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ENERGETICS FOR ACTIVITY IN THE DIAMOND-BACK WATER SNAKE,

NATRIX RHCMBIFERA

SUMMARY

The effect of routine and.forced activity on total energetics

of the diamond-back water snake, Natrix rhombifera, was studied at 150C,

250C and 35°C, all under a photoperiod of LD 12:12 with the onset of
photophase at 0600 CDT.

This snake exhibited significant daily cycles of oxygen
consumption at 15°C and 3500 but not at 25OC. At all temperatures,
oxygen consumption increased at or just before the onset of photophase
and at 25°C and 35°C is maximal at this time (\'/O2 =211.1 31 gL et
and 485 ul g_l et respectively). At 15°C, oxygen consumption is

1 hr-l). Significant cycles

maximal midway thru photophase (161.9 ml g
of routine activity exist at all temperatures and followed the oxygen
consumption cycles at 15°C and 3500. At 25OC activity was greatest in
late photophase and early scotophase.

The snakes were stimulated electrically to maximum activity at
1400 hrs CDT at all temperatures and at 2200 hrs CDT at 25°C. Oxygen
consumption and total body lactate production were measured and indicated
a high dependence on anaerobiosis at all temperatures. Yields of ATP
from aerobiosis and anaerobiosis respectively were: 1.4 and 16.2 pMoles
g1 at 15°C, 1400 hrs; 5.4 and 30.2 pMoles g & at 25°C, 1400 hrs;

1



2
4.8 and 17.7 pMoles g'l at 25°C, 2200 hrs; and 5.3 and 28.9 Moles g'l
at 35°C, 1400 hrs. The oxygen debt was 100.9 ul g—l, 175.8 nl g'l,
182.3 pl g-i, and 108.0 ul g_l at these respective temperatures and
times and could account for the oxidation of only 10 to 15% of the
lactate formed. Tissue glycogen and blood glucose measurements indicate
that most of the remaining lactate undergoes gluconeogenesis,

Tissue metabolites were measured immediately after and during
recovery from activity at 250, 1400 hrs. Muscle lactate rose from 1.36
to 3.03 mg g_l during activity while muscle glycogen dropped from 10.46
to 3.93 mg g-i. Both returned to resting levels by 3 hr after activity.
Blood and liver lactate increased from 0.09 to 1.08 mg ml"1 and from
0.30 to 0.93 mg g-1 respectively during activity. They continued to rise
to a maximum at 1 hr of recovery and then declined to resting levels by
5 to 7 hrs of recovery. Blood glucose rose from 0.15 to 0.70 mg ml-1
during activity and continued to rise to a maximum at 5 hrs of recovery.
There was no significant decline by 7 hrs of recovery.

The respiratory exchange ratio rose to well above 1.0 during
the first hr of recovery, a result of blood lactate being buffered by
the bicarbonate buffer system. The lack of an increased R during
activity, a time when blood lactate has become elevated, indicates other
buffers to be important during this time.

The strong dependance on anaerobiosis during activity is taken
as an adaptation to a semi-aquatic life style in which only a short but
powerful burst of activity is needed to escape a terrestrial predator

and in which the snake would have little or no oxygen available for

struggles with an aquatic predator.



INTRODUCTION

While lizards have been studied extensively, there are few
studies of energetics during activity in snakes and only Gratz and
Hutchison (1976) examined the contributions of both aerobic and
anaerobic metabolism. They found that while the coachwhip snake,

Masticophis flagellum, meets most of its increased energy demands

during activity by anaerobiosis, lactate levels were generally
indicative of a lesser reliance on anaerobiosis than is true in lizards
(Moberly, 1968; Bennett and Dawson, 1972; Bennett and Licht, 1972). The
coachwhip, however, is a fast moving animal that may often sustain

rapid movement for long periods of time, a situation not compatible with
high lactate production and the resultant acidotic condition.

The diamond-back water snake, Natrix rhombifera, a resident of

most bodies of water in the south-central United States and northern
Mexico, rarely ventures far from the water's edge (Preston, 1970). As
such it must only make short dashes to reach the safety of the water and
avold terrestrial predators. Aquatic predators would find the snake in
an essentially anaerobic environment (for the snake). Either situation
would favor anaerobiosis over aerobiosis for energy preduction.

Many reptiles exhibit maximum energy production at or near

their preferred body temperature (Dawson, 1975) but also show a degree
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of of temperature independance of various aspects of metabolism within
their normal body temperature range. Apparently no study of the affect of
temperature on total energetics during activity of snakes has been made.
Strategies of recovery have been 1little investigated in reptiles,
Moberly (1968) presented data on blood lactate during recovery in Iguana
iguana and Bennett and Licht (1972) followed muscle, liver and blood

lactate thru the first 90 min of recovery in Anolis carolinensis,

Bennett (1972&) presented data on the extent and repayment time of the

oxygen debts of the racehorse goanna, Varanus gouldii, and the spiny

chuchwalla, Sauromalus hispidus. The mechanism of lactate removal and

glycogen replenishment have not been investigated for any reptile.
I undertook this study to determine (1) the level of routine

oxygen consumption in the diamond-back water snake, Natrix rhombifera,

and its variation with a diurnal light-dark cycle, acclimation
temperature and routine activity; (2) the relative contributions of
aerobic and anaerobic metabolism to increased energy production during
forced activity and, by including the oxygen debt, the total cost of the

activity; (3) the mechanism of recovery from the activity.



MATERIALS AND METHODS

Natrix rhombifera from 60g to 1400g were collected over a two

year period from areas within 170 km of Norman, Oklahoma. Since no
sexual differences were found in the results, the data from both sexes
were combined., One to four snakes were housed together in plastic
containers and acclimatized at 150C. 2500 or BSOC and a photoperiod of
1D 12:12 for at least one week before use. Snakes scheduled for
experimentation within one month after capture were not fed. Others were
fed live or frozen fish at irregular intervals. As water dishes kept in
the containers tended to be spilled almost immediately with the
resultant danger of blister disease (Frye, 1973) no water was left in
the containers. Snakes were soaked in a bucket of water for 30 min to
1 hr every 2 - 4 days and before introduction into an experimental
chamber. All measurements were made at the acclimation temperatures.
The following definitions were used:

Aerobic scope. This is the metabolic scope of Fry (1947) and represents

the difference between the minimum and maximum sustained oxygen
consumption rates under given conditions.

Index of metabolic expansibllity. This is the ratio of the maximum

sustained metabolic rate during activity to the minimum rate at the same

time and temperature.
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Aeroblc capacity. This is the amount of oxygen consumed above resting

during the activity period.

