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Thermore-sLllation in reptiles is a behavioral and

physiological strategy principally evolved to achieve
desired body ternperatures with respect to varyin._e an-rbi-

ent temperatures (see Avery, 1982 and Huey. 1982. for a

comprehensive review ). In temperate re.-qions, where

daily environmental temperatures may be low,
heliothermy is An irnportant behavior of most reptilian
tara serving to elevate body temperatnres above ambient
le ve ls.

Little is known about the thermal ecolo-ey of the
European pond turtle. E/r?'\'.r orbicularis. in Italy (Di
Trani. 1989 ). The ran-qe of temperatllres of the species'
activity has been studied in the laboratorv (Cherchi,

1958 t. but preference for sites where trophic and baskin-e

actir ities can take place has been only partially explored
tCapula et al.. 1994; Gariboldi and Zvffi. 1991). Reports
exist on certain North American emydids by Woolverton
( 196 1), Gibbons (1970), Berry (197 5), Waters (l9l 5).
Ernst ( 1986), and Hamrnond et al. ( 1988): on a northern
African species by Meek ( 1983): and on European popLl-

lrrtirrrr: of Enlr'.r orbiculuris by Aniola artd Kusniak (1969),

Se r'\ un t 1983). Servan and Pieau ( 1984), Servan et al.

t 1989), and Naulleau (1991).Boyer ( 1965)describecl the

relationships between the biological and ph),sical factors
of the environment in different species of nolt-European
turtles. Lebboroni and Chel azzi (1991 ) studied behavior
patterns of the European pond turtle in Italy. Neverthe-
less, little is known about the preferred optimal tempera-
tures of E. orbic'ularis in the field, whether this species
thermoreglllates actively, under what thermal conditions
basking occllrs, and how local environrnental features
may inflLlence the activity of a ..9iven population. The
present work has been airned at understanding ther-
more.-qulation of E. orbiculuris in Italy.

Muterials ancl Methocls. Observations of daily
activities in turtles were rlade in 1986 ( 187 hrs in May-
June and August-September) and 1988 ( I 23 hrs in April-
July and September) along the Scoglietto-Collelun.-eo
canal, in the northwestern Parco Naturale della Maremma.
Grosseto,, central ltaly. Terrestrial vegetation is typical
Mediterrane an moqrris. The canal receives drainage wa-
ters from the area, but the fonner connection of the canal
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with the sea is lto\\'closed. Emer-qent aquatic vegetation
in the canal cr)nsists mainly of reeds (Pltt'ognlile,s uu,ttr-ct-

/is).
We performed observations from sunrise to slrnset'

-eroupin._g all records in I -hr intervals. We studied tr;rtles
alon-e 825 m of the canal, which averages 4-5 nr wide.
We subdivided the canal into 33 sectors. each 25 rl irr

len._eth, and classified emergent reeds into three density
categories: A) "sparse vegetation," where the distance
between two adjacent reeds was ._greAter than 20 clll.
covered about 28.67o of the area of 2.5 sectors (62.5 m

len-eth,7.6Vo of the study canal); g) "interrnediate veg-
etation," where distance between reeds rangecl fmm l0 to
20 cur, covered about 42.9c/o of the area of 16.5 sectors
(412 m length. 50.}Vo of the area); and C) "thick vegeta-
tion," where inter-reed distance was less than l0 cm'
covered 71.47o of the area of l4 sectors (350 rn length.
42.4Vc of the arezr).

We trapped animals along the same side of the canal
each year usin-u three methods: a floating trap (Lagler,
1943), hand net collecting, or hand catching. We marked
each individual with shell notchcs (Str"rbbs et al., 1984),
and also numbered it with a bri,_eht recl marker for short-
term recognition. We conside red only numbered speci-
mens for thermal ecolo.-ey analysis. With a Dyalit elec-
tronic thermistor (accuracy t 0. I "C ), we measured shaded

air (at l0 cm),.-9round' water(at 5 cm depth), and body
(cloacal) temperatures of each turtle capturred. We also
designated all tr"rrtles as either "mobile" or "stationary"

when caught. We distin.-guishecl ''n-lovement" fron'l "bask-

ing" (sleeping or restin-s or1 land or in water). Selected
parameters of both years (ternperAtllres, habitat prefer-
ence. activity) were relatively honro._geneolls. Only *ater'
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Figure 18. Hourlr frecluency of baskin-g vs. movelnent. Open bars
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Figure 2. Frequency of botly-o,rfo,.nt temperature diffbrences.
Open bars - bodyT greater than ambientT (n = 38); shaded bars =
bodyT less than arnbientT (n - 34).

temperatures differed sli-ehtly with respect to years (Stu-
dent t-teSt = | .7 . p < 0.05).

In our analyses, we pooled all ecolo.-eical and behav-
ioral data in both years. All statistical tests (usin-e

Statgraphics 4.O: Statgraphics, 1986) were two-tailed,
with o set at 0.05, and we used parametric or non-
parametric statistics dependin-u olt the type of data set
(Armita.-qe, 1979: Sie.-eel. 1980. Sokal and Rohlf. 198 I ).

Resrr lts. - The hourly number of obser\.ed turtles (n

- 224) was distributed followin-e a bimodal pattern. u ith
zrbout 42.9Vn of observations (n - 96) from 0900 to I200
hrs and 23.zvo between 1700 to 1900 hrs ( n = 5 2l t ttr.,* ..,,

= 28.6, 8 df, p
frequencies of baskin.-e (mode at I l(l(i- I l(Xl hr: r vs.

rllovement (mode at 1700- l 800 hrs: n

re spectively )., were not statisticlillr different
(Kolmogorov-Smirnov test. D,,,,,, = Q.137 . l) > 0.05: Fig.
IB), suggesting a tendency for turtles to lno\ e earlv in
the rnorning from emergence to baskin_e points and in the
afternoon from baskin.-e points to nieht refuSes.

