was: following
emergence. Subsequent behav10r patterns are probably best v1ewed as the result of
interrelated vanables, some correlated with basking time and some. largely independent of
Abaskmg time. In the former are rising body temperature and drying mtegument, in the
latter, movements of surrounding turtles, 'win‘d a1r temperature, sun ‘direction, cloud cover,
‘and the presence of insects. The data from the present study do not support the use of
temporal "stages" as best charactenzmg the baskmg behavior of P. nelsom

Rather than attempt to explam variation observed in the behav1or of basking turtles by |
the length of time they have been baskmg, the influence of environmental and social
variables on postures and movements should first be explored. This approach has been

. helpful in other ethologlcal studies. e. g.,- Ainley (1974) and Greenberg (1978).

154



Tufﬂes that had been_ ‘basking for longer times appeared ﬁom reluctant to en’tef the
water Qﬁcn disturbed but data to examine this were not taken. Differential response to
disturbance may also be explained by individual variation. More tolerant animals would be
less likely to interrupt a basldﬁg session when disturbed, thus basking for ibnger peﬁods of

time than less tolerant animals.
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‘Table 1. Definitions of basking behaviors of Pseudemys nelsoni treated in this study.

Behavior

Definition

MOVEMENTS
Walk

Turn

Extend leg

Head rub

Kicks, etc.

PQSTURES
Head'
elevated
retracted.
- other | |
Front and Hind Legs
.extended

. retracted

other

Forward- locomotion with the plastron either in contact with the
substrate or elevated above it. '

" Orientation of the major body axis changes, usually 90° or 180°,

wiphout forward‘or backward locomotion.

The act'of extending or stretching front or hind leg away from the

‘body and then held in this position, at l€ast momentarily. Although

the leg may be touching the substrate it does not appear to be resting
onit. : , -

Head is rubbed by the dorsal surface of one of the forefeet.
Any repeated and/or rapid :r;iovement of the limbs, other than head

rubs, which did not result in displacement or change in orientation.
There was a continuous, gradation from rubs to.rapid kicks and

" shakes.

Neck mostly or completely extended, head held above level of
carapace marginals. :

~ Neck flexed, m@m than half of head under carapace.

Any intermediate position. '

‘Leg held extended or stretched away from the body, possibly

touching the substrate but does not appear to be resting on it. Digits
often spread or fanned. : ' \

Leg flexed, more than half of foot under carapace.

Any intermediate position, usually either on the substrate in a
walking position or slightly retracted and touching or near the

* substrate but without resting on:it.
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Table 2. Probabilities of basking behaviors in a 15 min interval used in simulations to
assess the validity of a G statistic for testing goodness-of-fit. :

Behavior Frequency Probability Frequency Probability
Walks 0 0.8095 4 0.0003
1 0.1201 5 0.0017
2 0.0516 6 0.0020
3 0.0138 7 0.0010
Turns 0 0.9167 3 0.0060
1 0.625 4 0.0040
2 0.0098 5 0.0010
Extend legs 0 0.7339 4 0.0052
. 1 0.1881 5 0.0025
2 0.0597 6 0.0015
3 0.0091
Head rubs 0 0.8883 8 0.0004
1 0.0971 9 0.0003
2 0.0016 10 0.0005
-3 0.0010 11 © 0.0005
4 0.0010 12 0.0010
5 0.0010 13 0.0011
6 0.0010 14 , 0.0029
7 © 0.0003 15 0.0020 -
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Table 2. (continued)

Behavior Frequency Probability - Frequency Probability
Kicks 0 0.7573 20 0.0012
1 0.1339 21 : 0.0016
2 0.0419 22 0.0003
3 0.0119 23 0.0003
4 0.0132 24 0.0005
5 0.0018 25 0.0005
6 0.0065 26 0.0005
7 0.0042 27 0.0005
8 0.0043 28 0.0005
9 0.0041 29 - 0.0006
10 0.0004 30 0.0005
11 0.0005 . 31 0.0002
12 0.0010 32 0.0010
13 0.0007 33 0.0010
14 ‘ 0.0008 © 34 0.0005
15 0.0006 35 0.0005
16 0.0019 36 0.0005
17 0.0024 37 0.0003
18 0.0003 38 0.0002
19 0.0003
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. Table 4. Comparison of the basking. stages employed by Auth (1975) for Trachemys
scripta and Litwin (1975) for Chrysemys picta.

Description - C.picta T. scripta
Partial emergence, period Pre-bask Stage 1A
of high alertness (<1 - 5min) - (<10 min,
o often bypassed
by larger turtles)

Complete emergence Pre-bask =~ Stage 1B - |
Stabilization of position Basking, Period 1 -~ Stage 1B
Orientation with respecttosun - ==—=-=--==- 4 Stage 1B
Stretches/extends hind legs Basking, Period 1 Stage 2.
Limbs and head variable, Basking; Period 2 Stage 3
generally léss alert B o
All limbs withdrawn, head - Basking, Period 3. Stage 3
usually withdrawn (rare) Lo
Hyperactivity and moving about on Post-bask Stage 3
basking site, concludes with ammal C ' -
returning to water

----------- Stage 4 -

Basks in shade may follow any
other stage :
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Figure 2. Probabilities of the frequency of walking under three alternate hypotheses, from
slight to moderate deviations from null hypotheses of equal frequencies among the 15 min
intervals. The uppermost portion of each stacked column (open) is the probability of
walking zero times (not visible in all columns). The filled portion below it is the
probability of walking once, etc. The probabilities of walking five or more times are small
for most columns and usually not visible. S
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PART 5

PRECOCIAL COURTSHIP IN PSEUDEMYS TURTLES




CHAPTER1
INTRODUCTION

‘Precocial sexual behav1or has been documented in mammials, birds and reptiles. For
example, Juvenile rats. of both sexes may engage in mounting and thrusting (Hole and
Einon, 1984) and Kruijt (1964) observed copulatory sitting and tramphng in Juvemle
cockerels (Gallus gallus). In rats there is some evidence that precoc1al sexual behavior is
correlated with circulating hormonal levels (Hole and Einon, 1984), suggesting that the
neural substrate for sexual behavior exists prior to rnaturation. Precocial sexual behavior
has also.been observed in juvenile emydid turtles;‘in Graptemys ﬂavimaculata, G. kohni,
. (Cagle, 1955) Pseudemys concmna (Cagle, 1955 Petranka and Ph1111pp1 1978), and P.
floridana (Petranka and Ph1111pp1, 1978) During those’ observanons, an 1nd1v1dual would
rapidly v1brate the claws of its front feet (uullate) to other turtles or obJects In all five
species, males use a similar display when courtmg females (Cagle, 1955 Vogt, 1978;
Petranka and Phillippi 1978; Part 2).

The adaptive value of precocial or Juvemle "courtship" behavior, if any, is not clear. .
Hole and Einon (1984) were unable to demonstrate that animals prevented from precocial
sexual behavior were at a sexual disadvantage when rnature." Cagle.(l9’_55) suggested that
juvenile turtles titillate to obtain inforrnation about the object or recipient, since’ he. saw
animals displaying only to novel objects and novel turtles. Petranka and Phillippi (1978)
pointed out that the context'and stereotypy of precocial courtship in turtles differ greatly
from adult courtship o

The courtship display of male Trachemys scrzpta elegans appears to involve:

considerable time and energy (Jackson and Davis, 1972a). Indirect evidence, presented
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below for Pseudemys nelsonf; indicafes .that precocial couftship behavior is alsb
energetically costly. While the energy expenditure by adult males can be jpstiﬁed by tying
it directly'to reproductive success, it d&s not explain precocial courtship.

Here I describe precocial courtship in juvenile P. nelsoni, note ontogenetic changes,
and give, data on frequency and partner preférences. Some plausible hypotheses ‘
concermng the function of this behavior are prcscnted Fewer data were collected on this
behav1or in P. floridana and P. concinna; they are presented here to 1llustratc other points
and permit species comparisons. In addition, Dale Jackson (in litt.) kmdly made-available
to me his observations on these and additional species. For most of thesg observations,
individual identities were not recorded. Thus, they are used only to supplement data on the
expression of precocial courtship among different age ciasses and the postures used by

different species. Finally, I discuss the numerous characteristics precocial courtship shares

with some play behaviors.
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CHAPTER 2.

MATERIALS AND METHODS
Subjects

Observations were made on four Pseudemys nelsoni, three P. floridana penninsularis,
and two P. concinna suwanniensis. In these specxes, two extemal characters are useful in
distinguishing males from females; enlargement of the male's ta11 and hypertrophy of the
male's foreclaws. The former became evident during the period of data collection.
Relevant data concemirlg the history and size of these individuals is given in Table 1.
During the 4 month study (Nov. 1984 - Apr. 1985) the animals were maintained in a 180 x
39 x 33 cm aquarium containing about 140 1 of water on a 12L:12D cycle. Pieces of two
cinder blocks provided hiding places and supported a rubber basking platform. Room
temperature was maintained at 24 - 27°C. A 60 W light bvulbisuspended_about 15 cm above
the basking platfonn provided additional heat 8 h/day. The animals were fed to satiation at
least three times/wk with li\re or frozen erickets, dog food and lettuce. A plaster-of-Paris
block was placed in the water to provide supplementary calcium. The water was
continuously filtered and corrlpletely replaced ohoe/week.

Informal observations by Dale J eckson (in litt.) on precocial courtship in Pseudemys
nelsoni, P. alabamensis, P. floridana, P. concinna, and Tra‘cvhemys scripta were made from
1977 until 1989. Some of these animals were observed from hatching to age 12. They

were maintained in various aquaria and a small pléstic wading pool during this time.

170



Observation and Analysis ‘.Tech'niques

All interactions among turtles maintained in the laboratory -at the University of
Tennessee were noted using paper and penc11 during 17 observation periods (810 min
total). Observatlons usually began about one hour after feeding, in the afternoon, as
informal observanons suggested that interactions occurred at least as frequently or more SO
during this period and animals rarely basked at this time. |

Animals usually avoided looking at each other when the anterior halves of both were
closest and;'less than one body length apart (see Part 2). Therefore, I considered an
interaction to begm when one turtle approached another wh11e looking steadily at it, or
when one turtle, already in the proxmnty of another onented to face it. Interactions that
included approaches, or approaches and titillation are presented here.

Independently, data were gathered on the four Pseudemys neisom juveniles using
focal animal samphng (Altmann, 1974) and checksheets (Hinde, 1973). . Time periods
were divided into 30 s intervals and the order of social and maintenance behaviors within
these intervals was recorded. Focal animats t'or each session (30-60 rnin)‘lwere chosen at
random. Observations on these turtlea summed to 560 min. Data on frequency of
vibration of the foreclaws were taken from several min of Super-8 film at 18 frames/s.