Anaerobic capacity. According to Bennett and Licht (1972) this is the

total amount of lactate produced above the resting level during the

activity period. This is energetically equivalent to the oxygen deficit

as defined by Knuttgen (1971).
Oxygen debt. According to Knuttgen (1971) this is the amount of oxygen
consumed above resting during the recovery period.

Gas exchange was measured by open system respirometry. The snakes
were placed in individual Plexiglas chambers (2400 - 4000 cc) 4 to 8 hr
prior to the start of measurements. Air was drawn through the chamber at
300 to 600 c: min-l, depending upon the size of the animal and the
temperature used, through a tube of dessicant and into the oxygen
analyzer (Applied Electrochemistry Model S-3A). When respiratory
exchange ratlo (R) measurements were to be made a carbon dioxide analyzer
(Beckman Model 15A) was connected in series between the oxygen analyzer
and the pump. The volume of the tubing from the animal chamber to the
oxygen analyzer was 50 to 60 cc and produced a negligible lag in
readings. Gas concentrations could be read directly from the analyzer
displays or recorded continuously on a Linear Instruments Model 485 dual
channel recorder. Oxygen consumption was calculated from the Depocas and
Hart (1957) formula for open systems. All gas volumes are presented at
STPD. Ten individuals were used at each acclimation temperature for
determination of the 24-hr cycles of oxygen consumption,

Maximum activity was induced by electrical stimulation through

safety pin electrodes attached through the skin of the tail and leading
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from a Grass SM6 stimulator set at 100 vAC with 5 pulses s—l of 1 msec
duration. Non-stimulated animals at corresponding times and acclimation
temperatures were examined as controls (N = 10 individuals for 002 and

5 - 14 individuals for biochemical data). Oxygen consumption during
activity and recovery was measured on 7 - 10 individuals to yield N = 10
at each acclimation temperature. Measurements were made by integration
of the area under the oxygen pen tracing of the recorder with a polar
planimeter and performing the necessary calculations to yield ml 02.
Recovery oxygen consumption was measured from the end of activity until
oxygen consumption either returned to the resting rate for that
individual or, after a significant decrease, levelled out above the rest
resting rate and remained constant for at least 60 min. This latter
phenomenon is ascribed to an increased resting metabolism and has been
described for mammals (Knuttgen, 1971) and snakes (Gratz and Hutchison,
1976). The oxygen debt was determined by subtracting the resting volume
from the total volume of oxygen consumed during recovery.

Measurement of total body lactate required maceration of the
entire animal (Bennett and Licht, 1972). The snakes (N = 5 for each
condition) were decapitated and chopped into approximately 8 cm segments
before homogenization in 4x their weight of perchloric acid. Fifty ml
of the solution was further homogenized in 60 ml perchloric acid and
then stored on ice. For tissue metabolites, the snakes (N = 5 - 7 for
each condition) were decapitated and 1 ml of blood was taken from the
severed trunk for analyses of blood glucose and blood lactate. Since
dissection of the trunk produced strong squirming due to spinal reflexes,

the trunk was spinal pithed before dissection. Liver and muscle samples



were removed and stored on ice until weighed. The longissimus, the
articularis and the spinalls series of muscles lateral to the vertebrae
were used; all are of major importance in snake locomotion (Gans, 1962).
Samples for lactic acid analysis were homogenized in 10x their weight

of perchloric acid. All lactate homogenates were then centrifuged for

10 min at 3000 rpm and the supernatant recentrifuged at 10,000 rpm for

10 min, all at 0. Duplicate 100 ul samples of the final supernatant and
of the processed blood plasma were analyzed with enzymatic kits (Lactate-
UV method, Boehringer-Mannheim Corp.).

Tissue samples for glycogen analyses were homogenized in
deproteinizing solution (50g trichloroacetic acid and 1g Ag2804 int
liter water) to provide a 1:100 dilution (liver) or 1:20 dilution
(muscle). The tube containing the homogenate was placed in boiling water
for 15 min, cooled and centrifuged at 3000 rpm for 10 min. One ml of
supernatant was drawn and analyzed by the method of Kemp and Van
Heijningen (1954). All lactate and glycogen determinations were made on
a Varian Techtron Model 635 spectrophotometer. Blood glucose was
determined by the "Glucostat" method (Worthington Biochemical Corp.) on
a Beckman Spinco 151 spectrocolorimeter. All metabolite data are
presented as mean + 1 standard error mg g_l tissue weight or mg m1” 1
blood plasma.

Energy production is presented in uMoles ATP formed per gram
body welght. Caloric values are also presented. Bennett and Licht (1972)
provide the following conversions for determining ATP yields from

aerobloslis and anaeroblosis:

1.0 mg lactate formed = 0,0167 millimoles ATP
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1.0 ml 02 (STPD) consumed = 0.290 millimoles ATP

This assumes glycogen to be the only substrate catabolized and the
latter figure also assumes a P/O ratio of 3 with a net yield of 39 moles
ATP formed per mole of glycogen utilized. This latter figure is still in
doubt for skeletal muscle due to the uncertainty of the fate of
glycolytic NADH (Greville, 1969; Newsholme and Start, 1973). Caloric
equivalents are taken from Hochachka and Somero (1973):

1.0 mg lactate formed = -0.2609 cal

1.0 m1 0, (STPD) consumed = -5.104 cal
Both of these are based on glucose as the substrate utilized.

The 24-hr activity cycles were determined on 5 - 6 individuals
at each acclimation temperature. Measurements were made with mercury
switches taped horizontally on the side of the snake at approximately
the level of the heart. The animals were placed in individual plastic
boxes inside an environmental chamber 4 - 8 hr prior to the start of an
experiment. The mercury switch leads were connected to a Rustrak Model
292-8 recorder and the number of pen movements per hour was used as an
indicator of activity. Activity was not recorded simultaneously with,
nor necessarily on, the same animals as the 002 measurements.

An analysls of variance was performed on the data to determine
if significant variation in metabolism or activity occurred over the
24-hr period. Because activity was recorded as a percentage, an arcsin
transformation was made on these data. Duncen's multiple range test
(Duncan, 1955) was used to identify which hours were significantly
different in the 24-hr cycle. Metabolite levels were compared by the
Student t-test or the Duncan multiple range test. Significance was

judged at the P< 0,05 level,



RESULTS

Diurnal cycles

There was a significant (P< 0.05) daily variation of oxygen
consumption at 1500 and 35°d and of routine activity at all temperatures
(Fig. 1). Oxygen consumption increased at or shortly before the onset of
photophase at all temperatures, and at 2500 and 3500 it was maximal at
this time and then declined with only random fluctuations during the
remainder of the 24-hr cycle. Routine activity followed this pattern
closely at 3500 but not at 2500. At 1500 the cycles were essentially
diurnal, activity and oxygen consumption being significantly depressed

during most of the scotophase.

