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INTRODUCTEION

The measurement of body temperature is unique in that
it 18 & dynamic measurement of the oxidative processes
occurring in the body. Although most investigators agree on
the importence of messuring body tempersture, there seemsg Lo
be littie sgreement on how this measurement should be mads.
King and Farner (1961), suggest that avian body temperature
should be measured in the darkness in a post-absorptive

State, and from the c¢loaca, proventriculus, or pectoral

muscles. The author believes that avian tempersture is best

monitored ﬁith-minim&m‘physiologicai and behavioral disturm
bances and for periods of at least 24 hours so that the datﬁ
obtained may represant a more complete pattern of normal body
temperature and not sn isolated event.

Activity levels, when consldered in relation to body

-temperature, can be used as an Index of possible lncrease or

decrease in temperature caused by variation in muscular heat
production. Variation in known actiﬁity levels may then be
considered as an indicabion of pnysiological stress or
behavioral abnormalities that afise owing to imposed
experimental conditions.

| The object of this study was to determine the normal

thermorégulatory petterns of zebra finches (Poephilia guttata)

in as near a normal physioldgical and behaviorsl staite as

poesible. Surface body temperature and lsvel of activity




were the two primary charmnels of information. Redio-
biotelemetry allowed the reduction of external disturbance

during long periods of continuous recording.




METHODS AND MATERTALS

Zebra finches are small Australian grass finches of
the family Floceldae. Zebra finches are describved in nature

by Immelmann (1965), as being ubiguitous Australian grass
finches whose reproductivé cyele is keyed to: the rainy
seasons of the Ausftralian savannah;. Zebrs [inches have been
“imported into the United States as an aviary bird, and have
become & faverite cf aviculturists as well as biqlcgists.
There are several characteristics which make zébra
finchas a.desirab1e test species. They are sexually dimophiﬁ_

and exhibit a generation time of 30 days when maintained in

small flights (3! X 2' X 2') with adequate food and wat

ol

v,
and near optimum temperature., DBreeding will continue
throughout the year with an average clutch size of four eggs,
incubation period of 13 days, end fledging period of 1% days.
Commercial finch seed with an occasional lettuce supplement
meets the feeding requirements even during the repfoductiVe
periods. The fledglings cumplete juvenile molt and reach
faproéuctiﬁe readiness within 20-h0 days.

A flock of LC zebra finches was raised by the author
over z perlod of one and a half years. &1l finches when
first obtalned were weighed 1in a covered bdx to reduce
struggling, banded, and paired. The palr was then placed
indoors in a cage with the dimensions of 3' X 2' X 2! (the

minimum flight for optimum breeding). Each cage contained a




nest box and nesting materials in the form ofrdried grass.
A finch seed mixture of millet and Indian hemp comprised the
primary food scurce. Supplements of lettucé, calcium in the
form of egg shells, and cod livsr oil mixed directly mith the
seed, were given at regular intervals. Under these conditions
all but three cof the tﬁenty pair were successfﬁl In reising =
clutch of fledglings.

During the year preceding the experiment a record of .
breeding attempts and successes was kept; so that data on
each pair had been gathered prior to their being used

experimentally., . Beshavioral observations were made and normal

- activities such as preening, glesning, and perch exchange

were observed and compared with the findings of Morris (i@Su).

The most desirable method for obtaining continuous
body temperature from the finches was determined to be radio-
biotelemetry. Other techniques of temperature measurement
were discarded due to the stress of restriction'(Seyle 1950},
the small size of the birds, and artifacts introduced by |
handling. |

The skin of the dorsal feather tract was chosen as the
area where body temperature would be measured. Steen and
Engef (1957) suggested that surgical implantation in areas
~such as the pectoral muscles is most desirable for core
temperature. However, the surglical procedures invelved in

placing a thermistor bead in the pectoral muscles of a bird
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with an - average body welght of 13 grams werse considered too
extreme for the limited benefits. Therefors, the dorsal
feather tract was chosen because the surface Llenperature in
feathered areas of small birds only varies slightly Trom core
temperature (King and Farner 1961, Bartholomew and Dawson
19542 and 195L4b, Irving snd Xrog 1955).

o Various harnessing téchniques were explored in an
attempt to minimize disturbance during flying and perching.
Cloth harnesseé were judged inefficient because they added -
excess weight, became caught while flying, and came off
easily. & simple techniqué cf gluing the transmitters to
‘the dorsal feathef tract was edopteu,

Test birds and controls were caught séparately and
placed under light Melaphane anesthetic. Metaphane
(methoxyflurane)_from Pitman-Moore, Inc. was chosen because -
it is an inhalent which when administered in small gquanities
wlll place the bilrd in é surglcal plane of anestﬁesia for |
10-15 minutes.

