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ABSTRACT: 

1Wo winters of ft.eld observat ton of ear lbou .c:t lvlty and measure
ment of related environmental fec:tora were completed. CarlboJJ feeding, 
movlft9, and resting ec:tlvltles were recorded In relation to snow depth 
end hardness, wind speed, temperature and other environmental conditions. 
COMparable Masurements were taken In randomly selected control areas 
where caribou activity was absent. Preliminary data analysis Indicates 
that snow depth and hardness are prl..ry factors of the environment eon
tro11lng caribou movements end feeding activities. Secondarfly wind 
speed aftd assoel~ted t0901raphle variation appear to govern selectivity 
of resting areas by caribou. 

OBJECTIVES: 

To Identify the variable environmental factors which stimulate and 
Influence the patterns of movement and activity of aretle caribou during 
winter. 

INTRODUCTION: 

An as!tlmal normally possesses the Inherited abl llty to recognize and 
occupy a suitable environment for which ft Is adapted. As environmental 
cOMpos It Jon Is dyn•lc with the passage of t fme, specific animal act fvftfes 
wll f be Influenced, and even regulated, by dffferent environmental eondl• 
tfons. 

Th fs study Is concerned wIth some wInter env I ronnaental condItIons 



ambient to carfbou (ft!nqtfer trctfsut) In northwestern Alaska and the 
observecf responses of the an hNl s to var Iat Jon In these condItIons. The 
arctic caribou populatron occupy a nival environment for at least 8 
months of each year, consequently, this study places a major •phasis on 
the depth and hardness of sftOW. Other factors ex•fned Include topography, 
temperature, wind, Jtght Intensity and general weather conditions. It Is 
recognized that pftys real features of the envfronment are,'!Usua11y fnter• 
related and sometl ..s Interdependent and that any single factor may not 
be entirely responsible for exhibited respOnses by the animals. 

This report Is prell•fnary as environmental factors have bMn largely 
treated discretely and have not yet been given perspective according to 
their lnterretatlonsh~ps. Statistical tests have not yet been applied 
and any expressed significances are apparent only and considerable modi· 
flcatlon mey occur as a result of more comprehensive analysis. Conclusions 
would be out of place In this report and a sua~Hry would likewise be lack
ing · In significance. 

Parts of two winters were spent collecting ffeld data which are 
presented In two different ways. During the first winter, data were ob• 
talmad through selective ••PI lng methods and Part t of this report 
contains a fundamental analysts of the resulting lnfof"'Htlon. Part II 
contains randomly sample~ data which are presented and discussed on the 
basfs of the wfnter•s progression. In order to ll•lt the size of this 
repOrt , some data has been SUIInlr fzed and on' y ••Pl es of maps dr-.m to 
IJ lustrate the situation of each caribou observation have been Included. 

Literature studies and more Intensive analysts of the data will be 
affected as lOon as possible and ft Is hoped to complete the study by 
Hay, 1964. The wtlter will be utilizing the data In conjunction with 
stu41es to be conducted at the Un Ivers Ity of Manchester • Eng1and. 

field work during the winter of 1961/1962 was financed In part by 
the Department of Biological Sciences, University of Alaska and fn 1963 
by the Alaska Cooperatfve Wildlife Research Unft. 

TECHNIQUES: 

Travt1 

A ski equipped Piper f•l ly Cruiser based at Kotzebue and (In 1963) 
a ski efiUipped Piper Super Cub based at Kobuk were used for transport lng 
self and equ I paaent when searchIng for car I bou and I and I ng anongs t them to 
set up c•P· The Kobuk bated plane was also used to effect surveys of 
car Ibou Inc I denc:e fn the upper Kobuk f\ Iver drat nage. 

During the Winter of 1961/1962 the writer worked alone fn the field, 
so that travel on the ground was 1 lmfted to an area of ~t 10 miles radius 
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from each camp. We 1 king and the use of snowshoes were abandoned rn favour 
of touring skis whlc:h allowed greater da tJy mil* to be covered wfth less 
effort. 

Near the end of the second winter a traverse was made through car Jbou 
habtt•t 1ft the Mb1er Lowlands .. Schwatka Mountains reghm In company with 
three assrstancts. Skis were agafn used and, although Individual loads 
were back-packed, much of the camp equipment and supplies was hauled by 
thr.. dogs pul1lft9 a 4 1 6tt sled (Akhlo). This system of small party travel 
proved to be most efficient as a larger dog team would have necessitated 
a greater dependence on hunting for food. 

71 611A to• x a• x floor less wall tent with attached l tner was used 
during the first wrnter. Ground Insulation was provfded by cutting spruce 
t>r wt11ow for a mat and a wood burning "Yukon" stove provided heat. Gather• 
lng fuel for the stove took up valuable dayl fght tlll!le and a smaller tent 
would have necessitated less effort In this direction. Severe winds damaged 
this tent partly on eccount of the large wa11 sections exposed to the ele• 
mentt and ft was not always pOssible to prewnt snow ,,.. drifting In under 
the wa11 bottoms even :. though snow walls were constructed around the tent. 
This tent was whfte. the worst possible colour for spotting either f~ 
the ground or the air. During one b1 Izzard the writer spent 5 hours search• 
ing for the tent and was only successful In locating It when he fell over 
a guy ltne. 

A very much sntalter, bright orange tent wtth sewn In floor, double 
door and with complete fly coverage was used the following winter. The 
ease of spotting thts tent at considerable distances was a useful factor 
when worktng the surrourtdfng country. The tent was pttched low Jn the 
snow on top of a spruce or wl11ow Nt and a 'tcolemanu double burner, white 
gasolfne, pressure stove was used for both cooking and heat Jng purposes. 
Wfth a single burner lit a temperature rfse of -42 F. to +100 was achieved. 
On enotW.r occasion er. inside t•perature of +75 F. was Mlntalned when 
the outside temperature was -58. again with only a single burner 1Jt. 

During the final traverse no stove was used and cooking was effected 
over an open fire. A single sktn mountain tent was carried and the warmer 
t•peraturas obviated the need for heat Inside the tent. 

G!f!!rt! Obteryat Jon tl!thgslf 

A preconceived classfflcetton of post rutting season caribou behaviour 
was made separating predomfnant band acttvftles Into the 5 fo11owfng types: 

A· Feeding/Travelling 
I • Stationary Feeding 

.. ,. . 




C - Feedfng/fbst tng 
D • Resting 
E ... Travell fng 

Field work substantiated the validity of this activity sapara
tlon as no arbitrary bend behaviour could be recognized. 

The entire field work data obtained during t~ first winter con• 
sfsts of paired environmental recordlnts which are correlated to ob• 
served carIbou band actl vIt fes. Oeta were d lscarded when It was not 
pOSsible to complete a set of recordings. 

After Jontrng caribou, the writer would approKh to within a fw 
hundred yards ff the anluh ware stat lonary. or would ~~anoeuver to 1te 
In watt fn the case of shifting caribou. The final distance between 
the two recording stations was often regulated by the necessity for 
causing no disturbance to caribou .ctfvhles. A set of environmental 
measur-nts was taken at the locat Jon descrIbed hereafter as the obeer• 
ver•s posttlon and the ~arlbou would be watched during this time. It 
was often entirely necessary to take advantage of the terrain when ap• 
proach Ing ear Ibou tmd the observer • s pOSIt Ion records cannot be regarded 
as non-selective. lnwnedlately after these IINSu,..._ts had been cCIIIlpleted 
the observer moved directly towards the animals, cUsturbed them from their 
posIt ton and made a repeat set of measur.,.nts of the vec:ated envIronment. 
In the case of moving carlbou, the 2nd set of recordtngs was sornethaes 
obtained without disturbing the enhuls •• they •lght be unaware of the 
obs•rver MOving Into the trat 1 they Mel just .... 

The •?vlronmenta1 factors recorded were: Snow depth plus hardness 
of the sur 'ce and the hardest layers; teMperatu,as at ground level, snow 
surfac' and 31 6" above snow surface (approxhut-l! g caribou head height); 
wlndspeed and direction; 1fght Intensity; the lnclclena of sun; cloud; 
precipitation; also general weather conditions. CaribOu n&llbers, compost• 
tlon, ectfvlty and direction of moveMent prior to end after disturbance 
by the observer were noted and acldltlona1 field notes were ude as necessary.
A map was flna11y drawn to show relief, protrudent vegetation. location of 
recording stations and the activities of the caribou. lnstruaents and 
methods of their use are described fn the data discussion pages. 

During the second winter, with the support of field assistants, ft 
was possible to traverse caribou habitat to obtain a _.e random sanpt lng 
of some envfr......,.tal factors. The Methods tnvolvecf are described fn the 
relevant section of this paper. 

It uy be Impossible to .chleve absolute ren.-...ss In sampling the 
physical environment and activities of wintering caribou. Bfaa Is first 
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Introduced by ustng aircraft for transport to locate caribou end set up 

a camp amongst them. In order to lessen the possfbll fty, one might be 

justlffed In saying- probability, of losing contact with transient 

caribou, the decision to land and make camp Is determined by the density 

of animals on the ground. Habitat only thinly occupied by caribou Is 

rejected Jn favour of habttat contafn<tre a bountiful supply. A second, 

and unavofdabte, bias results from topographic variation, Itself a factor 

under study. Camp can only be located where caribou occupy M area suit• 

able for a plane landing and as a consequence, some Important mountain 

habitat Is neglected. 


The two position environmental sanpl Jng procedure used throughout 

the ffrst winter Is open to hearty condemnation, particularly from the 

desk bound theoretIc Ien. It can be argued that an observat ton of the 

environment occupied by carfbou should be equeted wfth randomly arranged 

multiple observation• of the peripheral envlroNDent. In vfew of the 


-dyn•lc nature of envlr0ftllleftta1 factors, SOllie of which are changeabfe 
within minutes, Individual stations that comprise a multiple set would 
need to be obtained wlthln a very short period of time or, better stl II, 
at the same time as each other. A set of nultlple recordings taking 
several hours to conaplete would Introduce a flow of environmental change 
that wou 1d on I y serve to compOund the probI• of eventual data analysIs, 
and wouht prove of 1lttle correlative value to c:arlbou activity as the 
process of such samp 11ng wou 1d be ant IpathetIc to car Jbou fran Its onset. 
we are purely concerned with the activities of caribou undisturbed by the 
human presence and ob-servations were made following thfs discipline. 

Further bias Is evident when the timing of observations Is considered. 
An lnabfllty to observe during darkness and some blizzards, particularly 
during mfd-wfnter, effects the qualitative (as well as the quantitative) 
value of data presented here and there Is no way of knowtng If daylight 
actlvltfes are representative for the 2'+ hour period. 

Towards the end of the second winter of field work a 16 day traverse 
was undertaken to randoll'lly sample snow conditions over en area of scattered 
caribou occupancy. Straight map t lnes were fol Jawed and snow conditions 
recorded at regular end predeternt.lned Intervals. Although three experienced 
mountaineers were recruited (the leader end ~ of his canpanlons froaa the 
1962 successful Mt. McKinley assult) we fafled to overcome one mountainous 
sect lon of the predetenRined route, which heel to be redrawn to be kept with• 
In the bounds of practlcabfllty. The COMpleted traverse follows a geomet• 
rtcat fonR but some degree of bias Is present precluding a claim that the 
s~~npllng was non-selective for this particular area of caribou habitat. 

A quantitative evaluation of bias wl11 prove to be a blometrlctans 
nightmare and It cannot be guaranteed to suggest Many Improved field tech• 
nlques. 
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Key to Observation Maps 

A11 maps 

Spruce (Picea ~ 

Wi I low (Salix~ 

Rivers and creeks 

Lakes 

Area occupied by caribou 

Twin observation maps (numbered) Random sampling maps (lettered) 

Windspeed (max.) & direction 
/1\ 

Route of undisturbed caribou / 

I 
/ Existing caribou trails 

/ 

Route of disturbed caribou Area of cratering 

Recording station
Observer's position and point + 
of reference for contours 

Point of refe rence for
Caribou posit ion• contours. 

All contours are in feet above or below reference points. 
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FINDINGS: 

PART I • Winter of 19§1·1~§3 

c,rrboy Band Comeeststgn 

Durlng late wfnter ._. early born calves may have been counted as 
caws (sma11) and some small cows may have been counted as calves especially 
If they were antlerless. 

The calf ratto llay seem to be J)ttrttcularly high but there is no method 
of determining .my possible error In these data. The majority of animals 
counted were Inhabiting the Squirrel River va11ey and were part of a dis
crete concentrat ron of carIbou that 118ft no major movement for several 
months. Cows accompanfefl by two catves were seen quite often and tone 
calves or two calves unac:companled by adult caribou were not uncommon. 
The location of the Squirrel River camp Is marked by the figure 4 on map I. 

Snow D!eth 
Either a stout wooden folding rule or a skf pole. gracluated tn Inches. 

was used to measure snow depth anfl the average of several probes was re• 
corded owfng to the uneven nature of the ground. 

Stven a treeless. plane landscape and a windless winter, any pair of 
measurements (observer's and carfbou position) coutfl have shown lclentlca1 
snow depth provftfed that ground substrates were not too dissimilar. Wind 
and, perhaps to a lesser cfetree, solar radiation combine with land form 
and the shadowing and bfnd1ng properties of vegetation to produce unequal 
d1strlbutlon and retention of snow. A1though snow depth varlatlon over 
short dlstandes Is a resultant of other ftctors In the environment of earf• 
bou, Its Influence upOn the anhuls Is direct and prJmary. 

