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Abstract We used 7 Chinese cobras Naja atra to investigate variation in body temperature as a consequence of the re-
sponse to heating lights under a light-dark cycle. Two trials of which each lasted 9 successive days were conducted, with
one trial having lights on during the day (DPNS, day/photophase-night/scotophase) and the other having lights on dur-
ing night (NPDS, night/photophase-day/scotophase). Cobras could regulate their body temperatures when the lights
were on; however, at no time during the photophase did all cobras simultaneously maintain higher body temperatures.
Temporal variation in the percentage of thermally active cobras was evident in both trials, with the oscillations of activity
being relatively more obvious in the NPDS trial. During the photophase, the percentage of thermally active cobras gener-
ally was higher in the DPNS trial than in the NPDS trial. Temporal variation in body temperature was not evident for
thermally active cobras in either trial. Thermally active cobras maintained on average higher body temperatures in the
DPNS trial than in the NPDS trial, whereas thermally inactive cobras did not differ in mean body temperature between
both trials. The upper level of body temperatures selected by thermally active cobras was higher in the DPNS trial (31.1
+0.8 °C) than in the NPDS trial (26.0+0.9 °C). At no time during the course of each trial did cobras maintain body
temperatures lower than ambient temperatures [ Acta Zoologica Sinica 51 (1): 38—45, 2005].

Key words Reptilia, Elapidae; Naja atra> Thermal activity, Body temperature; Thermoregulation, Radio-telemetry

L HIR 5 e X e B R 300 o R4 ' 5 S i i 3 S0 A IR AR Ak

PEER' G O RRER' 2ok
1. BTS2 B A i b2 B R SR M AR BER, BN 310036
2. B HUMNE R A A iy LA 2 BT L9048 AE W) SR BRI S0 00, Bt 210097

B 7 &UIREEN (Naja atra) WEFEENHIXS HE BTN &N BT S 8GR R A4 . BTl P I sE SR,
REISLIG T 9 do SEH— G HUAZE S5 4N R, S0 — ORI S5 4 A Lo AR BR e AR In RO G I8 I J 19 1) gk
AT, E 6 R AR T BB AR RBP4 ) I A T GG BIPIR AR o P I 2 36 v BTG B A4 1 43 B I I
AR 3, 925G IS B AR E S LI SARN R T 5258 — o FE I HOGIE I AR, S — HOE A IR B i 1 E
SECRVA B TSR T FEPRISEI T, A S IR 0 I I R AR A AN B . S — PR B IR B A I
SRR L, ML AR T HOE SRS IR B w3 AR T B 22 . SRR — HUR B R Bide (31.1+
0.8°C) IEREMIML LB T 5556 —HRBEIE (26.0+0.9 °C)o 7EPITSLIG AT AT I A1 B N, HIR B3 0 1) A4 A AN i
THEREE [FhW2E# 51 (1D: 38-45, 20051

JoH AT MRERRe AR S DIRERRE AUEZ) MR MR @il

Reptiles are subject to daily and seasonal fluctua- tions in body temperature due to thermal interactions
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between the animal and its environment. Because
moderate to relatively high body temperatures usually
maximize physiological and behavioral performances,
reptiles should regulate body temperature during the
active phase of the daily activity cycle, thereby main-
taining body temperatures at some high and constant
level (Huey, 1982; Huey and Kingsolver, 1989; Ben-
nett> 1990) . Reptiles regulate body temperature main-
ly by behavioral mechanisms such as habitat selection,
restriction of periods of activity and selective exploita-
tion of short-term environmental variations of thermal
flux, although physiological thermoregulation through
cardiovascular adjustments, endogenous heat produc-
tion and evaporative cooling may be also important
(Bartholomew, 1977, 1982; Huey, 1982; Wang and
Xu, 1987; Sun et al.»2002; Pan et al.,2003; Zhang
et al.»2003). In the environment where thermal con-
ditions are uniform, behavioral thermoregulation can
be rather constrained and, for species whose physio-
logical thermoregulation is very limited or even negli-
gible, variation in body temperature often mirrors
variation in ambient temperature ( Bartholomew:
1977; Wang and Xu, 1987; Ji et al., 2002; Sun et
al.»2002; Pan et al.,2003; Zhang et al.»2003). Be-
cause physiological thermoregulation is weak in most
reptiles, the existence of temporally and spatially vari-
able heat sources in their general environment is thus
a precondition for them to regulate body temperature
behaviorally.

