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: : ABSTRACT : o -
N * « &
Woodland cartbou ( Rangifer tarandus caribou Gmcehin) have been observed to

congregale on permanent snowpatches during the summer-fly sgason at Macmillan Pass. In this
study it s proposed that the snowpatch is sclected as ‘relief habitat”. Reduced mosquito

harassment and behavioural thermorcgulation in response to heat stress have beén identified as

¢ }
the two major hypotheses proposed to explain this behaviour. TR study tests those
) . T

hypotheses

A1t temperature and wind speed are identified as the most signif¥cant climatic 4.

parameters influcncing caribou behaviour, Between mid-June and mid Augqur 1984, directed

S

movements of individua)s and groups towards and away from permanent snowpatches above
/' R

: 14
2000 mi as.1. were recorded. This was observed mostly under anticvclonic conditions tyvpified by

davs with clear skncs, mecan air iemperatures of over 13°C andﬂ mean wind spcéds of less than
2.5 m s . Snowpatch sclection was’less pronounced under cyclonic conditions. 4
General weather conc'iilion-s also influenced the snowpatch microclimate. An air
lcmpcraﬂtu‘rc difference of 3°C bclyyéen stations located over snow and adjacent snow-free
surfaces was recorded under anticyclonic conditions. Daytime wind specds at exposed ridgetop

N

sites were 39% higher than sheliered lowland sites and were selected as alternative relief habitat.
Mosquito activity increased w\ith air lémpcraturc and dc_crcagéd »;/ilh wind speed.

Quamif;icd indices based on bchaviou{al fesponse o insect harassment werce consistently higher
on snow than off snow. Aggregation as a response 10 MoOsquito trarasgshzem was more
frcqucmly documenléd on snow than off snow. This contrasts with data c"oilccted from insect

' lfaps located ovc} igowpatchgg and snow-free zones. _Thisr was thought to be due io&limila[ions
in trap design. No black fl llics or oestrid flies weré frapped a.lthough behavioural responses to
these insects were coﬁsistcm with other caribou groubs in the Yl,fkon and Alaska. The ingestion
of snow and mglliwaler was observed although positive cc;rrclllieons with a.fr\gfbicm tempgralure

were weak. The-data support the hypothesis that ,snowpélch S

ction is primarily a response to
! .

: . . - : A
inscct harassment. = ' ; \

, ) . .
< N3
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1. INTRODUCTION , o J ~
‘1.1 Problem Statement .

Permancent snowpatches occur during the summer months at high clevations in lhc.
Sclwvn and Mackenzie Mountains of the Yukon and Northwest Territories. Woodland caribou
¢ Rangifer tarandus cartbou GGmelin) have been oberved to congregate on these in large numbc/rrs
(Archibald 1973, Gill 1978, Kershaw and Kershaw 1983b). This type of behaviour appears
common in other parls\ of the range of the sub-species (Edwards and Ritcey 1959, Bergerud
1975, Stelfox et al. 1978, Oosenbrug and Theberge 1980‘ Fuller and Keith 1981). Furthermore .-
most detailed studies of the ecology of North //\mcrican caribou have n(;lcd a similar

= predeliction for snow at this time of vear (Kelsall 1968, Skoog 1968, Elliot 1972, Jakimchuk
and McCourt 1972, @uratolo 1975. Q’:lcfll%l). Although less widely reported. the obscrvalio‘;
-—hea<also been made in the alpine ranges of Eurasian reindeer (Formozov 1946).

Despite the frequency of observation and the recognized importance of the snowpatch
ronc to caribou during the summer-fly scason no specific study has accounted for this
behaviour. The solution to this problem must lie in a more detailed approach 1ha';1 the cursory
trecatment it has ‘bccn afforded in the published literature. This study therefore attempts to
gquantitatively assess the degree of snowpalc?use and to explain this aspect of habitat sclection
ifor Woodland caribou occupying the Mackenzic Mountains in summer. The [indings from this

analysis would facilitate more empirically-based notions of this bchaviour in other populations

of Rangifer.

1.2 Caribou/Snow Ecelogy
It is a truism of ecology that an animal cannot be considered apart from its
/ S
environment. The various roles of ice and snow have been widely investigated in relation to -

unguiate ccolﬂogy (Haugen 1971). In the Arctic and'Subarctic, snow lorms an integral part of

the environment of caribou and reindeer for at least eight months of the year. The winter

o
’



ecology of caribou is documented in detail for certain populations {c.g. Skogland 1978).
A combination of behavioural, physiological and morphological adaptanons l

characicrize the%ability of caribou to thrive in the nival envitonment. Although Formozon

v

(1946) originally classifiqtl c:.iribofu as c’.hloneuphore.x - "a speuies that can withstand winters
with considerable snow ™ - his own defimuon of a chionophile as a species “having characiensti
el
adaptations which were undoubtedly perfected by snow cover taking part in selection” s mote
appropriatc and has been adopted by shbscqucm workers (Prutt 1959, Stardom 1‘77‘5, Shogland
1978, Russcll and Martcll‘l984). The distinction bcchén the two classifications iltustrates 1wo
different aspcclé of snow as an ccological 1aclof. Snow may be considered as cither a
‘mctcoro]ogical variable or a surface condition (the latter dsually referred 1o as the snow cover
or the snowpgck). The following discussion describes how both have a significant impact upon
the ecology of caribou.
In an historical perspective, zoogeographers have attributed great importance o 1ce and
Snow in caribpu speciation. The advance of ice over the North American continent during the
Pleistocene created glacial réfugia from which the four major sub-species recognized in
American lexts were thought to have originaled (Remmert 1980). By the same token. Banficld
(1954) described a twofold role of ice in mammalian distribution. The scasonal recszing of
water bodies acted as both an aid to the distribution of caribau and as a barricr to species
mialion. He cites the example of barren-ground caribou ( . t. groenlandicus 1..)

migrating between the Arctic Isldnds and the North American mainland. §

Contemporary movemerﬁs and patierns of scasonal distribution may also be ascrihcd} 10
‘lhe inﬂnqnbe of snow and ice. Many studies ha"ve. hypothesized that the first snowstorms of
autumn are thought to Ltigger the onset and influence the exient 61' the autumn migral‘i(»m
(Kelsall.1968, Hemming 1971, Bergerud 1974). There is also strong evigcncc lh'al unscasanal .

snow conditions can retard, disrupt, redirect or even halt the spring migration to the calving

grounds_'(Skoog 1968, Kelsall 1968, Gavin 1975).



Nasimovich (1955) was onc of the carliest workers (o conclude that migrations and
winter chstribution were largely in response to the changing character of the snow cover. Pruitt
(1959) went a stlage ‘furlhcr in claiming that “the timing, direction and speed of migration arc
intimateh related 1o the characteristics of the snow covcnflr {p.171). Pruitt propgscd that the
movements of barren-ground caribou in refation to snow m northern Saskatchewan and the
Northwest Territories were in response to thresholds of tolerance to particular snow depths,
densitics and hardnesses. His was the earliest study to quantfv these relationships describing a
threshold of hardness sensitivity of 50 g ¢m * for forest snow and 500 g cm * for lake snow{Thc
density threshold was approximately 0.2 for forest snow and 0.3 for lake snow. A depth
threshold of approximaicely 60 cm has been confirmed for other populations of barren-ground
caribou (Henshaw 1968, LaPierre and Lent 1977, Thing 1977) with slightly greater thresholds
of depth and density rccordcdr for the larger Woodland subspecies (Bergerud 1974, Stardom

1975).

Winter movements of caribou appear 1o follow gradients in the snow {rom areas o&

e

”

relatively great depth, density and hardness, to arcas of lesser values for all or one of these
factors. Henshaw (1968) noted a general avoidance of deep snow and a preference for £
movement over hard-packed snow in Alaskan caribou. Stardom (1975) described how
Woodland caribou in south-eastern Manitoba would prefer to enter areas of snow above their
thickness threshold of 65 cm rather than be subjected to vesicular icg or snow crusts of
hardness greatef than 400 g cm-?.

The hardness and thickness of various layers within the snowpack formed the basis of a

"snow index- derived by Pruitt that attempted to model the winter activityqdistribution and

fecdmg)of feral reindeer in Finland (Pruitt 1979) and barren-ground caribou in northern

| Saska"tzﬁéwnan'(ﬂl.’ruiu 1981). In co_ncluding that the difference between New and Old World _
caribou -snow relations a»vere real, the index was thought io 'havve a high potential for
determining nivaily-sgilable areas for caribou overwintering (Pruitt 1984). This index

illustrates how caribou will.avoid areas of unfavourable snow and select areas for feeding in



t . . . . .~ ‘ .

snow (although some circularity eaists in that the index is derived empinically 1o organise the

N ) f\a

obscrvalions) The selection ol crdlcrmg sites within winter range masy occur on a number of

lc_vclﬁ.‘}.dwards (1956) described how caribou are found {irst on suitable foraging arcas and

then freact to the various nival conditions within the range. Cratening by Alaskan caribou was
. similarly influcnced by snow conditions at three levels (LaPrerre and Lent 1977). Fhe dictan

\ [

L ~
~ shift from ground lichens 1o arboreal lichens is essentially dictated by snow conditions. The

y
"

nival thresholds described previously by Stardom (1975) arc those at which Woodland caribou

0.,

# . switched from arboreal lichens in open bogs to jackpine-lichen rock ridges.
Survival f,l:nrough the Arctic and Subarctic winter is highly dg\pcﬁﬁum ‘xlmun tht animal’s
'abilit_\' to obtain forage through the snow. Deep snow can alter geuvity budgdls‘&b}: ihcrcu.\mg
the time, rcqunrcd (o] oblam forage and thus reduce the ime available for other activitics
P‘lrmﬁcauon of snow becn associated with major habitat changes in wild reindeer 1n lau winicr
(Nasimovich 1955). Caribou may be prevented from digging for h‘chcns by the l‘onmalion o(
strong and long-lasting snow crusts or nasts. Nast pcrsistcﬁcc can lead 1o slarva‘?lion and
subsequent herd reduction in tundra arcas and extirpation from isolated locations where
alternative food supplies are s;arcc. Kelsall (19()8) strongly suspected this as lhc:fcason for the
disappearance of caribou from the Belcher Islands although 6vcrhunliné is-also suspected. | |
The reindeer herders of Furasia and the Inuit of northern Canada and Alaska have long
recognised the ecological significance of the changing snowpack in rclation to fecding stralegics.
- The glossary of specialized snow terminology used exlcnsivel'y by Pruitt (1984) illustrates the
limijtations of the English languaée in thi respect. Of particular ccological significance to
caribou.is the basal layeriof snow on the ground ( "api”) which is propcrly"(crrhcd_ "phkak”
Recrystallization and metamorphism of the snow cover leading to the formation of pukak
dictates the availability df forage for overwintering caribou.
Thc ability of caribou, through their acute sensc of smell to detect lu.hcns through

-shallow. snow cover has been widely obscrved and may be an cvoluuonary adaptation to survival

in snow. The original definition of ‘a ,chionophile was an animal adapted to survival in snow and



in this respect no northern ungulate 1s comparable to the cangzou Not only does the caribou
rangc further north than any other Cerwdae but it most likel‘\j cvolved 1n the Arcuc-and has
since colonmized a variety of Arctic and Subarcgic cn«\'ironrﬁcnls (Remmert 1980). The ability to
exploit this nigorous environment is undoubtedly attributable to 2 number of morphological,
physiological and behavioural adaptations. The majority of morphological adaptations have
cvolved as a nfcan.s of hcat conservation during the long winter mo;llhs when the gradient

4

between deep body temperature and the environment may reach 100°C. The importance of a
‘ ™ ‘
large nasal cavity for breathing cold-air, the reduced size of extremitics and a thick winter coat
with extended guard hairs is well documented (Skoog 1968, Kelsall 1968) . Most pertinent o
XUrviwga_l in snow howcever. are the crescentic-shaped hooves with functional dew claws. The

flexibility of the joints of the middle toes and the growth of the edges of the hoof in winter

combine 1o provide a greater surface area. This aids traction and locomotion over hard-packed

&

SNOw rcduc‘cs the sinking dCP[h in sof t snow and facilitates craleri%lg. Foot-loading values
recorded for caribou are a fraction of other ungulates (Kelsall and Telfer 1979).

The most significant physiological adaptation 1o snow and cold that caribouv exhibit is
the "counter-current heat exchange” system within the lcés. The arrangement of blobd vessels
allows warm arterial blood to trans_fcr much of its heat to the returning v¢nous blood before
reaching the epvironmcntal heat sink (Irving et al. 1955). This rcgior‘ufa ypothermia reduces
the.thermal grad.'icnl across the surface of the skin. This in turn reduces heat loss from a part of
the body in contact with ice and snow for much of the year.

Behaviourally, caribou are als)> well adapted for survival in snow. Kelsall énd Telfg:r’
(19845 ca’l;ulatcd (albci‘l;sub'jec(ively) a bghavioural index which rated caribou higher than any
of scven other boreal ungulates iﬁ‘l'our out of six categories. Their locomotion Lechniqkues.
migration patterns, cratering ability and trail-making‘behaviour we;e édjudgéd superior 'tvo all
other ungulates énd predators. Co(mbin.ing all morphological and behavioural adaptations
catibou posscssed, a "mean snow-coping' index'" well above the seéond placed mammal - the

°

moose.

~



As Kelsall (196%) noted. "of all mcteorological vanabley, spow has the most profound

influence on.caribou " (p.236). And as Formozov (1946) first observed. “snow cover has

&

become one-of the most powerful of ccological factors which has dontinated. by iis influcnce.
the scasonal rhythms of many biological phenomena and the morphological charadtensues of

. v * . . - . ‘ . -
somce organisms” (p.1). The majority of pubhished hterature 1 the ensuing forty vears has

reinforced these conclusions. In spite of numerou$ adaptations, the movement and activities o4
caribou arc hcavilv influenced by snow conditions. Snow impinges. dirccthy upon aspects of

distribution, habitat selection. productivity, mortality and ulumately species survival,
; 3

1.3 Relief Habitag, ) )

Despite the rccogniz.cvd importance ol snow and snow cover in the ccology of caribou 1l
‘ . '
is largely ignored in discussions of summer range. Ma{ny groups come into contact with snow
- and icc in cvery momh.of ;h‘c year vet ill merits only a cursory treatment during lhp summer .
| The need to escape or fing relief from the heat and t;iling insects 1s rccognized as :\i\l'aclor of
‘par'amoum impoflancc in directing movement towards and within summer range. In this study

it is hvpothesized that permanent snowficlds are selected as a form of ‘rclief habitat’.

o [Y
k3

In the North American literature the movements of the Porcupine, Bluenose and

Bathurst caribou %ds towards the Arctic Coast irz early July are well documented (Surrends
and Debock 1976 . Banfield and Jakimchuk 1980). The cooler temperatures resulting from the
vast expanse of sea ice and associated .sea brcl.‘izc provide rclief to polcnliallfhcat-sucsscd ()f
insect-hagssed animals. On the ¢entral barrens, herds have been observed to congregate on the

s\f'xoreg of large lakes which rcmain‘icc-c_ovcrcd well into July (Calef 1981). White et al. (1975)

Ll
33

described rapid., insect-evoked movement of the Central Arctic Herd towards and along thc
coast of northern Alaska around Prudhoe Bay and a slow dispersal south under conditions of

no harassment. Caribou of the PorcupineHerd occupy the coastal lundra in late June moving
k]

‘aeastward into the prevailing wmd whcn insects are most vnrulem and on occasion wading into’

a
.’ -

: the f r1g|d water (although thxs has not been substanuatcd by acmal mcasu:cmcnt of numbcrs).'.



-

~Standing in shoulder decp water was described as an apparent avoidance pattern in
barren-ground caribou in central Baffin Island (Elliot 1972) . River deltas and associated gravel
bars and sand dunes arc preferred arcas of insect reliel for barren-ground caribou because of
the lack of vegetation and suitable mosquito breeding habitat (Calel 1981, Helfe and Aspi
19%4).
¢
It has been concluded on the basis of studies of summer range in Alaska that a

preference is exercised for slopes with a northern aspect during periods of mosquito harassment

(Curatolo 1975, Roby 1978). The cooler. shaded north-facing s(lopcs provide less than optimum

. . . . - . N . . . !
condition$ for mosquitos while providing sufficient forage to allow caribou 1o conlinue grazing.

congrcgqling n lérgc numbers on windswept ridges in northern Yukon (Surrendi and Debock
1976. Martell et al. 1984). On the relatively flat tundra any topographic rise may pr.ovidc a little
cxira breeze. Kelsall (1968) noted that barren-ground caribou wlill use eskers as “windswept -
refuges’ from flies in summer. Kershaw (1981) thought that this was one factor thn;h may
cxplain why Woodland caribou at Macmillar; Pass frequently altered their lines of 1raMo
follow the Canol Road. Roby (1978) observed caribou adjacent to the Trans Alaska Oil
Pibclinc to utilize gravel pads and piles of road material apparently as relief habitat under
scvere har;ssmcm.”ShaQC may also be a déterrcm 1o insect pests due to the reduced radiation §,
regime of lower air 1emperatures.vRoby (19.78) cites observations of bulls standing in the st;z;de J
of buildings, machinery and even the elevated pipe"li'n‘c in Alaska. Similar reéz;,:oning may \explain
the observation of bull caribou close to buildings at the tungsten mine alMacrﬁillan Pass -
{AMAX mining pcfsonnel pers. comm. 1984).
The degree to \_vl}ich specif i"c relicf habitat is utilized depends largély upon its
aqvailab’ility. Thc use of ;:lief habitat othet than ‘snow and ice ma:y"be due m par‘i' to thg fact
tha;l certain populations do not ha-vc showp:itéhes ;b Tesort 1o in sufqmér-. Where they do occur,

A
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snowpatches and areas of overflow ice (aufers) arc widehy used. both in mamland populations
and on the Arctic islands where they constitute the usual refuge for the’small sumamier groups
ry

(Calcel 1981). The lower degree of insect harassment in the High Arctic (Patker and Ross 1976)

suggests that there may be reasons other than msect harassment to cxplain the sclection of

snowpatches as relicl habitat.

1.4 Hypotheses To Be Tested

A review of the hiterature that attempts to account for snowpatch sclection in the

summer reveals that the majority of explanations fall, singly or in combination, into one of two

s

categories. For the purpose of this thesis, the two will be trcated as separate hvpotheses. o

Caribou are well adapted to the cold ; less-so for high summer temperatures. Under

Eva &

“onditions of heat stress many mammals become casily fatigued. One of the charactenstics of
£~ .
snow is its high albedo. Values of up 1o 0.95 for fresh snow and 0.4 for old snow arc not

unusual (Oke 1978). The rejection of strch a large proportion oL;gcoming radiation is of
. ~a . b d
primary importance i'n the overall low ¢nergy status of sno

N

Eurthermorc. over a melting

snowpatch at high altitude in summer, much of that energy is converted to latent heat and 1s

not available for surface heating. The snowpatch zone therefore will possess a relatively cool .

microclimate. The first hypothesis thus pi’op}_;)ses that caribou usc snowpatches as a cool, resuing
area as a mcchamsm»c}f'glcrmorcgulatmn (F;gixre 1.1). Formozov (1946) noted that ™
summer in the mom‘ﬂams the remdcer oglcn lic down on zaboys (snowpalchcs% Remmert
(1.%5)) atlribut‘es this 1o the coolngss of these snowy areas. Kclsall (1968) and Calef (1981) also
1eport spowpatches as a résling area for‘ barrcn-ground caribou in the Northwest Territories.
_Gi'll ('1978) noted t.hal lh-e Woodland caribou at Macmillan Pass on warm days would
E apparently auémpt {0 remairn cool ;'by }ying on the snow or otherwise staying near the
snowpatches”. A,eri‘al' Surveys flown over Macmillan Pass in August 1981 recorded §4% of all
caribou observations on snow, although less than 1% of these were bedded (Kershaw and

' : (\.\
Kershaw 1983b). . S
™

=



Although sn(;wpalch selection for a cool. resting arca 1s a form of behavioural
lhcrmorcgula\tion,'caribou may attempt 1o lhcrmorcgula;c -in other wavs. The ingestion of ice,
snow or meltwater wilj Lausc the body to lose somc hcat in raising the water to body
temperature . Gill (1978) recognized the snowfields at higher clevations in the Macmillan Pass
arca as an 1mp(>r{am source of water for the animziill\SA Kelsall described “slurping” atice and | o
snow as a common practice performed by barren-ground caribou (pers. comm. 1984). Captive
reindecr have been observed to consume two to three times their normal ‘walcr‘imz.xkc ad high ~
temperatures (Yousefl and [uick 1975). Caribou may thus use snowpatches to bchavi()ur;alls
thermorcgulate by iggesting snow (Figure 1.1). ) : !

Pruitt doubts that the conventional explanation of coolness is correct (pers. comm.

1984) . Indirectly though, this has a bearing’upon the second hypothesis. The low air
lemperature immediately abave the snok s ‘k.noyvn to inhibit’the activities of blood-sucking
insects that continually harass the caribou during the summer months (Skoog 196§, Calef
1981). Furthermore. the snowbalches, at least in alpin_c‘ regions, oécur in high and exposed
locations where winds are stronger than at lower elevation. Stronger winds significantly reduce
inscc; activity (White ct al. 1975). These two axioms forrr; the basis of the reduced insect
harassment hypolhesis (Figure 1.1), Formozov (1946). Pruitt (}9,(>-())_ Skoog (1968). Kelsall
(1968). Berécrud (1978) and Calef (1981) have all made rc.fcrencc to this explanation.

In addition to the two major hypotheses,‘ a numbér of other points are worthy of
* consideration. 1t has been noted that wolves in central Baffin, Island tended to avoid high,
rocky areas where deep snowpatches lingered in summer (Elliot 1972). Kelsall (pérs. comm.
1984) also thought that caribou may favour extensive areas of ice and snow for resting because
of the cxccllem'visibilily afforded,to warn of the approach of any potential dangcr.- It should
be noted thal it is just as valid to state that they themselves are more visible to predators 01\
snow and so should avond these arcas. Finally, Prum (pers. comm. 1984) h) pothesnzed that lhc

contrasting properties of snow and rock surfaces initiate thermal gradients which cause wind%lo

flow inwards - a beneficial situation for an gnimal with such an acute sense of smell. - o
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1.5 Objectives

In attempting to cxplain this aspect of summer habitat sclection by Woodland caribou

¢

the thests will aim to fulfil the following objectives:  “
o

1. Dehirmt the snowpatch sone. its areal extent and degree of change through the summer
scason. - |

2. Quantifs the microclimate of onc permancnt, high elevation snowpatch in relation to
adjacent and lower clevation snow-free zones.

3. Determunc when the snowpatch habitat is selected within the dail_x"acuvi(y ‘cyclc.

4. Asscss the relative merits of the hypotheses through behavioural analyses of Woodland

caribou on and off ,snov('palchc.\ under contrastipg climatic condi\‘ons.

11



2. THE STUDY AREA

2.1 Lecation

Macmillan Pass, at an clevation of 1350 m. a.s.1. is located in the Selwyn Mountains at
the Yukon/Norlﬁwesx Territories border (63 15'N , 130 02'W) (Figure 2.1). The mountams
_along the Continental Divide reach clevations of up to 2430 m. a.s.1. To the cast the Tstchu

> .

