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INTRODUCTION

have displayed an ever increasing interest in the Arctic, an interest that has been

translated into the study and development of the Americau Arctic on a scale never
before attempted. Such developments as the Distant Early Warning Line, Thule Air
Base. Arctic Research Laboratory, relocation of Aklavik, daily weather flights over
the North Pole, submarine navigation under the polar ice pack, and estab'ishment
of scientific stations on ice islands all give testimony to today’s attitudes toward the
significance of the arctic. Such developments have led to a demand for information
about the arctic environment in general and how it relates to living and working
in the Arctic in particular.

Among the many environmental factors affecting arctic activities are those of
snow, ice, and permafrost. These factors cannot be ignored by man whether he
be Eskimo or white, or whether he be hunter, explorer, or scientist. All of these
groups, and more, in the course of arctic history, have developed techniques for
utilizing and combating snow, ice, and permafrost—techniques which have varied
_Teatly in complexity and efficiency.

Snow, ice, and permafrost. with their manifold properties and variable tempoyal
and regional distribution, have a direct bearing on man’s quest for water and food
in the Arctic. Some of the techniques he has developed utilize snow, ice, and
permafrost directly, as when snow and ice are converted to drinking water, and
indirectly, as when sca icc serves as a platform for hunting seals. Snow, ice,
and permafrost may be beneficial or they may be a hindrance in man’s quest
for water and food. Just which role they assume is often dependent upon the
culture of the group directly concerned at any one time. The Eskimos, who were
dependent entirely upon the region considered, utilized and reacted to snow, ice, and
permafrost in quite a different way than did the explorers and they, in turn, from
today’s inhabitants. The Eskimos in developing their technology have taken ad-
vantage of special properties of snow, ice, and permafrost to an amazingly high
degrec. Some of their methods of obtaining food uand water have been adopted by
inmigrants, some have been altered, others added.

Today in the Arctic man is dependent on the region for his water supply just
as were the pre-contact Eskimos but, unlike the Eskimos (or, for that matter, the
explorers), today's inhabitants demand a greater quantity and better quality of
water. Low-demand techniques have provern unsatisfactory and new methods have
evolved—new methods which are closely related to snow, ice, and permafrost. In
the case of 100d, today’s non-native derives little locally. Recent rapid develop-
ments in transportation have made possible dependable supplies from temperate
regions. albeit at high cost. As a result, snow, ice, and permafrost are much less
significant in this phase of man’s subsistence than they once were.

The objective of this study® is to detail the techniques used in the American
Arctic by man in his quest for food and water insofar as they are related to snow,
ice. and permafrost, and to evaluate these techniques and the changes that have
occurred in them in terms of today’s needs.

lN RECENT years scientists, engineers, business men, and military specialists

i Submitted to the Graduate Faculty of the 1 ouwiana State University and Agncultural and Mechanical
College 1n partial fulfillment of the requirements for the degree of 1octor of Phalosophy,
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NOTE TO THE READER

The Arctic Bibliography,! which contains over 49,000 abstracted entries in the
cight volumes published to date, has become the standard source of reference to
arctic publications since the first three volumes appeared in 1953. Because of its
significance and because approximately 70 per cent of all reference items used in
the present study are abstracted in it, the style of footnote in the present study has
been alteried somewhat to partially conform with that used in the Arctic
Bibliography.

All maps showing sea-ice distribution. have been adapted from the Ice atlas of
the Northern Hemisphere * and from “Comparative ice conditions in North Amer-
ican Arctie, 1953 to 1955, inclusive.™ The maps of snow distribution are based
on the atlas entitled Depth of snow cover in the Northern Hemisphere * and the
maps contained in the article “Snow cover in Canada.™ Sources used in the
construction of maps other than the four indicated above are cited on the maps
coneerned.

All photographs unless otherwise acknowledged were taken by the author.

The spellings and definitions of the common as well as the technieal terms
used in this study follow the Glossary of cretic and subarctic terms.®
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CHAPTER |

The Physical and Cultural Base

The Areal Limits

he term “Arctic,” used in general to refer to
that part of the earth smrounding and includ-
ing the Arctic Occan, has come to have a variety of
specific definitions since it was first coined. The
original astronomical meaning of the term for the
region north of the Arctic Circle was fcund to be
of limited value, for this parallel does not coincide
with any of the natural boundary lines occurring
within the distributions of such variables as cli-
mate, vegetation, permafrost, and sea ice. As a
result, through the years the Arctic has been eval-
uated many times from the standpoint of various
physical, biotic, and cultura! variables. The re-
sult has been the creation of several “Arctics,”
cach varying fiom the others in geographic limits.
Fur the purposes of this paper, no one definition
is completely satisfactory. The tree line (Figure
1) probably furnishes the best of the nataral
boundaries for several reasons. In general, there
are rather definite differences between the forest

area to the south and the tundra to the north in
snow-cover characteristics, wind conditions, and
animal types as well as vegetation. The equip-
ment and clothing used in these two contrasting
environments frequently differ, as do nethods of
snow utilization. The tree line also corresponds
rather closely with the inland limit of Eskimo dis-
tribution.

As used in this study, the term “Arctic” refers
to the arca poleward of the tree line in North
America, including Greenland, with the following
exceptions: the Aleutian Islands are excluded
wherzas the relatively small areas of forest utilized
by the Eskimos cither occasionally or habitually
along the Labrador Coast, parts of Alaska's west
coast, Mackenzie Delta, and Brooks Range are
included.! The term “North” is used when a more
inclusive term is needed and refers to the area
generally considered as Subarctic and Arctic com-
bined.

The Physical Base

Structure ond Landforms

The American Arctic, structurally a northward
extension of lower latitudes, is composed of three
physiographic divisions (Figure 1). The Cana-

' The most commonly ussd doundary line for the Arctic 1s one
based on temperature condstions. Chimatically ine Afctic s gen-
crally consdered as contaung no month wath an average tempefa-
fure of vver 30° 1. and at least one month wirth ar average below
327 F  These oritefia were chosen because they form an mopleth
which closely appronsmnates the tree line.

dian Shicld Division, largely pre-Cambrian in age,
includes some four-fifths of the American Arctic.
Greenland is usually included: however, J. Tuzo
Wilson thinks that Greenland should be con-
sidered a szpurate continertal structure because
of the width and depth of Baftin Bay.* The Cana-
my of Northern Canada,” Canadian North, compiled by

1. 1. Areny (Washington: U'. 8. Office of Naval Operationa, 1956},
chap. xiv, p. 408,
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Figure 1.

dian Shicld is o relatively low rolling plain except
in the cast where mountains are present. These
mountans extend from Ellesmere south through
castern Bathn bskand into Labrador. They are also
widespread in Greenland.

On the west the Canadian Shicld joins the
northward extension of the interior Plans Di-
vision at the Great Shve and Great Bear Lakes,
s waarrow phain, extending north along the Mac-
henzie River and west along the northern coust of
Alasha, v low and flat with poor drinnage and
numerous Likes and swempe 1t in turn, is bor-
dered on the west and south by the northward
and westward exvtension of the Cordilleran Divie
stion, a divisien which extends to the Bening Sea
Iis region as charactenized by a variety of Lind-
forms including the rugged Brooks Range and
the low-iying, poorly drained west coust of Alacka

In the development of the present topography
ol the Arcnie the past geologic lustory has been

mportant - The most recent widespread - effect

Physiographic regions in the American Aretic.
the northlands, ed. Kimbie und Good tNew York. 4 G &

Adapted from Muackay, ™

Phvaiography.” Geography of
& John Wilex & Sons, Fne. 1955) chap. ii, p. 12.

upon the topography, and one that is stilt continu-
ing, is glaciation. The land area of the Arctic was
covered with ice with the exceptions of the coastal
plin of Alaska, the Yukon River drainage area,
and probably somie of the islands in the Canadian
Archipelago. Arcas yet covered include some of
the highest parts of the sastern Canadian Archi-
pelago islands, favorable locations in Alaska, and
about 83 per cent of Greenland.

Those arcas formerly covered with ice show
the typical features associcted  wath ghaciation.
Disrupted dramage patterns aud numerous lakes
are prescut, s are depositional forms such as mo-
on the
whole, mrore conspicuous than depaositional forms,

rines and eskers, lee-seour features are,

Widespread rised beaches, which e numerous,
ndicate recent uphit,

The Climate

The chimate of the Arctic v hnown only
ceneral terms, for records are avalable from only
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a few marginal stations. In gencral, the climatc,
although variable, has long cold winters, short cool
summecrs, low precipitation, and variable winds.

Temperature. It is the low temperature in the
Arctic that gives (e extensive snow, ice, and
permafrost cover a chance to form and maintain
itself, and it is primarily the scasonal changes in
temperature that allow seasonal changes in snow,
ice. and permofrowt Of the climatic elements,
temperature has been discussed more than any
other becausc of the extreme suffering it caused
carly cxplorers. Low temperatures have been
emphasized.

The lowest temperatures do not occur over the
ice pack or at coustal stations, but rather in the
interior. In fact, the lowest temperatures in North
America are recorded outside the Aretic. Tem-
peratures inland have been recorded below — 80
F. ttis generally believed that over the sea icc
they never go lower than about --60  F., which
is ulso about the minimum recorded at coustal
stations such as Point Barrow.

Winter temperatures are not this low on the
average. In winter over the arctic pack and the
Queen Elizabeth Islands, average temperatures
iower than 30 F. occur, as they do in Green-
tand and the continental interior.* The wurmest
winter conditions are found ol the coust of Labra-
dor and southern Greenland because of the pres-
ence of open water. Wherever water is in contacet
with the oir in winter, warmer conditions prevail.
‘This conditon is quite common in Hudson Strait,
Bathin Bay, I ring Sca, and even at leads in the
Arctic Ocean itself.

Summer temperatures vary greatly, depending
nunnly on the surticial characteristies. Over the
ocean areas, which are characterized by melting
rennun
fee-free arcas, how-

e, summer  temperiatures generally
around the {reeszing point.
ever, nlay eypericnee somewliat higher tempera-
tures. Inkind stations during sammer fregquentty
report quite high femperatures and often record
relatively high dinby and monthly averges. The
absence of o cooling snow cover and the long
hours of contmuous sunshine are responsible.
Coustal stattons are intermediate, abthough coastal
tempenatures vary preativ dunng the sumnier
from one vear to the next depending upon wind

and ice conditions. When the wind holds the we
1 N llate " lhe (himate of the Nmctioar frorthlands lre

Dz, Neortn Woashuregter U S 00 e oof Naval Opgratieen
9%, 1 No v op e

Y

closc to shore through the summer, tempera-
turcs—maximum and minimum as well as aver-
age—will be lower than normal. Frequently
coastal stations will have relatively warm condi-
tions if winds from the interior prevail. The cool-
est summer conditions are found over the ice cap
of Greenland where, even in mid-summer, aver-
age temperatures are below freezing.

Wind. Wind in the Arctic, althongh less im-
portant than temperature in its effcct on snow, ice,
and permafrost, does affect the distribution of
snow and icc and the properties of snow. Avail-
able wind records, although of short duration and
spotty distribution, scem to corroborate the wind
patterns derived from analysis of mcan pressure
distributions.*

Such patterns show that during the winter, winds
are generally casterly over northern Greenland
and northern Alaska and range from northeasterly
through northerly to northwesterly over the Archi-
pelago and the Canadian mainland. The winds
over Alaska and western Canada tend to be more
variable than over eentral Canada.

During summer. winds with a more casterly
component are general.  Their variability, how-
ever, is greater than for winter winds beecause local
factors become more important with warmer tem-
peratures and because traveling eyclones are more
frequent.

Precipitation. The Arctic is not only an arca
of relatively low temperatures but also one of fow
precipitation. Climatically most of it is classitied
as o desert. The actual amount of precipitation
varies greatly, ranging from less than live inches
to over forty. In the Arctic as a whole most of
the precipitation by quantity is in the form of rain
falling in the short summer.® Summer, which is
abo the time of snow melt, is the season when
nearly all of the precipitation falling in the Arctic
is available in liquid form. Probably more impor-
tant from the standpoint of plant growth thun this
scasonal charaeter of the precipitation is the fact
that permafrost prevernds appreciable percolation
and low temperature mits evaporation,

Thers dre few arcas i which spow accounts
for more than hatf of the total precipitation and
even at the North Pole rain furnishes a portion

ot the totai. Although snow is less imporiant than

YN Peiters e Meteorolopy of the At The Ihoamae Sorth
I Na 21wt po 18
In the Art Tarse oy e Diputed to sumtac?, Lt pear opcr
scac 1t sy fall Jasag at csnonth of the acar
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rain from the standpoint of quantity, it is probably
more important in every other way.,

Snow, Ice, and Permafrost

Snow, ice, and permafrost, all three of which
are characterized by low temperatures and have
a similar distribution, may be considered as cither
climatie or geologic elements. Their formation and
scasonality depend to a large extent on various
weather conditions, but once formed they become
important elements on, in, and of the landsecape
and, in the Arctic, certainly the most eonspicuous
as well. Beeause of this conspieuous nature, snow
and ice have been classified along with land and
water as onc of the three types of surfaces found
on the carth.®

It has been only within the past two deeades
that scientists have energetieally engaged in the
study of snow, ice, and permafrost. Most of this
study has been the result of a stimulus provided
by a military nced for knowledge to operate sue-
cessfully in the Arctic. Most information pub-
lished to date ts of a preliminary nature and knowl-
edge is still meagre, although some of it is quite
fundamental. The following comments are a brief
summary of the literature of these thrze cryologi-
cal topics. The summary is not all inclusive but
is of a general nature emphasizing those factors
of greatest significance to the water and food sup-
ply aspects of arctic living. Details are frequently
added in approrriate sections of the body of the
report.