Under natural conditions reptiles are able to ele-
vate their body temperatures over the ambient tem-
perature when heat from the sun is available. When
heat availability is not constrained for behavioral ther-
moregulation they may maintain not only high but al-
so constant body temperatures, at which various func-
tions can be expressed at high levels ( Van Damme et
al.» 1987; Huey and Kingsolver, 1989; Ji et al.,
1995,1996,1997; Du et al.,2000; Xu et al.,2001;
Chen et al.,2003; Le Galliard et al.,2003; Zhang
and Ji,2004). The thermal environments reptiles en-
counter in the field can be mimicked to some extent in
the laboratory by using heating lights under a light-
dark cycle, which allows animals to regulate body
temperature behaviorally during the light phase and
forces them to reduce body temperature during the
dark phase (Ji et al.»> 1995, 1996; Du et al.,2000;
Sun et al.,» 2002; Pan et al., 2003; Zhang et al.,
2003; Zhang and Ji>2004). Because the thermal con-
dition in the light phase is different from that in the
dark phases reptiles can be expected to show different
behaviors in the two phases. During the light phase,
an animal’s response to heating lights results primari-
ly from the demand of thermoregulation and probably
also from the evolved rhythm controlled by an en-
dogenous circadian clock. Such a response is absent

during the dark phase and may somehow modify the
thermal interactions between the animal and its envi-
ronment, which exert a pronounced effect on variation
in body temperature (Sun et al.,2002; Pan et al.,
2003; Zhang et al.»>2003; Zhang and Ji>2004).

We used the Chinese cobra Naja atra as a model
animal to investigate the cobra’s response to heating
lights under a light-dark cycle and its influence on
body temperature. The snake is particularly suitable
for such a study, because it is basically a diurnal
species but can actively regulate body temperature
within the range of air temperatures from 15 — 35 °C
without a clear-cut daily rhythm of activity (Hu et
al.» 1966; Liang, 1991; Huang, 1998; Ji et al.,
2002). We address three questions: (1) how does a
cobra’s response to heating lights under a light-dark
cycle affect its body temperature? (2) do the selected
body temperature, the mean body temperature and
variation in body temperature differ between cobras
that are active during the day and during the night?
(3) is thermoregulation regulated by an endogenous

rhythm in this species?

1 Materials and methods

1.1 Animals

Naja atra is a larges highly venomous snake,
which is widely distributed in southeastern Chinas in-
cluding Taiwan, Hong Kong and Hainan, southward
to Vietnam ( Wiister> 1996). The cobra is found in a
variety of habitats in the hilly countryside and, in
Zhejiang Ceastern China), the northern limit of the
species’ distributional range, the cobra can be very
abundant in the southern region but absent in the
northern parts of the province (Ji and Du,2001). Co-
bras are occasionally active in winter when air tem-
peratures are higher than 15 °C (Ji et al.»2002) and>
during the active season, they are usually out of the
nest for hunting prey and/or thermoregulating from
09:00—11:00 h (Beijing time) and 19:00 —23:00 h
in summer and from 09:00 — 15:00 h in spring and
autumn (Hu et al., 1966; Liang, 1991; Huang,
1998).

Cobras (1 male and 6 non-reproductive females)
used in this study were collected in mid-May 2003
from an island population in Dinghai (30° 02" N,
122°10'E)» Zhoushan, eastern Zhejiang. The captured
cobras were transported to our laboratory at
Hangzhou Normal College; where they were individu-
ally sexed, weighed and measured for length. All co-
bras were adults (Sheng et al., 1988), with snout-
vent lengths ranging from 940 —1 110 mm> and body
masses from 320 — 590 g.