The average snow depth frons alI positions that were occupied by caribou 
Js 13.37" wttnst that from the observer•s posrtfons Is 27.54" and tn 49 
Instances out of 54, caribou were ut 11 fzlng the locat lon of shallower snow. 
Pruitt (1960) thought that carfbou fn Canada possessed a threshold of tol• 
erance to about 60 em. (21tu) of snow and that when depths exceeded this 
amount, earfbou reaetecl by moving. Certainly~~ the average snow depth 
recorded for travail fng caribou (activity E) In N.W. Alaska fs greater 
than that for any other activity (table 3) and this could well be a re• 
flection of an urge to move unttl sh.lllower snow Is encountered. Each 
route tal«m by travelling caribou showed SOfie degree of selection for 
locally shallower snow which lends support to the hypothesis that snow 
depth Is of primary Importance to discrete caribou activities. It Is 
evident that carfbou require very shallow shOw If they are to feed whtlst 
moving (table 3) and that feedtng becames a more stat fonary act tvlty when 
mad liMn depths occur . 
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Te1e 1 • Caribou lfncl Cs!f?osftfon. Winter of 1:J611!,62 

... ... 
-...I 
i 
•,. ... • I i 

I 
... •• I • I... I ...• .I ...• t ij ...• I - ...• 

u t i I ... -- J u• {!. u. c: a -... ~ J u• ~• 
2 I 29 Nov.61 1215 29 43 19 91 4 28 17 Feb.62 1500 3 3 6 
2 2 30 Rov.61 J 100 s 8 3 16 .. 29 17 Feb.62 1600 g Jl 8 28 
2 3 I Dec.61 JIOO 4 9 4 17 4 30 18 Feb.62 1000 I s l.t 10,.2 l Oec.61 1300 4 4 3 II 4 31 18 Feb.62 1338 I 5 4 10 
2 s 2 Dec.61 1215 2 2 4 32 19 Feb.62 1215 3 3 6 
2 6 3 8ec.6l 1115 2 2 2 6 4 33 20 Feb.62 1130 7 7 s 19 

\D 
• 3 7 5 8ec.61 0945 4 3 8 4 34 21 Feb.62 1200 3 2 t 7•3 8 6 Dec.61 1200 2 s 2 9 4 35 27 Feb.62 1230 I 2• 7 F b .. ,..~ ,. 4 12 ,.,.4 9 • • t>...:.: JOOO 3 2 9 36 27 Feb.62 1600 19 13 ' 

4 10 7 Feb.62 1200 54 37 21 112 4 37 28 Feb.62 1100 4 1 s 
4 II 8 Feb.61 t030 5 9 1 21 4 38 t8 Feb.62 1645 I 1 
4 12 8 Feb.62 1130 14 11 7 32 4 39 1 Mar.62 1200 57 Sit 49 160 
4 13 9 Feb.62 1430 6 7 6 19 4 40 1 Mar.62 1530 1 1 
4 14 10 Feb.62 1100 27 IS : 13 59 4 41 2 Mar.62 1030 3 2 s 
4 15 10 Feb.62 1200 17 8 s 30 4 lt2 2 ltar.62 1130 I 1 2 
4 16 I 1. Feb.62 1215 14 IS 29 4 43 3 ltar.62 1100 8 2 2 '2 
4 17 II Feb.62 1500 9 6 5 20 4 44 3 Mar.62 1600 5 4 9 
4 18 12 Fe.62 1145 7 3 10 4 IJ.S 4 ltar.62 1200 lt7 55 49 151 
4 19 12 Fcb.62 1300 1 7 6 20 4 46 4 ltar.62 1330 2 3 2 7 
4 20 13 Fab.62 1300 2 a 5 15 .. :.·: 5 lifar.62 1200 2 I 3 
4 21 13 Feb.62 1600 51 64 49 164 4 lt8 5 Mar.62 1600 9 9 8 26 
4 22 14 Feb.62 IUS 2 2 4 49 6 Mar.62 1100 I 1 2 
4 23 14 Feb.62 1215 3 2 5 4 so 6 Mar.62 1230 8 15 tJ )4 
4 24 15 Feb.62 1100 I l 2 4 51 7 Mar.62 1000 18 11 7 36,. ,.25 15 F<eb.62 1630 14 18 13 45 52 7 Mar.62 1615 11 5 5 21 
4 26 16 Feb.62 1230 1 J 2 4 53 8 Mar.62 Jt45 8 9 9 26 
4 27 16 Feb.62 1330 17 13 11 ltJ 4 54 8 Mar.~Z 1245 4 11 8 23 

Total: 488 551 lt14lff53 



The perfo~ce of discrete actfvfttes within grades of snow depth 
Is probably relative to overall depths that are generally Increasing with 
the progression of winter, so that distinct toter.ru:e 1Jmtts cannot be 
readlly assumed except when snow ts sufffclently deep (ami soft) as to 
prevent caribou from moving through such eoncffttons. However. selectivity 
for snow depth condition congruous to the perfonaance of specific ectlvl• 
ties does appear to be cont lmtal over the wlnter. 

Snow Hard!J!SS 

Gauges for .,...surelng snow hardness were push-type spr lng balances 
on which pressure discs could be mounted. These gauges are standardized 
by the Nat lonal Research Counct 1 of Canada, C011111tttee on Snow and Sof 1 
Mechanics, and are fully described by Klein et at (19$1). A hole In the 
snow was excavated to ground level and a section scraped with a knife to 
expose a prof 11e of undisturbed snow layers. Test tng each layer with the 
pressure gauges resulted in recognition of the hardest layer and the snow 
surface was also meatured. Unlts of snow layer harclness are exprested 
in gramtes of pressure per square centimetre required to collapse the 
structure of the snow. 

The hardness of a snow 1ayer fs depen•nt to a 1lm Ited degree upon 
its crystallographic composttJon, water content and hs positional can• 
parlson to the ground and other snow layers. Solar radfatlon, t•pera
ture profile, wlndforce, land form and dlsturbanee by an tmals are modifying 
var 1 ab 1 es that he 1p to create unequal snow hardness c:ond t t Ions from pI ace 
to place. 

It Is not altogether surprising that )4 of the total of 54 paired 
observat tons show equal surface hardnesses at the observer's and carIbou 
occupied locatIons. The top layer of snow was I fkely to be the newest 
In both locatfont unless redistribution by strong winds had occurred 
since It fell. Layers below the surface tayer were more Jtkely to have 
exper r.,.ced var lab le modIf Icat Jon due to the1 r longer ex fstence. The 
top 1 ayer occas lona11y becane the hardest due to the Impacting effect 
of winds or the wfnd caused dispersal of soft. loose surface snow untJI 
a harder 1ayer was exposed. 

Surface layer snow was .ore often harder at the caribou than the 
observer's position, with by far the hardest recordings occurring with 
the Incidence of trawlllng c•rlbou (tab1e .5). Obviously. the herder 
the snow, the greater Is Its flotation effect to travelling animals. 
The highest average from hardest layer recordings ~~ also reflected by 
c..-lbou performing ectlvfty E. It should be noted ·at thl1 point that 
purely travelling caribou are characterized by what we mJght describe as 
the "severestn snow depth and hardness cond rt Ions. and that both of 
these factors are "mildest" when caribou feed as they travel. The sta
tionary act lvlt les are performed In lnte,.dfate snow hardness condtt Ions 
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Observat Jon 
nuaer 

I 
2. 
3 
It 
5 
6 
7 
8 
9 

to 
II 

• 12 
)) 
lit 
15 
16 
17 
18 
19 
20 
21 
22 
23 
21t 
25 
26 
27 
28 
29 
30 

Iablt 2. Snow Depth Obserytt fon§. Winter of 1961/19§2 

...,...rof Caribou Snaw •pth Snow depth Deeper at Deeper at 
cariboy act lvltx at obserwr tt serlbov cartboy omrver ,, A 10 1 * 16 A 12 5 * 17 c 9 5 c..,* II c 8 6 Two* 2 A 9 6• * 

* 
* 6 8 II 

8 A II c.p 
2 14 6 Thr!!• ' * 
~· 
·' A 28 16 * 


11~ 27 lit 

21 c• 32 13 * 


* 32 A 23 
19 8 29 ' 8 

* 
* 59 8 29 8 * 30 A 21 24 * 29 A 25 7 * 2 f) 21 23 

10 •A 16 9 * 
* C.p 

20 D 29 13 Four* IS c 18 15 * 164 E 26 18 * 2 D 23 16 * ...................
5 8 11 11 

2 I 17 II


• * 
*
lt5 3.1f 18 


2 A 13 16 
 * 41 8 33 26 * 6 D 27 21t * 28 0 26 21 * 10 0 33 12 * 



Snaw ..asur....-ts In fnches 



Table 3. Caribou Actiyitx - SMW h?tb, Winter of i96J{I962 

caribou ac:tlvfty 	 maher of total range of average 

observat ~on,s caribou snow depth sncw depth 

A - Feedlng/Trave11 Jng 12 253 3 - 24 8.6 

f 8- Stattonary Feediag 17 351 0 .. 26 I I .lt 
.... 

c - FeedJng/ftest lng 10 lt77 4 - 27 	 l3.5• 
D - lestiRg 	 9 88 5 - 2lt J6.7 

,.E - TrweJ J fng 	 6 2~ - 4l 21.7 

Obaerver's posttfon 5.4 2 - 54 27.5 
(no car fbou) 

Snow .._ur..ants 	Jn inches 



---··-··--·-----------------------·--"1 

~-.-~:.__?.....	~ r · c~ · : -:} e_p t r: S i t ua t io ~~ 

_[ x an:p_I_~_N 
8tser vati, )r: ti ;t;l ber: 47 

T Ca,n p number : 4 
Dc1t e : 5[ h Mar c h 1962 
T ,me : 1200 

C~ribuu activity: A-movin g 
iov.'ly, feedin c as they 

i oi low the lake shore . 

<f) 

~ c c 
G) 0 =>0 
> ·- o ·
~ ~ .o~ 
G)•-
Vl Vl 1... <f) 

.0 :::> Ill 0 
0 Q. u Q. 

Snow depth 44 3 
Lake Surface hardness 8 10 

- - __., Maximum hardness 85 10 

Air t emperature -8 -7 
Surface temperature -7 -7 
Ground temperature + 18 +3 

Wi ndspeed 0 0 
Windch iII 540 535 
0; rect ion 

Light 	 intensity 170 170 

Weather: 	 Fine with clear sky 
and unrestricted 
visibility. 

Bu lis 0 
I /4 mi Je 	 Cows 2 

Calves 

Remarks: 	 This is a good example of variable snow depth resulting from the combined 
effect of wind and micro relief . From March 1st to 3rd inclusive an 8 to 
38 m. p.h . wind from the N.E. eroded the snow structure on the south shore 
of the lake . Only the I ip on the south shore appeared to have been exposed 
by erosion and the caribou were able to feed whi 1st travel! ing as pawing 
out feeding craters was unnecessary. The abserce of spruce or willow on 
the lake shore was advantageous to caribou in this situation as it allowed a 
maximum erosion potential to exist. 
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whfeh also compares wfth the analysts of snow depth relationships. The 
fnterrelattonshfp of snow depth and snow hardness has not yet received 
suff le ient att.nt fon to allow adequate exp l anat fon of these pt:eonotrena. 

Carfbou are certainly raspensJve to snow hardness vartatton over 
short dlstanceand Pruitt's (1960) sunested sensitivity threshold of 
50 gm./s~./crn.t whfch refers to forest as opposed to lake stations, ts 
worthy of comparison to these Alaskan data. Pruttt showed that lakes 
whfeh were commonly usttd by caribou for restfnt:y or trave11 fng often 
carried IIU:h harder snow than the above figure. Table 5 fnclicates that 
5"\0W hardnesses (hardest layer) for resting and travetl 1ng earlbou were 
generally hlgm.r than 50 gn./sq./cm. and that all other aetfvftfes show 
herdnesses generally lower than thfs ffgure. 

A "Dwyer" wfnd meter wst used to measure wtndspeed at a height of
:s• 6" above the surface of the snow cover. This staple tnstrument com• 
prfses a tube graduated In m.p.h. In whtch a ph.h tMl 1 Is forced to rfse 
by wlndforce. Although the bell oscillates, an average wfndspeed is fair• 
ly read ft y recogn Jzed. Wtnet cf tr.ct fon was a lao reeercted. 

Wtndc:h f n was obtained by eombtnlng wfndspeed and err temperature 
aeeorcUng to the •thod described by Siple and Passel (1945). Wfndehll 1 
fs a measure of the quantity <Jf heat which the atmosphere fs capable of 
absorbing wfthin an hour from an e)(posed surface one •tre square at a 
temperature ~""f 9l .It F. To correlate heat loss wtth the customary values 
used to expr.,ss human m.at pro4uct I on and food requ l .-.-nts, the quant f ty 
of heat ts expressed In kflogrlftiM calories per square •tre per hour 
per degree centrlgracte (0.369 aru per ...are foot per hour per degree 
fahrenhe ft) . 

Comblnfng wlndforce with air temperat,Jre to produce a wlnclchJ11 
factor may not result ln a completely vat ld Index for determining the 
response of c:artbou to thefr ambient l'lnvlronment as relattv. ht.nlcUty 
ts not ~c:OUfttad for. Heat Joss In caribou could be prectpltat4MI by 
humdtffty as during fnst.aees when wtnd drtven snow builds up fn the fur 
of anltU1s. 