Levels of metabolic rate

The grand mean &02 for 24 hrs at each acclimation temperature is
presented in Table 1 along with the corrsponding &COZ’ R and QlO values.
Hutchison and Kohl (1971) suggested that the difference between the
metabolic rates of the low hours of the daily cycles and the high hours
("routine" metabolic scope) might be a better indicator of the animal's
energetics under natural conditions than the metabolic scope of forced
maximal activity. The values for the lowest two or three hour period and
the highest hour of the daily cycle are also presented in Table 1 along
with the routine metabolic scope.

10
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The mean &02 of the low hours of the daily cycle was taken as the
"standard" metabolic rate at each temperature and this value was
regressed on acclimation temperature to yield the equation:
Vo2 =12.11 Ta - 166.55

Where 002 is presented in pl g-i

nr™! STPD and T, is the acclimation
temperature in degrees celsius. An analysis of variance showed significant
linear regression (P< 0.05) and insignificant deviation from linearity

(P> 0.25).

Energy production during activity

Snakes were stimulated to maximum activity for 10 min at 1400 hrs
at all acclimation temperatures. Snakes at 25°C were also stimulated at
2200 hrs to determine if a diurnal pattern of maximum energy expenditure
exists. Both are times of stable oxygen consumption intermediate between
the high and low rates of the diurnal cycle at the respective temperatures.
The snakes responded to stimulation with an initial burst of violent
thrashing similar to that described for Dipsosaurus (Bennett and Licht,
1972; Bennett and Dawson, 1972), but absent in Masticophis (Gratz and
Hutchison, 1976). This lasted for only 1 - 2 min after which movement
became slow and labored. During recovery the snakes lay quietly with
little movement,

Oxygen consumption increased only slightly during the initial
3 - 5 min of activity but thereafter showed a marked increase to a level
roughly double the resting rate, Within the first 30 min following
activity oxygen consumption increased slightly above this rate. The
maximum sustained oxygen consumption rates attained during activity and

recovery are shown in Fig, 2 along with the corresponding resting rate
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aercobic scope for activity and index of metabolic expansibility.

Mean values for oxygen consumed and total body lactate produced
during activity are presented in Table 2. At 1500 the total energy
expenditure during activity is lowest (measured as total aM ATP g‘l),
as is the relative contribution of aerobiosis, The greatest energy
production is at 2500, 1400 hrs but the values obtained are only
slightly above those at 3500. At 2500, 2200 hrs aerobic energy production
is only slightly below that of 1400 hrs (P) 0.50) but lactate production
and therefore total energy expenditure are far below those at 1400 hrs.

Tissue metabolites were measured immediately after activity at
25°C, 1400 hrs and 2200 hrs, and were compared with controls for the same
hour (Table 3). All tissue lactate levels and blood glucose increased
significantly (P< 0.001) during activity. Muscle glycogen decreased
significantly (P< 0.01) at 1400 hrs but not at 2200 hrs (P>0.10). Liver

glycogen showed a slight decrease at both times but neither change was

significant.

Recovery

Oxygen consumption returned to or to near resting levels in
approximately 2 - 2.5 hrs at 15°C and 25°C and in 1 hr at 35°C. The
oxygen debt (Table 2) was lowest at 15°C and 35°C and highest at 25°C.

Total body lactate and tissue metabolites were monitored for 7
hours after activity at 2500, 1400 hrs (Fig. 3). Total body lactate and
muscle lactate were maximum immediately after activity and then declined
steadily. Muscle lactate required 3 hrs to reach pre-activity levels
while total body lactate required 5 hrs. Muscle glycogen was minimum

immediately after activity, rose to a value not significantly different
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from the pre-activity level by the first hour of recovery and continued
to rise until 5 hrs after activity. Blood and liver lactate required
7 hrs to return to control levels while blood glucose remained elevated
throughout the recovery period. Liver glycogen showed no significant

change throughout recovery.

The respiratory exchange ratio

The respiratory exchange ratio (R) was measured before, during
and during recovery in some animals (N = 2 - 7) under all conditions.
At 15°C, 1400 hrs, 25°C, 1400 hrs and 25°C, 2200 hrs R decreased from
mean pre-activity levels of 0.88, 0.79 and 0.78 to 0.76, 0.66 and 0.57,
respectively, during the activity period. At BSOC, 1400 hrs, R increased
from 0.78 before activity to 0.85 during activity. During the initial
hour of recovery R increased rapidly to 0.98, 1.31, 1.23 and 1.03,
respectively, under the above conditions. Thereafter it gradually

decreased to resting levels,



DISCUSSION

Diurnal cycles

The diamond-back water snake is essentially a diurnal animal
during the cool weather of early spring but divides its activity equally
between day and night during warmer weather (Preston, 1970). Personal
field observations and reports of fish hatchery personnel find that the
animal may be active and feeding anytime from before sunrise to past
midnight during mid-summer. The activity and oxygen consumption patterns
at 1500 and 35°C suggest that photopericd alone may regulate the snakes'
activity at extreme temperatures. At 2500 some activity is present at
almost every hour and examination of individual records indicates that
different animals are active at various hours but with major
concentrations of activity at mid-afternoon and early evening. The
general lack of agreement of activity and oxygen consumption cycles at
25°C is puzzling but not unprecedented. Hutchison and Kohl (1971) found
ﬁoz to be independant of activity in some individual Bufo marinus and

theorized the latter to be circadian while the former is not.

Levels of metabolic rate

The routine metabolic scope (Table 1) roughly involves a
doubling of the minimum metabolic rate. Hutchison and Kohl (1971) found
similar results in the marine toad, Bufo marinus, as did Gratz and
Hutchison (1976) in the coachwhip. By comparison, the forced metabolic

14
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scopes of Natrix rhombifera at 1500 and 25°C are approximately double

the respective routine metabolic scopes while at 3500 the two are roughly
equivalent (Fig. 2). This is most likely due to the greater intensity of
activity at 3500. Although there is not close agreement, the general
correlation of major peaks of activity and oxygen consumption suggest
that routine activity employs aerobiosis as its major energy source.