Statistical analyses were made using G-tests available on SPSSX (1986) or by hand

calculations (Sokal and Rohlf, 1981).
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CHAPTER 3
RESULTS
Description of Juvenile Courtship Behavior

During juvenile courtship, an individual repeatedly thrust its front limbs forward,
rotating them inward (pronation) with the palms facing out, and rapidly vibrated the digits
of its front feet. The display was clearly oriented toward the head of another individual.
Thé rate of vibration of juvenile P. nelsom" 44 - 10.8 vibrations/s) does not differ from
that of an adult male (7;0 - 16.0 vibrations/sj, nor from three displays of a single P.
floridana juvenile (5.0 - 6.7 vibrations/s)(Fig. . ‘The behavior is as vigorous as in adult
courtship. | ‘

Part of the energcuc appearance of the behiavior is due to the rapid vibration of the
forefeet, but most is due to the contmuous and, at times, brisk maneuvenng of the
displaying animal tp tnaintain its posmon Wlth respect to the recipient. The recipient was
rarqu still during displays, possibly as a consequence of them, which exacerbated tﬁe
maneuvering requirements of the displaying individual.

The ehcrgetyic cost of a display was not measured. However, oxygen consumption
differences can be inferred frorn focal.a‘nimal data by comparing the frequency that animals
surfaced for air within 30's after displaying with the frequency ghat they surfaced for air
during other periods (excludihg periods with displdys) (Table 2). These results indicate
that animals §urfaced for air more frequently (G-test, p = 0.025) in the 30 s peﬁod

following displays than they did during other 30 s periods.




On average, subjects displayed about once every 10 min in the focal animal sample. In

the interactions data set, animals displayed on average once every 4 min. This does not:

adequately summarize pregocial courtship frequencies because of thé‘ initial choice of
observation. perio&s (wheﬁ interactions weré numerous) and tile clumped temporal
’ distﬁbution of this behavior. Generally displays occurred in boﬁts of oﬁe min or more.
Clumping in time is demonstrated statistically by corﬂparing the display: ﬁ'equenéy from the
data using focal animal sampling in consecutive 5 min intervals w1th a Poisson distribution

(Table 3).

Comparison with Adult Courtship Behavior

Precocial courtship behavior of juvenile Pseudemys nelsoni differs from adult
courtship m several ways. The Initiation phase (Kramer and Fritz, 1989) is cursory or
absent. This does not, howe'ver, imply that méipients are chosen at random (see below).
Unlike adults, displays in juvenilgs occurred from twc; positions: 1) the displziyin'g"animal
. faced the reéipient, within 4;5° o'f ';1 direct line through their body axes (Fig. 2a), and 2) the
displaying animal marie;ivered above the rccipieht; both facing the same dimcﬁon (Fig. 2b).

These two po'sitions are typical of adult male courtship postures of some emydid

turtles. The first is characteristic of Chrysemys picta (Taylor, 1933), and some Trachemys
(Jackson and Davis, 1972a) and Graptemys (Vogt, 1978); the second of Pseudemys '

species in which courtship has been observed, (Marchand, 1944; Jackson and Davis,

1972b; Part 2). While positions were not recorded during observations, of 30 juvenile P.

nelsoni displays filmed from this period, all but two were head-to-head. Data cdllégted by .

D. Jackson (in litt.) on P. nelsoni corroborates the-use of both positions, each position

used about half the time by his juveniles.
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Mounts rarely followed displays. After one or'more bouts, the displayer would -
usually abandon the recipient While mounts are not common in adult Pseudemys nelsoni-
courtship behavior (Kramer and Fritz, 1989), only two were seen in these ]uvemles dunng
the entire period that they were under observation. | ,

Unlike adults, where females rarely display, juvenile‘females displayed i‘requently-
(Fig. 3). A G-test showed significant differences in the number of displays among the four
juveniles, three of which were female, howeyer the number of displays by the male (51)
was closest to the mean (5“2.5).

‘Other differences include the following. Juveniles displayed only to vothers on the
substrate, whether moving or stationary. Males in the field displayed only to siwimrning
females (Kramer and Fritz, 1989). On occasron the 1nteract10n between two juveniles
- attracted a third, who started displaying to one of the other two On one occas1on all four
juveniles were clustered together, with at least three displayrng. Adults were not seen to

~ join courting pairs in the field.
Responses to Juvenile Courtship

The response to the displays varied, although not in a systematic _tvay. Most often the
recipient appeared to ignore the displaying individual. Less often the recipient appeared to
be disturbed by the display and turned away or left A(Fig. 3). On several occasions the
recipient gaped, snapped at, or bit an especially persistent displaying indis'idual. This
behavior invariably halted further or incipient displays and this recipient would not be’
approached by the displayrng animal again for several mmutes In general, the individuals

reacted similarly regardless of the displayer's identity except for one female juvenile (#3),
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who turned away or left very frequently after being displayed to by the male (#2) (see also

Part 3).

Ontogenynof Juvenile Courtship Behavior

The youngest d1splay1ng Pseudemys nelsoni I observed was w11d-caught and about

five months old. It d15played briefly to a piece. of dned dog food in the water before biting
jt. Cagle (1955) observed a much younger (35 day old) Pseudemys concinna

suwanniensis displaying to a snail before eating it. One of the laboratory reared P. nelsoni

in this study displayed to a live cricket before eating it‘when about one year old. D.™

Jackson (in litt.) observed many instances of precocial courtship in young P. nelsoni, P.

alabamensis, P. concinna, and T. scripta, starting from three weeks of age.
Species Differences and Discrimination

Precocial titillation was xnuch ‘more frequent in Pseudemys nelsoni juveniles 'thavn m the
other two species (Table 4). However, the total number of dxsplays for each species was
accurately predicted when the total number of approaches of each species is included as a
covariate (G-test, p = 0.997, Table 4). Thus, the large drfferences in'display frequency can
be attributed to Qiffeﬁng rates of social interactions among juveniles of the three species. |

Sufﬁcienttlisplayswere performed by Pseudemys nelsoni juveniles to determine if
displays were equally likely to be given to con—~and heterospecifics. P. nelsoni juveniles
dxsplay 51gn1ﬁcant1y more to conspecifics (210 vs. 3, G-test, p < 0.001). 'I'lus suggests

that displaying Juvemle P. nelsoni can and do discriminate between con- and
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he‘terospeciﬁcs and preferentially display to conspecifics. - Insufﬁcient displays were given

by individuals of the other two species during data collection for statistical tfeatment.
Partner - Preferences of Individual Pseudemys nelsoni

The partner preferences of the four jut'enﬂe Pseudemys nelsoni were examined. There
are significant differences arrtongthe total number of displays given by each animal (G-test,
p<O t)l) and the total n'umber of displays receivetl by each animal (p < 0.01)(Fig: 3).
Furthermore, these factors are not independent (p < 0. 01), knowing the total number of
displays glven by each 1nd1v1dual and the total number of. displays rece1ved by each of the
_ recipients is not a good predictor of the number of displays that any one 1nd1v1dual gives to

| another The'model of independence was a good predictor of only t.v}o of the subjects’
'dlsplay behavior, indicatin g that rec1p1ents are not chosen at random 4

The dlsplay behawor of each Juvemle was therefore examlned separately All four
Juvemles were selective in the1r chorce of rec1p1ents (G-test all p < 0.01). “Two of the
juvenile females duected most of their d1sp1ays to the Juvemle male (Fig. 3).

- There is a strong relanonshlp between approachmg an individual and d1splay1ng toit; a
regressron of these individuals' displays on their approaches yielded a coefﬁclent of
deterrrﬁnaﬁon~(r25 of 0.69 (Fig. 4). That juveniles selectively approachvprefened recipients

-suggests that they can distinguish among potential conspecific recipients before displaying.
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CHAPTER 4
CONCLUSIONS
" Evolution of Courtship in Pseudemys

Based on the literature reviewed above and the data presented hérc I suggest that the
Swim Above position taken by.adult male Pseudemys during courtship deﬁves from the
_head-to-head positioﬁ found in related emydid turtles. The Swim Above position js
" restricted to the genus Pseudemys while the head-to-head position: is uscd by at least three
genera of emydid turtles for titillation. While o’niogehy may not always parallef phylogeny
(Gould, 1977), juveniles in the four species of Pseudemys tﬁrﬂes for which data is
available were all seen to display from the head-to-head position. No instances of the
 Swim Abdve position have l;aén reported by ahy juvenile exhibiﬁng precocial courtship in

species where adult maies use the head-to-head position.
Function of Precocial Courtship in Pseudemys

While different in some aspects from the courtship behavior of adult male Pseudemys
nelsoni (Krémer apd Fritz, 1989), juveniléA courtship behavior sﬁares most of its
| components With adult courtship and not with other aduit or juvénile behaviors. In
particular, jﬁvenile courtship resembles the Swim Above'phése (Kramer and Fritz, 1989)
of adult courtship. The one instance of an'adulf female dispiaying in the literature

~ (Jackson, 1977) was more similar to juveniles’ displays than those of adult males because
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| this female also displayed from the head-to-head position. Displays by females were not
observed by Kramer and Fritz (1989) m captivity or in the field.

Since the animals from this study demonstrated high selectivity of partner cheice prior
to displaying, it ’is'unlikely that the titillation display by either sex serves a species or sex
recognition function, as suggested by Jackson and Davis (1972a), in juveniles or adults
(see also Part 2). If adult males use this display to induce female receptivity, its presence in
juvenilesis parztdoxical Yet, the high frequency of these apparently costly displays
suggests that this behavior should have an obvious function. I speculate below on several
functions I consider to be the most likely candidates to explain precocial courtshlp in turtles

and comment pn the degree to which these data support each.
1) Maturation

If adult courtship was properly expressed only after an inflexible ontogeny (i.e.,'
complete expression of adult courtship occurs only if precursor courtship patterns were‘
expressed at specific times during development), juveniles might exhibit precocial courtship
even if it were sliéhtly maiadaptive. In this case, the form of the behavior expressed by
juveniles might differ considerably from adtxlt courtship behavioi‘ without adverse
consequences on its finat form. In fact, the behavier dpes differ (see abow)e) in some
respects from adult male courtship behavior. However, this explanation is inadet;uate in
other wztys. First, the dispiay' is perfomied very frequently. One might suppose that this
bettavior would be infrequently perf(_)rmed, since it apbears energetically costly, may attract
predaters,. and tnay ttot have realizéd benefits for juvenilés. ' Second, the titillating
component, which would presumably be the behavi,or reqluiri.ng maturation, does not

appear to differ in juveniles and adults, nor does it :"improve"' with age, has'ing all the
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ingredients of a "fixed" action pattern .(.Schleidt. 1974). Third, this function would not -

explain wHy female juveniles perform the display.
2) Practice to acquire social skills

There may be important social skills that must be learned for males to become
reproductively successful. Su{:cessful courtship by males 'm'ay fequire a delicate adjustment
of the courtship display to particular individuals, situations or seasons rather than through
stoic persistence. Those turtles that have been unable to participate in precocial courtship
with others may be poor predictors of their partner's movements, give inappropriate
responses or displays, or may not learn the optimal orientation from which to give the
dispAla'y. It may be advantageous for them to start when young so as to be better prepafed
when sexual maturity is attained.