Snow, ice, and permafrost ure considered here
in that order, an order that is the reverse of their
durability. Generally speaking, snow is less dur-
able than ice and ice less so than permafrost.
Most of the snow that falls in the Arctic melts
during the short summer. lee, gencraiiy speaking,
lasts somewhat {onger than snow, although lukes
and rivers usually have an ice duration approxi-
mately the same as that of the surrounding snow
cover. Seaice, on the other hand, may last many
years in the Arctic Basin. The oldest ice in the
Arctic is glacier ice, some of whi:h may rival most
permafrost in age.

Snuw. In the Arctic snow is without doubt the
most conspicuous feature of the landscape, for it

CE. Fapeashade, Jr. and S SChvtt, Problems an mapping snow
cover (Wilmette, llbnons. U S0 Army  Corps of Engineers, Snow,
lce, and Permafrost Rewcarch Fatablishmeni. 19%6), Rept 2. p 1.
All publications by this vigamization aie Wdentihed hetemnafier by
the abbreviation SIPRI

covers both land and sea throughout most of the
year. This condition ts emphasized by Dunbar
and Greenaway who have written that
Winter in the Arctic lasts from approximately
Octooer to April. and winter conditions are
those most frequently visible from the air, owing
not ¢nlv to the length of the season but to re-
duced cloud cover. . . . Snow covers land and
sea impartially, smoothing out irregularities and
camouflaging landmarks. and there are no trees
to give a colour contrast as in more southern
latitudes.”

Paradoxically, relatively small amounts of snow
actually fall in most arctie areas, but most of that
which does fall remains throughout the long win-
ter.

The actaal amcunt of snow that falls annually
in most of the Arctie ts unknown because of the
sparsencss of recording stations and the diffieul-
ties of measurement.® Recent snow depth-density
studies indieate that reported amounts may be in
error as mueh as 400 per cent.” Even though the
data are probably erroneous on the low side,
it still remains true that most of the Arctic has low
annual amounts of snow as well as of total pre-
cipitation.

The lowest amounts of snowfall occur probably
in the interior of the northeastern islands of the
Archipelago and in northern Greenland.  Al-
though no nteasurements arc available from these
interior arcas, coastal stations in these regions,
such as Eureka and Thule, have averages of less
than fifteen inches. The northern part of the
Greenland lee Cap receives about fifteen inches
ol snow per year, as indicated by accumulation
measurements made along the parallel of 78°
N." Dunbar and Greenaway state that . . . the
Aretic Ocean and the low-lying western islands
of the Archipelago receive itbout 25 inches of
snow per year.”!'' The north eoast of Alaska re-
ceives between thirty and forty inches as do the
south-central istands of the Archipelago. Along
the north coast of Canada the snowfall ranges
between forty and sixty inches, with a general,

T:l.c;l:_('nnada from the air ((ntawa: Queen’s Printer, 19%6),
P 'l;hmt. usually hight and diy in the Atctic, is blown cauly. Dur-
ing high winds, # 1 dihcult to determine whether new anow h fall.
ing of whether uid snow 1 dafung and standard precipitation
gages cannot Jdutinguish the two. Measutement of snow depth s
hindered by the wind, which ¢auses uneven Jdrifting

*R F. Btack, "Previptation at Batrow, Alaska greater than re.
cotded.”” Transections, American Geophysical Union, XXXY, No.
2 ¢19%4), p. 20N,

ML Dhiamond, At temperature and precipitation on the Green-

land lce Cap, SIPRY Rept 43 (19%¢) . p 6
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although slight, decrease inland to the south.
Much of the southern part of the Greenland Ice
Cap receives comparable amounts, as indicated
by studies made at the Mint Julep site in the sum-
mer of 1953.'* Of this amount, about twenty
inches is added to the ice surface each year.!
Still greater amounts fall on the west coast of
Alaska, Hudson Bay, southern Baffin Island,
Labrador, and southern Greenland. Annual
snowfalls ot over sixty inches are commen and
amounts over one hundred inches occur in the
more exposed coastal regions.

In most of the Arctic snow may fall during any
month of the year, although it is rare during the
months of Juiy and August. Nevertheless, Point
Barrow averages one inch of snow in July which
is more than Thule receives in cither January or
February. The northern nalf of the Archipelago
generally receives more snow in the summer
months than during any winter month.

As the temperaiure begins to decrease in the
fuli, snow storms become more frequent, a coadi-
tion that occurs first in the most northerly
parts of the Arctic. In the northern islands of the
Archipelago snow storms are frequent in Septem-
ber and some stations have their greatest snowfall
then. Farther south in the Archipelago and along
the northern coast of Canada and Alaska the
month of maximum snowfall is delayed until Oc-
Wwber, with yet another month deluy in those
coastal areus where the sea either does not freeze
or freezes late in the scason. The month of maxi-
mum snowfall occurs on Baflin Island, Labrador,
and Bering Sea coasts as late as November, De-
cember, and even January.

Except for these exposed arcas mid-winter
snowfall is generally rather light in most of the
Arctic, although the wind may cause a great deal
of shifting of the snow already on the ground. As
spring arrives, with warmer temperatures and
higher absolute humidities, snowfall increases to
a secondary maximum over most of the Arctic.
The amounts falling in March, April, and May
are generally not so great as those in September,
October, and November, but there are exceptions,
espectally in the eastern Canadian Arctic where,

B E. LaChapelle, “Ablation studies in the Mint Julep area,
souihwest Greenland,” Project Mint Julep (Mavwell AFB. Arctw,
Desert, Teopic Iaformation Center. Rescarch Studies Institute, Asr
Univeraity, 1955), Pr. 1], p o}

R Schuster, “Snow studies.” Project Miar Julep. Pt 11
(1954), p. 7.

quite frequently, the month with the second high-
est snow ‘all is April.

The number of days during which snow falls,
although variable, is generally relatively low.
Most of the Archipelago stations have less than
sixty days on which it falls with a few averaging
less than thirty. As in the case of quantity, the
stations at which it most frequently snows are
found in the more southerly coastal areas.

In recent years, much attention has been given
to the study of the depth of the snow as it varies
during the year.!* Records of actual snowfall
are generally not a reliable indication of actual
snow depth. Heavy snowfall may be removed
rapidly through melting or by wind, in which case
a thin snow cover may prevail. Contrariwise, light
snowfalls which are additive may result in a rela-
tively deep snow cover.

During the summier, when the snow cover is at
a minimum, there are several types of areas which
may retain some snow. These include glacier sur-
faces, high mountains, deep shaded valleys, hills
with northern exposure, and, during some years,
protected locations on sea ice including the ice
islands.'® The snow that falls in the summer gen-
eraily melts rapidly and it is not until September
that snow may begin to remuin on the ground in
the more northerly latitudes. By the middle of
September most of the sea ice of the Arctic
Occan'® and nearly alf of the istands of the Archi-
pelago have a cover of one inch, a cover that ex-
tends over near'y all of the rest of the Arctic by
the middie of October. The coustal arcas of the
Bering Sea and Labrador are exceptions.

Once a snow cover develops, the snow tends to
remain, except for wind removal, until the next
melt season. Duration varies from seven months
in the southern parts of the Arctic to over nine
months in the northern islands and on the sea ice
of the Arctic Ocean (Figure 2). Once snow melt
begins it proceeds rapidly. Snow disappears first
from the Mackenzic River basin, including the
delta, about the end of Muy. By the end of June,

' Three studics 00 snow cover are significant. 1) Arctie Con.
struction and Frost Effects Laboratory, Deprh of smow coier in the
Northern Hemisphere (Boston: U, S Army. Corps of Engincers,
1954). It shows *° . the average deph of the snuw cover in the
Northern Hemisphere on the frst day of cach month, from 1 Ox-
wober through 1 July.” p. 1. (2) ¢ C. Boughner ant J. S Potter,
“Snow cover in Canada,” Weatherwnise, V] (1983, 155.59  170-71;
13 E. Eapenshade, op. cir . p. 92,

AP Crary, “Arctic e nland, and ice shelf studies, pant 1.
Arctic. X1, No 1 (1958), p 16,

¢ AR carly snow cover on the sca ic 13 vOfy important in in-
fuencing the rate of sea-1e growth,
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Fiewre 2. Duration of snow and ice in the American Arctic.

the month of rapid mehing, the snow has disap-
peared from nearty all fand arcas. Over the ere-
tic pack 1t may fast somewhat longer, atthough
cven there snow mehiing begins by the nuddie of
June

tn the Arctie during .. the course of winter
the thin autumn fayer of snow grows in thickness,
atniost impereeptibty, I This growth con-
tnues untin after the spring equinox when a muni-
mum snow depth is recorded. Northern Aliska,
the southernmost part of the tundre Fabrador,
ated Unging have a maamum deptn of snow in
‘Yaarch North of this bett the minumum oceurs
i Apnt abthoueh the most northerty asfands have
2 mavnnt i May,

Fhe average depth of snow on the ground dur-
myp the month of mavmum s less Than ten inches
m the northwestern wshands o the Archipelago
Most ot the rest of the Arctic has o depth ranging

MM Somioy Okvervationad data of the asentific reicarch
droveog afuatieqn o0 J9Y0 [V grans Amictioan Meteofoivgioal S
ey Wavnegton 1% Of%ice of Techniial Scrvies, Ivtes |
se. b op o

Boae: St “Geogrtaphical notes on the Harnten Grownmds”
KNep ot ov tie mirh Prale onpredicice IN2E 240 1 So @ cdwdt st

between ten and twenty nches, although  the
southern part of the tundra is covered by twenty-
five inches. Along the west coast of Alaska dey ths
of snow are even greater, as they are in south-
castern Bathn Bsland and Labrador. In these
arcas ground cover s over forty inches during its
average manimum ( Frgure 3).

AsIn so many instances, average conditions are
ot good indications of the true nature of 4 distri-
bution whether 1t be  temporal or regional.
Stefansson wrote that

- most ef what httle snow fulls n the far
Narth s soon swept by the wind o gulhies and
int» the lee of ol <o tha from seventy five 10

mpety per cent of the surface of arcne Jand s
comparalinvels Nee from spow ar all seasons '

Deep snow s found only behind rocks and ndges
on fand and behind hummocks on sea e Any
surface frreeularity furnishes o focus for snow
drifts - Near the shore where humnuocks are es-

pectally numerous snow dafung s extensne. Out
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Fivure 3. Averave snow and ice conditions on 1 March.

on the smooth seir e snow accumulates Fairly
cveny over the sarface. e contract o the
ruther persistent snow cover on seir see, ke e
v frequenty swept clean (Figure 4y, Uneven
snow distnibution has also been observed on the
Greenlaind fee Cap. In
Lite spong and carly summer the deepest
snow s i the vallevs and Like basins and on the
fee sides of the nidees, the thinnest snow cover
oon the ndee tops These differences in snow
depthy thoceh small miuence the selection of

trads and sostogps duenme the colder months @0

Blowing sncs v not only hazasdous o many
opcrations i the Arone bat s also mportant as
Sorchich maditior - Rehet on the already relauvely
tat surtuce mont common i the \retic is turther
reduced s the snow ditts ite the valleys and titls
therm Althoagh patches ot Lake dce may b tree
of siow near the shore dotting » usually heavy

amd the shape of Likes i dithicult to discomn from
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the air. The same condition prevails at the sea
ice-Lmd boundary.

On the snow surface itsell, surface features are
tormed by the wind. The well known sastrugi
are the most conspicuous fornis, This term fre-
quently includes all snow-suriaee forms resulting
from the scouring aind filling action of the wind,
‘These forms vary greatly in shape with variations

Picure 3 T ake noe tromi whach anow has been

sty dleared vy the wind,
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Figure 5. Snowdrift after snowslide, illustrating
wind compaction.

i velocity and direction of wind and in snow
properties.

Snow drifting and wind packing (Figure 5), by
lilling up hollows, smoothing out surface irregu-
laritics, and hardening the snow cover, bring many
advantages to man. The inost important are prob-
ably the creation of ready transportation routes
and landing surfaces, furnishing of a building
material, and a source of water supply.