River drains into®the Mackenzie Basin with the South Macmillan River drammp mnio the Yukon
River system 1o the west. The Noﬁh Canol Road trends r')(_)'rlhv-ca.sl to south-west through these
two niver vallevs. The centre of the study area is located 11 kilometres east of the Terntonal
boundary and 8 kilometres south-west of the Tsichu River Airstrip at Camp 222 (bigure 2 1)
Principles of site sciection are discusséd in Section 3.1.
. . i
2 2 Physiography o v -

The south- w%stcrn Mackenzie Mountains and Selwyn Mountains comphsc beds of
'duém.ite afgillitc slate cher( limestone sandsmnc and conglomcrales arranged in closcly ‘
folded strata. During the Quatcrnary, the area was glaciated: at least once (Blusson 1971).
Glacxauon in tms area \H{b b\ local, cordxlleran ice whereby major pledmom or vallc» glaciers

: in Lhe Tsichu and Hess Rrver valleys were fed by mbulary glacicrs emenating out of hxgh

clcvauon curques (Kershaw and Kershaw 1983a) Glaciers are still present within the arca

around Keele Peak Many c1rques sull comam glacierettes such as that at thc hcad of lhc Main

Vall‘ey in lhe souxh-westem sector of the study area.
' The surf icial-‘ge‘em(')‘rvphology of lpe Ma‘cmillan f’ass Aarea has pech cxtcnsivcly mappcd
py Kershaw and Kershaw (19833) Locahzed descnp{;ve studles centred around thc tungsien
emme at the Commentai Dmde have also been completed (AMAX 1976, Kcrshaw 1976) Thc
study area’is classnf ted as lymg wnhm the dlscommuous pcrmaf rost zone (AMAX 1976)

. although Kershaw and Kershaw (1983a) proposed that low mean annual lcmpcralurcs and hrgh

’ elevanon would ensure that the area is underlam by conlmuous pcrmaf rost except whcrc
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a .
Figure 2.1 Lodation of the Extensive Study Area (E.S.A:).
. ,:y,":fté.\g S :
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permancnt wetlands and lakes occur. Several glacial, periglacial. fluvial, masswasting and

.organic landforms arc C\@&gl at Macmillan Pass. Within the study arca blockslopes and

paticrned grmfnd occur at high clevation. Solifluction lobes were observed on gently slopiyg

suﬂ'a&s in {ﬁc centre of the studyv arca. To the no}lh. eskers, palsas and peat platcaus have
A

~ been xdc_nlil'icd on and around the floor of the Tsichu River valley . (Kershaw and Gill 1979)

'

s

23 Mésoclimatc

Macmillan Pass experierices a Continental clir;lalic regime modified by the alpine
environment. Summers arc shérl and warm with long. cold winters. Between October 1974 and

3

Augusl 1982 the Tsichu River Meteorological gialion was operated by AMAX Northwest

v ’
Mining Company l.td. 1o provide surface data on a potential airstrip location. This station was
located 2 kil'ofnclrcs north of 1,hc study area. The Tsichu River Station recorded a mean annual
lempcramrc of -7.7°C. a m'can annual prccipilal‘ion of 490 mm and a mcan annual snowfall of
294 cm. The mean temperature of the warmest month (Julv) 15 10°C with a méan of -25°C for
the coldest month in December. Freezing temperatures have been recorded in every month with *
precipitation concentrated between July and Oclobjr;‘

No comparable data exist for the mountains above the Tsichu River Station.

Comparisons with the limited data collected in 1984 are not valid duc 1o the small data basc. It

is likely that mean summer air temperatures withirr the study arca in the mountains above
Macmillan Pass would be lower than the Tsichu River Station due 1o adiabatic cooling of air
with increasing clevation. However, during periods of cleér. calm weather, strong iemperature
inversions form over the valleys, paiicularly in winter. Cold air drainage onto the broad, flat
terrain of the Tsichu River,valley under anticyclonic conditions has been documented (Stpbpc

1975).

@
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2.4 Vegetation

Macmillan Pass lies mostly above timberline. At increasing distance to the east of the
Continental I)ivjdc the tundra gives way 1o subarctic forest (Porsild 1951). Thegg treed arcas
are generally dominated by subalpine fir ( Abtes lasiocar pa) and maturc stands of white spruce
{ Prcea glauca). The s(udy.arca lies entirely ab;)vc timberline. Analysis of acrial photography
sumn;aru& in Kershaw and Kershaw (1983a) was supplemented by ground surveys for the
study arca in 1984. The terminology used to describe plant communities follows that of
Kcrs}law and Kershaw .

‘Within the study area vegetation graded from lichen-encrusted felsenmeer above 1900
m 1o “;ill()w- and birch -dominated communities below 1600 m. At exposed, high elevation sites,
a lotal lich.cn cover of over 90% was frequently obscerved. Below 1900 m Alpine Lichen Grass
communilics‘wcrc common at well-drained sites. Kershaw and Kershaw (1983a) described
similar sites dor.ninale(} by graminoids such as Des_champsia caespitosa, I-:esluca alt;zlca, Poa
arctica and Carex atro fusca . Lichens including Cetraria cucullata, C. nivalis and Cladonia mitis
were also an important compbncnl of this plant community. Lichén Hcath tundra dominated’
* by Cassiope tetragona and Clédonia mitts (Plate 3 - Appendix 1) occurred on flat or gently
sloping sites at clevations generally below 1700 m. Relatively moist sites below 1700 m.
supported Alpir;c Meadow communities with a high cover of vascular plant species. One such
mecadow ddminatcd by b";lophomm angustifolium is visible in Plate 8. Below 16b0 m..
Birch-Lichen commupilies dorﬁinatcd by Betula glandufosa were common. At péorly-drained

sites and along water courses a variety of willow species were present including Salix lanata, S.

glauca and §. planifolia.



3. RESEARCH METHODS

3.1 Principles of Site Selection

The selection of a sluds arca occurred at three levels - a regronal selection, the chowee
of a site, andjﬁc delimitation of cxtensive and intensive study arcas. The Macmillan Pass arca
was sclected because of the existing data base (Archibald 1973, Gill 1978, Collin 1983, Keirshaw
and Kershaw 1983b) and case of access. The Pass is accessible via the North Canol Road in
summer and supporl equipment mayv be transported into the surrounding mountams from a
helicopter base 11 kilometres west of the territorial-boundary .

The summer surveyvs of Kershaw and Kershaw (1983b) recorded large concentrations ol
caribou on and around the slopes of an unnamed mountain 9 km southwest of the Tsichu River
aitstrip at Camp 222 (Figure 2.1). The snowpatch on which Kershaw and Kershaw (1983b)
photographed a large herd of 68 animals was casily recognizable from acrial photographs taken
seven years previously. The acrial photographs also showed the location of several other
snowpatches thought to be permanent m this area. As field reconnaissance prior to arrival was
not possible, these data and interviews with those familiar \;/ilh the Macmillan l;ass arca
(Kcrsha\y, pers. comm. 1983) formed the basis of §ilc selection. Other than the basic
rcquriremcms of a relatively dry and sheltered site with access 10 a continuous waler supply. a
permanent basecamp was erected in a Jocation which would afford an unobstructed view af the
largest snowpaltch but with a miqimal impact on ca;ibou. The principles for the delimitation of
the extcnsi,vc.and intensive study areas are discussed in Section 3.3. Bc:wccn-Junc 17 and

August 17 1984 a two-man.camp was maintained with a total of 104 man-days in the study

‘arca.
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3.2 Abiotic Components

In the last ten years significant advances have been made in the development of
instrumentation and measurement for environmental sciences. Automatic Data Acquisition
Svstems {(AIDAS) have rendered conventional, mechanical nieans of measurement almost
obsolete. The application of microchip technology to cnvironmental monitoring has proven
aavanmgcous in several respects, Not least of these are the compaciness. porl.:zabilil)', reliability
and storage capability of multi-channel dataloggers similir 10 those used in this study.

Two automatic weather stations were crected with)in the study arca. Their purposc was

twofold:
'l. To provide comparative data between the snowpatch and snow-free arcas.
?. To provide comparative data between exposed, upland sites and relatively sheltered. lowland
siles.
. The Tirst slqzon was operational for the dyu%alion of the field study between June 21
and August 16. Th'c station was located in Lichen-Heath tundra at 1676 m a.s.l. (Figure 3.1).
It was rcloca‘lcd in a Wiliow-Forb community at 1601 m a.s.i. on August 6.”This was becausc it
bccéme apparent that it was into these communities below 1600 m a.s.1. that most caribou
moved at night. The microclimatic variation between night-time and daytime habitat selection
could thus be more apf)roprialely assessed. It is referred to as the Willow - Forb or
Lichen-Heath station' throughout the thesis.

The depth of snow in the high ground throughout June and July meant that the second
station cc.)uld not be established until July 10. Once in place, it (0o was operational until August
16. This station was situated over lichen-encrusted felsenmeer and snowpavlclll sites at-an
clcvatibh of 1981 m a.s.l. (Figure 3.1). This station is_ referred to as the Snowpatch or
Blo;:kf icld statton depending upon the location of the sensors. Altﬁough the two stations were

-simultaneously gathering data It' or a‘relativAely short period (38 days) vthis’was thought sufficient
1o asséss any microclimatic gradienis (see points 1 and 2 above) und,c;r contrasting general -

weather conditions.
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At the low station (1.¢. at the Lichen-Heath or Willow -Forb Stations) a shielded
thermistor rccor(;cd ait temperature at 0.5 m."An clcclro-humidi;y sensor automatically
compensated for an inb:._uill emperature sensor (Roscnberg et al. 1983) mcasured relative
humidity and air temperature at a height of 1.5 m. This sensor was mounted horizontally within
a louvred screen cncloGC. These sensors were natirally ventilated.

A silicon pyranometer, mounted and levelled on the station measured global (diffuse
and dircet becam) radiation at a height of 2 m. Wind speed at.a height of 2 m was also recorded.
A tipping bucket raingauge monixo’r"clzl(’i precipitation.

Air temperature, relative humidit,\'\ and wind speed measurements werc combérablc
‘ bclwc‘cﬁ the two sites at the high station. Additional pyranometers and rain gauges were not
thought 1o be necessary. A hcavy duty wind direction sensor was mounted at 2 m“ Shielded
thermistors recorded air temperature at Hcights of 0.5 and 1.5 m over a permanent snowpatch.
These sensors were located 12 m from the station. Although this distance was limited by the
length of the sensor cable. the centre of the snowpatch could be monitored. This would
minimize any "edge cffect” and maximize the snow/snow -free gradient. The temperature
sensors were positioned at 0.5and 1.5 m as these heights closely approximated to the "héacf‘
lowered™ and "head raised” posture of caribou quantified in the behavioural analysis (Plate 1).

: r
Simple temperature profiles above the variofxs surfaces could also be drawn. All sensors w-e.re
calibrated in the laboratory béforc and after their use in the field. The thermistors were
calibrated against cach other in ‘the field. All sensors operated within their specified acchracy
< ‘
- range (Campbell Scientific 1983) and no correction féclors were applied.

The data from all sensors were processcd'and stored in the ihtcrr‘aal memory of a
Campbell Scientific CR21 rﬁ,icrologger. At the low station the signals were lraﬁsferred 107
' magnélic tape. At the high §La@tion (t-hé more extreme environment) é solid state storage module |
was used with a cassette recorder as a_vba‘cllcup. At each station i,he micrologger and storage
devices were placed in weat_berproof plastic cases pécked with desiccant gel. These were secured
_ inside c‘cA.)‘nvened"'lool boxes f or f urther protection (Plat¢ 2). |

.
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The microloggers were programmed 1o scan cach sensor every 15 minutes. This
provided climatic data at a resotution comparable to the obscrv:"mon'dalm Twenty -four hour
summary tables were élso generated 1o rccord totals, means, extremes and umes of extremes.
The low station was visited on a daily basis and the high station cvery second or third day

Prior 1o the installation of the high station onc micrologger was used to conduct two
temporary experiments. In the first of these, the temperature profile within the snowpackh was
recorded with a vertical array of thermistors. This would be used 1o eaxplain the supra-nivean
microclimate (Chapter 5.2). The second experiment involved sampling wind speed and direction
along transccts at various locations within the study arca. An appreciation of how mpogm;)h\
generales or ﬁodifics surface winds would be of value in explaining animal behaviour (Chapter
7.4) and pa‘llcrﬁs of snow accumulation (Chapter 5.1). A portable radiometer was used 1n
conjunction with the p,\:ranomelcr to calculate the albedo of various surfaces within the study

arca. Patterns of snow ablation were documented through the repeated photography of

panoramas {rom selected viewpoints.

3.3 Biotic Components

The third stage of site selection (see Section 3.1) was the delimitation of the study.
areas. These limits were delcrmincd by the animal observation techniques cmployed. As all
fieldwork was undertaken on foot. the most cfficient means of data collection was onc in which
travelling distancc‘ and time were minirmized and observing time was maximized.

Four observation points were selected which provided :xlcnsivc vistas of cach of the
. cérdinal points of _,th.e compass (Figure 3.1). The east. west and north obscrvation points were '
situated on ridges or iopograbhic fises. The $outhcrn observa.fion point coincided with thc high
station. A traverse beginnipg and ending at basecamp, qncompaséing each obscn)atio‘n point |
would take four hours. The high elevation of these obscrvation poinlé and their ov'crlappi‘ng\
angles of view were suke‘h. that a sbopiing scope fitted with a 20x eycpicce couldv survey a total

area of 50.7 km-? This is referred to_'throughqut the text as the "extensive study»arca"‘ The arca

-



bounded by these four vantage points (9.8 km 7) was co/nstanll_v within view. With the

exceptign of some local obstructions it coul,d be surveved at anv time. This wak the "intensive §

~
) [V ~

study arca’”.

Of all wald species of Cervidae . mountain caribou may be the most difficult to study.
Their srregular distribution and continuous movement can hinder the location and tracking of
local populations. Morcover. the rugged terrain of the Mackenzic and Selwyn Mountains 1s. in
many respectd less conduciwe to viewing than the tindra 6f the Canadian Shicld inhabited by
barren-ground caribou. As Edwards and Ritcey (1959) state :
"Studying caribou in mountainous terrain is strenuous work with small returns in knowledge
from long hours afield in all kinds of wecather...A biologist afoot could casily devote most of

~ : :
his time to searching” (p.21).
" It soon became apparent that a more effective means of collecting observation data was

to randomly sclect one observation point and to rcject other observation poims. as soon as a
sighting was made. The group or individual was then tracked until out of view. A constant
cffort was made to avoid harassing the caribou as this may have altered their normal
movements. All caribou sightings were recorded. Movements initiated or influenced by h‘uman
encroachment were excluded from later analysis. The time and location of the beginning and
end of cach sighting were noted on 1:50.000 topographic maps. Intermediate movements were
 also documented. Rccords of group size and composmon in terms of age and sex were kept.

Caribou are notoriously difficult to classxfy accurately as to sex and age. The presence
of antlers on both sexes hinders positive identification at certain times of the year. This
prob]cn},as limited mostly to acrial surveys Ground surveys are gcnerally supenor for the
analysns of discrete herds (Stelfox and Mchll;s 1977). A combmanon of identifying
characteristics were considered to classify ‘caribou in this study. During the summer months, -
body size, antler devcl‘dpmem.v pelage tone and'c)_uernal éenitalia are sufficient to classify

caribou into one of four groupS’ : ‘calf‘ , yearling, adult cow and adult bull. Any animals which

could not be identified using these tfiteria were left unclassified. ‘ \



Obscrvational studv of animal behaviour has been perfected mostly through the analysis
of captive animals in an artificial environment. The study of laboratory -housed :mnﬁal.x
benefits from an increased internal validity (statements about the sample) at the expense ol
decreased external validity - the interpretation or generalizauon I:rom the sample to other
sttuations Of populalibhs‘in the wild (Altmann 1974) . Obscrvational ficld studies tend 1o show
the converse imbalance. Field situations are essentially “observation sclective ™ as opposed 1o the
"manipulative” environment of the controlled laboratory expeniment. The selection of samphng
variables and methods in such a non-manipulative cnvironment as the Mackensie Mountaimns
was aimed at maximizing the internal validity of the data. In the 1ollow1.ng discusston the
sampling method lcrrﬁinology follows that of Altmann (1974)_‘

Many of the carly observation data were of an informal a'ng non-systcmmatic nature.
Such ad libitum sampling was of some hcuristic value in s@&rching for ideas and in planning
more systematic sampling. The choice of the most appropriate sampling method was influcnced
by both the conditions of observation and the number and behaviour of the ammal; under
studv. Under these constraints a combination of focal animal samp.lj.ng and scan sampling were
selected. Focal animal sampling concentrates ona singlc animal and records bchaviour during 3
predetermined sample period. Thi; is a techrique adopted widely in the study of primalcls
‘although it has also been applied to ungulates (Struhsaker 1967). Scan sampling (or

instantaneous sampling of groups) is used to obtain data from a large number of group

I

members by observing each in turn. w "7

The selection of a focal individual may be either randorri, stratified random, regular or
irregular (Allmann 1974). All but the first of ihesc categories were used, with ‘sclecu‘c;n |
dglermined by one or more of the following criteria : |
1. Herdhsize B
2. Nearest neighbour distance -

‘3. Degree of movement

4. Viewing conditions



4
-

The principal objc&u’vc of the behavioural analvsis (other than 1o test the hypotheses) was to
asscss any vanation in snowpatch use with reference to age and sex. Therefore. whenever a
darge (e over 5) herd of mixed age and sex could be observed at fength, focal individuals were
randomly chosen within cach of the four agé/scx classes. Larger aggregatians were often closely
spaced and sampling was incvitably biased towards individuals nearer the observer. Herds of.
less than five animals that were rcla(ivcl;' WCllpspaccd were sampled regularly. This involved the
rotation through a fixed schedule of cach animal. |

In .addition to the sampling of focal animals, scz;n sampling of the lérgcr groups was
allcmpicd. This was done by recording an individual aﬁimal's current activity at prcscicctcd
intervals. Th was thought to be of value in describing patterns of group bcha.viour and
provided comparative data to the focal animal samph’ngg/\\ technique was perfected whcrcbyra
scan sample would be taken Zu regular intervals after a fixéd number of focal animal samples.
All time budgcuné analyses of focal animal samples were undertaken on a ten minule basis.
This interval was chosen as it was the longest time that an individual animal could be
continuously monitored through a spotting scope before movement obstructed or interrupted
vision and observer fatigue bﬁcame influential. This interval also made lh‘e dalalcomparablc
with similar studies on other populations (c.g. Fischer and Duncan 1976). A cumulative
stopwatch was uscd to gecord the time budgeting of various activities on a two point scale
(standing/bedded. head raised/head loweréd etc). The scan samples also provided data on
groups for which focal animal samples could not be attempted (e.g. short observations). In
some cases the frequency o.f sbccif ic behaviour was samﬁled. for cxample in assessing response
to insect harassrﬁcm. In this form o‘f“{_,sampling the onset and termination of the sample. period
was dependant upon lhe behaviour under study. Otherwise, the interval between regular sample
pcriods"\vavas usually five minutes. |

In addition 1 recordiné behavioural resbonse‘ to hdlLaSshjén.l, insect iraps were placed at L
' gr_(;un_d lpvél: at diff cren“t'-elevati_ons an'd.in specxf icha‘bi._tats. Each .;ra‘p,look the qum"of a dark -

green rccla‘ngul_ar'bo& with dimensions 40 x 25.x 25 cin (Plate 3). A 225 em? square section on
T ’ S ’ B ’ ‘ e

°
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ecach side was lightly smeared-with a strong. weatherproof adhesive ('Tangqudot . (Successive,
;xpcrimcms using traps .of \’ariéus tones provided no evidence thax~ Insecty cuc 1o specific
colours). A inscct alighting on lﬁis surface was entrained . Fach ol the four secuons were
divided into a grid patiern (o facilitate totalling. One trap wa‘_\ pfaccd ad_mccm to cach weather
station. Counls were made whenever the weather station was visﬁéd’(scc Section 3.2 tor

frequency of visitation).

3.4 Major l’roblem; and Limitations

Aulomali;‘ weather stations are naturally exposed to the elemdnts which they are to
mecasure (Van Cauwc'nbcrghc 1981). Battery drain in the tape recorder acjcoumcd fora4.1%
data Joss from all sensors ;,“ the exposed high station. A broken anemometer cable resulted in a
further 8.3% loss of wind speed data at this station. At the Jow station the same problcm caused

/

a 1.4% loss of wind speed data. The accumulation of 0.5 ¢entimetres of snow on the
pyranomeler was Suﬁ”ic'icm to lead to the rejection of 0.6% of the rz‘adialion data.

Several factors combined to hinder the collection of observational data. Viewing times

and distances were frequently rcduéed by low cloud cover and poor light. Tripod vibration in

@

strong winds made any accurate study of distant animals almost impossible. Conversciy, gmhﬁ-
warmest afternoons viston llgrough the spotting scope was blurred by thermal disturbances of
the air. Manyof the focal animal samples were abandoned because of these problems and the

irregular movements of individuals which obscured the animal under study.

7
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4. SEASONAL DISTRIBUTIONS |
. ‘ e
4.1 Introduction
This chapter contains a brief discussion of the va'.rious factors which influence caribou
movements on a scasonal time {rame. Numecrous cﬁvironmcmal and ph)'gioiogi'caI variables
combinc to direct migrations in Woodland caribou. Snow and snow cover arc cmphasized. These
are discussed with reference to the literature on popxxlaliqns in western Canada and Ala;ka.
This is followed by a review of the literature documenting the movements of the "herd ™ under

study . The distribution of caribou within their summer range in and around Macmillan Pass is

discussed in the conclusion.

4.1 Scasonal Migration in Woodland Caribou

Woodland caribou inhabiting mountainous regions of the Yukon and Northwest

7

Territories undertake vertical seasonal migrations between forested winter. range and ‘alpine and

subalpinc tundra zones in summer. The causal mechanisms behind migration have been widely,
discussed and involve a complexity of physiological (endogenous) and environmental

(exogenous) considerations. There are several suggested reasons to explain why cagibou

~ migrate. Banfield (1974) includes amongst the most important factors, a change in diet asa

result of seasonal growth in vegetation, rutting and calving r:quiremcms, changing snow

conditions, loss d,f ranéc tof ore§;f ires, weather conditions and the prevalencé of biting ﬁ'i_'e;-,

and mosquitoes. Photoperiodism, terrain f eatufes and pr.edation could also be added to this liﬁ.
The importance of snow (and sn'o-w cover) as an exogenous factor was discussed in

-

Chapter 1. The role of snow varies signiﬁcangzton an annual basis. Throughout May the

receding snowpack and the stimulus of advanced pregnancy in the adult f emale initiates a

.

movement out of the trees into the subalpine region (Kelsall 1968). This is reinforced by the
emergence of new, nutrient-rich plant growth. During the spring _rﬁigralion the calvihg grounds

are the focal point for the movements of individuals‘and‘gr'oups. These are situated mostly in

25 -
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gently rolling tundra although evidence of calving in more mountanous Crrasm is not.
uncommon (Archibald 1973, Ber-g'crud 1678).

in l\er’ms of physiology. the months bct&ccn June and Sepiember are a ume of magor
growth and replenishment of encrgy reserves depleted during the winter. The major
environmental determinant in sum’mcr is the need 1o escape or find rehel from the heat and
biting insccts. The summer distribution aﬁd}novcmcms of barren-ground can_bdu are wc}g
documented. Repeated aerial surveys have Icad to a better undetstanding of the distribution andl
timing of migration between winter and summer range in northern Canada and Alaska
(Banfield and Jakimchuk 1980). Post calving m(;vcmcnls towards the Arctic Coast 1n scarch of
cooler temperatures and stronger winds tvpify the attempts of heat-stressed or insect - harassed
animals 1o-fin'd relief habitat (although this has not been empirically tested.) Similar
environmental coptrols may dictate the movements of Woodland caribou Uﬁoughoul their
summer range. Whereas major latitudinal and longitudinal migrations arc undcrlak'cn by
barren-ground caribou, this is replaced by an altitudinal seasonal shift of Woodland caribou 1n
the mountains of western Canada. Late-lying snowpatches and windswept ridges at high

. -

clevations provide the greatest potential for relief from heat and insccts within the Woodland
caribou's summer range. | ‘ _ .

During the late September/carly October rut, the rapid accumulation of snow forces
caribo‘u to lower elev;nibns bglow lfr\nberline. Allhough caribou will tolcrate 2 wide spectrum of
snow conditions, the softer and lightér snow of the treed wintering grounds is favourcd,fo?
foraging on ground and arboreal lichens. The f orestialsb affords a much highe;r degrec of
v shelller during th¢ long winter months until the spring migration fccommcnccs. This pattern of
- vertical miération is docpt%emed for mouﬁtain caribou in British Columbia (Edwards 1958,

)
.Edwards and Ritcey 1959, Bergerud 1978, Freddy 1979) Yukon (Qosenbrug and Theberge 1950)

and Alberla'/British.(;ommbia (Stelfox 1974, Stelfox et aL 1978).
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. the following month by Lortie (1982).

A 3 Scasonal l)Mrlbuuon of the "Redstone Herd"

'

\

o

The exact home range iimits of Woodland canbou occupying the Macmillan Pass area
during the summer months are not known. I:lo dclailcd work encompassing an entire year hai
been attempted and those surveys replicated on a seasonal basis are limited in space and nmc'
(Slmmoﬁ"’s 1969 and 1970, Kershaw zlnd,Kcrshaw 1983b). Wintcr surveys in the central

Ma’c'l(cnl.lc‘Moun(ain.s llndcrlakcn by Lortie (1982) found evidence of wintering caribou to be

* morc or less continuous from the head of the Thundercioud River to the upper tributaries of

the Mountain River (Figure 4.1). From this cvi&}ncci il was still speculative whether this
distribution represented one winlcriﬁg "herd " or was composed of scveral discrete smaller
herds. In spilc of these limitations it is possible to define approximate limits to winter and

summer rangc and mlgrauon routes of caribou summering at Macmillan Pass. .
I)cspllé‘lhc transient and nomadic nature of - Woodland caribou in the Mackenzie and
v\ - .

Sclwyn Mountains therc appears 1o be an annual migration 1o primary winter range centred on

the Wrigley l,akc avrea 160 kilometres lo‘lhc norlhfeasl of Macmillan Pass. The spring and

amumn migrations arc¢ characterised by lopographlc fun‘nellmg through the valleys of the Kcele
i

River and its tributaries and the Norlh Redstonc River (Archibald 1973). Hence, throughout

the l\hcsis_ l’:is herd is referred to as the Rcdslorlc Herd (Farnell and Nette 1981).

