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JOB COMPLETION REPORT

State: Alaska

Project No: W-6-R-b Name: Alagka Wildllife
Anvestigations

Work Plan: ( Car ibou Manaqement
Studles

Job No: § Title: Environmental Factors

Governing Caribou
Winter Activity

PERIOD COVERED: MNovember 15, 19561 - Harch 15, 1962 and February !,
1963 < May 30, 1963.

ABSTRACT :

Two winters of fleld observation of carlbou actlvity and measure-~
ment of related environmental factors were completed. Carlbou feeding,
moving, and resting activities were recorded In relation to snow depth
and hardness, wind spsed, temperature and other environmental conditions.
Comparable measurements were taken In randomly selected control! areas
where caribou sctivity was absent. Preliminary data snalysis Indicates
that snow depth and hardness are primary factors of the environment con-
trolling caribou movements and feeding activities. Secondarily wind
speed and assocliated topographic verlation appear to govern selectivity
of resting areas by caribou,

OBJECTIVES:

To identify the varliable environmental factors which stimulate and
influence the patterns of movement and activity of arctic caribou during
winter,

INTRODUCTION :

An a®imal normally possesses the Inherited ability to recognize and
occupy a sultable environment for which It Is adapted. As environmental
composition is dynamic with the pessage of time, specific animal activities
will be Influenced, and even regulated, by different environmental condi-
tions,

This study Is concerned with some winter environmental conditions



smbient to ceribou (Rangifer srcticus) In nortimestern Alasks end the
observed responses of the animals to variation In these conditions. The
arctic caribou population occupy & nival environment for at least 8

months of each year, conssquently, this study places a major emphasis on
the depth end hardness of snow. Other factors sxamined Include topography,
temperature, wind, 1ight intensity and general weather conditions. It Is
recognized that physical features of the environment are.usually Inter-
related and sometimes Interdependent and that any single factor may not

be entirely responsible for exhibited responses by the animals.

This report is preliminary as environmental factors have been largely
treated discretely and have not yet been given perspective according to
their interrelationships. Statistical tests have not yet been appllied
and any expressed significances are apparent only and conslderable modi-
fication may occur as a result of more comprehensive analysis. Conclusions
would be out of place in this report and a summary would !ikewise be lack-
ing in significance.

Parts of two winters were spent collecting fleld data which are
prasented in two different ways. ODuring the first winter, data were ob-
tained through selectiva sampling methods and Part | of this report
contalins a fundamenta! analysis of the resuiting Information. Part 11
contains randomly sampled data which are presented and discussed on the
basis of the winter's progression. (n order to limit the size of this
report, some data hes besn susmarized and only samples of maps drawn to
illustrate the situation of each caribou observation have been Inciuded.

Literature studies and more intensive snalysis of the data will be
effected as %0on as possible and It Is hoped to complete the study by
May, 1964. The wtiter will be utilizing the data In conjunction with
studies to be conducted at the Unlversity of Manchester, England.

Fleld work during the winter of 19561/1962 was flnanced in part by
the Department of Blological Sclences, University of Alaske and In 1963
by the Alaska Cooperative Wildiife Research Unlt.

TECHNIQUES:

Iravel

A skl equipped Piper Famlily Crulser based at Kotzebue and (In 1963)
a skl squipped Plper Super Cub based at Kobuk were used for transporting
seif and equipment when searching for caribou and landing amongst them to
sot up camp. The Kobuk based plane was 3130 used to effect surveys of
carlbou Incidence In the upper Kobuk River drainage.

During the Winter of 1961/1962 the writer worked alone In the fleld,
so that travel on the ground was limited to an area of abdut 10 miles radlus
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from each camp. Walking and the use of snowshoes were abandoned In favour
of touring skis which allowed greater dailly milage to be covered with less
effort.

Near the end of the second winter & traverse was made through carlbou
habitat in the Ambler Lowlands - Schwatka Mountains reglion in company with
three assistancts. Skis were again used and, although Individual loads
were back-packed, much of the camp equipment and suppllies was hauled by
three dogs pulling a 4' 6" sled (Akhio). This system of small party travel
proved to be most efficient as a larger dog team would have necessltated
a greater dependence on hunting for food.

Shelter

A 10 x B' x 7' 6" floorless wall tent with attached )iner was used
during the flrst winter. Ground Insulation was provided by cutting spruce
or willow for a mat and a wood burning "Yukon'' stove provided heat. Gather-
ing fuel for the stove took up valuable daylight time and a smaller tent
would have necessitated less effort In this direction. Severe winds damaged
this tent partly on account of the large wall sections exposed to the ele-
ments and it was not always possible to prevent snow from drifting In under
the wall bottoms even :though snow walls were constructed around the tent.
This tent was white, ths worst possible colour for spotting either from
the ground or the alr. During one blizzard the writer spent 5 hours search-
ing for the tent and was only successful in locating It when he fell over
a guy line.

A very much smaller, bright orange tent with sewn In floor, double
~door and with complete fly coverage was used the following winter, The
esse of spotting this tent at considerable distances was & useful factor
when working the surrounding country. The tent was pitched low In the
snow on top of & spruce or willow mat and a 'Coleman' double burner, white
gasoline, pressure stove was used for both cooking and heating purposes.
With a single burner 1it a temperature rise of =42 F. to +100 was achleved.
On anothar occasion ar inslde temperature of +75 F. was maintained when
the outside temperature was -58, agaln with only a single burner 1lt.

During the final traverse no stove was used and cooking was effected
over an open fire. A single skin mountain tent was carrlied end the warmer
temperatures obviated the need for heat inside the tent,

General Observation Methods

A praconcelved classificetion of post rutting season caribou behaviour
was made separating predominant band activities Into the 5 following types:

A - Feeding/Travelling
B - Stationary Feeding



C - Feeding/R:sting
D « Resting
€ - Travelling

Fleld work substantlated tha valldity of this sctivity separa-
tion as no arbitrary band behaviour could be recognizad.

The entire fleld work data obtalned during the first winter con-
sists of paired environmental recordings which are correlated to ob-
served caribou band activities. Data wers discarded when it was not
possible to complete a set of recordings.

After locating caribou, the writer would aspproach to within s few
hundred yards if the animals were stationary, or would manoeuver to lie
In wait In the case of shifting caribou. The flnal distance between
the two recording stations was often regulated by the necessity for
causing no disturbance to carlibou activities. A set of environmental
measurements was taken at the location described hareafter as the obeer~
var's position and the ©aribou would be watched during thls time. It
was often entirely necessary to take advantags of the terrain when ap-
proaching caribou and the observer's position records cannot be regarded
as non-selective. i(mmedliately after these measursments had been completed
the observer moved directly towards the animals, disturbed them from thelr
position and mede a repeat sat of measurements of the vacated environment.
In the case of moving caribou, the 2nd set of recordings was sometimes
obtained without disturbing the animals as they might be unaware of the
observer moving Into the trall they had just made.

The e?vlromntal factors recorded were: Snow depth plus hardness
of the sur'®Ce and the hardest layers; temperatuggs at ground level, snow
surfac® and 3' 6'' above snow surface (approximat: g caribou head halght);
windspeed and direction; light intensity; the Incldence of sun; cloud;
precipitation; slso genera! weather conditions. Caribou numbers, composi-
tion, activity and direction of movement prior to and after disturbance
by the observer were noted and additions! field notes were made as necessary,
A map was finally drawn to show rellef, protrudent vegetation, locatlion of
recording stations and the actlivities of the caribou. Instruments and
methods of thelr use are described In the datas discussion pages.

During the second winter, with the support of fleld assistants, it
was possible to traverse caribou habitat to obtain a more random sampling
of some envirornmental! factors. The methods involved are described in the
relevant sectlion of this paper.

Blas

It may be Impossible to achlieve absolute rendomness In sampling the
physical envirorment and activities of wintering ceribou. Bles Is first



Introduced by using aircraft for transport to locste caribou and set up
a camp amongst them. In order to lessen the possibility, one might be
Justifled In saying - probability, of losing contect 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 in favour of habitat containing @ bountiful supply. A second,
and unavoldable, blas results from topographic variation, itself a factor
under study. Camp can only be located where caribou occupy an area suit-
able for a plane landing and as a consequence, some Important mountaln
habitat s neglected.

The two position environmental sampiing procedure used throughout
the flrst winter is open to hearty condemnation, particuiarly from the
desk bound theoretician. It can be argued that an observation of the
environment occuplied by caribou should be equated with randomly arranged
multiple observations of the peripheral enviromment. In view of the
-dynamic nature of environmental factors, some of which are changeable
within minutes, Individuasl stations that comprise a multiple set would
need to be obtalned within 2 very short period of time or, better still,
at the same time as each other, A set of multiple recordings teking
several hours to complete would Introduce a flow of environmental change
that would only serve to compound the problem of eventua! data analyslis,
and would prove of little correlative value to ¢oribou activity as the
process of such sampling would be antipathstic to carlbou from Its onset.
We are purely concerned with the activities of caribou undisturbed by the
human presence and observations were made following this discipiine.

Further blas is evident when the timing of observations Is conslidered.
An inabllity to observe during derkness and some bllzzerds, particularly
during mid-winter, effects the qualitative (2s well as the quantitative)
value of data presented here and there Is no way of knowing If daylight
activities are representative for the 24 hour period.

Towards the end of the second winter of fleld work a 16 day traverse
was undsrtaken to randomly sample snow conditions over an area of scattered
caribou occupancy. Stralght map !ines were followed and snow condlitlons
recorded at regular and predetermined Interwvals. Although three experienced
mountaineers were recruited (the leader and two of his companions from the
1962 successful Mt. McKinley assult) we falled to overcome one mountainous
sect ion of the predetermined route, which had to be redrawn to be kept with~
in the bounds of practicebllity. The completed traverse follows a geomet~
rical form but some degree of blas Is present precluding a clalm that the
sampl ing was non-selective for this particular area of carlbou habltat.

A quantitetive eveluation of bias will prove to be a blometricians
nightmare and It cannot be guarsnteed to suggest many Improved fleld tech-
niques.



Key to Observation Maps

All maps

¢@$ Spruce (Picea Sp.)

vy Willow (Salix Sp.)

