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The spotted turtle (Clemmys guttata) is a small semi- 
aquatic species that typically inhabits shallow wet- 
lands (Ernst and Barbour, 1972). They are widely dis- 
tributed in suitable habitats from southern Ontario 
to northern Florida, and west through Pennsylvania 
and the lower Great Lakes region to northeastern Il- 
linois (Ernst, 1972). Previous investigators have noted 
that northern populations of C. guttata are active pri- 
marily during the spring (Conant, 1951; Nemuras, 
1966; Ernst, 1976), and appear to shun high environ- 
mental temperatures (Ward et al., 1976; Ernst, 1982). 
However, there are no published accounts regarding 
the seasonal activity cycle of this essentially northern 
species in the southern part of its range. If aversion 
to high temperature is consistent in the species, then 
turtles at lower latitudes should initiate their activity 
cycle earlier than populations at higher latitudes. The 
objective of this study was to compare the seasonal 
activity cycles of C. guttata from various geographic 
regions. 

Previously published seasonal activity cycles for C. 
guttata (Ohio-Conant, 1951; Maryland-Nemuras, 
1966; Pennsylvania-Ernst, 1976) were compared, 
along with unpublished records for South Carolina. 
Records for South Carolina were based on live ani- 
mals captured on or near the Savannah River Plant 
in Aiken and Barnwell Counties, and data associated 
with preserved specimens in the Charleston Museum 
from other sites in the state. Seasonal activity in each 
state was measured by the number of captures per 
month. Data for each state are based on collecting 
activities spanning two or more years. Frequencies 
between states were compared using contingency ta- 
ble analysis (Zar, 1984) under the null hypothesis that 
levels in any time interval were independent with 
respect to geographic region, assuming no collector 
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levels in any time interval were independent with 
respect to geographic region, assuming no collector 

bias or significant year-to-year variation. Multiple 
comparisons of all possible pairs of states were then 
made using Gabriel's (1966) simultaneous test pro- 
cedures. The resulting log likelihood ratio statistics, 
21 (=G), were compared with critical values of X2 at 
an alpha level of 0.10 due to the conservative nature 
of the test. Confidence intervals of the binomial pa- 
rameter ir were plotted for significant comparisons, 
using graphical procedures proposed by Snee (1974), 
to determine which time intervals contributed most 
of the observed heterogeneity between populations. 

Climatological data for the period 1951-80 were 
obtained from tables published by the National Cli- 
matic Data Center (Publication No. 81 [by state]). Mean 
monthly and annual normal air temperatures (AT) 
reported in this paper for Maryland and Pennsylvania 
populations were taken from the recording station 
nearest to the study sites of Nemuras (1966) and Ernst 
(1976): Owing's Ferry Landing, Maryland; and Lan- 
disville, Pennsylvania, respectively. In Ohio and South 
Carolina these values were calculated as the mean of 
all recording stations within the statewide distribu- 
tion of the species, since C. guttata activity data for 
these states were obtained from numerous widely 
scattered localities. Predicted cloacal temperatures (CT) 
were calculated using the formula 

CT = 5.20 + 0.82(AT) 

reported by Ernst (1982) for feeding C. guttata where 
AT is the mean monthly air temperature discussed 
above. 

Levels of spotted turtle activity as measured by fre- 
quency of capture were highest in the spring for all 
states (Fig. 1). In Maryland, 74% of all activity occurs 
from March to May, inclusive. During the same pe- 
riod in Pennsylvania and Ohio, the frequencies are 
68% and 93%, respectively. In South Carolina, over 
50% of yearly captures were made in February and 
March. Activity peaks occurred in May for all pop- 
ulations sampled except South Carolina which reached 
a maximum in March. Activity levels decline in June 
for all populations except South Carolina which be- 
gins to decline in April. 

An overall test of independence revealed signifi- 
cant heterogeneity (P < 0.10) among the various ac- 
tivity cycles suggesting that levels of activity are 
strongly dependent on geographic locality. In addi- 
tion, all pairwise comparisons between states were 
significant except for Pennsylvania vs. Maryland (Ta- 
ble 1). Most of the heterogeneity observed between 
South Carolina and other states is due to compara- 
tively low levels of activity from April-July in the 
former (Fig. 2). Low levels of activity in Ohio during 
June and July contrast significantly with those ob- 
served in Maryland and Pennsylvania. 