1.2 Experimental design

We conducted two trials from 22 May — 10 June

2003, both with a light-dark cycle created by heating
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lights. One trial had the lights on during the day
[ hereafter DPNS (day/ photophase-night/scotophase)
trial]s and the other trial had the lights during the
night [ hereafter NPDS ( night/photophase-day/sco-
tophase) trial ]. Such a design allowed us to investi-
gate not only the cobra’s response to heating lights
under a light-dark cycle and its influence on body
temperature, but also the possible endogenous rhyth-
micity of temperature selection Cand, thuss of body
temperature). We firstly conducted the DPNS trial
and then the NPDS trial; both in the same 4.5 m X
3.5 mx%3.0 m (length X width X height) room, with
air temperatures never higher than 20 ‘C(Fig.2). We
divided the room floor equally into 25 plotss and then
randomly selected 4 plots. In the center of each select-
ed plots we suspended an incandescent bulb (300 W),
which was approximately 200 mm above the floor.
During the photophase; it created a thermal gradient
ranging approximately from 18 — 60 °C, which allowed
cobras to regulate body temperature within their vol-
untary range. The light cycle of both trials was the
same (14L:10D), but differed in the onset of the
lights. Lights were switched on at 06:00 h in the DP-
NS trial, and at 1 400 h in the NPDS trial. We re-
duced costs of thermoregulation by providing food
(common toads Bufo gargarizans) and water ad li-
bitum, and by arranging bricks, debris and blocks of
wood used for basking and hiding under the heat
lamps. Each trial lasted 9 days and, during the 9-day
trial, lamps were re-arranged every 3 days following
the procedures described above, thereby simulating
the temporal and spatial shifts in heat sources that oc-
cur in nature.
1.3 Methods

Data on body temperatures were obtained from
temperature-sensitive transmitters ( SB-2T, Holohil,
Canada) that were force-fed to single cobras. Trans-
mitterss each of which weighed 5 g, operated at fre-
quencies of 160.200 and 160.800 MHz. All transmit-
ters were calibrated by the manufacturer; we verified
readings on nine separate occasions in a digital readout
waterbath, using a standard thermometer ( WBG
Ltd., Shanghai, China). The Holohil calibrations and
our waterbath recalibrations were always within
0.3°C. Immediately upon ingestion of a transmitter
cobras were released into the room. We allowed cobras
to explore the new environment for 12 h» and then re-
ceived signals at intervals of 1 h using a radio receiver
(LA12-Q, AVM Instrument> USA) with a 3-element
Yagi antenna, following the procedures described by Ji
et al. (2002). Air temperatures in the room were
recorded every 10 min using two Tinytalk dataloggers
(Gemini Pty, Australia) placed near the two ends of
the room, approximately 1.2 m above the floor. No
transmitter was regurgitated or defecated during the

course of the experiment. At the end of the experi-
ment> we downloaded data stored in the dataloggers
into a PC computer for later analysis, and removed
transmitters without harming the cobras in accor-
dance with the internationally accepted principles con-
cerning the care and use of laboratory animals ( Na-
tional Research Council, 1985).

We arbitrarily considered a cobra to be thermally
active when its body temperature was 4°C higher than
the mean of the lowest five consecutive body tempera-
tures recorded for the cobra during the photophase.
We calculated the mean of the highest five body tem-
peratures for each thermally active cobra, and used it
as an estimate of the upper level of body temperature
selected by the cobra. We analyzed variances in body
temperature using the coefficient of variation ( =
standard deviation divided by the mean).

1.4 Statistical analyses

All data were tested for normality (Kolmogorov-
Smirnov test ) and homogeneity of
(Bartlett’s test), and arc-sine transformations were
performed on percentage data to achieve the condi-
tions for using parametric analyses. We used repeated-
measures ANOVA or one-way ANOVA to analyze the
corresponding data when the assumptions for para-
metric analyses were met, and non-parametric analy-
ses (Mann-Whitney U test) when these assumptions
were violated. Descriptive statistics are presented as
mean + 1 standard error, and the significance level is
set at a=0.05.

2 Results

One cobra in the DPNS trial remained thermally
inactives whereas all others were thermally active in
both trials during the time when heat from the incan-
descent bulbs was available. However, at no time dur-
ing the photophase did all cobras simultaneously
maintain higher body temperatures (Fig.1). Tempo-
ral variation in the number (and, thus; in the percent-
age) of thermally active individuals during the pho-
tophase was evident in both the DPNS trial (Repeat-
ed-measures ANOVA; Fi4,56 = 3.96, P < 0.0001)
and the NPDS trial ( Repeated-measures ANOVA;
Fia,50=4.77, P <0.0001), with the oscillations of
thermal activity being relatively more obvious in the
NPDS trial (Fig.1). When data on the percentage of
thermally active cobras collected at different times
were pooled on a daily basiss the mean percentage (for
the 9-day trial) of thermally active cobras was higher
overall in the DPNS trial than in the NPNS trial
(Mann-Whitney U test, P<0.0001).