Although snow is the most common type of
solid precipitation in the Aretie, there are several
others that udd to the total, including sleet, rime,
hoarfrost, ice needles, and glaze. Somc of these,
especially hoarfrost, occasionatly contribute signifi-
cant amounts  in the  low-total  precipitation
arcas.t!

Snow varies greatly in character during the dif-
ferent scasons. Somov, for example, observed at
his ice-tfloe station that,

In the spring period. the solid precipitaion con.
sisted chiefly of hexagonal snow flakes, during
the warm seavon, of granular snow, and some-
tmes Gy, ¢ goon 20 December) triagonal snow -
Hakes felis

Because of 1he vanety of precipitation types and
of snow forms which muy enter inte o snow cover,
ity properties are highly variable,

Snew muny be an oelistic bady ke e, or a
tughlv brttle or Tragle substance, as granular
snow, or g substance which may be considered
a e powider, o cold posder snow. ‘therefore.
when studving the naure of snow, a wide range
of propetties st be comuldered. =

G D Rekbter Seiom Lwier ity Toemutien asd  properties
SHERY frans 6 o Qwsdy g ¢

Op it ML w0 M p &

U Lakahashy and &
trans e f9ldy n g

hude, Hatdien test of spow, SIPKRI

-t
T e T e T

. . > - ALY - - . C et .
e PRI P LTS s v

e ] R S e

Snow properties include density, hardness,
strength, waterholding capacity, porosity, crystal
size and shape, among others. Probably the most
important physical propertics of a snow cover are
its density and hardness.

Both density and hardness vary regionally and
scasonally and may also vary vertically and hori-
zontally within a given snow cover. Freshly fallen
snow has an initial density that varies with snow-
flake size.** With settling and packing, density
increases and the longer it remains, the denser
it becomes.** Although such pressure is the first
cause of density increase, it accounts for only a
relatively small inercase. Even after settling, the
density of a fresh small-flake snow cover is less
than 0.2.2%

Increases in density beyond these initial
amounts are brought about in a varicty of ways.
Wind is considered onc of the most important.
M. A. Bilello, for example, found that “. . . high
snow densities frequently were associated with
strong winds and low densities with light winds.™**
Wind not only erumbles snowflakes in the air such
that they ean be forced into air spaces i the snow
but it zlso uses them in bombarding the wind-
ward surface of a snow cover packing it.** In
this process, however, wind creates a wind slab
that protects the lower layers from further bom-
bardment (Figure 5). Subsequent snowfall and
windstorms result in crcating a series of layers of
varying densities, densities which are affected by
other factors including crystal growth.** the ad-
dition of melt water, and compression resulting
from alternating frost and thaw weather.

Hardness, like density, is affected by wind and
temperature, a fact repoited by KXo R, Koch in
1895.% As wind speed incrzases, hardness hike-
wise increases, Records collected in the past few
years on density and hardness of snow cover at
the various weather stations in Arctic America
show that there are seasonal and regional differ-
cnces. These differences are not yet well docu-
mented but in general show that density and hard-
ness nereise as winter progresses and that they are

NGO Dottieva, Caloulution ot anew cover Jenity uring me.
tewrologionl date NIPRE trans 23 (1988 p |
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higher in the Canadian Archipelago than on the
mainland of Canada or Alaska.™!

Ice. If it was not for the snow that mantles
the surface of the Aretic throughout most of the
year, ice would be the most widespread surface
form. it covers nearly all of the lakes, rivers,
and ocean for much of the year; indeed, most or
all of the year in much of the Arctie.

As in the case of snow, ice may be an asset or
a hindrance. It not only hinders but, in ncarly
all of the Aretie, completely halts all water trans-
port. At the same time, however, it may prove of
great benefit to surface and air transport through
the formation of natural roadbeds and landing
fields (Figure 6). Frequently of great importanee
is the faet that ice allows reduetion of travel dis-
tance between two points. Lakes, which during
the thaw scason make eircuitous routes necessary,
present a solid surface during winter. Therefore,
the time of freeze-up and thaw are significant
in the Aretie. lee is indircetly quite important in
climate. By separating water surfaces from the at-
mosphere, ice tends to give continental charac-
teristies to much of the Aretic that otherwise
would be maritime.

Ice in the Arctic may be considered for con-
venience under the following categories:

Lake and River Ice
Ghlacial Tee

a) dee Caps

w leebergs

¢} fee Istands

Sea lce

Luke and River lce. A large portion of the
land arca in the Arctic and Subarctic is covered by
lukes and rivers which freeze during the cold sea-
The pereentage of the land
covered by fresh water in the summer und fresh-

son, exact arca

water ice a the winter has never been accuriately
caleulated. but it & high in comparison with other
pans of the worid.

In regions described as flat, likes cover on the
average about 40 per cent of the arca, although
in many regions the aniounc may be as much o
90 per cent.™ 1n the llly ard mourtainous see-
tions of the Arctic, lakes are less common. Lakes
vary greatly in size; some are among the largest
in the world such as Great Stave Lake and Great

Bitello, op it p 4

28 Brewer, “lhe thermal regime of an arctic take”” Tran-
wctiony Amerian Geopboastead Umon XXXIXD No o 2 (149885 p
-

27
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Figure 6. Smooth surface of snow-covered lagoon being
used as a road. This lagoon is also used as a
landing strip.

Ay
Bear Lake. Most, however, are quite small and, .L
in the glaciated areas, quite irregular in shape.®® Y
Rivers and streams are also numerous in the R
Aretic. Many arc eonnections of the numerous N
lakes and are short, eontaining many rapids and -
falls.** Some of the rivers, such as the Mackenzie e
and Yukon, are fong and earry much water to N
~

R,

the ocean. Their discharge is not great, however,
when eompared with the large rivers in the tem-
perate and tropical areas of the world. Many of
the streams, espeeially in the northern islands are
deperdent on snow melt and are thus dry except
for a short period of time during the melt season.
These streams are dry during the period of freeze-
up and therefore do not have river ice in the win-
ter.

The time when lakes and rivers freeze in the
Arctie is about the sume as when the snow begins
to remain on the surfaee, 2ithough the largest lakes
and the fastest and more voluminous rivers re-
main open somewhat longer. There are some
rivers, such as those leading from many of the
lakes in the Muaekenzie Delta and Back River,
whick have stretches that never freeze. In the
Archipelago lakes begin to freeze in August and
on the maintand in September, although the main-
land lakes generally do not become completely
covered before October.®  Snow falling during
freeze-up tends to blanket the areia, but muech of
the river and lake ice, being relatively smooth,
remains snow free because of wind clearing.

The period of ice cover on lakes and rivers
varies, but most of the Arctic has a cover lasting

BN Ofhue of Naval Operations, Canadian So<th Chap u,
PS4
20 Im.l intro, p 10
= PDunbar and Grecuaway, op ot . p 1K
[ ] ] [ J [ J e ® o ©
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cight months or more (Figure 2). The only parts
of the Aretic which have river and lake ice for less
than cight months are the Bering Sea coastal arcas
of Alaska, southern Greenland, and the Ungava-
Labrador region where the ice breaks up some-
what befere the middle of June.

In the northern Archipelago the general dura-
tion of freshwater ice epproaches ten months, al-
though occastonally ice remains in some of the
larger lakes throughout the summer, espeeially in
cool summers. Floating ice may remain in lakes
long after breakup, especially in those lakes with
small outlets. ™"

Although fresh-water ice begins to form at
about the same time as snow cover, it does not
disappear so soon. Usually ice will remair two
to four weeks after the bulk of the snow has
melted providing a great contrast in the appear-
ance of the landscape during the Tirst part of the
sumrnaer. The season of melting lasts from four
to six weeks, although it varies greatly with such
factors as river and lake size and depth.

The thickness of the ice in Jakes and rivers has
only recently been studied. It was not until the
need for landing aircraft on ice became an im-
portant phase of military aviation that systematic
study of ice thickness was begun, lee thicknesses
appear in many of the journals of explorers but
they are probably never maximums, as the intent
of the explorer was to get through the ice to the
water beneath and the natives who almost always
didd the digping would chouse focations where the
e was thinnest.™ Factors affecting such thickness
mclude not only temperature conditions but also
the snow cover, which acts as an insulator, depth
of the water, wind conditions, and velocity of the
water i the case of rivers,

As most kakes, especially the small ones, are
shallow. they freeze to the bottom during the win-
wr. the thichness of the wee on lakes and rivers
which do not freesze to the bottom probibly seldom
exceeds cight feet,™ a value used in water supply
recommendittions for the DEW {ine.

*Canada, Depatiment of Mines and Teohnteal Sutvess Giewe
eraphincal Bramh, “The Canadian Antn.” Curadien zevcraphn
tntormazion senes. No Y jesty, p V4

21 Reder, Compadatson amd stwds of e ths hrneves n the
Northern Hemuiphere (New York  Ameroan Geoglaphnal So
ety J9Sd) p 7

A AR, UCMWoater aupphy problomis in Jow tempetatuic ateas.
Aelecied papers Alorhan Siienie Conterence 198 p 220 Hecwer
wrrtes that. 1 akes “Bote than siv 1o seven fee! deep Jo oot fieeze
e the bottom Lo ihe abermial tepnne of an atotn lake” p
2%

Glacial Ice. At one time most of the Aretic's
land arca was covered with ice, although today
it is mainly free of this over-burden. Today gla-
cial ice has a restricted distribution, being found
only in Greenland, on the islands west of Kane
Basin and Baffin Bay, and to a limited cxtent on
the northern slope of the Brooks Range (Figure
3).4()

The size of individual glaciers varies from small
snow-filled valleys of Ellesmere to the inland ice
sheet of Greenland which covers nearly two-thirds
of a million square miles. The ice cap of Green-
land varies in gencral from 5,000 to 10,000 feet
in clevation. It has been described as a ™. . . re-
markably smooth and gently rolling snow-
covered platcau which conventional oversnow ve-
hicles can cross with ease, S Although 1t
does not have a completely symmetrieal dome,
it does have gentle slopes extending down frem a
crest at rates varying from five to fifty feet per
mile.** This slope continues to the edge of the
1ce sheet where the iee is relatively thin and where
many nunataks occur. Although there s an al-
most continuous ice-free zone around the coast,
ice reaches the sea in many places. About one-
tenth of the ice of Greenland is separated from
the main mass of ice and occurs in the form of
independent ice bodies. **

In the Cunadian Archipelago, which contains
about 60,000 square miles of gliciers, are found
several ice caps as well as alpine glaciers.** Some
glaciers extend to the coasts, although others ter-
minate before reaching the sea. The mainland
of Canada and Alaska has relatively few glaciers
and ncarly all of these are outside the Aretic.
There are a few small ~Isine glaciers in the Brooks
Range, Muackeisie Mountains, and the mountains
of Lubrador.

lce from ghaciers on reuaching the coust breaks
ofl, becomung icebergs. The icebergs of the Are-
tic are nearly all restricted to the water surround
ing Greenland, ongimating on both sides of Green-
Land as well as in the ishinds of the Cunadian

= | aeephions are found on e antin slope of Alasha and nrob.
abhyan patts of the Canadian Archipelago

“ROOSharp. “Olaciers i the Aran,” The dvnumic North, 1,
Noe T oobetes p BV O the KT mirlbon squate miles of glaciets tn
the At and Subarctic of the Sorthern Hlemi-phere, about 9%
pet vent are faund in North America Dintnibution an Notth Amet-
rea nosmular an that Gereentand contams about B85 per went of the
total with the Canadian Arvhipelage and vontinental Noeth Amet-
ea haveng T and VS per cent rospeatneh
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Archipelago. Although iccbergs are found in
Greenland waters throughout the year, there is
a seasonal variation in their occurrence and move-
ment. During the cold season many a@re anchored
in the wintcr icc along the coastal arcas. Normally
thcy float south and become entrapped in the Lab-
rador Current to be carricd out into the New-
foundland Banks rcgion.

Within eight years following 1946, when the
first ice island was recognized ** on a radar scope,
over sixty ice islands had been located within the
Canadian Arctic. Of thcse, aboui 75 per cent
wcre among the islands of the Archipelugo, the
rest in the Arctic Ocean.*®

The size of these ice islands which are believed
to have originated on the north coast of Ellesmere
Island ¥ varies up to 200 square miles in area.
Crary and Brownc writc that, “Thc total ice istand
arca is about 1,000 squarc milcs, with most of
this made up by the four largest islands.”*"

These istands. which are comparable to the
tabulur icebergs in the scas around Antzrctica,
are relatively flat and may be as much as 200
feet thick. They are quite stable when compared
to the general ice pack which 15 in almost con-
stant motion and they are durable as long as they
remain in the Arctic.