Simmons (1969) noted concentrations along the North Redstone River moving

. upstream in mid-March 1969 which complements obscrvations he made at the same time in the gL

two previous years. In 1970 movement up the North Redstone River valley was rapid and
canbou were sighted only 8 knlomelres to the east of lhe Keele vaer by mid- February

Slghungs were also. made inthe dramagc valleys norlh of the Tw:tya RIVCT as early as Januar)

Cin 1970 w(’Slmmons 1970) In February 1982 over 100 caribou were observed in the lower

’ reachcs of the Tsxcht&xvcr only 30 kilometres f rom the Commemal Divide (Kershaw and\’

8
Kers_h;;w 1983b). Slmllal' observations of up*to 500 caribou along the Tsichu River were made

r M|
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Figufe 4.1 The general r‘cgibn used by Woodland caribou associaleq with the."Redstone Herd".
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Most calving occurs in the hcadwélcrs of the Kecle, Twitya and T\ial]a Rivers. Acrial surveys
flown in the first week of June in 1982 and 1983 identified large coficentrations above the
'I'(.x‘;.chu River 10 the cast of the Cano! Road (Kershaw and Kershaw 1983b) The same spring
surveys also revealed a small number along the continental divide and into the Yukon. Some
calving occurs here. Numcrous observations were also made alorg the Divide between Christie
Pass and Kecle Peak in late Ma)" and carly Junc of 1981 (Farnell énd Nette 1981). It 1s possiblc
that these amimals were part of the Rcdsloﬁc herd but more likely to be part of a herd wintering
in the Ydkon. The highest concentrations of caribou in the Mackenzie and Selwyn Mountains
occur at O'Grady Lakes (Collin 1983) although most of the alpine regions to the cast and wesl
of Macmillan Pass arc inhabited during the summer months.

The autumn migration may be}_:in as carly as August with a return to winter rangc in
the Northwest Territories allhdugh some may éross to winter in the Yukon. InAAugUSI 1976
there was a pronounced castward movement through the Selwyn Valley 1o the North of Keele
Pcak (AMAX 1976). Similar directed drifting through the upper Tsichu River valley has been
observed in August and September (Miller 1976). As the rut approaches in late September and
carly October very few caribou remain in the fsichu River arca with the majority moving down
below timberline to the cast. Caribou sign have been ob_s;rvcd as late as November 26 in the A
Tsichu River valley (Gill 1978). Steifox (1976) counted many caribou at Shezal Canyon at the
confluence of the Keele and Natla Rivers and at Caribou Flats to the east of the Keele river in
late September 1967. Some of the caribou occupying Macmillan Pass during the summer may
congregate in the upper. reaches‘of the Soul‘h Nahanni River where large‘ winter concentrations
' havc‘ béen known to occur (Farnell and Nette 1981). The same authors confirmed the eastward
migration in éutumn by relocating post-rut caribou in the Nc;rthwest Territories over 206 km.
from their original location at Keele Peak in July. |

Between November and April, caribou of the Redstone Herd are wideépread throughout |
their winter range along the Keele, Natla, Ekwi, Twitya and Redstone l}iver valleys and their

tributaries. Contrary to the early opinion of Rand (1945) _that éaribbu are "present the year

\(
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round” at Macmillan Pass, more recent winter wildlife survevs in the arca desenbed by Gill

(197%) and Kershaw and Kershaw (1983b) provide no cvidence of caribou activity at this time.

4.4 Distribution within Summer Range

There is strong cvidence {for the overlap of summer range with calving grounds centred
on an area approximalcl\)‘ 15 kilometres 1o the cast of the Continental Divide. Acnal .\lxr\'C)\’
flown over a 500 km* study area cenired on the upper Tsichu River in the first week of June in
1982 and 1983 located concentrations of caribou in mountainous terrain south of the Tsichu
River (Kershaw and Kershaw 1983b). This evidence is reinforced by an abundance of dropped
female antlers in this area and to the west in the mountains due south of Camp 222 (Figurc
2.1).

During calvi‘ng, the caribou at Macmillan Pass are concentrated arour;d the lower
reaches of the Tsichu River but the summer distribution is much more widespread within and
above Macmillan Pass. The acrial surveys flown by Kershaw and Kershaw (1983b) in August

1981 and 1982 located concentrations in the mountains to the south of the Tsichu River but also

a wide dispersal within the mountains north of the river. The clevational distribution of

3 .
\

Woodland caribou at Macmillan Pass during the summer is higher than at any other time of the
year (Table 4.1). Archibald (1973) ~dcsc‘ribcd a similar change in distribution with clevation
through time for caribou in the Mackenzie Méumains. Between May 11 and 21 $873 (the
pre-calving period') cwr 96% of aﬁim;ls observed were below 1530 m a‘.s'll. Between Junc 3 and
30 over 83% were observed above lhis.cl\e\valion. During the fly scason (Jﬁly 1 1o Sept 3) 93%

were located above 1530 m a.s.l. and 56% above 1830 m a.s.l. No comparative data werc

Vo
\

available for autumn or late winter. \

Similar seasonal shifts in dxstrnbuuo\n on an elevational bas:s have been noted in ofher
Woodland canbou populations in lhe moumams of Western Canada (I:dwards and Rnccy 1959
Frcddy 1979 Stelfox 1978, Bergerud 1978 Oo enbrug and Thcbcrgc 1980). Each of lhcsc
studies describe a seasonal shift of distribution \\s\nlh elevation and the highest values were

\
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Table 4.1 Seasonal distribution of caribou at Macmillan Pass with respect to elevation.
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achicved in July and August. With ihc exception of the work of Freddy . these studies also
describe a second shift to higher elevation in mid-winter. There are two posslﬁlc cyplanations
for this reascent. The first is that snow accumulation and compaction qllows canibou 1o move to
higher clevations to forage on arborgal lichens from the platform provided by the snowpack
The second is that stronger wind speeds on exposed high land reduces snow depth and facilitates
access to ground lichens. Although no data on feeding preferences are available the former
cz&planalion is more feasible in accounting for the Jocation of a band of caribou on the Tsichu

‘,Ruivcr in February 1982, well west of the traditional winter range (Kershaw and Kershaw
1983b).

‘Within their summet range ai Macmillan Pass. Woodland caribou strongly sclect slopes
with a northerly aspect. From the surveys flown by Kcrsﬁaw and Kcrshaw (1983b) in August
1981. 82.3% of observations were made on slopes facing either to the north or north-cast. The

. following summer 72.5% of observations were made on slopes oricnted towards the north,
north-west or noﬁh-eésl (Figure 4.2). A similar predilection was described by Gill (1978).
This he attributes to the cooler and more humid environment of the north-facing slopes and the
resultant retarded phenelogic state of vegetation found here. The more obvious explanation is
the distribution of srcx%wpatchcs on slopes facing north and east duc to the lower levet of
irradiance and the prevailing wind direction. Preferences for north- and cast-facing slopes were
also described. by Bergerud (1978) for caribou in British Columbia. These obscrvatiop.s are
completely'a't variance with those of Stelfox (1974) for mountain caribou in Jasper National
Park. Between June and September 1973 these caribou selected slopes with a varicl‘y of

exposures but predominantly those facing south and west._Thc north and cast cxposures

selected by caribou at Macmillan Pass were used mostly in winter at Jasper.



33

!

wE86 (1 MBYSIDY pue Meysudy wody paldepy

62 = WONRAINQO JO QquAU (N0

e P " daedh. L

------

o= _ 0mu . xm o .

(g dupdsg (8 L e 18 sowwng

e R

Heo =s yms 3!.-
0 bepds o 18 a4 18 Runsag

8

Figure 4.2 Seasonal distribution of Woodland caribou a1 Macmillan Pass by aspect.



5. ABIOTIC COMPONENTS : SNOWPATCHES AND MICROCLIMATE
L]

,'1’
5.1 Snowpatch Mapping '

5.1.1 Snowfall at Macmillan Pass

Between October 1974 and August 1982 Amax Northwest Mintng Company 1inuted
maimainca a meteorologicad station at Camp 222 on the North Canol Road. At an clevation ol
1265 m a.s.1.. the Tsichu River mcteorological station was located 1.8 km north of ‘the northern
boundary of ‘lhc extensive study area. In conjunction with data from the Yukon weather offie,
data for this périod were synthesized by Kershaw and Kershaw (1983b) . The 8 vear data base
was thought sufTicient to provide an accurate description of snowfall at Macmillan Pass.

With a mcan annual precipitation of 490 millimetres and sub-zcro temperatures
recorded in the war.mesl month (July). snowfall has been documented in every month of the

year. The first major snowfalls occur in September when mean monthly temperature falls

&
¢

below 0°C. October, November and l)(\lﬁccmbcr,w'pcn combined, account for over 49% of the
mean annual snowfall. Snowfall between January and April is comparatively light with scttling
and compaction of the snowpack. Some precipitation wil occur as snow in May when the mean
monthly temperature exceeds 0°C for the first time and the spring melt begins. In June, luly
’and August less than 1% of prccipiiétion occurs as snow with a-gradual retreat of the snowpack

to higher elevations.

5.1.2 Snow Cover on June 17

' By the end of the second weck df June 1984 little snow rcmaihcd«on the floor of the
Tsichu River valley at Maemillan Pass (Plate‘4). ‘Adjacenl‘ to the North Canol Road snow
rc'mained in isolated depressidns where wind drifting had created de‘cp éccu‘mulaliohs. Ri;ﬁcr

icings remained on the South Macmillan and Tsichu Rivers. The mountain peaks at The Pass

still retained a relatively continuous snow cover at this time. In the extensive study area snow

o
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blanketed most of the terrain above 1700 m a.s.l. Exposed ridges and south -facing slopes were

Jargely frec of snow (Plate 5). Within the extensive study arca snow still covered 53% of the

surface.

Although no data were available on patterns of snow accumulation 1n the arca.
~ somcthing may be inferredN{rom the nature of the snow cover in mid Junc. From a random
sampling of snow depths withinhe intensive study arca, it appeared that the decpest
accumulations of snow formed along water courscs, in small valleys and in any topographic
depressions decp enough 10 hold snow. I)cp{hs of over 2 m were recorded along north- and
north-cast-facing river banks and lec slopes. A similar distribution of snow though with a
\slrongcr;oulhcrly component was observed by Kerby (1979) in the Richardson Mountains.

The central section of the intensive s;.ud& arca was a écnllc. north-facing slop¢ and st

retained a relatively continuous SﬁOW' cover with the deepest accumulations in gullies and
former water courses 1o the south of the basecamp. The gently rolling ridges and hummocks
between these depressions werc free of snow. Meltwater which flowed off the tundra slopes into
hollows and gullies‘ cleared channels to the north and cast of the intensive study area. To the
west. snow still covered the entire surface of the glacierette and filled avalanche chutes in the
cirque headwall. Similar features on the south-facing wall of the mountain also retained snow.
Lincar snowpatches remained in the lee of debris slides on the eastern wall of the main valley.
Below 1500 m a.s.1:, snow cover was more discontinuous as the extensive snowficlds gavel way
to individual and widely -spaced sinuous patches following water courses and hollows as far as
No Fail Lake (Plate 6). |
5.1.3 Snow Cover on August 17

v _By mid~Au_guét no snow remained in the main Tsichu River valley fIOOr and all land _
below 1750 m a.s.1. in the extensive study area was free of sﬁow._Most of thie larger

snoy ches occurred on favourable slopes above 2000 m a.s.I. (Figure 5.1). This increase in

snowpatch frequency with clevation is probably a result of adiabatic cooling with increasing

o
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altitude. Assuming a dry adiabatic lapse rate of 1°C 100 my - * the temperature difference
between the Tsichu River at Camp 222 and the mountain peak in the south-western corner of
the study arca may exceed 10°C. The frequency and duration of Qub-/.cr() temperatures reducing
snowpatch ablation should thus be longer at higher altitude. Furthermore, the

lichen-dominated communities at the higher ground gfve way to denser vegetauon below 1650 m
a.s.t. Uncqual hcaling around vegetation protruding through snow would icnhancc melting at
lower clevations.

The location of snowpatches remaining at the end of the smdx period is giveh in Figure

B3

3.1. These snowpatches covered 0.9% of the extensive study area for a total surface area of

().46km’. This arca comprised 30 discrete snowpatches distributed throughout the study area but

concentrated in the higher ground to the south-west. Despite sub-zero temperatures and

-~

snowlall in the second week of Ay | tf;i was thought that ablation was still occurring at the

cnd of the study pcriod‘. This Qo;x["(i"pzrobabl)’ have melted out most of the smaller snowpatches
which were 100 small to be accurately mapped. These thirty patches were thus thought to be lhc
only pcrmanent arcas of snow in the extensive study area.

All but onc of the 30 p(rmangnl snoﬁpalc‘hes occufred on slopes with a north,
north-cast or caslern aspect (Figure 5.1). This is due to the jower i;radiancc on slopes with a
nonhcgn aspcci and the prevailing westerly winds in winter (Stobbe 1975) which cause drifting
in lh-c lec of mountain ridges on east-facing slopes. Slope angle is less inﬂuem»ial upon
snowpatch formation as permanént patches occurred on angles of‘l° to 51°. Solar réceipl
decreases ;vilh'increz;;ing slope angle on norih-facing slopés. All snowpatches occurred on
plant -free surfaces or ‘l’ichen-cncr‘uslec-i felsen'méer.

The largest snowpatch in the sludy area (number 7) with aA surface area of
apprpximalcly 1900 m? covered the upper slopes of the glacierette in the south-eastern corner
of the extensive study area. This arcuate patch extended up. the headwall of the cirque alon’g’

steep avalanche chutes. The gradient of the headwall was 100 steep to allow any direct solar

radiation to reach the snowpatch at any time. Air temperature within the cirque below the

°
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moraine was recorded at 7.3°C cooler than that at the lower elevation station on July ‘2\ at
T4:00 h. This ‘drainagc of cold air onto the cirque floor and the low rradiance ensurdd that the
rate of snow ablation within the cirque would probabty be slower than at ansy other location in
the study area. Several smaller snowpatches occupted hollows in the cirque headwall (numbers 2
toband 8o 11).

Seven snowpatches (numbers 12 1o 18) wérc located 1n the south-western cornet of the
intensive study area centred on two steep-sided hills. The largest of these (& 13) extended for
140 m along a steceply sloping rockface bordering the cirque wall. The south-castern edge of the
snowpatch dipped over an arcte 15 m into the adjoining valley (Plate 8). This.snowpatch
possessed ;imilar dimensions to the onc appearing in an acrial photoéraph taken in the summer
of 1974. The same patch was also casily identifiable from obliquc angle acrial photographs
taken in early August 1982 (Kershaw and Kershaw 1983b). This provides strong cvidence for
the recurrence of certain snowpatches in the same localio_n in successive vears. Two
snowpatches (numbers 16 and 17) occupied a s‘mall col between the two pcaki. This
topographic constriction produced wind speeds up 1o 55% stronger than the cxposcd high
station. This would causc decp'driflihg below the col and a small cornice had developed on
snowpatch number 17.

Snow occupied four deep troughs thought to be structural faults in the west-facing
slope of a mountain in the cast of the intensive study arca (numbers 23 1o 25). Snowpatch 21
wz;s located in the upper slope of a deprcssion.lcft by a debris slide with snowpatch 22 similarly
located ip tt;e lee of an east-west trending ridge. Larrge drifts will form in the lec of major
obstacles or steep drops in elevation where wind specds ére‘rc"c‘:iuccd: Snowpatches 27 and 28
exemplify this..Bmh were located in the lee of ridges trending north-cast to south-west. At the
site of snowpatch 28 south-easterly \yinds éncoun}ér a change in g_radicm_qf 510 35° over 4
metres of elevation. This produced a 77% drop in wind speed during a 10 minute sampling
period and lhjs acts as an effective snow trap. Snowpatches 26, 29 and 30 also occurred on s[éép

‘scree slppes with a north or north-eastern aspect. Some ‘impression of thé'changc in snow cover ’

7
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during the study period 1s illustrated 1n Plates 7 and §.

5.2 Snowpatch Microclimate '\\ )
a

5.2.1 Introduction

As Geger (1965) states. "the essential characieristics of similar microclimates are
repeated evervwhere. It suffices for many purposes to measure these characteristics at a few
cxperimental areas and relate lhcrﬁ to other silc".; within the same macroclimate”. The following

discussion of microclimatic variationt within the study arca is based on this assumption.

/
Analyses of climatic conditions across the snowpatch boundary and at high and low clevation

sites are intended to fulfil the two major objectives of work atiempting 1o quantify

relationships between ‘macroclimale’ and microclimate identified by l*:!dlmes and Dingle
\ kY
\ ‘
(1965) . Thesc are first: to establish general relationships between microclimate and
AY

macroclgffate’ (c.g. the snowpatch microclimate) and second: tg illustrate the highly variable
\ e

\ : =

naturc of microclimate (e.g. "local’ mountain climates).

5.2.2 Radiation Budget | \ \

Snow (and ice) surfaces possess unique properties in terms of their \r&)ialion‘budgel.
’ ‘\1\ Q\

' Snow is almost a perfecl\black\ body in the long-wave portion of the spectrum but also h.ai‘s‘a

very high short-wave albedo. The surface (and sub-surface) reflection of a high‘ proportion of
insolation and the strong re-radiélion of terrestrial energy are the reasons for a sno;x\?'—qbvered':x‘
surface being élassiﬁcd as a radiative "sink". as a radiative "_s_‘il_x.lyk"‘. In addition, the low thermal

- N E s ‘
conductivity of snow ensures that surface radiative heat losses-are not quickly replaced by heat

fluxes from below (Munn 1966). ' ' Co
: : - . ) \
‘Unlike many other natural surfaces, snow will allow-the transmission of incident

]
Iy

short-wave radiation, thus énsuring that radiation absorption occurs within a volume rather

. than at a plane. Solar radiation not lost by reflection at the surface may penetrate to a depth of
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' e
1 m in snow (Geiger 1965) and up to 10 m in ice (Munn 1966). The d.iéx‘giﬁtc decav of the
)
within the snowpack follows an exponential curve which is infiuenced by"the properues of the

snow and the wavelength of radiation (Oke 1978). The Significance of radiative cxchange ‘within

snow becomes apparent in explaining the sub-nivean and supra-nivean microchimate.

5.2.3 Energy Balance

The rejection of such a large portion of incoming short-wave radiation 1s of paramount

importance in explaining the overall low energy status of snow surfaces. In atiecmpting to

3

formulate the energy balance over snow, Oke (1978) draws the distinction between “cold™ and

"wet " snowpacks. The former case is more typical of high latitude snow surfaces in winter with

very little or no solar input. The high aridity under these conditions cnsures that fatent heat

.

flux is likely to be a negligable component in its energy balance. An ablating snowpatch n a
mid-latitude alpine environment such as those under study more closely corresponds to Oke's
"wel" snowpack. During the summer months at Macmiilan Pass when temperatures exceed
. ‘

frcé'zing, precipitation as rain becomes a significant cnergy balance component in enhancing
snowmcil. Rain percoléiting through the snowpack represents an additional heat source for the
pack. This, together with phaséi‘changes of water involving the relcasc and uptake of energy arc
the primary means of heat transfer within the snowpack. Sublimation also contributcs to
snowpack remo;/al,during the summer.

Daring the summer when ablation cxceeds ;ccumuldli%olh radiélion and convcction 3
. acl as energy sources to support meltir;g. The temperature of thcsno&éh:mgc‘s very liulc‘i'n this
process theref. ore the large chaﬁge of enérgy storage is due to latent rather Lhan. sensiblc heat
' dptake. The eneféy balance of a melting sriowpatch, high in the Sclu'/y'n‘Moumains in summer
can thus be best approximated by: | ° 7 o h

Q*+QR=QH+OQE+sQs (5D

where Q*® is net all wave radiation ﬂﬁx-dgﬁgity, QR is the rate of _h¢a1 supplied by rainfall, QH 1

is urbulent sensible heat flux density, QE is turbulent latent heat flux density and aQs is net

5
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cnergy Storage.

5.2.4 Thermal Climate 8

The radiation balance ahd energy budget of snow together ;Nilh its physical properties
{specifically its low thermal ¢onductivity and thermal diffusivity - see Table 5.1) are a key to
undcﬁrslandlmg its sub-surface thermal climate. This in turn hclbs to explain cor;dili‘ons above

»

the snow'surface. in particular the first 1.5t0 2.0 m - the zone of critical importance in this

. study. Emphasis in the foliowing discussion of the snowpatch microclimate is placed upon the

general patjern cvident from snow profile and snowpatch margin analyses. This is supported by

specific examples such as 24 h analyses...

Unlike bare soil and vegetated areas. sub-surface temperature profiles through snow
cxhibit a maximum just beneath the surfacc.(Figurc 5.2). This is because, by day, radiative

hca& transfer dominates over heat conduction in the upper 50 cm (Schwerdtfeger and Weller

P

1967) and also bccause the transmission of short-wave radiation is much greater than the
long-wave cor‘n_poncnl'-f‘in this medium (Oke 1978). Radiative losses comprise short-wave
reflection and long-wave emission to the atmosphere. The.strong absorptivity of snow to
long-wavérac‘lialion permits this loss to occur from a thin surface layer - measured at around 3
cm in light, lq@scl).'-placked snow (Takahashi 1960). The relative attenuations of short- and

long -wave radiation and this balance between gains and losses is such that net radiation had

~

. : ' - L
maximum absorption just below the snow surface during the day. Consequently, this is the site

.

" of maximum heating and has the highest temperature. This phenomenon has been observed in

"dry " snOWpaéks at high lalitude(Holmgren'l97l) and to a lesser degree in isothermal packs

such as lhosé understudy (Figure 5.2). - S . e

- The reflection and transmimssion of short-wave radiation below the snow surface and
the conversion of a large portion of the encrgy budget to latent rather than sensible heat results

_ in a ralatively cool microclimate over snow. Surface temperatures remained close to 0°C (as is

expected at the site of maximum evaporation and sublimation) illustrating the strong thermal

o
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Table 5.1 Thermal properties of natural materials.
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Figure 5.2 Temperature profiles within and above the snowpack — June 25.
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inertia of snow with lapse profiles commonly obscrved during the davtime. At night the poor
thermal dif fusivity of snow {Table 5.1) causcs fast and intense surface cooling and the
development of inversion profiles over snow (Figures 5.2 and 5.3). These profiles are best
developed under calm conditions at night: Davtume convective hecauing gencrated at the tundra
surface scts up strong winds which enhance mechanical mixing and destroy or diminish vertical
temperature differences. This may explain the temporan rcvc;sal of gradients at 02:00 hn
Figure 5.12. This condition was recorded for 7.6% of the hﬂourly valucs. Strong davtime winds
also enhance snowpatch ablation by increasing turbulence and the transfer of sensible heat from
the overlying air to the snow surface. \ )

Horizontal temperature differences are also influenced by wind speeds. In Figure 5.4

_the temperature difference between comparative heights over the snowpatch and adjacent
blockfield is approximately constant at 3°C. This pattcrn is supported by reference 1o the
summarizcd data for this temperature difference (Figure 5.9)‘ Again, the air temperature at 0.5
metres over the snow was around 3°C cooler than the corresponding position over the
blockfield. This difference was slightly reduced and more variable on average in the afternoon
whilst hig/hcr and less variable at nighL,Nighl-limc winds were generally weaker.and the

‘/lcmperalure difference mofc constant. (Hourly values for 00:00 h to 06:00 h were 48.4% of
those for 12:00 h 10 18:00 h). -

Heat flow is greater urnder warm, anticyclonic conditions (when radiation flux density
is high) vthan cyclonic co‘ndiliﬁns. The contrasting radiative and physical propertics of snow and
rock set up stronger horizontal differences under clear skies when the direct beam comprises a
large portion of insolation. Under unstable, cyclonic conditions the convective process of hcat
exchange is suppressed and the horizontal differences reduced (Geiger 1965). This is
exemplified-with reference to Figure 5.5.

The snowpatch margin represents a sﬁarp surface disconlinuily. It has bcqn §uggc51cd

by Pruitt (pers. comm. 1984), that differential warming and cooling under cloudless éki_cs and

weak large scale motion gives rise to horizontal temperature and pressure differences which.may
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gencrate winds across the margm.‘ In view of the small surface area and volume of the largest
snowpalch and the strong winds at high, exposed sites where S;IOWpalChC,\ occur, it 1s highhy
unlikely that horizontal pressurc difference forces across the spowpatch margin were sulficient
to intiate any air mouon. Under clear. calm conditions with horizontal 1cmpératurc differences
at their maximum of around 3°C no such winds were senscd by anemometers located cither side
of the snowpatch margin. (Anemometer threshold = 0.5 m s '), Pruitt’s theory that snow mua
represent a favoured habitat because of this horizontal motion may be discounted for the
snowpatches under study for this reason. His theory is further discredited by the fact that
during the period of snowpalch use any horizontal air motion would be away from the
snowpalch and not in the reverse direction as he postulates. Any benefits in terms of the
advection of odour (as Pruitt hypothesized) would be to potential predators as opposed 10 tﬁc
caribou.