A t•perature of zero F. and a 4 m.p.h. wlncf produce a wfncte.hl 1 I 
recording of about 1065 kg.eal./sq.M./hr., but only tn relation to sta• 
tlonary animals. Caribou walking at 4 m.p.h. In the Identical direction 
of thts wind and caribou walking at the s... speed fn the opposite dfrec• 
t lon shouhl be relftted to wtndchtll factors of lf95 and 1245 respect Jvety. 
The difference of 150 kg.caJ ./sq.m./hr. that e.wfsts between the two hypo
thettceJ recordings Is ldentlce1 to the wlndchflt factor d!fferenc:e 
between 62 F . above zero and 80 degrees below zero when no wind ts blow• 
lng. It would s.. that Interpreting comparative wtnclchfll discomfort 
frO!'I't the use of Siple and Pass• I 's formula could be hazardous ancl ft does 
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Table 4. Snow Hardness Observttions, Winter of 1$§1/1962 

obserwn pos ft lo11 urtbou posit ton surface 5JDI hardest snow 
... ... ... ... layer layer 

I ... I ...5 	 tto~ ~~- ~~- "o ~ -.... .. ,.. - .,.-	 - - • ...t IJ ....J I.I ... _~ 	 • ...... • .• ... 0~ ... 0 

j; ·: 	 •• ... • ... ·-... ... : ... -... -- ~- ii t! t.i -li .a: -li -13....... ... ~ ...... ... ... ... ... ... ... ... ... 

ic:.sf ~~ c:u u•

eu ...~~ .J:: 

~~ .!J 11 
.t: 

Ji 1.! .J:: 
.....• ..... !;!~ .t:e 

l 91 A 	 lO 1 25 7 2 10 * • 
2 16 A 	 JZ 2 40 5 2 22 * • 	 3 17 c 9 2 45 5 2 25 -------- * tamp 
4 11 c 8 7 5() 6 5 15 * 	 1Wo 
5 2 A 9 1 90 6 I 70 _____ .,.__ ..* 
6 6 8 	 11 I 30 8 30 . -·----
7 8 A 	 ll 2 95 4 ' l JO Camp 

14 IJs_ Three8 9 8 2 8S 6 2 	 * ------·- •* 
9 9 A. 	 28 3 60 J6 3 50 -·-.----.- * JO 112 8 27 	 3 50 14 3 50 ------~--- -----·--n 2l c 32 	 l 9-"'l 13 l 35 ------- * 12 32 A 23 	 l 65 g 1 30 --.------

1 113 19 29 45 8 25 ---------- *,,. • 	 * 
* 
*59 B 29 7 90 8 2 65 

15 30 A 21 8 tS 24 2 7t'! __..____* * 16 29 A 25 	 2 75 7 2 35 Camp* Four17 20 8 2t 	 2 75 23 I 35 * * tS 10 A 16 t 90 9 t 55 ------.- * 19 20 D 29 J 45 !3 I 70 --..-.....·- * 20 15 c 18 2 80 15 2 65 ------- * 2i 16fl E 2·5 	 2 55 18 2 95 * 22 2 D 23 I 70 16 1 95 ------- * 23 I l 'i 	 1 ft l 35 ....,..____ *5 65 	 ----------
24 2 8 i7 	 2 70 ll 2 ItS * 

--~·-----25 lt5 8 )lac 2 ItS 18 2 4S -------



.._... ____
26 2 A 13 l 95 16 l so * ..._......27 4l 33 2 ~ 26 l It; _._._______• * 28 6 D 27 l"'... 75 2Z. '1 10 
29 28 D 26 ') 45 21 0 80 ............. * * 

30 10 D 33 2S lf!) l2 70 85 * * )l 10 8 35 2(t 4S ll 120 l2G ** 32 6 D 2 35 35 6 6 *5 * 
33 19 c 39 0 90 4 0 2 ---..--- * 34 7 E 37 60 95 18 10 70 * * 35 2 8 lt6 to 90 21 15 65 * * 36 44 E 34 6 70 27 35 75 * 37 5 8 42 10 85 bare of SIIOW * * 38 1 a 28 6 55 9 8 25 

* I* * 160 c t4 6Q39 15 15 50 ---------_.,.,___ ..,...._ * Ca1nr>• Ito J 8 23 0 60 " 9 0 45 *,., ...,___.._. .... Four ..... 5 D 40 0 7S 19 0 55 * 
I) ...,........._.t 42 2 0 55 21 0 60 * 12 8 0 0 25'+3 " 3' 85 s -...-.---- * 44 9 D 41 0 70 19 0 Its -------q.(l * 45 151 c: 35 35 90 27 ItS * * 46 7 E 26 25 55 .. 4o ItO * * lt7 3 A 4ft 8 85 3 IO 10 * * 48 28 c 43 8 !00 13 15 45 * 

49 2 8 54 9"> 6 25 .............. * ..t
0 0 

so c 3l 0 <)() 20 0
34 70 --------- * 51 36 E 38 7 80 22 100,., ............. * * 

52 21 A 8 85 7 8 35 
53 26 E ,.,. 0 70 41 ' 0 JOO --·-·--- * 

* 4 2 c 0 21 0 6 ------ * 
8 12 39 " 

Snow depth ht fnches. 

Snow hardness in 9J115. per sq. em. of pressure required to collapse the structure of the snow. 




T
ab

le
 5

. 
C

.r
ib

ou
 A

et
iv

it
L

-
Sf

!S
!! 

tf
er

9
!!

ss
. 

W
fn

te
r 

of
._ 

19
61

/1
96

2 

su
rf

ac
e 

la
y

er
 	

h
ar

d
es

t 
la

y
er

 

ca
r 

lb
ou

 a
ct

 tv
tt

y
 	

ft
Y

it
b

er
o

f 
to

ta
l 

o
b

se
rv

at
Jo

u
 

u
ri

b
o

u
 

ra
n

g
e 

av
er

ag
e 

r
a
~
~
g
e
 

av
er

at
e 

...
A

-F
ee

cl
in

g/
T

ra
ve

l 
t l

ng
 

12
 

25
3 

1 
.

10
 

2.
8 

10
 
-

7'J
 

37
.2

 

I•
S

ta
t t

on
ar

y 
F

ee
di

ng
 

17
 

35
l 

(j
 

-1
2

0
 

25
 -

J2
0 

lf
2.

7
0

3
 

'·" 
• 

	
C

-F
ee

d 
in

g
/l

a
$

t f
ng

 
lO

 
47

7 
0 

-
40

 
a.

o 
2 
-

70
 

41
.7

 

0
-R

es
tl

n
g

 
9 

88
 

0 
-7

0 
8

.7
 

6 
-9

5 
62

.9
 

£
-T

ra
v

el
li

n
g

 
6 

28
4 

n 
-7

1J 
26

.0
 

ItO
 
-1

00
 

80
.0

 

O
b

se
rv

er
's

 ~
t
t
i
o
n
 

54
 

G
 -

60
 

6
.3

 
25

 -
10

0 
68

.3
 

(n
o 

ca
ri

b
o

u
) 

Sn
ow

 h
ar

d
n

es
s 

in
 g

m
s.

 
p

er
 s

.q
. 

em
. 

o
f 

p
re

ss
u

re
 r

eq
u

ir
ed

 t
o

 e
o

l 
la

pS
e 

th
e

 s
tr

u
c
tu

re
 o

f 
th

e 
sn

ow
 



••• <A·· -.z ;r

\ 	 Example 
Hap 3 Snow Hardness Situation 

\ 	 Observat ion number: 21 
\ Camp number : 4 

\ 
\ Date : 13th Februa ry 1962 

\ 
\ Time: 1600i 

Caribou accivity: £-Travel 1 ing 

~ 
V\ 

\ 	
,_ c c 
IV 0 ::> 0 
> ·- 0 · 
I... +J ..o~ 

v·
,_ V\V\ :II 

..0 0 ttl 0 
0 0.. u 0.. 

\ Snow depth 26 18 
Surface hardness 2 2 

+50 Maximum hardness 55 95 

Air temperature -4 -7 
Surface temp. -5 -7 

"\ 
\ 

Ground temp. +8 +5 
' ' ' Windspeed 0 0

' \ Direction 
' W i ndch i 11 520+25 ' ' 535 

Light intensity 35 60 

Weather: 	 Overcast with 1 ight 
snow, visibility 
about I 1/2 miles. 

Bu II s 51 
Cows 64 
Calves 49 

mile 

Remarks: Winter winds in the region of this observation usually origi~ate from the 
N.E. or N.W. which probably accounts for the incidence of spruce in the lee 
of the ridge In addition to the windbreaking property of the spruce stand, 
so f ter and deeper snow conditions are more I ikely to occur near the observer's 
pos i tion when northerly winds have blown snow off the ridge . Windblown snow 
dur ing northerly winds would probably gravitate in the area of the spruce 
stand . The slight north easterly facing slope of the ridge probably exper
ienced a greater wind striking action over the winter than any other part 
of the area illustrated, consequently, snow hardness would be maximum for 
this section . It is significant that the travel 1 ing caribou should be 
foll~.ing the northern edge of the ridge . It should be remembered that 
above freezing temperatures did not occur during the study period and the 
snow texture showed no s igns of above freezing temperatures for other periods . 
Wind was the primary cause of localized variatior. in snow hardness . 
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not take account of the 11e of an anhul's fur In realtfon to wind 
dtrectfon. 

VInci Is a MOdifying agent to t_,.rature, snow •pth MCI hardness, 
but Is Itself modified by topography and protrudent vegetation which can 
create variations to Its sPHCI over short distances. The w.f,ndspeeds and 
windchill factors given In this p.1aper are only relative to stationary 
ani~Mis and wl11 need to be tr•ted with elrcuaspectlon untJt the factor 
of caribou mo.,.....t, particularly Its direction, has been lntro4fucecf to 
all relevant observations. 

Wind and windchill were usually greater at the observer's than the 
caribou occupied position, the average wlndspeecl difference being about 
4 m.p.h. and the maximum difference occurring with r..tlng caribou 
(average 11.lt m.p.h.). The topographic Mps drawn for eah observation 
Indicate a tendency for cartbou to utilize llftd form to evade a proportion 
of wlndforce, particularly during ltrong winds and bl tzzards. Resting 
caribou were able to evade an average of !taX of the wlndspeed present at 
the observer's pos 1t Ion whereas feedtng/rest lng caribou evw.ted only 1~. 

The react ton of urlbou to blizzards en4 other strong Mbd concllt Ions 
was notable In that _,.,..,.,.t was restricted wfth car lbou usually lying 
down (table 7). Lower windspeeds are reflected by stationary activities 
that lncluo feeding, and travel I tng caribou s~ a marud preference 
for windless or near wln41ess concfltlons. 

Crttche11•1u11ock (1930/1931) presented records to show that the 
direction of cclrfbou travet wa• Independent of wind dfrectton but Kelull 
(1960) thought that caribou drift with wind during winter. Sufficient 
data have been obtafnetl t~ •x•tne the dfrec:tfonal relationship between 
wln4 ancl MOVIng caribou, both prior to and after ctlsturNnc:e by the ov• 
server, but this probt• should not be ext~mfnecf until the wlndchl11 factor 
has been rencfer4Jd less ulgutlc. 

StMdard U. S. Weather lureau red I fqutd the,....ters wre used. 
none of which possessed an error tn excess of 0.15 F. One thei"IIOII8ter 
was Inserted In the snow with Its bulb touchfng the ground substrate, 
one was placed f1et on the snow surfae and the third was held wtth the 
bulb about 31 6" above the snow. Several minutes were a110iilllld for the 
liquid to settle. The snow surface and atr t•peratures are biased as 
they were taken In the shade of the observer's body during sunny condf• 
tlotts. All t...,_ratures were recorded In degrees fahrenheit. and as 
they were mostly obtalnetl close to noon they wl t1 not be representat tve 
of the 24 hour perJod. 

Theoretically, temperature Inversions (reversal of the normal cooling 
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Table 6. Wlftdspeecl and Wlnckhl II ()btervtt ioM, Winter of 19§1/19§2 

"' observer's posltton earl bou posit ion ~• .,•"' 
"' .. ••.... •• 

c: 	 &... & ou... "' 
!!. •... 	 •... 

::J ::J 	 _... _., 	 ., ~! ~.~ --t-j.. '6 >- I 	 i .,..,_..• -., 	 ..• .., ........ .A!Slllt.C'J ... "'j j.; 	 , --·- ... 
I. " .~ i -.¥ 	 l ..,u ,_ -vi~ 3 u.o -~· u•..c ~~~~ 	 ]} 1= c: ... c- c: c:: 10 c:• !I 	 _..,-.,.!! 	 C&.. -.c 

• 

-..: -~-~• "¥ ... -·-	 .,., ."'0 ... ...,oc C:Utl :... ... :JU =• 	 • • :J • :.•:a• 

,.. +13 s.E. 2 	 800 +12 0 430 
. ..,. 91 	 * * 
/. J6 A +ll 	 I.E. 8 1050 +13 tt.E. 3 870• 	 • * 

N 	 3 17 c +f2 N.E. 10 1130 +12 •• 8 1080 • * ... 1l c +11 0 ltltO .J J2 0 430 ------- * 
5 2 A + 9 ••w. 4 960 + 9 I.W. 74o * * 
6 6 8 - 4 s.E. lt "10 -.. s.E. 2' 980 * * 

8 A E. 2 1020 -ao 0 5SO7 - 8 	 *....._.. * 
8 9 -37 0 700 -29 0 660 _,___... 

9 •A +20 £. ,. sso +20 E. 4 850 	 * 
.........


10 U2 I +20 N.E. 5 900 +2tJ ft.E. 5 900 ' 	 .700 I 2 680H 21 c +23 N. 2 +25 * 
12 32 A +20 N.E. 2 730 +22 I.E. 2 710 

~8 +l9 0 Ito() +23 	 0 ) 7513 19 	 ----- •* 
14 59 8 -15 0 580 -l2 0 555 * 
15 30 A - t 1 0 550 -l? 0 55S * 
16 29 , . -21 0 620 -2;1 0 620 
17 20 8 -27 0 61+5 -26 0 635 * 
18 10 A +10 N.W. 3 915 +lO ••w. s IOOS * * 
19 2.0 0 +4 0 lt80 + 7 0 460 * 
20 15 c + 8 s.v. 3 930 +8 0 450 * * 
21 JGlt E - 4 0 520 - 7 0 535 * 
22 7 D + 5 0 470 + 6 0 460 * 
23 5 8 +6 0 l+6o + 3 0 t.80 * 
24 2 a -26 0 640 -22 0 615 * I llOO25 45 8 -33 N.f. 6 1550 -31 N.E. * * 



..........
26 2 A -2lf 0 630 -26 0 6ltO * ..........
27 41 8 - 4 {) 520 - 2 0 505 * 
28 6 0 +14 s.E. 8 1060 +14 S.E. 2 790 * * 
29 28 D - 3 s.E. 11 1350 - 3 s.E. 4 Jl05 * * 
30 10 D +8 M.E. 55 1450 + 8 M.E. Ito llt20 * * 
31 10 8 +5 11.£. 3 955 + 5 N.E. 3 955 ----- ----
32 6 0 +22 I.E. 42 1210 +2:2 N.£. 18 1100 * * 
33 tg c +18 s.w. 25 1170 +l8 s.v. !5 1100 * *,.. 1 E -22 s.w. 2 1135 -21 s.w. 2 1125 ----- * 
35 2 8 + 6 0 465 + 1 0 455 --·-- * 
36 £ 0 525 - 4 0 520 ----- * 
38 l 8 -tt 0 560 -10 0 550 ------37 "5 8 

-... 5
l 11.£. 4 1090 - 1 II.E. .. 1090 ---·- .........., 


* 
39 160 c 0 M.£. 8 1250 + 1 M.E. 8 1265 -·-·-... ...._____* 
Ito ) 8 +5 JI.E. 20 1360 +5 I.E. 20 1360 ----
4t 5 D +8 I.E. 35 1400 + 8 I.E. 20 13 l 0 • * * 

N 42 2 D +9 M.E. 38 1410 +10 I.E. 30 1375 
N * * 

43 12 8 + 1 N.E. 20 1330 + 8 II.E. l2 IJ90 *• ..,. 9 ' D + 3 H.£. 15 1350 + 3 II;£~ to 1250 _..,. ___ * ** 
45 151 c - 4 0 520 - 2 0 505 * 
46 1 E - 7 0 535 - 6 0 530 ----.- * 
47 3 A - 8 0 540 - 7 0 535 ----- * 

0 -ll 0 555 ____ ...~ 26 c -12 560 ------- * 
49 2 8 - 8 II.V. 3 1105 - 7 I.V. 3 1095 * 
50 34 c - 5 ••v. 2 990 - 4 M.V. 2 985 ------ * 
51 36 E -19 0 605 -19 0 60S --·--- -·-----
52 21 A -23 0 630 -22 0 625 ------ * 

26 E ... 5 M.W. l 880 - 5 M.W. t 880 --·--- -----~ 23 c - 5 M.W. 2 980 - 4 M.W. 2 975 ~·--...- * 

17 I 4o 
Air tfllll)erature in degrees fahnmheft 31 6'' above the surface of t .he snow. 

11 11Wind speed -.sured tn .r tes per hour '' •• " " " • u 

Wind eht 11 Ts expressed fn kl logr• calories per square •ter per hour per clegree 

cent Igrade (see accompanying sect ion for defhtit ton). 