Although they are usually referred to as flat,
some of these islands have a rnidge and valley
type surface with a local relief of two to five feet
on the average. As the isiands are snow covered
most of the year, troughs are not obvious features.
During the two month melt scason, however,
these troughs, beng titked with water, stand out. ™
During summer numerous fakes are present, lakes
that are connected by streams which eventually
driin to the sea.

The importance of these istands as scientific
stations stems not only from their relative perma
neace and stabdhity but abo from their movement
around the occan. Thiy movememt v affecied by
many fuctors including wind, ocean currents, the
iskind’s thickness, ocean depths, and the relaton-

< e uslards, although posubiy not recogrsed for thent frus
ratute, wete obsetred and used Dy coplotets paor o 1936 It as
belicved that €0 W delong m Iaal Gosed over e and that
Sothetsen an 1913 wsed one ay a2 Hoating base Lot sin months e
Mowra Dunhar, “Untoncal references o oace nlands. 4rone v
No 2 Iesti o p X .

“Craty and Heowne, Probable e sdand focatises sn the Aradi
Basin, Jumary  19%4 oCambridge. Muans Au Loiie Cambindpe
Rescarch Center, 1964, Ne S0 p 1t

ClS KNoemg et al, TAnLDC see nlands U gt v Na 2
1S p 67

SO g p 2

Clranv op suop

ship existing between the ice island and the sur-
rounding ice pack. Although the rate of move-
ment is quite variable, T-3 (Fletcher’s Ice Island)
averaged about one nautical mile per day in its
nine-ycar circuit.®

Sea Ice. In arctic waters are found several
types of land-derived ice including river ice, ice-
bergs, and ice islands. By volume and surface
coverage these form a very small percentage of
the total and, with the exception of ice islands,
are almost never found in the central part of the
Arctic Ocean. The bulk of the ice in the seas of
the Arctic is sea icc.

Sea ice distribution varies greatly from one sea-
son to the next. During March, when sea ice is
at its maximum extent, it reaches south to about
60" N. in the Bering Sea, and to James Bay and
Ncwfoundland. The only area relatively free
during this scason is the southwest coastal area of
Greenland (Figure 3). In summer nearly all of
the coastal arcas are free of ice and it is restricted
to the Arctic Basin cxcept in some of the straits
in the Archipelago and along the northern coast
of Greenland (See Figure 16). Such ice-free con-
ditions are of short duration  Only Hudsen Strait
Hudson Bay. the Alaskan coast south of Bering
Strait, and most of the coasts of Greenland south
of about 75 N. arc free of icc for more than
four months of the year (Figure 2).

Several factors affect the time of ice formation
and of ice breakup. Among the most important,
besides temperature  conditions, are the  size,
depth, and shape of coastal indentations and
straits, direction and strength of winds*' and
ocean currents, fresh water drainage from land
arcas, and tidal conditions *

For man, one of the most important zones of
ice formation is along the shote. Numerous fac-
tors intluence the character of shore ice including
winds and tides. Arcas with tow tides and little
wind usually develop a wide, smooth sea-ice cover

- }l. \v;rdmp. “Arciw sea ice,” The dinamic North. 1, No. 6
18ty p

Stefanssen tn My lite with the Eshimo {New York: The Mac-
meilan (o, 19%]) emphasized the impoftance of wind at 1 affects
ne sondittons along the coast of Alasha ncar Point Bafrow  as
follows “lhe sprng [1908] had been an cafly ane, s far as the
dnappeatance of anow from thie land was conceined, but after all,
temperatute has practieally nothing to Ja with navigability of the
Afitie hean potth of Alasha It s entirely a2 matter of the pre-
vailling winds When westerhy winds blow, the ne i blon ked solidh
agatnst the land. while wuth casterh winds (3¢ e poes abroad,
feaving no obstructions (o nastgation  §ouf ycafy lalef, it the sum
mict of 1912, 1 saw the Polar Sca weat of Point Batiow apparenthy
as open ay the Atlantic off Sandy ook, -0 spite of the fact that
the summicr of 1912 way the coldest of tharty scarny © p 47

21 Jeeneas, lThe Physical goography of the watefs of the west-
cint Canadian Arncn ) Geogrupkicad Bulletin, No 4 (1943 p 48
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Figure 7. Rough shore ice in Frobisher Bay.

with relatively few hummocks—a type especially
good for usc as a roadbed (Figure 6). In con-
trast, high tides and winds result in the formation
of a rough surface near the shore (Figure 7). The
time of freeze-up is also important, for. if it comes
during a calm period, the ice will be smooth:;
whercas, if during a stormy period, it will be
rough.

Many methods of classifying sea ice have been
used, including that of the U. S. Hydrographic Of-
fice based on navigability. A somewhat more re-
cent classification, based on the regions of origin,
has been summarized by Moira Dunbar. In this
classification, ice in the American sector uf the
Arctic Ocean is considered as belonging in four
groups: North Pole, Palcocrystic, Baffin Bay, and
Last Greenland.™  For purposes of this study
three additional sca-ice groups are added; namely,
Hudson Bay. Canadian Archipelago, and Bering
Sca (Figure 8).

The North Pole ice region, extending from
Greenland across the pole to the north coast of
Alaska, is made of ice that is mostly old (85 per
cent according to Corton **); the rest is winter
ice. Winter ice forms in the many openings and
leads that oceur in the polar pack, even in the
center of the Arctic Ocear. These leads are tem-
porary in the winter, freezing over rapidly once
formed. In contrast, summer leads do not freeze
but remain open until the fall unless closed by ice
drift.

The thickness of North Pele ice varies greatly
from the relatively thin winter ice in undeformed
leads to the thick e found in pressure ridges.

. "\hale.v masses, vrvulation, e woned” Geographs  of the
northlands, ed Kimble and Good «New Yurk Amcrwzn Geo-

eraphical Soviety and John Wailes & Soms, dne, 19955 chap o,
p oS

A study of the arctic ce pack.” Tramaation:, 4dmeit: an Geo
rhisical Unton, XXXV, no 2 01989 p 128
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Winter ice, formed under severe temperature con-
ditions and little or no insulating snow cover, may
be as much as ten feet thick.” T. Armstrong
writes that, “In general, thickness tends to in-
crcase with latitude, . But many exceptions
to this tendency have been” found.”*¢ Polar ice
has a thickness that depends on the relationship
that exists between winter freezing, summer melt-
ing, and hummocking. Thickness will range gen-
erally from about a maximum of twelve feet for
unhummocked floes * to a maximum approach-
ing sixty feet in pressure ridges.™

Pack ice is made of ice of various ages.™
Wind and currents are important, for under their
influence™. . . the ice is constantly drifting and
material of various ages may intermingle, giving
risc to a unique mosaic of ice or different age
and shape.”™ As a result of the pressure the ice
sheet has a variety of relief features. According
to Peschansky, “One of the most important factors
in an ice field is its surface, . . ."% a surface that
is quite, irregular during all scasons of the year.
It is criss-crossed by pressure ridges and by open
or newly frozen leads both of which generally run
in all directions because of the variability of the
winds.®* These ridges are formed primarily
through the buckling of relatively weak young
icc.ﬂ.'l

During winter sea ice is generally covered with
snow—relatively thin on the smooth areas but
quite thick in the lee of hummocks and ridges.
During the two or so months of summer when the
snow and some of the ice melt, the ice surface
contains numerous thaw pools. Melting rounds
ofl hummocks and forms depressions. The ice floe
upon which the U. S. drift station Alpha was lo-

“~ Sverdrup, op. cir., p. 13,

s The ice of the central Polar Basin” The Journal of Glaclol-
ogr. 111, no. 22 (1937), p. 108,

5 N. Untersiciner and ¥ Badgley, “Preliminary results of ther-
mal hudget studies on arctic pack ice duning summer and autumn,”
Arctic sed tce. ed. W, B, Thumnton ( Washiowion® Nabomal Acad-
emy of Siences-Natonal Rescareh Counail, 19
They also writg inui . . . everywhere in the Ar i
heat supply during a part of the summer 15 suflicient m r.t the
recent snaw coser and a certain amount of solid (“old™) ice.
When the znnual amount of accretion equaly the csummer «blation,
then the pack ice has reached its stationary thickness.” p. 91,

5 Neardeup, loc. cit.

1. 8. Peschansky, “Physical and mechaieoal properties of arc-
tiw e and mcthods of rescarch.” drifis 2o dve p 10V Pewhan
shy reports that the floe on whichi NP4 was hocated had cunaied
mne ycars when the study wzs begun 1n 1935, “The uppcr (active
layer) was in the temt® year. The age of polar ¢ in a relative
matter and mas br uctermined on'y for the eivin moment, as the
process of mettang of the upper e surface and the growth on the
flower surface 1s ging on cunstantly.” n. 1O}

=2 A Kinllos, “Classifivatica of arctic e and #a distnibu-
‘w10 the Suviet sector of the Arctic,” droire sea ice. s, |,
p 12
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3 East Greenland
4 Baffin Bay
$ Canadian Archipelago
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7 Bering Sea
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;‘ Figure 8. Sea ice tvpes in the American Arctic. Adupted from Moira Dunbar, op. cit., p. 51,
cated had an estimated cover of melt water Palcoerystic tce oceurs in the buffer zone be-
2 amounting to 30 per cent in July, 1957, when it tween the North Pole ice and the Canadian Archi-
% was at 82 N During the dnft of the Fram pelago. This ice. although separated from the
[" the crew™ .. amused themselves by sailing boats North Pole ice by great leads in summer, is pri-
N on the fakos which formed in summer on the ice marily made of old pokar ice. It differs from the
Gelds, 5 ice of the Polar Busin in being older, thicker, and
Surface water is very important i the thermal much rougher. Tuis in this belt that most ¢f the
3 . . . R : e wslands have been observed. Virtually none
. regime of an dee pack, for it reflects less of the -

of this ice penetrates between the isltands of the
Archipelago exeept through McClure Strait.*

Fast Greenland ice comes primarily from the
Arctic Occan, although it also contains locally
formed ice including icebergs. lee from the Arce- -9 @ —
tic Ocean iy carried south by the East Greenland

incoming radiation than either snow or ice wnd
thus speeds up the melung rate. Increased melt-
ing in ponds creates holes i the ice through which

the ponded fresh water drins, This fresh water,
with o higher freezimg temperatnre than the sea

water bencath the e, freezes o the bottom of

k) Current after it has reached the southeast portion FIRES ° Oy

! the seitice of the polar pack. This southwiard-moving ice is S

b . o ' . o 3 " o

k ) T rTerRtemes T HEEIE s g et bt 3 a continwous phenomenon such thit the northern :

SNCN Zubos, drotn tve and warmnng of the 4o fin Vtan, 4 . = . .. X o sl R n a1

;. Hope cOttaws, Canada Uefenve Rescanch dloant fvse, poois and central coast off cast Greenland is n“lrl} al ® °
Some of the ponded water That coclies afeuiid cainps o sea e 8 o0 a \ 0 o t > - -
fesults from man's presetiuc Somon o commentine on the Russian P BAR I 1‘0“”(]. th “““h “nd h "glh v lh" h"h

Station North Pole 20 notes that, “An ospestally lalge anment of
melt water aceumulated an the camip arca, when larpe sPosdrafis
had amassed duning spring months, and whose weght had caused
4 conmidetable sag basin an the ne Lurthermorce the woaled surface
of the snow g e 1 the vamp acoeletated thowy Oy vt
Ioseo o0t =] tevriens op i p 47

clumge waith seasons. Duting the wanter  ice
reaches around Cape Farewell and extends as tar
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north on the west coast of Greenland as Ivigtut,
The ice itself is . . . usually broken and raited
into innumerable heavy floes of various sizes with
a thickness often 20 to 30 feet.”v?

Baffin Bay icc is formed in Baffin Bay itsclf
and in some of the sounds to the west thercof.
In general, the movement of this ice is toward the
south carried by the Labrador Current. Baffin
Bay ice is younger than the North Pole ice.™
Bathin Ba}' ice on the whalc s not su thick as the
ice found in the other areas. It contains many
icebergs which have been discharged from gla-
ciers on both sides of the bay.

Dunbar and Greenaway have written that

All the waters of the Canadian Arctic are ice-
covered for all or pann of the year. The amount
and duration of ice cover, however, varies con-
siderably, increising not, as might seem natural.

from south to north, but gencrally from south-
cast to northwest 69

The sea ice found in the straits of the Archipelago
is quite variable becaase of a viriety of onigins,
In many arcas, as in Amundsen Gulf and Simp-
son Strait, the only ice present forms in sitie and
all of it mehts during the next thaw scason.

The other extreme is found in such areas as
Heela and Griper Bay where ice remains through-
out the year.