There is evidence that the stimulus control for this behavior shifts with age. The
youngest animals display to many small objects While older juveniles zi_nd ﬁdults display
mostly to conspecifics. The high frequency of thiS‘,behavior among j;i\ienilé» P. nelsoni
allows each individual to have many interactions' with .others, providing substantial
opportunities for learning to occur. This explanation, however, fails to account for display
behavior in juvenile females, nor does it explain partner pmfemnéeé; Altﬁough natural
observations of adults are clearly deficient, thefe is 'nothing to sﬁggest that this display is
used in contexts other than courtship in natﬁre. The function of the display by the adult

female in Jackson's (1977) study remains unclear.
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3) Artifact of captivity

Bizarre behaviors, clearly artifacts of long-term captivity, are exhibited by many’

animals (Heideger, 1964) although this has not been well documented in reptiles. If the

behav1or is not aberrant it may be abnormal in other respects, e. g occurrmg more or less 4

frequently than in nature. The juveniles used in this study did not have to forage or travel
appreciable distances to bask. Density (1.e., crowdmg) in the water probably exceeded
natural levels by several orders of rnagnitude. ' Animals may have had difficulty escaping
the attention of others since they could not leave the aquanum :

| The pOSSlblllty that precocial courtshlp is  an amfact of captive condmons cannot be
addressed by these data. J uvemle Pseudemys ‘nelsoni were rarely observed in the field.
Thus, the frequency and nature of naturally occurring interactions are unknown However
it is unlikely that 1nd1v,1duz_11s in the lab exhibited aberrnnt- behavior because they could not
avoid other turtles. An animal appeaﬁng to avoid another usually did not swim away,
crawl into a h1d1ng place or retract into the shell. Instead it would turn or crawl several cm,
then resume the behavior interrupted by the d1splayer Further aggresswe behavror (gapes,
snaps and bites) was infrequent and 1nvanubly halted displays nnd approaches. Flnally?
precocial courtship displays were observed by wild cuught P. nglsoni, P. floridana, and P.

concinna during informal observations as well as by captive reared P. nelsoni (see above).
Precocial Courtship and Play

It is clear that the data do not support any of the above proposed functions with great

confidence. Precocial courtship in turtles does not seem to have an obvious function. This

section will discuss the similarities of precocial courtship in Pseidemys nelsoni with play
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behavior, for which demonstrable functions have also proved elusive. Two of the
explanations given above, ie., maturation and practice, have been proposed, among
others, as possrble funcnons of play (Fagen 1981). o |

Play has been a dlfﬁcult behav1or to define. The deﬁmnon given by Bckoff and Byers
(1981) is clear ‘and consistent with most others, "Play is all motor act1v1t‘y\performed
. postnatally that appears to 'be purposeless, in which motor patterns from other contexts may
often be used in modified forms and altered ternporal sequeneing" (p. 300). Fagen (1981)
reviewed the charaeteristics of play behavior Iand extracted the least disputed examples (p.
44). His list (Table 5) is augmented by two others, which give the general charactenstics
of the structure and causation of play (p. 45 - 46). Some items on these latter lists, as
Fagen states, are controversial. However, they give some basis by which to judge the
plau_sibility of play o'r‘,play-lil.ce behavior as a possib't.e explanation for precociai courtship
behavior in turtles. The rnain characteristics of play are compared with precocial courtship
in turtles below and in Tablc 5. -

The first characteristic, that behaviors occurring in play are similar, but not identical, to
‘those occurring in a well- deﬁned functional context of adults (or juveniles), clearly applies
to precocial courtship in these turtles. For example, the orientation, maneuvering and
titillating behaviors observed during precocial courtship of juvenile Pseudemys nelsoni are
similar, but not identicai to adult male courtship The‘ second, that behaviors in play are

exaggerated, is deficult to assess with the data collected. The 1nd1v1dual motor pattems do

not appear to differ from those of adults 1n the way that the motor pattems of young . °

mammals playmg are exaggerated when compared to those motor patterns in 'serious’
contexts. There may be differences between adult and precocial courtship in the duration or
timing of the various behavioral acts; for the most part, these were not nreasured. The -

duration of a bout of titillation does appear, on average, somewhat longer (e)taggerated?) in
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 juveniles than in the single adult male measured (Fig. 1). The third characteristic, that

»...individual acts are repeated more often in play sequences” (p. 44) is also diffi«c'ult to
assess because the data needed to make detailed contpar'isons between precocial and adult
courtship have not yet been collected. o |
There remain two charactenstlcs that may be less representatlve of play behav1or that
play sequences tend to be variable and that they lack the normal consummatory behavior
and biological consequences’ of non-play behavior. Preco’ciali courtship behavior of these
turtles, as described above, appears to possess both attributes. | |
In most mammals, 1 to 10% of the total t1me budget is spent in play. This is time and
energy that could conceivably be put to other uses, e. g growth or foraglng (Fagen,
| 1981). From focal animal sampling in this study an individual dlsplayed about once every
10 min. In the data set when interactions alone were recorded, 1nd1v1duals displayed about - -
once every 4 min. This suggests that the amount of t_ime occupied by this behavior is
within the range- of that occupied by mammals at play. Properly maintained captive.animals
often play more than wild ones (Fagen, 1981; Burghardt, 1988). The high frequency of
precocial courtship exhib_ited by juvenile'Pseudemysv nelsoni may result from captivity,
parallehng play. |
Play has traditionally been thought to be v1rtually non- exlstent in repules (Burghardt
' 1984) There are several reasons for th1s, mcludmg 1) reptiles ¢ do not appear to possess
the phys1olog1cal scope to engage in vigorous play act1v1ty, 2) most reptiles lack parental
care leaving neonates without a food supply or protectton, and 3) reptﬂes aré not capable of
changmg their facral expresslon so that indicators of play (to humans), such as the 'play
face' typlcal of camd or pnmate play, are not evident. Thrs last pomt has also made it
- dlfflcult to d1st1ngu1sh play ‘in birds from other behav1ors (see also Flcken 1977).

Burghardt (1988) d1scusses why reptile life history traits tend to exclude play.
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" “That play may be too energetically costly to a reptile is contradioteo by the data
presented above as apparently functionless and vigorous behavior is engaged in with great
frequency. While most rep't.iles.'may not be capable of large increases m basai 'metabolic :
rate, Trachemys scripta, a related species, is capable of aerobically supporung a24 fold
increase in basal metabolic rate at 30°C, comparable to that of active lizard species (Gatten,
1974). Furthermore, the aquatic medium allows locornotlon and maneuvering at a far
- lower energetic cost than similar behaviors on laln.d ‘(S_chmic'lt-Nielsen', 1972). :

Therp are several reasons that turtles (some of these may apply to crocodiﬁans) might
be expected to be the most likely reptile to have evolved play or olny—liko behavior. Many
turtles are aquatic, thus costs of locomotion are low. They are toleranf of conspooiﬁcs and
are often found in aggregations (Bury, 979) allowing ample opportumty for interactions to |
occur. The soc1al system of P. nelsoni and perhaps others appears complex (Kramer
1986) and may be mediated through individual recogmuon (Paljt .6). Turtles are considered
to be "intelligent”, eyident by the consistent bias of comparative psyohologists to use them
rather than other reptiles. About 50% of the studies cited by.’ﬁurghardt (1977) in his
review of the reptilian learning literature used Chelonians. Finally, tnrﬂes are long lived
which would give any of the proposed long range benefits (see Fagen, 1981) sufficient
time to accrue. ) ‘ ‘

Overall, the results reported here are consistent with tho hypothesis that play, perhaps'
a primitive form of it, explains precocial courtshlp behav1or in Juvenlle P. nelsoni. As
untidy as it may seem, 1f this behavior is primitive play, not ﬁndmg an obv1ous benefit for

it is not surprising, nor is the performance of it by both sexes.
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Table 1. History and size of subjects; Pseudemys nelsoni, P. floridana and P. concinna.

ID Species Procurement: plas'trdn lcngth‘(mm) mass (g)

1 P. nelsoni captive reared 133 491
hatched Aug. 1982 : '

2 P. nelsoni captive reared 131 460
hatched Aug. 1982

3 P. nelsoni captive reared 109 298
hatched Aug. 1982 .

4 P. nelsoni captive reared - 140 532
hatched Aug. 1982

6 P.concinna captured July 1983 131 446
Luraville, Fla. '

7 P.concinna captured July 1983 98 214
Luraville, Fla.

8 P.floridana captured July 1984 83 141

, Apopka, Fla. :
9 P.floridana captured July 1984 61 63
' Apopka, Fla.
10 P.floridana  captured July 1984 102 236

Apopka, Fla.




Table 2. Breathing frequency.

Frei e surfac
Time interval ZeTo one or more
within 30 s of displaying 8 15
other 30 s intervals ‘ 617 442

Note: Frequency that juvenile Pseudemys nelsoni surfaced to breathe in 30 s intervals,
excluding those in which they displayed (p = 0.25, G-test).

Table 3. Display frequency.

Frequency of 5 min periods

number of displays/5 min observed expected
0 . 93 59.95
1 | 6 37.47
2 6 11.71
3 or more 7 2.87

Note: Comparison of display frequency in 5 min periods of juvenile Pseudemys nelsoni
with expected frequencies from a Poisson distribution demonstrating that displays occurred
in bouts (p < 0.01, G-test). '




Table 4. Total frequency of displays and approaches of each species (Pseudemys nelsoni,
' P. floridana and P. concinna). _

Species .. - #ofindividuals _# of approaches #of displays
P. nelsoni - 4 M9 : 213
P floridana | 3 21 1

" P. concinna 2 76 2

Note: Results of G-tests indicate that, if data of all individuals within each species are
combined, approach frequency is a good indicator of display frequency (p=0.997, 1df,
including number of approaches as a covariate; p < 0.001, 2 d.f., without approaches).




Table 5. A comparison of precocial courtship behavior of Pseudemys- nelsoni with play
behavior characteristics (from Fagen, 1981, pp. 45-46).

Found in precocial courtship _ Not found in precocial courtship

Structure

Play acts having temporal - Acts that involve several .parts of

structure may be relatively : the body or may lack some
incomplete... ‘ components found in nonplay...