In terms of the advective influences arising from spatial heterogencity the 5n0wpalch
margin represents the "leading edgé". Air passingf across this boundary is modified by the new
surface. This “internal boundary layer” extended above 1.5 m over the snowpaich as evidenced
by the consistently cooler air temperatures at this height over snow compared to the
corresponding height over the, blockfield. According to Olfc (1978) in the lowest 10% of lhis/ -
layer conditions are fully adjusted to the propertics of the new surface. The significance of thiy
will be discussed with rcference 10 ihc bchavioural‘anaulyscs of caribou on snow.

Winds crossing the leading edgé at the squbamh margin experience a change in surface
roughness. Theoretically; air mo&ing from a 'rou"gh 10 a relatively smooth sgrféc’c will
experiencé a decrease in surfhce shearing stress with the result that wind__>spccd will be increased.
Héwcvcr, anerric;meters posilipngd at0.5m .eilher side of the snowpatch margin registered no N
significant variations in spccd under weak and strong winds (1t = 1.14,n = 20, p = N.S.). Thc
transition in le;'rns of surface .roughncss f ro‘m the blockf ield to the S;nOWpalCh’ was thus not very

great. ) . ‘ : : B . R
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As air moving onto and across the snowpatch 1s cooled from below, this influence may
e
extend beyond the snowpatch margin downwind. The advectior”of moist "plumes” of cooled air
downwind of the shores of water bodies is well documented in the microclimatic literaturc.
Largely dependant upon the arca 9( the snow surface. a similar effect would be expected
downwind of the snowpatches. Although this was not quantitatively assessed. the extent and“y
. '
penctration of any “snowpatch cffect”™ would probably be most strongly expressed under a higr:
radiant flux density . strong wind speeds and a consistent wind direction. This was not thought
to be a significant factor in animal dislripgu’on although caribou were frequently observed in
close proximity to snowpatches if not directly upon them (Plate 9). -
. Qe
5.3 Microclimatic Variation with Elevation
The analysis of climatic parameters cither side of the snowpatch margin provided an
insight into 1ts distinctive microclimate. Similarly. the comparison of data between the high
station and low stations can be used to draw conclusions about climatic variation within the
extensive study arca. This is not intended to provide a "model” of climatic variability within the
study arca but to illustrate any changes in microchmate that accompany diurﬁal shifts in
clevation undertaken by caribou in the study area (Section 6.4). In the analysis of snowpatch
microclimate, temperature and wind spc‘e.d were identified as key variables and these form the
basis of comparison between the two-statioﬁs at high and low elcvations. The limitations of
drawing conclusions based hon‘ data from just two stations should be understood. A much more )
extensive network of continuously operating stations would be nec-cssary to fully appreciate the
intricacies of mountain climate§ (Olsen 1983). As with the anw;patcﬁ Qnalyscs. emphasis was
placed upon the géncral pattern summarized from the pcrio{d,when the stations were
simultaneously collecting data. This was suppofled by specific 24 h examples.
" The comparison of lemperatureb aﬁd wind speed data at the high e;nd low stations

reinforce the view of mountain climates as largely unpredictable (Barry and Chorley 1978).

Avcraged hourly values of climatic differences between the sitqs exhibited considerable variation



(Figures 5.6 and 5.7). Contrary to the expected pattern of an adiabatic lapse in temperature
with increasing elevation, air temperatures at 0.5 m over the blockfield were consistently
warmer at the high station than the corresponding height at the low station, This apparent

i

anomaly ma} be explained with rc‘fcrcncc 1o the respecuve surface albedos calculated at the
slations. The albedo of the high blockfield site (0.11) w4as slightly lower than the low
Lichen-Heath site (0.19) which. together with the higher thermal gonduclivxl)' of rock..xurlzn-c_\
. ensured that the blockficld experienced a warmet diurnal regime. Taken as an average. the lngh
blockficld site was only 1.1°C warmer than the 10\~" Lichen-Hecath site although considerable
variation was cvident. Sudden changes in air temperature at the exposed high station werce
frequenty rcsponsiblc for fluctuations in the elevational temperature dif ference. Analysis of
wind direction data supported the hypothesis that these fluctuations were of ten due to sudden
changes in wind direction causing the advection of air cooled (;vcr the snowpatch onto the
blockficld. '

Analysis of wind speed data (Figure 5.7) leads one to the conclusion that. as is 1o be
expected of such an exposed location, speeds were generally higher at the high station. The
diffcrence between the WO siles averaged 0.8 m s ' with maximum valuesof 4.1 ms '
recorded. However, the reversed difference of strong winds at the relatively sheltered low
station was also frequently recorded. Analysis of sbcciﬁc occurrences showed this (o be the
result of sudden gusts ,rathér than extended periods of increased advection. The wind speed
diffcrencc betweén' the two stations exhibited a steady increase in the aflcrnéon which
corresponded with the general increase in wind speeds (Figure 5.8). This was possibly due 1n
part louth"e influencé of daytirﬁe upslope (anabatic) winds which were frequently cxpéri%:nccd
along the ridge on which the high station was located. The predominance of daytime wir:i_ds_
from the south and southeast suppor‘lcd this view‘(Figuré 5.~]6) although .it should be r;dtcd

. that anabatic and katabatic winds could not be accurately assessed due to equipment

limitations.
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Wongra'ph}‘ may contribute to the modification or gencration of surface winds within the study
arca.-'[hc random sampling of wind speeds at various locations within the study area
consistenty indicated higher-velocities on exposed ridges. Along the ridge bordering the eastern
‘wall of the Main Vallcy-wind speeds averaged 2992; stronger than the valley floc;r. The relatively
deep. straight nature QI' lhi; Qa]lcy with a north-south orientation (maximizing differential
heating duc to aspect) and tl;cﬂrainagc of cold air from the glacicrette at the valley head woulq
all help generate local slor.)c winds. '
On August 6. the low station was relocated into a Willow- Forb community at 1601 m,

75 m Io;vcr than the Lichen)Heath site. This was 10 more accurately assess microclimatic

- regimes bctWécn night-time ana daytime ‘ha%ilat selection (Sce Section 6..4). Comparison of

data between lhis-a_nd the Blockficldsite (Figures 5.“(1 5:11) indicated that temperature

. differences between these two sites had a similar'diufn, ‘:rcnd to that of the Lichen-Heath site
but with a greater fluctujaﬁon around the 'equilibrium' level. Analysing the mean hourly data
for the two sites, aif temperatures over 4hc/ blockfiefd remained warmer duringThe morning
with a r‘cvqsalof this difference in the afternoon. This pzitiern may be explained through the*

""drainagc” of cold air downslope at night onto valley flookand depressions creating inversion

. : ‘
profiles. Daytime warming and the generation of winds break down this pattern and the

o

n
‘temperature difference showed greater variation.

~e

4

‘ . Wind spééds were consistently lower at the sheltered Willow - Forb site. BetWeen 12:00 kv
and 21:00 h during the 10 days of data collection only one hourly value had a stronger wind at

the low station (Figure 5.11). The pattern of diurnal fluctuation in wind speed and air -

[y

lemperature between the exposéd high station and th#sheltered low station is exemplified in .
] R .

hgurc 5 12. Redu»cd night-time winds allow the drainage of cold air to-lower elevauons The
inf lucncc of sudden changes in wmd speed and its lmportance in conducting heat away f (om the
lsurfacc is illustrated in the penod between 17 00 h and 19 00 h in Fxgure 5. 12 This remforcec
‘lhc highly changeablc nature of mncrochmale in'mountainous envxronmems further complicated

by varying surf ace and site charactensues.

t
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Figure 5.10 Summarized air témperaturc dif [grences between the High Blockfield and bo’u:
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5.4 Climatic Conditions — Summer 1984

5.4.1 Introduction

Chmatic conditions throughout most of Northern British Columbia and the Yukon
duning the summer of 1984 were influenced by the inland penetration of cool, moist ai; masscs
from the Pacific Ocean. The general circulation produced a westerly flow over the Mackenzie
Mountains. A .;scrics of low pressure cells originating over the Gulf of Alaska moved inland.
periodically replaced by anticyclonic high pressure systems. In this respect, synoptic scale
conditions did not vary considerably from previous years (Bryson 1966). The Mackenzie and
Selwyn Mountains present a topographic barrier 1o the prevailing Wesl and south westerly
winds. The modifying influence of orography was evidenced in the diversity and variability of
specific climatic parameters. The significance of cach is disc‘ussed separately.

4

54.2 Global (short-wave) Radiation

Radialion‘;ﬂt{vﬁs‘ the major mode of cnergy exchange within the biosphere. As such, its
importance in explaining the relationship between ecosystem components cannot be
undcréslimatcd. Within_the study area predictable variations in daily radiation receipt such as
the scason, aspcclliand slope angle are substantially modificd by meteorological variables (e.g.

: ’

cloud cover) and site-specific variables (e.g. snow cover). Changes accompanying snowmelt at
the tundra surface are considerable in terms 6f radiation exchange and energy budget. Net
radiation was not quantified during this study, but would be expected to show a sudden increase A
with the dccrcaéed albedo of the tundra surface associated with snowmelt. S;udies attempting to
~ quantify the energy budget of Low Arctic tundra describe rapiq increases in latent heat flux
(QE) as 'thc‘pa'rtitidning‘of energy is channelled towards snpwméll aqd the evaporaiioh bt"
surface water (Weller et al. 1972, Rouse 1982). | .

‘Figure 52.13‘ illustrates the pat}efn 6( radiation receipt at the lgw station durihg the

study period. A maximuﬂfgw:llue; of 53.2 KJr_n"’ min-! was recorded on June 22. These high

’
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values on and around the summer solstice are due to a combination of a high solar zenith and
high altitude (reducing the attenuation of solar radiation within the atmosphere). Daily
maxima declined thercafter with maximum values of around 35 KJm ‘ min ! recorded at the
§

cnd of the study period in mid- August. Maximum values of incoming short - wave radjation
provide an insight into potential levels of heat loading, but total or "accumulated” levels arc a
supernior measure of that amount of encrgy available for surface heating on a daily basis.
(Furthcrmore, daily maxima may occur during periodic breaks in gloud cover and provide
values which are not representative of conditions throughout the day)..

The highest daily totals of incoming radiation were recorded between June 22 and June
24. A combination Qf uninterrupled, clear skies, high solar angle and long daylength proaucc
totals of aroun\d 30000 KJm ? dav '. Under comrasfing cyclonic conditions typified by
continuous, densc cloud cover daily totals aw(aged approximately 10 000 KJm * day . The
accumulated daily totals are of value in demarcating the study period in ‘sectors’ dominalcd by
contrasting general weather conditions. Although small scale diurnal variations in climate will
be shown 1o be an inﬂucmialw facior on animal behaviou}r, the study period may be sgb-divided'
into twelve 'sectors’ (Figure 5.14). With the exception of a nine day“pclriod between the end of

June and the first week of July in which a succession of low pressure cells passed over the study

area, these sectors were usuv_élly of three to five days duration.

5.4.3 Air Temperature
On a diurnal basis, lemperature maxima generally occurred between three and five
hours after maximum solar input. This lag was most pronounced under anticyclonic conditions

and less so under cyclonic conditions. The mean air temperature at 0.5 metres at.the-

s

‘ Lichen-Heath site for the study period was 9.1°C. An absolute maximum of '24.0'(‘2 and a

minimum of -5.2°C were rccorded at the same site on 4 and 13 August respectively. Both values

~

- * ! . . .
occurred under anticyclonic conditions associated with clear skies and low wind speeds. Diurna)

temperature fluctuations were generally reduced under cyclonic conditions due to reduced levels

.!'

o
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of incoming short-wave radialion during the day ana retarded outgoing long-wave radiation at
night. T):csc vanations 1n radiative flux produced a mean maximum temperature of 13.3°C and
a mecan minimum of 4.2°C (Figure 5.15).

The highiest levels of incident radiation occurred in the last week of June with
temperature maxima i\n the first week of August. This is a typical situation for mostcontinental
mid- and high-latitude stations (Hage pers. comm. 1985). The first is that the exiensive
snowcover around the low station in June with its high surface albedo greatly reduced net
radiation and the amount of encrg,\: available for conversion to sensible heat. Secondly,
meltwater from snowpatch ablation around the low station ponded at the surface due to the
persistence of scason‘;ill)' frozen soil at this time. Conscquently. a high proportion of available
cnergy-would be converted to latent heat and be unavailable for surface heating. A combinat‘ion
of these two factors was thought to be rcsponsibl‘t for the relatively low maximum &;mpcraldrcs
in June and the gradual increase into August when the disappearance of snow below 1700
metres and lhg ‘drying out’ of the mpdra surface combined to enhance local heating.

Such changes in energy partitioning in the summer from relatively low to high Bowen
ratios (the ;alio of scnsiﬁic to latent heat flux) have beeq quantified during snowmelt at other
L.ow Arctic sites at Barrow, Alaska A(Wellcr ct al. 1972) and Churchill, Manitoba (Rouse 1982).
Sc'asonal_v’arialion in energy balance components may also explain why maximum annual

temperatures occur in June on the Tsichu River Valley floor (Kershaw and Kershaw 1983b)(

»

and in August in the surrounding mountains (bearing in mind the limitations of comparing an
& .

eight year data base with that of one summer). There is no obvious explanation for this

anomaly without an analysis of local site characteristics where the climatic data were obtained.

“- Although no data are available for the periods:immediately befare and after the June to Augtist’

study period this was lhoughl’ 1o represent the warmest time of year within the study area and

thus the most criticél in terms of relief habitat to Woodland caribou.
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5.4.4 Relative Humidity

The intand pcnc(rauoﬁ of cool. manume air masses [rom the Pacific Ocean producng 3
cool. moist regime is reflected in a high mean relatve humidity of 72.8% for the study penod
(Figure 5.15). l)aify maxima of 100% were frequently recorded undn;r conditions of miense
rainfall with a minimum of 29.6% recorded dunng the atternoon ol vJ'unZ- 23 at the davame
temperature maximum_ In addition to the moisture advected from the Ocean 1n ais masses, the
water content of the lower atmosphere within th¢ study area would be increased by the
evaporation and transpiration of standing water from the tundra surface dunng snowpatch
ablation. Under high levels of solér mnput. sub‘limau‘dh from the snow surface further ;\dd.\}n
the water content of the lower atmosphere. Relative humidity as an independant climatic

variable was not thoughj to be an important factor in cxplaining animal bechaviour although no

lcsls‘@signﬁcam correlations were attempted.

5.4.5 Wind Specd and Direction
Together with air temperature, wind speed was one of the more important climatic
variables within the study area. Analysis of the wind speed differences between the exposed.

high station and the relatively sheltered low station showed spccds to Muctuate widcly in space

>

§

and tim¢ P As is typical of mountainous terrain, topographic asymmetry and subscquent uncqual

local heéxl loading combine to produce highly variable wind regimes. This variation was found
to be highly significant in explaining animal behaviour.
The mean wind specg‘at the Lichen-Heath station was 2.33 m s . That for the

. ‘ ; .
Blockfield station was 3.41 m s''. Mean daily wind speeds varied from 0.8 ms '104.3ms ' al

1

.the Lichen-Heath.station (Figure 5.16). The importance of exgosure in an alpine environment

is reinforced by the percentage of calms recoraed at each station - 1.6% for the high station and

' 5?%% for the low station. A maximum wind speed of 9.6 m s-! was recorded at thehi jon
e}

m *

under cy¢lonic conditions on July 27. A ma"ximgm value of 8.3 m s was recorded under similar

conditions at lhﬁw station on June 27. Wind speeds were generally stronger under cyclonic

- .

s ‘ . 3
R



(9§ ) ANPIUNY 3ANT[IY

8 g8 8 % ,
Y T T T
\ -
-
L - o
Z
o ]
<
L
o
i A
= |
L
|
o
-~
. =
- 3
2
L
L =2
L
L
8 v
| 4
- R
) B [
c
E]
Q C
» ’ -
1 1 1 1 1 <
< t 2 = - © <

(O ) amendws) ny

)

: : - 4 » . »
Figure 5.15 Mean air temperature and relative humidity data for the study period at the

Lichen-Heath and Willow-Forb stations.



66

[
S, —
I L
A Y
L
- o
‘.r——s - :
2
El
>~ -
< 4
o
b
-~
F R
e -
<) 3
l =
*
-
s -
-
" 4
-
-
PR
* 4 =
- E)
=

Sam il

&
&

ok -
A’
s [ 7
x X
. T L
— v
[ =
4 -
»
—
o 1 1 1 1 1 ]

(, sw ) peads purm

Pigufc 5.16 Mean wind speed at the Lichen-Heath and Willow-Forb stations (line graph) and

wind rose for the Blockfield station.



67

Condlll()lzﬂ with the gffproach and passage of frontal systems. I.ower values were recorded under
anucyclonic conditions although numecrous variations from this pattern were observed. Intensc
e
davume heating generated strong afternoon winds within the study arca.
As only one wind dircction sensor was employed in the study . conclusions drawn about
this vanable are essentially limited to one exposed location. In view of the highly variable
nature of mountain wind systems the limitations of extrapolating data from one location to

’

another should be recognized. Figure 5.16 illustrates how wind varied considerably in both

2
.

speed and direction. Speeds in excess of 8 m s ' were recorded from the north-west but more
Ir'qq}xcnll)' I‘rlom the south. south-cast and south-west. The predominanee of winds from the
solﬁh-casl (31.1% of total) is difficult 10 explain but may be due to strong upslope and
upvalley winds from the valley south of the high station. This view is reinforced by the higher
pereentage of winds from the south-east (41.0%) during the afternoon between 12:00 h and
18:00 h when anabatic winds occurrcwgm-timc winds were generally lower and more

\

variable in direction.

5.4.6 Precipitation
Orographic influences on precipitation are complex. A mountain barrier may trigger

convective instability by giving an initial upward motion or by differential heating of the

-

mountain slopes. The funnelling effect of-valleys on airflow may also cause convergencé and
uplift. Cyclonic precipitation may be further increased at any one location by the retarding

\ " R . - - .
effect of the mountain barrier on the rate of movement of a depression system. During the

ental locations the main effect of relief is the occasional triggering of brief but

intense periods of precipitation. -

4

The summer precipitation regime at Macmillan Pass is essentially one of extended
periods‘of cyclonic activity interspersed with frequent squalls. Total ﬁrecibitation for the study
- period recorded at the low Lichen-Heath site was 1Q9\mm. At léasl 1 mm. of rain was recorded

on 39 of the 56 days. A maximum daily total of 15 mm was recorded under continuous ;.md
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intense rainfall associated with cvclonic activity on 27 June. Under similar condinons 13 mm
fell on 27 July. With these two excepuions, daily totals never exceeded 4 mm (Figure S 14) The
intense squalls of short duration generally showed up as 1 mm totals or were msufficient 1o

&

register on the tipping buckct gauge. These sudden showers were found 10 be inportant i

determining habitat sclection for caribou (sce Section 7.4). Darly totals give no insight into the

Ye

form of precipitation. For example, six hours of light and periodic drizzle registered as 4 pm
on 12 July whilgl an intense 45 minute shower in the late cvening of 4 August produced the
same amount. Short duration. intense hailstorms were also quile common and were t%%li\lcrcd
. Nis 'giifffpult” to assess whether the summer precipitation regime of 1984 rcprclnmi an
above- or bc_l?vw ~'avcragc vear. The seven vcar data basc at the Tsichu Rivcr station reported 83
mm. as an avc}ag.c' f\(')r‘AJ.uly. During July of 1984, '54 mm fcll_al the Io:v statuon. This suggests
that the summer prccipit\aiioﬁ of 1984 was average. Data collected al?i%_e Tsichu River station
describe trace Ievcls of snowfa“ll in. the three months of Junc, July and Augusl Saow fcll on
WO occasions durmg thc study penod Oonlmuous rain and sub- 7€T0 lemperatures dum:g 'lh(
morning of 28 Junc lcfl 1 .5 cm of snow at the low station. Snow fcl%xﬁhroughoul Magmman
Pass at this time wnh little rcmammg t;elow 1600 m after 15:00 h. Wuhm 24 h no fresh snbw
remained in the h}gh ground around Ma_cmillan Pass (C. Beuhler, Norlﬁql_’ pMountain
" Helicopters, pvcrsv. C@mm.). A lighter sﬁon_féll during the morning of Augusl 12 (1 cm) lefta
snow cover ab0vé épproxvimalely 15 ‘m which gradually féirealed 10 1800 metres by 16:00 h
(Plalc 8). Strong radlauonal heaung ensured that lhlS snow had completely melted within 36 h
The role of this second snowfau uﬁcducmg msect acuvuy 15 dxscusscd in Section 7.2.
5.4.7 Summary St : L S ~‘ , ,
In vnew of the gencral paucu) cf observauonal data, knowlcdgc of the physical’
chma{ology of aEpme :'mdra arcas 1s scam (Barry ct al. 1981). Analysls of data collected during

- the summer of 1984 aL Macmllan Pass gcnerall) supports the conclusions drawn from data

x:ol]ecmd f rom other Iundra zones du[mg suowmell High altitude and long day length cdmbinc

e s “ *
- R .
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. Ry )
¢+ 10 produce high maximum and 1otal daily levels of incoming radiatfon. The high frequency of

cvclonic activity and local orographic cffects produce highly variable radiation regimes. The

partitioning of available energy, will show considerable seasonal variation essentially related to a

N , .
dimimishing. snow cover. Air temperatures closcly correspond to the radiation regime with local/
- v L]
’ .
cold air drainage and other advective effects explaining small scale variations. Wind speeds are

¢ + Sprongly influenced by storm [requency and degree of exposure. Prccipitation of varying

AR I P . . .
R SR » duration and intensity as rain, hail or snow cither as part of a low pressure system or a brief

L4

squali under clear skies perhaps exemplifies best the highly variable nature of alpine tundra

N

climate such as that at Macmillan Pass. The study arca comprised numcerous microhabitats, a
. result of changes in altitude. aspect, exposure, slope and other surface variables (¢.g. albedo).

An analysis of all these fattors is essential to gain a full appreciation of the variety of

! . . . . i
topoclimates and micrqclimates within the study area.

a

N
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i

¢
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6. BIOTIC COMPONENTS : POPULATION CHARACTERISTICS AND LOCAL

MOVEMENTS

6.1 Observation Data — Summer 1984

Between 17 Junc and 17 August, 94 separate observations of individuals o1 groups were
made within the Extensive Study Area for 168.05 h in total (1509 individual animal
observations). With the exception of onc set of tracks in, snow close to the basccamp (Plate 7)
there was no evidence that caribou moved intohe study area in an_v~significanl numbers prior

~

to 17 Junc.
LI
The first observation within the study arca was made on Junc 22 (an unclassif;lcd
» in@ividﬁal). On June 24 the first i)osl-calving aggméation was observed in the castern sector of
the extensive study area, one mile west of No Fail l.ake (Plalé 6).. This supports the view of a
-westwardAmigralion from winter range to the cast of Macmillan Pass. Thereafter, sightings
were madc-on most days within ihc extensive study afca (Figure 6.1‘). Nb observation data werce
collected between June 29 and July 4 as technical problems necessitated movement out of the
study area. Reconnaissance with other researchers m the Tsichu I’(“i_vcr valley around Camp 22?~
between Auggsllz and 4 precluded collectiop of tscrvation data within the extensive s'lu?y arca
(E.S.A.) allﬁoqgh one observation north of the E.S.A. boundary on 3 August was included in
fater analysis. |
| The snowfall of 12' August was thought to be of some imporian’cc in triggéring-a
moverment of Qarjbou out of the ES.A. and from the Macmillan Pass; area in gchcral.‘(chcral ‘
authers claifi that permanent snow is necessary to trigger migration 1o winicr‘ range). Between ‘
Auéust 12 and 17 only two pbservations totaling S caribou werse ma:ic.wi‘thin lhe PSABolh of
. .t%'aese vx}e'rc’o\f animals moving eastward. Between August 18 and 20, observations were - |
conducted from Carﬁp 222. No sightings were made‘in\ the Mlhfec day period. Onc bull was

’

Observéd on the southern, face of Mount Allen on August 19. The lack of abservation data in

- » -

+ the week f ollcljwfng'lhé"'Augﬁst 12 snowfall led to the:termination of the study.

. a
~

w .70

@ -



6l emmzzr——1

XITITIIY

T8y oommessy 7777771
9 ewmwx— XY

Tz
Tyl A XY

3

< 4—— largest group obscrved
~
o
T

é

O»
© o
J [ . s
» L WYel esmrzm———f

L)

~ @—— Othet groups observed

-

U6 1168 A7 777 77X
T —

~
<
—
—

- 2

~BlLB
!

doycu
—— 0.109.33.74.0

g o Tyl me—y

‘ l : TEOUES e—7 77777
‘91'99°18 E\|

91T e T l\—

LLLLL

2
[

—
q

e

160

. v
. aus dno1n , .

v

Figure 6.1 Summary of Woodland caribou observed in the E.S.A.

