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THERMOREGULATION IN THE HANFORD, WASHINGTON

ELK HERD
Abstract

by Stephen E. Petron, Ph.D.

Washington State University
May 1987

Chair: Frederick F. Gilbert
Body temperature {(Ty) rhythms in 5 wild elk {Cervus

eiaphus nelsoni} were monitored with radio-telemetry in the

semi-arid shrub-steppe of south-—central Washington., Overall
mean T, equaled 38.4 °C during both summer and winter.

Average diurnal Ty variation was 1.1 + 8.1 (SE) °C during
summer and 8.6 + 6.1 {SE} °C during winéero Mean minimum
temperature occurred 6 h after sunrise during both sunmmer {+ 2
SE} and winter (+ 1 S8E}. Mean maximum temperature occurred 17
+ 1 {8E}) h after sunrise during summer and 15 + 1 {SE} h after
sunrise during winter.

Water content in elk forage decreased from 76% in April
to 18% in July. Water dynamics in penned elk were determined
using the tritiated water dilution technique. Penned elk used
an estimated 4.6 kg H,0/{188 kg body weight)/day during spring
and used an estimated 18.6 kg H,0/{128 kg body weight)/day
during summer,

Thermoregulation was studied in elk using implanted

sensors and radlo-telemetry. Summer subcutaneocus
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temperatures increased linearly with operative temperatures up
to, but not above 38 °C. Winter subcutaneous temperatures
were not correlated to operative temperatures and were
maintained 1 °C below body temperature in noenbreeding bulls
and vows. Body temperature was independent of operative
temperature during both winter and summer. Elk preferred

sagebrush {Artemisia tridentata) as bedding habitat during

b@th!winte: {73%) and summer {6%%}. Elk positioned themselves
in the shade more often during summer {53%) than during winter
{27%} suggesting that sagebrush was used for concealment
during winter and for thermal cover and concealment during

SURHREY .
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Figure Page

%. Percentages of thermeregulatory behaviors in 12 74
radictelemetered wild elk on the Arid Lands
Ercology Reserve. Behavior classes are: 1 = winter
habitats used for bedding; 2 = summeyr habitats used
for bedding; 3 = solar exposure during winter when
bedded in all habitats when sunshine was available
{daylight and not overcast); 4 = gplar exposure
during summer when bedded in all habitats when
sunshine was available; 5 = solar exposure during
winter when bedded in sagebrush when sunshine was
available; & = solar exposure during summer when
bedded in sagebrush when sunshine was available;
7 = solar exposure during summer when bedded in
sagebrush when sunshine was available when sun
elevation was below 68 degrees; and 8 = sclar
exposure during summer when bedded in sage brush
when sunshine was availeble when sun elevation
was above 68 degrees. Numbers in parentheses are
number ¢of observations for that behavior class.

7. Availability of shade from a 1.5 m vertical 78
sagebrush bush.



DEDICATION

Toe my mother, Sylvia, who inspired in me & desire for academic

achievement, and to my father, Alfred, who through the

frequent trips "arcund the section®™ to Baker's Lake

instilled in me an appreciation for wild things.



SECTION I

TEMPORAL REYTHMS IN ELXK BODY TEMPERATURES



TEMPORAL REYTHEMS IN ELK BODY TEMPERATURES

IWTRODUCTION

Thermoregulatory responses of unguiates t¢ their
environment have received increasing attention in an attempt
e learn wore about physiological limits to animal existence
and distribution {Moen 1976, Yousef 1978, Parker and Robbins
1984}, Nevertheless, little attention has been paid to
diurnal body temperature (Tb} rhythms and sea;onal changes in
such rhythms. Researchers should be aware of the nature and
extent of diurnal rhythms in their subiects before attempting
te explain variations in apnimal temperatures as resgponses Lo
environmental conditicons that are correlated to time of day
{Enright 187¢). The phase of the cycle must be taken into
account if data are not continucusly recorded, because
chservations taken at different points in the cycle are not
necessarily comparable {Solliberger 1985, Envight 197€;.

Data collected to date suggest that Ty's in ungulates
underge regular diurnal cycles and that the charactevristicsg of
thege patterns are not seasonally different. Yousef {19376}
foungd that there were no mesasurable seasonal differences in
rectal temperature fluctuations in reindeer {Rangifer
tarandusjiin Alaska. BRligh and Hawthorn (1965}, working on a

number of African ungulates, found no difference in Ty



variation between seasons.

Fiuctuations in Ty's cen be classed intc three
scelogleally important types: 1} endogenous rhythms that are
independent of environmental temperature {Folk 1974, Saunders
1977}, For example, Taylor {1979} repoiteé variations in

Thomson's gazelle (Gazella thomsonii}, zebu steer {Bos

indicug}, and eland {Taurotragus oryx) of more than 1 ©C in a

constant 22 °C environment; 2) fluctuations in Ty, 88 an
adaptive strategy to cope with high environmental temperatures
or conditions of water shortage as shown by Schmidt~Nielsen et

-

al. {1957} in the cawel {Camelus dromedarius)}, Taylor {137¢)

in a nunber of African ungulates, apd by Zervancs and Hadley

-

{1873} in collared peccary {Tavassu tadacu}: and 3}

temperature fluctuations that are a passive result of a
breakdown or inadeguacy in thermoregulatory capabilities where
heat disgipation mechanisms cannot keep up with heat gained
from the environment and internal thermogenesis (heat
ezhaustion}. The objectives of this study were o determine
the extent of diurnal Ty, cycling in elk, and to determine if

there were seasonpal differences in these oycles.

STUDY ARBRA

This study was conducted on the Arid Lands Ecology {ALE}

Hegerve, & 33¢ KmZ portion of the U.S. Department of Energy's



Hanford Site in the semi-arid shrub-~steppe of south-central
Washington. The Hanford Site experiences much greater diurnal
temperature fluctuations in the summer than in winter (Fig.
13+ Summer diurnal air temperature fluctuations can exceed 20
B A

C, whereas winter temperatures seldom vary more than a few

degrees °C {Stone et al. 1983).

METRODE

Five wild elk (2 females, 3 males) were immobilized with
rifle-fired darts from a helicopter {Petron et al. 1987}). Two
males were adults (1869, 18¢) and 1 was a yearling {(28¢). One
female was a yearling {825} and the other an adult {785} {with
calfl. Male 160 was captured in December, 1983, male 18¢ in
June, 1984, and male 2€¢ and females 825 and 76% in June 1985.