Wind direction ls expressed by fts ortgln. 
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Table Z· Caribou Activity - Windspeed, Winter of 1961/1962 



Table 8. Carlhou Activity - Wlndchft I. Winter of Jg§l/1962 

wlnctd\f II ,.,.. 	 average wI ndch i 11 

carfbou actfvlty 	 nWiber of observer's caribou obserwr's caribou 
observat tons pos tt lon pos ltlon position posIt fon 

N 
~ 

• 	 A-Feecling/Trave I I ing 12 540- IOSO 430 - 1005 775.5 677.5 

8-Stat Jonary Feed lng 17 !JOO. tsso 375 - 1360 904.0 ~.s 

C-Feedlng/Rest Ing lO 14110 - 1250 430 - 1265 867.0 802.5 

o-ftutlng 9 '-80 - 1450 460 - 1420 1125.0 10)0.0 

£-Travelling 6 520 - tf35 530 ... 1125 200.0 699.0 

Total'l 	 54 40o- 1550 375 - 1420 866.0 m.o 

WiMc:hil1 is expressed in kilogram calories per square •ter per hour per degree centigrade 
(.0369 BTU per square foot per hour per degree fahrenheit). See KCOIIPMylng section for 
clef In it ion. Air t-.peratvre and w;nelspeed recorded at 3 • 6.. above the snow surface have 
been used to obta fn wJnctc:h fl J factors. 



p..- .
' •. "' I h4iWi haS 

Map 4 Wind Situation Example 
Observation number : 30NI Camp number: 4 
Date: 18th February 1962

I T i r.1e : 1000l Caribou activity: 0-Resting . 
The an imals only moved when 

B 
\ 	 disturbed by the observer until 

\ 
\ the strong wind had abated. 
I 

\ 


\ 


' 
Ill 

'- c: c:~ v 0 :J 0 
>·- 0 · c ~... ..... ..0 ..... 
v · 
Ill Ill L V1 

Ill-gg_ 0 
u 0. 

Snow depth 33 12 
Surface hardness 25 70 
Maximum hardness 45 85 

Air temperature +8 +8 
Surface temp. +8 +8 
Ground temp. +18 +12 

A 	 Wi ndspeed 55 40 
Direct ion N.W. N.W. 
Windchill 1450 1420 

Light intensity 40 45 

Weather : 	 Ceiling invisible , 
horizontally flying 
snow, visibility 
about 50 yards . 

Bulls 1 
1/4 mile Cows 5 

Calves 4 

Remarks: 	 The caribou were first seen when at point A and were lying down . After 
taking the observer's position recordings the caribou were traced to the 
point marked on the map as the caribou position. Although disturbed at 
point A the animals were lying down again when approached. The caribou 
moved on to point B and again lay down. By 1330 the caribou had moved 
to point C and commenced to feed. The windspeed had fallen by this time 
to 3 m.p . h . , snow was no longer airborn and the temperature had begun to 
fall. The caribou in this situation had utilized the hill in the centre 
of the map as a partial windbreak and they were unwilling to move far in 
view of the conditions experienced. A change from resting to feeding 
activity was only made when the severe windchil 1 factor was reduced. 

- 25 



with Increased altitude) result from heavy cold afr llaSHS f1CIW1nt 4IDwft 
hit Jsldes to settle In topographic depressions, aft4 oft.n IMtlng further 
cooled through contact with the snow surface. The snaw surfece Is It• 
••lf cooled by radiation 1osHs Into space, especlal1y 4urfng lont winter 
nights that are wfncf1ess with cfNr skies. A subse.,...t wind wll I usual ty 
•lx the (previously stratified) air layers to create ROn•lnverslon te.ptre• 
ture conditions, at least within the atnaosphere oceupletl by sten41nt 
caribou. Tensperature Inversions are a reflection of st...tv, stoN free 
weather conditions and are consecwuently experienced lliost fre.-nt1y efter 
the onset of a ,.arlod :;,f ffne cold weather. 

Caribou were observed cfcrlnt 12 lnst.nc:es of a t•peratuN Inversion 
Md the nt.l'tber of anhuls recordH for each activity Is given be1GIII. 

A - Feedlng/Trave11tng 18 out of a total of 253.. .. .. ..I - Stationery , ..ding 156 351 
II ..C - Feedlng/~estlng 328 ,,. " " 

u 

..•• 477 
II It ttD ... Resting 6 88.. ..E - Treve11 fng 0 tt u 281t" 

The absence of ~~t.~-w-nt Is conspicuous durlnt Inversions ~N~rtlculerly 
slnee the absence of movement c• e Iso be relete4 to wIn4y COPMIIt IOftl 
which ere rarely preval.nt during t-.erature Inversions. It Is also 
sflftlflcant that all but 6 aniiNis oburved dvrfnt Inversions were as• 
soc1ate4 with feecllng activities. If any conclusion c• be dr.,.. at 
this stage ft •lght be that Inversions. which ac:ca~peny steatly end fine 
weather. are reflected by steadiness In caribou ectlvfty, with lfttler 
~t occurlng. Darl fng 1s (1937) ~nts ere GCIIIIparable u he noted 
that reef deer (eerwa elaphyt) In Scot land were MUCh effected by treat 
variations In t~rature ancf that their •VMents were tward stee4fer 
t_,.reture comlltfons. The average caribou brmd size tfurtnc t_,.ratu..e 
fnverslons was ..2.3 anluls as egaffttt 22.5 durlnt Mrt•lnversten cetMIItlens. 
and It could be concedeff that 110re ehange~tble weather Might be respofttf•l• 
In pert for dispersal of the larger enresat Ions that forti with ttM4Jer 
conditions. 

On MOlt occasions air and snow surf.ce t•peratures w.re ellghtly 
warMr In the caribou posttlon tiMn the observer's pOSition but OM catt• 
not assUM that caribou select a war•r location wMn difference• occur 
over ahort t dlstances. T•perature variation frOM place to place at the 
s.. tf• Is greatly lnf1uencecf by land fo.-. which Is Itself 1erSJ!1y 
respons Ible for sncw depth ancf hardness var Iat Ions • 

Ground t!MP!retures were consr•rably higher than snow surface an4 
efr t•,.aratures (table 11) end the depth of snow Is reflected as an In• 
sulet lng factor. Moving from the observer's posit ron Into the car tbou 
position frequently resulted In the recording of a 1ow.r ground t-.,era• 
ture Md the vegetation consdMCI by urlbot.t uy be relatively cold whM 

http:preval.nt


Table 9. T•perature Observations, Winter of 1961/l962 

observer\. poSJtfOt caribou posftlon air surface ground 

i t •.. ..• •.. t f . ., ., ., ., .,-., .... .,::. .,:a .,::. .,:a .,3 .,:a • 11.. ..... • ....
•,. ... .. j .~~ •... ~~ • ..... •• • ..! .. •j .. t .. ! ...~ 0 > 

~t .... ¥'"t 1"'il ....._ -~~ ~ 
11..1.I ~~ oc: 

-~-
c:: 

.. .. --
3¥
., !:I.. ., ~~.., 11.,.., ... .~·., a.• 

-.:-
So 83

... it 
_.., 
83 

! : 
St 

:!-;:
83 

t 91 A +t) +IS +24 +12 +13 +23 * * * 2 16 A +13 +8 +20 +13 +tO +20 -·---- -----*• 3 17 c + l2 +10 +19 +12 +JI +18 .......... 
N ,. IJ c * * 
..... +11 +J2 +20 +l2 +12 +22 ......... _._ ___
* • s 2 A +9 +ll +11 +9 +6 +II ___...._• -·----- * ·.6 6 8 -.. +2 +23 -4 ' .. 3 +IS * * 

7 8 · A - 8 - 8 +S •10 - 8 - :~JS -·--* * 8 9 I -37 -38 +15 -29 -31 +11 ___ __.......* _... • * A +20 +20 +15 +20 +20 +159 9 ------...._.._. ........
JO t12 +20 +19 +21 +2.0 +l9 +15• * 11 21 c +23 +26 +11 +tS +25 -tl6 * * * 12 32 A +20 +23 ,+18 +22 +23 +15 ------ •* 13 19 I +!9 +20 +i S +23 +11 +16 * * * 14 59 -IS -n +6 -12 - 8 + s• * * * 15 30 A -ll - 9 + 5 ·12 -to 0 * * * ........
16 29 A -21 ·20 + 8 ...21 -19 + 1 _____._._* * 17 20 I -27 -24 +J I -2b -24 +IS 
!8 10 A +10 +16 +II +10 +11 +10 * ,......... * 


* * 19 20 0 +4 + 5 +16 + 7 + 9 +I) ____......* * * 20 IS c +8 +l3 +lit. + 8 +10 +14 _,. ----* 21 164 E +8 + 5 - 5 - 1 - 7 * *· * 22 2 0 + 5 + 6 +9 +JJ+9 +9 -------* * 23 5 I + 6 +9 +10 + 3 +4 +6 *_,, * * 24 2 -26 +14 -22 -•8 +11 *• * * 25 45 -33 -28 +17 -31 -27 +13• * * * 



26 2 A .-'24 -25 + 7 -26 -26 +12 * * * 27 41 8 - 4 - 5 +t 1 - 2 - 2 +8 ** * 28 6 0 .... ... +f4 +l4 +14 +I) +II -----... , ____.., * * 29 28 - 3 - 2 +II - 3 - 3 -----.
)0 lO •D + 8 +8 +18 + 8 +8 +12 -----* * 

* .........
10 8 +5 + 5 +17 + 5 +5 +t231 ------ * 32 6 +22 +22 +II +22 +23 +260 ------- * 33 19 c +18 +18 +19 +18 +18 + 7 ....... ----- * 

* 3lt 7 E -22 -23 +ll -21 -21 + 5 * * * 2 + 6 + s +20 + 7 +6 +1935 • _,. * * * 36 44 E - s .... +18 - 2 +16 

37 5 I -2 +II .. t - I 1 *............. * * 

- ' l - * * 38 1 -n -ll +l) •10 - 9 + 7 

39 160 c• 0 0 +13 0 + 7 * *----- * + ' *......__. ____.. * ItO 1 8 +S +5 +fit + 5 +5 + g -..~ *... 5 D +8 +8 +21t + 8 +8 +17 ........... 
 * lt2 2 8 +9 ., +23 +tO +10 +20 ____.._.., * * * It) l l 8 + 7 + 7 +24 +8 +7 ___......_ 
ltlt 9 0 + 3 +) +21 +3 +) :!:11 * ......,.. * 

* a.s t51 c -.4 - 5 +l3 - 2 - 4 + 9 * * * 
7 E - 7 - 8 +11 - 6 - 6 ~ * * * lt7 3 A - 8 - 7 +18 - 7 +) --.----"' - 7 * * ItS 26 c -12 •It +17 -11 -to +9,., * * * 2 8 - 8 - 8 +25 - 7 - 8 +9 -----_,. * * 50 34 c ... 5 +2f - 4 +17 

Sl 36 E 
-....,5 

-18 +15 ... Jg -18 +II * ........... * .......... * 

* 52 21 A -23 -22 +18 -22 -21 + 3 ____....., 

26 E - 5 ... ,. +19 - 5 
_,. 

+18 * * * _,. ------ * ~ 21 c - § ... 4 +f1 - It +9 ----* * 27 6 22 12 8 42 

Observation n&alber 32 nrlbou pos it lon ancf observat fott r 38 o )Server •s posltion were 

1~ted on lakes therefore tee surface t•perature has been subst Jtutecl for ground t•perature . 

Observation nUIIber 37 caribou position was free of snow therefore the s_. mMSU,..._t was 

used for both surface and ground t-.peratures. 


A1 l te.peratures 9 Iven ln degrees fahrenheit . 

Air t.-perature was ..asured at 3• 6" above the surfKe of the Sl'tGW. 

Surface te.peratur• refers to the surface of the SftGW. 


Ground temperature was MUsvrecl at the surface of the ground substrate. 




Table 10. Caribou Actfyity - Iempertture. Winter of 1961/1962 

air surface grouncf 
te.perature taaperature t_,.rature 

4ftc:: 
0 ,... "-0.., 

j.; r...l _j ..& & & 
(11 .. ..• • •..-- ....·- f) 

fc 
!It"'i ii ~~ ~ ! t I • I 

A-Feeding/Travel I lng 12 253 -26 +20 - J.O -26 +23 - o. 7 ' 0 +23 +10.7 

I-Stat Jonary F eecf Ing 17. 351 -:u +23 - '+.3 -31 +22 .. 3.7 +1' .o-·· +19 
C-Feedfng/Restlng 10 477 -II +25 + 5.5 -12 +25 + s.l• +7 +22 +1 3.7 

D-Restlng 9 88 - 3 +22 1· f:L 3 - 3 +23 + 8.9 +9 +26 +14.4 

E-Trave Jl lng 6 284 -2J - 4 •IO.It -2l ... 2 - 9.7 0 +18 + 9. J 

Total: 54 1453 -31 +25 + 0.3 -31 +25 + 0.3 ·l* +26 +I l .8 

Observer's position: ~ - -37 +23 .. 1.0 -38 +26 - 0. I +5 +25 +15. l 
(no carIbou) 

* Single instance of ground t•perature where no snow cover was present (observat Jon 
m.Miber 37). 

AJ I teaperatures g iven In degrees fahrenheit . 

Air t,.perature was Masurect at 3' 6" above the surface of the snow. 

Surfa.:e t.-perature refers to the surface of the s.rl·.:r..t. 

Gf,!ound t•perature was Masured at the surface of the ground substrate. 