6 e—TTE )

BUL mm—7 77T ————Tm

30

A

—_—

August

July

10

June

2#

{ no observations between June 17 and June 2! inclusive )

71



6.2 Population Characteristics

Population composition data collected during the study period cannot be uscd i
describe lhé sl;alus of the Redstone Herd. Repeated acrial surveys would have been necessary to
accurately assess the size of the herd. Ground surveys ma\ yield accurate population structure
data but are inferior to aérial work which pfovidc.s morc complete information on total |
populatio‘n size, composition, distribution and movement. yacnal and ground survey
information collected by Archibald (1973) were kept scparate. Her ground survey results
consistently underestimated total populal'ion size. Data from this study arc similarly biased .

Estimates of total populauon size from prcvnous surveysare further complicated by the
prcscnlanon of data as combined totals from surveys of varying durauon and location.
Archibald’'s (1973) lolals from a larger.studv area within the Mackenzie Mountains were
sub-divided into periods varying from ten days to three monlﬁs. No data dmcribingﬁmaximum_
numbers from one acrial survey were given. Records from the aerial surveys flown over a 500
km? area by Kershaw and Kershaw (1983b) had a maximum daiy gighling of 407 caribou
during the spriAng (June). -

Within the E.S.A. in 1984 the post-calving aggregation of 216 caribou obscrved on June
24 (Plate 10) was the largest single obscrvalién during the study period. This occurred
approxima.tcly‘ three weeks after the peak-of calving. Archibald (1973) also obscrved large

numbers remaining on a proposed calving ground at "Tsichu Mountain” for three weeks. This

»
»

suppbrts the view of Gill (1978) that t’he‘.easler sector of the E.S.A. _r_na)} overlab with z;

calving ground and is conll~ irmed by the spring 1882 and 1983 surveys bo'f Kcrsh.aw‘ari'd Kcrshaw
(1983b). Kershaw and Kershaw (1983) calculated a lemary sex ratio of 20:100 for Mackcnnc
Mountgm carxbou in their;500 km? area. In vlew of this angthe ?)roporllon of adult Tcmalcs in
h the largesl-posl*calving‘aggregalians a lotgl pOpul.auon of '500 to 600 head would appear a

Y 3 “ I TE 0‘ . C I -l . ‘ . ‘u
conservative estimate for animals utilising the Macmillan Pass - Tsichu River area.

~



"(Kershaw and Kershaw (1983b).noted bulls at lower elevations on the Tsichu River valii§. floor

73

6.3 Group Size and Composition in 1984

Within the annual cycle, mean group size in Woodland caribou is usually lowest during

late Junc, July and August (Bergerud 1971). Post -calving aggregations fragment into smaller
groups as intense foraging activity favours dispersal. Larger groups are observed during the rut

when bull groups rejoin cow/juvenile groups. Although no data were collected to verify the

latter, the breakdown of post-calving groups was evident in the last weck of Junc. Groups of

216, 81, 66 and 63 animals were obscrvcd between June 24 and June 26. Thereafter, groups of

over 45 animals were rarely observed. (It should be noted that no observations were made from

-

Junc 29 10 July 4.) Kershaw and Kershaw (1983b) noted aggregations of up 1o 68 as late as

August 7.

Larger groups gcnc'rallyl comprised‘cows and calves wilh yearlings. Most of llre early
observations werc of such groups. Cow/calf pairs were frequently observed @Plate ‘ll). Bulis
tend to lag behind the adult female cohort of the population in their movements (Kelsall 1968).
The arrival of bulls and bull-groups (c.g. adult and sub-adult bulls and Yearlings) onto the
summer range is thus delayed. The first adult bull was observed vL'ilhin tlle E.S.A. on July 6. :

ALY

during €arly June surveys). Bulls were generally observed alone or.in single sex groups of upto

tor in larger groups with yearlings (Plate 12). Groups of mixed age and sex were

) >

occasronall) observed together. Thxs and the variation in group‘srze were thought to be largely /

a l' uncuon of cnvrronmental condmons and’is drscussed in'more delarl in Secuon 7.3.
&*The under - representation-of bulls and bull- dommajed groups f rom surveys in and

around Macmlllan Pass: has been noted by both Archibald (1973) and Kershaw and Kershaw

(1983b) Unbdlanced teruary sex ratros were evident in both of these surveys and also from the _‘

:dala colleged in 1984 Kershaw and Kershaw's ‘total observation data provrdes a rauo of 20 100

+ that for. 1%1984 data is only 15.6:100. In contrast, Grll s (1978) random observatrons around

the Commgal Divide. above Macmrllan Pass were mostly of bull and ydarling groups. There is

. no obvrous explanauon for these conlrastmg data. Sexual segregauon by elevation was observed

-
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. Norwegian reifideer made éimilar observations: )
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I3

by Archibald (1973) with bulls consistently cbscrv%d at lower clevations during the Iy scason.
Kershaw and Kershaw (1983b) also describe a higher l‘requ'cnc_\‘.of bulls obscrved at lower |
clevations. As the vast majority of observation data were co‘llcclcd above 1(>QO m in this study.
this under-representation of bulls tends to conrply wirh PICYIOUS SUIveys.

Bull groups may simply not have been observed ‘as often since they are more solitary at
this.time of vear and thus more difficult to spot. Overselection by non-resident hunters may
also be a factor. The highcr_ frequency of bulls observed towards the end of the study pcriod
(49% of all bulls obscrved in observation numbers 72 1o 94) 1ends 1o support a patiern whereby
bulls arrive at Macmillan Pass later than cow groups_ nove to highcr.clcvaliops later in the {1y

7 N ‘ ‘
scason (o form pre-rut aggregations and begin l{hc rcrurn"jo_urney towards winrcr range some .

Ex

. : [ARY
time later than the rest of the herd. . . '{

6.4 Diurnal Distribution

Regular patterns of seasonal distribution in Woodland caribou have been described

(Chapter 4). Movements within summer range are often described as more transicnt and”

,
nomadic (Crlngan 1957). Analysrs of data documenting dally movcmems shows that, eonlrar)

10 this oprmon movements on a daily basis are of ten directed and purposcful Figure 6.2
illustrates the elevational distribution of caribou within the 24 h-¢yci¢ in the E.S.A. Fach line

on the graprx represents one observation of a group or individual. Sub-dividing the data by

month illustrates how observations in time were more varjab‘le in that no recurring patlern of

movemem is evident, Data for July and August-however describe a trend of rcpcau:d
7

‘ observauon at elevauons of around 2000 m durmg lhe late morning and af ternoon wnh a-

m_ovemem down to below 1700 m in the evening (Plate 13'). Mossmg ( 1980) s!udy,mg

@

- .\ : v S 1
summer te peralures leadmg,to severe mosquno plagues . force the reindeer
lo seek refuge on igheMground durmg daylrght p 6) : =

"

- The majomy of caribou observed on snow in tluly and August were at a hcrght of 2010 m on

2

T L
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this could nm be accurately assessed from data collected in this study. the gencral pattern of

Movement of f \snow preceded a slow descent along the rrdgc above the Marn Valley bcl‘ orc thc

[N
.

76

snowpatth number 13 - the "main aggregation site”. As the most effective means of data A

! . . -
collection was 10 concentrate on the first sighting of the day and in view of the increased
visibility of caribou on snow, data arc possibly biased towards animals on this snowpatch. This

also explains why fewer observations of morning ascents were made.

Although nocturnal data were not collected, the davume data supports a pattern of an

" ascent from valley floors and land below 1700 m 1o ridges and snowpatches at and above 2000

Y

m in the latec morning, extended periods spent on snow in the afiernoon and a descent to land
below 1700 m in the evening. As subsequent analysis will show, this highly gencralized pattern

varies considerably with ambient temperature and other climatic conditions, This docs illustrate

v

however, that activity rhythms are influcnced by external time cues — zeitgebers — such as the

Py

photoperiod, The onset and termination of diurnal and nocturnal activity have been found to be

T A . . : . . ,
largely in synchrony with sunrise and sunset in many Arctic and Subarctic species (Remmert

1980) and has becn documented for caribou in Alaska (Curatolo 1975, Roby .1978). Although

o
ascent and descent as a response 10 heat and/or insect activily docs represent a marked and

recurrent cycle of activity. ,

. This pattetn is exemplified with rgference to specific examples. Of th¢ 94 observations

- . ot ) - ‘ .
during the study period, 23 wete of individuals or groups that undertook some form of vertical
migration involving snowpalch selection. Fourteen of these wete of caribou aggregatisg on’

snowpatch 13. Movemenl off snow to lower élevation was documented for all but one of these

fourteen obServatrons Four of the longcst and most complete observations descrrbmg this
9 - ]
pauern of aggregauon on snow and. subsequcm desccm 1o lower ground arc 1lluslra1cd n l-rgur&:

6.3. The f ollowmg descrrpnons 1llustrate the rmportance of wealhcr condruons in mf luencing

Rl
B s - P
a

patterns of movemem _' o _ R

l
A

-
- /

On July 14 a group of 29 carrbou moved omo snowpatch 13 at.12:19 h. Thc entire

o group remarned on the snowpatch at 2010 m unul 19: 20 h f ora total durauon of 7:01 h.

Y 3
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Figure 6.3 Woodland caribou movements within the E.S.A. under anticyclonic conditions.
A-July 14, 29 caribbu. B-July 23, 26 aribou. C:Afighst 1, 27 caribou. D-August 10, 40
« taribod.. ' ) : o .
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group dropped down to the valigy floor befow iSO() m (Figure 6.3a). Duringdlhc 6bscrvauon.
under anticyclonic conditions. an air temperature maximum of 14.8°C and iméan wind speed
‘of 1.0 ms-! were recorded at tl}lc high station. |

On July 23, a group of 26 were observed at the main aggregation site at 10:39h
Movement off snow occurred at 18:07 h. 7:28 b later. THhis group approached the centre of the
E'S.A. before dropping down into the low-land below 1400 m around No Fail 1.ake when

Y

wiewing distance terminated the obscrvation at 19:31 h (Figurce 6.3b). Mcan and maximum air

te‘mpcralurcs during the obsclr\'agion.w’crc 11.2°C and 15.8°C rcsplclivcly wilﬂ a mcan wind -
Aspccdofll.7m.sﬂ . ¥ - ’ | .
“The longest single observation oécurrcd on Ahgust 1 when aq.gmup of 27 ammals were 4
tracked for 12:04 h. This group was first observed on &c ridge 1o the west of the basccamp at,
““{;; 08 h. There followed a $low ascent to snowpatch 13 with movcmc.nl onto sn()v;' Aal 1.1 17h
Anticyclonic conditions brcvéilcd with mean and maximum lcnjpcralu‘i'@s of 11.7‘(‘ an’d‘ 15.5C
and a mean wind speed of 1.6 mqsl ! yécordgd 'during the obscrvation. The group collectively .
_moved of_f the snowpatch-at 19:19 h ’(8:0I2 h later) and began a nonhward‘dcsccnl through,the
;E.S.A. into the Mai;'x Valley . The group was last observed at 1490 m at 20:12 h (Figure 6.3¢). \\
On Ahgust fO. a group of 40 were observed on the ridge to the west of basecamp at
8:41 h. The _lasl’animal in this érou.p had moved onto sngwpalch 13 by 10:59 h. All ani‘m‘als
P.mad movéd off snow by 17:48 h and begén a descent towards M/Fa'il.l,akc During this
observation, the :nimals remained _,01-1 snow for 6:2‘19 h. A maximum air lc'mpéra‘lurc of 14.4°C,
mean of 8.3°C and mean wind spfed of 1.1 m s were recorded-for the dg}alion of th-is,, ' e

< - . -

o.bservalion’(F'iéure 6.3d). A .

. 2
s s

These four case studics illustrate éorf;’islcm patterns of movement undﬂcr’amicyc‘lonic
conditions with rélaiiVely high ai; lemperatures and low m;:an wind speeds. Similar directed
i mover;en'ts@ar‘dshnd awgy from 'sn‘ow.;;atghes wcr_e:obscr'ved on sc‘vcral'qlher ocqés'iohs
‘und‘ér‘.{s/iim_i.la‘r macroclimatic cdnd’itiéfjé.JMeveme'ms_' under cyclonicA conditions typified by lower
‘ aif tlerr;p_cratu‘rés‘and sfrohger wind épeeds_ were generany‘ moré r;,a'ndom. Figure 6.4 i‘llus'tra“tcs_i
. T T . -

oo

.
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movements during four of the longet: observations where snowpatches were not sélected. ~
On July 20. a group of 14 caribou were observed moving west within the valley in the
southern sector of the F.S.A. (Figure 6.4a). During the obscrvation between 11:18 h and 13:51

h‘. air lcmpcrélurc al the high station averaged 7.7°C with a mean wind speed of 3.6 ms '. A

A

. 7
light drizzlc fell intermittently. On July 21, between 10:50 h and 15:58 h, a group of seven

caribou were observed to traverse almost the entire length of the E.S.A. (Figure 6.4b). No
) .

significant changes in clevation were undertaken with a general drift towards No Fail Lake.

s

2
- . . . . A\ . .
Conditions throughout were dry with a mean air temperature of 7.9° C and a mcan wind speed

[
N

Qf 3.0 m s ' recorded at the high station.
W
. ‘ R —. . .

Figure 6.4¢ llustrates the movement of a group of 21 caribou between 15:21 hand 7

19:d] h on July 27. A north to south movement through the centre of the E.S.A. occurred "..
\ - ¢ /]

Vi [ 4

undcr mlcnsc and conunuous precxpllanon {4 mm fell during the observf'm(fn) with 4 mean air

., ¢
tcmpcraturc A0.7°C and a mean wit® speed of 4.8 m s *. Five animals were, observed to

descend from Ihc topof a gcntly sIOpmg hill in the north of the E.S. A belw’ccn 15:41 h and

2 4
17: 28;1 on July 30 (hgurc 6.4d). During this period dry, overcast conditions prevailed wit alr

.

temperatures averaged at *.5°C with a mean wind speed of 2.2 m s recorded. Companson of .

movement undel contrasling general weather conditions illustrates the importance of

macroclimate in snowpatch sclection. Several dther observations were made supporting the

.

contrast illustrated in Figures 6.3 and 6.4,
Tof acil.itale lafgr analyses, obscrvalional data were sub-div}ded into.4hose occurrences
{n which snowpatches wcr; apd were not sel'ectezi. "Long” observi;lidns were diff erentiated
from "short™ observations on the basis of the inclusion:of focal animal sarﬁplesA Of the 7 a
obscrvauons 23 were classed as long obscrvauons on, snow" (e.g. those mé’luded in Fxgure
6.3), 17 were of "long observauons of f snow (e g tho§e in F:gure 6 4), The remalinmg 64

short obserrvauons were _us.ua.lly of less than one hour duration and compnsed scan.sampfe ‘

| data. These data and th'e‘ relationship with abiotic variables are discusséd in Chapter 7.

’

P
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-Figure 6.4 Woodland éaxi,bpq group.movements within the E.'S;A". under cyclonic conditions.

-

A-July 20, 14 caribou,B-July 21, 7 caribou. C-July 27, 21 caribou; D-July 30, 5 caribou,
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6.5 Summary
Daia coliccted during 1984 support the.tesults of previous surveys in that Macmillan

Pass 18 used as traditional summer range for Woodland caribou. The first post-calving

LN .
I4

aggrcgations consisting of cows, calves and ycarlings were observed south of the Tsichu River
on Junc 24. Group fragmentation ocurred during July and August. Adult bulls were not
. observed in the study area until carly July. The under-representation of bulls was consistent

with the'results of previous surveys and may be attributed to schua'l segregation with respect to
. p"
clevation. :

Analysis of distribution on a daily basis suggests a pattern of ascent to clevations above
2000 m during the morning followed by cxterided periods spent resting or standing on snow.

Descent to lower clevations occurred generally between 18:00 h and 2000 h: T'hispaucrn of
: . ¢ ,

. movement, was common under anticyclonic conditions typified by clear skies, high mean air
E ] . LIS

temperatures and low mean wind speeds. Gioup movements under cyclonic conditions with

+

overcast skies, low mean air temperatures and high mean wind speeds were less pronounced and

snowpatch selection was not observed.

v



. ~ - 7. ABIOFIC : BIOTIC RELATIONSHIPS

° 7.1 Introduction ’ ’ o C 8, 1, .

v o

In the preceding chapters the abiotic and biotic components of the study Bwelg
summarized. This goes some way lowards providing a solution (o the problem of “when™ aiid.

"where " Woodland caribou selected permanent snowpatches within the F.S A Any atiempt at

answering the question ."why " snawpatches are sélected at this time of year mustinvolve the 4

#gincd analysis of both abiotic'and biotic variables. Three variables are identificd for this

.

'i’ " . . ’ P Do . - -
analysis : “climatic variables” (wind speed and air temperature for the most part). “insedt
variables” (numbers) ard “taribou vatiables” (various individual and group-averaged
parameters). - . ! P

Figure 1.1 illustrates the relationship between the three variables a: they relate to the

, L . . i , . . . : . ‘ - &V
. ‘hvpothescs outlined in Chaplct I.Quamrhed clm@&c/msecl and inscct/caribou relationships are - o
- .

. uscd to asscss the. reduced msect harassmcnl hypolhesxs whcrcas direct Lhmalc/canbou “«

rclauonshrps are uscd to ciaboratc upon the various forms of lhcrmorcgulauon that arc

A}

hv po{hcsncd LO explam snowpatch selection. Throughout the analysis, emphaer is placed upon -

LT rhe comparrson and comrasr between observed bchavrour on and of . snowpalchcs As a source ( ’
. RN < -
of refcrence for subscqucnt analyses, basic data for lhe long observations on and off SNOW

e

are presemcd n Tables 1.} and 7.2. As beforc analysrs will conccmra(c upon the general ’

,pattern w;th rcference 10 &pccrf ic e)«amples o

;.I :“ ) N .l . ) ’ ‘ ‘ “ ’;
.7.2 Climate-lusect Relationships = ° SR
C e 7 2 1 l”rappmg Success . o j s : _ L Al
. e ' K P K

The total number of all nori bumg insects Lrapped at 1hc Lichen Hcalh suc ona dmly

basrs togelher wuh the number of mosquuocs trapped at lhe same site is dlustratcd in hgurc ‘
7.1 Thrs site was vrsrted every day for a total of 45 days, No lotals are avarlablc for lhc Junc .

13

. - : A *
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Tabie 7.1 Summary of "Long Observations”, of Woodland caribou O'n:"S“Y;OW within lh:E.S.A.
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Table 7.2 Summary o{ "Long Observaliqns" of Woodland caribdu off snow within the E.S.A.
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2& 1o July § period duc 18 the destruction of the traps by marmots. A three dav total is mdluded
. . . 3
for the period August 2 to 4 inclusive. It was unfortunate that observations within the b .S5'A

Y

.could not be made between August 7 and 4 as the data suggests that this was the penod of

~

i
greatest nsect activity . The vast-majority of the ‘non-biting” insects were small, midge- like

insccts {order Diptera) that were not thought to harass caribou. Speaimen removal from the

N

traps often rendered identification impossible. The inclusion of this data does provide some 1dea
of the vanatonin mscct activity during theé study period and how chimatic condyttons
(specifically wind speed) dictate insect members. The number of mosquitoes trapped (the

number above the bar on Figure 7.1) is plotied separately to emphasize the difference i terms

’4 ‘ ) . - . . ) /
of actual r)glmbcrs and temporal distribution. '

The daily totals as illustrated in Figure 7.1 describe an “inscct season® between June 28
and August 12. Relatively few insects and no mosquilocs were trapped either side of this nime
- period. The sudden appearance df,mosquiloes'around the source of the South Macmillan River,

11 km west of the E.SA}A. was noted on Junc 4 (1. Saindon, Northern Mountain Helicopters,

T

pers. camm. ). The spb-zero temperatures;and snowlall of August 12 were thought 10 be largely

~

. : . !
responsible for thc low insect counts therdafter. Furthermore, no mosquno activity was noted

1 4
1

.m the Tslchu River valley around Camp 222 between August 18 and 2() 'No blar.kll) activity-

%
was- rccordcd either. Thus, th mosquno ‘;cason wnhm the E.S.A. was probably no longer

R

“than 40 days in 1984. . o

»

- Within U}; _r;)osq'uil_o scason the LOLEII mrximbc.r of trapped 'non-bilipg' ‘insccts varicd
) bt:cheni 39 on\J'u,ly 27 and'_4n88 orl Jul§ 9.¢Mosquito nu'mbcrs fluc“uljatcd from zero on several
'occési;iﬁS'.to'S gn'Augusﬂt'é. Da‘ily. totals excécdéd'lhis maximum valug on at lcast onc occasion
'between August 2 and 4 (3 day tolal of 33 trapped mosquitocs). lncludmg the thrcc day l()lal
for Augusl 2104, 7936 msects were trapped;iurmg the study period. 138 mosquuocs were
trapped in total. Although thé hmuauons of basmg conclusmns on the data from such a bm.i”
‘sampling framework.(i:¢. one trap in one habital) should be nplcd, it was evident that g_{m‘mlal
ﬁun‘ib,ef of in’_sécis irapped And 1!1'0_ rlluf'qbg-r\of trapped mosquitoes gid not always closely

(~" .a‘A_‘ - 'N
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. Figure 7.1 Summanzed insect data for the study period.
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* 1correspond on a dailv basis. . ‘ .

7.2.2 Insect Density and Climatic ¥ariation

Air temperature and wind speed were LOHS!dCKd to B the MOSE tmporiant dxmju’(

variables mflucnung. insect activity . Mcan values for the period 08:00.h 1o ’() 00 h were
calculated for cach day on whnch inscct counts were made. This 12 hour mlcrval\wa.\ lh(mphl 10

be more representative of conditions during which insects were potentially:- mosy aclw({:md
. Y . . . ' P
cnsured that night*time extremes, especially wind speed variations, were not incladed (i.¢;

€.

. SIrong night-time winds blowing ihsccls onto the trap may havc produccd -a'ncma'k)'usl\ high
lolah for a da\ with low dayume wmd speeds). Usc of such bxologlcall\ active pcrnod (BAP )
data has’ becn madc m other studncs -assessing msccl activity (c. £, Whnc CI ‘al. ]Q7ﬁ) -

Thc tota] number of non- bltmg mﬁccls trapped during the mosquno SCas0N wug '

N

*  plotted against mean BAP air lomperaturc (0.5 m at the l,ichcn-Hcalh stali‘on) and mchn BAP

wind speed (2.0 m’at, the same site). in Figure 7.2, Analysis of thg distribution of the da‘ﬂ}

lotals about thé mean air temperaturc and ﬁ'ind speed data describes a clustering into the upper

left and lower right seciors-(_24 out of 33, or 72.7% of the daily totals). This illuslrz_iicﬁ the

distinction between cyclonic and anticyclonic conditions with feference to- these two climatic

variab_les. A high proportion of days with above-averagc mean air lemperatures alse possessed '

. -

bclow average mean wind’ speeds and vice versa. :

Theoreucally tolal msccl acuvuy would be grcatcsvundcr hlgh alr lcmpcralurcs and

low wmd_speeds assocxaled wuh .anucyclom_c condmons. The high totals lrappcd under these

conditions (lower right sector of Figure 7.2) supports this thcory. However, large total inscct

~

counts were also made on days with abOVeFavcrage mean wind speeds (upper 1éft sector of

Fxgpre 7.2). There are two possxble explanauons for thxs Thc first is thal hagh wmd spccds
inhibit’ fllght and force msects o ré?natmon o;r wnlhm 0.5mof the tundra surfacc whcrc they

woula be entramed on‘the lrap The second i is “that stronger wmds sxmply f orce more mscus

' onto.the lrap The hlgh propornon of.insects entramed on one side of thc trap (see Hatc 5. 1)

P nl

y
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{maximum = 93.7%, mean =,52. 9% for 1hc‘19 da\s with above av cram wind \peulx) rends 1o
support the sccond explanation. . - 3 -
Thus it appears that wind speeds weTC more.amportant than air temperatures i

o
explaining the total number of insectd trapped on a daily basis. The rcx;crsc relationship holds
for the total number of trapped mo'sqdigé)cs’( Figure 7.3). As expected, the highest daily 1otals
were recorded uixdcr high mcan air:{em;»mralurcs aﬁgf low 'mean wind speeds. In contrast 1o the
total insect courﬂus_‘howevcr, relatively few mosquitdes were_(rar;pcd on davs with high mcan
.wind speeds (llppCT left scclcfr .(;f ‘Fégurc 7.3). It may be infcrréd from these data that mosquuto
actﬁi\'/'ny was grcélesl L;n,der higﬁ air temperatures and remained j'anchor'ed " on thestundra

surface under hngh wmd spceds

.7.'.2.3‘lnter-Site \':mriati:(“'mf’ : =
| In this scclien_ comparative data on numbers trapped at the four sites are-presented.