"’,7‘4== Rivers and creeks

okes
QZZQZ@ Area occupied by caribou

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

Windspeed (max.) & direction

A
PN ,/  Existing caribou trails
/ Route of undisturbed caribou P
rd ~
-’/ ) .
Route of disturbed caribou ’.33- .
o0y Area of cratering
- . e i i
® Observer's position and point + Recording station
of reference for contours
. A Point of ref f
e Caribou position X t rererence tor
contours.

All contours are in feet above or below reference points.



FINDINGS :
PART | - Winter of 19611962
§ and sit]

During lete winter soms early born calves may have been counted as
cows (small) and some small cows may hava bsen counted as calves especlally
if they were antlerless.

The calf ratio may seem to be particularly high but there is no method
of determining any possible error in these data. The majority of animals
counted were Inhabiting the Squirrel River valley and were part of & dis-
crete concentration of carlbou that made no major movement for several
months., Cows accompanied by two calves were seen quite often and lone
calves or two calves unaccompanied by adult caribou were not uncommon.

The location of the Squirre! River camp is marked by ths figure 4 on map 1.

Snow Depth

Either a stout wooden folding rule or a sk! pole, graduated in inches,
was used to measure snow depth end the average of several probes was re-
corded owing to the uneven nature of the ground.

Given a treeless, plane landscape and a windless winter, any pelr of
measurements (observer's and caribou position) could have shown ldentlca!l
snow dapth provided that ground substrates were not too dissimlilar. Wind
and, perhaps to a lesser degres, solar radlstion combine with lend form
and the shadowing end binding properties of vegetation to produce unequal
distribution and retention of snow. Although snow depth varlation over
short distances Is a resultant of other factors In the environment of cari-
bou, its influence upon the animals Is direct and primary.

The average snow depth from all positions that were occupled by carlbou
is 13.37" whilst that from the observer's positions Is 27.54' and In &9
Instances out of 54, carlbou were utillizing ths location of shallower snow.
Pruitt (1960) thought that caribou In Canada possessed a threshold of tol-
arance to about 62 cm., (24'') of snow and that when depths exceeded thls
amount, caribou reected by moving. Certainly, the average snow depth
recorded for travelling carlbou (activity E) in N.W, Alaske Is greater
than that for any other activity (table 3) and this couid well be a re-
flection of an urge to move unt!! shallower snow Is encountered. Each
route taken by travelling caribou showed some degree of selection for
locally shallower snow which lends support to the hypothas!s that snow
depth 13 of primary Importance to discrete carlbou activities. it Is
evident that caribou require very shallow show If they are to feed whilst
moving (table 3) and that feeding becomes a more stationary activity when
medium depths occur.



TYoble 1. Carl sitl Winter of 1961/196
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2 1 29 Nov.61 1218 29 43 19 91 & 28 17 Feb.62 1500 3 3 '3
2 2 30 Nov.61 lioo § 8 3 16 b 29 17 Feb.62 1600 9 11 8 28
2 3 1 Dec.6] 1100 8 9 &4 17 4 30 18 Feb.52 1000 1 s L 0
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3 8 & Dec.61 1200 2 5 2 Q 4 35 27 Feb.62 1230 t i 2
b 9 7 Feb.&2” 1000 & 3 2 9 L 36 27 Feb.62 1600 19 13 12 L4
4 10 7 Feb.62 1200 sk 37 21 112 L 37 28 Feb.62 1100 1 1 <
4 11 BFeb. 62 10360 5 9 7 21 4 38 28 Feb.62 1645 ) |
4 12 8 Feb.62 1130 M 11 7 32 h 39 1 Mar.62 1200 57 & 49 160
13 9 Feb.62 1430 6 7 & 19 4 40 1 Mar.62 1530 ] |
L 14 10 Feb.62 1100 27 18 13 &9 4 4 2 Mar.62 1030 3 2 5
4 15 10 Feb.52 1200 17 8§ 5 30 L 42 2 Mar.562 1130 | | 2
L 16 1)1 Feb.62 1215 15 15 29 4 &3 3 Bar.62 1100 8 2 2 12
4 17 11 Feb.62 1500 9 [ £ 20 L 4 3 Mar.62 1600 5 £ ]
h 18 12 Feb.62 1145 7 3 1o L A5 4 Mar.62 1200 47 55 49 15}
4 19 12 F=b.62 1300 7 7 6 20 L & 4 Mar.62 1330 2 3 2 7
4 20 13 Feb.52 1300 2 8 £ 15 4 *'%',’ 5 Mar.52 1200 2 1 3
4 21 13 Feb.62 1600 51 64 h9 164 4 48 S Mar.62 1600 9 9 8 26
4 22 14 Feb.62 1115 2 2 L 49 6 Mar.52 1100 1 1 2
% 23 14 Feb.52 1215 3 2 5 L 50 6 Rar.62 1230 8 15 11 34
4 24 1% Feb.62 1100 |} L 2 4 51 7 Mar.62 1060 18 N 7 36
4 26 15 F=b.62 1530 th 18 13 hs 4 52 7 Mar.52 1615 |11 5 5 21
L 26 16 Feb.62 1230 1 ] 2 L o3 8 Mar.62 1148 8 g9 9 25
4 27 16 Feb.62 1330 17 13 11 &) 4L 5k BMar.62 1245 & 11 8 23

Total: 488 S51 414 W53



The performance of discrete activities within grades of snow depth
Is probably relative to overall depths that are generally Increasing with
the progression of winter, so that distinct tolerance 1Iimits cannot be
readlly assumed except when snow Is sufficlently deep (and soft) as to
prevent caribou from moving through such conditions. fHowever, selectivity
for snow depth condition congruous to the performance of specific activie
ties does appear to be continual over the winter.

Snow Herdness

Gauges for messureing snow hardness were push-type spring bslances
on which pressure discs could be mounted. These gauges are standardized
by the Natlona! Research Council of Canada, Committee on Snow and Sol!
Mechanlics, and are fully described by Klein et al (1957). A hole in the
show was excavated to ground level and a sectlon scraped with a knife to
expose a proflie of undisturbed snow layers. Testing esch layer with the
pressure gauges resulted in recognition of the hardest layer and the snow
surface was also measured. Units of snow layer hardness are expressed
in grammes of pressure per square centimetre required to collapse the
structure of the snow.

The hardness of a snow layer is dependent to a limited degree upon
its crystallographic composition, water content and its positional com=
parison to the ground and other snow layers. S$Solar radliation, tempera-
ture proflle, windforce, land form and disturbance by animals are modifying
varigbles that help to create unequal snow hardness conditlons from place
to place.

it Is not altogethar surprising that 34 of the total of 54 palfred
observations show equal surface hardnesses at the observer's and caribou
occupled locations., The top laysr of snow was llkely to be the newest
In both locatlions unless redistributlon by strong winds had occurred
since it fell. Layers below the surface layer were more likely to have
experienced varliable modification dus to thelr longer sxistence. The
top layer occasionally became the hardest due to the impacting effect
of winds or the wind ceused dispersal! of soft, loose surface snow until
a harder layer was exposed.

Surface layer snow was more often hardsr at the carlbou than the
observer's position, with by far the hardest recordings occurring with
the incidenca of travelling cariboy (table 5). Obviously, the harder
the snow, the greater Is its flotation effect to travelling animals.

The highest average from hardest layer recordings is aiso reflected by
¢ar ibou performing activity E. It should be noted at this point that
purely travelling carlbou are charactarized by what we might describe as
the ''savarest'' snow depth and hardness conditlons, and that both of

these factors are 'mlldest' when caribou feed as they travel. The sta-
tionary activities are performed in Intermediate snow hardness conditions

- 10 -



able 2. Snow Daepth ar jon Inter of 1961/1

Obsarvation MNumber of Carlbou Snow depth Snow depth Deeper at Deeper at

-“—

aumber car i boy activity at observer i arl observer

1 91 A 10 7 *

2 16 A 12 5 *

3 17 c 9 5 * Camp

L 1 ¢ 8 6 * Two

5 2 A 9 6 %

6 6 B_ 11 8 *

g — 8 A 1 ; & * Camp
9 8 ! 6 * Thr

9 a A ~28 16 * ==

10 Tz 8 27 14 *

1 2 c 32 13 %

12 32 A 23 9 *

13 19 8 29 8 *

14 59 8 29 8 *

15 30 A 21 24 *

6 29 A 25 7 *

17 29 8 21 23 *

18 10 A 16 9 * Camp

1s 20 /] 29 13 * Four

20 15 c 18 15 *

21 164 £ 26 18 *

22 2 0 23 16 *

23 5 B [} 1R ewsmeacswen

2k 2 B 17 1 *

25 hs 8 34 18 *

26 2 A 13 16 *

27 4 8 33 26 *

28 6 D 27 24 *

29 28 D 26 21 *

30 10 1] 33 12 *
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31 10 8 35 1 *
32 6 ] 2 5 *
13 19 c 39 b *
3% 7 E 37 18 *
35 2 B b6 2) *
36 by E 3h 27 *
37 5 B &2 0 *
38 i B 28 9 %
39 160 (4 14 1 *
za 1 8 23 9 *
i 5 b ho 19 W%
42 2 b Il 21 * g::g
43 12 8 39 5 *
4 9 o 4 19 *
45 151 ¢ 35 27 *
b6 7 3 26 4 *
&7 3 A by 3 *
b8 26 ¢ &3 13 *
b9 2 s 54 6 ®
50 34 ¢ k] 20 *
51 36 E 38 22 *
52 21 A hg 7 *
53 26 £ bl 4! *
ch 23 c 33 21 ol
4 k9

Snow measurements In inches
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Table 3. Caribou Activity - Snow Beosth, Wi f 1981/1

caribou activity number of tota! range of average
observations car ibou snow depth snow depth
A - Feeding/Travelling 12 253 3 - 24 8.6
B - Stationary Feeding 17 351 o - 26 14
C - Feeding/Resting 10 477 h - 27 13.5
D - Resting 9 88 s - 2k 15.7
€ - Trave!ling 6 284 4 - &) 21.7
Observer's position sh - 2 -84 27.5
(no caribou)

Snow measurements in inches



Map 2 Scogeideptrn Situation
N Examp e
OQbservation rumber: L7
Tamp number : L
Dare: Gch March 1962
Time: 1200
Caribou activity: A-moving
siowly, feedina as they
rollow the lake shore.
%3]
- C c
L O >0
> -— O » -
j ragew]
q’ .- b o -
0w wn ST, ]
09 @Y
ca va
Snow depth Ly 3
Surface hardness 8 10
_ — =~ 77| Maximum hardness 85 10
Air temperature -8 -7
Surface temperature -7 -7
Ground temperature +18  +3
Windspeed 0 0
Windchill 540 535
Direction - -
Light intensity 170 170
Weather: Fine with clear sky
and unrestricted
visibility.
+25 +50
Bulls 4]
1/4 mile —> Cows 2
Calves 1

Remarks: This is a good example of variable snow depth resulting from the combined
effect of wind and micro relief. From March Ist 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 lip on the south shore appeared to have been exposed
by erosion and the caribou were able to feed whilst travelling 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.



which alsc compares with the analysis of snow depth relstionships. The
Interrelationship of snow depth and snow hardness has not yet received
sufficlent attentlon to allow adequate explanation of these phsonomena.