5

he animals were immobilized with etorphine for approximately

3

2.5 hours, during which time each was fitted with a

radiotelemetry collar {(Cedar Creek Biotelemetry Lab, Bethel,

2

tinn.} and implanted with a cylindrically shaped,
temperature-sensitive transmitter {about 3 x 15 cm, Model %
IMP/40Q¢/EX, Telonics, Mesa, Ariz.}. The implant was
surgically inserted into the peritoneum through an incision in
the paralumbar fossa. It was not sutured in place, and
therefore, some movement of the implant could have occcurred

during the first few postoperative days.
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Implants

The temperature implant consisted of a pulsing FM
transmitter with a thermistor inserted into the circuitry so
that the pulse rate reflected the temperature of the
transmitting system. The transmitter, battery, and antenna
were epncapsulated in a biologically inert coating of
physiclogical embedding wax and resin. The implant was
calibrated versus a U.S5. National Bureau of Standards
certified mercury thermomster by wrapping it in 1 layer of
cheesecloth and suspending it in a circulating water hath.
Calibration was betwsen 36-41 ©C at €.4 2C intervals. The
order of temperature intervals was randomly chosen in order to
minimize autocorrelation in the residuals of the calibration
curves (Neter et al. 1983}. Least squares linear regression
was used on data from a minimum of 2 such temperature runs to
calovlate the final calibration curve for each sensor.
Implants were immersed at each temperature setting for a
minimum of 3¢ min. The pulse rate had to be constant for 5
min before it was recorded. Pulse rates were timed using
pulge timers accurate to + 1 mssc {models TDPl and TDPZ,
Telonics}. BALl body transmitters had 929% prediction

vonfidence limits of + ¢.2 °C.



Datz collection

Pulse rates were collected using standard telemetry
receivers {Cedar Creek Rictelemetry Lab, Rethel, Minn;
Telonics) and pulse timers. Data were collected manually for
a1l periods of the year by locating the animals
opportunistically and timing the pulse rates of the implants.
In addition, manual data were collected every 135, 38, or &g
min during planned 24 h sessions during winter and summer.
Pulse rates were alsc automatically collected for varying
pericds of time. The system used to automatically record the
temperatures has been described by Petron et al. {1987}, and
consisted of a micrologger {wmedel CRZ1, Campbell SBcientific,
Ine., Logan, Utah) that automatically recorded data from the
pulse timers and entered them on a cassette recorder. Data
were later loaded from the cassette onto a computer through a
medem. Pulse rates were reccrded every 2 min with this

systen.

Analysis

Data were processed with a PORTRAN program that converted
the pulse rates into temperatures and checked for anomalous
data. Data were considered anomalous if they did not fall

within physiologically feasible temperature ranges. Data were



standardized against the diurnal light oyele by using the
hours after sunrise in place of time for analysis. Hourly
temperature means were calculated and used in analysis to
avoid unegual weighting, because data collected automatically
generated 30 observations per hour as cémpared te the 1 or 2
sbservations per hour for manually recorded data.

Data for each animal were summarized for all days during
the period when the elk had summer coats {about mid-May
through the end of August)}, and when they had winter coats
{Septenber 1 through May 14}. Timing of maximum and minimum
and magnitude of diurnal variation were calculated from each
animal's composite temperature cycle for sach pelage. Each
2lk’'s cycle was adjusted to the overall elk phase, which was
necessary before summary statistics could be performed

{Sollberger 1965}.
RESULTE AND DISCUSSION

Elk Ty's varied diurnally during both summer and winter
and the cycles were synchronized between seascns and
individuals {Table 1}. This variation could have been a
result of two phenomena. It could have been a strategy for
conservation of water and energy by storing heat during the
hot times of the day and then releasing it at night through

radiative cooling {(thermal lcading} {Yousef 1976). The



Table 1. Average times of maximum and minimum Ty, and
ampilitude of average diurnal Ty, cycles for ALE Reserve

¢lk in winter and summer pelts, 1984~198s5,

Pelt
Summer ' Winter

ik £ Hours Amplitude Hours Amplitude

aftrer sunrise after sunrise

Min Maxz Min Max
M1682 5 b b g b b
MiEG 3 16 1.1 p 13 8.8
MIgR 2 i6 1.2 8 15 #.6
FTES il i8 1.1 & 16 8.6
PRI ig 19 5.9 & is g.5
¥ean ) 17 1.1 6 is g.7
5EC 2 i g.1 1 1 3.1

¥ indicates male; F indicates female.
biﬁsafficient data for calculation.
“Srandard error of mean of individual average times of maximum

and minimum,
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rhythm could ailso have been the expression of an endogencusly
driven bilological rhythm which was independent of the
anvironment {Saunders 1877}.

The fact that during both ssasons maximum Ty, sceourred at night
and minimum T, occurred during the day for all the animals is
important in determining the which hypothesis is correct.

If the temperature cycle was primarily caused by thermal
loading, then the minimum Ty 's should have occurred near
gsunrise. This timing would have maximized the potential for
neat storage during the day {Bligh and Hawthorn 1965, Tayior
1878}. This was not observed in this study. Minimum Tp's
coourred during midday {6 h after sunrise} when air
temperatures were alresady high during summer. Persistence of
the rhythm during the winter when the animals were not
heat-stressed is further evidence that thermal lcading was not
the primary caugse of the rhythm.

The high point in an animal’s temperature rhythm should
cocur during its active period and the low peint should occur
within the inactive periocd {Schmidt-Nielsen 1983). ALE
Reserve elk fed predominately at night and rested through the
day during summer {(McCorquodale et al 1986} and winter (8. E.
Petron unpublished data}. Thus, high nighttime temperatures
could have been caused by heat generated from digestion and
muscular activity associated with feeding.

The conclusion that could be drawn from the above
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evidencs is that the temperature cycle observed in elk was not
primarily caused by thermal loading; but, rather, was probably
endegencusly driven and was synchronized with their activity
cyelia. Baefore this can be definitively determined though;
controlled szperiments are needsad to evaluate the response of
the temperature rhythm in an environment with no time clues or
external stimuli. Under these controlled conditions,
persistence of the rhythm and a period slightly different than
the pretest period would indicate the presence of an
endogenously driven rhythm {(Aschoff 1964). Definitive proof of
the absence of thermal loading would reguire evaluating the
effscts that changing envircnmental conditions have on elk Ty
rhythas .

It should be noted though, that the Ty sensor was
implanted in the peritonesum, in juztaposition to the rumen,
and therefore was probably mors sensitive to heat produced by
digestion than if it was placed in other regions of the body.
This placement was probably less susceptible to heat generated
by local muscular thermogenesis. Bligh and Bawthorn (1965}
felt that many of the irregularities that they observed in the
Ty '8 of the ungulates they were studying were due to the
position of the sensor in muscle tissue. Any change in rumen
temperature would have besn refiecteﬁ in the rest of the body
because the rumen constitutes s significant portion of the

animal's heat capacity. Therefore, the Ty 's recorded from the
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implant in the peritoneum were representative of Ty.

although all the animals underwent regular temperature
cyclies, with generally consistent times of maximum and
mindimum, the cycles were often interrupted by irregularities
{Fig. 2}. These irregularities in Ty fiuctuations could have
been responses to sickness, levels of activity, certain
behaviors {bedding in water for instance}, or drinking large
guantities of water {thereby cooling the region surrounding
the rumen, which was where the implant was locsted)}. Similar
irregularities were cobserved in Ty cycles of African ungulates
{8iigh et al. 1965, Bligh and Hawthorn 1965;}.