The finches were placed in an air tight container
containing a pilece of cotten soaked in Metaphane. The
container was consiructed of polyethylene and was 3% inches
in dismeter, thereby preventing flight. Zebra finches seem.
to exhibit three planes of anestheslia. Under light
anesthesia the partial loss of palpebral, cornesl, and cere

reflexss without the loss of pedal and flight abllity, so




that. & bird escaping in this plane tended %o fly at top
speed directly into a wall or other obstacle. The second
plane involved the loss of all reflexes, labored respiration,
snd shivering. In the third plane no respiraticn is evident
and both body temperature and ratlio of Metaphane to oxygen
nust be wetched very cafefullye

The birds were allowed to go into the seccond plans of
anesthesia and then remcved from the anesthetizing container,
The wings were extended and taped-down exposing the dorsal
pterylae; Using fine forceps and a posterilor pulling action
the feathers wafe'femoved one at a time from the anterior
5 of an inch of the dorsal feather tract. Hemorrhage, when
.it did occur, was controlled by silver nitrate stleks.

When the plucking was completed, the finches were

[0}

transferred to a recovery chamber. The chamber-wa
constrgcted of plexi~glass pipe elght inches in diameter with
the walls lined with foam rubber. A cbnstant flow of éxygen
was edministered and the temperature of the chsamber main-
tained at 38-40° C until all reflexes returned. The birds
were then placed back in their cages and otserved for 30
minutes vo verify full recovery.

Twenty-four hours were ailowed for the skin of the
dorsal feather tract to recover and t§ lose the extrems
sensitivity present immediately after plucking. At this time

the birds were again placed under light Metaphane anesthetic

UL
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-and the. transmitter fastened to the back by Fastman 910
surgical adhesive (mono-2~cyencacrylate monomer). An équal
number of birds were subject to the same procedure except no
transmitter was fastened to the back and a thin layer of
Bestman 910 was applled to the exposed feather tract to check
any effects of”the anesthetlic, handling, amd/or giue. Test
runs orn the experimental animals were not begun until six
hours after harnessing was completed to asszure proper
transmitter placement and adjustment. .. |

The transmitter used (Spencer 1968) employs a Hartley
blockimg oscillator with a currenﬁ drain of 0.2 milliampers
from a 1.5 volt {EM 312) battery. This combinaﬁioh_of
Characteristice provides a temperature sensitive transmitier
weighing 1.5 grams with a range of three meters and a life of
up to 30 days. Pigure l., shows the transmitter assembled
inside the coil before putting in beeswsx. The finished
:tranSMiftef was then activated and left running for a week
in order to age the components and avoid response alterations
due to aging during the test run.

The original transmitter design was used, however,
several alterations were made in the construction to custom
fit the transmitter to experimental needs (Figure 2). The
coils were randomly wound on a 7/16 inch plastic coil forms
using #38 wire were fixed with Q-Dope. Numerous frequencies

may be obtalined by placing ferrite chips next to the coll or
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FIGURE 2

Thermally Stable temperature transmitter
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creducing the numbers of winds. The latter technique was
used to produce a male freguency of 90 KHz by winding Llﬂ 30
turng and L= 13 turns, snd a female frequency of 120 Kilz by
winding le 25 turns and Lgx_B'turns. The smell diamster of
the wire necessitates the use of Strip-~Vare insulation
remover {(Walsco Electronics). After the entire process the
finished product was checked.feor possible short circuiﬁs
uﬁder a dissecting microscope.

The need for quality in miero-minature. components can.
not be over stressed. In this appiicatlon, all components
had a tolerance of 5% or‘less.‘ Components which de not meet
these requirements may notlprovide the constant 1eve1 of
reaponse required in research spplications.