Carlbou are certainly responsive to snow hardness varlation over
short distance and Prultt's (1960) suggested sensitivity threshold of
50 qm./sa./cm, , which refers to forast as opposed to lake stations, Is
worthy of comparison to these Alaskan dets. Prultt showed that lakes
which were commonly usad by caribou for resting or travelling often
carried much harder snow than the above figure. Table 5 indicates that
snow hardnesses (hardest layer) for resting and travelling carlbou were
generally higher than 50 gm./sq./cm. end that all other activities show
hardnesses gensra!ly lower than this flgure,

Windsoeed and Windchil)

A '"'Dwyer' wind meter was used to measure windspeed at a helght of
3' 6" above the surface of the snow cover. This simple Instrument com-
nrises a tube graduated In m.n.h. In which a pith ball is forced to rise
by windforce. Ailthough the ball osclllates, an average windspeed is fair-
ty readlly recognized. Wind direction was also recorded.

Windch!1]! was obtalned hy combining windspeed and air temperature
according to the method described by Siple and Passael (1945). Windehil)
Is a measurs of the quantity of heat which the atmosphere is capable of
absorbing within an hour from an exposed surface ons metre square at a
temperature of 91.4 F. To correlate heat loss with the customary values
used to express human heat production and food requirements, the guantity
of heat is expressed In kilogramme calories per square metre per hour
per degree centrigrade (0.369 BTU per square foot per hour per degree
fahrenheit) .

Combining windforcs with alr temperature to produce a windchll!
factor may not result in a completely valid Index for determining the
response of caribou to thelr amblent anvironment as relative humidity
is not accounted for. Heat loss In caribou could bs precipitated by
humidity as during Instances when wind driven snow bullds up in the fur
of animals.

A temperature of zero F. and a b m,p.h. wind produce a windchill
recording of about 1068 kg.cal./sq.m./hr., but only In relation to sta-
tionary enimals, Caribou walking at 4 m.p.h. In the identical direction
of this wind and carlbou walking at the same speed In the opposite direc-
tion should be related to windchlll factors of 495 and 1245 respectively.
The difference of 750 kg.cal./sq.m./hr. that exists batween the two hypo-~
thetical recordings Is Identical to the windchill factor d!fference
between 52 F. above zero and 80 degrees below zero when no wind Is blow-~
ing. It would seem that interpreting comparative windchill discomfort
from the use of Siple and Passel's formula could be hazardous and It does

-'5.
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Table 4. Snow Hardness Observations, Winter of 1961/1962

ohservers paslt!oni caribou position

surface smowi hardest snow

- - ~ " layer layer
: 55 %% v$ vE|Fy Bz |3 B3
;s e LIl :
® °§ §3‘ =3 - - @ o “s "2 ::.’; " L
?. ¢ @ > £ ] e £ 8 2 : 2 : 8 ® ® :
$8 8% is |3t £ 58 3% Bf B [£2 2188 &8
e &0 08 | =8 23 22 < 22 22 |2% 2% |25 2%
1T 91 A 10 r 25 7 2 10 % *
2 ,5 A 12 2 "'0 5 2 22 - - *
3 17 ¢ 9 2 b 5 2 25 - * Camp
O F A - 8 7 52 6 5 Is ¥* * Two
5 2 A 9 1 % 6 1 70 S *
6 6 B 11 1 30 8 ! 30 SO R —
7 8 A i 2 9% i i 10 * * Camp
8 9 B 14 2 8 5 2 s | cecmeee * Three
9 9 A 28 3 60 16 3 €0 v
10 12 B 27 3 38 14 3 50 cemmmne | eeccmw
nooo21 ¢} 32 ! 3 13 1 35 | eeeeee- *
12 32 A 23 1 65 9 ] 30 | eewe- - *
3 19 8 |29 1 4 8 1 25 | eeemee- *
% 59 B 29 7 90 8 2 65 % *
15 30 A 21 B gt 24 2 7 * *
16 29 A {25 2 P 7 2 35 e * Camp
17 20 B 21 2 23 ! 35 * * Four
18 10 A 15 1 90 9 i CLHE —— *
19 20 D 29 145 13 ] 70 | eeeme-- *
20 15 ¢ 18 2 8 15 2 55 comm—. *
21 164 E 26 2 55 18 2 95 | eemcaes *
22 2 D 23 ! 70 15 1 95 ———— *
23 S B i 1 65 N ! 35 cnmm——— ¥
24 2 8 i7 2 79 " 2 3 B *
25 & 8 34 2 ks 18 2 Ls —ommmn— ccome-
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26 2 A i 3 ] 95 ;6« 5‘3 - - &
27 4 B 33 2 hs 26 1 hs * —————
28 6 ] 27 0 75 2k B! 70 ~————— *
29 28 D 26 9 Ls 21 0 B0 | eecme- - *
3n 10 D 33 25 Le 12 yit) 8c % *
31 e B 35 20 ks n 120 120 % %
32 6 D 2 3% 35 5 6 8 * %
33 19 € 39 a9 L 0 2 | ememmee *
34 7 E 37 & 95 18 70 70 * *
35 2 B b4 10 90 21 15 65 % *
36 kb E | 3 6 70 27 35 75 * *
37 5 B 42 10 85 bare of snow * %*
38 ! B 28 6 &5 o 8 25 % *
39 150 ¢ ik 15 60 1" 15 50 c—mmman * ca
4o 1 B 23 3 60 9 0 us cem—— * Lo
3] 5 D %) o 75 19 2 55 ———— - our
42 2 D Ly @ 55 21 0 60 ——— *
43 12 B 39 0 85 5 0 25 cemcean g

) M 9 D l.‘ ] 70 '9 0 “5 -~ *
ke 151 € 35 35 90 27 &0 b %* *
4 7 E 25 25 55 b 4o 4o * %*
&y 3 A &b 8 85 3 10 10 % *
48 28 ¢ 43 8 1c0 13 s kg * *
L) 2 B sl I 6 0 25 m——— W
50 3% ¢ 3 0 &0 20 0 79 ———— *
51 36 E 38 7 8 22 9 100 * *
52 2] A Lo 8 85 7 8 35 SER—— x
53 26 E b 8 70 Y] 0 100 -—————— *
sh 23 ¢ |33 o 7 |2 0 65 | cocemee | w

2 12 39 1

Snow depth in inches.

Snow hardness in gms. per sq. cm. of pressure required to collapse the structure of the snow.
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R\ Map 3 Snow Hardness Situation
\ Example
\\ Observation number: 21
Camp number: L
Date: [13th February 1962
Time: 1600

Caribou activity: E-Travelling

__U)
| S - C
oG 30
> .2 o —
- NalpS)
q)-— —_— -
wvi w0 L wn
00 ®© 0
o4 u a
Snow depth 26 18
Surface hardness 2 2

Max imum hardness &§§5 95

Air temperature -4 -7
Surface temp. ~5 -7
Ground temp. +8 45
Windspeed 0 0
Direction - -
Windchill 520 535

Light intensity 35 60

Weather: Overcast with light
snow, visibility

A about | 1/2 miles.
* A 'Q ¢ ® Bulls 51

* 4 Cows 64
4 * A; * Calves Lg

¢ 1/4 mile >

A

Remarks: Winter winds in the region of this observation usually originate from the
N.E. or N.W, which probsbly accounts for the incidence of spruce in the lee
of the ridge In addition to the windbreaking property of the spruce stand,
softer and deeper snow conditions are more likely to occur near the observer's
position when northerly winds have blown snow off the ridge. Windblown snow
during 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 travelling caribou should be
following 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 signs of above freezing temperatures for other periods.
Wind was the primary cause of localized variation in snow hardness.




not take account of the lle of an animal’s fur in realtion to wind
directlion.

Wind is a modifying agent to temperature, snow depth and hardness,
but is itself modified by topography and protrudent vegetation which can
create variations to its speed over short distances. The windspeeds and
windchlll factors given In this paper are only relative te statlionary
animals and will need to be treated with circumspection unti! the factor
of caribou movement, particularly its direction, has been introduced to
all relevant observations.

Wind and windchi!] were usually greater at the cbserver’'s than the
caribou occupled position, the average windspeed difference belng about
5 m.p.h, end the maximum difference occurring with resting caribou
(average 11.4 m.p.h.). The topographic maps drawn for each observation
indicate & tendency for carlbou to utilize land form to evade 2 proportion
of windforce, particularly during strong winds and blizzards. Resting
caribou were able to evade an average of 40% of the windspeed present at
the observer's position whereas feeding/resting carlbou evaded only 12%.

The reaction of caribou to blizzards and other strong vind conditions
was notable In that movement was restricted with cartbou usually lyling
down (table 7). Lower windspeeds are reflected by statlionary activitles
that include feeding, and travelling caribou showed & marked preference
for windless or near windless conditions,

Critchall=-Bullock (1930/1931) presented records to show that the
direction of caribou trave! was Independent of wind direction but Kalsall
(1960) thought that caribou drift with wind during winter. Sufficient
data have been obtained to examine the directional relationship batween
wind and moving carlbou, both prior to and after disturbance by the ov-
sarver, but this problem should not be examined unti! the windch!l] factor
has been rendersd less enigmatic.

Yomperature

Standerd U. S. Weather Buresu red 1iquid thermometers were used,
none of which possessed an error In excess of 0.15 F. One thermometar
was Inserted in the snow with its bulb touching the ground substrate,
one was placed flat on the snow surface and the third was held with the
bulb about 3' 6'" above the snow. Several minutes were a!lowed for the
liquld to settle. The snow surface and alr temperatures are blased es
they were taken In the shade of the observer's body during sunny condl-
tions. All temperatures were recorded In degrees fahrenhelt, and as
they were mostly obtained closs to noon they will not be representative
of the 24 hour perlod.