Activity levels peak when the mean monthly air 
temperature (AT) is between 13.1?-18.0?C (x = 15.5) 
(Table 2), which is at least two months earlier than 
the month with highest mean AT. Levels of activity 
begin to decline when the mean monthly AT is be- 
tween 17.8?-22.3?C (x = 20.3), and then approach or 
reach a minimal level during the month with highest 
mean AT. 
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FIG. 1. Seasonal activity cycles for spotted turtles as measured by the number of captures/records per 
month. Refer to text for details. 

C. guttata has received considerable attention in the 
literature. Ernst (1967) observed mating pairs in 
southeastern Pennsylvania in March with CTs equal 
to or below the minimum voluntary temperatures 
reported for other aquatic turtles by Brattstrom (1965). 
Later in the year, when shallow ponds exceeded 300C, 
spotted turtles began aestivation in muskrat (Ondatra 
zibethica) burrows and lodges, and the soft bottoms of 
small streams (Ernst, 1982). The highest CT observed 
by Ernst (1982), 32?C, was far below the mean critical 
thermal maximum reported for the species (41.980C) 
by Hutchison et al. (1966). Seasonally consistent mi- 
crohabitat selection and activity was reported by Ward 
et al. (1976) for a Maryland population. Ninety-two 
percent of all captures were made from March through 
May. From June through December, C. guttata alter- 
nated between aestivating in terrestrial habitats and 
feeding in flooded areas. Hibernation occurred dur- 
ing January and February in puddles. Terrestrial ac- 
tivity was also reported by Netting (1936) and Cahn 
(1937). The relatively low evaporative water loss gra- 
dient reported for this species (Ernst, 1968) is prob- 
ably an adaptation to the observed semi-aquatic ex- 
istence. 

The results of my study demonstrate that the sea- 
sonal activity of C. guttata, while consistently highest 
in the spring, varies considerably between some lo- 
calities. Populations in South Carolina reach a high 
level of activity much earlier in the year, and for a 
shorter period of time, relative to the northern coun- 
terparts examined. This behavior is presumably the 
result of higher average temperatures in the South 
(Table 2). Populations in eastern Maryland and south- 
eastern Pennsylvania exhibit similar seasonal activity 
cycles, probably due to their geographic proximity 
and similar climates. Farther to the west at the same 
latitudes in Ohio, the climate is more typically "con- 
tinental" with relatively colder winters. This may ex- 

plain why turtles in Ohio are less conspicuous in 
March relative to those in Pennsylvania. 

Differences observed between the states are con- 
sistent with the thermal preferences previously re- 
ported for C. guttata. For example, Ernst (1982) found 
that spotted turtles began feeding when CTs reached 
15?C. The activity peaks observed for each state occur 
during or just after the month when predicted CTs 
first exceed 15?C (Table 2). Thus it appears that these 
peaks may be a result of increased feeding activity. 
The mean air temperature near aestivating C. guttata 
was reported by Ernst (1982) as 22.61?C. Fig. 1 and 
Table 2 indicate that the lowest levels of activity in 
each state occur during or near the month when mean 
normal AT first exceeds 22.61?C. In spite of favorable 
temperatures later in the year, spotted turtles do not 
become active in large numbers until the following 
spring, presumably due to a decreased food supply 
(Ward et al., 1976). 

In summary, C. guttata, as a species, appears to be 
capable of adapting to a wide variety of climatic re- 
gimes by predictably modifying the annual cycle of 

TABLE 1. Values of the log likelihood ratio statistic 

(21) for all pairwise comparisons of spotted turtle ac- 

tivity cycles. Value for overall test = 128.73 (P < 0.10), 
using seasonal intervals shown in Fig. 2. 