The HPN transistor used is a micro-tab I[26-E6 made by
General Electric and chosen for thermal stability, low base
leakage current, and small size. R, of the RC pulsing
circuit is & 1X 1/8 watt Allen-Bradley resistor with a low
fallure rate. The electrolytic Cl is a 001 MFD'tantalum
sub-miniature from Components Inc. of Biddleford, Maine. In
the original design € was 1 MFD, making the pulse interval
large snd the pulsing frequency small, The temperature
monitored was broken into.frequency units from 1-100 pulses
per second over a temperature range of 250 ¢ to MOQ C. The

alteration of this éapacitance to .00L/MFD made the pulse

interval very small (.0005 milliseconds) and the frequency of

(R
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pulsing very large. Over the ssme femperature range the
fregquency was now 2 X 103—20 X 103 pulses per second which
greatly decreased error due to ocutside interference.
Capacitances CZ and C3 were obtalned as .00l MFD chips from
Monolithic Dilelectrics, Inc. A Yellow Springs Instrument Co.
precision 300 K (at 250 C) thermistor bead was used as Ry .
The power source was a RM 312 battery chosen for its small
éize, ne fade characteristics, and superior operating life

as compared to the much smaller RM 212.. All components are

- glued to the inside of the transmitting coll and soldered

with a-10 watt miniature soldering iron. The battery is

- stbtached by its circult connectlions %o the outside of the

transmitting coll and the entire transmitter is potted in

beeswax.

The transmitiers were calibrated in a constantly
stirred oil bath while the temperature was raised and lowered
in D.SO ¢ increments from 30° C to 40° C, ‘ihe freguency
changes were recorded by tape recorder with the footage mark
and corresponding temperature recorded, Each transmitter was

monitored every‘OQSO C up and down from 30° € to LO® C twice.

The calibration recordings were played into a frequency

éo&nter and. the frequencies recorded at every indicated
foctage mark. Therefore, every 0.5° C from 30° C to 40° C
had four correspondiné frequency values. A calibration graﬁh
for each iransmitter was formed from these values by linear

regressional analysis of individual_Zo C segments,
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Data collection Trom the harnessed birds was. initially
hindsred by electromagnetic noise sourceg common in an
unshkielded bullding. A Faraday Cage (Bures; Petran,-and
Zachar.lgé?) was constructed to shield the receivers from
unwanted electrical phenomena. A Faraday Cage acts aé a
large screen receilver which receive5 electromagnetic waves .
and shunts them to ground., The cage {Figure 3) was constructed
of unancdized aluminium écreening (6* X I1¥ X L') entirely
bolted together with the front Ssction mevable in tracks; the
floor was particle board to avoid damage to the base screen.
One coerner of ﬁhe cage was completely-fused together by
soldering and grounded. Only one ccorner must be grounded so
that & ground loop is not formed. The resuli was a 90%
reduction in all types of electromagnetic interference.

The cages for the test birds were all constructed of
fiber giass screening with plexi-glass doors. Metal
screening was .ot used, because 1t would have created a small
Faraday Cage of the type described above which would shileld
transmissions from the recelvers placed around the.outside of
the cage.

The recelvers were commercial Panasonic AM-FM
transistor radios operated from an AC powér supply. The
receivers were chosen for their response to. the transmitiers
(MacKay 1968). Line interference in the form of back-up
voltages waé controlled by Miller Capacity Line Fiiters 7816,

The received signal wos transmitted from the receivers using




(A) Method of photo-
graphing integrated -

 temperature | FARADAY CAGE
(B) Method of frequency e T FIGURE 3
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Taperecorder
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the ear phone plug as an‘outpuﬁ,

Although the Faraéay Cage was very effective in
shielding out interference, low level noise was detected in
signale coming from the receivers. Therefore, the signals
transmitted from the males and females that were plcked up by
.the recaivér-we?e half-wave rectified and sent throvgh Schmitt
Triggers (Figure 31 {Malmstadt and Enke 1969) made from RCA
C4 3001% micro-ldgip integrated clircuits.and preceded by a
diode. Both'Schmiﬁt Triggers were set to Cire above the level
of nolse present In the system, acting as high band-pass |
filters o eliminate low level nolse.