: Thc_number of all insgcts and mosquitoes tra;ﬁ;‘)ed arc plottcd in ngrc 7.4. as lwo day lolals_
- corrcspondmg to the frequency al whnch dala were collected from the hlgh clcvanon traps.

Eightéen two-day totals represenung 38 days (Augu«ﬂ 1 10 4 included as onc lolal) werer

. ca}culaled for the Lxchen Healh Blockﬁeld and Snowpalch sites. and 5 two-day lota]s (o

&

days) at the Wnllow Forb site.
The ﬁotal numbcrs trappEd a.l eech site varied considerably (m a daily basis. Al the
_ lechen l&élh site a total of 6408 non bmng insects and 133 mosquitoes were trappcd
; bc}tween July 10 and Augusl 16 At lhe hlgh Blockhcld site 2198 "non- bmng insccts and 7
mosqunoes were trapped in total Over snow numbers were sxgmﬁcantly lower at 41 and 0
_respecuvely Tolal numbers of all insects trappcd on snow were onl) 0. 63% of that at the
:Lxchen “Heath site. On a danly basxs the todal numbcr trapped on snow never exceeded 2. 6% of
lhat at the Lxchen Heath sue and never exceeded 3.9% of that numbemrapped at the ad)accm
: Blockf 1eld sne leSS than 20 metres away. Slallstlcal lests for paired samples were apphcd 10 '
these data to nllustrate Lhe extent of ‘this \_/ay_lxanon_. Slgmf icant mter’-sxte dlff erences were - .

L
L o o
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calculatcd for 1otal numbers trapped beiween the Lichen-Heath and Blockfield sites {(t = 5.56,

Skd = 4212 n= 18—, p< 0.001). the Blockﬁcld_and Srrowpatch sites (1 = 6.33. SFEd =

1896, n = 18, p < (.00]) and the l.iché'n‘chalh'and Snowpatch sites (1. = 3.98. S Ed. =
) g )

D913 n e Ivp <0.001).

Although less data were available for the Willow- Forh site (10 onc day 1otals), total

insect counts were significantly greater than the Lichen-Heath site (1 = 3 52.S.E.d = 9.58.n

*

= i(), p < 0.01). A total of 991 "non-biting " insccts and 20 mosquiloes were trarppcd between
14

August 7 and August '16 at the'Willow - Forb site. This compares with 837 and 14 at lhc

~

I ichen - Heath site for the corrcspondmg period. These data describe significant variations.

between the four sites. The folow-Forb site represented the most favourable “insect habitat”

~—

. followed by the Lichen-Heath and Blockficld sites with the snowpatch the least favour.cd.'Thc

numbers of all insects and mosquitoes trapped thus suggests a decline in insect density with
) ;

both the structural complexity of plant cover and increasing elevation.

7.2.4 Discussion
_ : . <
Tundra provides an ideal brccding habitat for mosquitoes. Long, 'cogi winters and /

shorb cool summers ensure that continuous permafrost is wxdcspread above treeline and /

a peak in acu’vity-in Ju]y and a chlinc in late July and Aixgust. In this respect 19 wasa ™.
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mosquitlocs were described as "moderately active”™ on June 12 mlg with "few” present near °
Prudhoc Bay by July 5. The pattern of an earlier emergence inland is supported by data from
Curatolo (1975) for the Tanana Hills in west central Alaska, coastituting part of the summer

N 3

range of the Steese-Fortymile herd. In 1973, high dcnsil'ies were first observed on the evening

of June 12 with an even earlicr emergence along the Yukon River (Junc 8) where warmer ar
. T

[

o

temperatures and an cariicr thaw probably cnhanced the date of halchAing. It is thus possible
that-some caribou groups may suffor low levels of harassmcent during'énd immediately
following calving at inland ldcau‘ons. ‘

White and olhcrs (1975) described July as the pcak monlh for insect harassment at
Prudhoe Bay during sr\,gmmer survcys in 1972 and 1973. Bclwccn 20 and 25 days in July were
described as "mild" enough for harassment. In 1975, "severe” harassmcnl was not noted until
July 18 at Prudhoev Bay by vRoby (1978). Numbers (as cv.idcnccd by harrassment’) déclincd |
consxderabl\ durmg the first weck of August in 1972 and 1973 (Whitc et al. 1975) and also m
. ’1975 (Roby 1978) Mosqunoes persisted until August 8 in the Tanana Hills in 1973 (Curalolo

1975).

"Souod conclusions on the duration of the mosquito season cannot be drawn using |
qual,ii;alive data gathered from three Vlocalized studies f rom non:suocessive years. The absence
of /quamitative data describing insect numbcrs makes any comparison of ir;}cnsil.y somewhat

;‘spunous The Alaskan data does, however, suggest an earlier emergcncc and shgh{ly,longcr
(although apparemly less intense) mosquuo season inland comparcd o the Arcuacoast
(Densities vuvit'hin the Tanana Hills were deScribed.as,i'gcncra‘lly lower" than th'o_s‘c,gt Prudhoc
Bay by_Curatolo). Some 1e;nativc cooclusions may be drawn. The ﬂat' coasi;l plain.undcrla‘iﬁ B
b) commuous permafrosl at Prudhoe Bay is ideal breedmg habitat for large numbcrs ol'
mosqunoes The cool climatic reglme expenenced auhc Arcnc coast (due to the pCTSISlanC of
sea che) compared to continental alpme regnons reduces the 'potential’ insect season. Lower

latitude alpine tundra such as lhét in central Alaska will provide re'lativcly' f ew opportunitics in

terms of ideal breeding habitat but with a warmer summer élimate. A longer, less intense

X
@



masquilo seéason is thus more likely.

——

The—datc of emergence at Macmillan Pass in"1984 - the first week of July — in ~
comparison to the Alaskan data was relatively late. This is most likely duc 1o a combination of
the high mean elevation and laié snowmelt. (En r_(Mg‘t_o Macmillan Pass, high mosquito
. densities-were noted at low elevation in north eastern British Columbia on June*11). The end of
"-"‘thc mo‘squito scason al Macmillan Pass on August 12 does not seem unduly premature in view
of the Alaskan 'data.'lt was thought unlikely that many mosquitoes would- have survived beyond
this date in ;/rew of the adult’s average life cycle of three weeks. (Canadian species\\
ovchin\tcring as adults may survive for 8 or 9 months, however).

The rélative ifftensity of the mosquito season at Macmi]lan-Pass in 1984 is impossible 10
assess in comparison to Alaskan data in view of the purely qualita rve descriptions of
harassment ir these studies. Surveys of insect harassrnem of the Pbrcupfne barren-ground

caribou herd on the Yukon's North Slope and adjacent mountains|(approximately 600 km_’

northwest of Macmillan Pass) were undertaken in July 1984, Russ"llw(‘1984) described low

% -
levels of harassment and generally an "excellent summer" for cané'ou Local climatic and site

vanables arc ot comparable to MArllan Pass and so similar conclusions cannot be drawn for

data pre_sented here.

é
Relatively étle is known about what constrtutes f avourable mosquito habuat Calef

A

(1981) thought that barren ground canbou may fr requent sand dunes and gravel deltas because -
these areas, devord of plants of fer fewer places for mosquttoes to hrde and breed than does the

wet vegetatton of the tundra Helle and Aspr (1984) ,f ound that sand dunes were avorded by

mosquitoes and so represented af avoured relief habrtat f or mesh remdeer Data descrrbmg

total numbers of all msects and mosqmtoes trapped supports Calef' s vrew Trappmg success
E was significantly higher at the/erlow Forb and chhen Heath sites. (Fxgure 7 4) The greater
surf ace roughness of the sites wrth hrgher and structurally more complex plant cover would

' probably also reduce wind speeds at 10 cm above the surface compared to unvegetated sites.

Thrs would further f avour these areas as. mosqurto habrtat Thq cool air temperatures and



stronger wind speeds immediately above the snow surface would inhibit fh‘ght 10 a gre;ucr
degree Snow surfaces also possess fewer ‘anchor’ points for mosquutoCs “o rest. I)csput an
adaptauon 1o ice and snow (larvae may be ice bound for several months in the H:l.h Arcuo) it
may be said that mosqques consciously avonded snowpalches durmg the summer of 19\4 at
Macmillarn Pass.

The numbers of rnosquitoes trapped on a daily basis in relation to cltmatic conditions
generally supports the findings of thite and others (1975) dcscr‘”ibiug'.ttarassmcul at Prudhoc
Bay. High mean air temperatures and low mean wind speeds are most su'itable for in.sccl_:l'lighl_
\ . - .

‘Although qualitatively assessed. Whitegel al. described -increasipg levels-of harassmentwith high

.y,

air temperatures and an accompanying increascd tolerance for strong winds. The small sample

-

size (daily totalls) ‘pegcludes any compariison with-these data.
-. Mdsquitoes were trapped,at the Licher_t-H.eat.h siteunder rrlcan air temperatures ranging
from 7.8 to 21.6°C. Kelsall (19'1’:5)\i<1escribed an o'ptimu'm.» tgfnp&ﬁ'u}e range for flight.in‘ warble
fly — a commion pa.‘rasiti.c fly — of 15.10 27"C":High Tlevels of insolation«may raise insect body
..temperature by 7 to 9 thus long the temperature Tange favoured for flight. This givesa -

"threshold . air tempcrature of 6°C for warble fly flight for Kelsall s (1975) data. Whitce and

others (1975) calculated that mosquitoes became active: at Prudhoc Bay at air temperatures .

L

- greater than éC in sull" air. A fmer resolution’ of samplmg {e.g. hourlv coums) i ncccs&ary
. .‘ .; . .
~for comparrson wuh Macmlllan Pass data. Mean darly air temperaturcs rarigcd approxtmatcl»

X e

' ; from-8 to 16C durmg the mosqunto season. ‘The only occasron on whrch sngmﬁcanlly higher

mean daily air temperatures were expenenced was between August 2 and August 5.Seven .
e 9d o

, mosqu:toes were trapped at the Itlchen Heath site on the 5 August thh a mean darly air

temperature of 19.4°C. 33 mosqunoes were trapped over August 2, 3 and 4 whcn mean air

e

-.temperatures were" 16 TC 21. 4C a.nd 21.6C respectrvely This exempﬁf ies thc paramount
1mportance of atr temperature m regula&ng mosqmto dens:ty In general data dcscnbmg thc
: numbers of trapped mosqurtoes were not thou‘ght to be the most accurate mcans of assessmg

'levels of harassment. Rather, calculated mdtces of harassment wh:ch are dtscussed in thc <,



following scction were deemed more reliable ingicators.
I

4

7.3 Insect/Carifidu Relationships

.
A

‘ >
7.3.1 Behavioural Responses to Harassment

In addition to the inscct trap data. "indices of harassment” were calculated at cach

focal animal samplc. This involved the notation of individual behavioural responses 1o inscct
harassment. Four catcgories were defined: ‘stamping’ (front or hind legs). ‘head shaking' (any

sudden horizontal and/or vertical movement of the head). ‘shivering - (sudden bodily

*

contractions) 7nd ‘aberrdnat running’ (directed and undirected running at high speed). Such

7.
4

bchaviour is recognized as a response to insect harassment (Curatolo 1975. White et al. 1975,

Roby 1978) . Tail wagging. thought 10 be a response to mild inscct harassment (White et al.

-

" 1975) was not quantified. '‘Coughing’ and: 'sne)tzing' were also infrequently noted when viewing
distances were short. The significance of this is discussed later.
Combining all data for the 39 long obscrvations on and off snow, a.total of 323 focal

animal samplcs were lakcn This breaks down as 23 long observauons on snow (238 focal
7

ammal samples) and 16 long obscrvauons off snow (85 Togal animal samplcs) A total of 2506

lndwldual behavioural responses were recordcd (Table 7.3). Head shaking was lhe most

3

¢ommon rcsponse (47. 0%) f}%cd b) slampmg (39 4%), shivering (12.6%) and aberrant
- 4
rmnmng (l 0%) Calculallons of mean mdlt:es of harassmem for each of the four age/sex

classes suggcst that bulls were harassea the lcast o1 exhlbued the least response to harassment.

[l

- By contrast, calves responded 1he mosft to mstcl harassmem Tlns dif fercnce is dlf ficult to

1, . W'

‘ cxplam othcr than to atlnbutc lh:,s to the naturall) more prccocnohs behaviour of calves, their
2' .

cxpcncmc of harassmcm for the first ume or sxmply a lower level of tolerance This is

supponcq“bv thc hlgher propomon of extreme Tesponses 10 harassmem such as aberrant

B v

'_ .runnmg exlubucd by calves although this Was dlffxcull to dlfferenllate from play behavxour

©

Other. lhanAhls \'ananon in the level cof harassmem wuh age and sex were not found to be ,"4’--
4 ; .
y ;; ‘ T ‘ . . v_‘" o : 1':.(,';
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“Table 7.3 Summary of Woodland caribou behavioural response to ifisect harassment. June 24 to

Augpst 16 1984.

”~

oL 06 3 89 8L Iy ’ UED}y
(11£)90817 {c8)0te (83)pL9 (001)8¢2 (£S)ree (u)feiog
(0710 8¢ 51 : ¢ 0 3utuuny
%9 T1r91¢ 11 C Y S¢ Junaayg
(L,p768) 186 £se $y7 60¢ ol 3uidwerg
(%0°Lr) 8Ll (¢ St £8¢ 6rl  3uiyeys pesy

Jies duieas 03 . .,:__5 -




-

significant,

-

Mcan indices of harassment were calculated for cach long observation. (A numeric
vilue was assigned based on a group average of all individuals sclected during the observation.)
Fatremes of 0 and 16.6 were recorded. Daily mean and maximum indices are plotied in Figure
7.1, Group-averagcd indices of harassment were thought to be a more accurate measure of .
msect activity than the insect trap data. On a daily basis. the two measures of mosquito activity
(numbers trapped at the Lichen-Heath site and group-averaged indeces of harassment) were

-

found 10 correlate closely (Rs = 0.808, df = 24, p < 0.001).

)

7.3.2 Climatic Variation and the Index of Harassment -

As with the insect trap data, calculated indices of harassment were plotted against air
temperature and wind speed data. Mean climatic data were calculated for the duratian of the

obscrvation as this would give a betier indication of conditions than the BAP data used for the -
¥ o

inscct trap data (Figure 7.5). The highest levels of harassment were expérienced under .high
mcan air temperatures and low mean wind speeds - conditions proven to be most favourable
(()r iﬁ-scc( flight. High indices of harassment (>10.1) were oibsc,rvcd undeg mean air | »
lemperatures ranging from 11.3;C t0 20.4°C. Low.in(gccs (<5.0) were recorded between 7.9°C -
and 14.9°C. High indiccs were also recorded under Tﬁélbw-a\'eragc wind speeds (i.e. <2.5m
s *). 10 of the 11 observations with indices of greater than 10.1 occurred under average or
below -average wind speeds. On the one occasion at which a high index éf harassment was .
rc_cordcd under above-average wind spccds, air temperature was unusually high at l9.v4'C.
Allhough this repyesents only one group-averaged observation it does support the V/d;s_c\ription‘ of
T

the mosquito's increased tolerance for wind at higher air temperatures as discusséd by \;lhile '

-

and others (1975).
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Figure 7.5 Variation in the index of harassment for Woodland caribou with air temperature and

wind speed. 24 June 1o 15 August 1984.



7.3.3 Legels of Harassment On and Off Snow

Comparis@n of data on and off snow (Figure 7.6) illusxralc; that harassment was
generally higher onsnow (v = 998 n = 23, SI) = 4.01) than off snow (x = 1.78. n = 10.
SD = 2.89). Thisisin difccl contrast to the trap data over snowpatch and snow-free arcas.
The distribution of “on snow” and "off snow’ obscrvations about the mean for air tempteratire
and wind speed explains this apparent contradiction. Previous analysis of climate/insect
relationships described greatest insect activity under warm. calm, anticyclonic conditions. The
majority of obscrvations on snow were made under such conditions. This raises wo points:
that snowpatches do not make caribc;u "immune” to insect harassment and that mosquitoes
obviously-are capablc pf diITcrcnltialing between caribou and an inscct trap.

4]

7.3.4 Variation in Group Size and Composition \_\

Observations of caribou on and of snow also describe significant variations in both:

2
ved on

group size and composition: From the long observation data, the mean group size ob
snow was 23.9. One group of 54 (observed outside the E.S.A.), two groups of 40 dr more aRd
three grou;;s of over 30 were observed at the main aggregation site. Me.an, group sizcioff snow
was only 11.9. These variations in group size be(wech'observal»ions on and off snow wer'e found
to be statistically significant (1 = 4.66. p < 0.001). This was undoubtedly a response 10 the
availability df suitable snowpatches to act as relief habitat. White and others (1975) described
similar vafiations in group size under contrasting levels of ins‘ect 'har;ssmeni’

Group composnlwn was also found to vary between observauons on and off snow.
Durmg the summer, caribou are usually separated into 'cow- dommaled groups'

Ve .

(cow/calf /_vearIing grqups) and 'bull¥dominated groups' (bull groups and bulls with yearlings).
82 of the 94 observations (87.2%‘)’ wére of such. "seéregated" g.rou_ps. On 12 océasioné however

(all of which were ‘long observations') adults of both sexes were Qbserved together. Such mixed

~ groups were disproportionately observed on snow. Ten from 23 long observations on snow -

(43.5_%) were of_ mixed gréups with only 2 61“_16 (12.5%) off snow. This difference was found

10Q

.9



Figure 7.6 \’a.fiation in Woodland caribou group size and indices of harassment on and off

snow,
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to be statistically significant (x’ = 17.12, p < 0.001) ‘ .

7.3.5 Aggregation as a Response to Harassment

Analysis of the variation of group size and composition illustrated that relatively 1arge
' -~ . ~ . -
groups of mixed scx aggregated on snow under conditions of increased inscct activity. It has -
been theorized that caribou may form closely packed groups as a means of reducing insect

Etd . . . " . .

harassment per se. It may be said that caribou may assure a mutual bencfit by sharing their
tormentors”. To assess the validity of this theory for the caribou under study. an ‘index of

&

aggregation’ Was calculated which may be used to quantify the degree to which animals
“coalesced in response (o insect harassme‘m. v

As inter-individual distances obviously could not be measured. csu’ma{cs of this
variable were made based on a qualitative assessmcm which was later verified through
‘lime-lapse photography taken at the time of specific focal animal samples. Th>rcc categories of

aggregation were defined - Category 1 - “closely aggregated” { < 0% of the group possessed an

inter-individual distance of <1 body length) (Plate 14), Categophy 2 — "fnodcralely
aggrcgalcd (< 50% of the group possessed an inter - mdnvndual distance of <3 body lengths)
and Category 3 — "dispersed” (> 50% possessed an inter-individual distancc of >3 body
lengths) (Plate 15). The group was classed into one of thésc three categories at each scan
sample. A total of 1150 scan samples were recorded for the 23 long cbscrvalions on snow. Each
sample.was wenghled in such a way lhat a Category l'dbservauon ("closely aggregated ) was
multiplied by {hrce a category 2 by 2and a categorv 3 by 1. In this way an mdex of aggregation
was calculated that ranged from 100 (100% of samples multiplied by 1 — "totally diSpersed")
to 300 (" totally aggrcgated ). This mdex of aggregation was found to corre]ate with-the mean

/
mdcx of harassmem (Fxgure 7 7). This provndes strong evndence in supporl of the theory that

caribou will aggregate closely (on snowpatchcs) asa response, to harassment. 76.1% of all scan™

“samples taken for observations of caribou off snow fall into category 3 and thus comparison

with data on snow i$ inconclusive.

-
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Group-averaged values (such as the mean indices of harassment) tend to overshadow
lincr-scale variations in group behaviour. The response of individuals and groups to sudden
fluctuations in insect harassment was found 1o be immediate and almost predictable. This is
exemnplified with refcrencc to a group of l12 caribQu observed atfge_rrﬁa‘in aggregation sitc on
Jfly 17 (Figure 7.8). This group was observed for 6:35{h bcrween 11:11 hand 17:46 h. The
oup remained on snow for 5:36 h. During the obscrvation. air temperatures averaged 14.1°C
with a rnéﬁ\wind speed,of 2.4'm s . A mean index of harassment of 10.7 was recorded.
$Sudden increases in wind speed 10 5.0 m s-* at 13:00 h and 15:15 h recorded at the high station
resulted-in large reduelions in the indices of-harassmenl from 27 to 2. Scan sample data for
these periods describe an immedialcl response in the form of a dispersal over the snowpalch.
The group resumed a closely aggregated formation when wind speeds dropped and indices of
. harassment increased again ro values over 20 at 14:25 h. This behavioural response is illustrated

”

in Plates 15 and 16. N

7.3.6 llaras's‘mcnt in Relation to Group Position
In the preceding section, close aggregation on snow was found ro be a group-oriented
: ' : #
response to insect harassment. Theoretically, by reducing inter-individual distance until they
are touching the cariborr will expose a smaller surface ar‘ca‘. and presem less of a "target” 10

-

rnosquito attack. This section attempts to assess vthe validiryof this theory by comparing Ievels
of harassnrent to mdmduals located centrally within a group and [hose on the periphery. A
s:mnlar study was attempted by Helle and Aspi (1983). o - -

At each focal animal sample, the individual was categorized 'irrro one of three classes:,
‘centre’ (an animal located cemrally within a closely aggregaled group)n outer (an animal
located away from the main group) and"smgle (an ammal located away from the mam
group) The drstrnclron is rIlusrrated in Plate 17. Of the 23 long observations, 6 were: reJected as |
no diff erenuauon in terms of group posmon was possrble All6 were of groups widely |

‘dnspc;rsed‘under conduions of low harassment. For the remaining 17 observations. a'total of 216
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focal animal samples were taken. Whenever possible., individuals were sampled systemmatigaldy
with reference to these 3 cateogries 10 ensure an approximately equal number in cach group

location category.

the three categories for each of

A mcan index of harassment was calculatcd- for each o
the seventeen lQng obscrvations.ffh'c “single” category ranked the highest index in 11 out of 17
Qbscrvalions (64.7%). ranked second on two occasions (11.8%) and third on four occasions
(23.5%). The four occasions on which the ‘single’ (mast cx/oscd) category ranked third (the
lowest level of harassment }s significant i_n that it was ‘on L_';ICSC occasions that sample size was
low - 3 to 9 focal animal samples. On hosc occasions when larger samples werc possible (up 1o
23 samples) the data described a patiern of incrcgéing indices of harassment with increasi‘ng
distance from the centre of the group. By contrast, the "éemral" category never ranked the
highest index, was ranked second on six occasions (35.3%) and third on eleven occasions
(64.7%). This suggests that a clear advantage cxists in ;cm@of reduced levels of ®arassment to
'an animal located centrally within a group compared to those on the pen'phery or located away
from the main group. This is statistically verified by comparison of mean indices of harassment

<>

for each of the three group locations (Table 7.4).

~7.3.7 Activity Patterns in Response to Harassment

Pauerns‘of group activity weré recorded to assess any. varjation in behaviour onand of f
* snow and under var‘ying'levels‘ of harassment. Individuals and groups were cl;ssif ied in\o one of
five activity categories: eating (grazing or ingesting snow); walking; sganding; lying ari‘d

running. A group was classed into an activity éalegory if >50% of the group members were

\

engaged in that activity. One classif icatipn was taken at each scan sample. 1150 samples é/efe

taken on snow a'_n'd 795 off snow for a total of 1945. This incorporates data for both the 'long’

’ .

and 'short” observations. o L S

Results for all observations rank standing and eating as the two most f; requent activities

at 44.6% and 33.8% respectively. Lying (15.0%). walking (6.1%) and running (0.5%) were
’ /.
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Table 7.4 Summary of harassment of individual Woodland caribou based upon their relative

group position.
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relativelv infrequently observed. Data collected for observations on and off snow however.
.show some contrast {Figure 7.9). On snow, caribou spcnt a high proportion of time standing
(66.0%). thc majority of the remaining time approximatcely eoually distrt’buted between
ingesting snow (13.3%) and lving (13.2%) Walkmg (6.9%) and running (0.6%) were less k
common gronp activities. Off snow, grazing activity predominated (63.4%) followed by lving
(17.6%). standing (13.6%). walking (5.0%) and running (0.4%).
- Patterns of group activity were also found to vary with the level of harassment (Figure

7.10). As the lcvel of harassment was not quantified in'the scan samples,.values were assigg’sd
in onc of two ways. For the long observation data, information front the nezr=st focal animal
sample was used. For the shorl observation data, a qualitative assessment of 'no’ or“'tnild'
harassment was assigned. These data were added to harassmcnt data‘hcategorized quantitat:vely
as 'non¢’ (an index ér harassment of 0). "mild" (0.1 10 10.0) or 'severe’ (above 10.1). It has
been deseribed pfcvious]y that indices of harassment were considerably greater on snow than
off snow. This accounts for the disproportionate number of samples falling into two of the
three harassment categories (99.0% in "mild" and "severe" for‘sa‘mples on snow and 96.6% in
"none” or "mild" 'for samples off snow). The data for obse‘(vations on snow describe an’
increase in eatmg (mgestmg SNOW), walkmg and running and a decrease in lying and standing
) wnh mcreascd levcls of harassment leerSC walkmg standmg and runnmg increased and
lying and grazmg decreased with increased harassment of f snow.