Play sequences are relatively
" brief. .

Play sequences may be
relatively reordered or
disrupted.

Play sequences show relatively
rapid alternation of acts.

Play sequences are relatively
incomplete.

Causation -

Play sequencesmaybe =~ = - Play appears to be pleasurable to
interrupted by higher-priority to the performers. f

behavior and fragmented by

inclusion of motivationally , Play patterns are relatively
irrelevant activities. . - inhibited. .

Play occurs in a relaxed : There is a specific motivation to
motivational field. » play.f '

Non-specific items, including
objects and living or dead
organisms, may substitute for
a conspecific partner in play.

Transitions from play to nonplay,
~ or mixed forms of play may.occur.




Table 5. (continﬁed)

Found in precocial courtship

Not found in precocial courtship

Play occurs characteristically
in immature animals.

Play sequences occur in different
situations from nonplay sequences
that include the same acts, or they
occur as a result of different stimuli,
including stimuli normally inadequate
to elicit these acts.

In-a given play sequence, the
same behavior may be directed in
turn at different stimuli.

The patterns of behavior in play
is relatively less dependent on
normal sumulus-response
relationships.

In play, animals return
repeatedly to the same sumulus
source.

tCould not be ascertained.
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haif filled). The triangles are data from a single P. nelsoni male and the squares a single
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Figure 2. Positions of displaying juvenile Pseudemys nelsoni. A) Head-to-head
(characteristic of Trachemys scripta elegans), B) Swim above (characteristic of adult

Pseudemys).
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Figure 3. Display frequencies of each Pseudemys nelsoni juvenile to each of the other P.
nelsoni. Above the bar are the display frequencies to othérs (with their identifying
number). Below the bar are the same data rearranged for each juvenile'as a recipient of
others' displays. The hatched portions of each bar give the frequencies that the recipient
turned away or left. Turtle 2 was a male, the others female.
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PART 6

INDIVIDUAL DISCRIMINATION IN PSEUDEMYS TURTLES
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_CHAPTER 1
INTRODUCTION

Individual recognition has been experimentally demonstrated in soﬁle mammals, birds,
fish, invertebrates (reviewed in Colgan, 1983' Johnson, 1977), and the lizard, Dipsosaurus
dorsalls (Ghnskl and Krekorian, 1985). Other, lizard studies suggést individual

discrimination ab111t1es, although this was not always the study's obJecuve (e g., Andrews,

1985; Crews, 1975; Dugan, 1982; Ferguson, 1971; McDonald, 1987). Perhaps the firstto

. discuss the importance of researching individual and speéies discrimination in turtles was
Casteel (1911). Rather than use individual turtles as stimuli, however, he used more
standard fests of visual acuity and form discrimination, one of the first 6f many such
1nqu1r1es (rev1ewed in Burghardt 1977). | |

Laboratory studies by Evans et al. (1973, 1974) on the turtle, Trachemys scripta,

- suggest individual discrimination abilities. Their objective was to demonstrate that two
juveniles could be "fﬁlpﬁntéd" on each other. Subjects were tested after several months of
cohabitation or receiving water samples-from t.he other turtle's living quarters. Familiar
conspecifics were found significantly more often in close physical proximity than were
pairé of strangers. |

A social system based on dominance hierarchies is often taken as cvideﬁce that the

species possesses md1v1dua1 recognition capabilities, although dominance h1erarch1cs may

also be based on single characters, e. g., size (McBnde, 1964 Colgan, 1983) Field |

observations suggesting dominance hierarchics in chrysemid (sensu McDowell, 1964,
hereafter, chrysem1d) turtles have been rcported in many basking studies (Auth 1975;

- Lovich, 1984; Bury et al., 1979) and from observations of animals in the water in
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Trachemys scripia (Lardie, 1983) and Pseudemys nelsoni (Kramer, 1986). .Harléss (1979)
speculate§ that most species of turtles form dominance hierarchies in nature. A |

In captive chrysemid turtles, dominance hier#rchies were seen in Trachemys scripta
(Evans, 1952; Lardie, 1983v),_ Chrysen}ys picta (Evans, 1940), and a group of Pseudemys
nelsoni, P. floridana, and P. conciﬁn& juve.niles (Kfamer, unpubl. data). Additional
behavioral data on this iatter group suggests individual discrimination; the juveniles
deﬁlohstréted signiﬁcant preferences when approaching and exhibiting precocial courtship
to others (see Part 5). . | ‘

In many species, dommancc hlerarchles are established by intensive fighting. Later, to
reinforce dominance relationships, brief agonistic encounters unlikely to lead to injury
("squabbling"'), may dccur ‘(McBride', 1964). The male-male interactions.in Pseudemys
nelsoni described by Kramer (1986, Part 2) are probably best labeled as "squabbling".
They are composed of short bouts which include gaping (interpreted as threats) and
retraction into the shell; pushing, bites and éhases‘ are infréqdent. These eﬁcoﬁnters often
do not yield clear winners and losers. After an agonistic interaction the animals frequently
remain in close proxirhity without further aggressive behavior. ‘

Individual recogmtlon in Pseudemys nelsoni is also suggested by male-female
aggressive 1nteract10ns, in which the male chases a female, bites her on the forehmb and
drags her to the bottom. He pulls vigorously on her forelimb in short bouts for up to one-
half ﬁour before releasing her. One possible interpretation of this behﬁvior i§ that females
use mfonnatlon from these interactions to later select mates, perhaps by using male vigor as |
- an indicator of genetic merit (Kramer, 1986) Ind1v1dua1s in this population appeared to be
fairly sedentary (Kramer, 1986; Part 7) and thus would be expected to encounter the same

individuals repeatedly.
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In the experiments descnbcd bclow I tested for the ability- of individual Pseudemys
nelsoni and P. floridana to d1st1ngu1sh between two-turtles, both either conspec1ﬁc or
heterospecific with the subject. Both species were used because mterspcc;ﬁc interactions
involving P. nelsoni and P. ﬂorjdana were occaéidnally seen duﬁng underwater
observations at Rock Springs run, Apopka, Fla. (see Part 2). Sternotherus odoratus and
Trionyx ferox, the other abundant turtle species at this site, were not included because no

interactions were observed involving either of these species with P. nelsoni or P. floridana.
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CHAPTER 2

EXPERIMENT 1
Introduction

The many stﬁdies of discrimination andAleaming abilities of turties, reviewed by
Burghardt (1977), indicated that juvenile emydid turtles would perform well in a choice
situation if rewarded with food. The objective of this experiment was to determine if
juvenile turtles could discriminate between two juvenile conspeciﬁcs or congeners with the
use of a T-maze. T-mazes were used in- several studies involﬁng turtle learning abilities
(reviewed in Boycott and Gliiller'y, 1962;,Burghardt, 1977; Heidt and Burbidge, 1966;
‘Spigel, 1963). Tﬁllmiéh (1976) successfully ﬁsed Y-mazes to train and test budgerigars
(Melopsigtacus undulatus) to discriminate between'c,qnspeciﬁcs. T,o' Qerify that animals are
responding appropriately ‘bahlsed on an ability to recognize individuals, it is necessary to rule
out obvious differénces, such ,asia large size differential. In this and the following
expeﬁrhent the turtles serving as positive and negative stimuli were chosen from the pool of

available animals based on their close physical resemblance.
Materials and Methods

One Pseudemys floridana and two P. nelsoni juveniles were tested for their ability to

discriminate between two P. floridana juveniles. All animals were captured in Rock

~ Springs run, Apopka, Florida, in August 1985 and released in June 1986. Juveniles were




| used because of the difficulty of maintaitling and testihg 1ar§e adults in the .laboratory. The
measurements of the turtles ztt the end of the experiment are given in Table L.

The animals were maintained and- tested in their home ertciosure, a round plastic'
wading’ pool 137 cm in dlameter filled to a depth of 23 cm. -Several cinder blocks
provided h1d1ng places and supported a wooden baskmg -platform.” The room was
Aillurninated with stan_dax_d fluorescentilamps ona 12L:12D cycle. Part of the basking
platform was warmed for 8 h/day with a 275 W Sun lamp suspended 30 cm above it.
Mean room temperature was 28. 5°C 1. 4°C S.D. Thé animals were fed to satiation with
frozen or live cnckets, cat food, and lettuce after training or testmg, three umes/week A
Plaster-of-Paris block, from wh1ch they would break off and ingest small pieces, provided
a source of calcium. Turtles would also occas1onally mgest each others' feces. Water was
filtered through a piece of foam cut to fit around a small submersible pump.

A T-maze, tlsed for training and testing the turtles in these ext)erimehts, was
constructed from plywood and painted with white marine epoxy (Fig. 1). The ends of the
T were fitted with hinged doors that could be opened b); pulling on a string. The doors
served two functions; they prevented water from ﬂowing' through tl‘xe maze, which might

bias an animal's choice, and they prevented other animals from entering the maze. At the
choice point, the maze was cut to accept two wire oaskets holding the stimuli. The mesh
was large enough to permit the subjects to insert their heads into the baskets to nose the
stimuli. Turtles used as stimuli were free to turn w1tlun the baskete, thus the subjects were

usually not presented with two turtles facing the same direction.
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Training

For three months prior to testing, one Pseudemys nelsoni (subject 2) and one P.
ﬂoridana' (subject 1) were tfained to orient (turn) toward various cues placed in the wire
baskets (Table 2). ‘At first, two colored squares (each 103 cm?) served as stimuli in the
training trials. Shccessively closer approximations to the test conditions were used in
subséquent blocks. A block of tridls lasted about one h with three or four blocks éonducted
in a week; the number df trials in a block depending on how quickly the subjects ran the
maze. Baskets containing the stimuli were switched randomly, determined w1th a coin
toss, between the two posmons to eliminate turning bias, w1th the constraint that the stimuli
were not in the same position on more than three successive trials (Trillmich, 1976).
During a block of trials the stimuli remained in the same basket. Although the baskets
appeared virtually indistin'guishable, the stimuli weré: not presented in the same basket for
~ more than three successive blocks

Tnals were conducted after 1600 h to ensure that animals had opportumty to bask
earlier in the day. A block of trials commenced when I turned off the heat lamp, placed the
maze in the watef, where it floated, and the stimuli in the baskets. The b_askets were

. clipped together and placed into the opening at the choice point. Each trial began when I
placed the subject in the maze at the smrﬁng point, waited until it paésed ohe of the two
cages, and then opened both doors. If the subject made the correct choice it was rewarded
with one or two crickets which were: ahyays eaten. If not, it was returned to the starting
point and had to rerun the maze until the correct choice was made _After about three weeks
of training, the animals would often swim near the starting point.of the maze, as if waiting
to be put back in. The relauvely low percentage of correct responses in Table 2 suggests

that these animals had difficulty leammg this paradigm (see Shettleworth, 1984).
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Testing

For the dufation of the testing period, two juvenile Pseudemys floridana, matched for
size and pattern, were used as the stimuli to discrimixﬁte. If the subject turned down the
arm of the maze containing the "+" individual, a cor;}ect choice was scored. The test
procedure differed from the training procedure because the animals were allowed to leave
the maze whether or not they turned in the correct direction, but were enly rewall',ded if the
correct choice had been made. Additionally, a second untrained P. nel;om' (subject 3) was
included during testing since it accepted food immediately after beixig piaced in the maze.