The resuliting signals were simultansously recorded on
a Sqmy_Quadradial Tape recorder model 709240, The only
interference at this point was sixty cycle interference and
AC line back up which was eliminatéd by the application of a
Miller 7815 line filtero. The signals were recorded on Scotch
| Brand 290 half mill taps at 3 3/L ips (low speed) so that
sixteen hours of information could be recerded on the four
channels of a single tepe. The use of a tape recorder that
directly records and stores en exact replica of the original
electromagnetic event gave time during the test run to
concentrate on dabta collection. The half mill tape proved
highly useful for long periods of.unattended recording;
however, accidental stretching was not uncommon and ruined

the tape for further use,
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This modsl tape recorder proved to be idesl for
recérding bio-potentials., Tests showed & very low degree of
"wow" and "flutter®, thereby glving a near perfect repro-
duction of the recorded signals, The TC=9540 also has the
. feature of lecking an intérnal audio monitor, which is often
a source ef interference,

Data recovery time regqulired one fourth the recording
time because each tape was recorded at 3 3/L ips (low speed)
and played back at 15 ips (high speed}. Three channels of
infermation were taken from the recording, surface bédy
temperature, activity levels; and subile temperature change.
Tiie tape recorded informatlion was shown by oscllloscope
Snalysis £o contain some aberrations in amplitude and
duration of palse. |

Therefore, the recdrdéd daﬁa was played through
monostable multivibrators made from Faibchild microlegic
circuit PGS 914 (Malmstadt, Enke, and Toren 1963). The
monostable multivibrators produced a pﬁlée of constant
amplitude and duraticn which could be counted or integrated
with a minimum of error,

The pattern of temperatﬁre change wés displayed by the
method marked (A) in Figure 3. Recordings of periods of
temperature transition were played through a monostable
multivibrator into a simple electrical integrator, Figure L
(Runion 1970 personnal ccmmunication); The pulse information

wes electrically summed, amplified by the oscilloscope to the
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FIGURE L

Electrical integrator. (Runion,‘H.I., 1970, Personnal
_ Correspondence) .

o'V, (-OV)

2R1381
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R_.= 820 ohms 20 MFD electrolytic

3 ' 1
Transistor = 2N1381 or equivalent

Battery = 9 volts
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CRT screen, and the temperature change photographed. The
integrated fre@uency of the temperature before the change
occurred wes set as the base line from which increase or
decrease could be observed. TFerlods of rapid temperature
change noted in general data recovery were investigeted in
this manner.

A1l recorded temperature information was played ithrough
the channel marked (B) in Figure 3. The information was
transmitted through a monostable multivibrator into éhe-
digital freguency counter indicated by arrow_(z)_in Figure 3.
The Hewliti Packard model’SBEB Liiectronic Frequencﬁ Counter
was sel to display the_numbsr of pulses per second. Data was
recorded as ths number of pulses per second and sampled every
eighty feet as indicated on the fcotlage meter. Fortyrsampleé
were taken over a three hour periqd‘so that a temperature
readihg wés obtained every 1.5 minutes,; for each test run.
The data was read off the digital light display as crude
frequency and converted to equi#alent temperatures from the
transmitier calibration grarhs.

While two channels were being sempled for frequency
information the other two channels were‘being played into the
Grass Model 7B Osdillograph. The transmitting coil‘of the
temperature transmitters when changed in orientation to the.
ferrite bar antenna of the receivers caused a brief null in
the received signal, The nﬁlls recorded were due to the

inebility of the receiver to adjust to gquick changes in the




18
transmitting coil due to flight of the bird. The signsl .
played inte the Grass oscillograph was amplified and

integrated on polygraph paper. The null transmissions caussd

high amplitude deflections of the pen, thereby graphing out
an activity level for the recorded pericd, see Figure 5. The

actlvity level recordings were analyzed by msking a count of

the number of columns containing one or more null deflections.

Figufe 5 shows a recording made from three to six ofclock in
the morning. The first part of the graph has no null.
deflections and indicates’a period of very low activityg

null defiecticns begin as the birds leave the nest at sunrise.




FIGURE 5

Osc1llographlc recordings of male and female (zebra finch) act1v1ty lavels
betwsen 3 AM and & AM during run 3 .
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Lower trace: Female
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RESULIS

Fourteen birds were monitored during seven test runs
(Table 1). 60L hours of temperature and activity data were
collected on both male and female finches. Room Lermperaiture
was meintained at approximetely 21° € and the naturai
photoperiod was reccrded for each test rum. Definite
paﬁterns of ‘activity and thermoregulation were apparent
throughout all test runs.