When compared to other large mammals £or which diurnal
Ty, variations have been documented, elk rank among the more
thermally stable {(Table 2}. One of the pussible explanatiocns
is the ezcellent thermorsgulatory capabilities of the species.
Parker and Robbins {1984} showed that elk have well developed
insulative winter ceoats for conservation of body heat in
winter and have high evaporative coeling capsbilities during
summer to dissipate body heat. It is plausible that the ALE
Reserve environment did not stress the animals in this study
enough to warrant thermal loading. Taylor {197¢) suggested
this was & possible reason why Bligh and Hawthorn {1963} 4id
not observe greater diurnal variations in their study of scme
Jarge African mammals.

The magnitude of variation for the average temperature
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Table 2. Ranking of diurnal temperature variation in

ungulates.

Yousaf {1976}.

Data, except for the elk and sheep, taken from

Species Range in Variation References
Ty, CC in Ty

Bland 33.9-41.2 7.3 Taylor 196%

OCryx 35.7-4Z.1 6.4 Tayvior 1969

Buffalo 36.9-48.2 3.3 Bligh and Rcbinson
1965

Camel 35.2-37.8 2.6 Bligh and Robinson
129868

Burro 36.5=39.0 2.5 Yousef and Dill 1969

Collared Peccary 37.5-392.8 2.5 Zervanos and Hadley
1973

Impala 38.8~48.4 1.6 Maloly and Hopcraft
1971

Hartebeest 38.8-48.4 1.8 Maloiy and Hopceraft
1971

Giraffe 37.7~-3%.¢ 1.3 Bligh and Robinson
1965

Elk {summer)® 38.¢-39.1 1.3 this study

Fed deey 38.5~3%.% 1.1 Johnson et al. 1972

Baverage maximum and minimum of 4 animals



Tahle 2. cont.

Species

Variation

References

Grants Gazelle
Thomson's
Gazelle

Welsh Mountain
Sheep

Eik {winter)®

32.4-48.4

32.8-49.8

fonsd

38.2~-38.%9

Taylor 1%87¢

Taylor 1878

Biigh et al.

this study

faverage maximum and minimum of 4 animals
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cycle for the five animals was 57% greater during summer than
during winter (Table 1}. Thus, environmental temperatures may
have had some effect on the Ty's of elk, by changing one of
the characteristics of the rhythm; the amplitude. Summer
amplitudes may have been greatest because during this time the
animals had a minimal coat, compared to the protective highly
insulative winter coat {Parker and Robbins 19884}, and,
therefore, were more susceptible to envircnmental changes.
Bummey air temperatures may have alsc been closer to a thermal
critical limit for elk than winter air temperatures. Rectal
temperatures in elk calves remained stable at air temperatures
pelow -2¢ “C {Parker and Robbins 1984). But they did record
slight increases in rectal teéemperatures in elk of all ages
during summer at temperatures up to 3% YC. Stone ot al.
{1983} reported that Hanford winter temperatures seldom fall
below -18 2C, and are often above or very close to @ ©C, which
is well above the lower critical limit. Summer temperatures
nsar 3% ©C {(common on the ALE Ressrve} wers probably much
closer to the upper thermal limit, sespecially when compounded

by the intense summer solar radiation.

CONCLUSIONS

ALY Reserve elk exhibited diurnal temperature variations

yvear—-round. This suggests that physiological researchers
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working on elk, and probably cother cervids, as warned by
Aschoff {1964} and Enright {1978}, should be cognizant of the
phase and other characteristics of rhythms existing in
phvsiclogical paiameters being monitored. This is important
not only in thermoregulatory studies, bét also for other
physicleogical studies; including energetics as metabolism and
thermoregulation are inextricably linked {Enright 1274).
Conseguently, comparisons of body temperatures recorded at
different times of day versus excogenous independent variables
are subject to error becvause of confounding influences from
endogenous temperature rhythms. Three possible scenarios
could oceour: 1) the rhythm could exactly equal, in the
oppesite direction, the effect of the independent variable
resulting in no apparent trend, 2} the rhythm could overrids
the effect of the independent variable resulting in an-
apparent response in the opposite direction, and 2} the rhythm
vould reinforce the effect of the indepsndent variable causing
the response to be greater than what is attributable to the

independent variable.
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WATER RELATIONSHIPS IN ELK

INTRODUCTION

Knowledge of the water relations of an animal that lives
in & hot-dry environment is reguired before a thorough
understanding of its ecslogy is possible. Such animals are
often faced with increased water demands for thermoregulaticn
in an environment with relatively little water. Increased
water requirements accompanied by a scarcity of water have
heen the bases for many hypotheses concerning the role of
water dynamics to many desert animals {Nagy and Costa 1884).
Nevertheless, water dynamics of North American ungulates that
inhabit arid regions have received only minimal attention.

Studies have been conducted on the pronghorn {Antilocapra

americane} {(Wesley et al. 1878}, mule deer (Qdoceileus

hemionugs hemionus) {Knox et al. 1%68), and collared peccary

{Tayassu tajuca) {Zervancos and Day 1977}, There has been only

limited research on water use in elk {(Skovlin 1982}, Parkser
and Hobbins {1984} determined rates of cutanecus and
yespiratory water loss, but 4id not determine body watey
dynamics.

patial distributicn of scurces of drinking water zffects

U

temporal and spatial elk distribution {McCorquodale et al.

1986, DelGuidice and Rodiek 1984, Marcum 1975, Simmons 1874,
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Lyon 1973, McCullough 196%). McCullough {19%6%9) found that
limited available water resulted in herd localization about a
single water source in 1 herd of tule elk (L. e. nannodes).
MceCorguodale et al. {1986} reported that female elk living in
an ares of limited water sources showed seasonal differences
in their use of springs. Nevertheleszs, these studies 4id not
gquantitatively determine actual water use and failed to
éét&bliﬁh causal links between available drinking water, water
use, and animal behavior.

Ghiectives of this study were: 1} to compare elk water
dynamics between spring {(low environmental aridity)} anéd summer
{high environmental aridity}, and 2} to determine avallability

of foraye water to a herd of wild elk.
STUDRY AREA

The study area was the Arid Lands Ecology {ALE} Ressgrve
en the ¥.8. Department of Energy'®s Banforgd Site in
sceuth-central Washington, where a herd of Rocky Mountzin elk
{C« g. nelsoni) have lived since 1972 (Rickard et al. 1877}
{¥ig. l}. Average anphual precipitation amounts to 16.5 cm,
most of which £alls from November to March, whereas the summer
menths are hot and dry (Stone et al. 1983). There were %

sources of drinking water on the study area.
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METHODE

Vegetation meisture

Blusbunch wheatgrass {Agropyron sgicatum}, Sandberg

bluegrass {Poa sandbergii), cheatgrass {Brompus tectorum}, and

sagebrush {Artemisgia tridentats} were selected to represent

seasonal meisture content of wild elk forags. Sandberg
bluesgrass and cheatgrass begin growth in autumn, mature in
april, and are dry by May {Sauer and Uresk 1976}. Plants of
this nature, particularly cheatgrass and Sandberg bluegrass
themselves, have constituted significant portions of the diet
of ALE Beserve elk {McCorquodale 1285). Bluebunch wheatgrass
begins growth in early spring and remains green through June,
Susgebrush preduces new leaves in 3pril, sheds most of them in
July or August, retaining some leaves year-round. Bluebunch
wheatyrass, sagebrush, and similar plants were used less as
elk foragse,

Pilants were sampled every 15 days from May to August in
1284 and from March to Octobsr in 1885 at 8 sites distributed
between the lowest, middle and highest slevations of the ALE
Reserve. Samples of the current year’s growth from 2 separate
vilants for sagebrush»and bluebunch wheatgrass or 3 from
separate locations for cheatgrass'and Sandberg bluegrass were

collected at each site and were placed in separate plastic
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bays. The vegetation was weighed, dried for 48 hours at 58 C,
and then weighed again. Moisture content was determined as
percent water by wet weight. Exposure to the air was kept to
3 minimum to avold moisture loss {(before drying} or molisture
galn {after drving}. The samples were évezaged for each date

for each site over both years.