Hap 5 	TemperatGre Situation 
Example

N 

l Observatio:: ~umber: 8 
Camp number: 3 

+25 

Date: 6th Dect~mber 1961 
Time: 1200 

Caribou activity: B-Statio;~ary 

feeding . There was no movement 
from car ; bou posit ion unt i 1 the 
animals ~~re disturhed by the 
observer. 

VI 

L.. c c 
d) 0 :J 0 
> ·- O·
L.. ..., £)..
Ill·
VI Vl L VI 

.D 0 <1l 0 
0 0.. u 0.. 

Snow depth 14 6 
Surface hardness 2 2 
Maximum hardness 85 45 

Air temperature -3 7 -29 
Surface temp. -38 -31 
Ground temp. +15 +11 

Windspeed 0 0 
Direction 
Windch i 11 700 660 

light 	 intensity 20 35 

Weather: 	 Fine with clear sky 
and unrestricted 
visib i lity . 

1/4 mile 

Bu II s 2 
Cows 5 
Calves 2 

Remarks: 	 The 7 to 8 degree drop in temperature over a vertical distance of 100 feet 
signifies a prominent temperature inversion. However, it is u11likely that 
the temoerature variation is a major influent to the caribou of this situa
t ion . Both snow depth and hardness are significantly more suitable for 
feeding activity in the caribou position and these factors may be responsible 
for the selection of a higher location. The insulating properties of a snow 
cover are represented by a difference of 42 degrees with 6 inches of snow 
and 53 degrees with 14 inches. 
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compared to all that fs available. 

The role of t•peratunt In the envfr0t'alleftta1 complex of wlnterfnt 
car fbou •Y be 1arge Iy secondary though t t cou let be of a regu 1 at Ing 
nature. Wide variations to SJtOW surface t_,.ratures could cause thaw
Ing and subsequent fr•zlng of the snow surface through which the anlma1s 
must feed. Thts phenOIIMtftOn dtd not occur dur lng the per I oct of the first 
winter's field work but Jts occurrence prior to the second winter's work 
has been noted. 

Atmp!pherfc envlrQn!!nt 

Light fntens lty Is expressed in candles per square foot anct was 
obtained by using a standard "Weston Masteru, mark 2, photographic light 
•ter. A Kodak neutral test card, no. R-27, slza 10'' K 8'' was held with 
the grey side .,ay frora the sun, or ~~Way frOM the estimated direction of 
the sun. in a vert leal pos Itton with the lower 10" edge rest lng on the 
snow surface. The 11ght meter was held horizontally, scale side up and 
cell flap closed. against the centre of the grey side of the card. 

The average 1lght lntens lty recorded from the earlboY pus It Ions fs 
about 6 1/!S greater than ttHt average from the observer's posit Ions. The 
sun was obscured durfng all Instances when cartbou were purely resting 
anct the recorded 1 tght httenslty was stgntftcal\t1y the lowest for thfs 
activity. As resting caribou were usually observed during winds of mod· 
erate to htgh velocity a prevalence of airborn snow ts partly responsible 
for the low 1lght lntens lty recordings. Increases of RDv..nt are re
flected by brighter a~spherlc conditions with purely travelling caribou 
being observed when I ight Intensities were Mxl.,.. 

L lght Intens Jty wt I 1 need to be re1atecf to other env trornental con• 
dftlons before Its IMPOrtance to caribou can be evaluate. 

Iopograebx 

Edwards (1958) Ca~Pared ,., ~tapS of British CoJ\IDbla, one showfng 
land ftt1Hw and one showing the area.s used by caribou In winter. Fmm 
t h is COIIparison and notes obtained during ffetd work, Edwards concluded 
that caribou In British Col~fa did not Inhabit precipitous mountarn 
masaes, but found suitable ..Vl1"orunent where roll lng euntafns and table• 
lands permitted tt. existence of extensive arctic-alpine Madows wfth 
assoc fa ted open suba t pIne forests. 

Ftetd work for this study was undertaken In areas which approxiMate 
the northern 1halt of spruce. The lowest part of IIOUfttaln slopes sup• 
ported IIOSt of the total tree growth and caribou largely ut f1 tzecf wide 
valley floors where treas were only found In small Isolated clUMPS or In 
ribbon fonutfon along river and stre• banks. Caribou were nore often 
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Iable II At!JM)!ph!rfs Enyi!J?!!Mnt - CariiJou Actfyfty. Winter of lg6l/1962 

Llalt of Light 
Sky condlt Ion ...... Intensity 

vfslen .. .. 
ca 

.If:)c . 1 
~-..., 5 

~ .. • --·-e -
• ~ v -• ~~f.~ .Q--• --•, 

• 
~ • aut - •-J ~ -.. '-i ..•,... ... 1 .. t- •• ·-.. c;.§ -,. -C' 3 c- .. I.!:~ • .... j~ • -,. ... .-A~-.a:o .av-.. i ... ---- 1 • ..., t• -•• ! ·- -- • •i• li ¥ -•• -u I i.! "i ~~ in· ~ 'i § ti 51 =: =: j !u 

I ,, A 2 ItS 25 ** * * *• 2 A 8 35 60 
w * 10 * * ito 25 * * 
N 3 17 c 
t .. " 

tl c * 0 * * 35 ItS * * 
5 2 A * 4 * 1.0 * 30 30 ---* * 

* 
6 6 8 * .. * I .0 25 35 _____..* ** * 
A 2 10 107 8 * * * 8 9 8 0 20 35 * * * * * * g A It 210 130 *9 * * * * 

10 112 5 80 ISO *• * * * * 
11 21 c 2 s.o 110 80* * * * 
12 32 A 2 1.0 75 80 
13 ,, * 0 * 20 20 ---* * 

* 
14 59 • * 0 * * 110 ISO• * * * * * 
l5 30 A 0 90 lOO* * * * * 

A 180 16016 29 0 * * 
17 20 8 * 0 * 80 80 *--* * * 
18 10 A * 5 * * 95 95 ----- * 

* 
19 20 D 0 55 6G* * * * * 
20 15 c 3 3.0 105 95* * * * 
2.1 J61t E 0 1.5 35 60 * ** * 
22 2 D 0 95 115* * * * * no23 5 • * 0 * * 85 * * 



-----

24 2 8 9 * • 145 160* * * 25 ItS I 6 25 45 ** * * * 26 2 A * 0 • 120. 120 ~----* * 27 41 I 0 90 130* * * * * 28 6 D 8 1.0 30 25• * * * 29 28 D lJ • J.s 30 20 ----* * 30 10 D 0.03 li(J 45 
31 10 8 * 55 

3 * 150 ISO ..........* * 

* * * * 32 6 42 0.03 100 105• • * * * :n 19 c 25 0..03 85 90* * * * 34 7 £ 2 120 120* * * * 35 2 I • 0 170 180 

0 
• * * * 36 1M £ 50 55* * * * * 37 5 8 It 120 110 

38 l 8 * 0 * • 
15 %0 * *• * * * * 39 J60 t 8 160 170* * • * * Ito 1 I 20 o.s 65 60,., * * * * 


5 D 35 0.06 70 70 --
w 
• 42 2 0 * 38 * &.06 55 55 .,........ * 


w * * * 43 12 20 o.s 80 90
• 9 •D * 15 * 0.5 70 65 * * 

* * * * ItS 151 c 0 190 180 " * * * * * '-6 E~. 0 t80 1807 ----* * * lt7 3 A 0 170 170 --* * * * lt8 26 c 0 70 80* * * * * 2 3 110 130,. • * * * go * * so c 2 90 --~---"' 51 36 E * 0 * * 180 180 -- * 
* * * * 52 21 A 0 90 100 ** * * * 26 E 1 1.0 90 90 ----- * ~ 21 c * 2 * 1.5 85 go ** * * Totals: 17 9 23 5 36 18 ]b 1f 27 19 35 

Lfght Intensity ts recordecl In candles per s.,.,.. foot. 
No cUstlnctJon has beeft ~lade between falling snaw (precfpltatton) an4 prevfously fallen snow II8Cfe 
airborn by wfncl (lOth col). 
The cot._ heading 'ttelltng Invisible" relates to thou oec:alons when bltzzard conditions were 
recor.... 
Wlmfspeed Is glvett tn •lles per hour and is the greater of the speeds recorded frOM the observer's 
and caribou position. As rei lef and protruclent vegetation are •re I lkely to have a decr81118fttal 
tfwt lnc.--ntal effect Oft wfndspeed the greater of a. recordings taken In a zone of variable 
•lcro-rel tef auy be the trwr ,.,.,..... wlndspeect. 



Tabl! 12. At!IO!ph!rfs EnvlrOI'IIDMt - Carfb,gu Actfvity. WinJer of Jg§t/t9§2 

sun sky 	 snow fn 1ight 
the air intensity 

i• .... - • •
O+t• • • 	 &>-	 - .#j... ,. 
.G 

.llJ.; - -.. ..- -• 	 & •...--... ..- -.. - - -> 	 1:t= ....,. ~ -•,. c: I,.. ! •...•u I c:t - -	 '• 
• A-Feecfing/Travet l tng 12 5 7 s 7 2 to 10 180 102.5 

w 
r 

a-stationary Feeding 17 9 8 12 5 3 14 20 ISO 91.5• 
C-F'eed Jng/Res t lng 10 2 8 4 6 .. 6 25 180 94.5 

D-Rest Ins g 0 9 1 8 7 2 20 115 62.2 

E-Travel J lng 6 3 3 ... 2 2 ... 55 ISO I 14.2 

Totals: Sit 19 35 26 28 J8 36 10 ISO 91.2 

Obserwr•s position: lO 2f0 86.6 

Light tntensfty In c:ancfles per square foot (see ~ylng section for deffnttton) 
Snow fft the air refers to both precipitation and old SftOW _. airborn by wJncf. 



f.ound near to trees than tn areas greatly distant from tree growth and 
thJs assocfatfon was more frequent when clumps were adjacent to Jakes. 

Topography and protrudent vegetation will be studied as passlble 
dfscrete Influences to caribou and as modtfyfng agents to other environ• 
ment•l fac:tors. It Is hoped to Introduce statistical methods for the 
anelys is of the topographical maps whfch accompany each observat fon. 

PART I I ... Winter of Early 12§3 

Over the last week of Dec:elaber t962 end the following first two 
weeks of January, temperatures were unusually high fn many areas fn 
central and northern Alaska. Rafn felt Jn Fairbanks, Kotzebue, and 
the Kobuk vfl tap area. Snow eondrt tons were greatly effected as much 
t..._tng and subsequent re•freazfng took place. By early February 
te.peretures had returned to more normal levels wfth occasional spells 
of extreme cold to -60 degrees fahrenheit being experienced fn the upper 
Kobuk drainage. 

On February 5th I flew out of Kotzebue to locate a concentret ton of 
20,000 to 30,000 carfbou that had been reported In Nov.ber as having 
settled In the headwaters region of the Noatak River. The weather at 
Kotzebue was clear wtth zero degrees and 1 5 mph wind. Our heading was 
approximately N.E. lftd only a very ff!IW caribou were seen (occ:upYfnt 
mountain tUIII!IIt Jotatfons) on the ffrst stage of the fJ lght which was 
to 4, gasol fne cache by the Noatak Rtver. The temperature on landtng 
was -44 and there was no wind. Although the snow depth at this point 
was about three feet, It was evident that considerable thawing had taken 
place as a 7u layer of vesiculated tee was present, being equidistant 
from the ground and the surface. Th ts layer was so hard that axes had 
to be used to cut out the gasoline cans. After taktng off we flew along 
the Noatak fn 1n easterly direction for about 120 mtfas to a second gaso• 
1 tne cache located on the rtver at a point almost due north of Kobuk 
village. Throughout thfs stage ctf the flight we dtd not see the trac:ks 
of a single aniNI of any kind despite excel lent spotttns conditions. 
It was notable that the entfre mountain surfKes were glazed with Ice. 
After re•fuellfng we proceeded In an easterly direction once more and 
r..dtate1y CMI8 upon a band of about 25 caribou that were occupying a 
small snow free area on a low south factng slope. A cont fnued search ln 
the headwaters area proved that the original caribou concentration was no 
longer present and we could not see any s lgns of recent caribou movement. 
Consequently. we turned south to traverse the Sehwatka Mounta Ins. 

The Schwatka Mountains also showed many glazed surfaces 11though 
there were a few sunalts that had remained wtftd blown and free of snow. 
When we encountered south runn lng valleys scme ut surfaced snow was 
seen at low elevations and sON caribou bands were spotted In the Shunguk 
River valley. A landing was effected fn this area and I set up camp It 
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the 1ocat ton marked by the f fgure S on map 1. Field observat ton:s were 
commenced the following day. 

The caribou In the Shungnak valley proved to be too thlnly scattered 
to allow quantrtative observation and a large wo1f pack caused some dfs
persal to the anJmats. Extreme cold condJtfons were experienced at thrs 
camp and cartbou were dJfflcult to approach due to ~tmum notse trans
ference. Caribou could hear skis sllcttng over snow at ranges up to two 
mllet. Data obtalnocl at eamp 5 are fmmedlately fo1 towing. 

Ra!!ftm sa1tns .. Mfe A, 

Twelve snow stetfons wre m4esured for depth and hardnessas across 
a slightly domed depression that was bordered on the north and south by 
creeks, protrudent vegetatIon and hit 1sIdes. At the traverse took about 
S hours to complete, environmental f'actors that are •Pt to ch~ wlthtn 
a short perfod of tiM were not rMOrded. Geara11y, the day was cool 
with temperatures ranging between zerQ , end •10 degrees lilnd there was no 
wind. The caribou remained tn thetr Indicated positions UAtll the ac:tlvl• 
t tes of the norttwarcl worktng observer disturbed them. All trai Is were 
mapped even though SCIIIe of them had obviously been made several days before. 

The edge of the south facing slope at the northern end of the traverse 
shewed very sha1 low snow and smelt Isolated patches of clear ice. fndlcat· 
lng a previous ami a1anost complete thaw. The snow cover was judged to 
hav,a fallen subsequently to the thaw. The oc:castonal ~tches of Ice were 
sufffclent1y few tn number as to offer no hindrance to a band of feedfng 
caribou. The greatest snow depth Is in an area thet would have been 
shadowed from sunlight until a much later date than the "arts reaching 
further north due to the hi 11 at the southern extremity of the map. Hew• 
ever, it was probably high overall temperatures rather than direct solar 
radtetfon that cauMd melting to oecur. Willows atong the southern creek 
bank had come lnto bud and MOSt of the t f ps were encased In a sheath of 
ice Indicated a previous ratnfa! i, whfc.h probably occurred when surface 
temperatures were below freezing 1e¥e1. 