Several studles anntxf ying activity pattems on a daily basis describe.a pattern of )
a\ternatmg périods of f eedmg and resting (e.g. Fischer and- Duncan 1976, Roby 1978) The
frequcncy of resting ( lymg) behavxour was plotted at 30 minute mtervals (F:gure 7. ll)

‘Resting was f ound-to be most f requent between 13:00 h and 15 00 h, thh pronounced

variations between data col]ected on and off snow. Restmg behaviour was more common of f

snow at all umes with the excepuon of the mid- mormng penod (9: 00 h to 10:00 h)
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7.3.8 Discussion
-

Behavioural responses of individual reindeer and caribou to insect harassment have

been described in several studies (Skoog 1968, Kelsall 1968, Epsmark 196%. Curatolo 1975,

.Roby 1978). A varicty of terminology exists. including "ear-flicking”. "tail-wagging ",

“twitching”, "shuddering”. "shivering”, "hcad-shaking”, "leaping”. "bounding". "kicking”

"and numerous other descriptions. In these studies a circularity problem exists in that it is not

inscct harassment that is being described, but the response to harassment exhibited by the
individual animal. The "effect” is bcing_uscd 1o describe the "cause”. This is a problem inherent
in any licld obscrvation assessing harassment either qualitatively or quantitatively. Repeated
obscrvation has, however provided much complementary data on response 10 insect harassment
in Rangifer. Such indirect methods }1avc been widely adopted in the literature. As an example,
Helle and Tarvainen (1984) found a strong negative correlation between insect harassment and
weight gain in Finnish reindeer calves. In that study harassment was quantified by the "davtime
air temperature (2 p.m.) during the potential insect scason”, such was their confidence in the
relationship between air temperature and the severity of insect harassment.

A Turther problem with field obscrvationé is the difficulty in attributing specific
behavioural responses to particular insect species. The majority of s{udics’asxsging insect
harassment of caribou and reindeer recognize two 'Iypes"of parasitic insect. These are the

blood-sucking flies: ( Aedes spp.) and blackflies ( Simulium spp.) and oestrid flies: warble flies

(Oedemage(ra tarandi 1..) and nose-bots (Cephenoma trompe L.). Mdsquito phenology has

‘been discussed previously. Although common on some caribou ranges (Kelsall11968) no

blackflics were trapped at Macmillan Pass. Little is known of any (if any) specific behavioural

response o this species. It was thus assumed that théy were of little or no ecological

signif icance to caribou in this study. This is possibly due to the later emergence in mid to late
August. Curatolo (1975) found them to be "almost absent” from the Tanana Hills and Roby
(1978) never encountered significant numbers on the coastal plain at Prudhoe Bay although

they were "occasionally bothersome?.
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Supposed reaction to oestrid {Iv harassment has received consi‘dcmhls more attention in
the literature. The adult warble fly - a large. orange and black bee-like Th . @bout 2 cm in
length - attempts 1o lay cggs on the legs and flanks of the cz;ribmn froh where they migrate’to
the back region. The life-cvele of the adult is approaximately Yweeks during July arid August
although in favourable years the scasor; of acuivily may cover about 3 months (Hadwen 1927)
The nose bot. also a large black insect resembling a bee attempts to deposit larvac in the nasal
passages of the caribou wherce they attach to the sinus cavities and hinings. Hadwen (1927),
cited in Skoog (1968) described yhe reaction of reindeer to warble fly auuack:

"... as soon as the fly touches the deer a severe shock gocs through the body . The

animal jumps or kicks and then looks around and listens for his tormentor. If it {ecls
it again it's jumping and kicking is repeated. and when struck for the third or fourth

3. ume the reindeer becomes thoroughly frightened and thinks of flight. At times the

reindeer will look and search for the fly. meanwhile stamping with its fect, cvidently
attempling to destroy its tormentor”. (p. 59).

Hadwen described the reaction of reindeer to bot flies:

“... when the insect is hovering in front of their noses they assume a terror -stricken

logk, their eyes staring, their mouths open, and their bodies in a tensely strained

attitude. When a reindeer is in this rigid state, the slightest touch on any part of the

animal will cause muscular contractions which shake the whole body. just like an

clectric shock. (The deposition of larvae) is succeeded by total relaxation ... The

animal appears nauseated and walks a few steps with his head elevated. sneczing and
- showing signs of nasal irritation”". (p. 63).

Several problems hindered the accurate assessment.of oestrid fly harassment at
Macmillan Pass. First, no warble flics or bot flics were entrained on the inscct traps although it
was obvious that larger insects were able 10 pull themselves of T the trap. Second, oestrid flics
never harassed the observers. This in turn may be attributed to the fact that warble flies and
bot flies parasitize only caribou (Skoog 1968). Third, viewing distance was usually 100 great 10 |
identify insects flying around the caribou. For the same reason, "coughing” and "sncczing” -
thought to be responses to destrid ﬂ)iharassmcm --could only be heard on very fire occasions

*

under calm, quiet conditions. ‘ . :
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Of lr;c individual behavioural responses quantified, "stamping” may be interpreted as a
responsc 1o warble fly attack (see Hadwen citation above) and Curatolo (1975) described
“abcrrant running” as a response 10 this parasite. The “shivering” rcspénsc could compare with
Hédwcn's description of "'muscular contractions’ but g-closer compari§on 1s of an animal
responding as if 1o "rid the body of water” — a regponse o mosquito harassment according 1o
Curatolo (1975). Furthermore, Curatolo’s description of aberrant running as basically wild and
undirected does not correspond with observations made in this study . Group running was
usually in a straight linc downslope (Plate 18) initiated by one animal under extreme mosquito
harassment. Theoretically. the more ‘extreme’ respohses 10 harassmeni such as stamping and
running shou:d occur more often later in the summer coincident upon oestrid fly emergence. As
spcgiﬁc bcher%x‘bura} responses were not temporally skewed, and in view of the lack of other
supporting data, ocstrid fly harassment was not considered a major factor in this study. The
strong correlation between the number of trapped mosquitoes and indices of harassment
provides further evidence that Lhesc&insccts were the most significant source of harassment to

caribou of Macmillan Pass duringwlhc period of study although data from the late summer were

absent.

A .
Mosquitoes will concentrate their efforts on areas where the fur is thin — legs, lips,

muzzle, cars, cycs,.'velvet' — or whcrc\il has been shed or rubbed off during the summer
moull ln this way blood loss from reindeer to mosquitoes has been esumated atupto 125g -

-' (Zhigunov 1968). These short-term losses may have a grealer 1mpacl in the long lerm It
is doubtful that insect harassmem is a direcl cause of mortality in caribou but it may act as a
contributory factor in‘sev‘eral wayé. lnSecl,harassmem otcurs at a time in the ce;ribou's life

cycle when body growth and the replenishment of fat, mineral and other body reserves is

*crucial. Behavioural response to harassment may represent a significant expenditure of energy.

Energy loss from blood loss, combincd with the debilitating effects of warble fly infestation

may severely reduce the animal's physical capabilities. The cumu]étivc effects of a severe winter

~ may further weaken the individual and increase its susceptibility to predation, Reimers (1980)
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compared the con"dilion to Norweigian wild mountain reindeer (R .1 . tarandus 1..) with
Svalbard rcindccg/(R. {. platyrhynchus 1..). His conclusions vs”crc that the faster growth and
. greater fat accumulation of Svalbard reindeer is largely due to the absence of insect harassment

The most obvious group response to insect harassment in this study was the coalescence
of individuals and small bands into rcl'au‘vcly large groups (on snowpatches). It has‘ been seen
that the highest.indices of harassment were recorded on snow and that mean group size was
signiffcantly higher on than off snow. Aggregation on snow can thus be proposeq as a likely
» response 1o insect harassment.

Significant increases in group size under increasing intensity of harassment have been
widely recorded. White and others (1975) calculated a mean group size of 22 animals at
Prudhoe Bay under insect-free condiliops with an increase to 77 under insect harassment. Roby
(1978) dcscfibcd a mean group size of 44 whe;x mosquitoes were absent and an increase to 383
at high levels of mosquito harassment in central Alaska. The results from this study carrespond
closely with those of White and others in} that the increase in group size i.;; largely due to the ’
coalescence of ;owQHominatéd and bul?:dominated groups into lhose of rﬁixeﬂ sex. Fl is
nolc‘wonhy that this coaleéccnce of the adult sexes during periods of insect harassment is a
widespread response in groups varying in size by two orders of magnitude. Hellé and Aspi
(1983.) found significant diffe;ences in insect numbers l;appcd in a ‘simulated’ herd of 24
animals. In vic_w of this; the postive effects.of herd formation shouid be cbnsiderably greater in
grodps:numbering ih the hundredé and thousands. In larger h_érds such as tﬁ_e Poréupihe Herd
* in the northern Yukon, sexual segregation by group position has been observed, with‘ bﬁlls
located centrally wilhiﬁ lﬁe groqp (“N'ix'on pers. comm. 1985): No consistent patterns of sexual |
segregation were oﬁserved at Macmill\"anA Pass. .

Apparem advantages of. herd formation in response to insect harassment are sevéral
. Cumming (1975) clalmed that assuming an even dxsmbutmn of insects, c]umpmg behavxour

lengthened the average distance between irisec; and host. The probability of host location was

thus .re‘duccd. Under bright, calm cbnditions mos_quitoes could be observed ﬂying around the
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caribou probably in an étcmpl to locatc a landing position. The higher indices ofAharassmcm
for a‘nimals'localed away from the main group supports the theory of Helle and Aspi (1983)
that insects will preferentially select ‘objects’ (i.c. caribou) with plenty 0[t free space around
them but tend 1o avoid those with limited flying space.

Herd formation has also been proposed as a response 10 wolf predation ( Bergerud
1974) and the ré~cslablishcnl of winter bands brok;:n during spring migration (Miller and
Broughlc;n 1974) . There was nq evidence in this study to supbon these hyvpotheses in favour of

) \
reduced levels of insect harassment. Caribou were observed to coalcscc‘ on snow with group
fragmentation oficn occurring as the animafs hovad of f snowpatches to grare in the evening.
Aggregation on snow occurred as caribou congregated onto a limited “resource” occupying a
small percentage of the surface area of the E.S.A. The close a’:{socialion between levels of insect
harassment and snowpaich sclcc(.ion suggests that this bchaviour‘ is a "temporary response 1o an
immediate problem”. The coalescence and dispersal of groups on a daily basis has been
observed in other herds of varying size (Whitc et al. 1975, Rob-_v 1978).

The sudden decline in the number of caribou observed in the Macmillan Pass area in
the sccond week of August may be due to several factdrs. Reduced numbers of mo‘squi(ocss
obviated the need for p:ermanenl snowbalches as relief habitat. Although no data a;rc available

: ’ - “ .
for 1984, permanent snow is thought to be less frequent at increasing distance from the
Confirierital Divide at Macmillan Pass. The fragmentation’of groups is commonly obscrved
during August dispersal in Alaskan caribou and is an optimél f'o‘raging strategy. Ocstrid fly
harassment has also b.cc‘n pr0p6'$ed asa majo.r reason for the dispersal of ﬁost-calving caribbu
‘(Curatolo 1975) perhaps due to the sm'aller qumb‘crs of ‘lhcse parasites anq their méthod of

-host locagidn (olf aétory).

Patterns of group behaviour on and off snow exhibited considerable contfast in
.

‘ respons‘e\t,o varying levels of insect harassment. The general pattern of an increase in standing
with a decrease in eating and lying corresponds with activity data collected for rciridccr'in

Norway (Thompson 1971) aﬁd caribou in Alaska (White ct. al.’1975, Curatolo 1975, Roby

[y



- 118
i .
1978). Standing is thought o be a direct response to oestrid flv harassment (Curatolo 1975) as
the animals are more suscéptible 1o attack when lying (Epsmark 1968). Increased walking and
running al Macmillan Pass also appear to be common responses to higher levels of harassment.
- “Cz)mparison of overall\activity paltcf};é witl; previously p;blishcd data 1s difficult in |
: /
that these results are not standardized with reference to sampling frequency. group
characteristics, climatic and insect variables etc. Some comparative data are presented in Table
7.5 Therc is a rcx&arkablé consistency in activily during insect-free pe}iods between reindecr in
the alpine tundra oI." Hardangervidda in so.ulhcrn Norwa_\t and caribou oc'cupying low arctic
coastal tundra at Prudhoc Bay. This suggests that during pcfiods of no insect activity, .lhc
environment may assume a relatively minor role in diclalipg activity patterns. Qosenbrug’s
(1976) data for Woodland caribou of the Burwash Uplands exhibit’ a greater similarity to those
for caribou at Macmillan Pass_.This similarity is evidenced in lower percentages for grazing and
lying and higher totals for standing. This may be partially due to the inclusion of data recorded
under varying levels of insect harassment.
| ThcA most striking difference between Macmillan Pass and other published data is in the
observation of standing animals (45% in lhirs study, 1% at Prudhoc Bay and 3% at
Hardangervidda ). This is largely due to the disproportionate number of observations of animals
slanding on snow. Lying was observed approximately 50% less at Macmillan Pass than thé othier
studies. O_lhcr than the possibili_ty that this behaviour was simply not dbscr;/ed as of[en. it was | -
thought that the lack of night-time data may‘explain this. Signs of bedding acli?ily (i.e.
| compressed vegeta;ion) in Willqw-Forb and Birch-'I"iche;n communities below 1600*m and the

observed pattern of diurnal movements (Section §.4) suggest a pattern of night-time resting tor

_ 'compensa‘te' for extended periods of standing on snow during the day.



Table 7.5 Comparison of activity patterns in various groups of Rangifer

S

Author(s) White ey al. ’I:hozgpson Oosenbrug This study
Location Alaska | Norway 2 Yukon.T 3 Mac.Pass
Acuvity |
Grazing 53% 49% 35% 34%.
Lying 33% -30% ' 1% 15%
Standing 1% 3% 249, 449,
Walking 119; 149, 30% 6%  —
Running <1% 3% <1% g
Other <2% 3% '

- Ad_ui_l caribou, 'indect-free data’, July.

- Adult réindeel_r,, ‘insect-free data’, August

- 'mid-summer’ - 16 July to 20 August

- Toual for all "travelling’ observations

EXN

n.b. Thompson's data does not total 100%

CR

119



120

7.4 Climate/Caribou Relationships
7.4.1 Introduction

It has been hypothesized that caribou utilize snowpatches as a2 means of behavioural
1hcrmor8éu]auon.‘This may be achieved in three ways: movement towards a more favourable
(less thermally stressful) enviranment; ingestion of snow. ice or meltwater or by changes in
posturc. It is known that the snowpaich possesses a cool microclimate in rclalionvlo adjacccm
and lower clevation snow - frec zones. Movements towards and away from snowpatches were
dcscnbed in Section 6.4. Analysis of ingestion and posture is thus the focus of this section with

the emphasis upon potential thermoregulatory benefits of snowpatch selection.

7.4.2 Ingestion _

Under, ficld conditions it was not possible to quantify the volume of snow that an
individual animal censumed over a specified time period. A mc[hod was therefore devised
wh?ch involved fhc analysis of postureswith respect to head position. During each focal animal
sample ‘if the muzzle was visible above the snow surfaée the animal was classed in the "head
raised” position. An animal was only classed as in thé "head lowered” or ”ingesting”lposlufe
when the muzzle was obscured f’rom.view below the snow surface. To exemplify, all the animals
in Plate 19 would be classed asy'"head raised” wheréas the énimal in the upper left of Plate 15 is
in the " mgesung posture. VlSlble jaw movement was further proof that.an animal was
mgeslmg snow. The total time spent in the "head lowered po;uon (durau‘on of SNow
mgcsuon) for each sample was calculaled and correlaled wnth air temperature ThlS was
~complclcd f or each mdxvndual observanon and as group averages f or each long observation on
snow The relauonshxp was found to be statlstncally insignificant for individual observations
-(Figure 7.12) due to the large qumbcr of samples with a duration of zero. ‘Analysis of the

individual data cohf irm that af air temperatures of less than 10.0°C, caribou,spent a very small,

s portion of the 10 minute sample period ingesting snow (mean = 0.08 %;Ifxins. n = 24). Between
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10.1'C and 16.0°C this figure increased (mean = 0.19, n :v‘185) and above 16.1°C caribou
ingested snow for a considerably longer duration (mean = 0.37, n = This general trend i

.
supported by the group — averaged values for the long ob;crvalions on snow (Figure 7.13), /j\
statistically significant posiﬁvc correlation (p < 0.05) existed between the mean duration ol‘
SNOwW xngcglion for the entire group and the ambient tecmperature during the obscrvation .

Comparisons of spccific activities on and off snow were presented in Section 7.3,
"Eating” contrasted considerably on and off snow. Ingestion of snow was a relatively short
duration behaviour (both in l(.;rms of individuals and group averages) whereas grazing occupicd

‘
the majority of time that animals spent of f snow (}:'igurc 7.14) . Although indices of
harassment were lower for the observations off snow, grazing activity was gencrally unaffected:
by harassment. For example. in Figure 7.14 indices of harassment of over 6 were recorded on
only two occaqsions yet almost continyous grazing occurred when an index of 11.0 was recorded.
No statistically significant rclationships were calculated for the relationship betweer i’n(ficcs of
‘harassmcm and the duration of ingestion cither on or off snow. The higher corrcla&;‘i
coefficiént for obscrvations on snow was thought io be la‘rgcly a result of higher air
tcmpcralufeé and its influence on mosqui1;> activity.

Analysis of lhc. frequency of individual ingcstion "cvents” on snow rcvéalcd z;
slaﬁslically significant (b < 0.05) re}ationship with insect harassment. It was found that undery
increasing indices of harassment caribou genéra'lly increased ihc frequency with whic&cy
inggsled énow‘ This Qas due to the animals’ increased response to insect harassment. Aniﬁals,
‘eontinuously ha(r(agsed by 'mosquiloé§ woulq lift their heads to shake themselves in an attempt
io reduce harassment. The frequency of ingesting events was afso found 1o correlate with {hcir"

duration (p < 0.05).

7.4.3 Posture v
" One of the ways in which caribou thermoregulate behaviourally is in the sclection of
snowpatches as a cool, resting area. The r‘elativg coolness of the snowpatch microclimate has

Ny
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Figure 7.13 Variation in the dﬁratiop of ingestion of snow by Woodland caribou compared with

the index of harassment on and off snow.
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been discussed. As with the analysis of snow ingestion, the duration and frequency of standing

. And testing bchaviour was quantified for cach focal animal sample. The scan sampl¢ data for

group activity patterns described slandxgg)ﬁ three times more common than lymg (45% 10 15%) ~
)

w'

for all data and over five times morc (66% 10 13%) on snow. If the grazing/ingesting totals are

. . " . o L !
mcluded in the standing behaviour calegory, the Tresting/standing” ratios increase to 1:5.3

overall and 1:623 on snow This pattern is gcnc-rally supporléd by the focal animal sample data.

. / ' ) [ /
Combiming all group-averaged valu/c_s%f the 10 m;n(u'c samiple period, the mean duration of ‘all

o

standing behaviour was 7.9 minutes for al‘ observations and §.6 minutes for observations on
\

\

,v',’Rcsting‘bct;aviour was found to be largely dependant upon levels of inseél harassment.
The mtgn duralion.of standing bchaviour oﬁ snow increased with the level of inéect harassment
(7= 0.371). Under 'severe' harassment (:i.c. a mean index > 16.0) lving on snow was not
obscrved at all{.v Bcsling‘on snow at length (e.g. for more than four minules mean duralion.)
was only obscr;—cd’ on two occasions when mean indices of harassment wcrc‘bé’{ow 4.0.°
Obsgrvations of f snow were less variablc in that 10 of the 16 (62.5% observations recorded a
mcan duration of 10 minutes slanding. The predominance 6f grazing activity off snow provides

an explanation for this behavnour The frequency with which caribou changed posture f} 5
r»g

standmg 10 resting aiso varied between observations on and off snow. (Mean frcquency fo

_observations off snow = 0.11; on snow = 0.65). A maximum value of 6 (ie.3 scparale

periods of standmg orresting) was recorded on snow. No relauonshxp with insect harassmem

was evident either for individual or group averages as it became obvious thal ammals would not

%cd down at all under severe insect harassmem

Calv?é ‘were generally more prccoc10us and changed posture most { requer,}ﬁy One calf

‘ K

*-bedded on snow and stood up again-immediately on three separate occasions w1thm a seven
minute period. Often this was a response to harassmem as evxdenced by shnvermg and‘
stamping when standmg On sevcral occasions however, no behavxoural responses were observed

upon standlng_gwhxch may suggest bhat movemem was rcla_ted to the physital comfort of the

1
-
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individual. Caribou wert observed on occasion 10 lic with the underside or side of the head
resting on the snow surface for brief periods (Plate 20). This behavious was not quantified but
may represent a definite thermoregulatory response which is discusscd later. Snow ingestion was
rarely observed when animals were lying. | e
Itis possible that caribou orient themselves as a means of behavioural
thermorcgulation. Analyses of group and individual oricntation with rL“l‘crcncc 10 wind direction
and solar azimuth were thus attempted. Individual animals were classed ad parallel 1(; the wind,
(facing towards or awayv from the wind). pérpcndicular to it, or with no specific oricntation
(.This thi;d category included those observations when wind speed was zero, i.¢c. no direction).
A group was classed as oriented parallcl or pcrpendicula@wind when 50% or morce of the .
.g:oup were oriented in the same direction. Between July 10 and August 16 (when the high
station and wind direction sensor were dperational) a I’Olal of 1579 scan samples specifving ;
oreintation were taken - 925 on snow and 654 off snow. Observations of I snow were
differcnlialca in terms of group that were travelling and those adjudged (o have no directed
movement. (Group members naturally assumed a common orientation when travelling).
For groups on snow, orientation parallel to the prevailing wind direction was observed .
more frequently than perpendicular or those with no specific orientation (Table 7.6)
Emploving the same meth;)dology to quantif'y scan samples with respect 10 insccl harassment as
before, almpst half (49:6%) o“f th‘c scan samples, under conditions of ‘severe’ insect
_ harassment, were of groups-oriented either into or away from the prevailing winfl (Plates 21).
Orier{talions were generally more random- under lower levels of harassment.
| Orientations were more random off snow Although sample size was small, caribou
groups did not consistently orient movements into the wind. Random oricntations were also
more c‘ommonly observed than either orientation class f or ‘static’ animals. 22.9% of
observations off snow were of _individuals or groups oriented parallel to the prevailing wind

direction. Levels of insect harassment were significantly lower for these observations. On July

20, a lone cow was observed standidg on an exposed ridge for 111 minutes during which time it
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Table 7.6 Orientation of Woodland caribou with resp&{l to wind direction.
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remained cssentially motionless (Plate 21). No signs of inscct harassment were recorded

throughout the observation with the animal facing into a wind averaging at 4.2 m s-'. l{ 1x not

possible under ficld conditions to determine if caribou orient themselves parallel or

perpendicular to the wind as a means of cooling the body. It may be postulated that a parallel
AY

oricntation downwind increases the animal’s sensitivity to sound and/or smell. Their awareness
of pmcmial predators is thus enhanced. .

Exposcd. windswepl ridges werc also selected during obscrvations on snow . Snowpatch
number 13 — the main aggregation site — was located on either side of an arcte ridge (Plate §).
Within the snowpatch boundaries this was a favoured location for caribou cither standing
(Platc 19) or resiing (Plate 20). Although a microclimate station was noll crected at this
location (due to éolcnlial "disturbance’ effects), sampling al rcgular intcfvals permitted the

derivation of a mean wind speed 31% higher at the ridge crest than at the centre of the

snowpatch. Fvidence from direct observation and the degree of disturbance at the snow surface

suggested that the ridge at the main aggregation site was the most {requently sclected zone
. .

8

within the E-S.A.
The orientation of individuals and groups was also analysed with reference to solar

azimuth. Similar classificatiorts of orientation were attempted with the data™ub-divided into

v

observations on ‘d off snow and under clear skies (dircc; and difthc bcam radiation) and
overcast skies (diffuse only). On §pow, of the 744 scan samples under clear skics, 4] (5.5%)

were of gfoups oriented parallel to the sun, 205 (27.6%) were of pespendicular orientations

\

with the remaining 498 (66.9%) possessing no specific orientation. Observations of f snow

occurred mostly under overcast skxes (83.9% of the samples) wuh 73.2% of these with no

\
specific orientation. No slausllcally sxgn;ﬁcant rclauonshnps were found among any of thcsc _
\ .-

data. Wind direction and solar alemuth w\erc thought to be only partly responsible for ammal
orientation. The majority of observauon dgta on snow were collected at the main aggrcgauon

‘site. ln view of the steep slope angle: of tms §\nowpatch (28%) itis. llkcly that an individual
standing at this site for long periods would Seigct a posture that placed lcast physical S’lrcss_
. N \\ !