Thelsignificance of the percent correct for all trials was tested using the normal

approximation to the binomial (one-tailed, Hines and Montgomery, 1980).

Results

In this series of tests, one of the turtles performed significantly better than chance and

two did net (Fig. 2). The subject that perfbrmed the best was: the juvenile P. floridana
(67.6%), as might be expected because it was discriminating between two ‘censpeciﬁcs.

Neither the untramed P. nelsoni (subject 3, 56.4%) nor.the trained P. nelsom (subject 2,

51.0%) performed well Subject 2 also performed less well than the P. ﬂondana juvenile.

during training sessions (Table 2) and was prone to panic, although it would accept food if

. it made the correct choice.
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CHAPTER 3
EXPERIMENT 2
Introduction

Since results from the first experiment demonstrated that at least one individual could
discriminate between two similar conspecifics when positively reinforced, a second
experiment was initiated. The objective was to replicate the positive findings of the first
experiment using additional subjects and a modified methodology. It was hoped that the
lengthy training period using stimuli other than turtles could be eliminated by phnishing
incorrect choices. The learning literature suggests that the most efficient way to suppress a
response is to punish it if a nonpunished alternative is available (Fantino, 1973). The

subjects were not rewarded, allowing more trials to be administered in the same amount of

time.
Materials and Methods

Subjects consisted of five newly caught juvenile Pseudemys nelsoni and one juvenile
P. floridana from Alachua County, Florida. Their measurements are given in Table 3.
Two of the P. nelsoni served as stimuli. They were not as closely matched for size as were
the two P. floridana in the previous experiment. The subjécts were not trained or rewarded
for correct responses. During testing they were allowed to exit the T-maze if they turned in
the correct direction, otherwise they were forced to rerun the maze. If they did not turn

correctly on their third attempt they were placed in a bucket until their next trial as
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punishment. This procedure was run for 16 weeks. The number of tnals/block was
greater later in the experiment as the turtles negotiated the maze more qulckly and with
fewer errors.

I tested the srgnlﬁcance of the percent correct usmg the normal approx1mauon to the |

binomial (one-tailed, Hines and Montgomery, 1980).
Results

Tbis procedure did not work as well as the procedure used in experiment 1,as subjects
often panicked when put in the maze, even after many weeks of testing and took much
longer to perform well. I divided the trials into two approximately equal groups and tested

‘each separately for significance (fig. 3). Further subdivisions vt/ere not made because
addmonal information gleaned from the data was offset by a loss of statistical power. In
the first group, only the Pseudemys floridana juvenile did better than chance at
d1scr1m1nat1ng between the two P. nelsoni in the baskets. All animals except subject A
appeared to be making the dlscnmmauon by the end of the expenment but none did as well
as subject 1 in the previous expenment Even sub_]ect A improved towards the end of the
experiment. In the last 8 blocks (146 trials) this sub_]eet averaged 61% correct (p = 0.004,

binomial test).

205



CHAPTER 5
DISCUSSION

The results suggest that juveniles of both species may.be able to discriminate between
.two similar conspecifics in t.he laboratory and that juvenile Pseudemys ﬂorzdana can
discriminate between two similar P. nelsoni. Although these expenments do not prove that
these turtles have individual recognition, they do suggest that the animals possess the
sensory and: memory capabilities necessary for its existence.

- Olfaction is probably the sensory modahty used by turtles, at least initially, to

recognize others. Individual recognition is mediated by odors in many animals (reviewed -

: m Halpin, 1980). Turtles often nosed the stimuli during training and testing during this

study, and each other dnring social interactions in nature (Kramer, 1986).

Given the length of the training period, number of trials in both experiments, and
disposition of the animals during testing, I suggest that the method of positively reinforcing
correct choices (Expenment 1) y1e1ds better results with turtles than negatively reinforcing
them for incorrect choices (Experiment 2). Subjects in the first expenment panicked
infrequently and appeared eager to enter the maze. In contrast, subjects in the second
experiment hid under the maze or in the cmder block cavities while other subjects were

tested.

: ’I“he‘results of the two experiments are not, however, directly comparable. Trained
animals in Ex’periir'ient 1 probably did not find the tesﬁng apparafus aversive, while those in
Experiment 2 .probably did, in addition to ;heir incorrect choices being punished.
Mrosovsky (1964), in a paradigm conceptually similar to Experiment 2, obtained clearer

results on a simp'lef task using Trachemys scripta. His snbjects were placed on a dry
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platforrh in front of thé experimenter (presﬁrﬂai)ly an aversive condition) and given a choice
of plungihg into a white or black, wﬁter ﬁlled ébmpament. Once a preference had been
established, the subjects were s.hocked (punished) for making their preferred choice to
| effect a choice reversal. After an average of 733 trials niosf of the ﬁ;rtles..had either reduced
the percentage of tirpe they chose their preferred ".c‘olor'l' (Sﬁghmessj or would not dive in.
It is often frilstratiﬁg to try to empirically demonstrate mental abilities that animals
appear to use in the field (Cheney et al., 1986). Although data to examine the follpwing
point were not taken, the major difficulty in Experiment 1 appeared to be the subjects'
inability to consistently paés the basket holding the positive stimulus, rather than stop in
front of it, in order to be rewarded when exiting on that side. In many trials ﬂle subjects
would initially turn correctly, but .then stop in front of the basket, sometimés for é minute
or more. In some of these cases they did not cominue in the same direction aﬁd SO were
not rewarded. ' Their poor performance is evident when the percent correct of tﬁe training
and testing blocks (Table 2 and Fig. 2) are compared. In few blocks of tﬁals were animals
earning rewards more than 80% of the time. Similar difficulties have been re;;oned by
Butler and Johnsbn (1972) who tested operantly trained sunfish (Lepamis macrochirus) for

individual discrimination. They found that their subjects did not meet their (unstated)

criterion, although they apparently performed better than chance (p not given). Petrillo and -

Powers (1987) had to use very modest criteria for testing spaﬁai learning in the turtle,
Chrysemys picta.

A further drawback to using trained miﬁﬂs is that subjects -may attend to details
irrelevant t-(; the animals in nature. An advantage of using trained animals is that one may
easily manipulate aspects of the stimuli and sensory avenues to determine which are
important, as in Trillmich's (1976) budgerigar study. ThlS advantage was not exploited

here.
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’ Punishing turtles (Experiment 2) adversely affected the performance of these animals
_ to the point where hundreds of trials were needed to show signs of improvement (Fig. 3).
~ This or a similar procedtire is not recommended for testing discriminative abilities of
turtles. -

In some studies, individual discrimination has been inferred by noting behavioral
responses to the presgntation of various cues or by observing‘ changes in repeated
interactibns. Examples of 'thgsev are Zayan's (1974,,. 1975) studies of the fish,
. Xiphophorus, work on various catfish and cichlids (reviewed in Colgan, 1983; Za);an,
1974), discrimination of cloacal 6dors in the salamander, Pléthodon cinereus, (Simon and
Madison, 1984) and neighbor recognition, in Plethodon cinereﬁs (Jaeger,,1981) and the
lizard, Dipsosaunis (Glinski and Krél.coﬁan,. 1985). Manipulation of social contexts to
infer individual discrimination, rather than training subjects to derponstrate individual
recognition capabilities, may be better suited to these taxa. Relianée is not placed on
: learning abilities but on observable, natural patterné of behavior. - In light of the difficulties

encountered during-the present study, this approach ‘s'hould be considered in future research

on this topic using turtles. "
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APPENDIX
TABLES AND FIGURES




Table 1. Measurements of turtles, Pseudemys nelsoni and P. floridana, used in

Experiment 1.

Species ~ Length(mm) . Length(mm) Width(mm) (g)
1. Pseudemys floridana . 128 o139 111 416
2. Pseudemys nelsoni 119 126 - 102 347
3. Pseudemys nelsoni 83 ‘ - 86 72 125
+ Pseudemys floridana 103 114 93 250
- Pseudemys floridana 110 . 121 9% 269

Note Numbers precedmg sub]ects refer to subject ID. Symbols refer to turtles used as
"+" or "-" stimuli.




Table 2. Stimuli and results of training sessions, in order, in Experiment 1.

No. Blocks No. Trials. % Correct -

p (Binomial test)

' Stimulus Subject.  _Subject .  Subject
Positive © Negative  1' 2 1 2 1 .2
greensquare  red square 4 42 48 857 688 - <0.01 <0.01
green square " red square 4 4 4. 714 581 ° <01 -0.18
+ juv. P. nelsoni . . ‘ S .
juv. P. nelsoni " red square 2 23 17 435 529 080 10.50
'juv. P. nelsoni  empty .3 28 27 570 444 029 078
juv. P. nelsoni  juv.P.floridana 13 209 210  66.5 567 <001 003t

‘Note: Subject 1 was a P. floridana and subject2 a P. nelsoni.

Tnormal épproxirhation to the binomial.
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Table 3. Measurements of turtles used in Experiment 2.

 Species Length (mm) Length (mm) Width (mm) . (g)

. 'A. Pseudemys nelsoni 116 o 127 163 334
D. Pseudemys nelsoni | 74 78 ‘. 66 82
E. Pseudemys nelsoni A - 76 - 69 87
F. Pseudemys floridana 69 76 68 74
+ Pseudemys nelsoni 105 112 94 240
- Pseudemys nelsoni 11 122 93 297

Note: Letters preceding subjects refer to subject ID. Symbols refer to turtles used as "+"
or "-" stimuli.
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Figure 2. Percent correct of each block of trials for subjects in Experiment 1 (Pseudemys

nelsoni and P. floridana). Subject 1 (Pseudemys ﬂoridana) rccc_ivcd substantially more
trials than the other two (Pseudemys nelsoni). Subject 3 was untrained.
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Figure 3. Percent correct of each block of trials for subjects (Pseudemys nelsoni and P.
floridana) in Experiment 2. The blocks were divided into two groups and the significance
of each group for each turtle was tested separately.