Activity levels were plotted as the number of null
deflections against time. Activity levels for all finches
tested are plotted in Figure 60. All recorded activity could
be put on to & single graph because of the consigtent
repetition of iLhis pattern. The finches are completsly
inactive during the night and'the only recorded movemeﬁts
were movements in the nest box. Although ten or less
.deflections were consldered to be an indicaﬁion of the lowest
possible activity level, most night time recordings showed
no nullis at all., Transition periods occurred at sunrise and
sunset s Morning aétivity was begun as the birds first left

the nest {Figure 5), so that the level of activiiy rose very

quickly during this period. Sunset was asccompanied by slowly

decreasing numbers of flights, until the male and female
entered the nest box feor the night., The recorded pattern of
activity for this period was the reverse of Figure S.

Daytime sctivity levels fluctuated around a mean of fifty




TABLE 1

TOTAL BECORDED HOURS'OF SURFACE BODY TEMPWRATURE

AND ACTIVITY LEVELS

FEMALE ZbBRA FINCHES

OF MALE AND

Total Becorded

Total Hecorded Hours

Natural
Test Run Sex Hours of Activity cf Temperature Photoperiod Temperature O¢
1 Male 46 0 11 hours of o o
Female 18 s ' light 21 C=22"C .
2 Male IS} L8 11 hours of o o
Female L8 18 light 20 C=227C
3 Male Eg' Bh 12 hours of o
Female Sh Sl light  20%-227¢
L Male 2l 2l 12 hours of - o
Female 2h 2l light 20 C-22 C
5 Male 2l 2l 12 hours of o
Female 2L 2l light 20 C-227¢
) ‘Male 56 56 12 hours of o o
Female 56 56 light 20 C=22°C
7 Male 118 18 12 hours of o
Female 18 18 1ight 19%¢-23°¢
Total 60l 6500

i

s
-
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nulls as shown ln Graph I. No periods of complete inactivity
during the daytime were recorded. The circadian activity
- levels Indiecated in this speciés sre those of a typlcal
diurnal bird, {Palmgren 1949) with activity levels beginning
with Clrat light and ending at dark.

Figure 7. 1s the surface body temperatbure 6f a male
fineh taken during 5L hours of continuous recording. The
thermoregulatory phenomena has been graphed in three hour
blocks To illustrate the general pattern of circadisn
'temperature changes. The temperatures of the male. during
this Pun change around two periloeds of the day. The highest-
mean temperature ogcurs between 3 PM to 6 PM, after which the

2
L

temperature steadily declines. The lowest mean temperaturs
is tetween 12 AM to 3 AM. The differences between the high
diurpal and low nocturnal temperatures were found to-be
statistically significant at the 0,05 level when tested by
student's t-test.

The female surface temperature (Figure 8) taken
simultaneously with the male exactlj follows the pattern
recorded for the male (Figure 7). Both male and female
graphs represent the temperature transition times charac-
teristic of the temperature cycle. In early mofning
(6 AM to 10 AM) there is a temperature rise from the low
nocturnal temperatures to a period of high diurnal

temperatures (10 AM to 6 PM), In the evening a temperature

drop occurs between 6 PM and until 10 PM.




REN 3 MALE !

| 369?2369%2369123
69]2AM i AW PM

FIGURE 7
Surface body temperature of a male zebra finch during run 3. Solid hlack
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Figures 9 and 10 (Run 5) illustrate the transition
period beginning in early evening. Recordings were made from
male and femsle Tinches from.é PM to 6 AM on two. consecutive
nights. The nocturnal temperature lows for_both sexes are
recorded between 12 AM and 3 AM just as ih run three. The
differences between the diurnal and nocturnal temperature
means are L.6° ¢ and 1.5° ¢ for the males during run five and
1.75° C and 1.7° ¢ for the mele in run three (Figure 7).

The female (Figure 10) exhibits the same pattern as in
Figures 7, 8 and 9 as well as high and low temperature means
of 1.65° ¢ end 1.6° C. The paﬁtern of surface Lemperature
change was the same throﬁgh all the test runs with the
diffef@ncés betwsen male and female thermoregulsatory rhythms
and levels determined not to be significantly different at
0.05 level when tested with student's t-test.