Panned elk

Twe captive adult female elk (WSU 1, WSU 2} were kept in
a 1.4 hectare pen at the ALE Reserve. Water and food were
supplied ad libitum. Food consisted of alr-dry alfalfa and a
pelleted mixture of 38% alfalfa, 2£% corn, 28% oats, 18%
soybean, 3.5% molasses; and #.5% trace minerals and salts.
Shade was provided, enabling the animals to behaviorally

thermeregulate.

Water dynamics of penned elk

The tritiated water dilution technique was used to
estimate fractional bedy water turnover and water volume in
the penned slk. Water £lux was estimated from water turnover
and water volume {Knox et al. 1968, Nagy and Costa 1988%).
Tests were conducted from 1228 April 1986 and from 8-~38 July

1986, Each animal was immobilized with etorphine and a



pretrial blood sample was collected. Immediately £ollowing
this sample, tritium was injected intramuscularly and the
animal was released. A second sample of blood representing an
eguilibrated concentration of tritium in the body water was
collected 24 h later. Subseqguent samplés were collected
periedically until the test was concluded. All samples were
collected between #7868 and 1888.

The procedure was changed for the July test for WSU 1
because it aberrantly reacted to etorphine. When a sample was
needed, this animal was temporarily placed in a holding pen
egquipped with & urine collection system. While in the holding
pen, WU 1 was constantly observed and the time of urination
regorded. WBU 1 was always released from this pen within 45
min. The collected urine was anhalyzed for tritium, Rubsamen
¢t al. {1879} working on rabbits and Denny and Dawson (1375}
uging ruminant~like macropod marsupials found that urine and
plasma were equal in tritium activity after egquilibration.
Thus, it was assumed that equilibrated tritium activity in elk
bleod and urine were also equivalent. Bleod and urine samples
were steam distilled and the distillate counted for tritium.

Water turnover, or fraction of the body water replaced
ever time, was calculated using least squares linear
regression of the natural log of the tritium concentration
versus the timé since injection. Body water pool, was

calculated by dividing the amount of tritium injected by the
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projected tritium concentration at time 6. Daily water flux
was estimated by multiplying the amount of bedy water by the
fractional turnover constant {abssclute value 0f the zlope of
the regression line) {(Enox et al. 196%). Because food and
wateay could not be denied for 24 hours ié this study, the elk
were allowed to eat and drink during the esquilibration periocd.
This may have resulted in an overestimation of the water posl
and, consequently, the water flux {Nagy and Costa 128%).
However, the fraction of turnover should not have been

affectead.
RESULTS and DISCUSSION
Vegetation moisture

Moisture content of cheatgrass and Sandberyg bluegrass
decreased from a high of 75% in April to a low of 18% in early
July (Fig. 2). Water content of bluebunch wheatgrass declined
relatively constantly from 78% in April to 25% in early
August. Water content of sagebrush declined from 7% in April
to 53#% in July. Elk eating forage with 78% moisture must
ingest 3.3 kg of forage to obtain 1 kg of dry forage,
recelving 2.3 kg of water in the process. Elk eating forage
with 15% moisture need to consume only 1.2 kg to ingest 1 kg

of dry forage, obtaining only £.2 kg water in the process.
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Consequently, elk could receive 13~times more water from their
forage {on a dry weight basis) during spring than during

SUMMEY .
Watey dynamics

Bates of tritium dilution were greater during summer than
during spring (Fig.3). The fractional water turnover constant
increased from B.855 (range = #.853~£.857) in spring to £.138
{range = §.9%-8.1¢1} during summer. Body water percentage for
both penned elk was 84% during spring and 8¢% during summer,
but may be inflated due to possible overestimation of the‘body
watey pool. Average water flux in the 2 penned elk increased

from 4,6 kg H,0/{188 kg body weight)/day {range = 4.5-4.7) in

spring to 18.6 kg Hyg,(1gg kg body weight)/day (range =
8.4-12.8}) in summer. The animals were not only exposed to a
warmer and drier environment during summer, but they had also
undergone seasonal pelage and physiclogical changes. Parker
and Robbins {19B4) found that cutaneous water loss was less
when elk were in winter coats, probably a result of both a
cessation of sweat gland activity and increased resistance to
vapor diffusion provided by the thick winter pelage. Siebert
and MacFarlane ({18971} found fully hydrated camel (Camelus

dromedarius) water flux increased 2~times from moderate to hot

temperatures. MacFarlane and Howard (1972) reported & 3~-fold
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increase in water turnover in domestic sheep from winter to
summer. Elk in more productive states {(growing, lactating,
et} than the penned animals weuld have a grester flux than
indicated in this study (Robbins 1983}, Lactation increased
water use by 44% in camels and shesep (MacFarlane and Howard

1272} and doubled water turnover in goasts {Capra hircus}

{Mzltz and Shkolnik 19B%;.

This experiment was originally designed to be conducted
on wild elk on ALE Reserve using an animal recapture system to
collect bedy water samples. This approach would have offered
the advantage of actually estimating the water £lux in the
population of wild elk and, therefore, would have allowed a
more rigorous examination of the relaticnships between water
fiuxes in elk, forage water availability, and drinking water
wse., Unfortunately, egulpment essential to the recapture
system Decame unavailable and, consequently, the experiment
had to be conducted on the penned animals. The author
believes that data obtained from the penned animals may be
used a3 an general index of the water dynamics of the wild

animals, but may not be used in absolute comparisons.

CONCLUSIONS

Water flux incresased 2-fold in 2 penned =lk from spring

to summay. Moisture content of cheatgrass and Sandberg
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bluegrass {important forage specles} decreased from 78% in

April to 1E% in July. Therefore water obtained in the forage

could decrease from 2.3 kg H,0/({kg dry forage consumed) in

spring to #.2 kg Hy,0/{kg dry forage consumed) in summer.
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ENVIRONMENTAL EFFECTE ON ELK THERMOREGULATION

INTRODUCTION

Mumersus studies have been canéucﬁe& ot thermoreguliation
of African ungulates {(Yousef 1976, Robertshaw 1876}, but there
have been few studies that specifically addressed
physiclogical thermoregulation in North American wild
ungulates. Parker and Robbins {1984} investigated
thermoregulation in elk, Moen and Jacobsen (1873} in

white~tailed deer {(Qdocoileus virginisnus), Zervanes and

Hadley (1973} in collared peccary {Tayassu tajacu}, and Yousef

and Dill (196%) in burvro {Eguus asinus). Most, if not all,

studies on wild ungulate thermoregulation have used tethered,
corralled, or semi-tame animals., Few studies have been
conducted with free-roaming animals in natural surroundings,
Zervanos and Badley's {1973} work on peceary confined in a
large enclosure approached a natural situation. They
callecteé 6ataqremmﬁe1y with capsulated temperature-sensitive
radic transmitters and allowed their subjects to determine
their own means of thermoregulaticon.