Temporal variation in body temperature was ev-
ident for thermally active cobras in the DPNS trial
(Repeated-measures ANOVA; Fiz,0 = 5.64, P <
0.0001) but not in the NPDS trial ( Repeated-mea-

variances
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Fig.1 Activities Cindicated by the percentage of active individuals) of cobras under a light-dark cycle of which

the photophase covered either the whole daytime or the whole nighttime

A cobra was arbitrarily considered to be thermally active when its body temperature was 4 °‘C higher than the mean of the lowest
five consecutive body temperatures recorded for the cobra during the photophase. Body temperatures of active individuals are
showed in the figure. All data are expressed as mean * 1 standard error. Vertical solid bars represent activities, and solid dots
body temperatures of active cobras; horizontal solid bar represents the scotophase, and horizontal open bar the photophase.

sures ANOVA; Fi,,1,=0.554, P=0.840). Ther-
mally active cobras maintained on average higher body
temperatures in the DPNS trial than in the NPDS tri-
al (Fy,;;=14.11, P<0.004), whereas thermally
inactive cobras did not differ in mean body tempera-
ture between both trials (Fy,;,=0.14, P=0.713)
(Table 1). The upper level of body temperatures se-
lected by thermally active cobras (see definition in
Methods) was 31.1+0.8 °C (#n =6, range=28.6
—33.2 °C) in the DPNS trial and 26.0£0.9 °C (n

=7, range =22.5—29.4 °C) in the NPDS trial
and the difference was evident ( Fy,;; =16.35, P<
0.002). The coefficient of variation in body temper-
ature was greater in thermally active cobras than in
thermally inactive cobras in the DPNS trial (Fy ;=
29.21, P<0.0002), but it did not differ between
thermally active and inactive cobras in the NPDS trial
(Fy,1,=0.37, P=0.556). Neither thermally ac-
tive (Fy,1; =3.33, P =0.095) nor thermally inac-
tive (Fy,1,=0.01, P=0.913) cobras differed in the
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coefficient of variation in body temperature between body temperatures lower than ambient temperatures
the two trials (Table 1). At no time did cobras Cei- (Fig.2; repeated-measures ANOVA, P<0.0001 in
ther thermally active or thermally inactive) maintain either the DPNS trial or the NPDS trial).

Table 1 Body temperatures of Chinese cobras Naja atra maintained under a light-dark cycle created by heating lights

Day/ photophase-night/ scotophase trial Night/ photophase-day/ scotophase trial
Active individuals Inactive individual Active individuals Inactive individual
Sample size 6 7 7 7
5 27.3£0.5 20.6+0.3 24.7+0.5 20.4+0.3
Body temperature (°C)
26.4-29.1 19.3-21.9 22.5-26.2 18.9-21.4
. o 8.9+0.7 4.8+0.4 5.8+1.5 4.9+0.2
Coefficient of variation ( %)
6.3-11.2 3.2-6.4 1.4-11.6 3.9-5.7

Note: Data in the table are expressed as mean * 1 standard error and range.
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Fig.2  Diel variation in body temperatures of cobras and ambient temperatures they encountered during
the course of each trial

All data are expressed as mean + 1 standard error. Solid dots represent body temperature, and solid triangles ambient
temperature; horizontal solid bar represents the scotophases and horizontal open bar the photophase.
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3 Discussion

Naja atra is considered to be a diurnal snake
(Huang et al., 1985; Liang, 1991; Huang,
1998). This consideration is often true for cobras in
spring and autumn when nighttime activities are rare
due to relatively low ambient temperatures during the
night. However, in hot summer months (from June
to August), cobras are often active not only during
the day but also during the night (Hu et al., 1966;
Liang, 1991; Huang, 1998). As in other terrestri-
al ectotherms ( Bartholomew, 1977; Sun et al.,
2002; Pan et al.» 2003; Zhang et al., 2003),
Naja atra has a species-specific and restricted range
of body temperatures during the period of activity,
that it maintains mainly by habitat selection and by
selective exploitation of the temporal and spatial vari-
ety in the conditions of temperature and radiation in
its general environment (Ji et al., 2002). Our field
work on N. atra has revealed that the disparity be-
tween the mean body temperature of active cobras and
the mean ambient temperature is apt to be greatest in
early spring and late autumn when air and substratum
temperatures are low. Earlier work on cobras living
through the winter in a laboratory enclosure also pro-
vides evidence that they are able to maintain an aver-
age body temperature up to 29.4°C through ther-
moregulation in winter months during the time when
ambient temperatures are elevated by direct solar ra-
diation over 15 °C (Ji et al., 2002). Taken togeth-
er, the previous observations suggest that the activity
of N. atra might be more thermally than physiolog-
ically dependent.