The range In snow hardness conctltJons Is strlklnt end shows much 
higher record•nt• than any obtllned during the first winter's ffeld work. 
The open. central area held layers of dense. extreM1y herd &now with a 
texture cpproachtnt that of vesiculated fee. The surface layer was 
sastrugi patterned. 

It fs evfdent that cartbou were using the hard central area for 
trave · t tng and no feed lng craters were detected in this snow cover. T'tle 
tnetctence of feediAg, espectally the heavy ut t 1tzat lon ort tM north s tde, 
can only be related to snow ctepth and hardness and is undoubtedly a re· 
sponse to the favorableness of these factors. The caribou may not have 
detected the soft, shallow snow area as a result of random movement. 



t-\ap 6N 

i 
Observation number: 55 
Carr.p n u;A)t. r: 5 
Da te : ~th Fe b r~ ary 1963 
T ' me: 0900 

Caribou activ :<. v: 8 - ::; tat iona:- : 
feeding 

V1 

L c c 
v ~ :J c 
> ·- 0 
L ~ ...0 ~ 
:u · 
1/) 1/) L <f\ 
.D 0 '""·11) 

0 a. :.J Q. 

s .-,ow depth i3 3 
Sur f ace hard'le '>.> 10 23 
Ma ximum hardness 21-tO 6S 

Air temperature -42 -4 1 
Surface temp. -44 -44 
Grou nd t e r:p . + 7 0 

wi nd s peed 0 0 
Di rection 
Windchi 11 720 7 10 

Light intensity 95 95-25 

We a ther : 	 F ine wi th c!~ar shy 
anc un restricted 
vis j b i 1 i ty. 

Bu 11 s 7 
Cows 2 
Calves 1 

1/4 mile 

Rema rks : 	 On bei ng dis turbed , the caribou ran away leaving a trai 1 of ice f og ~ hat 

hun q above t he ground for about 30 mi nutes before d ; spersing. Snow co n
d i~.ions show evidence of earlier sli ght t hawing, particularly on the south 
s ide of the gully . Surface snow at the observer's position is deeper a nd 
.rore densely packed. A tempera tu re in ver s ion is evi de,.-,t 
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Map 1 

f 

Observation number: 

Camp number: 

Date: 6th Feb r uary 1963 

Time: 1530 

Caribou activity: E-travel 1 ing 

Vl 

I \.... c.: c
I (j) 0 ::l 0 

>·- 0 · .... ...., .£:/+J 
Q)·-
Vl Ill .... Ill 

0-gg_ It) 
u 0.. 

I 

I Snow depth 14 14 
I Surface hardness 95 240

!' Max imum hardness 160 240 
/ 

Air temperature -54 -54 
/ Surface temp. -56 -55 

/ Ground temp . - 1 
/ 	 3 + 

/ 
I 

/ Wi ndspeed 1 
/ Direction s. E. S.E. 

Windch i 11 1280 1280 

/ 	
Light ir. t ensity 110 110 

Weather : 	 Fine with clear sky 
and unrestricted 
visibility . 

Bu II s 	 0 
Cows 3 
Calves I 

1/4 mile 

Remarks: 	 The observer was wearing white clothing and a s he had remaine d stationa ry 
while the an imals were approach i ng they were unaware of h is presence . The 
path take n by the car ibou may have been to some ex tent pr e-determi ned by 
hardness of the snow surface as an apparent selecti on is pre sent . This 
observation may be representative of the maximum insulation offered by a 
snow cover. The 56 degree difference in temperature when 14 inches of snow 
is present is comparable to observation number 8 when a 53 degree d if ference 

wa s recorded with the same depth of snow . The air and snow surface tempera
tures of th i s observation were the lowest recorded e xce pt for some overnight 
temperatures. The maximum snow hardness of this obse r vation is identical to 
the maximum obtained for the previous observation wh ich was s i tuated about 
one mile to the N.W . The caribou left a trail of ice fog which drifted away 
with the slowly moving air. These animals were probably being watched by a 
wolf pack lying on a hillside to the South as invest igat ion made the follow
i ng morning indicated that 6 or 7 wolves had come down from the h i l !side t o 
f ollow the caribou . 
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1--------- Boo yds .- ---------\ 

Random Sampling Map A. 

Camp number: 5 

Date : 7th February, 1963 
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depth hard r.e ss hard nes s 

3 .L 5
.,-
100 yds . 


7 27 27 


8 180 0 4500 


8 1800 7500 


7 1800 9000 


8 2200 8500 


5 2500 7500 


5 4500 9000 


8 4500 8500 


7 2600 8500 


13 70 70 


9 65 65 


Contours are i n fee t f rom the 
point X on the southern bas e 
1 ine . 

Interrupted 1 1nes indicate 
caribou t r a i Is. 

Small circles ind icate areas 
of feeding craters . 



Four traits lead Into the feeding area ·an4 all of these trails were 
typical of traver ling earlbou at they indicated single fl te, or close to 
single f11e movement. The shallowness of the tftCIW cover close to the 
cr..k could be recognized at a distance of about 1/2 mfle to the s.w. as 
protruding tussocks could be seen. HDwever, the ll•ftatfons of caribou 
vfslon are not known. 

Although the feeding craters near the southern ud of the traverse 
were fn the latitude of deepest snow they were coincident wfth the 
let Itude of change In hardness cond It font. The route taken by the carr
bou that had macfe these craters Is not partfcu1ar1y SUftettlve of randoln 
~nt. 

On February 12th p11ot Nelson Walker flew out from Kotzebue to ump 
5 and as carfbou nurlbers were Insufficient for quantitative observation 
It wes decf4ed to..,_ e.p. We flew tn a southwesterly direction with
out s.. tng uny aniMis untf1 we crossect the Sheklukshuk bnge be~ 
the Kobuk and the S.1•1k River. Caribou were scattered along the south 
side of the Shek1ukshuk Moufttalns end were part lcu1ar1y dense on the south 
slope of ltabb f t Mountaln, wh lch lies near the c01tf1 uence of the Rabb tt 
and the Kugarak River. We estlutecl that about 5,000 caribou were con• 
centrated etong the 10 .rntle tength of Rabbit Mountain, being densest at 
Its foot and thfMing out oV*r the flats thet extende4 to the south. A 
lake suitable for htndhtt the plane on was found and camp 6 was set up 
on Its shore, being about three •t1es front the MOUntain foot. 

I r.... IJ'Htd at c.,,. until the end of February .end If thfs tim the 
nUIIIbers of caribou progr..alvely '"'•* untf1 there were none present.
The MOVaWent way frGII Raa.b1t Mountain was usually to the East or S.East. 
This ftucty area wn tt. only one to have been visited by hunters (E"' kl1101 
with dog te•s) but It Is not known If the disturbance caused by these 
..,. was responsible for the caribou ~nt .,., fi'Oit the area. Nelson 
Walker Informed .. that a concentration of caribou had been present fn 
this area since early DeceMber and SOMe sections of the range showed 
evidence of a11110tt contlfttUOUS craterlnt. . 

A Selawik Eskf110, Napatu1 tk, told • that the south shle of Rabbit 
Mountain was parth:ularly tussocky with t Jttle lichen but that the north 
side supported more lichen aftcf less tussocks. Rabbit Mountaln wes cliMbed 
In order to scan the northern slopes for caribou but law cloud precluded 
anV observation. Napatu11k also Jnformect • that the area wn known for 
frequent and prolcmgecl winds that orlgfMte fraa the East and N.East and 
subsequent experiM"ce bore out the val tdtty of this statMent. 

Snow depths were very shallow with much evldettee of clear Ice, 
vesiculated Ice and vesiculated snow. Loose surface snow was frequently 
being re-distributed by winds and Invariably formed sastrugf patterns when 
being eroded or re-deposfted. The overa11 snow cover was such thet both 
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Ma:>. irnJJI;l ha rd ness 7500 4sc:o 

l 	 ' ') ·""f.\ i r t e lcr~ e r a ~ ,_r e ·-34 -L L 

S1 Jr:' ace t.emp. - 37 -2 2 
Grou nrl temp - I l - I I 

Wi nds pc· ed 0 0 
D i rf-; c t ; (-;,·) 

{) ()[.,b90 

Light 1nter> 'O' ': V 1 
I 10 i l (1I 

Wea the r· : 	 Clear a n d r ne w i th 

unrest.r i cte d 

vi''i'J i l ' tv 

Bu i I ~ 	 106 
7x 

Cal ve s 39 
Cows I •' 

1/4 mile 

Remarks : 	 /'!. I TK'~;t. or txn i,le n t temperatur e inversion exists •n this s ;tuati un w : th c ar1bo•.J 

OCl: L ;Jyi ng the wanne1· environment Th~= vege tat i or·· temper- a ture ;c e xt ~en1e!y !ow 
d , e t c the sha i io;...< snow cover and a prolo nged per· iod oF cold weat her . The 
.:.: a;- ib•1u w;:,,-e ,, ware of the i1b .,;erver v1hen he wa ::. abo td t wo miles awdy bl't the y 
::' d ::o t ~how alarm un til a close approac""' wa s rT1d d e . The a n !rnals d i vided i n to 
~ ~ ·c· '~ an tic. which ran i n opposit e direct ions a l ong t he approxirnate contOUI'S 
, , ['the ' . lope The s r' ow surface at the ca ri bo u positi on was of ,:, combination 
o f ~ a rd nes ~ and deorh t hat the animals had c racked a nd broke r tp the l aver 
·l, 1o u qh walh i ng and digging The surface was br ; ttl e and s c ~~·aled i n to 
c; •ite s;nc.'l pieces chat lay scar. t e !·ed aroun d Car i boL: we re · b ~:; erve d '; r u sh

ng these s rnal 1 piece" out of their way w i th forehooves •n o r de r to c !e ~r 
=• oatch of ground for feeding pur poses . Al t hough -Pany C.:J ribou had p :· e 
v : c•u ·- iy move d over t r1e snQf.-J cl ose to the o bs er·ver 's posit i or;_ i ts de r>th wa s 
probdt; l'/ r e ':. iJO "'S i :Jl e for the absence of a broke •• up appearance , and no 
c r ater :r: 9 was e•.:iden!. •n this section . 
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~ ~) 9 
Observatio~ number: 58 
Camp numLe ( : 6 
Datf•: !4+-h Febn.:ary , 1963 
Time : l2CO 

Car ibou act•v;:y B-Sta ti H>a r y 
feed i ·1s 

,_ c 
'l) 0 
> ·-,_ ...... 
;ll · 
V'J r./J · - Ill 

-D 0 f1J 0 
0 Cl. u Cl. 

Snow dPp 1: !1 7 2 
Sur face ~ardness 3200 2500 
Max imun, hardness 7000 25 80 

N Air temperature -29 -18 
Surface temp. -33 -19 
Ground temp. - 4 - 8 

Winds peed 0 0 
D; recti on 
Wi ndchi 11 650 595 

Light intensity 210 210 

Weather: 	 Clear and fine with 
unrestricted 
vis ibi 1 ity . 

Bu 11 s 13 
Cows 16 
Ca 1ves 11 

1----------- 1/4 mi 1e 

Remarks: 	 Th i s situation is about one mile to the east of observation number 57 The 
temperature i nversion is still present and the <>now depths are almost 
identical to those recorded during observation no. 57 The t~xture of the 
snow at the caribou oosition was also similar to that of the previous obser
ation, i.e, vesiculated, brittle, of cons t ant hardness (single layer) and 
broken into small pieces by the actions of the animals. The snow at the 
lower elevation had not been penetrated by caribou . 
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l
~?_l__Q 
Obse•-.;ation r.. ;n uer: 59 
Cam p nur:1be r : 6 
Da te: 15th FdH·u bary 196 3 
T irne : 1200 

. Cari bou activ ity: 0-Res t in g 

L C c 
~ 0 ::J 0 
> · 0 · ~ L .._. ...£::. ..J 

ll)·
Vl Vl L Vl 

..0 0 ro o 
0 0.. u 0. 

Snow depth 2 4 
Surface hardness 650 900 0 
Maximum ha r dness 650 I ce 

Windspeed 30 18 
Directi o n N.E. N.E. 
Windchill 1190 II 05 

Air tempe r ature +21 +20 
Surface temp. +16 +18 
Ground temp. +II +12 

Light intensity 100 100 

Weather: 	 Cloudy with much wind 
born snow- occasion
ally flying horizont
ally. Visibility 
about l mile. 

Bulls 	 7 
Cows 	 6 
Calves 	 4 

-25 

1/4 mile 

Remarks: 	 The caribou were displaying their typical reaction to high wind and flying 
snow and they had used a slope to avoid the strongest winds . On being 
di s turbed, the animals ran with the contour of the slope and may have 
veered round after exper iencing an increas e d windspeed. They finally ran 
out of sight in a south westerly direction . The temperature inversion had 
ceased overnight, and it became much warmer with the advent of wind. 
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tussocks end 1 Jchefts were expo~ed particularly along the souther" edge 
of Aabbft Mountain. The caribou '" this area •re ext,...1y difficult 
to approach and observe. There w.s 1lttle cover that an observer could 
take advantage of and f• gull tes to 110ve a10ftg. In cold weather the 
an Juts ..,lei usually take fright when they heard skis scraping a lOftS 
the Ice or hard snow and the very n_.,.rs of caribou ensured that at 
least a f• eniNls would spot the observer approaching when wind and 
higher t•peratures rastrfctecl norse trafttferenc:e. Had the distribution 
of caribou along the southern edge of the MOUntain not been c::ont fnuous 
the observer cou1d probab 1y have ach feved better I'NI'KMIUvrab II I ty and 
consl•rablyMOre recordings. Data obtained at c-.p 6 fo11owover1eef. 
The data Include a trensect of snow conditions and s•p1es of twin post• 
tlon environmental recordings. 

!Wfom Sf!!Pl Jnf • M!p lr 

Contours are in feet from the point X on the southern base I Jne. In• 
tervals are IOO'. 

Interrupted lines tndtcate the ..jor caribou trails. 

Small circles Indicate areas of craterlnt. 

Other definitions wll I be found In the Map key 1-dlately following 
the tntrocfuct Ion. 