The mean low oxygen consumption values reported here at 2500 and
35°C are much higher than those reported for this species by Jacobson and
Whitford (1970) or for other species (see Dmi'el, 1971, for a review),
but the values reported here at 15OC are below those otherwise reported.
The linear relationship of mean low 902 to acclimation temperature found
in this study is in contrast to curvilinear relationships found for this

species and the garter snake, Thamnophis proximus (Jacobson and Whitford,

1970), for the gopher snake, Pituophis catenifer, (Greenwald, 1971), and

for the desert snake, Spalerosophis cliffordi, (Dmi'el and Borut, 1972).

In all these studies, however, a larger range of temperatures was
examined than was used in this study, and the animals were not acclimated
to each temperature used. The differences between the metabolic rates of
acclimated animals and unacclimated animals suggests a clockwise rotation

of metabolic rate with acclimation (type III, Prosser, 1973).

Energy production during activity

The initial burst of violent activity is the time of the greatest
lactate production in lizards (Bennett and Licht, 1972) and presumably
other reptiles. Where this initial violent activity is absent (e.g.
Masticophis, Gratz and Hutchison, 1976) lactate production is low. In

Natrix rhombifera the initial burst of activity is pronounced and the
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lactate levels achieved at 25°C, 1400 hrs and 35°C, 1400 hrs are among
the highest reported in reptiles (Bennett and Dawson, 1972; Bennett and
Licht, 1972).
The maximum aerobic scope of N. rhombifera is 179.5 ul 02 g-l h:t-1

at 3500, 1400 hrs, considerably less than the maximum values reported

for Pituophis (420 ml 0, g—i hr-l, Greenwald, 1971) or Spalerosophis
(265 p1 0, gt hr'l, Dmi'el and Borut, 1972) but higher than that of

Masticophis (159.8 pl 0, g ! trl, Gratz and Hutchison, 1976). As this

rate was usually achieved during the latter 5 min of activity, a time
when movements had become slow and labored and when some lactate
oxidation may have been occurring, the aerobic scope during maximum

activity 1s considerably less than this value.

Relative contributions of aerobiosis and anaerobiosis

Under all conditions studied, anaerobiosis was the primary source
of energy for activity, providing from 78.7 to 91.9% of the total ATP
generated above standard energy production (Table 2). Even these values
may be somewhat conservative as the high liver lactate values following
activity suggest that some of the increased oxygen consumption may be
due to lactate oxidation by the liver and thus would not contribute ATP
to the muscle. The greatest lactate production (1.81 mg g-l) occurred
at 25°C, 1400 hrs and is identical to the maximum lactate production of

1

Dipsosaurus dorsalis (1.82 mg g = at 40°C; Bennett and Dawson, 1972)

which has the highest lactate production of any lizard studied. The
highest aerobic capacity (18.79 ml 0, g-l) of Natrix also occurs at
2500, 1400 hrs but this is much lower than that of Dipsosaurus (Bennett

and Dawson, 1972) or the marine iguana, Amblyrhynchus cristatus
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(Bennett. Dawson and Bartholomew, 1975) and is roughly the same as
recorded for Masticophis (Gratz and Hutchison, 1976). Moreover, the
values for lizards are for two minutes while those for snakes are for
ten minutes of activity. The smaller size of Dipsosaurus contributes in

part to this difference, but the specimens of Amblyrhynchus used in the

above study were of the same general size as the snakes used in this
study. The lower aerobic capacity of snakes may be due to their lung
structure which for most species, including Natrix, is composed of a
small alveolar section approximately one-third of the total lung volume,
and a large, poorly vascularized air sac with little or no gas exchange
capacity (George and Shah, 1956, 1965; Brongersma, 1957; Kardong, 1972a
&b; McDonald, 1959). This reduced aerobic capacity is partially offset
by the greater efficiency of snake locomotion, less than half the
energy is required by a garter snake to move a given distance than by
a monitor lizard of the same size and moving at the same speed (Chodrow
and Taylor, 1973).

Aerobic and anaerobic capacity and aerobic scope all have a high
thermal dependance between 15°C and 25°C (QiO = 3,81, 1.87 and 2.27,
respectively) dbut not between 2500 and 35OC (Q1o =0.99, 0.95 and 1.10,

respectively). The mean body temperature of Natrix rhombifera measured

in the fleld is 27.46OC overall and 28.5100 for active individuals
(Preston, 1970). The range of all body temperatures is 19°¢ to 32°C.
Several lizards show a degree of thermal independance of various aspects
of metabolism at body temperatures near their activity range (Dawson,
1967, 1975; Bennett, 1972a; Moberly, 1968). Dmi'el and Borut (1972)

reported only a slight difference in the aerobic scope of Spalerosophis
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cliffordi from 25° to 40°C and Hoskins and Aleksiuk (1973b) reported
QiOs approaching 1.0 in the metabolic rate of tissues of the garter

snake, Thamnophis sirtalis parietalis, measured within the animal's

preferred body temperature range. Studies on the effect of temperature
on the kinetics of two metabolic enzymes of the garter snake indicate
that temperature dependant isoenzymes and positive thermal modulation
of enzyme activity may be the basis of the low QiOs in the animal's
activity range (Aleksiuk, 1971; Hoskins and Aleksiuk, 1973a). This
phenomenon may allow the animal to generate maximum energy for activity
over a wide range of environmental temperatures and thus obtain a degree
of metabolic homeostasis within its normal activity range (Dawson and
Bartholomew, 1956; Bennett, 1972a; Hoskins and Aleksiuk, 1973a & b).

At 2500, 2200 hrs there is a significant (P< 0.01) decrease in
total body lactate production but no significant change in aerobic
energy production (P< 0.50). Although diurnal variation in routine
metabolic rate (Roberts. 1968; Hutchison and Kohl, 1971; Turney and
Hutchison, 1974; Gratz and Hutchison, 1976), aerobic scope (Turney and
Hutchison, 19?4) and routine blood lactate levels (Hutchison and Turney,
1975) have been reported in ectotherms, this is the first indication

of diurnal variation in anaerobic energy production in an ectothermic

vertebrate.

Oxygen debt

The oxygen debt can be divided into an alactacid debt,
attributable to resynthesis of depleted high energy phosphates and
reoxygenation of respiratory pigments, and a lactacid debt, attributable

to the oxygen needed to provide energy for gluconeogenesis. In mammals
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roughly 80% of the lactate formed during activity is oxidized and 20%
is reconverted to glucose (Minaire, 1973). Oxidation may take place in
many organs, but the liver and kidney are the primary sites of
gluconeogenesis. Liver and possibly kidney oxidation of lactate is
accompanied by an increased oxygen uptake while oxidation by other
tissues is not, the lactate merely substituting for other substrates
(Knuttgen, 1971; Kramer, Driessen and Brechtelsbauer, 1971; Minaire,
1973).