The data set presented in this study is prelimi-
nary as the data are measurements of body tempera-
ture and thermal activity carried under the laboratory
conditions over a short time period. Given that envi-
ronmental conditions in nature are temporally (sea-
sonally and daily) and spatially much more variable
and> thus, more complex than the laboratory condi-
tionss data from the laboratory may be less informa-
tive. Nonetheless, our data have some implications
for the following issues.

First, a cobra’s response to heating lights may
greatly affect its body temperature. Cobras in this
study kept thermally inactive during the scotophase
when ambient temperatures were relatively low (<20
°C) and almost uniform, but actively regulated body
temperature during the photophase when heat from
the incandescent bulbs was available ( Fig.1,
Fig.2). When lights were switched on, a cobra was
able to elevate body temperature in a short times pre-
sumably as a consequence of the cobra’s behavioral
thermoregulatory response to heat from the lights.
The mean body temperature of thermally active co-

bras, although greater in the DPNS trial than in the
NPDS trial, varied within a very narrow range and
did not show significant temporal variation in either
trial (Fig.1). This result provides additional evi-
dence supporting that N. atra has a restricted range
of body temperatures during the period of activity.
Moreover, the result also implies that the cobra’s be-
havioral thermoregulatory responses to heating lights
might be rather elaborate and precise.

Seconds thermally active cobras select higher
body temperatures during the daytime than during
the nighttime. Given that the thermal conditions in
this study, either during the photophase or during
the scotophases were very similar in both trials
(Fig.2), selecting higher body temperatures in the
DPNS trial (31.1 £0.8°C) than in the NPDS trail
(26.0 £ 0.9°C) presumably reflects an endogenous
circadian rhythm of body temperature selection. A
similar rhythm has been reported for both diurnal and
nocturnal reptiles (Myhre and Hammel, 1969; Jar-
ling et al., 1989; Autumn et al., 1994; Sievert and
Paulissen, 1996; Tosini and Menaker, 1996; Re-
finetti and Susalka, 1997), and is generally consis-
tent with the extensive literature on the circadian
rhythm of body temperature in endotherms (Refinetti
and Menaker, 1992). In diurnal lizards the circadi-
an rhythm of body temperature selection has been
proved to be exhibited even in the absence of environ-
mental time cues (Cowgell and Underwood, 1979;
Innocenti et al.» 1993) and, therefore, is at least
partially controlled by an endogenous circadian clock.
Our results, together with those reported for other
species> support the prediction that selection of high-
er body temperature during the day results from a
common evolutionary constraint imposed by the natu-
ral association between sunlight and high ambient
temperature (Refinetti and Susalka, 1997).

Third, the cooling rate of body temperature in
cobras can be retarded to some extent when N. atra
encounter cold environments where thermoregulation
is impossible. Our result showed that body tempera-
tures were lower and less variable in inactive cobras
(during the scotophase) than in active cobras ( Table
1)5 but were never lower than ambient temperatures
(Fig.2). Since body temperature should be indistin-
guishable from that of their surroundings in a short
time when reptiles are put under thermally constant
conditions, the mismatch between body temperature
and ambient temperature during the dark phase is
thus particularly interesting, presumably suggesting
that there are some mechanisms by which cobras use
to retard the cooling rate of body temperature. We
are presently unaware to what extent the cooling rate
of body temperature is retarded by physiological
mechanisms, but aggregation of cobras observed dur-
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ing the scotophase, cannot be precluded from one of
the most efficient mechanisms. Cobras living through
the winter prevent their body temperatures from
falling below the lethal level by aggregating (Ji et
al., 2002).
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