Nineteen snow stat IW.f were recorded over a thr• clay per foci along 
a line joining the bbblt Rfvctr and the wstern su.r.ft of Aabbtt Mountain. 
The work "•s ac:co.pllsMct after the region had been deserted by caribou, 
and most of the features were ...,,_. by observation from the upper slopes 
of the IIOUfttaln. The result Is •r• 41agr..ttc than a consequence of 
accurate surveyfnt. 

At the southern extrufty. snow 4epths were quite hlth due tn part 
to the sheltering aM shadowing effects of ta11 vegetatJon growlftg a10ft1 
the river. As •str wino orfglftate4 tram the north east and east rt 
wutd s._ 1ogfca1 for snow to build up on the northeasterly facing 
river benk as wfndforce would receive a braklftt Influence In this area. 

Moving nort..,ard brings the ..-.ne..nt of shallower and harder 
tftow with aach evidence of sastrug I and petches of fee forMed dur lng the 
previous th•. Although earlbov ha4 been feedlftt In the central region, 
the transect line did not Pass through any craterlng. 

The shallow snow cover at the IIOUntaln foot had been greatly MOdified 
by feeding, resting and ~lktng caribou, but the -.s.urements lftcllcate 
depth and hardnesses of untouched snoW sect Ions. ....,_ver, the total area 
of ~ntouched snow .,..1d probably only be a very SIMI 1 proportion of the 
whole. 



The choice of a south facing slope for fntenstve feeding Is compar• 
able to the s ftuat Ion In the Shungnak River valley (Map A) and the general 
c0ftcl1tlons are s lmllar. In both Instances the snow was shallower and 
softer when a south facing slope rlsas from open flats. Snow depth In· 
creases wrth the Inc tdenee of spruce cover and tts hardness wou1d have 
bMn less affected by solar radiation and wind. 

It was Interesting to find a caribou traf1 leading over the sunalt. 
No feeding had taken place close to the s.-.lt, whfch consisted of rock 
outcrops which were partly bare of snow and ~rtly covered wfth an Ice 
layer. Caribou have been known to travel over areas offerl~ no food 
supply and Anore Bucknell and JIM Mack (viva voce) ha.e reported travelling 
caribou on glaciers from 6,000 to 10,000 feet In the Ht. McKinley region. 

Oue to the caribou mov...nt from the Rabbit Mountain area the 1ocat Jon 
of cantP had to be altered. The majority of anlMis had trave11ecl In an 
easterly direction along the southern edge o' the Shektukshuk Range and, 
as these MOUntains c.urve round In a wide arc to the south and west, ft 
wes thought that caribou might break through the mountains at one of the 
passes. Ca.p 7 was set up at Angmanorak ("hole In the mountains") about 
11 11l1es to the east of c•p 6. Several Esklt110 hunters had ent fclpatecl 
the ... thing as myself and were found to have c8Mf)4td In this location on 
our arrival. However, apart frOM a fw travelling bands of caribou, lfttle 
move~~ent was detected In the area of c•p 7. The following traverse ws 
made at Angnaenorak. 

Rang Same11ng Map C. 

Seventeen caribou were spotted front the c•p whilst they were travel
1fng in an easterly direct Jon over the flats below. The t lme was 0600 and 
one hour later the s- band had returft4MI to travel over the flats In the 
opposite direction. 

Snow •asura.nts were _. In the first traf 1 _. by the anfmals 
and work was continued to COMPlete a traverse of randaa recordings ,,am 
this position. 

The snow was that tow fn the areas of both trails with very hard sur• 
faces. The texture of the cover at the pofnt ef the first trail was 
heavily vesiculated snow approHhfng the appearance of lett. The caribou 
had fractured the cover In several places but only wfth the anterior sec• 
tiona of their hoofs. The caribou heel been observed to M walking quite 
slowly (but steadtly) and there were no ct.l cla~ IMpressions. The cover 
hardness was testetl t...dlatefy eclj.cut to t"- fractures and It was foumt 
to register In the order of 7,000 gr...ea per square centl..tre for each 
Instance. The carfbou dtd not fracture the surf.ce Mar the recording 
station t~at is close to thetr return trafl and thts was probably due to 
the deeper cover. as t~• hardness was slightly less than at the ftrst trail. 
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12 55 90 

-t- --4<:--------- . 	 4 6500 6500 

N 
+ 	 3 6000 6000 

~ 	 i 
+100 50 	 Random Sampli ng Map C. 

mi 1e 	 Camp number 7 
Date : 27th Feb r ua ry, 1963 
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Snow depths were greater In vegetated areas and the snow wes markedly 
less hard due to the shelter effects. 

Camp 7 was rather unproduct lve front the research point of vlew and 
as the caribou south of the Sheklukshuk Range were no longer stable, tt 
was decJied not to estab1fsh another canap In the area and to conserve 
the money remaining for aircraft charter. Heavy camp equ i pm~nt was flown 
to a point on the Kobuk River about 5 miles to the .ast of Kobuk vtllage 
and pilot Nelson Walker was asked to dtsconttnue f1ylng out from Kotzebue 
untn an.y message was received to the contrary. 

The journey from Antma~rak (csv 7) to the Kobuk Rtver was ude 
overland on skts and It was apparent tfwt snow condh tons north of the 
$hok1ukshuk f\enge were very similar to the conditions experi 13nced on the 
south sIde. The surfaee showed sastrugJ when loose snow was encountered 
with many fntennedlate patches of pure Ice and vesiculated snow and Ice. 
No earlbou wre seen on the journey •d caribou stgn was very rare. 

Tony lernhardt, the only pt1ot normally resident tn the upper Kobuk 
dratnage. was In Anchorage taking examinations for his connerctal I leense. 
and Ct ~as necessary to waft for hfs return to Kobuk vfltage ilfore any 
further flights could be made. I was anxfous to eharter lernhardt as he 
was f•l 1tar with most of the country and he could save the It hours air 
time required by a Kotzebue pilot to fly out to Kobuk and return. Tony 
Bernhardt was delayed In Anchorage and did not return to Kobuk until 
Mareh 19th. 

During the first half of March ab:->ut three feet of snow fell In the 
Kobuk vl11age area. Gales bringing blizzard condft Ions Wllre al1110st con• 
tlnuat for 10 clays but the Incidence of airborn snow became less frequent 
when the surface snow had become wet1 packed. Overall snow depths were 
by this time similar to those recorded cfurlng February and .-.arch of the 
previous winter, but the lower, hard layers remained as a sfgnlflcant 
difference. The third week of March brought further high winds (without 
precipitation) with short Intermediate cold spells wtth temperatures down 
to •42 degrees f ahrctnhe ft. Toward the end of March weather c:ond It Ions 
became more settled and on the 28th I made a survey f 1i ght over the Ambler 
Lowlands • Schwetka Mountains region to the nor'h of Kobuk vtflage. 

About 725 square ml les were covered, th$ area of random sanpl lng 
map 0., In an effort to plot the total areas occupfed by caribou. Parallel 
lines were flown either In an easterly or westerly direction with about It 
miles between e.ch line and, clue to opt Imum spott Jng condft Ions, It Is 
thought that ell caribou bands were seen. About 2200 arlbou were spotted 
In 21 separate areas and two major topographic zones wre utfHzed. Cart• 
bou were either tn generally sman bands on smooth, wtncf blown rhlges or 
su.~lts or tn generally 1arger bands on open valley floors. Timber covered 
slopes were not oeeupled and caribou were not sMn on the steeper mountains 
that ter•fnated In jagged rocky peaks. The stt1l, ffne weather had resulted 
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In strat Jflcat ton to air layers. Temperatures a few hundred feet above 
1ow 1yfng areas were betweem •25 and •30 degrees. A warmer layer about 
zero degrees was static from 1500 to 2200 feet above the valley floors 
and at 5000 feet lt was colder, being from •7 to •II degrees. 

On )Oth March, In company wJth assistants Jones, luckne11, and Mack, 
I left the Kobuk Rfver to uke a survey of environmental condlt Ions over 
part of the regfon shown In map D. The objective was to randomly sample 
snow condtt Ions In relet fon to territory occup fed and not occupied by 
caribou. As has been previously explained, ebservatton of thh nature 
cannot be truly rarMfom as some habftat types offer no access. A traverse 
tn the form of a perallelogram had been dr-.m, but the northern side of 
this figure Included a mountainous section that could not be overcome. 
The route eventually completed was In the form of two adjacent parallelo
grau. The traverae consists of 25 snow stations arranged at Jntervals 
of l J/2 mlles and the sampling took 9 days to complete wlth an additional 
7 days being requ1r~ for travel In and out of the study area. The sampl• 
lng was connenced at stat Jon number I on up D and fo1 lowed In a generally 
antf-c1ockwlse dlreetfon to station number 25. 

Four phs, approximately 100 ~yards apart, were dug along a straight 
line which had Its centre at the approximate station point. The direction 
of the I lne of pits was changed wfth each stat ton. COftiMftcfng whh a 
north to south line et stat I on no. I. the successive lines were or tented 
to fo11ow Glockwlse c:ontpess changes so that station no. 2 had a northeast 
to southwest II ne of pIts. etc. Snow harcfnesses were recorded at each 
pit and the depth of the hardest 1ayer was measured. Tempereture profiles 
were also recorded as t hJs fnformet I on can supp Jement ear Ifer data for 
analysts of snow depth, ground temperature relatlonahlps and overall tempera• 
ture profile analyses. Each station was mapped and all caribou sign was 
recorded on the maps together with the fnctdence of lichen discovered In 
the pits. The symbol Lon the station ups Indicates that 1 fchen was found 
under the snow cover. In order to standardize the probability for finding 
l lchen, approximately CN'Ie square foot of ground was scraped free of snow 
In each pit. All traces of caribou activity were mapped and general 
weather records were kept so thet some fdea of the qe of car I beu slgn 
could be estimated. Whilst travelling between stations, a watch was kept 
for s fgns of carfbou movement and efforts were made not to create undue 
dlsturh.nce to those bands that were encountered. Some disturbance was 
unevoldable as car lbou had to be kt 11ed for thekdog's and our own comsumpt lon. 

After our return to the Kobuk River. bad weather delayed a second 
survey flight necessary to discover the extent of caribou movement In the 
traverse area. ThIs flight was made on Apr t1 1Oth and t t was learned that 
no changes fn the territories marked on mep 8 had occurre4. Although the 
originally observed caribou had remained static throughout the 19 day 
per Jod between survey f1 fghts. about ttso carIbou lutd begun to move tnto 
the study area along the lower Shungnak liver valley. Their dfrectfon of 
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travel Is Indicated by the arrow on map D. The posit ron of en earlier 
camp (number S) Is lncUcated Jnthe upper Shungenak Rfver va11ey. 

Olscutsf on of data obtained during the traverse follows together 
wfth a table of sAGW recordings and samples of thet maps dr-.m for each 
station. 

Rando! Spp11ng Trmre. IFtW!Skt tb!.tnttfns • AfMl!r twleds 

Tony 8erntwtrdt (viva voce) ts of the opinion that the region of 
map D experiences two cheracterfstfc types of wind condlt tons. The 
four rivers that flow out of the mountains at the northern edge of the 
map have fairly narrow valleys which widen as these rivers enter the 
east/west Ambler Lowlands valley. These four valleys, according to 
Bernhardt, experience fre..-nt and very strong north winds which are 
not usually felt In the _.,ler Lowlands. The Jtabler Lowlands are knc:IMn 
for frequent east wfnds Wii ch no,...11y occur at different tiNs than 
the north winds •ntloned a.,... The traverse and air surveys added 
substance to Bernhardt's observations as recent wind direct tons were 
reed I ly recognizable from the lle of sastrugl and snow shadows 1eacltng 
from rocks and trees. No ntajor valley tn the area ts 1fkely to be 
shelter.ct from prevailing winds (the Kobuk lskfmo say that the Shungnak 
Rfver Valley is the ''coldest ancl windiest place In the world") and harcf 
surfac41 snow could probably be found tn eny of the low 1ylng parts of 
the area at most tl•s during the winter. 

A striking topographical feature Is the presence of canyons along 
all the larger creeks ancf rivers and where tMse canyons do not parallel 
the direction of prevailing winds- one Invariably finds cornfced snow. 
Some corn Ices were as much as 70 feet ff'Oit top to bot tam and a mile or 
more In length, creating positive fences to caribou lliOVeiMtnt. 

The depth of Ice In most of the waterways was probably about ~ to 
6 feet where the currrent was sluggish end resulting pressure was re
sponsible for frequent overflowing. Caribou exhJbJtecl a marked prefer• 
ence for frozen overflow when moving around In ereas containing many 
cr..ks. Hakrldln (1962) states thlt wlfd reindeer (Bansiftr ttrtndys) 
were observed to follow river channels during the spring migration In 
the Taimyr (U.S.S.R.). Overf1ow Ice Is a typical feature In the Alaskan 
Arctic from Ml~h to June but, unfortunately, Makrfdln does not 1181tlon 
If overflow was present on the Taimyr r Jvers. 

The weathet;. during the traverse was relatively warm with a temperature 
range from +32 t• •I 1 degrees fahrenheit. Surface snow hardnesses were 
not notlcably affected by the higher t•peratures. 

Apart from the track of a single animal, ttt..e were no caribou traces 
from station 1 to station 5. Practically all of the pits dug along this 
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section of the route showed evidence of a previous th., (table 13). 
Statton 5 showed trKes of caribou that had been travetl Jng. and fairly 
recent feeding had taken place near the pits where softer snow was 
recorded. A sme 11 t'MIRber of cer lbou had been feedIng In the area of 
station 6 8ftd this actfvlty could also be relattHI to the softer snow 
patches. Lichens were not recorclecl In the 1atftude of the feecffng 
craters. No carlbeu traces were noted tn the vlcfnlty of the Kogo1uktuk 
Rtver at stat ton 7 and abHnce of carIbou I lgn contanuect round to stat Ion 
17. Stat Ions 11. 12, and 13 had comp.arat tvely ''Ill L" snow concllt Ions 
but only a very f., aniMis were preaent on thts side of the Kogoluktuk. 
The canyons, cornices, and tf-.r belts a1ong the rfver constituted a eon• 
slderable barrier and ft s....d un1 fkely that c.trfbou wu1d attempt to 
cross the Kogo1uktuk fn thts area. 