Some of these badies of ice may become largely
covered with wiler or their surfaces, and may
even partly break up in certiin instances, but
becanse there is no way for the ice to disappear
other 1than in melting in situ, the essential char-
weteristios of a tovd covering is retained 3
In addition, there are arcas in the Archipelago
xaere tocally formed new e and old ice, much
ol which has been brought into the straits by winds
and currents, oceur together,

Hudson Bay, the most southerly part of the
Canadian Arctic seas, was behieved o be partly
ice free throughout the winter until recently. It
v now  known, however, that the entire bay
frecees. The pack s almost ol winter ace, al-
though 1t does contain some sharp and jagged
pressure nidges. It averages kess than most arctic
pack dce in thickness, being only three 1o sin
leet,!
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Bering Sea is somewhat comparable to Hudson
Bay in that the ice in it is almost all entirely new
each year. In the northern part of the sea the
bays have ice forming as early as October after
which the amount gradually increases, spreading
southward.

Sea ice has certain physical and chemical
characteristics which are of great importance to
man in the Arctic. The first ice crystals formed
in uccan walct are puic ice, but, as they continue
to form, salt water is trapped and, as the tempera-
ture lowers, it also freezes. “Thus, sca ice is
formed which consists of pure ice containing nu-
merous small cavities lilled by brine.™* As the
amount of brine trapped is mainly dependent
upon the rate of freezing, sea ice is variable in
salt content.

It is a well-known fact that as sca icc ages its
salinity decreases. This change is believed to re-
sult because the temperature at which water
freezes varies with salinity. Fresh water freezes
at o higher temperature thun saline water. 1f a
temperature gradient exists in the ice, brine will
migrate in the direction of the higher temperature.
Thus, during most of the year it will migrate
downward, as the water temperature beneath the
ice is higher than the wr wemperature above it.
As @ result some sea iee is practically fresh.™

The salt content, incorporated air bubbles, and
temperature of sea ice affect its physical proper-
sies. Generally, the fresher the ice the more valu-
able it is to man, not only as a scurce of water but
abo because it possesses more desirable physical
properties.™

Fermafrost. The paucity and recency of perma-
frost rescarch belie its significance to man in the
Arctic, for its direet and indirect ellects are great.
It has to be comsidered in the development of
water supply and sanitation systems, construction
of buildings, highways, and airports, and in min-
g and agricuttural pursuits. Although generally
considered  as one of the environmental  hin-
drunces i0 be overcome in the Arctic, perma-
frost may be used 1o advantage in naturat cold

Thacrdrup, o ot pob

Ihad p X Although the csacl phyvaical praness by whach sea
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Continuous Permafrost
Discontinuaus Permafrost

Sporadic Permafrost

Glaciers

storage, cross-couniry transportation, and many
types of construction.

Permafrost, which underties to varying depths
about 26 per cent of the world's land area.™ is,
as stated by Troy Pewe, “Perhaps the most com-
mon result of long cold winters and short sum-
mers. . P Other conditions favoring perma-
frost formation include low annual rainfal} and
snowfull, cloudless winters and cloudy summers,
rapid evaporation, cold winds, and low insolu-
tion.’+
found us far south as 50 N in
North America and Asia,
centration and depth. Because of such variations
it has been arcully subdivided into three belts:
continuous, discontinuous, and sporadic, the dis-

Permafrost,

varies greatly in con-

tributions of which are hnown only generally

=R, Black, “Permaltost A review,”
Soviety of Ameriva LRV (1944 p 3V

*Permalrost and 1ty effest on lfc i the Nortn™
ogy —Biology Collaguium. 8 H P
Mate College, 1957), chap i, p 12

 Wlack, Permalrost as a3 natural pheromenon,”
North (L Na L (9% p 12

Bulletin ot the Geologioul

Aot Mol
tlansen tCotvallis Oicgon

The Jdvnami

Figure 9. Permafrost distribution in North America. After Bluck. “Permafrost as a natural phenomenon,” p. 4.

(Figure 9). In the continuous zone permafrost,
found c¢verywhere cexcept under large bodies of
water, is normally quite thick, with depths of
1,300 fret in places, and has a shallow active
layer (Figure 10). In the discontinuous zone
permafrost does not possess the continuity nor the
depth found in the continuous zone and it also
his & thicker active layer. The sporadic zone is
characterized by scattered permafrost only. The
arca of concern in this study lies almost entirely
within the contincous permafrost zone.  Excep-
tions oceur alorg the west coast of Alaska, the
arcas around Hudsen Bay and Hudson Strait,
Lubrador, and southern Greenlund (Figure 9).
Permufrost  characteristies  of  sigmficance  to
ice content, and
Although the tem-
peratures i the upper levels of permafrast vary

man inciude its temperature,

thickness of the active layer.
seisonally,

they do not reach the low wempera-

tures of the atmosphere. The snow cover during

winter insulates the frozen ground beneath.
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Figure 10. Approximare distribution of permafrost across Alaska.
Ajier Black, “Permafrost as a natural phenomenon,” p. 4.
Although, as dcfined by S. W. Muller, perma- at low altitudes and less in poorly drained

ground than in dry, well drained ground. Depth
of thaw is at a minimum under certain types of
tundra, . . . It is less in areas of heavy snow-
fall. in regions having cloudy summers, and on
north-facing slopes.**

frost does not necessarily involve water and there-
fore ice, most permafrost ts ncverthcless, consoli-
dated by ice.’~ This tce, occurring tn various
sizes and shapes, has bzcn considcred as *
probably thc most tmportant featurc of perma-
frost affecting lifc in the north.”™ Pewce has
grouped ground ice into the following threc main
types:

(1) interstitial ice and small segregations of ice

til about September when refreezing begins.

traction cracks in the frozen greund, and (3)
lurge clear-ice musses that perhaps represenl
buried ice or snow.*

The active layer, the part of the ground that
freczes and thaws scasonally, varies in thickness
from a few inches to ten feet and more.' Gen-
crally this layer, which is most thin in the north,
increases in thickness toward th.. south, just the
reverse of permafrost itself. The many factors
affecting this depth of thaw are summarized by
Black as follows:

It is al a minimum in peat or highly organic
sediments and increases successisely in cliy, s
and sand to a maximum in gravelly ground or
exposed bedrock. It is Tess at high altitudes than

Jg———

* Permulront or permanently trocen ground and reluted engi-
neering problemy CAnn Atbor: ). W, Ldwards, Ing, 1947y, p 3
Permafrost as used by Muller is a tempesature phenomenon and,

ths, may be “dey.”" Dy permafrost s = - usually found n
andy of i oiher coarse grauned viastie matesial that dramns casth ™
p N
T Pewe, op air, p I8 . p 0
=thtd.. p. 19, Fivare 11, Pingo near Tuktuvakiok, Mackenzie
* Black, “Permalrost as a natural phenomenon.’’ p 6 o P
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The active layer begins to thaw as the snow
melts from the surfacc and increases in depth un-

Permafrost areas arc charactcrized by untque
that grow as the ground becomes frozen. (2) foli- surface forms, most of which result from frost
ated ice masses or ice wedges that grow in con- action within the active layer and from the melt-
ing of icc-laden permafrost. Water movement in
the active layer, accompanicd by freezing, may
produce a variety of swellings or frost mounds.
The largest of these are pingos, which may grow
over 200 fect high. They are quite common along
the coast of northern Alaska and Canada espe-
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Figure 12. Breached crater of pingo.

cially in river deltas (Figure 11 and 12). Other
forms such as frost blisters and icing mounds are

smaller, composed mainly of ice, and have a life
span of only a few years. Besides such non-sorted
features, frost action, along with other processes,
produces a variety of patterns in permafrost areas.
The ice-wedge polygone found near Barrow are
examples. Depression forms, such as pits and
even lakes, may result from the thawing of perma-
frost that contains much ice.

Vast areas of the Arctic are characterized by
numerous ponds and lakes and boggy soil. Sur-
face drainage is poor and many of the ponds are
self-contained most of the time. Such an abun-
dance of surface water could not exist under the
precipitation regime characteristic of the Arctic
if it was not for the presence of permafrost.

The Cultural Base

The Eskimos

The environment depicted above is that to
which the Eskimos adapted. Because of the great
success they achieved in this adaptation, they are
frequently considered as masters of their environ-
inent. Many of their inventions and techniques
have yet to be bettered, despiie modern materials,
machines, and technologies.

The Eskimos, a Paleo-Asiatic people, with a
homogencous, although relatively complex, lan-
guage, extend in the Americas from the Bering
Sca one-tinird of the way around the world to east
Greenland (Figure 13). In latitude their extent
is almost as striking, for they range from north-
west Greenland, the most northern permanently
inhabited place on carth, as far south as southern
Labrador, or over 1,700 statute miles. The total
arca of occupation, however, is nmch less than
the latitudinal and longitudinal Emits would sug-
gest. First, most Eskimos are coastal dwellers,
although exceptions cecur in Alaska and central
Canada: sccond, nearly all of the Eskimos live
coastward of the trze line; and third, a very large
pereentage of the area within their boundaries is
uninhabitable. muen of it being ice, sea, lake,
swamp, and mountains.

The total numiber of Eskimos in North America
i relatively accurately known today because of
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Amcrican, Danish, and Canadian censuses. In
1956 Margaret Lantis wrote that the Eskimos
numbered probably 55,000,** possibly as many
as a2t any time in history. Of this total, nearly
one-half live in Greenland, one-third in Alaska,
and onc-fifth in Canada. All three political areas
have shown substantial gains since World War 1l
with an average rate of increase approaching 20
pe. cent every ten years. This rate is destined to
continue rising as the mortality rate decreases.
Such a rate of increase, even though the total
population is relatively small for such a vast arca,
is significant because of the limited food resources
in most of the American Arctic.**

The Eskimos, although not organized in tribal
units like the Indians, usually lived in loosely knit
groups within a particular region. Seasonal no-
madism, occasioned by hunting conditions, re-
sulted in great variations in the size of the groups
from onc scason to the next as well as variation
in the particular site occupied at any onc time.
Nevertheless, the Eskimos  usually  associated
themselves with a particular region, the name of
which often became an integral pant of their
group n»me.

wcAmeran arctic populations: their survival problems,’ Are-
11c Bikdogy Biology Colloguium, chap. 2, p. 119,

* The new sctilement at Scotesby Sound resulted from population
pressufe at Angmapssabih in east Greenland.
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Figure 13. Eskimc distribition. See appendix A for list of the groups numbered.

After Weyer, op. cit.; & Birket-Smith, The Eskimos.

vision of the Eskimos into workablc units
... cn attempted by many students who have
based their classifications on several critcnia.
Somc validity can be assigned the political ba-
sis—that is, Greenlander, Canadian Eskimo, and
Alaskan Eskimo—frequently uscd today, for ac-
culturation has been somewhat varied between
cach of these groups.

There have been several cultural divisions pro-
posed. One by Steensby *® is based primarily on
the economic relationships of the particular group
to the sea und sea ice. His three-fold division
is High Arctic, Arctic, and Subarctic with decreas-
ing dependence on or adaptation 10 sea ice and
increasing closer relationship with the open sea.
Most Eskimos are included i the Arctic group.
The true High Arctic group contains only the Po-
lar Eskimo in northwest Greenland while the Sub-
arctic category includes Eskimos in  southern

* “An anthropogeographicai study of the origin of the Isbimo
culture,” Meddelelser om Cronland, 1111 (1968), pp. W9 A,

Greenland, southern Alaska, and thc Aleutian Is-
lands.

Kroeber, on the other hand, utilized the two-
fold division most commonly used, which con-
siders @ Western and Central-Eastern grouping.™®
Subdivisions of these two groups have been madc
in various ways with the most frequently used
groupings indicated on Figure 13.

The general homogeneity of the culture of the
Eskimos has led to the acceptance of the idea of
an “Eskimo Culture.” There are many differ-
ences, differences that are most evident in those
clemients which have a close relation to the en-
vironment. Kroeber, for example, wrote of . . .
the 10tality of Eskimo culture as a unit, modified
by emphasis or reduction of its traits in direct
response to local exigencies.™ " Many of these
cultwia! variations reflect response and/or adapta-
tion 10 snow and ice conditions.

= Cultural and natursl areas o} natihre Noeth America (Berheley,
California. Caiveruty of Catifornia Press, 1947, p 27,
T ihid, p. 2L
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Eskimos are hunters and depend almost entirely
for their food supply on birds, fish, and land and
sea mammals. Although there is rauch seasonal
areal variation in the particular food resource uti-
lized, the Eskimos as a whole depend mainly on
the seal. These animals are hunted, depending
vn the season and locality, from kayaks or on
the ice by a variety of techniques, many of which
are closely related to sea-ice characteristics. So
important is this type of hunting to some groups
that they spend the sealing season in villages built
on the ice. Not all Eskimos are scal hunters.
Exceptions include the Caribou and Colville
groups who depend mainly on caribou, the Ber-
ing Sea Eskimos who depend upon fish, and the
Point Barrow Eskimes who are primarily whale
hunters. In every instance snow and ice are im-
portant.