Theoretically, temperature Inversions (reversal of the normal cooling

- 20 -
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Table 6. Winds and Windchll!
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26 2 A | -24 o 630 | -26 D Ah0 | ~ewe= %
27 41 B | -h 0 520 | -2 0 605 f{ e-=-= | %
28 6 0 |+ S.E. 8 1060 +14 S.E. 2 790 * *
29 28 D {-3 S.E. 11 1350 | -3 SE., & 1105 | * *
30 10 D {+8 MNE. 5 o | +8 NE., ko 1420 * *
31 1o B |+5 NE. 3 95 |+5 NE. 3 955 | =me=- g -----
32 6 D | +22 MW.E. 42 1210 | +22 N.E, 18 1100 | * *
33 19 € +18 SMW., 25 17 +18 s, 15 1100 * %
3 7 E | -22 SW, 2 1135 | -21 S.W. 2 1125 | eew-e- *
35 2 B + 6 0 has + 7 0 465 | ccew- %
3 W E | -5 0 625 | - b 2 8§20 | e=—=e | %
37 § B j -1 NE, 5 109 -1 N.E. L 1090 ———— ———
38 1B | -1 0 560 | -10 0 550 | ~=w-- | ®
39 160 € o N.E, 8 1250 + 1 N.E. 8 1266 | e~ee-= *
by 1 8 | +5 NE. 20 1360 | +5 NE. 20 1360 | wem-m | oveee
bt s D +8 MN.E. 35 1hoo + 8 N.E. 20 1310 * %
b2 2 b | +9 N.E. 38 1hlo | +10 N.E. 30 1375 | * #
43 12 B +7 NE, 20 1330 + 8 M.E. '2 1190 * *
L4 9 D +3 NE, 15 1350 +3 N.E, 10 12580 * *
45 151 € | - & n 620 | -2 3 5§05 | ---=- | *
b 7 E | -7 0 535 -6 6 830 | -ew-- } ¥
47 3 A | -8 o sk | -7 0 8§35 | =---- | *
Lg 26 ¢ | -12 0 560 | -1t 0 555 | =--e- | *
ke 2 B -8 NM, 3 1108 -7 NV, 3 1095 ———— %
50 3% ¢ | -5 NW., 2 99 | -4 N 2 98 ————
5t 3 E | -19 o 605 | -19 0 6058 | ememe | e-eee
s2 21 A | -23 o 630 | -22 9 625 | we-ee | %
53 26 E | -5 NN ! 880 | ~5 N, ! 880 | =-e== | -----
sh 23 ¢ | -5 WM, 2 980 j -h WM, 2 975 | ---=- @ %
17 1 |k 6

Alr temperature in

degrees fahrenheit 3' 5'' above the surface of the snow.

Wind speed measured In miles per hour '
Wind chill is expressed in kilogram calories per square meter per hour per degree
cent igrade (see accompanying sect ion for definition).
Wind direction Is expressed by its origin.

1]

¥

[2]

T

31
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Table 7. Caribou Activity - Windspeed, Winter of 1961/1962

number range average
of winds of speeds speed
L.
.5 » » -
> O &« | 9 | &
LE: c$ §5 35 188 [E $8 3¢
£ > g. b Se it £ te 2@
S W - o »n W W W " 0" = 9
53 3 48 58 |4¢% §2 | 88 358
A-Feeding/Trave!lling 12 7 5 2- 8 1t- 358 3.6 3.0
8-Stationary Feeding 17 8 8 3-20 1 -2 8.0 6.5
C-Feeding/Resting 10 7 6 2-2 2-~15 7.4 6.2
D-Resting 9 7 7 8~5 2-b | 29.0 17.7
E-Travelling 6 2 2 1= 2 1 - 2 1.5 1.8
Totals: ch 31! 28 1 -85 | -4 11.3 8.2

Wind speed in miles per hour at 3' &" above the surface of the snow.
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Table 8. Cari

ivigy -~ Windehill

Winter of 1961/1962

windchil! range

average windchill

carfbou activity number of observer's caribou observer's caribou

observations position position position position
A~Feeding/Travelling 2 sho - 1050 430 ~ 1008 775.5 677.5
B-Stat lonary Feeding 17 00 ~ 1550 375 - 1360 904.0 7%4.5
C-Feeding/Resting 10 bho - 1250 430 - 1268 867.0 802.5
D-Resting 9 &80 - 1450 460 - 1420 1126.0 1030.0
E-Travelling 6 g20 - 1138 530 - 1125 220.0 699.0
Totals L1 4oo - 1550 866.0 799.0

375 - 1420

Windchill is expressed in kilogram calories per square meter per hour per degree centigrade

(.0369 BTU per square foot per hour per degree fahrenheit).

See accompanying section for

definition. Air temperature and windspeed recorded at 3' &' above the snow surface have

been used to obtain windchill factors.



Map 4 Wind Situation Example
Observaticn number: 30

Camp number: L
Date: 18th February 1362
Time: 1000

Caribou activity: D-Resting.
The animals only moved when

the strong wind had abated.

n
- C =
) 50
>-— o.-—
| _—1 L0 0
0.— be— .
53 w8
[e] 8. [SIY
Snow depth 33 12

Surface hardness 265 70
Maximum hardness 45 85

Air temperature +8 +8
Surface temp. +8 +8
Ground temp. +18 +12
Windspeed 55 Lo
Lake Direction N.W. N.W,
Windchill 1450 1420
& Light intensity 40 45
* Weather: Ceiling invisible,
horizontally flying
a * A snow, visibility
4 ’* 4’ 4 4 4 4 about 50 yards.
44 A ah Bulls 1
€ 1/4 mile y Cows 5
Calves L
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 windchill factor was reduced.

- 25 -

disturbed by the observer until



with Increased altitude) result from heavy cold alr masses flowing down
hilisides to ssttie in topographic depressions, and often being further
cooled through contact with the snow surface. The snow surface Is It~
s¢!f cooled by radlation losses Into space, especially during long winter
nights thst are windless with clear skies., A subsequent wind will usually
mix the (previously stratifled) alr layers to create non-inversion tempera-
ture conditions, at least within the atmosphere occupled by standing
carlbou. Tmponturo inversions are a reflection of steady, storm free
weather conditions and are conseguently experienced most fregquently efter
the onset of a perlod of fine cold weather,

Caribou were observed diring 12 instances of a temperature inversion
and the number of animils recorded for each activity is given below,

A - Feeding/Travelling 18 out of a totol of 253
B - Stationary Feeding 1s6 " o n "8
C - Foeding/Resting 328 v non v w4y
D - Resting 6 LI LI L L L ]
E - Travelling o Mmoo owouw 28k

The sbsence of movement Is consplicuous during Inversions particulerly
since the absence of movement can also be related to windy conditions
which are rarely prevalent during temperature Inversions. It Is also
significant that all but 6 snimals observed during inversions were as-
soclated with feeding activities. If eny conclusion cen be drawm st
this stage It might be that Invarsions, which accompany steady and fine
weather, are reflected by stesdiness In caribou sctivity, with littler
movement occuring. Darling's (1937) comments are comparable as he noted
that red deer (Cervus elaphus) In Scotland were much aféected by grest
variations In temperature and thet their movements were teward stesdler
temperature conditions. The average caribou band size furing temperature
inversions was 42.3 animals os agalnst 22.5 during non-inversion cenditlions,
and it could be conceded that more changeable weather might be responsible
in part for dispersal of the larger aggregstions that form with steadier
conditions.

On most occasions alr and snow surface temperatures were s!ightly
warmer In the caribou position than the observer's position but one cen~
not assume that caribou seslect a warmer locatlon when differences occur
over short:distances. TYemparaturs variation from place to place st the
same time is greatly Influenced by lend form which Is Itself lcrgcly
responsiblie for snow depth and hardness varlations.

Ground temperatures wsre conslderably higher then snow surfece and
alr temperatures (table 11) and the depth of snow is reflected as an In-
sulating factor. Moving from the observer's position into the caribou
position frequently resulted In the recording of a lower ground tempara-
ture and the vegetation consumed by caribou may be relatively cold when
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Jable 3. Temperature Observatl! Winter of 1961/}
observers pos!tfo* caribou position alr surface] ground
§ ST T T T N I I
§. %232 | % g% 5| 5 g% S IElzlcE falls
ISR IR AR R IR I HOE I
FeESSs oF B eb |« 3 &8 [issisgslaiss
B3 2538 |58 38 58 |8 3B 58 [38733|3f 83(cd s
T 91 A +13 415 +24 +12 413 423 * ® *
2 16 A | +13 +8 420 | 413 410 420 | ee-m- | * U
3 17 ¢ +12  +10 +19 +12 411 +18 ———— % *
H 1 ¢ +i1 412 420 +12 412 422 * ————— *
5§ 2 A [ +9 411 #1 | +9 +6 1] | wcee- x| emen-n
6 6 B -4 +2 423 -4 -3 415 S * &
7 8 A - 8 - 8 + s "'0 - 8 *"’.’-‘5 * - mme *
8 9 B -37 =38 +Is5 =29 =31 +i1 * * *
9 9 A 420 420 +1§ 420 20 +I5 ———m- —————— ———
10 112 8 | 429 <19 421 420 +19  +1§ ——— —-——— *
1 21 ¢ 423 26 +11 +25 +25 /16 * * *
12 32 A 420 423 +18 422 423 41§ * ———— *
13 i9 8 +i9 #2090 41§ +23 4z +lb * +* *
Ik 59 B8 -1§ <11 <+ 6 «j2 -8 +5 * * *
1s 30 A =11 -9 4+ 5 -iz2 =-10 0 * * *
1 29 A =21 -20 + 8 ~-21 «-19 +1 ———na % %
17 20 B =27 =24 41} <26 =24 +i5 %* ———— *
18 10 A +10 +16 <11 +10 +11  +10 - %* *
19 20 O +4h +5 416 +7 +9 +13 * * %
20 15 ¢ +8 +13 +1h + 838 410 415 - * -
21 64 E -4 -5 +8 -7 <7 +§ * *, *
22 2 O +5 +9 +9 +6 +9 411 * ———— %
23 5 B +6 +9 +0 +3 +h +6 * * *
2h 2 B -26 =19 44 «22 =i8 411 * * *
25 & B -33 -28 417 =31  -27 +i3 * * *