Six moles of ATP are required to convert 2 moles of lactate to
1 mole of glucose via gluconeogenesis and 36 moles of ATP are produced
by the oxidation of two moles of lactate. Thus the oxidation of 14,3%
of the lactate formed would provide enough ATP to reconvert the
remaining 85.7% to glucose (0.143 x 36 = 0.857 x 6). The measured
oxygen debts would account for the oxidation of 13.8%, 12.6%, 22.8% and
8.2% of the lactate formed at 1500, 1400 hrs, 2500, 1400 hrs, 2500,
2200 hrs, and 3500, 1400 hrs respectively, assuming no alactacid debt.
A significant alactacid debt would reduce this figure somewhat but,
since some lactate is most 1likely oxidized in tissues not contributing
to the oxygen debt, lactate oxidation could account for most or all of
the energy needed for gluconeogenesis, It appears that only a minimum
of the lactate is oxidized and that the primary route of lactate removal
is by gluconeogenesis. Data on metabolite compartﬁentalization lend
further support to this hypothesis (see below). The low oxygen debt at
35°C may reflect a greater use of lactate as substrate for normal

energetics and a consequent lower level of gluconeogenesis.
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Total energy expenditure for activity

The total energy cost of actlivity must include both the energy
expended during activity and any energy utilized to restore metabolic
homeostasis, The former parameter has been calculated or estimated for
a number of reptiles (Moberly, 1968; Bennett, 1972a; Bennett and Dawson,
1972; Bennett and Licht, 1972; Gatten, 1974; Bennett, Dawson and
Bartholomew, 1975; Gratz and Hutchison, 1976). but the latter has gone
largely ignored. The cost of relieving the metabolic acidosis incurred
by the high lactate build-up and for restoring the depleted muscle
glycogen stores is a significant added energy cost to the animal and
must be accounted for in determinations of animal energy budgets. From
the evidence provided above, it appears that most of the oxygen debt is
due to lactate oxidation which occurs primarily in the liver and kidney
(Knuttgen, 1971; Kramer, Driessen and Brechtelsbauer, 1971; Minaire,
1973). The oxidation of a mole of lactate produces 18 moles ATP and has
a free energy change of -326 kcal (Hoch, 1971). These are equivalent to
0.268 millimoles ATP and -4.85 cal per ml 0, STPD of the oxygen debt
(Table 2). The sum of the values for the oxygen debt and for energy
utilization during activity represents the total energy cost of the

activity. This is presented for Natrix rhombifera in Fig. 4,

Metabollite compartmentalization

The decrease in muscle glycogen (Table 3) is more than adequate
to account for all of the muscle lactate formed at 2500. Moberly (1968)

noted the same to be true for lguana. In Iguana, however, blood glucose

did not change after activity while in Natrix blood glucose rose
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considerably. The duration of activity may explain the difference, as
Moberly stimulated Iguana for 2 - 3 min while Natrix was stimulated for
10 minutes. Hutchison and Turney (1975) provide convincing evidence that
the duration of activity influences blood glucose levels, There are
indications at both hours of stimulation of a decrease in liver glycogen
during the period of stimulation, although the differences noted are
not significant due to the high variability of this metabolite. This
initial drop, if real, may be the source of the initial rise in blood
glucose. Blood and liver lactate levels have risen considerably during
activity as perfusion of the muscle has carried some lactate to the
liver for oxidation or gluconeogenesis.

After activity, the first priority is that of restoring the
muscle to resting conditions. A large amount of lactate must be removed
and the depleted muscle glycogen must be restored. All of this is
accomplished within three hours after activity, approximately the time
for oxygen consumption to return to normal. It appears that lactate is
removed from the muscle and carried to the liver. As has been shown,
just enough lactate appears to be oxidized to provide the energy for
gluconeogenesis of the remainder, and the greatest degree of oxidation
occurs within the first 60 to 90 minutes of recovery. The initial
strategy appears to be both oxldation and gluconeogenesis to remove
lactate as quickly as possible. The glucose manufactured at this time
is returned to the blood, as evidenced by the continued rise in blood
glucose, and this is in turn carried to the muscle to replenish the
glycogen stores. The lack of any change in liver glycogen after activity
indicates that this organ does not contribute glucose for restoration

of muscle glycogen during recovery, as it does in some fishes (Black,
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Robertson and Parker, 1961). After three hours all the excess lactate
has been removed from the muscle and glycogen stores have been
replenished. The excess lactate is now stored in the blood, liver and
perhaps other organs. This lactate may be used as substrate by many
organs but the continued rise in blood glucose and muscle glycogen
indicates continued gluconeogenesis in the liver and subsequent glycogen
synthesis in the muscle, By 7 hr after activity all excess lactate has
disappeared and both blood glucose and muscle glycogen levels have
begun to decline.

This system is then quite different from that in fish where liver
glycogen contributes large amounts of glucose for muscle glycogen
restoration (Black, Robertson and Parker, 1961), the liver glycogen
being replenished at the next feeding. The long periods between
feedings in snakes may have necessitated this unique strategy which
places a high priority on gluconeogenesis to restore muscle glycogen

and thus spare liver glycogen for other needs.

Respiratory exchange ratio

Lactic acid entering the blood of mammals is buffered primarily
by the blcarbonate buffer system and results in an excess release of
C02 in the lungs (Masoro and Siegel, 1971). The increased R during the
first hour of recovery is undoubtedly due to this release of COZ'
However, several questions arise which will require further
investigation.

The decreased R during activity is due to a proportionately

greater increase in V02 than in Vcoz. Carbon dioxide release does not

begin to increase appreciably until approximately 10 minutes after
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activity, a time when blood lactate usually reaches its peak (Mobverly,
1968; Bennett, 1973). This is puzzling, since blood lactate has risen
considerably by the end of the activity period. Bennett (1973) provided
evidence that buffers other than bicarbonate and phosphate may be
important in regulating blood pH during metabolic acidosis in reptiles.

This may be particularly true in Natrix rhombifera whose blood

bicarbonate level is low compared to other reptiles (7 mM 1_1; Dessauer,
1970). The changes in R observed here suggest that the bicarbonate

buffer system of Natrix may only be used when blood lactate becomes

extremely high.

Bcological implications

The initial burst of violent twisting and thrashing during
stimulation is the time of greatest lactate production. The activity of
phosphofructokinase, the rate limiting enzyme of glycolysis, is much
greater in lizards than in the laboratory rat (Bemnett, 1972b). While
interpolation to all reptiles and wild mammals is hazardous, if valid
it would mean that a reptile can generate large amounts of energy
anaerobically at a more rapid rate than a mammal over a short period of
time. This power output may give the reptile a decided advantage in
short-lived encounters, and this could mean the difference between life
and death (Coulson and Hernandez, 1974). For any prolonged battle, the
low aerobic scope of most reptiles would put them at a decided
dlsadvantage.