Other aspects of Eskimo culture are affected
by smow and ice including transportation and
shelter. The methods used by the Eskimos to
solve these two problems have attracted the at-
tention of early-day explorers and modern-day
scientists alike. The dogsled and the snowhouse
reflect a degree of adaptation to an environment
seldom achieved by man.

The Eskimos of today have all beer influenced
by civilization to some cxtent. The degree of
cultural change that has occurred varies greatly
from one group to another. One of the earliest
and niost significant ehanges was the substitution
of the rifle for the harpoon. Other changes have
inciuded the addition of permanent houses,
wooden boats, commercial fishing, store-bought
food, and salaried cmployment. All of thesc
changes have atfected the Eskimo’s relationship
to snow and ice.

The Explorers

The stigma of Greek theory has hampered ex-
ploration in the Arctic and the acceptance of the
results thereof ever since the first arctic explorer,
Pytheas, attempted to penetrate these “lifeless
regions.” The stigma still prevails in many ways,
although in the past few decades scientific re-
scarch in the Arctic has helped reduce its effect.

The first definite European contact in Amernica
wis made in the Arctic by the Vikings. These
Scandinavian people were explorers only second-
arily or by accident for they went to Greenland
as semtlers. 11is believed that they discovered and

.. .. e e e e . - LS

possibly cxplored some of the Canadian Arctic;
indeed Stefansson maintains that they reached the
western part of the Canadian Archipelago.®®

The first expeditions in the Arctic that have
continuity with the present began about the time
of Columbus, probably with Cabot in 1498 but
possibly with fishermen at even an earlier date.
Cabot and these fishermen, like nearly all of the
voyagers into arctic waters until the nineteenth
century, were summer visitors. Many, however,
including such explorers as Hudson, Munck, and
James, and unknown numbers of the unheralded
whalers, were caught by the ice and forced to
spend a winter in the region. Even though they
were h:.dy men and experienced sailors, they
were unprepared for such an undertaking and
suffered tremendous hardships and great loss of
life. Scurvy was the rule and starvation often re-
sulted. Water was frequeatly a very critical prob-
lem, often because of the lack of fuel to melt ice
or snow. Those explorers who survived and re-
turned to Europe proclaimed the harsh nature of
the environment and emphasized the cold, snow,
ice, and darkness. Some of the explorers wrote
of the methods they used in coping with these
natural hazards. As often as not they were enef-
fectual or detrimental.

Early in the nineteenth century, beginning with
John Ross in 1818, a ncw period of scarching for
the Northwest Passage was inaugurated. The ex-
plorers of this period had the knowledge of over
200 years of previous, although fitful, exploration
to utilize. Navigators knew that in order to go
through the passage from cast to west they had
1o be prepared to spend at least one winter in the
ice and, as of this period of expleration advanced,
many aliotted cven more time. The ships were
stzengthened and outfitted for ice and weather,
and methods were developed for converting the
ships into winter living quarters. They were pief-
crable to structures built onshore.

As more and more winterings were successfully
made, techniques became somewhat standardized.
A navigator, on deciding he had made as
much progress as he could, would pick out a
sheltered position that offered the possibility of
an early cxit in the coming summer, Frequently
the wintering position was reached by sawing
through the ice. After reaching the desired loca-
tion, the ship was trimmed. and those items not

S My lite with the $ahimo. p 200,
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Figure 14. Ships in winter quarters. From Gilder,
Schwalka’'s search; . .. (New York: C. Scribner's
Sons, 1881), p. 36.

needed were stored on the ice or on the adjacent
land. Usually a stock of food and fuel was also
stored in the event of fire on board ship.** Thc
ship was then covered with cither canvas or snow
blocks, and snow was piled around the sides for
insulation (Figure 14).

Thc use of ships for quarters coupled with the
lack of desirc of exploration except by sea (cer-
tainly, partly because of the lack of a purpose and
the lack of knowlcdge that it could be done) held
back the development of ncw methods of coping
with thc environment as well as facts about the
environment itself. As availablc food and fuc!
in the Arctic was considered nonexistent, all was
brought on the ships. Only a few explorers were
cngaged in hunting trips. During the winter there
was little nced for icaving the ship except for
exercisc and most frequently that was taken on
deck. The clothing, although not good, was ade-
quate as long as the wearer remained on board
the ship. The rare timss men ventured away from
the ship were not without suffering. Clothes, how-
ever, changed little in style with the exception of
footwear.

Thus, among the explorers, there were rela-
tively few developments that fed to a better adap-
tation to the environment. Although many of the
cxplorers observed various groups of Eskimos and
their equipment and techniques, they were reluc-
tant to adopt them. Certainly, one of the reasons
for the failure of the Frunklin expedition in re-
gions where Eskimos lived was impractical equip-
ment and techniques.

® Fize, often considered the greatest danger in polar regions, was
the subject of much precaution. loe holes were kept open pear the
ship, fire watches were maintained, and snow bioks were piled up
for fire fighting.

With the loss of the Franklin expedition, the
search for the Northwest Passage assumed a sec-
ondary role to the search for evidence of the lost
explorers. This search continued for a period of
thirty years with at least forty expeditions par-
ticipating. Many of the expeditions used their
ships as a base from which to begin sled journeys,
a type of arctic travel that until then had been
unnecessary and used only sporadically. These
sleds were man hauled and carried complete sup-
plies of food. fuel, and shelter (Figure 15). Such
simple expedicnts as snowhouses, seal hunting,
scal-blubber lamps, and dogs were generally not
even considered for use, which limited operations
greatly.

Noi all explorations in the Cznadian Arctic
in the cightecnth and nineteenth centuries were
sea oriented. Although one of the charges of the
Hudson’s Bay Company, which was chartered in
1670, was to engage in the search for the North-
west Passage, it was 100 years before its first
attcmpt was made. In 1770 Hearne traveled to
the Arctic Ocean over the tundra and did so by
living off thc land. He traveled for ecighteen
months in the company of Indians and adopted
thcir modc of living, unlike the other explorers
of the period.

Toward the end of the nineteenth century the
dcsircd prize of arctic exploration became the
North Pole itself. Although attempts to reach the
Polc had been made previously, as by Hudson
by ship and Parry by sledge boats, it was not
until then that it becanic the foremost goal. It
was realized that ships could not attain the Pole
$0 attempts were made over the ice. As a result
there was much experimentation on sleds and

Figure 15, Man-hauled sled with sail. Koldeway,
The German arctic expedition (London: S, Low,
Murston, Low and Searle, 18741, p. 430.
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methods of living on the ice. Peary utilized such
natural possibilities as snowhouses, loca! game,
sled dogs, and, most important to his system,
Eskimos. In fact, they were the key to his success.

During the same period, Stefansson began his
arctic work and, iike Peary, adopted Eskimo
materials and techniques. Stefansson went a step
farther, however, and became independent of the
Eskimos and developed the “living off the land”
type of exploration to its highest degrec. He ex-
tended these techniques out on the sea ice of the
Arctic Ocean, a possibility even the Eskimos did
not utilize except relatively closc to land. A
significant differcnce between the type of explora-
tion cngaged 1n by Peary and Stefansson and that
of earlier times lies in the time of year chosen
for travel. Snow and icc favor the Stefansson
technique but hinder boat movement. Thus, the
best scason for traveling, from many standpoints,
is winter, the scason most dreaded by early
explorers.

Jeannette Mirsky summed up the gradual im-
provement in arctic exploration in her statement
that *. . . the methods of arctic exploration have
become better and better as the explorers have
gradually adupted Eskimo ways.™™

Since  Peary rcached the North Pole and
Amundsen accomplished the Northwest Passage,
cxploration in the interest of science came to the
fore, a trend that has continued on an cver-ex-
panding scale to the present time.

The Settlers
The Vikings became the first Europeans to
settle in the American Arctic whea they established

their farmsteads in Greenland. Ruins show that
their barns and dwellings were patterncd after
Icelandic structures; indeed, their culture as a
whole was basically lcelandic. Just what role
snow and ice had in their culture can only be
inferred, but it must have been an important one.
1t is also probable that the relationship between
the environment and their culture became more
intimate as contact was lost with Europe. Whether
they adopted miiny of the ways of the Eskimos,
however, is unknown.

The carliest non-Viking European settlements
in the American Arctic, except Churchill, Canada,

were in Greenland.  Early in the  cighteenth

% To the Arctic (vew York: Allred A Knopf, 19485} p 6

century, Hans Egede astempted to recolonize
Greenland and, although his attempt failed, he
remained in Greenland fr fitteen years. Missions
and trading posts were estabtlished quite early and,
by the end of the eightcenth ceniury, Greealand
had at lcast ten settleruants.

It was not until long atter the chartering of the
Hudson’s Bay Company that the European be
came more than a summer visitor in the Canadian
and Alaskan Arctic. Most of the company’s trad-
ing posts were established in the Subarctic, al-
though Cburchill, founded in the seventeenth
century, may be considered on the boundary line
between Arctic and Subarctic.

Although scttlement in the American Arctic has
been proceeding for over two centuries, the num-
ber of non-natives in the region is still very low,
and, except in Greenland, only a small percentage
of the whites are considered permanent residents.
Most of the present arctic settlements were actually
cstablished after 1920.*' Most white occupants
in the Arctic are connected with some sort of
service such as trading companies, missions, gov-
ernment agencies, and the military. Some private
enterprise accounts for a few of the white in-
habitants, trapping is probabiy the most important.

Scttlements in the American Arctic are very
small, in contrast to some of those in the Soviei
Arctic. Most frequently they have only a few
buildings, generally centered around a trading post.
Nearly all of the scttlements are located on the
coast where ship supply is available and where
Eskimos live. The dwellings of the whites in these
usually well insuiated wooden
structures. Material for house construction is im-
ported, as is most of the food, clothing, and fucl.
The attempt has been made to arrange thesc
settlements as much like the “outside™ as possible.

selllements ure

Recent Scientific and Military Developments

In the process of conquering the Northwest
Passage, reaching the North Pole, and developing
an cflective method of arctic exploration the major
outlines of the Arctic became known. As these
developments gradually evolved, the reason for
arctic ¢xploration shifted to scientific inquiry.
Several techniques have been used in acquiring
datis. Nansen used a special ship which he allowed

* (Canada, Departmznt of Mines and lechnwal Surveys, Geo-
graphical Branch, op. cu . p A8,
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to be frozen in the pack ice. Aircraft landings
have been made or the Greenland Ice Cap. Sub-
marines have been used under the ice pack. The
most systematic and concerted effort has bee- that
conducted in Greenland where data from nearly
ali disciplines have been gathered.

Although the Americar. Arctic did not have a
very imporiant role during World War II, its
strategic ;_ition was emphasized. This position
amd the possibility that some of the actual fighting

[ &5
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in another war would take place in the Arctic
has accounted for the development of warning
systems across thc American Arctic and of im-
proved techniques for actually operating in the
Arctic.

Many of these developments and much of the
research being conducted today are concerned
with snow, ice, and permafrost and especially as
to how they are related to such cultural factors
as transportation, construction, and water supply.
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CHAPTER 11

Water Supply in the Arctic

he paradoxical nature of the water supply in
the Arctic is evidenced in many scientific and
popular works dealing with the region. Such
statements as: *. . . thirst (that greatest torment
of Arctic sledge journeys) ...  and “. . . sufficient
water exists in polar regions to sustain life and
comfort of human beings at all times . ."2 are
common, despite their apparent contradictory na-
ture. The arctic landscape, characterized by
rivers, lakes, and swamps, seemingly abounds in
water, water which may be in the solid state.
Rivers, lakes, springs, and wells are nearly all
frozen during the cold season. Thus, thirst and
other types of water shortage are not due so much
to the lack of a source of water 2< to the lack of
a technigue {and/or the time) for coverting a
source into 2 usabie state. Artificially melted snow
and ice remain the most common winter supply,
whercas naturally melted snow and ice account
for most of the summer supply.
Even when an all-year-round source is availa-
ble in the Arctic, vtreme cold greatly complicates

Water Requirements

The amount of water necded by the human
body varies with several individual factors includ-
ing age, weight, health, and activity.' Although
no figure is available for the amount absolutely

LK. Koldewey, The German arciic expedition (London: S. Low,
Marston, Low and Scarle, 1874), p. §20.

* Hostrup, Lyoas & Associates, Study of the mechanical ongi-
Arcring features of polar water supply (Port Hueneme, California:
prepared for U S. Naval Civit Enginecring Rescarch and Evalua.
tioa Laboratory, 199)), p. §.

above-ground storage and movement, while the
cold coupled with permafrost complicates them
below the surface. Because of such problems, a
recent study concluded that “Water is probably
the most important item in the development of
any new arctic settlement . . .