Run six (Figures 11 and 12) illustrates the
characteristic pattern observed in all seven test runs. The
data were recorded contihucusly for 56 hours and graphed in
two hour blocks. The complete thérmcregulatory.cycle ia
completed twice in this run, Pericds of high dlurnsal
temperature previously described are isolated into the time
| block b PM to 6 PM, The nocturnai lows are recorded between
12 AM and lj AM. The male and female body temperature
patterns are approximately the same varylng only slightly in

magnitude.
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DISCUSSICHN

The cheracteristic pattern of surface body temperature
in the zabré finech 1= a circadian cycle changing an aversage S
of 1.6° C between nocturnal lows and diurnal highs., The -
periocd of highest mezan tsmperaturé occurs from 3 PM to 6 PM.
The Xowest temperature mean is from 12 AM to 3 AM during the
nocturnal low level of activity. There appears Lo be no
significant difference between male and female thermo- A
regulatory cycles,

Circadian temperavure cycles have been reported in the
literature for several different species of birds
{ Bartholomew, and Cade 1957, Bartholomew and Dawson 1958, and
Dawson 1958). Although there is nothing in the literature‘
concerning thermoregulatory cycles in 01ld World. Floceid
finches, Dawson (1954 and 1958) has described nocturnal low

“temperatures and diurnal high temperatures in several

species of Fringillidae., The phenomena is not & new concept
but one which is not fully explained.

Zebra finches, with average weights of 13 grams and
high metabollc rates, must combat a high surface to volume

~ratio (Zeuthen 1953 and Kleiber 191,7), in order to conserve N

energy. Zebra finches in the wild are subject to the

Australian drought and the low nocturnal temperatures
typical of a desert environment. These conditions would

seem to point to the need for a mechanism for the conservation
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of energy.

Inactivity during periods of darkness is a comnon
method of energy conservation for most animals. A high-level
of activity is costly in that muscular heat production
requires the use of metabolic stores. The high periocds of
temperature during 3 P¥M to 6 PM were not associated with

higher levels of activity in this experiment.  Therefore,
- the teﬁperature increase was not due to mﬁscular hest
production but some other factor,  Similar tempersture

‘phencmena occurs in the ruby-throated hummingbird, Archilochus

colubris, (Pearscn 1953} where the metabolic rate of the
hummingbird reaches its maximum between 5 PM and 6 PM.  Also

Gambei‘guail (Lophortyn gambeliil) exhibit a period of high

temperature just before 6 PM {Woodard and Mather 1964L). King
and Farner {1961) state that the measurement of avian body
temperature in the absorptive state will be.higher than normal
because of chemical thermogenesis. Zebra finches feed in the
late afterncon at a time of little increase in activity but
of a predictable lncrease in surface body temperature.due to
digestion. Although no explanation is provided for the
increase in temperature before nocturnal quiescence in either
Gambel quail or ruby—throated hummiﬁgbird it is suggested
here that it is a similar phenomena to that occurring in
zebra flinches.

Torpidity in birds has been described for the white-

throated swift, Anna hummingbird; and poor-will { Bartholomew,
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Howell, and Cade 1957). These birds have adepted to. pericds
of low ambient temperature and lack of food by drepping core
body temperature, dscrsasing oxygen consumption, and'slowing
heart rate (Bartholomew, Hudson, and Howell 1962). Torpidity
‘is used as a method of energy conservation during periods
when the cost of malntaining nbrmal body temperature would
be too great.'lNocturnal hypothermia and low levels of
activity shéwn for the zebra finch in this experiﬁent are
mechanisms for energy conservation which are not unlike the

rmore marked states of torpildity described above.




SUMMARY

The consistent circadian thermcregulatory cycle of

zebra finches (Poepghilis gutiata) was measured by radio-

biotelemetry while the birds were kept at optimum conditions.
=It wag fonnd that zebra finches exhiblt maximum body
temperaturea between 3 PM and 6 PM, and minimum body
temperatures between 12 AM and 3 AM with an average variation
of 1.6° C.. The circadian thermoregulatory cycles corresponded
with high diﬁrnal and low nocturnal activity leveis,

The importance of obtaiﬁing.information on complete

body ﬁemperatufe cycles instead of on an isolated event is

mandatory for a full understanding of normal thermoregulatoery

patterns and alterstions in those patterns. Further investi-
gations using the data presented above as a normal, and then
varying some condition {(food, water, or ambient temperature)
would, in the author's opinion, show = previously unsuspected
ability of zebra finéhes to conserve energy through nocturnal

hypotherria and lowered levels of activity.
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