25 2 A 25 <25 4+ 7 ~26 ~26 #i2 * * *
27 W B -4 -85 4} -2 -2 +8 * % *
28 6 O +4 b +1h +14 413+ ——— * *
29 28 ) -3 - 2 +11 -3 -3 + 9 - - * *
30 0 » +8 +8 +18 +8 +8 412 | «ceme ————— *
3 10 B +5 +8 417 +85 +5 412 *
32 6 D | +22 422 <+l 422 423 425 | cmeen] % *
33 19 € | +1B +i8 +19 [ 418 418 + 7 | ~cmce] cncow *
3 7 E ] -22 -23 +11 |21 21 +5 | * * *
35 2 B +6 +85 +20 +7 +6 +19 * % *
36 W £ ]| -85 -4 8 [{-4 -2 416 | % * *
37 s 8 -1 -2 <11 - | - -} D % %*
38 1 B -1t =11 43 «10 -9 +7 %* * *
39 ‘60 € Q 0 +13 + 1 ] + 7 % -wawe *
) I B | +8§ +85 +ib +5 48§ 4 %
B 5 D | +8 +8 2% |+8 +8 +7 *
h2 2 0 +9 +9 23 +10  +10 420 * * *
h3 i2 B + 7 + 7 Ql‘ §+ 8 + 7 +16 * - *
B g p | +3 +3 421 [+3 +3 +1 - *
151 ¢ | -4 -85 413 |-2 -& +9 | % & *
% 7 E} -7 -8 +1Y -6 -6 9 | = * *
&7 3 A -8 -7 +i8 -7 -7 +3 * e *
48 26 ¢ -12 =il +17 =11 =10 +9 | * * *
9 2 B -8 =8 425 -7 -8 +9 PR *
50 3% ¢ -§ -5 421 -k =4 417 * * *
§1 3% E | -19 ~18 +i5 }l-19 =-18 +ii cvvee | eccee *
52 21 A -23 =22 +18 -22 <21 +3 * * *
53 26 E | =85 <& 419 -85 b 418 | cecam] ceee- *
sh_ 23 ¢ | -6 -8 +13 |-b -4 + * —omoe 2
27 6] 22 12] 8 B2

Observation number 32 carlbou position and observation number 38 observer's position ware
located on lakes therefore ice surfsce temperature has been substituted for ground temperature.
Observat ion numbar 37 caribou position was free of snow therefore the same measurement was
used for both surface and ground temperstures.

Atl temperatures given in degrees fshrenhsit.

Alr temperature was measured at 3' 6" shove the surface of the snow.
Surface temperature refers to the surface of the snow.

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



alr surface ground
temperature temperature temparature
c
. 2
z 5% .

.§; 4 --.§ ‘® o § §

T2 ' HES B . 4 g &

§8 25188) £ : 8 2 : £
A-Fecsding/Travelling 12 | 253 «26 420 - 1.0 | -26 +23 -0,71 0 423 +10.7
B-Stationary Feeding 17 | 351 | <31 +23 <« 4.3 | =31 422 « 3.7 { =I%+19 +11.0
C-Fecding/Resting 10 | 477 | ~11 425 + 5.5 | =12 25 <+ 8.4 | 47 422 +i13.7
D-Resting 9 88 [-3+422 +5.3]-3+23 +89 |49 +26 4+b%
E-Trave!ling 6 {284 |-21 -4 <108 ]|-21~2 -9.7] 0 +18 +9.1
Total: ch 11453 ~31 +26 + 3.3 -31 +28 + 0.3 ~1% 426 +11.8
Observer's position: 5h - -37 423 - 1.0 ] -38 426 =~ 0.1 } +5 425 +i5.1

(nc caribou)

* Single instance of ground temperature where no Snow cover wes present (observation

numbar 37).

All temperatures given in degrees fahrenheit.

Alr temperature was measured at 3' 6'' above the surface of the snow.

Surface temperature refers to the surface of the srow.
Geound temperature was measured at the surface of the ground substrats.



Map & Temperature Situation

txample
N Pe
426 Observation number: 8
Camp number : 3
Date: 6th December 19561
Time: 1200

Caribou activity: B-Stationary
feeding. There was no movement
from caribou position until the
animals v.2re disturhed by the

oktserver.
v
-L.C =
[V o) 30
> .= o -
| S 0+
Prie L=
n on - o
20 ® 0
o A& o a
Snow depth 14 6
Surface hardness 2 2
Max imum hardness 85 Lg
Air temperature =37 -29
Surface temp. -38 -31
Ground temp. +15 +11
Windspeed 0 0
Direction - -
Windchill 700 660
Light intensity 20 35

Weather: Fine with clear sky
and unrestricted

visibility.
¢ 1/4 mite » Y
Bulls 2
Cows 5
Calves 2
Remarks: The 7 to B degree drop in temperature over a vertical distance of 100 feet

signifies a prominent temperature inversion. However, it is unlikely that
the temperature variation is a major influent to the caribou of this situa-
tion. 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.

- 30-




compared to all that is avalilsble.

The role of temperature In the environmental complex of wintering
caribou may be largely secondary though it could bs of a regulating
nature. Wide varistions to snow surface temperatures could ceuse thaw-
Ing and subsequent freszing of the snow furface through which the animals
must feed. This phenomenon did not occur during the period of the first
winter's fleld work but Its occurrence prior to the second winter's work
has been noted.

Atmospheric env]ronment

Light intensity Is expressed In candles per square foot and was
obtalned by using a standard 'Weston Mester', mark 2, photographic light
meter. A Kodak neutral tast card, no. R-27, size 10" & 8 was held with
the grey side away from the sun, or away from the estimated direction of
the sun, in a vertical position with the lower 10" edge resting on the
snow surface. The light meter was held horlzontally, scale side up and
cell flap closed, against the centre of the grey side of the card.

The average light intensity recorded from the carlbou pusitions Is
about & 1/2% greater than the average from the observer's positions. The
sun was obscured during al!l Instances when car'bou were purely resting
and the recorded light Intensity wes significantly the lowest for this
activity. As resting caribou were usually observed during winds of mod-
erate to high velocity a prevalence of alrborn snow is partly responsible
for the low 1ight Intensity recordings. Increases of movement are re-
flected by brighter atmospheric conditions with purely travelling carlbou
being observed when light intensitlies were maximum.

Light Intensity will need to be related to other environmental con-
ditions before Its Importance to carlbou can be evaluats.

0 ra

Edwards (1958) compared two maps of British Columbia, one showing
land form and one showing the areas used by carlbou In winter, From
this comparison and notes obtained during fleld work, Edwards concluded
that caribou In British Columbia did not inhablt preciplitous mountaln
masses, but found sultable ewlir onment whers rolling mountains and table-
Jands permitted the existence of extenslive arctic-alpine meadows with
assoclated open subalpine forests.

Fleld work for this study wes undertaken In areas which approximate
the northern !imit of spruce. The lowest part of mountein slopes sup-
ported most of the total tree growth and caribou largely ut!lized wide
valley floors where trees were only found In small isolated clumps or in
ribbon formetion along river and stream banks. Carlbou were more often



of 1961/1

Win

Activi

ri

vl

able 11 A

®1qis|Au| un

* %o kiR kKK KK o ReEg kR

®1qISIA U % ® X %X
noq4e 3
L&S&vﬁa&ﬁ-» L ] ’m*w.' L *m** mm* x € ®
[
soBuoirs qusil * * 4 i o« & 1wl o«
z vollised LRNHRANSNIRBSRRSIBRIRB LS
£§
uoiiis
S L] £R2NRNSR282RR2R83RNERAE
k] pedjaisesunl = & Kk & XX EERXRERE * %
t.m.m
£k <9 ee Qw
<23 (*1s8) s9y} . - -
wiogs|e 2
Buj|19s MouS x % ® % % %
1% BUI Mb oy oo X x XK T EREEE R ® &
Mous
peedspu) NDOOITNOLINNNDOOCOSNOMOOO
§ o1g1s14ul
< LIREL
5 IWDUGAG] H XK KR KA E KA KE K LR R
m Apno| 3t
..m. FTITE x *xaE
Ayag3 AL RIVCVUVCOACCOCBLWO D
o awmn] FESSNCROANINARIRRO QLY
s BEETE S E P L C L LR



24 2 B * 9 * * § 145 160 * | *
25 ks B * & * * 25 &s * *
26 2 A * o =* * 1200 120 ———— *
27 41 8 * o * * 90 130 * *
28 6 b * 8 * 1.0 30 25 * *
29 28 O * 1] * 1.5 30 20 ———— *
30 10 D ® 155 * | 0.03 e &5 * *
31 1o 8 % 3 * %* 150 150 cnm— ®
32 6 P * 142 * 0.03 100 105 * *
33 19 ¢ * 126 * 0.03 85 90 * *
34 7 E | * 2 * ® | 120 120 | weee= | %

35 2 B * 0 * * 1720 180 * *
36 B € * 0 % & 50 55 * *
37 s 8 * = * 120 1o *

38 I B * g * * 15 20 * *
39 150 C * 8§ =* % 160 170 * *
) 1 B * 20 * 0.5 65 60 %* *

&} s b * |35 * 0.06 70 70 ——— %*
h2 2 D * 138 * 8.06 113 55 w— *
43 12 & * 20 * 0.5 80 90 %* *
bk 9 » * 15 * | 0.5 70 651 » *
& 151 ¢ * 0 * L 190 180 * *
ks 7 E | * 0 * 180 180 ———— *
&7 3 A * 0 * %* 170 170 cmnne *
48 26 C * 0 * * 70 80 * *
&k 2 B * 3 * * 1o 130 * *
50 3 C * 2 = * 90 90 —— *
51 36 E | * 0 * * | 180 180 | =~w=e | =*
52 21 A * 0 * * 90 100 * *
53 26 & * 1 * 1.0 9% 90 el *
Sh 23 C * 2 > 1 1.5 8 0 * *
Totals: 17 9 23 5 36 18 36 1t 27 j19 35

Light intensity iz recorded in candles per squars foot.

No distinction has been wade between falling snow (precipitation) and previcusly falien snow made
alrborn by wind (10th col).

The column heading 'Celling invisible' relates to those occasions when blizzard conditions were
recorded.