Problems of water movement and storage are
not limited to permanent settlements, for travelers
have to cope with them as well. The melting of
snow and ice or digging through lake ice to the
water beneath i time consuming, while keeping
water in the liquid state on journeys is difficult,
requiring special equipment. In case of emer-
gency, survival may depend upon the ability to
maintain a water supply. With increased traffic
in polar areas, techniques to insure this supply
must be perfected. Historically, most of the winter
water problems, non-native as well as pative, have
been salved on a day-to-day basis. Only in recent
years has much attention been given to the possi-
bilities of a continuous supply.

and Uses in the Arctic

needed under arctic conditions, it is probably on
the same order of magnitude as that for the
temperate zone, that is, about five and one-half
pints per day.? The actual amount of water

0G. Ridge, General principles of plenning of sub-arctic settle-

menis (unpubl. Ph.D. dissertatior Dept. of Geography, McGill

University, (1933), p. 256.
*B. Frank, “The story of water as the story of man" Waeter

(W)nhlaaou: U. S. Government Frinting Office, 193%), chap. 1,

p. )

8 idem.
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utilized, however, will normally be much greater
than this quantity because water is used for many
purposes other than just the satisfaction of thirst.
The total volume used will vary with such other
factors as standard of living, population density,
and availability.

It_is a commen belicf that water consumption
in the Arctic is not so great as in temperate or
tropical regions. Many observations made by
arctic writers tend to indicate that.this belief may
be erroneous. The Eskimos are reported as being
heavy water drinkers.® Although actual quanti-
ties consumed have apparently never bcen sys-
tcmatically measured, there arc somc vecorded
obscrvations which givc indications of their possi-
ble magnitudes. John Murdoch noted that at the
summer camps of the Point Barrow Eskimos there
was

... always a bucket of fresh water in the middle
of the circle, with a dipper to drink from.
Hardly a native ever passed the station without
stopping for a drink of water, often drinking a
quart of cold water at a time.”

Stefanssor onee wrote thut une of his Eskime
guides in thc Mackenzic Dclta arca liked . . .
to drink six cups of tca ‘everytime’ and that means
about five times a day. A good dcal of water is
drunk tov.™
The above obscrvations indicatc that not only
is a great total quantity consumncd during a day
but that a large volumc is consumcd at cach
drinking. Crantz offcrcd an explanation of the
latter condition when hc wrotc that because the
Greenland Eskimos . . . ncver drink but when
they are dry, they pour in so much the more all
at once.”™ Rrket-Smith, who writes that the
Eskimos™ only display of i lack of moderation is
in their water drinking, believes that the great
quantity they consume ™. . . is probably connected
¢ See, l«_n‘r cxample, J. Bilhy, Amaong wnhnown Eshimoy (1 ondon:
J. B, Lippincotl Co., 1923}, p W and D 1. Hanbury, Sporr and
fravel in the northlund of Canada (New York: Macmillan Co.,
1904), p. 118,

3 Kehnological results of the Point Barrow expeduion (Washing:
ton: U. S, Hureau of Amecrican Lthnology. Ninth annual repon,
1867-K%, pub. t¥92), p. 64 Much emphasts s placed on the fact
that very cold water is preferred by most Fashimos.  However,
Turner offers an ciception 1n his S thrology of the Ungava Divtrict,
Hudson Bav Terrttory (Washungton: U S NHureau of Amerwan

1'thnology. Fleventh ansual teport, 183990, puh 1594)
that of the

He writee
. weather de very cold they often drnk the water

which has been heated on a fire, asserting that the hot water does
not weahen them as much oy cold water would do ™ p 204,

*The Stefunsran-Anderson arctic expeditton (New York: Ameri.
con Mincum of Natural History
NIV, p 187

*The history ot Greenland (1 ondon: )
236,

Anthropologiwal Papers, 1919),

Dodsles, 1767, 1, p
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with their specialized meat diet.”" Stefansson,
howcver, has suggested that it is their means of
compensating for the “. . . streams of perspiration
running down their bodies . . .” while in their
homes'! Great consumption by the Eskimos does
not scem to be limited to their homes. On hunting
trips they have been known to stop because of
thirst . . . three or four times in an afternoon
and dig a hole in the ice with their knives to get
water .. .12

Although it is generally the Eskimos who are
crcdited with being “thirsty souls,” apparently a
desirc for great quantitics of water under arctic
conditions is not limitcd to them. Some subjective
statcments have been found in the literature which
scem to indicate a great increase in desire for
water with time spent in the Arctic. One party
mentioned that “Gradually however we fonnd our-
selves falling victims to the water habit and now
we drink as much as the Eskimos.”??

Many of the statements about great quantities
consumed show that the desire (or need) is in-
creased greatly as a result of sledge trips where
water consuniption has been at a minimum.
Koldewey wrote that, after a five-week sledging
cxpedition,

Our cxceplional circumslances caused the cook
10 wink at the consumplion of his melied snow-
wuler, 10 which we applied ourselves unmo-

lested: 10 salisfy ourselves was really hard
work.14

Such a statement probably indicatcs dehydration

that has resulted from insufficicnt watcr intake

while engaged in the difficult task of sledging.
Tests near Churchill, Manitoba, showed

. . . that inability to insure a conslanl, adequate
supply of fluids wis a serious problem in freez-
ing weather even when snow and ice are abund-
ant . . ., when 1roops had 1o collect snow and

v The Fskirmos (New York: E P, Dutton and Co., 1935), p. S1.
He alvo writes that . . . the constant swilling undoubtedly saves
them from a lol of rheumalism in their old age™ p. 51, Rasmussen
in “lIntellectual culture of the Caribou Fskimos,” Report of the
fitth Thule expedition, 1921.24, V11, No. 2 (1930) agrees with
Hirket-Smith that an exchusive meat diet esplaing the great water
consumption observed. p. 48,

M The North American Arctic.” Compasy of the World (New
York: Macmillan Co., t94%), p. 720 The Fshimos, except Tor some
groups such as the Carthou Eskimos, posaess (aor, at least, formerly
possessed) Basically a “tropical enviconment™ wathin their igloos,
even it the middie of the cold season. ltowever, the Canbou
Fshimos, who go through the winter season withoat auxiliary heay,
are alwo big water drinkers.

= Hostrup, Lvon, & Assciates, op. ot p 1%, as quotsd lrom an
unachnowledged source.

3 ldem.

Op oy, p. 446, 1) Jenness in People of the twilight (New
York: Macmiblan Co, 19283 recorded a stmilar expericnce. “One
man drank two large <ups of soup two of tea, and nine of lce-
vold water. 3l within the space of thice hours. At times 1 myvact!
almist fvalled his feat without either quenching my thinst or feel-
ing that it was 11t amyway abnormal.” po 102,
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ice individually, chronic thirst was a common
complaint. In fact, one cause of dehydration ex-
haustion was seen.15

The problem of thirst goes beyond the individ-
ual. As Payer noted, it is “. . . remarkable how
rapidly the demoralization produccd by thirst ex-
tends, when any one of the party begins to show
signs of suffering from it.”18

The second most important use of water in the
Arctic is in cooking. At times, it is difficult to
separate cooking from the preparation of water
for drinking, for quite frequently the two processes
are carried on simultaneously ' The broth that
results is consumed as a beverage. The natives
and a few explorers often ate their food without
cooking it, especially during the winter. Consump-
tion of uncooked food was oficn by preference,
although lack of fuel must be considered a con-
tributing factor. Ulnder many situaticns fuel could
be spared only for melting ice or snow. However,
Driver and Massey <taie that,

Since it ofien took hours to melt ice and boil
food in the subzero temperatures, the hungry
Eskimos frequently ate their meat raw rather
than wait for it to be boiled.1%

Alihough more water is used in the Arctic today
for cooking than in pre-contact days, beiling is
not the exclusive vooking method that it was
formerly.

Water for purposes other than cooking and
drinking was used in small quantities by both the
Eskimos and the carly explorers. Washing among
the Eskimos was, from all reports, cxtremely
rare. Their method of cleansing uscd waer in-
dircctly, through wiping perspiration from their
skins as it formed on them in their hot igloos.
T'he explorers went into the Arctic with the idea
of limiting the amount of washing und in some
instances of ignoring it completely. This attitude
prevaned especially during sledging journeys. '

'“R. E. Johnson and R Al Kark, Feeding problems in man as

reluted 10 emvironment (Chicago: U, 8. Amm Medieal Nutrrtion
Lahoratory, 1946}, p, 26.

& .\"r» lands within the Arctic Circle (New Yotk D. Appleton
and Co., 1K77), p. 25 He continued that “llahit, however, en-
ables men to struggh agamst thirst more successfuly than against
hunger,” p, 253
. HCooking i the Arctic undet primitne condiions was almost
muru.hl) direct-tire Bothing and therefore Jdependent on water.

BeCompartive studies of North Ameriwan Indians,” Tramue-
fions o the Amercun Philosophical Socieny, New Scries, X1V
Fo A1 i9sT), p. 229) ’

b Ful_ example, W. Pike 1n The Burren Ground of setthern ( gn-
ada (New York: Macnullan Co, 18921, states: “Ihere was no at-
tempt at washing made hy umv of the party duning the whole ime
that we were out, and indeed it would have been an impossibihity,
as our small fires were enby Just suthaent to melt the snow  fo
Cookimg putposes.” p. W

2z

Diamond Jenness, in 1918, considered that
“. .. the one virtue which the Eskimo of northern
Alaska lacks is cleanliness but even in this he has
made a great stride forward, . . .”** The Eskimos,
in satisfying this new need, have had to do so
within the limits of their capabilities of increasing
the quantity of water. Often, instead of increasing
the actual quantity used, they increased the effec-
tive quantity by re-using the same water several
times. Possibly one of the best descriptions of
the form such z conservative approach can take is
not from the Eskimo literature but rather from that
of the Samoyed. Water, which the Samoyed
women obtain by melting snow, is used for wash-
ing prior to each meal. They
. . . take a large mouthful of water, gargle it in
the throat, then spit it into their hands and apply
it to the face. With one mouthful of water they

thus It turn rinse their teeth, hands and face and
always in 1he [sic] sequence.?

Peuple dwelling in the Arctic today demand
much more water for washing than the aborigines
or the early explorers ever did. Despite the de-
mand, conservative measures are still maintained.
Such signs as “One Shower Per Week” and “No
Showers For Transients” were fairly common
along the DEW Linc in the spring of 1957.

It is not geacrally realized that the Eskimos
used water for purposes other than drinking and
cnoking. These uses, when they cccurred. nor-
mally did not requiie great quantities of water.

Such additional needs of water might be illus-
trated by two examples from the Eskimo culture.
One need was, and still is, quite practical in that
it cased the transportation problem. As cold snow
cxerts a great drag on sled runners. any method
which wil! reduce this drag will increase sledging
efficiency. The most effective technique is to apply
periodically a thin stream of water to the bottom
of the sled runner which, when sinoothed and

»Ihe Eakimo of northern Alaska: a study in the eflect of clvil.
jeation.” Geographical Review, ¥V (1915), p. 99. This seonversion®
to clexnbiness was not made with unmixed blessing, for, as John
Teal has stated in “Patterns of discrimination in the Arctic,” En-
evelopedia Arctica, V111 tunpuhl), there have been demands
s . that every person bathe hands and face before cach meal

. Idesprie the fact that] the reuse of the same waser and towel
spreads cvontagious discases L Stefanason in “INofthern
Alaska in winter,” Bulletin, American Geopraphical Society. X1,
No. 10 (1%9), notes “That the washing, which takes place fre-
quently, and on ali possthle preteats, is less for hygienic of aes-
thetic purposes than for veremonial ones as shiown pretty conclu.
sively hy the fact that an endre houschold often washes in one
hasunful of water . . . p. 608 Stefansson also observed o
twenty 3t people wiash 1 about a pint of water, .. Idem.

K. Doanct, Among the Samered tn Niberta (New Haven,
Numan Relations Arca Viles, 1984), p 119,




frozen, reduced the friction between the runner and
ihe snow.??

Another use of water considered necessary by
the Eskimos in order to insure an adequate and
continuous supply of food is reported by Stefans-
son as follows:

It is said that no animals (sea mammals) would
allow themselves to be caught by man were it
not for their thirst; they had no fresh water to
drink where they lived in the sea. For this reason
a seal was given water when brought into the
house. Beluga and balaena were given water on
being brought to shore. . . . The soul of a seal
thus treated will be grateful and when it haz
again become a seal it will allow itself to be
caught by the same man, partly through grati-
tude, partly because it knows that at his house it
is sure of a drink of fresh water. The water may
be of any source, at Nuvurak it was generally
cither snow water or water made of an old sea
ice cake.23

In recent years a new type of person has been
entering the Arctic—a type whose culture is not
adjusted to small amounts of water, as is the case
of the Eskimos, and whose attitudes are not ad-
justed to it, as in the case of the explorers. These
people, with their needs of water for dishwashing
(unthought of among the Eskimos and generally
not practiscd by the explorers), laundering, bath-

2 See T. Mathiassen, “Marerial culture of the Iglulik Eskimos,”
Report of the fifth Thule expedition, 1921-24, V11, No. 1 (1928),
for a detailed description of this technique.