Predator avoidance would seem to be the most likely situation
requiring maximum energy expenditure in the water snake. While a burst

of speed and a small struggle may also be necessary in subduing prey,
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Arderson (1975) and personal observations on wild and captive specimens
feeding on live fish did not show any intense activity. The most likely
predators on Natrix, at least in Oklahoma, are racoons, hawks, coyotes,
snapping turtles, predatory fish, other snakes, and, of course, man.
While no study of the responses of Natrix to a natural predator has been
made, personal observations made while capturing animals for this study
reveal the following:

When a snake is grasped, the response is an immediate, violent
twisting and thrashing of the entire body accompanied by vicious
striking and a coplous anal discharge. If the snake were being held in
the mouth of a predator, this behavior would result in the musk being
discharged directly into the eyes, nose and mouth of the predator. This
might well result in a momentary shock during which the violent
thrashing may be sufficient to break the snake free. Were this encounter
to take place under water, the animal would have to rely entirely on
anaerobiosis and a high anaerobic capacity would be essential for

survival.
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Table 1. Metabolic rate and routine metabolic scope (RMS) of the

Acclimation

Temperature

15%

25°C

35°¢C

are presented in ul g-l hrt sTED (%
X - 24 hrs
Vo, ﬁCOg R CIR Vo, - X Min
29.5 23.3 0.79 18.7
(+1.64, 219) (+2.87, 28)
5.28
155.9 124.8 0.80 133.5
(+b.77, 2LO) (+9.99, 20)
2.28
356.2 256.4 0.72 277.3

(+10.98, 235)

(+25.46, 18)

Time
(coT) voe - Max
2200-2400 45.6
(+9.26, 10)
0100-0200 211.1
(#37.75, 10)
1100-1200 485.6

{+54.10, 10)

Time
(coT)

1200

0800

0700

26.9

7.6

208.4

diamond-back water snake, Natrix rhombifera. Gas exchange rates
+ SE, N = animel hours).

Increase

x 2.k4

x 1.58

x 1.75

(49



Table 2. Energy budget for 10 minutes forced activity in the diamond-back water snake, Natrix rhombifera.

Acclimation Yield \ Recovery Oxygen Debt
Temperature Hour url—o— gt percent time r1 o, gt )
2 B 958
(°c) (coT) N Source (%+ SE) ug & lactate M ATP g1 contribution cal gl (atn #5B)  (%48E) matp gl car g7t
15% 1400 10 Aerodbic 4.9 - 1.42 8.0 0.03 153 100.9 27.04 0.49
(+1.42) (+23.8) (+26.8)
5  Anaerobic - 0.97 6.20 92.0 _0.25
Total 17.62 0.28
25% 1400 10 Aerobic 18.8 - 5.45 15.3 0.10 138 175.8 47,11 0.85
(+2.05) (#9.5)  (#20.5)
5  Anaerobic - 1.8 30.23 84,7 _0.47
Total 35.68 0.57
25% 2200 10 Aerobic 16.6 - 4.81 21.4 0.08 118 182.3 48,86 0.88
(12.42) (+18.8)  (+28.8)
5  Anaerobic - 1.06 172.70 78.6 _0.28
Total 22.51 0.36
35% 1400 10 Aerodic 18.4 - 5.3 15.6 0.09 59 108.0 28.95 0.52
(43.81) (#11.0)  (425.1)
5 Anaerobic - 1.73 28.89 8l .k _0.45

Total 34.23 0.54
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Table 3. Tissue metabolites (mean + SE, N = number of animals) in Natrix rhombifera: controls and

Time

(coT)

1400

2200

immediately after 10 min forced activity at 25°C. All values are presented as mg g

Experiment

control

activity

control

activity

wet weight or mg ml_1

Blood

4 3

Lactate

Glucose

0.15 0.09

(+0.02,14) (40.09,10) (+10.3,12)

0.702 1.08

(+0.13,5) (40.08,7)

0.23 0.07

(10.03,8) (+0.004,8)

0.52 1.15

(+0.04,5) (20.07,7)

plasma.

Liver
Glycogen Lactate
55.45 0.30

(+0.03,8)
Ly, 23 0.93
(17.6,7)  (40.58,7)
51.04 0.32
(+8.8,12)  (+40.03,9)
42,74 1.13
(x11.4,7)  (40.12,7)

Muscle
Glycogen Lactate
10.46 1.36
(+1.41,10) (+0.13,8)
3.93 3.03
(+0.94,7)  (40.12,6)
11.41 1,18
(+1.98,9) (40.10,9)
8.32 2.71
(+1.53,7)  (10.24,7)

1

tissue

Total Body

Lactate
0.34

(40.02,5)

2.15
(+0.06,5)

0.40
(£0.04,5)

1.46
(40.18,5)

e



FIGURE LEGENDS

Fig. 1. Diurnal cycles of oxygen consumption (half-shaded dots and
dotted line) and routine activity (closed dots and solid line) in the

diamond-back water snake, Natrix rhombifera, at three acclimation

temperatures., Hatched areas beneath graphs indicate scotophase. Each

point is the mean of 5 - 10 animals (8 - 12 determinations).

Fig. 2. The effect of temperature and hour of measurement on metabolic
scope for activity in N. rhombifera. Circle is routine Voz at hour
indicated, square is maximum &02 during activity and triangle is maximum
Qoz during recovery. Vertical line is one standard error of the mean.

1! srPD ama parentheses

Brackets indicate aerobic scope in ul 0, g
indicate the index of metabolic expansibility for each temperature and

hour.

Fig. 3. Tissue metabolite levels in N. rhombifera during recovery from
10 min forced activity at 25°C, 1400 hrs. C = control value; I =
immediately after activity, numbers represent hours of recovery. Each
point is the mean from 5 - 14 animals except for liver glycogen, the

last two data of which are based on three animals.

Fig. 4. Total energy cost of 10 min forced activity in N. rhombifera at

temperatures and hours indicated on the abcissa. Shaded areas represent
aerobic and anaerobic capacities and open areas the oxygen debt. Numbers
above each bar are the caloric equivalent (cal g-i) of the total energy

expenditure.
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APPENDIX I

Diurnal variation in oxygen consumption in the diamond-back water

snake, Natrix rhombifera. Gas volumes are presented as ul g—l hr

STPD.