128

upon it. With the added easc of snow ingestion, theoretically . an animal facing upslope would
be in Il;c “optimal posture”. - -

Previous analyses have identificd air temperature, wind speed and wind direction .as
factors influencing animals’ behaviour and snewpatch selection. Caribou were also observed to
exhibit specific responses to precipitation . Individuals and groups were frequently observed to
conlinucA grazing during intensc and heavy rainfall with sporadic hail showers also eliciting no
specific bchavio’ural response. On two scparale occasions however, groups were obscrved 1o
move off snow rin direct response to the onset of a storm. On August 10 at 17:48 h a mixed
group of 40 caribou were observed to move off snowpatch # 13 on which they had been
obscrved for over 6 hours. A sudden heavy rain shower fell on the mountain at this time. The
" entire group descended through the centre of the study area towards the Tsichu Rivsr valley at,
a brisk trot. On July 14 a group of 29 animals moved off snowpatch number 15 at the onse! of
a brief rain shower. There followed a period of continuous grazing lhrc;ughoul the duration of
the shower and an almost irﬁmediafe return to the snowpaich as rainfall ceased. Coincident
obscrvations of insect harassment on and of - snow explain this behaviour. The immediate
~reduction in insect activity during the shower allowed caribou to move off snow and graze in
arcas adjacent to the snowpatch. Similar patterns of behaxiour were observed by Archibald

(1973).

7.4.4 Discussion

| In theory, caribou in the vicinity of Macmillan Pass may attempt to lhermoregulalé
bchavionrélly in several ways..They are capable of phy;icall)' moving to an envirgnmem that,
f o:-i-he moment, places the least stress upon them — their "preferenduin". The snonatch
(zone) clcarly represented the preferendum of the animals uhder sludyr although this was shown '
td be largely delpendant upon macroclimate. The ability of am;malsv to further alter their
environrnent ny éhanging position with respect to topography was also evident iﬁ the sélectidn

of“ relief habitat such as exposed and windswept ridges. Group and individual orientation and

B
<
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other postural changes were found to be of some importance in this study. The ingestion of
snow, ice or meltwater was a voluntary response to potential heat slrcss’ar;é thus also
represented a form of behavioural thermoregulation. The limitations of the ficld situation
precluded any analysis of physiological (involuntary) means of thermorcgulation.

It was not the intent of the ficld study 1o monitor,the "climate” of the animal. Nort is it
the obj.cclivé of this discussion to "model” the situation. As Oke (1978) states., "Thc
interactions between the atmosphere and animals represents one of the highest Ic;’é‘l.\ of
complexity in the boundary layer™ (p. 160). Analysis of energy flux over the body surface is
turther complicated by spatial variability in heat transfer. Mosl\cxbcrimcnlal and theorctical
studies of the ‘climates of animals’’ employ simplified mocicls of cnergy balance and body
geometry which ‘assume uniform fluxes averaged over the bod_\" surface (Monteith and Mount,
1974). An‘in"lcgralcd approach incorporating individual analyses of local micro-scale encrgy
balances is essential to a complete understanding of the interaction of animal and cnvironment.

The cneré;)"vbalancc of the caribdu m‘a_v be written as:

Q*+ QM = QH + QE + QG + aQS (7.1)

The sign convention follows that of equation 5.1 with QM being the rate of heat production by
metabolic processes and aQs the net change of body hcat\storagc. Q* usually represents a
channel of heat loss but may become a heét source during periods of strong radiant heat
loading (Oke 1978). In fact, solar radiation iniercep}cd by an animal iﬁ bright sunlight is o(’lcn

the largest single factor in the total enérgy.balance and may exceed total metabolic heat
produetion by an order of vr\nagniludc (Cena. in Montcith and Mount 1974). The shadc-sc,ckking
response of caribou adjacem_ to the Trans Alaska Pipeline Syslcm as obscrvéd be Roby ( 1978 )
and at the mining camp at ‘Macmillan Pass may represcni-an attempt to reduce irradiation, v
Cooler air temperatures (and subsequent reduction in insect activity) may also be of some
ifnpdrtance however., -

" Theoretically, Q* as a heat source is increased by snowpatch selection. The short-wave

irradiance of a dark animal on snow is higher than adjacent vegetated or unvegetated surfaces

Yo -
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of lower albedo. The dieproporlionale selection of snowpatches under conditions of' high
insolation suggests that caribou are lolcram of high levels of radiant heat loading.

Metabolic processes always act as a source of heat. Thermoregulation through increased
metabolic heat production has been assessed in the literature largely in responsc to cold stress.
Increased activity (and the gcncralioh of mectabolic heat) has been proposed as a response to
tow ambicnt temperatures and low wind chill values (Moen 1968, Ozoga and Gysel 1972). Heat
gencrated through metabolic processes would be absorhcd in raising ingestied snow to bocly core
lemperature. Net heat storage (aQS) remains close to zero as fluctuations in body temperature
arc low under a wide range of température extremes (Yousef ahd Luick 1972). Heat loss is thus
essentially partitioned through convection (QH). conduction (QG) ahd evaporation (QE).
Loss of heat by evaporation is the principal means by which homeotherms avoid heat slr;ss
(Mcl.ean. in Monteith and Mount 1974). Evaporation occurs from the moist surfaces of the
respiralory tract in caribou. Allhough recorded rarely in other herds (e.g. Curatolo 1975) no
animals in this study were observed to engage in prolohged periods of pahlihg. Barren-ground
caribou have been observed 10 wade into the frigid waters of the Arctic Ocean lWhitc et al.
1975) and stand in shallow water bodies on Baffin Island (Elliot 1972). Surface wetting of the
skin will increase cvéporative heat loss. No caribou or caribou sign were observed around any
of thre\é Small'lakes within the E.S.A. This lnay be 'auributed to the suitability of such areas as
mosquito brecding habitat.

Thc.inﬂuen_ce of the environrhem on non-evaporétive heat exchange o‘?ver than heat
gain by solar radiation is best descnbed by Newton's Law of Cooling, whxch ﬁes that .. The
rate of heat loss (from an object) ... ls propog;ional to the temperature diff erence between ‘the
objcct and its surroundings.” Sensxble heat loss is reduced by the hxgh insulatiye value of the
f ur. The shcddmg of the heavy winter pelage was evndent wnh dxscarded haxr visible on 1he
snow surf ace, The thinner summer coat f ac:hlates sensible heat loss. (Absorpuon of radlam

energy is also feduced by the hghter tone ol" the coal) The cooler air lemperatures above the

-\SNOW surface w:ll increase the animal - environment temperature difference and thus increase

T
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scnsible heat loss.

In com(_parison to other exchanges. heat loss or gain by conduction is usually neghgible
(Okc‘l978). Heat loss by conduction through contact with the ground should be mcreased by
sxanding on snow compdred to snow-free arcas. (The lower temperatures maintained at the
peripheral regions serves to minimize this heat loss). 1.ying down would bring é larger surface
arca of the animal into contact with the snow and cnhance heat loss by conduction.

‘Much of the literature describing thermoregulation in caribou’has been concerned with
responses to cold stress. Blix and others (1979) described hcavy mortality among reindecr calves
s::hcr{ wind and rain occur early during th_c calving period. Hart and others (196}) found that
caribbu calves steadily increased their metabolism as ambient temperature feli. Cottle (1959)
found:tha} cold temperature thermoregulation was well developed in caribou calves with the
rate of“‘ heat loss dictated by wind\specd ‘éqd;}air temperature.

It was not possible under field coridilions to quantify the volume of water that an
animal ingc‘sled. The ingestion of snow as a response to heat sfrcss represcnts a plahsiblc

3

hypothesis bm one which'cannot be accurately assessed under anything other than controlled
laboratory coﬁdilions. Caribou adopted a variéty of heat postures. Sclecting one of these as a
criterion 'for Sho‘w ingestion x‘nay'" be criticiséd. Animals were observed resting or standing with

. their muzzle and nose qither on the snow surface or within a crater. The snowpatch depth and
unvegetated suﬁstfalé plrecluded digging for forage as an explanation for this behaviour. It is
possible thét this'may be a direct response 1o nose bot harassment. ‘Epsmérk (1968) often
obée;ved small group; of Swedish reindecr closely aggregated "in a curved f oymalion with heads
lowered énd poirztiqg towards the centre of the group.,'. thus mak_ing the nostrils approat;hable
with difficulty” (‘p.‘ 16.2);. Epsmark’s observaiioné_were reinvf'or'ccd by f iimi'ng idividual cases of
oesfrid fly harassmc’%n and reindeer response. Similar group behaviour was obscrved on
snoyvi)atches at'Macr‘.nillan Pass (Plafe 14).

Snow ingestion as a means of thcrmoregulation was not thought to be as important to

caribou as originally hypothesized. Although it was not possible 10 assess the temperature
, fed. £ )

\

A ,
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regime of the iAndividual animals, ambient temperatures over snow were not thought sufficient
to initiate high levels of heat stress. Air temperatures over 20°C were rarely recorded over snow .
Undcr labofal.ory conditions, Yousef and lLuick (1972) found that physiological responses (c.g.
oxygen consumption, heart rate, respi{alory frequency and rectal temperature) were only for+d
to show a marked increage at environmental tempceratures above 30 °C. Rosenmann and
Morrison (1967) found nl incrcas.c in_the rectal tcmperature of summer-acclimatized reindeer
.exposed 1o temperatures of 43°C for 7 hours. The concensus within these two studies was that
reindeer possessed a good capacity for heat resistance when water was available but a poor
resistance to water deprivation. The occasional ingestion of snow may help fulfil this
requirecment for caribou at Macmillan Pass.
Standing has bech proposcd as a direct response to insect harassmmf(Curatolo 1975,
Roby 1978). Epsmark.(1968) described the increased susceptibility of résting reindecer Lo
warble-fly attack. Standing may also increase body heat loss. The long. slender limbs of caribdﬁ
are well suited to heat excharige. The sensitivity of standing animals io cooling faclors in the
cnvironrﬁcm has been noted (especially for newborn calves) by several authors (Cottle 1959,
Hart ct al. 1961, Hissa et al. 1981). All of 1hxs work is concerned with the possible influences of
" cold stress. lncreased wmd speed decreases the insulative value of the fur which increases
sensible heat loss from the animal. Standing on expoged areas with relatively high wind speeds
such as the arete ridge of the main aggregation site may thus represem“habital selection for
oplimal heat loss. .
‘Oritsland (1974) devised an index f o; homeotherms in which the solar heat load upon
thc ammal was calculated asa f unction of irradiance and wind Chlll Solar radiation and wind
ﬁ thus thought to b&«of considerable i importance upon the’ thermal regime of warm-blooded
ammals Onentauon wnh reference to these parameters may be of some thermoregulalory
bcncf it'to canbou Some doubt exists as to whelher canbou onem lhemselves into the wmd
Skoog (1968) found no assocuauon Da[a m this study supporl Curatolo s observation that

canbou onem into the prévailing wmd only when insect harassment is h:gh Presumably‘ strong
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winds keep insects away from the sensitive facial arecas {(where the fur s thin) . Under
experimental conditions with a calf pelt attached 1o a hot plate. Lents and Hart (1960)

desc. 'bed maximum heat Joss when air flow occurred perpendicular to the “grain™ of the tur
Although no information on fur grain was availzble for the ammals under study, it s kel
that an orientation into the prevailing »de would ma;(imizc heat loss. In winter, resting
caribou oﬁcnl themsclves with their backs facing into the prevailing m./md 10 protect sensitive
areag z;nd conserve body heat (Henshaw 1968) .

Orientation into the sun has been described as a means of body temperature regulation
in poi.kiloiherms (Kevan et al. 1982). No complementary data have been collected for
homeotherms from caribou at Macmillan Pass. Joubert (_1972) claimed that Hartmann Zcbra
(Equus zebra hartmannae) regulated body temperature by oricr:ling their bodics to change the
light-dark ratio of l.hcir stripes. Thermography data ha_vc iHlustrated higher skin temperatures
recorded for black patches on domestic cattle. In v:cw of ihc dark coat coloura({on of caribou,

orientation parallel to the sun would result in a lower solar heat load on the gimal than a

perpendicular orientation, especially for caribou standing on snow.

“@

Studies attempting correlative analyses bclwecn behavioural and environmental
“variables for caribou in summer reinforce the overall imporla_qqc of insect activity in -
‘inf’luenéingactivit& patte‘r'ﬁs . Dircct climate/caribou relalions%}%ﬁééf somewhat-more spurious. .
Part of the problcm hcs 1ﬁ the autocorrclauon between weather variables, For cxample a
Spccmc behavxoural response posmvel) corrclated with increased air tcmpcralure wil bc

®~
’negalwcly correlated wuh rclauvc ht!rmdlty due to the mvcrsc rclauonshxp between these two
climatic vanab]cs Thc negatave correlauon between air tempera.ure and the incidence of lvmg ,
described by Curatolo (1975‘) for Alaskan canbou is explained by the posmvc correlation
between air lemperalurc and standmg uself a drrect response Lo increased insect narassmcnt
Similarly, a posilive correlation between wind speed and fecding aclivity, described by Roby

(1978) is élmost certainly due to the influence of wind in regulating insect numbers. Wind

speed and lying were also found to positively correlate in Curatolo's data.
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Other climatic variables were not thought©to be of equal significance to wind speed and

air rcmpcralurlc Cena in Monteith and Mount (1974) found relative r;umrdmcs of belween 5%
and 70% 1o ha.vc no influence upon domestic cattle although higher humrdmcs were thought to
influcnce the passage of air through the respiratory tract. I)arhy_iig (1937) thought that varying
levels of armosp.rreric wa-rcr vapour influenced the olfactory perception of red deer (Cervus
elaphus1..)

- Caribou at Macmillan Pass .wcre (‘ound 1o be generally tolerant of summer precipitation
in accordance with other un &hcd data (Curatolo 1975, Roby 1978) with bchavrour
gcncralh corresporrdmg 10 cxpcctcd patterns as a result of reduced inscct activity (e.g.
increased feeding).

In view of the limitations imposed by field methods. it is difficult to supply conclusive

cvidence that Woodland caribou select snowSpalches primarily as a means of thermoregulation.

!

| Several theorctical statements may be proposed deseribing relationships between caribou
physiology and behaviour and environmental variables. The extension of experimental or
laboratory - proven results 1o the natural setting is highly spurious. The intricacics of heat
transfer between the animal and the errx'ironmenl carrnor be fuﬂ' understood under field
condiliens'. How&er, a high tolerance for climatic extremeS is a characteristic of all
' homcothcrms Publrshed data describing upper crmcal temperatures for both domesuc and wrld
ungulates define air temperatures at least 10°C higher than those at Macmrllan Pass Yousef and
Luick (1972) found reindeer to be almost as heat tolerant as some desert ungulates. Srmrlar
behavioural responses to changmg weather conditions have been documented for different
eanbo,u groups. During the summer menths these relationships consistently reinf. orce the
importance of insect harassment in diclatin'gv activity patterns. The role of wind speed and ai'r
temperature in regulaung insect activity in t};rs study supports the general concensus within the
literature.that clrmauc variables essentially modif y as opposed 1o drrectly mﬂuence caribou '
behaviour.. The fundamental problem is in separating beha_vioural responses from climati“c ?

variation or variations in insect harassment (Chapier 6).

s
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N 8. CONCLUSIONS

In several respects this is a unique study. Snowfall and snow cover have been wideh
discussed as an integral part of caribou range in relation 1o winter ccology . In contiast, no
previous work has atiempted to document. describe and explain snowpatch selection during the
summer -fly scason despite the recognized importance of this habitat in séveral crrcumpolar
populations. : -

7

The literal treatment of the hypotheses proposed in an atiempt to explam this
behaviour was of valuc in isolating variables for subsequent analysis. However. the underlying
problem throughout the thests was in identif ving specific causc-and-effect relationships. High
air temperatures were coinéident with high levels of insect harassment. Snowpalich selection
occurred most frequently under such conditions. Attributing this bepraviour to ont specific
cause was not possible under field conditions. Of the'two hypothesedyidentified, snowpaich

sclection as a means of reducing insect harassment was favoured over thermoregulation for

»

three reasons : , R
1. Indices of harassment for individuals were consislcnlly greater on snow than off it.
Movements 1owards and away from snow were obscrved as an immediate rcsponsc to
ﬂuctuauons In insect acllvny For cxample sudden rain squal]s lcmporanl) suppress inscct
flxghl and anxmals move_ off snow to graze under rcducc,d Ievels of harassmgnt. (The coincidcnl
benefits of reduced heat stress should also be acknowledged).”

2. Aggregation as a response o insect harassment was more frequently documented on snow
than off snow. Behavioural analyses of individuals and groups (e.g.. standing with head lowered
onto the snow surface) are consistent with other documented evidence of responsc o oestrid fly
ha_ras.sment . ’

3. The documented tolerance of Rangi fgr for ambient temperatures well above those at

Macm'illan Pass during the summer of 1984 suggcél. that.caribou were unlikely to suffer Unduly

from heat stress.

0 - 135
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The snowpaich environment did nrovidc a source of water to potentially heat stressed
ammals and individuals were frequently observed to ingest snow. It should be stated therefore.
that although individual and group behaviour suggest that snowpatches were sought primarily

under conditions of high insect harassment, the coincident benefits of snow ingestion cannot be
‘ " .

rejected as mnsignificant.

s
.

The conclustons from any study of this naturc.are limiledzby the methods adopted in

the ficld. The sampling procedure of concentrating dppn the fi‘r‘slt ighting inevitably omitted a

\ N
large portion of the population. The representativeness bf these dath for the entire population

may be qucsuoncd Quantitative, ground survey work suppkemcnled by repeated acrial transects
. )

[
ey

would prov:dc a more complete regional perspective. Sxmxlarl) \ a more compl°te climate

monitoring network is essential to understand the vanablhty of moumain microclimales. This
. \
\ 3
may also reduce the margin of error in attributing behavioural respanse in individuals and

. \
groups 1o changes in microclimate recorded at a station located away ﬁe@: the group under

A% A .
study. Studies such as this and the wotk of Helle in Finland, in auemptiﬁg\lo test specific 1)\

\

hypotheses through quanmalwc analysis should be used as a basis to formulate standard\xsed

.\)

<

prbccdures applicable to other groups and locations.
) 5
Y

Potcnual disturbance to nonhern mammals has been the focus of considerable research

over the past ten’years. The lmphcauom of thns for car;bg@ésummermg at Macmillan Pass have
also bcen studied (Collin 1983, Kershaw ang Kershaw 1983b). This study adds little 0 lhjs
‘aSpcu of carlbou ecology other than to reinforce the view of potenual conflicts ansmg f ro}n
increased human activity at Macmillan Pass. The tungsten mme at. Mount Allen on the L
‘Commcmal Divide is located within the snowpatch zone. Observations‘at the minesite in 1984
A"‘s.upponéd prcvioun studies in concluding that caribouvbencdme hab’itué&ed to certain | ‘
disturbances. Limited development such as the Maglung mine does ndt appear to hé.,ve‘,
-drastically affected cétibou aithough data pr’iqr to disturbance afe non-existent.._The currentu‘v
dichotomy in the c’aribon/,developmem issue,(MilIe; and Gunn 1985) illustrates the uncertainty

that exists concerning long term impacts of human activity on caribou populations.
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Furthermore, a full scale mine with associated developments (mill. townsitc. transport routes
etc.) would cerla/inly exceed the level of present day-activity.

Should the recreational and t‘ouriSL viability of Macmillan Pass be {ully rmﬁzcdt the
influx of humdn aétivity of a different magnitude to the minesite m:;)' be more detrimental than
present levels. The mountains around the Continental Divide provide esxccllcm hiking
opportunities into the snowpatch~7.oﬁc. The inﬁrpascd visibility of caribou on sRow may alT?acl
recreationists towards thesc areas. Repeated disturbance may Icad to displacement »from
traditional summér range. Al preSent, vlhc frequency of snowpatch distribution, the availability
of alternative relief habitat (e.g. winc?swepl alpinc ridges) and the documented adaptability of

caribou suggest that groups occupying Macmillan Pass in summer are in no immediate danger

of summer range reduction.
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Plate 1. At (he cxposed High Station climatic data were collected over snow and

lichen-encrusted felsenmeer at heights of 0.5 and 1.5 m. The Main Aggregatlon Site hes beyond
the ridge in (he middle dxs[ance
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. . 1
Plate 2. At the High Station .1..1a were trarisXcrrcd from sensors to the intc o ,mg:mor‘y'o‘f a
CR21 micrologger and dum;.c'i 1o magnetic tape and an SM64 solid state s -.. v module.

f
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Plate 3. Simple insect traps were located in selected habilats such as this Lichen-Heath

~community .

&

R .
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Plate 4. Snow cover within uad to the north of the Extensive Study Area. i 17 1984, Note -
- the icing on the Tsichu River at left of cenlre ' '
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Plate 5. Sn(m cover within and to the east of the Ex{cn* e Stu’dy Area. Basecairip‘ was located
at lower [+7¢ of centre. June 17 1984: ' ' ' ‘
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Plale 6. The eastern sector of the Extensnve Study Area. June 2,0 1984 Nev Low rcmamed on

the soulh -facing slopes (centre) with sinuous patches cxlcndmg to No Far ! ke ( uppcr nght)
Note the game traiis etched mto the talus at ler tof centre :
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Plate 7. Sny cover in the southern sector of the Intensive Study Area at the beginning of the
study period. June 17 1984, No evidence of caribou activity was recorded at this time other than

- N

the singie trail in the snow at left of centre. ‘ -

-
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Plate 8. Snow covei' in the southern sector of the Intensive Studs Area towards the end of the
study period. August 11 1984. Fresh snow covers the land above 190t m. The Main Aggregauon
Site (Snowpatch # 13) and key observauon pomts are v:snble
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»

' Plate 9. Caribou were f requently observed in close proximity to permanent snowpatches if not _
always aggregated on the surface. The animal at lower right is ingesting meliwater at the _
snowpatch margin. July 22 1984. :

o~
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Plate 10. On overcast and cool days many animals showed no pi. crence for cither snowpalch-
or snow-free areas. This photograph shows part of a post-calviry n'grcgauon of 216 animals -
the largest observed during the study penod June 24 1984.

» . L
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Plate 11. Approximalely' eight &_veeks after parturfiti'on the development of the newborn calf is-
rapid. July 30 1984. At this time cow/calf groups are most frequently observed at higher

-elevations as they leave the calving grounds to the east.
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Plate 12 Mature bulls. were observed moslly alone or m smglc S groups of up to enght
Movement into the study area from winter range oc;:u.rs laler t‘ .t the cow/calf groups -'the-

fi irst adult bull was observed-on- July 6. ;o

,
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Plate 13. Lowered air temperatures and‘\;reduced levels.of insect harassment allow. \é‘arihou to
- move off snow and graze at lower elevations in the evening. The patches of bare ground at -
~.centre are due to late-lying snow occup;king hollows and gullies-on the tundra surface. July 20

- . s
° i ! . .
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Plate 14. Groubs such as this were classified as being. "closely a.yregated” with a mean

- inter-individual distance of less than or approximately equal to une body lcu,uh Theoretically,
- aggregation will reduce insect harassmem per se.
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Plate 15. July 17 13:30 h. With an air temperature of 16.2C and a wind speed of 5.6 ms
indices of harassment between 0 and 11 were recorded. The group response t6 these conditions
is to disperse. ‘ ’ ‘

'y
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Plate 16. July 17 12:25 h. With an air temperature of 1_6.‘ ar=" a wind speed of .0 L
indices of 'hargss'mem,betwcen 14 and 29 were recorded. The grouﬂ'undcr stugdypmere -l
aggregated in response to increased insect harassment.. o '

¢ . te oo “,“
PCH
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Plate 17. Under conditions of extreme insect harassment mean group size was found to be
significantly greater than that under no or minimal levels of harassment. Varying degrees of
harassment were also recorded between individuals located in the centre and outer edges of the
group. : o ' ' ‘



Under condmons of intense. and continuous insect harassment one ammal mnay m:tlatc

A
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Plate 19. One of the more frequently observed responses to insect harassment was for the
individual or group to orient relative to wind direction. In this photograph the animals are
-oriented into an casterly wind of 5.0 m s** recorded at the High Station.
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. Plate 20. High wmd speeds and low air temperatures sxgmﬁ RTHY rcduccd levels w2 Bt »sment,
~ Under these conditions caribou spend a higher proportion of time resting. This gir .+ _3 ;ows
and 3 calves bedded down on the exposed ndges of the Main *.gregation Site for % Lanntes.

<
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” “and oriented parallel i the wind direction. July 20 1984, = S
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. Plate 21..Windswept ridges were used as altérrative relief habitaj for insect- harassed animals.
% - This animal was observed for 111 minutes during which time it remained essentially motionless
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