Consideration of freedom of movement and behavioral
thermoregulation is important when studying thermoregulaticn
of wiid animals., Behavioral thermeregulation can be as

important as physioclogical thermorsgulation, and in extreme
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gnvironments can be necessary for survival {(Tayvlor and Lyman
1867, Tayvior 1969, Pinch 1372, Zervanos and Hadley 1373}. It
is alsc advantageous for animals to use behavioral
rhermoregulation in order to conserve energy and water, both

" of which can be in short supplv. In fact, the authors of many
of the studies cited concluded that conservation of water was
the driving force behind their subjects® thermoregulatory
strategies. & final reason for studying thermoregulation in
fzee;ranging animals is that behavioral and physicleogical
thermoregulation could be used together in a compensatory way.
Belovsky (1981) modeled behsavioral and physiclogical

thermovegulation in moose {A&lces alces} and Zahn (1985}

modeled thermoregulation in slk. Thelr thermorequlation
models were based only on behavioral observations and
environmental conditions, and not on observations of body
Lemperatures.

There is a need to meonitor both phyvsislogical and
bzhavioral thermoregulation in free ranging'animals in order
to ohserve interrelatienships between these two strateglies of
thermoregulation. The obijectives of this study %e:e to: 1)
determine the relationships between ambient, bedy, and
subcutanesus temperatures in wild, free-ranging elk, and 2}
evaluate the relative importance of behavioral and

physiclogical thermoregulation.
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STUDY AREA

The study was condurted on the Arid Lands Ecology {ALE)

Regerve, a 33¥¢ km2

portion of the U.S. Department of Energy's
Bapnford Reservation in scuth-central Washington {Fig. 1},
Permanent Springs occur at Rattlesnake Springs, Bnively
Springs, and Bobrat Springs. Sagebrush stands distributed in
scvattered patches (McCorquedale et al. 19B6) offered limited
shade. Summer diurnal air tempsrature fluctuations can excsed
3¢ °C and temperatures approach 45 °C, whereas winter diurnal
remperatures are relatively stable, often vary only a3 few
degrees °C. Winter minimun temperatures seldom fall below ~1f

¢ {Stone et al, 1983).

METHORS

Five wild elk, 3 males, 2 females, were captured (Petron
et ail, 1887}. Two of the males were adults {$ 168,% 188 and
I was a yearling {(# 288). One of the females was & yearling
{§ 825} and the other a lactating adult {# 76%)}. Male 168 was
captured in December, 1%83, male 188 in June, 1984, and male
8% and females 825 and 765 in June, 1985. The animals wers
immobilized with etorphine for approximately 2.5 hours, during
which time each was fitted with a rédioctelemetry collar {Cedar

Creek Bilotelemetry Lab, Bethel, Minn.; Wyoming Bictelemetry,
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Inc., Longmont, Colorado} and implanted with 2 cylindricalliy
shaped temperature~-sensitive transmitters {(Telonics,; Messa,
Ariz.}. ©One temperesture transmitter {about 4 x 13 cm, Model %
IMP/486/8X) was surgically inserted inte the peritoneum
through an incision in the paralumbar fossa. The cther
transmitter {(about 2 % 6§ cm, Model IMP/384/L) was placed
subcutanecusly about 3 cm off the midline of the withers by
making a small incision in the skin and creating a small
pecket in the connective tissue separating the skin and

musclie.

Implants

Temperature implants consisted of a pulsing £nm
transmitter with a thermistor inserted into the circuitry so
t&at the pulse rate reflected the temperature of the
transmitting system. Each transmitter, battery, and antenna
was encapsulated in a biologically-inert coating of
pﬁysioiagicéi embedding wax and resin. The implants were
calibrated versus a U.S. National Bureau of Standards
certified mercury thermometer by wrapping them in & layer of
cheessecloth and suspending them into a circulating water bath.
Peritoneum transmitters were calibrated between 36~41 °C at
#.4 °C intervals and subcutaneous transmitters between 32-42

®¢ at 6.5 °C intervals. Body implants were immersed at each
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temperature setting for a minimum of 3% min and the
subcutanecus transmitters for a2 minimum of 28 min. Regardless
of the elapsed time, the pulse rates had to be constant for 5
minutes before they were recorded. Pulse rates were timed
using pulse timers accurate te + 1 milliseccné {Telonics,
Mesa, Ariz}. The order of temperature intervals was randomly
determined to minimize autocorrelation in the residuals of the
calibration curves {Neter et al. 1983). Least sguares linear
regression was employed on data from a minimum of 2 such
temperature runs to calculats ;he final calibration curve for
each transmitter. All body transmitters had 9%% prediction

confidence limits of + 6.2 °C, and all subcutaneous

transmitters had 99% prediction confidence limits of + 8.4 °C.
Bata collection

Pulse rates were collected using standard telemetry
receivers (Cedar Creek Biotelemetry Lab, Bethel, Minn;
Telonics, Mesa, Ariz) and pulse timers. Data were collected
manually for all periods of the year by locating the animals
when the opportunity existed and timing the pulse rates of the
implants. In addition, manual data were collected every 15,
32, or 68 minutes during planned 24 hour sessions during
winter and summer. Behaviors recorded were bedding, feeding,

walking, running, and standing. Solar exposure and location
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wers also recorded. Ceneral locations were used for
determination of movements and specific pesitions were used to
determine micro~habitat selection.