218



PART 7

THE HOME RANGE OF PSEUDEMYS NELSONI




CHAPTER 1
INTRODUCTION

Home range, the relatively small area some animals restrict their movements to, has
become a standard ecological parameter. Home range size is qfteu correlated with body
size, ecology and behavior (Damuth, 1981; Polis, et al., 1985), and can be useful in inter-
and intra-specific comparisous Measures of home range are largely concerned with

| approximating the boundanes of an area within which an 1nd1v1dual is likely to be found.
AHowever, it is also important to assess usage of the bounded area, that is, which parts of a
home range are visited most frequeutly and which parts rarely (Jorgensen and Tanner,
1963). Uneven usage may reflect a lleterogeneous resb_urce distribution within the home
range. In studies concerned wlth an anin‘lal'sv'social, system, home range usage may

provide clues to the number of other individuals typically encountered (Jorgensen, 1968).

There are several methods for modelling home ranges from which size may be °

calculated These include circles, ell1pses, and various types of polygons (Anderson,
1982). Unfortunately, dissimilar methods may give dlfferent results, making comparisons
of results and conclus1ons difficult or 1mposs1ble Home range usage (utilization

d1str1but10ns) can be calculated for an mdmdual if sufficient relocations exist or, if the

number of relocations/individual is small, averaging over many individuals using

_ mathematical techniques (Ford and Krumme, 1979).

Home range size of semi-aquatic turtles is usually estimated using the minimum
convex polygon technique (Southwood, 1966) or Sexton's ( 1959:, 137-138) definition, the
"minimum direct distance over water between the two most distaut points of capture”. The

latter is especially useful for turtles inhabiting rivers or streams. Some species have
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‘extensive home ranges, e.g., Trionyx (Plummer arid Shirer, 1975), whereas others have
relatively small home ranges, €.g., Sternqtherus (Mahmoud, 1969). .
The focus of this Part is to describe the size and usage of fhe home range of

. Pseudemys nelsoni (Emyaidae). ' Aééertair;ing how individual If'seudemys nelsoni use their |

home range was in part prompted by askiﬁg if movements of individuals were consistent

‘with a social system bas’ed'bn individual recognition, given field observations (see Part 2) ‘

and the ability of these turtles to be trainéd to discriminate among individuals (see Part 6).

Data collected on P. ﬂofidan'a inhébiting the study site are included for comparative

purposes. -




CHAPTER 2
MATERIAL AND METHODS

The main study site comprised a 980 m sect‘irm of Rock Springs run, located 2 km
downstream from Rock Springs, Apopka, Orange Co., Fla. Adult pseudemid turtles of
both spemes were captured indiscriminately and, after marking, released near the point of
capture. A number was painted on the carapace in four places with a rubberized paint
marker (Sport Divers Mfg. felt tip marker) or epoxy paint. The pamted number was
discernable for one to three months. Animals were also marked permanently by drilling
. one to three small holes in the first three or last five marginals ‘(Cagle, 1939) through which
a sme.ll plastic tag was inserted. The tags remained in place for .abeut one year. The tags
,proved useful in identifying marked animals because the holes often became obscured by
algae.. More time was 'spent‘collecting turtles in areas where they could be easily located,
thus capture effort was not equal throughout the study site. ‘

Obtaining good e‘stimares of both population density and home range size requires
different data collection techniques. To calchlate population density, a large number of
.individuals must be marked, whereas to gather data on ammal movements reqriires careful
| monitoring of selected individuals; both techniques are time intensive. Since the major

thrust of the project was behavioral, a compromise was effected by marking animals
exclusively in the first few days of each study period and relocating'animals during
'Icensusmg of baskmg animals, behavioral observanons, from a canoe or other fortuitous
circumstances, and weekly searches throughout the study area and adJacent portions of the

:'run. Relocations were made mtermmently over a three year period (1983 - . 1985). Basking




I

animals were censused to estimate population size using the Bailey triple catch method
(Begon, 1979, see Part 2). ‘ ‘

Three animals were radio tagged at Payne's Prairie, Gainesville, Alachua Co., Fla.,
and relocated at least daily for 24 days. fhe habiiat of Payne's P'ré,irie differs considerably
from Rock Springs run (;ee Part 2). Radio tmciced Animals remained in a shallow lake,
created by a dam, until the water lével fell. Two then moved to a canal bordering the lake.

The plastron length of captured males at Rock Springs run measured 224 mm * 25
S.D., females 267 mm * 3ﬁ S.D. The radio tracked.mah.a at Payne's Prairie measured 231

mm, the two females 306 mm and 295 mm.
Analysis of Relocations at Rock Springs Run

Two methods were used to calculate home range size. In one, I used the maximum
distance over water between rt;locations (Sexton, 1959) to compute linear home range size.
“In the second, I adapted Ford and Krumme's (1979) procedure, to construct a best-fit
' "composite" home range (population utilization distribution) for different classes of

animals. In addition, the latter technique estimates home range usage.
Linear home range size

All relocations of each turtle were plotted on scale maps of the study site. The two
most distant relocations were used to estimate the home range perimeter. Individual turtles
were often seen crossing the river, thus I assumed that individuals used the full width of

the river. The resulting distances were regressed on plastron length, time between




relocations, and the number of relocations per individual. Sex differences were tested

using the Mann-Whitney U-test.
Population utilization distribution

. The distances between all pairs of relocations of each animal in a certain class (e.g.,
male Pseudemys nelsoni) were classified into discrete categories (the relocation distanee
function). I used the follewing categories; within 10 m, 10-20 m apart, 20-30 m apart,

etc., to 990-1000 m apart (Fig. 1). GRG2, a FORTRAN program.for solving constrained
nonlinear optimization problems, was then used to reeonsujuct composite home ranges.. In
essence, the program returned the proportion of relocations coming from each of the 100
"grids" of the composite home range, based on the relocation distance function. The
program simultaneously minimized the squares of the differences between the values of the
relocation distance function determined from the data and those generated by the solution.
It was constrained because the proportions (from each of the 100 grids") of the 'solution
must sum to one. The pmgram was trsuauy.ilnaﬁle to finda solution that exactly satisfied
the imposed condmons, but the relocation distance. function from the solution had

approx1mately the same dlsmbuuon as the relocation d1$tance function from the solution.

The greatest dlfference was that the program was often unable to fit the tail end of the |

relocation distance function (the few relocations separated by large distances) into the

solution. Unlike variation attributed to the optimizer for solutions in two dimensions,

reported by Ford and Krumme (1979), solutions for my (linear) data were identical if the
same starting pomt and initial proportions (used to "center" the solution in the gnds) were
entered into the program Solutions from other sets of initial proportlons differed so little

or not at all that several runs using the same data were unnecessary.
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‘ One of the assumptions for using all relocations is that the relocetions are time
independent. Figure 2 indicates that the distance \mvoved between locations was not a
function of the time between them Similar results have been shown for small mammals |
using another statlstlcal techmque (e. g Sw1hart and Slade, 1985). An additional
assumption is that a compesue or ayerage" home range can be interpreted. If sufficient
relocations were available for each individual, the distﬁbution of probabilities of recaptures
throughout the home ranges should resemble each other an& a SOlutioh based on many
individuals but with few re‘loc.ations~ per individual.. Only on one nirtie at Rock Springs
run, a male Pseudemy.s; nelsoni, were sufficient relbcations made to use Ford and
Krumme s (1979) technique. The utilization dlsmbunon for this animal, based on 55 pairs
of relocation distances, was similar to population utlhzauon dlstnbuuons composed of 42 -
45 pairs of relocation distances drawn randomly from other tinales, Ry
"~ When comparing classes of anirﬁals, a problem emerges: -since solutions are not
unique, they cannot be directly compared. It is possible that several solutions fit the data
about equally well, the solutlon glven by a program reflecting. both vanatlons among
programs for solving these problems, degree of resolution used or accuracy sought when
searching for a solution (these are often user defined) randomness that the optimizer may
‘mduce, the starting values for the optimizer, and the occasmnal sensitivity of the solution to
ssmall changes among proportions of relocation distances. Ford and Krumme (1979)
suggest a reliable and easily interpretable alternative. By plotting the minimum distance that
will contain a certaip percent of the re100ations (cumulative probability of reeapture), one
can cempare two or more solutions by the shape of the curves. _Further, a group can be

subdivided and the solutions of each plotted to examine the variance of the solutions. One

can thus obtain a mean minimum distance and its variance at any probability.




The cumulative px;obabilities of recapture and minimum distances containing these
probabilities were calculated following Ford and Krumme (1979). Con'idofs, regions
within the composite home range where the probability of recapture is zero, are not
‘included in minimum distan;:es. The probability of recapture at each 10 m grid of the home
range was plotted on graph phpcr, tﬁe probabilities then connected with straight lines. At
each change in slope or with the addition of a new peak, a distance for that level was
.calculated by summing the distance belbw each of the peaks at that level (Fig 3) In .
vaddmon the area under the curve at each level was calculatcd with simple tngonometry
'The total area under t.he curve was then divided into each of the successxve cumulative areas
‘to give a probablhty corresponding to the distance at that level.

ThlS tcchnique was applied to the following data sets: all male Pseudemys nelsoni,
with and’ v;/ithout basking relocations, all female P. nelsoni, with and without basking
relbcations, all female P. nelsoni excluding relocaﬁons during the nestiﬁg season, four
- subgroups- of male and three of female P. nelsoni, male and female P. nelsoni combined,
and male and female P. ﬂondana combined. There were msufﬁcxent relocations for P.
floridana to further gubdivide this group. Sample sizes for each data sét are given in Table

1.
Basking site locations in the home range

A comparison of population utilization distributions from data sets with and without

' BaSking relocations suggcste'd that most home ranges vn;ere established with a basking site
at the up- or downstream edge. To test this statistically one must calculate expected
frequencies for the sam'plé based on the likelihood of basking relocations occurring at the

edge of the home range by chance: For example, if an individual was relocated five times,
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once while basking, the probability that the basking relocation is one of the two edge
 relocations is 2/5. If two relocations were located near each other. (<10 m) at ‘one edge, so
that of five relocationS, three were near one of the two-edges, the probability that the
basking relocation was one of the three. is 3/5 To calculate the ekpected frequency of
" basking relocatlons at ‘home range edges for the sample, the probabilities of edge
relocations of 1nd1v1dual turtles were summed. The expected frequency of basking
relocations for the sample in positions other than the up-.or downstream edge was
calculated as the sample size (32) minus the expected frequency of basking nﬂocacions at
home range edges. Using a G-test for goodness of fit, the expected frequencies were
compared W1th observed frequencies, the number of individuals in the sample divided into
those with basking relocations at the home range edge and those without basking
relocations at the home range edge.