Windspeed Is given In miles per hour and Is the grester of the speeds recorded from the observer's
and caribou position. As rellef and protrudent vegetation are more likely to have a decremental
than incremental effect on windspeed the greater of two recordings taken in a zone of varisble
micro-rellef may bs the truer "‘free'' windspeed.
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Table 12. Atmospheric Environment - Caribou Activity, Winter of 1961/1962

sun sky snow in light
the air intensity
]
"’g 2 2
§ .’: ° : ® £ L4 £ &
- L > - - ~ -
22 % § 2 2 2 2 A t+d
S o > bd > [ -3 4
¥ 28|13 E|5 f /% g &8 :
A-Feeding/Travelling 12 s 7 5 7 2 10 10 180 102.5
B-Stationary Feeding 17 9 8 12 5 3 1h 20 180 gl1.%
C-Feeding/Rest ing 10 2 8 4 6 4 6 25 180 9h.5
D-Resting 9 0 9 i 8 7 2 20 118 62.2
E-Travelling 6 3 3 4 2 2 4 55 18¢ 114.2
Totals: sh 19 35 26 28 18 36 10 180 91.2
Observer's position: 10 210 86.6

Light intensity In candles per square foot (see accompanying section for definition)
Snow In the alr refers to both precipitation and old snow made airborn by wind.



found near to trees than in areas greatly distant from tree growth and
this assoclistion was more frequent when clumps were adjacent to lakes,

Topography and protrudent vegetatlion will be studled as possible
discrete Influences to caribou and es modifying agents to other environ-
menta! factors. It Is hopad to Introduce statistical methods for the
analysis of the topographical maps which accompany each observatlion.

PARY 1l ~ Winter of Early 12@3

Over the last week of Decembar 1962 end the following first two
weeks of January, temperatures were unusually high In many areas in
central and northern Alaska. Raln fell In Falrbanks, Kotzebue, and
the Kobuk village area. Snow conditlons were greatly affected as much
thawing and subsequent re~freezing took place. By early February
temperatures had returned to more normal lavels with occasional speills
of extreme cold to -60 degrases fahrenhalit beling experienced in the upper
Kobuk dralnage.

On February Sth | flew out of Kotzebue to locate a concentratlion of
20,000 to 30,000 caribou that had been reported In November as having
settled In the headwaters region of the Noatak River. The weather at
Kotzebue was clear with zero degrees and a3 5 mph wind. Our heading was
approximately N.E, and only a very faw ceribou were sesn (occupying
mountain summit loations) on the first stage of the fllght which was
to & gasolline cache by tihe Noatak River. The temperature on landing
was and there was no wind. Although the snow depth at this point
was sbout three feet, It was evident that consliderable thawing had taken
place as 2 7' layer of vasiculated lce was present, being equldistant
from the ground and the surface. This layer was so hard that axes had
to be used to cut out the gasoline cans. After taking off we flew along
the Noatak In an easterly dirsction for about 120 miles to a second gaso~
line cache located on the river at a point almost due north of Kobuk
village. Throughout thls stage of the flight we did not see the tracks
of a single animal of any kind despite excellent spotting conditions.

It was notable that the entire mountain surfaces were glazed with Ice.
After re-fuelling we proceeded In an easterly direction once more and
Inmedlately came upon 2 band of about 25 carlbou that were occupying &
smal) snow free area on a low south facing slope. A contlinued search In
the headwatars area proved that the original carlbou concentration was no
longer present and we could not see any signs of recent caribou movement.
Consequently, we turned south to traverse the Schwatka Mountains.

The Schwatka Mountains also showed many glazed surfaces although
there were a few summits that had remained wind blown and free of snow.
When we encountered south running valleys some mat surfaced snow was
seen at low elevations and some carlbou bends were spotted In the Shungnak
River valley. A landing was affected In this area and | set up camp st



the location marked by the figurs & onmap 1. Field observations were
comnenced the following day.

The carlbou In the Shungnak valley proved to be too thinly scettered
to allow quantitative observetion snd & lerge wolf pack caused some dis-
persal to ths animals., Extreme cold conditions ware experlenced at this
camp and carlbou were difficult to approach due to ma«imum nolse trans-
ference. Carlbou could hear skis sliding over snow at ranges up to two
miles, Data obteinod at camp 5 are Immediately following.

Ra Samnll p A

Twelve snow stations were maasured for depoth and hardnesses across
a slightly domed depression that was bordered on the north and south by
creeks, protrudent vegetation and hillsides. As the tf'8verse took about
5 hours to complete, environmental factors that are apt to change within
a short period of time were not recorded. Generally, the day was cool
with temperatures ranging between zerd - end -10 degrees and thare was no
wind. The carlbou remained In their Indicated positions until the activi-
tles of the northward worling observer disturbed them. All trails were
mapped even though same of them had obviocusly been made severa! days before.

The edge of the south facing slope at the northern end of the traverse
showed very shallow snow and small! lsolated patches of clear ice, Indlcat-
ing a previous and almost complete thaw. The snow cover was judged to
have fallen subsequently to the thaw. The occaslonal patches of lce were
sufficiently few In number as to offer no hindrance to a band of feeding
caribou. The greatest snow depth Is in an srea that would have been
shadowed from sunilight until @ much later date than the ~arts reaching
further north due to the hill at the scuthern extremity of the map. How-
ever, it wes probably high overall temperatures rather than direct soler
radlation that caused melting to occur. Willows along the southern creek
bank hed come Into bud and most of the tips were encased In a sheath of
ice Indicated & previous ralnfali, which probably occurred when surface
temperstures were below freezing level.

The range In snow hardness conditions Is striking and shows much
higher recordings than any obtained during the flirst winter's fleld work.
The open, central arca held layers of dense, extremely hard snow with a
texture coproaching that of vesiculated ice. The surface layer was
sastrugi patterned.

it Is evident that caribou were using the hard central area for
trave 1ing and no feeding craters were detected in this snow cover. The
incidence of feeding, especlally the hesvy utilization on the north side,
can only be related to snow depth and hardness and is untoubtedly a re-
sponse to the favorableness of these fectors. The caribou may not have
detected the soft, sha!low snow ares as a result of random movement.
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Camp number : 5
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-26.~ A Srow depth i3 )
V///b 4 Surface hardness 70 23
“ 4 Max imum hardness 240 6t
A A Air temperature -L2 -4
4 /// Surface temp. -Lh -4h
4 //// Ground temp. + 7 0
e Windspeed 0 0
Direction - -
Windchill 720 710
//I
T —. e
25 T Light intensity 95 95
© Weather: Fine with clear shky
and unrestricted
visibility.
Bulls 7
Cows 2
Calves ]
¢ 1/h mile >
Remarks: On being disturbed, the caribou ran away leaving a trail of ice fog tbat

hung above the ground for about 30 minutes before dispersing.

Snow con-

ditions show evidence of earlier slight thawing, particularly on the south

side of the qully.
more densely packed.

Surface snow at the observer's position is deeper and
A temperature inversion is evident.
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! Map 7

; ’hservation number: 56
! Camp number: c
y Date: 6th February 1963
: Time: 1530

=z
>

‘ Caribou activity: E-travelling
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f L 0 30
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/ [N L0+
, o2 =2 X
w Lo
] 28 58
/ Snow depth 14 14
/ Surface hardness 95 240
/)ﬂ Max imum hardress 160 240
i’{ Air temperature -54 -GL
0 Surface temp. -56 -G§
7 Ground temp. -3 + 1
v
/ Windspeed P
) Direction S.E. S.E.
A Windchill 1280 1280
- = Light intensity 110 110
Ly - - - Weather: Fine with clear sky
and unrestricted
visibility.
Bulls 0
Cows 3
Calves 1
- 1/4 mile >
Remarks: The observer was wearing white clothing and as he had remained stationary

while the animals were approaching they were unaware of his presence. The
path taken by the caribou may have been to some extent pre-determined by
hardness of the snow surface as an apparent selection is present. 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 difference
was recorded with the same depth of snow. The air and snow surface tempera-
tures of this observation were the lowest recorded except for some overnight
temperatures. The maximum snow hardness of this observation is identical to
the maximum obtained for the previous observation which was situated 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
wo!f pack lying on a hillside to the South as investigation made the follow-
ing morning indicated that 6 or 7 wolves had come down from the hillside to
follow the caribou.
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Four trails lead Into the feeding area and all of these tralls were
typical of trevelling caribou as they indicated single flle, or close to
single file movement. The shallowness of the snow cover close to the
creek could be recognized at a distance of about 1/2 mile to the §.W. as
protruding tussocks could be seen. However, the |imitations of caribou
vision are not known.

Although tha feeding craters near the southern end of the traverse
were In the latitude of despest snow they were coincldent with the
latitude of change In hardness conditions. The route taken by the cari-
bou that had made these craters Is not particularly suggestive of random
movemant.

On February 12th pllot Nelson Walker flew ocut from Kotzebue to camp
S and as carlbou numbers were Insufficlent for quantitative observation
it was decided to move camp. We flew In & southwesterly direction with-
out seeing meny snimals unti! we crossed the Shekiukshuk Range batween
the Kobuk and the Selawlk River. Caribou wers scattered along the south
side of the Shaklukshuk Mountalns snd were particularly dense on the south
slope of Rabblit Mountain, which lies near the confluence of the Rabblt
and the Kugsrak River. \We estimated that about 5,000 caribou were con-
centrated along the 10 mties length of Rabblit Mountalin, being densest at
its foot and thinning out over the flats that extended to the south. A
lake sulitable for landing the plane on was found and camp 6 was set up
on itas shore, beling about three miles from the mountain foot.

| remained at camp % wntil the end of February and 1% this time the
nunbers of caribou prograssivaly lessened unt!! there were none present,
The movement away from Rabbit Mountaln was usuaslly to the Esst or S.East.
This %tudy area was the only one to have been visited by hunters (Eskimos
with dog teams) but it Is not known if the disturbance caused by these
men was responsible for the carlbou movement away from the area. Nelson
Walker informed me that a concentration of caribou had been present in
this area since sarly December and some sections of the range showed
evidence of almost continguous cratering. ‘

A Selawlk Eskimo, Napatullk, told me that the south side of Rabbit
Mountain was particuleriy tussocky with little 1ichen but that the north
side supported more lichen and less tussocks. Rabblit Mountain was climbed
in order to scon the northern slopes for caribou but low cloud precluded
ant? observation. Napatullk also informed me that the area was known for
frequent and prolonged winds that orliginate from the East and N.East and
subsequent experiffce bore out the validity of this statement.