Pulse rates were also collected automatiéally for periads
of variable duration. The autcematic coilection systen has
been described by Petron et al. {1%287), and consisted of a
micrologger {Campbell Scientific, Inc., Logan, Utah, Model
CRZ1} that automatically recorded data from the pulse timers
{Telonics, Models TDPl and TDPZ} and entersd thewm on a
cazsette recorder. Data were later loaded from the cassette
inte 3 computer through an interface. Pulse rates were
recorded every 2 minutes with this mystem. Each pulse timer
had its own data conversion curve with the micrologger, and

these were checked each time the equipment was visited.
Meteorclogical Monitoring

Meteorological monitoring consisted of short wave solar
radiation using a silicon photodiocde (Model LI~288s, LI-COR,
Lincoln, Nebraska), wind speed using a 3 cup anemometer {Model
MET~ONE #14A, Campbell Scientific, Inc.}, air temperature and
relative humidity using a combination thermistor and
polystyrene chip {(Model 281, Campbell Scientific, Inc.}, and
soil temperature using a thermistor {Model 181, Campbell

Scientific, Inc.}. Soil temperature probes were positiocned 1
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cm below the surface in solar sxposed soil in both 1984 and
i98% and in scil shaded by sagebrush in 1985 only. All other
senscrs were mounted 8.75 m above the ground. All temperature
sensors were calibrated in the laboratory versus a U.S,
National Bureau of Standard certified mercury thermometer.
Pyranometers and anemometers were calibrated by the
manufacturer, and relative humidity sensors were performance
checked against a wet~dry bulb sling psychrometer.

in 1884 a set of 3 metecrclogical stations were moved
weekly to 1 of 9 different draws in order to evaluate
variability within draws {Fig 1}. One of the stations was
positioned in the bottom, a second halfway up the side, and a
third on the crest in order to evaluate microclimatic
differences within a draw. Data were averaged for comparisons
to £lk temperature after it was determined the differences
were minimal. In 1985, 1 station was positioned in a single
draw from March to November and was not moved. Meteorslogical
stations were removed before the onset of winter because the
recerding system would not function at freezing temperatures.
Metesgrological data for winter 19B3-84 were obtained from the
Hanford meteorolegical station located about 18 km away.
Metsorological data for the winters of 1984~85 and 1985-86
were taken from another ongoing projesct that had the same
moenitoring system (though protected from freezing

temperatures}. The sensors were mounted 2 meters above ths



ground within 268 m of the 1985 summer position.
Opzrative Temperature

Meteorclogical data were used as iéputs into an
gnvironmental index called operative temperature {Te} {Bakken
1888, 19881). This index incorporates the thermal effect of
gsolar radiation, long wave radiation, ambient temperature, and
wind speed, and is defined as Ty = T, + RQ/PCQ(R&ES~LWLOST33
where Te is the operative temperature in °C, T; is ambient
temperature in °C, R, is a parallel resistance between
" radiative and sensible resistances in sec/m, PC? is volumetric
heat capacity of air in J/mBK}, RABS is the total of short
wave and long wave abscorbed radiation £luxes in watts/ng and
LWLOUST is the total long wave radiative energy reradiated by
the animal in watts/mz° Sensible and radiative resistances
were calculated according to Campbell (1977). Radiative
registance was R, = PcpfaAIQTk3, where Ay is long wave
emissivity of the surface, ¢ is the Stephan-Beltzman constant,
and T, is the ambient temperature in X. Sensible resistance
is a2 parallel resistance of forced and free convection and is
defined by Robinson et 3l. (1878}, PForced convection
resistance is Rey = 217(d/u}z°5 where d is the characteristic
dimension of the elk {Parker 19%83) and u is the wind speed in

m/sec, Free convection is Rfr = 82@{6/(TsmTa})g°25, where TS
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is the surface temperature {Meonteith 1873}, Forced convection
dominates when wind is present and free convection dominates
when wind is absent {Robinson et al. 19786). Aithcngh
incorporating the effects of convection, T, does not
incorporate wind chill, and thus may not.aliow direct
comparisons between environments with significantly different
wind speeds {(Bakken 1988)}. But, most of the observations
coliected in this study were during conditions of relatively
low wind speeds, and therefore errors from not incorporating
wind chill were probably negligible {Parker and Robbins 1984 .
Characteristic dimensions, used in the sensible heat
resistance, were calculated as the average of the length and
diameter of the animal’s trunk {Parker and Robbins 1984).
Average shortwave absorptivities {AS} for summey {Z.85) and
winter {#.79) pelages wers calculated from reflectances
measured on hide samples taken from 2 male Hanford elk, one in
winter pelage and the other in summer pelage. Albedo of the
ground was assumed to be #.13 {(Black and Mack 1986}. Animals
were assumed to be orientated perpendicular to the sun,
bsoause it was not possible to accurately estimate angles of
incidence in the f£ield through binsculars. Consequently, this
study's values for Te might be considered to be méximalu Long
wave radiation fluxes were calculated using the
Stephan~Boltzman equaticn {Campbell 1977}. Animal

emissivities and longwave absoptivities were assumed te be
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$#.98, which was also used by Parker and Robbins (18843,
Terrestrial emissivity was assumed to be 8.29 (Camphell 1977;.
Alr emissivities were calculated using the sguations given by

Campbell (13877).

Analvsis

Body temperatures: Temperature data were processsd with

a PORTRAN program that converted the pulse rates into
temperatures and checked fog anomalous data. Data wers
considered ancomalous if they &id not fall within
physiclogically feasible temperature ranges. Hourly means of
the data were used in analysis to avoid unsqual weighting
between hours, because data automatically csllected generatad
3% observations during a hour as compared toe the 1 or 2
cbservations per hour for manually recorded data.

Temperatures for sach animal were summarized for all days
during the pericd when the elk had summer coats {(May 28
threugh August 31}, and when thev had winter coats (September
1 threugh May 18}. Separate analyses were conducted on
peritoneal temperatures (T} from #998-1480 and from 1986-£500
to check for possible effects of endogenous cycles in Ty on
the results (Section I}. These two periods were selected

because they represent times of minimal change in Ty

attributable to daily rhythms (Section I}. Once it was
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established that time of day was not a factor in relationships
between Tb and environment, data from the complete day were

used in analysis.

Relationship between subcutanecus and skin temperaturas:

Subcutanecus temperature (Tg,,) Is not the temperature of the
exchange surface of the animal, so caution is warranted when
using it. A discussion concerning Tg, reguires an
investigation into the relationship between Ty, and skin
surface temperature (T .}, which is the actual heat esxchange
gurface during summer. Accerding to sensible heat transfer
theory, heat f£lux through the integument is & function of the
temperature gradient between the subcutansous layer and skin
surface, the resistance of the system, and the volumetric heat
capacity of the integument. This function can be written as:
Hin = PinCiniTsy ~ Ter!/Rip {1
where H;, is the heat flux acress the integument to the skin
surface {(positive flux indicates flow toward the surfacs},
P;nClin is the volumetric specific heat of the integument, and
By, is the the average tissue heat transfer resistance
{Campbiell 1877}, Ry, is not static, but rather, depends on
both physical properties of the integument and physiclogical
parameters such as bleood f£low. This formula can be rewritten

in the form:

Tox = Tgy ~ BipRip/(PyCsp) (2}
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which is a description of a straight line, where the sscond
term squals the difference between Tgg and Tg,;,. When either

¥ or Rin egquals §, then ?sk = T

in 540

Unless both Tg, and Ty, are measured simultaneously,
nothing is learned about the relationship between them,
because ;, and Ry, are seldom known. It would be of value if
this relationship could be expressad in some easily measured
comparable parameter. To is a logical choice because it
aliows direct comparisons betwsen different animals and
environments, as it incorporates the total thermal
consequences of the environment and incorporates animal size
into these consequences. T. is also advantageous because it
appears in the equation for heat f£lux from the skin surface to
the environment:

Hogwe = (PCp/Rg) (Tgx = To) (3)
where Hy, o is the heat f£lux from the skin surface to the
senvironment. By soclving eguation 3 for Tay!