The sample used for this test included only individuals fo; which expected
probabilities could be determined, i.e., with at least three locations including a basking
relocation. Some individuale were repeatedly observed basking on the same basking site.
For the calculations described above, I included a basking siteonfy once when counting
basking relocations. If more than one basking relocation at different nasking sites were
made, expected probabilities were calculated as the number of po’ssible combinations with
" at least one basldng.relocaﬁon at an edge divided by the number of relocations taken Y -

" (where Y = the number of basking nelocations) at a time. For example, if six relocations,

two of the animal basking at different sites were made, the expected probability of at least

one basking relocation located at an edge by chance is 3/5.




Telemetry

Three Pseudemys nelsoni in Payne's Prairie were outfitted with a radio transmitter of
approximately 27 mHz, wired to two holes drilled through the rear ma;'ginals of the
carapace. Relocations were taken at least daily for 24 days, from 27 June 1986 to 20 July

1986. Movements of these animals were plotted on scale maps of the area.
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CHAPTER 3
‘RESULTS
‘Linear Home'Ralnge. Estimates

‘ Estlmates of homc range size for Pseudemys nelsom were very vanable rangmg from

0 to 972 m (Table 2) These estimates were not a functlon of the numbcr of relocations pcr
individual (Fig. 4a,b; p > 0.25) nor the number of days betwccn rclocatlons (Fig. 4c, d, P
>0.25). Similarly, there were no sex differences or effects of body size (p > 0.25). Most

| relocated animals moved little among rclocanons (Fig. 1). Even after scvcral years I found
fcw markcd turtles outs1dc the study site. . '
: Whllc no rclocatcd Pseudemys floridana had moved more than 684 m, mean home

range cstlmatc§ were larger. In addition, bﬂoth the mean number of relocations per

individual was smaller and a smaller perccht Qf marked animals were relocated (T able 2).
Popﬁlation' Utilization Dist_ributions

CAll rciocations .of male and female Pseudemys nelsoni, including Sasking site
relocauons, were used to construct a populatlon utlhzatlon dlstnbutlon for cach sex. Both
'dlstnbutlons exhibit a very largc peak near one end of the home rangc (Fig. 5a, b). This
may be becausc individuals were frcqucntly relocatcd at the same baskmg site, g1v1ng ris¢’
to a large proportion of rclocauons within 10 m of a prekus one. If the largc peak was
~due to baskmg relocations, the results suggest that baskmg s1tes are usually located at one

" end of a home range rather than in the middle. This hypothcs1s was tested using a G-test

229



for goodness-of-ﬁt (Table 3) No statistical difference was found between the observed
:and expected frequenc1es Thus, basking relocations are not more likely to be found at the
up- or downstream edge of the home range. However the large peak in each of the
‘composite home ranges is probably due to basking relocations since, after removing the
basking relocations from the data (Fig. 6a, b; based exclusively on recaptures and
resightings of animals in the water) the resulting population utilization dlstributions lost
 this single. large peak As most social interactions occur in the water, the data were
reanalyzed without baskmg site relocations to estimate size and usage of the aquatic portion
of the home range. |
Population utilization d1str1butions for males or females (Fig. 6a, b) are smaller than
the ‘mean home range size estimated using Sexton s (1959) definition, consistent with
Anderson s (1982) finding that Ford and Krumme $ (1979) techmque underesttmates home
range by about 25%. Since female Pseudemys nelsom may leave their regular home ranges
"during the nesting season, I removed summer relocations (Jackson, 198§) of females and
‘recalculated their population utilization distribution (not 1llustrated) The resulting home
range estimate was actually shghtly larger than the estimate w1th summer relocations
Thus, I concluded that nestmg movements were not affecting the home range size
estimates. To test for sex differences, males and females were first subd1v1ded into groups
with 39 - 55. pairs of relocation distances/group. A compos1te home range was then
constructed for each of these data sets and results graphed as probability vs. minimum
distance (Fig. 7) There were no s1gmficant differences between males and females,
whether using 0.95 or 0.50 probability (the latter suggested by Anderson, 1982). Data of
both sexes were therefore combined and a population utilization distribution and probability
vs. minimum distance for all Pseudemys nelsom calculated (Flg 8a, b). Smce data for

Pseudemys floridana. were 1nsufﬁc1ent for subgrouping, calculations were made for both
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sexes combined (Fig. 9a, b). It is clear that by using either a linear measure or Krumme
and Ford's technique, the home range of P. nelsoni is smaller than that of P. floridana.
This is consistent with a higher relocation rate for P. nelsoni since P. floridana individuals,
with a lar'gerlhome range, would be more likely to iriclude areas outside the study site. |
Using Ford and Krumme's (1979) techniqtie,-the average home range for Pseudemys
nelsoni appears to comprise about 120 m of river length including a short "corridor" in
which the animal is unlikely to be relocated. In comparison, the 'aserage home range of P.

floridana is about 650 m with many corridors of various lengths.
Microhabitat Preferences

The population utilizatioh distribution for Pseudemys nelsoni suggests that individuals 4
do not use their home range evenly, possibly resulting from a heterogeneous resource
distribution I speculate that the patchy distribution of resting sites is the most likely

' heterogeneously d1str1buted resource to explam the distnbution of relocations While
microhabitat variables were not quantified in this study, I offer the following
generalizations, based on a subJective evaluation of microhabitat in the study site. Turtles
were most often captured and'relocated in or near areas that provided support for animals

 resting near the surface, either emergent vegetation (e.g., Nu’phar sp.., Pontederia sp., or
Typha sp.) or submergedltrees, branches or piles of branches derived from shoreline

" vegetation (Fig. 10). ~Anirrialls appeared to prefer resting sites with overhanging'vegetation. y

| They were rarely found in shallow water adjacent to the bank. There tvere few relocations
from animals in the middle of the run, olaces with strong currents, or where water was

deeper than about two m, although turtles were seen in all these situations on occasion.
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The distribution of basking sitcs‘ was also important since areas without them rarely yielded

turtles.

Telemétry -

Movemeits of radio tracked animals were apparently ‘crratic. Animals appeared to
spend a féw days in a small area, then move to another area and vstay there for a few days.
On July 13, the male burrowed into the mud, probably-for aestivation, and remained there

“until he was dug up to remove the transmitter on July 16. Due to a drought, lake levéls
were falling rapidly at this time and 4two days later both females moved into a canal
bordering the lake and a dike. I‘ter:minated data collection on Juiy 20 because the turtles
were excluded from moving freely about the study area, due to both the drought and
potential predation from the numerous large alligators that congregé.te’d in regiqns of the
‘lake still holding water. These res"ults (Fig. 11) also indicate fhat movements tend to be

limited to a relatively small area.
Frequené¢y of Encounters

The population densitf of adult pseudciﬁid turtles in the Ro§k Spfings run study site
was 250 + 75 S.D.” Using the proportion of Pseudemys nelsoni to P. floridana captured to
estimate the proportion in the study site, about 188 (75%) Were P. nelsoni and 62 (25%)
were P. floridana. If one assumes that home rangés were distribute;i evenly in the study
site, home ranges of P. nelsoni should be centered about 5 m apart. Using the above
results, which suggest that the home range of P. nelsoni is minimally 120 m in length, an

individual's home range should partially overlap with the home rangés of at least 50 adult
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conspecifics. Of these 50 adult conspecifics, there should be extensive home range overlépv ‘
(> 50%) with about 25. Thus, the average adult should regularly encounter at least 25

.other adult conspecifics at the Rock Springs study site in the course of its daily activities.
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CHAPTER 4
DISCUSSION

Results from constructing pophlation utilization distributions of male and female
Pseudemys nelsoni suggested that individuals typically bask near one end of their home
range. If true, basking sites may be a limiting resource, forcing at least some ammals to
( travel to the periphery of their home range to bask, or baskirig sites may not be located near

other resources. However, a reevaluation of the data' was not consistent with the

hypothesis that baskihg relocations come pnmanly from the up- or downstream edge of the

home'range. This example suggests that results from modeling home ranges using the

mathematical technique suggested by Ford and Krumme (1979) must be viewed with
. caution, and, if possihle, validated with other procedures.

An interesting result from this study is the apparent lack of association between time
and distance between relocations. One might suspect that, in general, distance between
relocations should increase with time, the association weakening until, given enough time,
relocations becoine independent of each other. There are two reasons this relationship may
not have been detected in this study. First, the small home ranges ef Pseudemys nelsoni at
Rock Springs run could be traversed by an individhal in uhder, an hour. Since very few
relocations were made ‘less thani one day apart, the time. to ihdependence between

‘relocations may have been surpassed by even the closest pair of relocations in time.
Second the effect of diurnal cycles can complicate the relatlonshlp between time and the
distance between relocations (Swihart and Slade, 1985) such that independence occurs only

in a "window" of the 24 h cycle. Individuals may show spatial and iemporal fidelity to
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certain areas within their home range. Relocations 24 h apart would probably not be
| independent in this case.,
-Too few relocations of 1nd1v1duals in the vvater were made at the Rock Springs run -
| study site to examme this staustlcally However the radlotracked turtles at Payne's Prairie
were usually relocated once in the mommg and agam in the aftemoon If these animals
followed a drumal pattem of movement there should be’ some evidence that animals were
movrng between two areas on a dally basis. The map of these ammal s movements (Fig.
11) does not support thrs conclusron In contrast, ammal s at Rock Spnngs run usually
Ibasked on the same log or group of logs, although probably not dally Since most baskmg
sites were in full sun only part of the day, baslcmg relocations of individual ammals should
‘be fairly predictable. Auth (1975) provides evidence for this in a related turtle, Trachemys
scripta. Reasons similar to those given above, along with interindividual differences, may
also apply to the lack of predictive value‘ of tlme and number of relocations on linear home
range estimates (see below).
Home range research done by others on related species have- yielded wrdely disparate

estimates that do not appear to be the result of different methodologies. For example,
‘Pearse (1923) found that most of the painted turtles (Chrvsernys, bicta) he marked moved
less than 100 m during the course of his study whereas those studied by MacCulloch and .
Secoy (1983) moved" an average of over 2 km, and a single male tr'aveled 6.5 km in one
. day. The ability of these turtles to travel distances exceeding their home range was noted

: earlier by Marchand (1945), who stated that his estlmated home range of less than 300 yds
- (277 m) for Pseudemys ﬂorldana could be covered in a single day HlS esnmate is less
than the 650 m of th1s study usmg Ford and Krumme s (1979) technique, but close to the

mean using: Sexton's (1959) "maxrmum distance over water" method. Estrmates of the

235



home range and movements of Trtzchemys scripta also differ considerably among studies -
(reviewed in Bury, 1979, see also Florence and Murphy, 1976; Morreale, et al., 1984).