Snow depths were very shallow with much evidenca of clear ice,
vesiculated ice and vesiculated snow. Loose surface snow wes frequently
being re-distributed by winds and Invariably formed sastrug! patterns when
baing eroded or re-deposited. The overall snow cover was such that both
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N Surface hardness 3200 2500
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R
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Surface temp. -3 -19
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Direction - -
Windchill 650 595
Light intensity 210 210
8 Weather: Clear and fire with
unrestricted
visibility.
Bulls 13
Cows 16
Calves 11
£ ‘/14 mile b}
S [ 4
Remarks: This situation is about one mile toc the east of observation number 57. The

temperature inversion is still
identical to those recorded during observation no. 57.

present and the snow depths are almost
The texture of the

snow at the caribou position was also similar to that of the previous obser=~

ation, i.e., vesiculated, brittle, of constant hardness
broken into small pieces by the actions of the animals.
fower elevation had not been penetrated by caribou.
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%}‘ Chservation rumoer: 59
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/ '
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Snow depth 2 4
Surface hardness 650 9000
Maximum hardness 650 lce
Windspeed 30 18
Direction N.E. N.E,
Windchill 1190 1105
Air temperature +21 +20
Surface temp. +16  +18
Ground temp. +11 +12
Light intensity 100 100
Weather: Cloudy with much wind
born snow - occasion-
ally flying horizont-
ally. Visibitity
about 1 mile.
Butlls 7
Cows 6
Calves 4
-25
¢ /L mite >
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
disturbed, the animals ran with the contour of the slope and may have
veered round after experiencing an increased 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 and |ichens were exposed particulariy along the southern edge
of Rabbit Mountain. The caribou Iin this ares were extremely difficult
to approach and observe. There was little cover that sn observer could
take advantage of and few gullles to move along. In cold weather the
animals would usually take fright when they heard skis scraping along
the Ice or hard snow end the very numbers of caribou snsured that at
least & few animals would spot the observer approaching when wind and
higher temperatures restricted noise transference. lad the distribution
of caribou along the southern edge of the mountaln not been continuous
the observer could probably have achieved bettwr manceuvrablility and
cons Iderably more recordings. Data obtained st camp 6 follow overleaf.
The date Include a transect of snow conditions and samples of twin posi~
tion snvirommental recordings.

Sampling -

Contours are in feet from the point X on the southern base line. In~
tervals are 100!,

interrupted lines Indicate the major caribou trails.
Small clrecles indicate sreas of cratering.

Other definitions will be found In the map key immedlately following
the Introduction.

Ninetesn snow stations were recorded over a threes day period along
a line Joining the Rabbit River and the wastern summit of Rabblit Mountain.
The work Was accomplished after the region had been deserted by caribou,
and most of the features wers mapped by observation from the upper slopes
of the mountain. The result Is more diagrametic than s consequence of
accurate surveying. ‘

At the southsrn extremity, snow depths were quite high due In part
to the shelitering and shadowing effects of tall vegetation growing along
the river. As most: winds originated from the north east and sast It
would seem logical for snow to bulld up on the northessterly facing
river bank as windforce would receive a braking influence In this area.

Moving nortiward brings the commencement of shallower and harder
snow with much evidence of sastrug! and petches of Ice formed during the
previous thaw. Although caribou had besn feeding In the central reglon,
the transect line did not Pass through any cratering.

The shallow snow cover at the mountain foot had been greatly modifled
by feeding, resting and walking carlbou, but the measurements Indicate
depth and hardnesses of untouched snow sections. However, the total areas
of ¥Aiduched snow would probably only be a very small proportion of the
whole.

-&5.



The choice of a south faecing slope for intensive feeding Is compar~
able to the situation In the Shungnak River valley (Map A) and the general
conditions are similar. In both Instances the snow was shallower and
softer when a south facing slope rises from open fiats. Snow depth In-
creasaes with the Incidence of spruce cover and Its hardness would have
bean less affected by soler radlation and wind.

It was interesting to find a caribou trail leading over the summit.
No feeding had taken place close to the summit, which consisted of rock
outcrops which were partiy bare of snow and partly covered with an ice
layer. Carlbou have been known to trave! over areas offering no food
supply and Anore Bucknel! and Jim Mack (viva voce) have reported travelling
carlbou on glaciers from 5,000 to 10,000 feat In the Mt. McKinley region.

Due to the caribou movement from the Rabbit Mountain area the location
of camp had to be altered. The majority of animals had travelled in an
easterly direction along the southern edge of the Sheklukshuk Range and,

25 these mountains curve round In a wide arc to the south and west, It

was thought that caribou might break through the mountains at one of the
passes. Camp 7 was set up at Angmanorak ('hole In the mountains'') about

11 miles to the east of camp 6. Several Eskimo hunters had anticipated

the same thing as myse!f and were found to have cemped in this location on
our arrival. However, apart from a few travelling bands of carlbou, little
movemant was detected in the area of camp 7. The following traverse was
made at Angmanorak.

andom S 1 1n:

Seventsen caribou were spotted from the camp whilst they were travel-
1ing in an easterly direction over the flats below. The time was 0600 and
one hour later the same band had returned to travel over the flats In the
opposite direction.

Snow messurements were made In the first trall made by the animals
and work was continued to complete a traverse of random recordings from
this position.

The snow was shallow in the areas of both trails with very hard sur-
faces. The texture of the cover at the point of the flrst trall was
heavily vesiculated snow approaching the appearance of ice. The caribou
had fractured the cover in several places but only with the anterlor sec-
tions of thelr hoofs. The carlbou had been observed to be walking quite
slowly (but stead!ly) and there were no dew claw impressions. The cover
hardness was tested immediately adjscent to the fractures and It was found
to register in the order of 7,000 gremmes per squara centimetre for each
instance. The caribou did not fracture the surface near ths recording
statlon that is close to their return trail end this was probably due to
the doepar cover, as the hardness was slightly less than at the flrst trall.
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Snow depths were gresater In vegetated areas and the snow was markedly
less hard due to the shelter effects.

Camp 7 was rather unproductive from the research point of view and
as the caribou south of the Sheklukshuk Range were no longer stable, It
was decided not to establlish another camp In the area and to conserve
the money remaining for alrcraft charter. Heavy camp equi.mant was flown
to a point on the Kobuk River about 5 miles to the sast of Kobuk village
and pilot Nelson Walker was asked to discontinue flying cut from Kotzebue
unti} any message was received to the contrary.

The Journey from Angmanorak (cam> 7) to the Kobuk Rlver was made
overland on skis and it was apparent that snow conditlions north of the
Sheklukshuk Rénge were vary simllar to the conditions experiaonced on the
south side. The surface showad sastrug! when loose snow was encountered
with many Intermediate patches of pure lce and vesiculated snow and Ice.
No caribou were seen on the Journay and carlbou sign was very rare.

Tony Bernhardt, the only pilot normally resident In the upper Kobuk
drainage, was in Anchorage taking examinatlons for his commerclal |icense,
and it was necessary to wait for his return to Kobuk village Before any
further ¥lights could be made. | was anxious to charter Bernhardt as he
was famillar with most of the country and he could save the & hours alr
time required by a Kotzebue pilot to fly out to Kobuk and return. Tony
Bernhardt was delayed In Anchorage and did not raturn to Kobuk untll]

March 19th.

During the flrst half of March about three feet of snow fell in the
Kobuk village area. Gales bringing blizzard conditions were almost con~-
tinual for 10 days but the Inclidence of alrborn snow became less frequent
when the surface snow had become well packed. Overall snow depths were
by this time similar to those rocorded during February and March of the
previcus wintar, but the lower, hard layers remained as a significant
differance. The third week of March brought further high winds (without
precipitation) with short Intermediate cold spells with temperatures down
to -42 degrees fahrenhelt. Toward the end of March weather conditions
became more settled and on the 28th | made a survey flight over the Ambler
Ltowlands - Schwatka Mountalns reglon to the norkh of Kobuk village.

About 725 square miles were covered, the area of random sampling
map D., In an effort to plot tha total areas occupled by carlbou. Parallel
lines were flown elther In an easterly or wasterly direction with about 4
miles between each 1lne and, dus to optimum spotting conditions, It Is
thought that all carlbou bands were seen. About 2200 caribou were spotted
In 21 saparata arsas and two major topographic zones were utllized. Carl-
bou were either In genarally smal! bands on smooth, wind blown ridges or
sumnits or In generally larger bands on open valley floors. Timber covered
slopes ware not occupled and caribou were not seen on the steeper mountains
that terminated in Jagged rocky peaks. The still, fine weather had resulted

.



in stratification to air layers. Temperatures a few hundred feet above
low lying areas were betweem -25 and ~30 degrees. A warmer layer about
zero degrees was static from 1500 to 2200 feet above the valley fioors
and at 5700 feet It was colder, being from =7 to ~1! degrees.

On 30th March, in company with assistants Jones, Bucknell, and Mack,
| left the Kobuk River to make a survey of environmental conditions over
part of the reglion shown in map D. The objective was to randomly sample
snow conditions In relation to territory occupled and not occupled by
caribou. As has been previously explained, obssrvation of this nature
cannot be truly random as some hablitat types offer no access. A traverse
in the form 6f a parallelogram had been drawn, 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-

grams. The traverse consists of 25 snow stations eiranged st Intervals

of 1 1/2 miles and the samp!ing took 9 days to compiete with an additlional
7 days being required for trave! In and out of the study area. The sampl-
Ing was commenced at station number | on map D and followed In a generally
anti-clockwise direction to station mumber 25.

Four pits, approximately 100 -yards apart, were dug along a straight
Iine which had Its centre at the approximate station point. The dlrection
of the line of plts was changed with each station. Commencing with a
north to south line at station no. !, the successive !ines were orlented
to follow clockwise compass changes so that station no. 2 hed a northeast
to southwest line of plits, atc. Snow hardnesses were recorded at each
plt and the depth of the hardest layer was measured. Temperature profiles
were also recorded as this Information can supplement earlier data for
snalysis of snow depth, ground temperature relationships and overall tempere-
ture profile enalyses. Each station was mapped and al! carlbou sign was
recorded on the maps together with the Incidence of lichen discovered In
the pits. The symbol L on the station maps indicates that !ichen was found
under the snow cover. in order to standardize the probability for finding
Tichen, spproximately one 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 that some idea of the age of carlbou sign
could be estimated. Whilst travelling between stations, a watch was kept
for signs of caribou movement and efforts were made not to create undue
disturbance to those bands that were encountered. Some disturbance was
unavoidable as caribou had to be killed for thekdog's and our own comsumption.