Tsk = Te + Hgp oRe/BC, {4)
Substituting equation 2 for Tgx into eguation 4 gives:

Tou = BipRin/{(PipCip) = T, + HskmeRe/PCp {5)
sr by sclving for Tgyt

Tou = Te ¥ Hgpo oRo/PC, + Hi R /(P 0500 {6)

Eguation 6 shows that Ty is also a function of Te and

will approach Teo as the two f£fluxes or two resistances approach
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g, Eguations 4 and & show that Tqy and Tgx are both functions
of Ty, and therefore Te van be used as a common denominator
when comparing the two. It should be noted that this
relationship involves only sensible heat exchange, and would

not be valid at temperatures where there is significant latent

heat loss.

Behavior: Only observations of telemetered animals were
used to determine hablitat preference and behavioral
thermoregulation. Observations were required to be separated
by & movement of the subﬁect at least temporarily into a
different habitat type, which ensured that =sach observation
represented an independent cheice. Only bedded elk were used
in snalysis because it was not possible for standing elk to be
in the shade cast by ALE Reserve vegetation. It was important
that the opportunity for behavicral thermorequlation was
present and thus the animal had to make a choice. Chi square
analysis was used for tests of significance.

Elk use of & particular habitat for bedding will depend
upon the habitat’®s ability to provide thermal cover,
vencealment, or & combination of both. To determine which was
the case required first a determination of what censtituted
preferred bedding hablitat and seccnd a determination of why
the habitats were preferred. Sagebrush use was based upon

whether or not a sagebrush shrub was within the subiject's
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vigion and within 182 m of the animal. To test the hypothesis
that sagebrush was used for thermoregulation required
observing not only whether sagebrush was a preferred habitat,
but whether or not the animals positioned themselves in the
shade, since they could have been beddeé between shrubs and
reneiving full sun exposure. Shade use was evaluated for
those animals bedded in sagebrush, because it was virtually
impossible for elk bedded in other habitats to position

themsalves in the shade.

RESULTE AND DISCUSSION

Subcutanepus Temperature

Summer: Summer elk T,, rose linearly with T, up te a T,
of 3% °C, where it flattened ocut and only increased slightly
thereafter (Fig, 2). At 38 °C, different thermoregulatory
mechanisms must begin to operate causing a changes in the
relaticonship. This was the same temperature at which Parker
and Robbins {1984) observed the onset of sweating. Therefore,
the animals probably were keeping thelr skin coel with
increased cutanecus evaporation. Parker and Robbins {1884}
f2it that chilling of skin at high evapeoration rates was the
cause for the poor correlation they observed between Tgx and

cutanecus water loss at high temperatures. Note that through
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sweating, Tg, was always maintained below Ty, which indicated
the direction of total heat f£low was always toward the
environmpent. Up to a Te of 38 °C, thermoregulation must have
been mostly passive, wiéh heat lost thrcggh reradiation,
conduction, convection, and evaporation from the respiratory
tract and skin (nonsweating diffusion}.

The linear increase in Tgy {@8nd corresponding increase in
Tgx! had considerable physiclogical ramifications. Increassed
Tqx '8 reduced conductive and convective heat losses to the
environment, but increased heat loss from thermal reradiation.
In fact the rise in Tgy from 34.3 to 37.8, converted into 28.3
to 35.8 °C T, using equation 7 (below), resulted in a 9%

increase in heat lost through reradiation.

Winter: During winter there was no correlation between
Tsu and Ta in the nonbreeding bull and cows, and Tgy wWas
maintained about 1 °C below Ty, (Fig. 3). These twc
observations can be attributed to the increased insulation of
the winter coat and subcutanecus fat layers. Parker and
Robbing {(1984) felt increased insulation caused the weak
relationship they observed between winter environmental
temperatures and Tgy in elk and mule deer. The added
insulatory value of subcutaneous fat between the skin surface
and the sensor in this study severed any dependence of T, on

the environment. Consequently, T4y behaved as a
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heterothermic core temperature during winter, differing from
the peritoneal témperature, by about 1 Sc. Ty, temained lower
than Ty because of its proximity te the heat exchange surface
of the pelt, with the direction of heat flow toward the
surfsve. The decrease in T, at higher ?e*s resulted because
thoge data were recorded during late April and early May, and
at that time of the year the insulative value of the coat was
probably diminished.

The two bulls participating in rutting {168, 188} showed
a different pattern than the other individuals and also showed
differences between each other {Fig. 4}. Both animals
maintained Ty, more than 2 °C below T, compared to the 1 °C
difference for the nonbreeding bull and cows. This could have
been a result of individual variation or a result 95 less
insulation which allowed greater heat loss. Maintenance of a
higher T, might have been too energetically costly. Poorer
ingulation could have been & result of fat reserves depleted
by rutting, which is an energy exhausting activity {(McCullough
1862, Bubenik 1982}. 1In fact, Bubenik {1982} reported that he
used whether or not snow melted on the back of an animal as an
index of condition. Melting snow indicated significant heat
loss to the environment {poor insulation}, and therefore, poor
pelage and little subcutaneous fat.

The £lat line for 16% {Fig 4} shows that some effective

insulation was still present, resulting in an independence
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from Tes In contrast to 168, 182 showed ineffective
insulation resulting in a linear relationship between Tg,; and
T, very similar to the summer relation, but with a steeper
slope. This difference could be a result of when the data
were collected. T, data for all the animals except 188 were
enllected throughout the winter and few observations were
colliected during the rut. Male 188 winter Tgy data were only
collected in September, because the implant prematurely
failed. Thus, it was possible that the data collected on 188
for winter pelage was neot actually representative of winter

pelage.

Relationship between subcutaneous and skin temperatures:

Assuming that ALE Reserve elk and Parker and Robbins® (1984)
elk responded physiologically the same to environmental
conditions, then data obtained in the 2 studies should be
comparable. Eguation 2 can be empirically evaluated by
regressing Parker and Robbins {1884) Tgx's versus Tgy for
similar T,%s. The resulting eguation was:

Tgg = 2.52T4, - 58.17 (R = 8.99, n = §) (7]
The significance of this relationship validated comparisons
based upon Teoo

Parker and Robbins {1984} found the following

relationship between Tgx and Tat Tgg = 26.34 + 2.266Te (Rz =

.81}, which was compared to this study’s equation
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Tgu = 33.8 + 8.1T, (R? = 9.99, n = 6) in Fig. 5. Data at T, 's
3% °C or lower were only used to ensure that there was minimal
latent heat exchange. The intersection of the lines in Pig.
5., the point Tak = Tgye indicates the skin and cperative
temperatures at which the heat flux throégh the integument
{B;, in egquations 2 and &} egualed 8. The temperature at this
point, Ty, = Tg, = 38.2 9C, was very close to the average Ty,'s
of 38.6 and 38.4 found by Parker and Robbing (1984) and this
study, respectively. Logicelly, when skin surface temperature
egqualed core temperature, Tg,s which lies between them, also
must have egualed core temperature, and Hoy = € in equation
2.