The great variation among linear home range estimates at the Rock Springs run study
site suggests that either 1) there is considerable individual variation in home range size, 2)
some individuals maintain home ranges while others are "floaters”, 3) some individuals
change home range more frequently than others, or 4) individuals have large home ranges
but spend most of their time in a core area (Sar'nuei et al., 1985), making the observed
variation a problem of sampling. I cannot discriminate among alternatives (1), (2); and (4);
however, alternative (3) is unlikely since there is no trend in these data of increasing home
range estimates with increasing time between relocations. va (3) were true, larger home
range estimates, at least of some individuals, would be expected with increased time among
relocations. To d1scnm1nate among the other alternatives, addmonal relocauons of animals |
with large home range estimates would need to be collected to determine whether these
‘animals' movements occur in a large circumscribed area or randomly in the river.

It is likely that home range size in these turtles depends more strongly on ecological
(e.g., resource distribution) than etholog1cal factors (e.g., dominance rclatlonshlps) If this
is the case, home range esttmates must be. quahﬁcd with reference to habitat. Practically,

th1s necessitates home range esumates from many populattons samphng the full extent of

~ _ the species’ habltat drstnbutton If ethologlcal factors are also important, then ecological .

variables mﬂuencmg quanuty and quahty of encounters, such as populauon density and sex -

rauo must also be measured |
| Overlapping home" ranges occur in many emydid turtlcs (rcvrewed in Bury 1979).

This is not surprising since terntonahty appears relat1ve1y uncommon in semi-aquatic

members of the family (but see Lardie, 1983). However, there is evidence for dominance
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hierarchies in captive .animals (Harless, 1979), suggesting that in nature there may be non;
exclusive use of some résoﬁrces within a home range. ‘

The estimated number of conspecifics engouhtered for Pseudemys nelsoni from this
study appears sufficiently small for a soéial §ystem based on individual discrimination to be
functional. To demonstrate that turties do individually recognize others in the field using

‘observational techniq‘ues alone would be .diffi'cult »given the problems associated with
collectmg a sufficwntly large data base usmg underwater techmques If it were known
what resources could be monopohzed by dotninant. ammals, ﬁeld expenments to unravel
the social structure of this species might be realistic. Data on P. floridana were msufﬁc1ent
for conclusions; however, juveniles of this spe’cies performed as well, if not better, on the
discrimination tasks discussed in Part 6.

The probability of recapture throughout an individual's home range is probably
dependent on the distribution of resting areas. (Florence and Murphy, 1976; see Don and
Rennolls, 1983, for a similar conclusion about small mammals). Anir_nals were most likely
to be found near the banks in areas with places that an animal could rest with its head above
water, especially if there was ovcrhangmg vegetation from the bank (Flg 10). This is
probably why one area of the study site was so well frequented since both factors and
basking sit;s were present over a 200 m distance. Even there, turtles were unlikely to be
found in discontinuities in the supporting or overhanging vegetation. These ob.servations
of preferred microhabitat are consistent with those prdposed by Sexton (1959) for painted

turtles (Chrysemys picta), adjusting for the larger body size of Pseudemys nel&om‘.
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Table 1. Sample sizes of Pseudemys nelsoni and P. floridana used to construct population

utilization distributions.
No. of No. of  No. of pairs of
Group . Figure individuals relocations relocation distances
male Pseudemys nelsoni . ) ‘
with basking sites ' : 5 . 46 216 634
without basking sites - ‘ 6 37 119 186
female Pseudemys nelsoﬁi ‘ .
. - with basking sites 5 34 - 156 492
without basking sites 6 ' 29 89 : 122
male and female P. nelsoni -
without basking sites ' 8 66 208 308
male and female P. ﬂofidana
without basking sites .9 19 54 - 57
Subgroups
male P. nelsoni '
1 7 15 41 - 42
2 7 8 . 28 44
3 7 13 39 45 -
4 7 1 11 55
female P. nelsoni
1. 7 9 . 27 . 39
2. 7 14 39 42
3. 7 6 23 41




Table 2. Sample sizes and data summary of all mark-relocations of Pseudemys nelsoni and
P. floridana at Rock Spring run, Apopka, Orange Co., Florida, using maximum linear
distance over water between relocations.

Number of relocated Number of relocations Home range size
individuals? Mean range Mean range
P.floridana
males 7 2.6 25 355  .0-684
females 12 3.9 2-6 o242 0-630
P. nelsoni |
males 46 4.7 2-17 - 128 0-720
fernales 34 46 216 199 0972

Total numbers of P. floridana tagged are: Males, 21; females, 18. Total numbers of P.
nelsoni tagged are: Males, 74, females, 52.
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Table 3. Observed and expected frequencies to test the hypothesis that basking relocations
are more likely to be located near the up- or downstream home range (HR) edge (G =0.22,

NS, 1 df).

Frequency ) basking site at HR edge basking site not at HR edge
Observed _ 21 11
Expected - 197 12.3
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PART 8

SUMMARY

255



CHAPTER 1
SUMMARY OF PARTS 2 -7

This project 1nvest1gated the behavior and ecology of Pseudemys nelsoni, the Florida
red-bellied turtle. Pseudemys nelsoni was chosen because it is abundant in some of the
clear spring runs in Florida, the only feasible sites for observing these turtles under natural
conditions. They are also easy to maintain in the laboratory in large aquaria or wading
pools. |

Three major objectives \S(cre considered in this study: To describe overt behaviors of
free-ranging individuals, make a detailed analysis of selected behaviors and behavior
sequences, and determine movement patterns of marked individuals. Field work was
conducted in 1983-1986 to gather data on social behavior by direct, underwater observation
(Rock Springs run, Apopka, Florida) and home range using mark-recapture and telemetry
techniques (Rock Springs run and Payne's Prairie, Gainesville, Florida). Laboratory
observations and experiments were éonducted at the University of Tennessee in 1982-
1986.

A behavior catalog of the Florida red-bellied turtle, Pseudemys nelsoni, was
constructed based on 100 h of underwater field observations and supplemented by direct
observations, Super-8 ﬁl@s, and videos of animals in the lab. Ninety-four aquatic,
basking and emotional behaviors are described and placed in the context that they typically
occur. Animals were inactive much of the time, often resting near the surface in small
groups in a patch of debris or vegetation near the river bank. Foraging was solitary.
Approaches and investigatory behaviors, berformed mostly by males, were usually directed

to conspecifics rather than syntopic P. floridana. Animals avoided facing others directly
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except in agonistic encounters. Aggressive behavior, to other males and females, was rare
and initiated by melanistic (dark) males. Fights améng males ended abruptly, were éf short
duration, and often did not yield clear winners and losers. These aggressive interactions
are consistent with a social structure based ona dominance hierarchy. In male-female
aggressive behavior, a female was bit by a male on a forelimb, dragged to the bottom,
tugged on, then released after several minutes. The function of this behavior is unknown.
Males observed to court females were usually'smaller than average and not strongly
melanistic. Males of both species courted only conspecific females, suggestin‘g that the
lengthy courtship functions to initiate female receptivity' rather than serve as an aid in |
species identification. Bgsking was a nonsocial activity, groups formed due to limited
basking sites. Intcréctions during basking were infrequent, most behaviors observed were
comfort and repositioning movements. Emotional behaviors included fear,
anger./annoy‘ance and pleasure. A fourth category, nonspecific arousal, may not be an
emotional behavior, but was a clearly distinguishable motivational state. Social behavior is
adapted for conditions of low visibility; olfactory cues appear to be important and long
distance signals lacking. In this respect, anirngils did not take advantage of the clear water
conditions at this spring run. Data were also taken on P. floridana. Their behavior was
similar to that of P. nelsoni except for the absence of agonistic behavior. The behavior of
P. nelsoni is compared to the behavior of related turtles drawn from the literature.
Behaviors of>four juvenile Pseudemys nelsoni maintained in a large aquariuni were
‘recorded using checksheets to exp'lore various techniques to detect patterns in behavior
sequences and time. While there was significant individual variation among the juveniles,
the analyses revealed that behaviors were assembled similarly by them. Most common
were alternating pairs of behaviors, of these swimming and surfacing (to breathe) were

especially frequent. Strong statistical relationships among behaviors were found for every
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observation period; however, these relationships differed among observat_ion periods. To
an observer, the behavior of \th‘ese turtles appear's‘les's' organized than demonstrated by
'statistical analysis. The most useful techniques in this study were (1) identifying the most
common sequentially linked behaviors, (2) a first order Markov chain analysis, 3)
: inforrrﬁtion theory techniques to estimate the average number of behaviors linked together, -
. and (4) auto- and cross-association techniques to examine relationships among behaviors in |
u'me and variation among observation periods . . _ AA |

Posture changes and other behav1ors of basking turtles were recorded for 43 h at Rock
Spnngs run. Animals held their rear legs extended more often the longer they had been
basking. Before test1ng frequencies of behav1ors against null hypotheses of no change
w1th time, it was necessary to establish the vahdrty and power of the G-test for these data.
: .Results of computer simulations demonstrated that the G-test was valid only for tesung the
behav1ors of walks, turns, and extend legs The null hypotheses for all three behaviors
" were reJected movements are not independent of time. Walks and turns occur most
- frequently at the beginning of a basking session, followlng emergence, extendmg legs was
. 1oost frequent from 15 - 45 min followmg emergence. Basking phases described for the
yellow-bellied slider, Trizchemys scripta, were not clearly discernable in P. nelsoni.

. Precocial courtship was 2 frequent social event of Juvemles mamtamed in the
laboratory. Individuals were selecuve in their ch01ce of partners and both sexes exhibited
the behavior. ~There were a number of differences between precocial and adult courtship
1nclud.1ng posture, behavior sequences, role exchange, and absence of a consummatory act.
The energetic nature of precocial courtshlp suggests that it should have an obvious
funcnon;' however, none could be identified. Characteristics of this behavwr coincide with

those given for play, the function of which is also elusive.

" 258




Individual recognitioh abilities may influence the social organization of animals. The

results of two laboratory expenments, one using pos1t1ve remforcement and the second

pumshment, suggest that both Pseudemys nelsom and P. ﬂortdana can distinguish between

a pair of turtles matched for size and pattem -This is consistent w1th observations of -

" individuals interacting in the field.
Mark-relocation data of 80 Pseudemys nelsoni and 19 P. floridana from Rock Sprmgs

run were used to determme home. range size and probabihty of relocation w1th1n a home

range. - The data were recast as.a constramed nonlinear optumzation problem and solved

using a FORTRAN program P. nelsom was found to have the smaller home range with a
mmrmum estimate of 120 m of river length, wrth most of the home range utlhzed The
- home range estimate of P. ﬂondana was 650 m with a patchier usage. Three radio-tracked

" P. nelsoni in a shallow lake in Payrie's Prairie moved greater distances than most at Rock
Springs run but still restricted themselves to a small portion of the lake and neighboring
canal. In both study sites, the entire-home range could be traversed by an individual in one

or two hours.
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