Body temperatures in oC (mean + SE. ran-se:24.88 +
0.36, I 8.5-3 I ,, n = 80) were not si-enificantly different
from ambient (airT,24.59 + 0.48.17-36. rt = 80. waterT,
25.31 t 0.54,18-36, tt = 60) (Student t,,;1tg1_rr.!r1 - 0.78. p --
0.13: Student t,,1,-1,,,..r) = 0.78 .p - 0.+3 ). Bod) artcl aprbielt
(water and land) temperatures showed a high positive
correlation (yr,,,,.r= Q.80x + 0.6I, r - 0.78., rr - 62.3Vo, Flu,,,r,

l.r5= 26.4,, p < 0.001, Y,.,n,..'.= 0.68x + l.0l , r = 0.86,, [] =
74.8%. F,,,,ter: r.57= Ill.9,, p < 0.001). Body and ambient
temper-atures did not vary significantly among reed cat-
egories (ANOVA, Fl,u.rvr.2.jt - 0.331 . p = 0.72: ANOVA.
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Figure 3. Ditferent use of aquatic vegetation as a function of air
temperatllres. Open bars - A, sparse vegetation: shaded bars - B.
intermediate vegetation, black bars - C. thick vegetatit'rn.

Fri,r: ).77= 0. 105 , P = 0.9 t. Be llru the air temperature ran-ge

of 24-26"C we found a lurge proportion of baskin-e

turtles with body tenrpel';.rtLrres significantly hi-eher thatt

that of the air, abor e thi: r'r.ulge \\ e found a hi-eh prop(rr-
tion of basking turtle: u ith bodv temperatures signiii-
cantly lower than that t-ri the air (Kolnrosoro\ -Snrirnr-".

test, D,,,u* = 0.689. p
1965). Plottin-e the difference "bod1 T-airT" \ >. ;,irT ::

was shown that consistertt diflerence: di.l eti.t: ri.;
negative regressiott e\plained that nlLin) .1.'.'r::-i.- .:.-

crease or decrease their bt-rrlr T tr-r 1'3r"tclt i-rr') ()lltrrtiul tlte r'-

mal range of activity ()'= -0.-16 + I1.65x. r'- -0.66. r'r =
43.97o,Fr 7*= 6l .01 , p < 0.00 I ). The comparison of airT
frequency of distribution among the three reed catego-

ries showed a si-enificant presence of turtles in the B
category below 24-26"C and in the C category above 24-
26"C (xt = 55.4, l4 df , p < 0.00 l: Fi-e. 3). No si-snificartt
presence of turtles was found in the A category belou' or
above the 24-26"C interval.

Discussiort The Emvs orbicularis popLllation
displayed, on avera-qe ,, o bimodal pattern of activity. At
the study site turtle presence in reed areas was frequently
rlssociated with feedin-9 activity, mainly during the rnid-
day hours (Di Trani, 1989); the presence of pond turtles
in high density vegetation areas at air temperatures greater
than 24-26"C and in intermediate density vegetation
areas at air temperatures lower than 24-26"C (Fi-u. 3)
could be considered a pattern of thermore-qLllation seek-
ing thermoconformity. This is conceptr"rally similar to
the "shr"rttlin-9" behavior of rnany desert lizards (Bradshaw.,

1986). Movement and thermore-slrlation did not seem to
be dependent on a particular ran-9e of temperatures (Boyer.
1965; Shealy, 1976). and baskin-e behavior \\/as probablr
rnainly dependent Llpon .trlar radirttit-rtt \-l:1. ''-i:
Waters, 1975; Obbard illtd Bt'c,ok.. I 't-tr .

Behavioral basking may have had the :e cortdan plu pr)se

of reducin-e carapacial al._eal -9rou'tlt 
(Bo1'er. 1965: Meek.

1983). Basking tacilitates tufiles reaching temperatures at

which di-eestion proceeds rapidil tCagle. 1950) and digestive
enzymatic activity is increased (SturbaLulr. 1982). The high
positive con elation of cloacal-ambient temperatures (Obbard

and Brooks , 1979), the si-snificant distribution of body-ambi-
ent temperature differences vs. airT 1Fi-e. 2) and the high

ne-eati ve c on e I ati on amon g bod y-arnbie nt te mperature ditfer-
ences vs. airT led us to conclude that E. orbiculsris, at least in

the population studied. \\'as not a stable thermoconfortner
(sensuBradshaw. I986). The bodv and ambientthennal values

found were similar to those of Muurenn's cctspicct (Meek,

1 983 ) and Clemnn,s irtscalpta (Ernst, I 986), the strategy

adopted being apparently limited heliothermy with a high

de-eree of thennoc onfonni tl, u' i th arlb i e nt temperatur e s ( Edgren

and Edgren, 1955: Meek. 1983 ). The temperature range of 24-
26"C may be considered the tar-uet zone for daily activities. The

observations on habitat Llse contirmed that the density of
aquatic ve-eetation played a tundamental role in detennining
the presence or abundance of Enrl s orbicularis (Zuffi and

Gariboldi, in prep.).
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Florida has one of the highest species diversities of
freshwater emydid turtles in the western hemisphere
(Jackson, 1988 ). and many of these species, particularly
in the genlls P.seuclentts, are known to be primarily