Stat tons IZ. and 15 eonta Ined slightly harder snow than the previous 
three stathH\S, prob41bly beeause of their •re expostHI location, but 
stations 16 and 17 were ln situations offering great protection due to 
dense tImber that was pres.,t. Snow depth reeches Its max hnum at stat ion 
17 which Is located on a very steep. tlllber clothed slope. Carfbou were 
found tn, or very close to, the areas covere4 by stations 18 to 21 In
clusive. The MPS that Illustrate stations 20 and 21 give sOMe Indication 
of the way In which cartbou were affectecf by snow conditions tn this part 
of the traverse. Very wide variations In SMW hardness occur over ex• 
tremely short distances and this Is reflected by particularly Intensive 
responses by the caribou. Craterlng of a SIMIII area would be quite com
plete with no undlstrubed snow ~Jnfng. There would be a sharply 
defined edge to the cratered area with rarely a single crater being 
fewncf beyond the per I phery. Movements aroumt the general area were also 
tntens lve with single tracks be lng rare encl vesiculated Ice or frozen 
overflow along creeks often betng the base of caribou trails. It was 
apparent that only a proport ton of the grountf vegetation was access lble 
to caribou yet 700 to 900 animals remained In the area for at least three 
weeks. Three ~~~eture bulls were kl11ed tn this area and all of them 
showed fafr alftOUnts of depot fat to heart, kidneys. and rumen. 

StatfOAs 22 to 25 Inclusive revealecl a rant• of snow conditions not 
clfssfmf1ar to those obtained on the outward trail Just a mile to the south. 
Only the very occtslonal tral 1 was encoufttered although good n\lftbers of 
caribou were seen a short cllttance to the north. 

It fs difficult to sugpst any c:onctusfons at this stage. However, 
the selection by carrbolt for rtltt!n grades of snow depth and hardness 
for the perfor•nce of cltscreta actfvfttes appears to be continual despfte 
the cfyn•fcfiiR of the ntva1 envfrol'lllent and Its observe4 winter to winter 
differences. It Is of Interest that thfa phenGnlena can be reeotnlzecl by 
selective as well •• rancloll sa~PIIng but the acfd, stetlstlcal test ft to 
be appl ted before the analysis cen be ccnplete. 
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l:able i 3 

· JSandom Sft! tns. Da1! 
Schwatka Mounta ins - ~mbler Lowlands Traverse

Stat ion o~te Snow Surface "'"':~ fmum Depth of Ltehen 
numbe r depth hardness hardness hardest present 

,,. 	 tmr 

t 3rd April 190 6200 7 •
19 130 3800 4 •
14 go 2900 2 •
25 aso 9000 l1 • 

2 3rd April 	 23 750 8400 6 •
25 35 5200 8 •
23 600 6800 6 •
17 900 8300 7 • 

3 3rd Aprt 1 	 17 3 1450 6 • 
21 18 7300 7 * 22 70 6600 3 * 27 ltOO 4800 5 * 

3rd April 28 45 lee 7 * 19 7~": 150 2 •17 84 2400 2 * 22 22 3500 3 • 
5 4th Apr11 	 12 70 180 2 * 19 70 700 2 * 28 3000 )60C 7 * 27 3600 5700 8 • 

4th April 27 70 8600 8 * 13 75 350 2 
18 so 490 3 
29 65 3400 7 

7 6th A,rll 	 l6 20 2300 2 
to 12 2300 2 
27 35 3900 4 
30 65 3700 4 
All sJtes on Kogoluktuk River or Its overflow. 
Pure tee lay be low a 11 snow stations. 
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8 6th April 	 19 150 9500 7 * 28 24 9500 3 * 22 so 9000 G * 21 120 8500 6 * 
9 6th Aprf 1 	 17 160 8500 7 * 


23 llO 8500 7 * 

21 95 9000 6 
 * 25 100 7200 5 * 

10 6th Apr I 1 	 24 65 6600 8 * 27 75 6200 8 * 23 62 7500 6 * 29 47 7000 9 * 
It 6th April 8 16 4o 2 * 12 16 45 3 * 

J3 35 70 3 * 21 no 650 9 * 
12 6th April 9 24 110 2 * 7 20 100 3 * 7 45 160 3 

I. 35 220 2 * 
~· * 

1) 6th April 	 20 8 90 2 
20 10 90 2 
2Jt 10 95 ~ 
25 9 90 3 
The first two st•t Ions were s ftu•ted on • Joke, 
cons~....,tly, pure fee lies below tha snow cover. 

14 7th Apr I I 	 31 110 550 3 * 25 ltoo 3200 2 * 29 lio soo 3 t 
34 35 .c.60 5 * 

IS 7th April 	 27 10 130 3 * 24 8 180 4 * 25 14 9S 3 * 28 20 125 6 * 
16 7th April 	 38 8 100 3 * 30 6 85 3 * 32 J6 95 4 * 29 10 80 5 * 
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17 7th Apr f 1 54 
53 
49 
52 

6 
4 
2 
3 

]5 
22 
30 
16 

2l 
24 
18 
19 

18 8th Aprf 1 27 
24 
32 
25 

210 
200 
240 
260 

4500 
9500 
1200 
2200 

,. 
5 
7 
5 

* 
* 
* 
* ,, 9th Apri 1 13 

22 
Pure 
37 

45 190 6 
4o 1lto0 5 

lee surface being overflow on creek. 
30 2600 6 

* 

20 Wth Apr I I 21 
23 
20 
14 

3S 
20 
~ 
~ 

8000 
5500 

180 
19!} 

6 
7 
8 
7 

* 
* 
* * 

21 10th April 28 
32 
29 
2' 

3200 
3700 
4ooo 
4500 

lee 
Ice 
Ice 
Ice 

9 
8 
9 

l1 

* 
* 
* 
* 

22 10th Apr II 23 
24 
19 
27 

4S 
ItO 
75 
30 

lee 
Ice 
tee 
Ice 

12 
14 
r:. 
16 

* 
* 
* 
* 

23 11th April 21 
22,, 
24 

170 
210 
190 
190 

6500 
6200 
7000 
6800 

5 
4 
7 
7 

* 
* 
* 
* 

24 lith Aprfl 37 
33 
)It 
29 

45 
65 
30 

110 

2300 
l80o 
2100 
18o0 

7 
8 

11 
1t 

* 
* 
* 
* 

25 11th April 22 
18 
IS 
17 

190 
15 
90 

120 

aooo 
5500 
2600 
4300 

7 
4 
3 
5 

* 
* 
* 
* 

Where tee Is given es the mexhnura hardness this refers to vesiculated fee 
as opposed to pure Ice. 
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·· . ' ~'' ''' •,:;-r .·... .. · . . 

~- --.., ---·- Date : 3 rd Ap r ; l 1963 
~,-i·· ~-·-

---- ..J · · ~ 

~ ...---- snow surf ace ma xi mum 

s:~:·~-~~~ depth ha r dness hardness 
__.../-· /// 

/ ,....>....v / J 

+L. 190 7"6200-T-34 
K)O yds . 

+L J 19 130 3800 4" 

If; 
' X 

...... +L 14 90 2900 2' I 

--.. 


' 

....._ 

........
+L ........ 

25 850 9000 ll''...... ' 

....... 


400 yds. --------------~ 

Remarks : S : ngle caribou trail made some days previously . 
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Ramdon Samp1 ing Mop D 2 

Date: 3rdApr i l 1963 


snow surface maximum depth of

+25 ;t +50 +75 

t 
depth hardness hardness hardest 

layer 

+L 23 750 8400 6 


yds. 


+L 25 35 5200 8 


X 


+L N.E. 
23 600 6800 6 


17 900 8300 7 


Remarks: No caribou sign . Hardest snow layer shows vesiculation as a result of 
a previous thaw. 
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5nUV.l S t.! " ( a c t.~ rn -.3X !r11ur1 dP.Dth :.)f 

de p 1 f . ioC1:- tlo <; ::,-:, har-d,·,c::s s r:arde-; t 

I aye r 

L 
35 	 8000 6+ 

100 

L 
20 	 5500+ 

>( 


' 

\ +L 	 20 40 i 80 8 

+L 	 14 40 190 7 

400 yds . 

R.emarks: 	 The util i za t ion here has been effec t ed b y c a ri bou belonging to the larqe 
concentr a~ on located in the area where thL Kogoluktuk R i ver enters the 
Ambler l owlands. There is no obvious rea <.:or. f or the wide d is parity i n 
maximum :,now hardnesses obtai ned in the drea but caribou seem to have 
recogn i zed a suitable location for feedi ng if the rne.3surements are 
repre<:.entative for their latitudes. 
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-- -

·-·------·
r-··,.·--·-·· ··· --· --·--·----~----· 

I ,/ 
.~- (. i • ) : ~ 1- -.: - ·.: ~ · · . • r de -~.I ~2s 

l /
/ 

/ 

/ ' /-¥ / :.:.: e -r 
i 

. JOO 
y d s . 

,<-- · i I 
:.__J.;:_ 370' ' 

x 
/' 

29 ~I 

- I 

/ - I 

1
r
~ 
I 
I 
L 
~·------- 4oc yds 

~. ; • rnar "- ' · Thi" c•!J ~ f: rvatior · includes the har dest surface 5!'0-·, iu be rec r> rde d '~ 1 H? 

h, , rdt.~st ' aye r -...;a<, vesi culated ice wl-)ich required co :, s· dcra l e c ' ' ':.lc:i r. ~:; 

·.., : ·~ : , a ··•·,ove: t; e f o re the gr·ound cou ld be r eache rl '.Ie ger At i o r. L , , ,z.:,~, 

~ :0•· cc •; e :· s u e " as t. hi s would r ema in irr n acc e·;<:. i b i e ro ca:· ibuu U"L i I !d'. E

"ld'f or t<·'·iy J u ne i n an average y ear 
'S c. lu•. t. i'.) caribou con ce ntrat •ons but ha s o, ·,!y ~) t: c:r · u~ed fer· t r·a,,t:l l in ·.,; 

The : •,:;c. ·"' ded cond i: i OilS are pr ooa b I y c•p1 i rnu m n· 1 r0 ve 1 i 1 ng C<JI i bou. a:1 d 
t ra ck ck p t h s wer·e in the or·d e r of 1 - 2 ; nche': 

- 59 



REF!~EHCES CITED: 

Crftehel1•1uJloek, J. C. 19)0•19)1. An Expedition to Subaret1c Canada, 
192lt•1925. Can. 'ld. Nat • ..,.: 53•9, 81-7, ll J .. 7. Jl.t0-5, 156-62, 
187-96, 201·3, 45: n-a, :. 1-s. 

Darling, , • Fraser. 1937. A .Herd of ~ed Deer. london. 215 pp. 

Edwards, ft. Y. 1958. Land Form and Caribou Dfstrlbutton Jn British Columbia. 
Jnl. Mallin. Vol. 39, no. 3: 4-'l8·12. 

kelsa11, J. P, l960. Cooperative Studies of the Barren Ground Cartbou, 1957• 
1958. Can. Wild. Ser. 8u11. Series 1, no. 15: 145 pp. 

Klein, G. J. et al. 1!)50. Method for ttusurtng the Significant Character
istles of a Snow Cover. Hat. kes. Council of Can., teeh. JMm. 18. 
mhneo, SS pi). 

Makrfdln, V. P. 1962. Routes and Tfmfng of the Mtgr.ttlon of Wild Reindeer 
tn the Taimyr National Territory. Zcologlehesktl Zurna1, XLI 
(6): 927-3"+. 

Pruttt, W. 0. Jr. 1960. SP ' '1" as a Factor In the Winter Ecology of the Barren 
Ground Carfbou. i\ rctle, vol. 12 (3): 159-79. 

Siple, P. A. ~c. F. P•ssel. 1945. M•asurements of Dry Atmospheric Cooling 
Jn Sub•freezfng Tamperatures. Proe. Am. Phtl. Soe., 89: 177-99. 

!ivt yoce raferanses 

Tony lernhardt. Kobuk. A fasb 

Anora luckneH , to11ege. Alaska 

Jim Meek. Fa frbanks, Alaska 

Mel son Wa1-r , kotzebue, Alaska 

- 60 



SUMITTED BY: 

John Henshw 
Research Assistant 

APPROVED IV: 

Devld R. Klein 
Leechu;. Cooperative Wildlife 
ReMarch Unit 

.. 51 


	JOB COMPLETION REPORT
	Environmental Factos Governing Caribou Winter Activity
	ABSTRACT
	OBJECTIVES
	INTRODUCTION
	TECHNIQUES
	Travel
	Shelter
	General Observation Methods
	Bias

	FINDINGS
	PART I Winter of 1961-1962
	Caribou Band Composition
	Snow Depth
	Snow Hardness
	Windspeed and Windchill
	Temperature
	Atmospheric environment
	Togography

	PART II- Winter of Early 1963
	Random Sampling- Map A
	Random Sampling - Map B.
	Random Sampling Map C.
	Random Sampling Traverse, Schwatka Mountains- Ambler Lowlands
	Random Sampling Maps
	Random Sampling Map A.
	Random Sampling-  Map B
	Random Sampling Map C.
	Random Sampling Map D. Schwatka Mountains- Ambler Lowlands
	Random Sampling Map D1
	Random Sampling Map D2
	Random Sampling Map D20
	Random Sampling Map



	REFERENCES CITED
	Maps
	Map 1 Part of N.W., Alaska
	Map 2 Snowdepth Situation
	Map 3 Snow Hardness Situation
	Map 4 Wind Situation
	Map 5. Temperature Situation
	Map. 6 Caribou Activity: B-Stationar/Feeding
	Map. 7 Caribou activity: E-travelling
	Map 8- Observation 57- Caribou activity: B-Stationary feeding
	Map 9 - Oberservation 58-Caribou activity: B-Stationary feeding
	Map 10- Caribou activity: D-Resting

	Tables
	Tabel 1. Caribou Band Composition, Winter of 1961/1962
	Table 2. Snow Depth Observations, Winter of 1961/1962
	Table 3. Caribou Activity- Snow Depth, Winter of 1961/1962
	Table 4. Snow Hardness Observttions, Winter of 1961/1962
	Table 5. Caribou Activity- Snow Hardness, Winter of 1961/1962
	Table 6. Windspeed and Windchill Observations, Winter of 1961/1962
	Table 7. Caribou Activity - Windspeed, Winter of 1961/1962
	Table 8. Caribou Activity- Windchill, Winter of 1961/1962
	Table 9. Temperature Observations, Winter of 1961/1962
	Table 10. Caribou Activity - Temperature, Winter of 1961/1962
	Table 11 Atmospheric Environment- Caribou Activity, Winter of 1961/1962
	Table 12. Atmospheric Environment- Caribou Activity, Winter of 1961/1962
	Table 13. Random Sampling Data Schwatka Mountains- Ambler Lowlands Traverse