After our return to the Kobuk River, bad weather delayed a second
survey fllight necessary to discover the extent of caribou movement In the
traverse area. This flight was made on April 10th and it was learned that
no chenges In the territories marked on map D had occurred. Although the
originally observed caribou had remained static throughout the 19 day
period between survey flights, about 457 caribou had begun to move Into
the study area along the lower Shungnak River valley. Their direction of
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travel is iIndicated by the arrow on map D. The position of en earlier
camp (number S) Is indicated inthe upper Shungenak River valley.

Discussion of data obtained during the traverse follows together
with a table of snow recordings and samples of the maps drawn for each
statlion.

Tony Bernhardt (viva voce) is of the opinion that the region of
map D experiences two characteristic types of wind conditions. 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 frequent and very strong north winds which are
not usually felt In the Ambler Lowlands. The Ambler Lowlands are known
for frequent east winds whiich normally occur st different times than
the north winds mentioned above. The traverse and alr surveys added
substance to Bernhardt's cbservations as recent wind directions were
readl ly recognizabie from the 1le of sastrugi and snow shadows leading
from rocks and trees. No major valley in the area Is likely to be
sheltered from prevailing winds (the Kobuk Eskimo say that the Shungnak
Rivar Valley Is the '‘coldest and windlest place in the world'') and hard
surface snow could probably be found in any of the low lying parts of
the area at most times durlng the winter.

A striking topographical feature Is the presence of canyons along
all the larger creeks and rivers and where these canyons do not parallel
the direction of prevalling winds, one Invarlably finds corniced snow.
Some cornices were as much as 70 feet from top to bottom and a mile or
more in length, creating positive fences to caribou movement.

The depth of ice In most of the waterways was probably about 4 to
6 feet where the current was sluggish and resulting pressure was re-
sponsible for frequent overflowing. Caribou exhibited a marked prefer-
ence for frozen overflow when moving around In areas containing many
creeks. Makridin (1962) states that wild reindeer (Rangifer tarendys)
were observed to follow river channels during the spring migration In
the Talmyr (U.5.8.R.). Overflow ice Is a typical feature In the Alaskan
Arctic from March to June but, unfortunately, Mekridin does not mention
iIf overflow was present on the Taimyr rivers.

The weather during the traverse was relatively warm with & temperature
range from +32 to -1l degrees fahrenhelt. Surface snow hardnesses were
not noticably affected by the higher temperatures.

Apart from the track of a single animal, there were no caribou traces
from station | to station 5. Practically all of the plts dug along thils
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section of the route showed evidence of s pravious thaw (table 13).
Station 5 showed traces of carlbou that had been traveiling, and fairly
recent feeding had taken place near the pits where softer snow was
recorded. A smal!l number of cerlbou had besn fesading In the area of
station 6 and this activity could aiso be related to the softer snow
patches. Lichens were not recorded In the latitude of the feeding
craters. No caribou traces were noted in the vicinity of the Kogoluktuk
River at station 7 and absence of caribou sign continued round to station
17. Stations !}, 12, and 13 had comparatively '"mI19" snow conditions

but only a very few animals were present on this side of the Kogoluktuk.
Tha canyons, cornices, and timber belts along the river constituted a con-
siderable barrier and It seemed unlikely that caribou would attempt to
cross the Kogoluktuk in this area.

Stations 14 and 15 contained slightly harder snow than the previous
three stations, probably becsuse of thelr more exposed location, but
stations 16 and 17 were in slitustions offering great protection due to
dense timber that was present. Snow depth reaches its maximum at station
17 which Is located on & very steep, timber clothed slope. Caribou were
found In, or very close to, the aress covered by stations 18 to 21 iIn-
clusive. The maps that illustrate stetions 20 and 2] give soms Iindication
of the way In which caribou were affected by snow conditions in this part
of the traverse. Very wide variations In snow hardiness occur over ex-
tremely short distances and this Is reflected by particularly intensive
responses by the carlbou. Cratering of a small area would be quite com~
plete with no undistrubed snow remaining. There would be a sharply
defined edge to the cratered area with rarely 2 single crater being
found beyond the periphery. Movements around the general area were 2lsc
intensive with single tracks being rare and vesiculated ice or frozen
overflow along creeks often being the base of carlbou tralls. It was
apparent that only a proportion of the ground vegetation was accessible
to caribou yet 700 to 900 animals remained In the area for at least three
wesks. Three mature bulls were killed in this area and all of them
showed falr amounts of depot fat to heart, kidneys, and rumen.

Statlons 22 to 25 Incliusive revealed a range of snow conditlions not
dissimilar to those obtained on the outward trail just a mile to the south,.
Only the very occasional trall was encountered although good numbers of
caribou were seon a short distance to the north.

it Is difficult to suggest any conclusions at this stage. However,
the selection by caribou for relative grades of snow depth and hardness
for the performance of discrete sctivities appears to be continual despite
the dynamicism of the nival environment and Its observed winter to winter
differences. It Is of Interest that the phenomena can be recognized by
selective as well as rendom sampling but the acld, statistical test Is to
be applied before the analysis can be complete.
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Table i3

Random Samp'ing Data

Schwatka Mounta ns - smbler Lowlands Traverse

Station Date Snow Surface Ma>: Tmum Panth of Lichen
number depth hardness hardness hardest present
layer
| 3rd April 34 190 6200 7 *
19 130 3800 L *
14 90 2900 2 *
25 89 9000 13 *
2 ird April 23 =0 8400 ) *
25 35 5200 8 %*
23 600 6800 6 *
17 900 8300 7 *
3 3rd Aprtl 17 3 1450 6 *
21 18 7300 7 %*
22 70 6600 3 *
27 1100 4800 5 %
4 Ird Apri) 28 Leg fce 7 L
19 77 150 2 *
17 8 2400 2 *
22 22 3500 3 o
5 Lth April 12 70 180 2 *
19 70 700 2 *
28 3909 3600 7 %*
27 3600 5700 8 *
6 4eh April 27 70 8500 8 *
13 75 350 2
18 8c L9 3
29 68 3400 7
7 Sth April 1§ 20 2300 2
10 12 2300 2
27 ' 35 3900 b
30 68 3700 4

All sltes on Kogoluktuk Rivar or its overflow.
Pure Ice lay below all snow statlions,
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10

12

13

14

15

16

6th April
Sth April
5th April
&th April
6th April

6th April

7th Aprlil
7¢h Aprili

Tth April

19 150
28 24
22 80
2 120
17 160
23 110
21 95
25 100
24 65
27 75
23 62
29 47
8 16
12 16
12 35
b3 1o
2 24
7 20
7 s
£ 35
20 8
20 10
24 10
25 9
The first two
conseguently,
31 110
25 koo
29 Lo
3% 35
27 10
2h 8
25 b
28 20
38 8
30 &
32 16
29 19

9500
3500
9000
8500

8sne
850¢
9000
7200

6620
6200
7500
7000

ho
45
70
659

10
100
150
225

90
90
95
90

W Ak AN N NWWMN WWWN OO WO~ O g
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¥ % % %

stations were sltuated on a loke,

pure ice lies below ths snow cover.

550
3200
500
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130
180

95
125

100
85
95
80
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17 7th Apr! sh 6 35 21
63 [N 22 24 *
49 2 30 18
52 3 16 19

18 Sth April 2?7 210 4500 4 *
24 200 9500 5 ¥
32 240 1200 7 *
25 260 2200 5 *

19 9th April 13 N 190 6 *
22 4o 1400 )
Pure lce surface being overflow on creek.
37 30 2600 6

20 igth April 21 5 8000 6 %
23 20 5500 7 *
2n Lo 180 8 %
14 ho 190 7 %

21 10th Aprl) 28 3200 ice 9 *
32 3700 ice 8 *
29 Lkooo ice 9 %*
23 k500 lee 1t *

22 10th April 23 hs lcs 12 *
24 iy {1 h *
19 75 $co 12 #
27 30 ice 16 %*

23 11th April 21 170 6500 5 *
22 210 6200 L *
19 190 7000 7 *
zh 190 6800 7 *

2h  1lich Aprit 37 Lg 2300 7 *
33 65 1800 8 *
34 30 2100 1 *
29 110 1800 1" *

25 1ith Aprit 22 190 2000 7 %
18 75 5500 4 %
111 90 2600 3 *
17 120 4300 5 *

Where ice is given a3 the maximum hardness this refers to vesiculated Ice
as opposed to pure lce.
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Random _Samp v; Map D !
- o Date: 3rd April
— e Snow surface
sigy/(brn!g;//”// depth hardpess
,/// /’"/
L
+ »._nj{—-— 3L 190
100 yds.
<
~ . X
T~ L
~_ + 14 90
= ~
N ~
L ~
+ S 25 850
~ b
« L0o yds. >
Remarks: Single caribou trail made some days previously.
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6200 7"

3800 4
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Ramdon Sampling Map D 2

Date: 3rd April 1963

snow surface maximum deoth of
depth hardress hardness hardest
layer

._ﬁT__ZB 750 8400 6

100 vyds.

__Lzs 35 5200 8

23 600 6800 )

17 900 8300 7

“N

LOO yds. -y

Remarks: No caribou sign. Hardest snow layer shows vesiculation as a result of
a previous thaw.
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Randor Sampting Map D 20

Date . 0th Aprt 1367
S NOW surfang max um deptn of
S E. deott  hardress  hardresas  hardest
layer
L .
-+ 2 3¢ 2000 6
100
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L .
+ | L 23 Z0 c500 7
. <
X
L 2 L N R
S - _+_ /.O O ! O 2
: ~
v
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ER-X-X-N
‘gc‘dooogo.l
ePo o 90
oolnocooj
00 0 & 4 L 14 Lo 190 7
oo-ooo"‘."
g 050 asle
= egeel |
00 o /
G [
0o !
-0 8% }
i
Y
N
N
AN
N
e,
¢ LOO yds. >
Re The utilization here has been effected by cavibou belonging to the large
in the area where the Kogoluktuk River enters the

corncentrar
Ambler ‘owilands.

maximum snow hardnesses obtained in

on located
There is no obvious reason for the wide disparity in
recognized a suitable location for feeding if the measurements are

the area bhut caribou seem to have

representative for their latitudes.
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