Data correspond to those presented in Fig, 1., Each table is followed by

the results of a two-way analysis of variance performed on the data.

Following all tables are the results of the Duncan multiple range test.

To determine if any two hours are significantly different find the point
of intersection of the two hours. A blank indicates no difference, 5

indicates P< 0.05, 1 indicates P<0.01,

15°C Acclimation

Hour (CDT) Mean Vo,
0100 21.7
0200 27 .4
0300 32,0
0400 26.8
0500 23.5
0600 39.6
0700 25.5
0800 26.9
0900 31.2
1000 34.3
1100 37.2
1200 45,6
1300 36.2
1400 36.9
1500 32.0
1600 34,7
1700 31.6
1800 23.2
1900 22.4
2000 26.8
2100 36.1
2200 16.6
2300 22.1
2400 17.5

Source of Variation

Between snakes
Between hours
Brror

DF

9
23
207

Lo

N Standard Error

9 6.40

10 4.96

9 7.43

7 6.78

9 5.26

10 8.57

9 7.07

10 5.92

9 9.34

9 11.07

10 9.93

10 9.68

9 9.96

9 10.09

9 10.24

8 12.59

10 10.05

10 746

9 5.11

8 b.12

8 9.49

9 k.03

10 5.72

9 4.88

Mean Square F

6913.,012 24,16
512.628 1.79
286,080

P

0.001
0.05



Hour (CDT) Mean Vo,
0100 138.4
0200 128.6
0300 154 .4
0400 149.6
0500 178.1
0600 170.1
0700 181.7
0800 211.1
0900 169.3
1000 143.6
1100 139.5
1200 161.9
1300 149.7
1400 154.7
1500 138.1
1600 140.7
1700 148.6
1800 163.4
1900 159.5
2000 152.7
2100 138.4
2200 166.5
2300 152.9
2400 151.4

Source of Variation

Between snakes
Between hours
Error

41

25°C Acclimation

DF

23
207

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

Standard Brror

15.39
12.59
27.40
25.66
33.43
28.75
33.33
39.34
32.51
16.95
14,15
28.03
19.72
19.87
15.26
17.93
17.88
27.98
26.90
19.24
17.77
20.96
16.09
19.61

Mean Square

69427 .625
2927.000
2456094

F

28.27
1.19

P

0.001
ns



Hour (CDT) Mean ?02
0100 360.6
0200 307.6
0300 327.8
0400 331.3
0500 345,7
0600 Li15.9
0700 L85.6
0800 4h7.7
0900 4ok 4
1000 361.5
1100 282.3
1200 272.2
1300 383.0
1400 327.0
1500 345.6
1600 420.0
1700 382.1
1800 348.8
1900 345.8
2000 332.4
2100 310.0
2200 308.6
2300 335.9
2400 349.1

Source of Variation

Between Snakes
Between hours
Error

L2

35°C Acclimation

DF

23
184

N Standard Error
10 66.34
10 30.63
10 32.01
10 27.35
10 30.73
10 47.39
10 57.26
10 43.53
10 32.41
10 L1.04
9 32.45
9 78.02
9 75.73
9 77.65
10 92.75
10 70.28
10 58,60
10 57.22
10 L7.25
10 44 .85
10 33.64
10 46,03
10 69.91

Mean Square

210709. 500
28021.250
11109.590

F

18.97
2.52

P

0.001
0.005
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At 25°C the only significant differences are that oxygen consumption at 0800 is significantly
greater than that at 0100, 0200, 1500 and 2100 at the P<0.01 level, and greater than 0300, 0400,
1000, 1100, 1300, 1400, 1600, 1700, 2000, 2300 and 2400 at the P€ 0.05 level.

3500 Acclimation

2400
2300
2200
2100
2000
1900
1800
1700
1600
1500
1400
1300
1200
1100
1000
0900
0800
iR ke | 0700
0600
0500
0400
0300
0200
0100

0100
0200
0300
0400
0500
0600
0700 51 1 1 1 5 5 5 1
0800 55 5 5
0900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400

N = =\ n
W = =\
\n
wnnn

= n




APPENDIX II

Diurnal variation in routine activity in the diamond-back water

snake, Natrix rhombifera. Values presented are percent of total activity
and correspond to those presented in Fig. 1. The table of values is
followed by the results of the analyses of variance performed on the
arcsin transformed data and the results of the Duncan multiple range

test, also performed on the arcsin transformed data.

Acclimation temperature

15% 25% 35°
N =12 N=11 N =10
Time Mean Standard Mean Standard Mean Standard
(cpT) % error % error % Error
0100 0.0 0.0 0.9 0.45 0.8 0.35
0200 0.0 0.0 1.1 0.51 1.8 0.63
0300 0.0 0.0 2.1 1.30 3.4 0.97
0400 0.0 0.0 0.6 0.46 3.5 0.73
0500 0.8 0.83 0.7 0.35 4.8 1.40
0600 0.3 0.35 0.7 0.36 12.1 1.68
0700 9.4 4.,70 1.2 0.63 20.0 2.36
0800 8.3 3.64 1.1 0.50 16.3 1.80
0900 7.9 3.67 1.8 0.78 15.0 2.10
1000 5.2 2.01 3.2 0.92 8.5 1.27
1100 7.0 3.58 3.8 1.49 2.9 0.70
1200 9.7 L.u8 7.3 1.67 0.9 0.63
1300 2.8 1.92 7.8 3,36 0.02 0.02
1400 2.6 1.45 15.5 4,02 0.04 0.04
1500 2.1 1.48 10.3 3.46 0.1 0.07
1600 3.6 2.12 2.0 1.06 0.5 0.25
1700 7.2 L.76 5.1 1.35 0.3 0.19
1800 L.y 2.42 6.7 2.10 0.1 0.08
1900 24 .1 L.59 10.7 3.34 3.7 1.59
2000 4.3 2.33 3.1 1.32 1.1 0.37
2100 0.2 0.15 1.9 0.78 1.3 0.44
2200 0.0 0.0 2.8 0.92 0.7 0.25
2300 0.2 0.15 6.3 3.93 1.3 0.35
2400 0.0 0.0 1.9 0.59 0.8 0.34

-
W



Source of Variation

Between snakes
Between hours
Error

Source of Variation

Between snakes
Between hours
Error

Source of Variation

Between snakes
Between hours
Brror

L6

1500 Acclimation

DF Mean Square
11 22.473

23 hh5.918
253 8934 .688

25°C Acclimation

DF Mean Square
10 21.876
23 242,998
230 16224 ,988

35°C Acclimation

DF Mean Square
9 34.169
23 611.645

207 15.823

=

w o
ER

2.16
38.66

ns
0.001

ns
0.001

0.01
0.001



1500 Acclimation
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25°C Acclimation
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3500 Acclimation
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APPENDIX III