State 

South 
State Ohio Maryland Carolina 

Pennsylvania 67.93* 7.74 44.03* 
Ohio - 43.06* 62.49* 
Maryland - - 56.93* 

* P < 0.10, x20.io,12 = 18.55. 
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FIG. 2. Ninety percent binomial confidence intervals for significant pairwise comparisons of spotted turtle 
activity cycles. Significant contributions to the test statistic (21 values in Table 1) are indicated by nonover- 
lapping confidence intervals. For example, most of the observed heterogeneity between Maryland and Ohio 
is due to differences in June and July. This is because 90% of the turtles in this time interval were from 
Maryland as opposed to only 10% in Ohio. Activity levels for these two populations were not significantly 
different from January-May and August-December. Seasonal intervals were selected to maintain appropriate 
cell frequencies under criteria proposed by Cochran (1954). 

TABLE 2. Mean monthly and annual normal air temperatures for states of interest, and predicted cloacal 

temperatures of feeding Clemmys guttata. All temperatures in ?C. Refer to text for computational details. 

State/ 
tem- Month 
pera- 
ture J F M A M J J A S O N D Annual 

Maryland 
Air - - 7.0 13.0 18.0 22.3 24.6 23.9 20.4 - - - 13.3 
Cloaca - - 10.9 15.9 20.0 23.5 25.4 24.8 21.9 - - - - 

South Carolina 
Air - 9.1 13.1 17.8 22.0 25.1 26.8 26.5 23.8 18.1 13.0 - 17.7 
Cloaca - 12.7 15.9 19.8 23.2 25.8 27.2 26.9 24.7 20.8 15.9 - - 

Pennsylvania 
Air -2.3 - 4.2 10.2 15.6 20.6 23.0 22.2 18.4 - - 0.1 10.7 
Cloaca 3.3 - 8.6 13.6 18.0 22.1 24.1 23.4 20.3 - - 5.3 - 

Ohio 
Air - -2.5 2.8 9.5 15.2 20.3 22.3 21.5 17.9 11.6 5.0 - 9.9 
Cloaca - 3.2 7.5 13.0 17.7 21.8 23.5 22.8 19.9 14.7 9.3 - - 
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NOTES NOTES 

activity. Others have previously noted variable activ- 
ity patterns in response to changing temperatures. 
Ernst (1976) found that the mean daily time of activity 
became progressively earlier as the season advanced 
and temperatures increased, and in laboratory exper- 
iments the mean preferred temperature exhibited by 
C. guttata increased with photoperiod (Graham and 
Hutchison, 1979). In addition, Nemuras (1966) found 
that even nearby populations display slightly modi- 
fied activity cycles in response to different habitats. 
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Feeding Responses of Skinks 
(Eumeces laticeps) to Velvet Ants 

(Dasymutilla occidentalis) 

LAURIE J. VITT, Department of Biology, University of Cal- 
ifornia, Los Angeles, California 90024, USA 
WILLIAM E. COOPER, JR., Department of Biology, Auburn 
University at Montgomery, Montgomery, Alabama 36193, 
USA 

A review of the literature on diets of insectivorous 
lizards revealed that they rarely feed on female velvet 
ants (Hymenoptera: Mutillidae) (Vitt and Ohmart, 
1974, 1975, 1977a, b; Mitchell, 1979; Vitt et al., 1981; 
and many others). This observation was surprising 
for the following reasons: (1) in most areas where 
lizards are common, i.e., areas where daily tempera- 
tures are relatively high, velvet ants are also relatively 
common (see Krombein, 1951); (2) female velvet ants 
are terrestrially active at the same time as most diurnal 
terrestrial lizards (Manley and Spangler, 1983, for 
mutillids; Pianka, 1985, for lizards); and (3) velvet ants 
are highly visible due to their bright colors and con- 
tinuous movement (Schmidt and Blum, 1977). From 
a human perspective, velvet ants appear to be among 
the most conspicuous invertebrates available and they 
are well within the size range of prey taken by most 
insectivorous lizards (see Pianka, 1985). 

Eumeces laticeps is a large (85-143 mm SVL), sexually 
dimorphic skink widespread in the eastern United 
States (Vitt and Cooper, 1985). The diet includes a 
variety of invertebrates and small vertebrates (Ham- 
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