Likewise, the intersectiocn Tgy = Tgg denotes the T, at
which the heat flux changed direction or the point where
Hope = € (eguation 6). At T.'s above about 44 °C the heat
fiux would have been negative and the animal would have been
" gaining sensible heat from the environment., Conseguently at
T.'s above 44 ¢, elk would have to sweat tc lose heat. This
T, was above the isotropic temperature of 38.2 predicted by
egquation 6 because of behavioral thermorsgulation and latent
heat loss from evaporation of water which passively diffused
through the integument to the skin surface. Also, these Tgyu's
were for only 1 location on the animal, the back, and
admittedly represented the warmest area of the animal. Total

heat balance of the animal depended upon heat exchange from
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the total surface. Therefore, the fact that the heat £lux was
toward the animal at this lccation ¢id not necessarily
indicate a heat gain for the sntire animal; since considerable
regions of the body may have been shaded oy in contact with
the substrate, and consequently, operating under z different

heat sgchange regimen.
Body rtemperature,

Mo trend was apparent between Ty and T, ﬁ&ring'summer
{Fig. 4) or winter {Fig. 5)., The time of day when the data
were cellected also had no effect on the relationship,
aithough Ty was consistently higher at night due to a diurnal
physislogical rhythm not related to environmantal temperature
{Sgcticn I). Thermal loading, the depression of T, during
encl parts of the day and the elevation of Ty during the warm
parts c¢f the day, was not apparent. ALE Reserve elk may have
not employed thermal loading because it is often a water
conseyvation strategy {(Schmidt~Nielsen et al. 1957, Tavior and
Lyman 1967, Taylor 1889, Zervanocs and Hadley 19373} and they
had no immediate physioclogical need to conserve water. ALE
Reseyve elk, although reguiring considerable water in the
summer {Section II}, had an adeqQuate supply of water {(Fig. 1}.

Elk, in general, alsc may not employ thermal loading

because of their evolutionary history. Eik ancestors evelved
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in cold temperate regions of Burasia where water was plentiful
{MoCullough 1968, Bryant and Maser 1882, Gelst 1882). Eik
came to North America across the Bering Land Bridge, spread
seuath in front of the leading sdge of the glaciers {Bryant ang
Maser 1%83}), and in doing 3¢, a3lways had an abundance of
drinking water. They were only exposed to reglons of limited
water supply relatively late in their eveluticonary history.
This suggests that elk 4id not develop water conservation
strategies because their habitat over most of their

gvolutionary history was replete with water.

Behavioral thermoregulation

ALE Reserve elk undoubtedly operated under a3 multitude of
thermoregulatory strategies, cone of which could have been
behavicral thermoregulation. Summer thermal cover on the ALE
Reserve differed from the usual concept of thermal cover for
elk because there was little available tree canocpy. Sagebrush
was the only ALE Reserve plant that was tall enough and far
enough from service roads to be used for thermal cover. Elk
bedded in sagebrush areas more than areas where grass
dominated during both winter (73%, X% = 34.2, p < 8.#5) and
summer {69%, %2 = 28.3, p < 2.45}, but sagebrush use was not
different between wintsy and summer {X2 = 1.57, p > B.25}

{Fig. 6}. This use was higher than the 44% found by
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McCorquodale et al. (1988 because they included a1l elk
activities in their estimate. Sagebrush use was significantiy
greater {winter %2 = 766, summer XZ = 788, p < .85} than
woeuld be expected from its 18% availability {from McCorguodale
1985}, indicating that elk preferred sagebrush areas for
bedding habitat.

Elk could have used sagebrush for either ccnéeaiment,
thermal cover, or both. Sagebrush offered concealment
year-round. During winter sagebrush provided protection from
the wind and during summer it supplied shielding from solar
radiation. The hypothesis that elk bedded in sagebrush stands
positioned themselves in the shade more freguently during the
summey than during the winter was supported by field
sheervations. Bedded elk positioned themselves in the shade
of a shrub more frequently during summer than during winter
(xz = 15,3, p < .85}, Positioning in the sun in winter
allowed thermal gain from scolar radiation, whereas in the
supmer it was avoided.

¥Yet, why did elk bedded in sagebrush during summer
poesition themselves in shade only about 58% of the time rather
than all of the time? One explanation is that elk behavior
was the expression of an optimization process which integrated
thermal, energetic, water, and social considerations (Geist
1282}, and thermal considerations were not always the mest

important of these. Another possible explanation is the
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diminished availability of potentially shaded bed sites. The
nunber of potentially shaded beds was considerably less than
the number of potentially sunny beds. Thersfore, 58% bedding
in the shade suggests attempted behavioral thermoregulation.
in additien, available shade was further limited during midday
{Fig. 7}. When the sun angle was above 68 degrees, shade from
& 1.5 m vertical sagebrush shrub was no longer available to
the animals because the shadow was underneath the bush.
Pespite this difficulty, ALE Reserve elk still managed to bed
in shade about 58% of the time at midday during summer (Fig.
}. This was significant behavioral selection considering
that at that time of day shade was at a premium. To bed this
fregquently in the shade during midday, elk would have had to
search for special places such as taller sagebrush shrubs,
leaning shrubs, depressions next to shrubs, indicating the
preference for behavioral thermoregulation. Zahn {1985) also
found that elk living in areas replete with water behaviorally
thermoregulated on clear warm days during summer,

Because ALE Reserve elk frequently 4id not use thermal
cever, other strateglies of thermoregulation must have
compensated. The facts that body temperatures did not
increase in hot weather and that elk used twice the amount of
water during summer than during spring ({(Section II) suggest
that the elk compensated for the lack of thermal cover with

increased latent heat loss through sweating. It should be
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noted that these experiments were conducted on animals with
sufficient water supply and that different results might be

obtained from animals experiencing depleted water supplies.

CORCLUSIONS

Summer-elk Tgy rose linearly with Te up to T, = 38. ‘
Above this bremperature Ty, was constant at about 1 ¢ below
Ty, indicating that latent heat exchange became important.
Winter T, differed from summer temperatures and differed
between breeding bulls and nonbreeding bulls and cows. Winter
Ty, was not correlated to T, indicating the presence of
efficlient insulation. Winter T, behaved as a hetercthermic
core temperature and was maintained about 1 9C below Ty, for
the nonbreeding bull and cows and more than 2 °C belew T, in
breeding bulls. Summer P, .°'s were compared to Parker and
Robbins® (1984) T, 's using T.'s below 38 °C as a basis for
comparison. Tg,, was shown thecretically and empirically te be
a function of Tex (Tgg = 2.327,, — 58.17}. DNo correlation
petween Tb and T, was found, indicating that thermal lsading
was not used. ALE Reserve elk behaviorally thermoregulated by
bedding in the shade of sagebrush. Other thermal regulatory
mechanisms apparently adequately compensated for the lack of

behavioral thermorequlation because 58% of the total bedded

zlk located during summer were in the sun, and many werse
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locvated in areas devoid of sagebrush. ALE Reserve elk
apparently compensate for the inability teo behaviorally
thermoregulate at times with increased latsnt heat loss

through sweating.
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