Oxygen consumption volumes <V02) and maximum sustained rates (002) during activity and recovery

from 10 minutes forced activity in the diamond-back water snake, Natrix rhombifera. Gas volumes are

presented as pl 0, g-l and rates as ul 0, g_l hr~

Acclimation
Temperature
and time of
measurement

(e}

15°C, 1400 hrs

25°C, 1400 hrs

25°C, 2200 hrs

35°C, 1400 hrs

Mean
Weight

(g)

694.6

642.9

590.0

210.9

Vo2 activity

4.9
(+1.42,10)

18.8
(+2.16,10)

16.6
(+2.54,11)

18.4
(43.81,10)

1

002 activity
108.5

(16.39,10)

317.7
(420.54,10)

309.9
(+1.67,11)

480.7
(+94.76,10)

Vo, recovery

2
100.9
(429.94,9)

175.8
(+20.47,10)

182.3
(#30.23,11)

108.0
(+25.11,9)

002 recovery

143.3
(420.45,9)

382.2
(432.23,10)

361.8
(436.22,11)

493,2
(93.92,9)

STPD, mean + Standard error, N = animal hours.

Recovery
time
(min)

153.2
(426.6,9)

137.8
(420.6,10)

117.8
(+#19.7,11)

58.8
(411.6,9)



APPENDIX IV

Metabolite concentrations before, immediately after and during
recovery from 10 min forced activity at 2500, 1400 hrs in the diamond-

back water snake, Natrix rhombifera. For each metabolite, the data summary

is followes by the results of the analysis of variance and the Duncan
multiple range test performed on the data. Signigicance levels are prese

presented as: blank = no significance; 5 = P<0.05; 1 = P<0.01.

Blood Glucose

Time Mean Sample Standard
(coT) (mg ml_l) size Error
Control (C) 0.15 14 0.02
Immediately after (I) 0.70 5 0.12
1 hour of recovery 0.79 5 0.10
3 hours of recovery 1.16 6 0.10
5 hours of recovery 1.25 6 0.10
7 hours of recovery 1.11 5 0.17
Source of variation DF Mean Square F P
Between samples 5 16476.86 36.81 0.001
Within samples 34 Lh7.57
Total 39
Time c I 1 3 5 Yd
7 1 1 5
5 1 1 1
3 1 1 5
1 1
I 1
c

51
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Blood Lactate

Time Mean Sample Standard
(cpT) (mg ml-l) size error
Control (C) 0.09 10 0.02
Immediately after (I) 1.08 7 0.08
1 hour of recovery 1.46 5 0.06
3 hours of recovery 0.99 6 0.10
5 hours of recovery 0.48 6 0.08
7 hours of recovery 0.05 5 0.02
Source of variation DF Mean Square F P
Between samples 5 19381.13 71.58  0.001
Within samples 32 270.75
Total 37
Time c I 1 7
7 1 1 1
1
1

Q H=H = W \»n
N
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Liver Glycogen

Time Mean Sample Standard
(cpT) (mg g-i) size error
Control (C) 55.45 12 7.31
Immediately after (I) Ll 23 7 7.01
1 hour of recovery Wiy, 62 5 5.86
3 hours of recovery 46,23 3 10.92
5 hours of recovery x* X X
7 hours of recovery 52.53 3 10.89

* no data for this hour

Source of variation DF Mean Square F P
Between samples 4 1608138.00 0.36 ns
Within samples 24 4451707.00
Total 28

The Duncan multiple range test showed no hours to be significantly

different from any others.



Liver Lactate

Time Mean Sample Standard
(cpT) (mg g-l) size error
Control (C) 0.30 8 0.03
Immediately after (I) 0.93 7 0.06
1 hour of recovery 1.20 5 0.11
3 hours of recovery 0.81 6 0.07
5 hours of recovery 0.46 6 0.08
7 hours of recovery 0.34 5 0.04
Source of variation DF Mean Square F P
Between samples 5 7181.59 29.40 0.001
Within samples 30 244 24
Total 35
Time c I 1 3 5 7
7 1 1 1
1 1 1
1

Q H = W \\n
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Muscle Glycogen

Time Mean Sample Standard
(cot) (mg g_l) size error
Control (C) 10.5 10 1.41
Immediately after (I) 3.9 7 0.94
1 hour of recovery 6.8 5 1.70
3 hours of recovery 8.4 5 2.21
5 hours of recovery 14.8 6 1.51
7 hours of recovery 13.5 5 2.56
Source of variation DF Mean Square F P
Between samples 5 990760.19 5.61 0.001
Within samples 31 176559.69
Total 36
Time c I 1 3 5 7
7 1 5
1 1 5

Q H = W \Un




Time
(coT)

Control (C)
Immediately after (I)
1 hour of recovery

3 hours of recovery
5 hours of recovery

7 hours of recovery

Source of variation

Between samples
Within samples
Total

Time C

56

Muscle Lactate

Mean
(ng 1)

1.36
3.10
2.48
1.43
1.20
1.34

DF

29

Sample

size

wm O O U O

Mean Square

38194.16
1075.44

Standard

erroxr

F

35.52

Q H = W U N

N = = -

0.13
0.11
0.21
0.16
0.12
0.13

P

0.001
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Total Body Lactate

Time Mean Sample

(coT) (mg g-l) size
Control (C) 0.34 5
Immediately after (I) 2.15 5
1 hour of recovery 1.29 5
3 hours of recovery 0.87 5
5 hours of recovery 0.44 5

Source of varlation DF Mean Square
Between samples 4 27084.20
Within samples 20 453.58

Total 2l
Time c I 3 5
5 1

QA H = W

Standard

error

0.02
0.06
0.13
0.14
0.07

F

59.71

0.001



APFENDIX V

Results of the regression analysis of "standard" metabolic rate

vs acclimation temperature in the diamond-back water snake, N. rhombifera.

Acclimation Mean 002 Standard
Temperature N (m1 g-l hr-l) error
15°C 28 18.7 2.87
25°c 20 133.5 9.99
35°%C 18 277.3 25.46
Regression equation : 002 = 12.11044 Taccl 166.5509

95% confidence limits of the slope are: 3.7655 and 20.4553

Analysis of variance

Source of variation DF Mean Square F P
Groups 2 327172.4375 100.18 0.001
linear 1 652427 .3125 340.23 0.05
deviations 1 1917.6250 0.59 ns
Error 63 3265.8569
Total 65
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