A The Stefansson-Anderson arctic expedition, p. 351, Rasmussen
has written that, Tgluiik, When a seat is Gicught into a snow hut,
a lump of snow is dipped into the water bucket, and 2iiowsd o
drip into the seal’x mouth; it is the soul of the seal that drinks. 1In
summer, it does not require water'” ““Intellcctual culture of the
1zlutik Eskimos,” Report of the fifth Thule expedition, 1921.24. V11,
No. 1 (1929), p. 184,

ing, water toilets, photo-processing, steam produc-
tion, and the like, demand proportionately more
water than their predecessors. This conclusion is
valid for civilian and military personnel alike.

Because of these new demands, per capita con-
sumption is becoming greater. New supplies of
water have to be found or else new techniques
have to be developed for the mass processing of
snow and ice. Information about actual demand
under arctic conditions would facilitate develop-
ment and processing, but such information is not
yet available. Studies made thus far are not satis-
factory. Most consumption in the Arctic has been
on an individual or family basis, for which records
are unavailable. The value of such records would
be limited, for consumption under such conditions
would probably differ greatly from what it would
be if public facilities were available.

As most of the studies made to date have been
carricd out under the auspices of the military, the
values arrived at probably differ some from those
used in civilian establishments. Tables of recom-
mended-per-capita use are based on many factors,
including: (1) the seasonal source of water, (2)
the permanency of the site, and (3) the size of
the cstablishment. The values vary from one
gallon per person, under combat conditions as an
absclute minimum for drinking and cooking,* to
100 gallons per person for a permanent large group
with water obtained from an unlimited source.

* H. Eisberg and J. Owens, Fundamentals of arctic and cold
weather medicine and dentistry (Washington: Bureau »~f Medicine
and Surgery, U. S. Navy Depaiimsn?, (949), p. 7). Sce Appendix
11 for recommendatinn chart.

= Hostrup, Lyons & Associates, op. cit., . 23.

Sources of Water in the Arctic

In one form or another . sufficient water
exists in polar regions to sustain life and comfort
of human beings at all times.”*® Sources of water
generally are more varied in the Arctic than in
other regions because snow and ice are available
much of the year. This seasonal variety is not
always beneficial. for it often necessitates the use
of different sources at different times during the
‘eir.

~ibid. p. S

The assumptions which have served as guides
in the following discussion include: (1) a water
source miy become a source only when it is rec-
ognized and accepted as such,®* (2) a source
may become a source only when adequate tech-
niques for its development and utilization are
available, (3) a source has to have the necessary
yuality for the purpose needed,®™ and (4) winter

T Spow, to some of the carly esplofers, was not a source of
water bevavse of thewr prejudices aganst ot

* Salt water, for ¢xample, although used in cnoking is too saline
for dnntang. Sea we when melted may serve both purposes.
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in old ice. . . . Even on this year’s ice, which it-
self is salty, you find in midsummer water plenty
fresh enough for drinking. . .32

This water is not only of good quality but of

adequate quantity. Amundsen, as a result of his

experience during the drift of the Fram, writes:
One great advantage in drift ice is that it af-
fords an abundant supply of water. On almost
cvery floe there is a pool of the most beautiful
drinking water and we even allowed ourselves

the luxury of washing and bathing in fresh
water 33

Zubov reminds us that. despite the good quality
and great quantity available in these ponds, they
are “. ., not restricted to the southern regions of
the Arctic Ocean, where such ponds have long
served as a source of fresh water for seamen.”3*
The Russians on the scientific drifting station in
1950-51 obtained their fresh water in summer
from the numerous ponds.3*

The water in these ponds generally comes.from
the meliing of the seca ice, although it may also
come from melting snow and even from the ac-
cumulation of rain.*® No matter what the origin,
water found on sea ice is . . . usually fresh
enough for cooking . . . A distance of 30 to 50 feet
from the edge of the floe should be adequate to
prevent contamination from sea water.”3?

I summer fresh water is found on the surface
of sait-water leads where it accumulates as runoff
from the melting of freshened (old) sea ice.®*
As fresh water is less dense than salt water, it
teads to remain at the surface. According to
Stefansson, this fresh water may be as much as
fifteen feet decp and of such a quality that . . .
you can drink directly out of the sca.”* One of
the first reports of such water usage was made by
Baffin when he wrote: *. . . we» have scene them

 Stef. Arctic
p. 240.

= Hostrup, Lyons & Associates, op. ¢if., quoted on p. 8.

u0p. cit., p. IS,

= Somov, op. ¢cir., 1, sec. 1, 6.

™ Rainfall, as shown by A. Alter, op. cir., gencrally will be only
sufficient 10 supplement other sources. Nevertheless, at times it
may prove i rtant. p. 219. Koldewey, op. cif.. states that ** | | .
water [of cooking and drinking we find plentifully on the floc alfter
the rain, and this is acceptable, as our drandy would soon come
10 an end if we had to melt the snow.” p. 159,

” Eisberg and Owens, op. cir.. p. 7).

™ The {resh watcr on the lead [reczes and the ice from it is lresh

! (New York: Macmillan Co., 1944),

as soon a3 frozen. Ordinary sea ice has {0 age, however, belure
it lreshens. Fven afice the (reere-up, the water bencath a lead may
stili be lresh and can be obtained by chiscling a hole through the
ie. This freshness disappears with time as the salt water beneath
mitn with the [resh water above. See Stef Arciic X

p. 240,
® The friendly Arctic (New York: Macmillan Co., 1921), p. 347,

2
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drinke the salt-water at our shippes side; but
whether it be usuall or no, I cannot tell.”4°
Even on the Greenland Ice Cap, water can be
obtained easily in summer from streams and lakes.
Streams in the upper ablation zone are closely
spaced, and their volume of flow is more than
adequate during the warm period. Lakes are
less desirable sources of water because their
shores are slushy in summer.41
Summer sources are not limited to liquid water,
for today ice is frequently cut and stored for sum-
mer melting. Grounded icebergs also furnish an
abundant source in some localities; and, even in
summer,- snow and ice may serve as the basic
sources of water on the Greenland Ice Cap.

Winter Sources

The cold season is the important season in.re-
gard to water sources, as well as to the processing
of these sources. Few are the areas in the Arctic
where a summer source is more difficult to find
and process than a winter source. As discussed
above, this situation may occur along brackish-
water coasts, but it also prevails in certain tundra
areas where the best lakes may not be available
during the summer because transportation to them
is hindered by the boggy terrain. While winter
supply requires greater labor in preparation, it
often requires less treatment after it is obtained.
Snow and ice usually provide water of greater
purity than can be found in the tundra ponds of
the warm season.

Winter sources, although most commonly in a
solid state, may also, under certain conditions,
be in a liquid state. During winter, water, unless
transported rapidly or kept warm during trans-
port, will freeze and have to be treated as a solid
source.

Snow. Snow as a source of water was used by
the Eskimos and some of the explorers-ealy when
some other form was not available.** Snow is
used occasionally today. Although not so desir-
able a_squrce as ice, it nevertheless forms a quite
reliable source in most of the Arctic during much
of the year. There are relatively few areas in the
Arctic where snow is not available during most

» C. R. Markham, ""The voyages of Wilham Baffin, 16121622,
Hakluyt Sociery. LK111 ¢1881), p. 7. See also, A. H. Markham,
“The voyages and works of John Davis,” Hakluyi Sociesy, LIX
(1830), p. 30.

% G. Holmes, “Topographic and hydrologic studies,” Project
Mint Julep, P11 (1955), p. 16.

< The RCMP 1oday follows the same practive. H. W. Stallworthy
in “Winter patrols in the Arctic, * Reyal Canadian Mounted Police
Quurierly, 11 (1934), states that “Experienced northern men never
use 370w waler 10 make their tea if e is available.” p. 20.
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of the long winter. This general availability cc-
curs despite the fact that much bare ground and
bare ice (both sea ice and lake ice) are prescnt
as a result of wind sweeping. Wind-swept areas
are generally not large enough to preclude the
availability of snow within relatively short dis-
tances from most locations where it has been piled
into drifts** (Figure 17). Wind sweeping may

be more beneficial than detrimental as evidenced
by Greely in his field note of January 17, 1882.
He wrote that, at Fort Conger,

Though there has been during the winter a mod-
erate amount of snow, considering the low tem-
perature, yet the hill tops are now quite bare and
show less covering than in October. Yesterday's
storm %as stripped every exposed place of its
usual snow, to pack it in dense hard drifts in the
hollows of the ground and the cracks and other
interstices of the harbor-ice. For the first time
during our experiences, it would now be possi-
ble to cut blocks of snow and build a snow-
house.44

Of course, for most of the Arctic snow will not
be available until toward the end of summer when
it begins to remain on the surface. This condi-
tion is as true for sea ice, after the sea ice has
formed, as it is for the land surface. Rasmussen,
i taking a short cut across the new ice of Queen
Maud Gulf in November, 1923, noted that

. every afternoon we had 10 drive a consider-
able distance in towards the old ice and pick a
place to bivouac. And., as a matter of fact, this
wis necessary in order 10 renew our supplies of
drinking water.4%

In thc Arctic a generally adequate cover of
snow for water supply occurs despite the fact that
a relatively small amount of snow actually falls.
Nearly all of the snow that does fall remains
throughout the entire cold period, although it may
be moved about until it is wind packed.

There is a great difference in the amount of
water available from ditferent types of snow; all
snow, then, is not of the same value as a water
source. New snow does not have so great a water

sp Snple in his Adaptations of the explorer 10 the climate of
Antartica (unpudl. Ph.D). dissertation, Dept. of Geography, Clark
University, 1939), discusses the water supply of Antarctica. Al
one point he states that “The problem of snow for a water supply
in a large area of 1ock exposures bevomes difficult and requires
much labor in securning it, a particular disadvantage in bad
weather.” p. 2. The same condition prevails under simiar cir-
cumstances in the Arctic.

“ Three years of arctic senice {New York: C. Scribner’s Sons,
1894), p. 139,

S “Inteliectual culture of the Copper Eskimos,” Report uf the
fifth Thule expedition. 1921-24, 1X (1932, p 3. Anothes reason for
sledging ‘n to the old 1ce was to keep from being caught unawares
in the cas of ice dbreakup at night.
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content per-velume -as does granular snow and,
thus, takes more energy to convert into.a usable

state, The best snow, according to Stefansson, is

“. .. so granvlar that it will not even cut into
blocks. You bring this snow to the house in buck-
ets or wrapped in a piece of cloth or skin.”48

The volume of water produced from a given
volume of snow varies greatly depending on the
density of the snow, Statements such as, “Seven-
teen cubic inches of uncompacted snow, when
melted, gives only 1 cubic inch of water”*" are
common, and serve to indicate that the size of
the unit demanding water is important in deter-
mining the feasibility of the use of snow as a water
source.

The quality of snow aiso affects its value as a

source. Many reports state that the taste of food

cooked in snow water is quite flat, a condition
that can be explained by the fact that snow is
relatively pure, and therefore when melted, the-
oretically at least, contains no salts. Boyd found
the chloride concentration of snow near Point
Barrow to be less than ten ppm.*® Birket-Smith
notes that, “If snow is old and granulated, the
water is just as good as hat from ice, whereas
fine, soft and porous snow gives a flat taste. . ."*®

Quality of snow is affected easily by external
factors. Captain Bernier, who spent a winter at
Parry's “Winter Habor,” reported that until No-
vember 15 his crew

. used ice from which to obtain [their] supply
of water, but [ithen] found snow at a more con-
venient distance. The snow did not furnish water
as free from foreign materials as the ice. The
wind had caused sand and other detritus to mix
with the snow throughout, while with ice the
sand scttled to the bottom.?0

Contamination by sca water (in the case of snow
on sca ice), animal wastes, soot from stoves, and
the like, has to be considered. Population density
and cultural practices are significant in regard to
snow contamination.

Snow Eating. Although snow is gencrally avail-
able during arctic winters, it has not always been

¢ Arctic mnual p.

7 Dept. of the Army Adm‘nhnauool in the Arctic. Field Man-
ual 31.72 (1951), p. 38.

"\N. Boyd and J. Boyd, "Waler supply prodlems at Point Bar-
tow,” Journal American Water Works Association, L1, No. 7
11959), p. 892,

» -The Caribou Eskimos, muen;l and social life and their cul-
tural position. 1. Descriptive part,” Report of the fifth Thule ex-
pedition, 1920-24, V {(1929), p. 1)4.

= Canada, Dept. of Marine and Fisheries, Report on the Do-
minion Gorernment expedition 10 the northern waters and Arctic
Archipelago . . . (Ottawa, 1910), p. 95.

«

LI 1

[

. -
TR}
[}

C AT P

K o A0 .- . =
< e =
. ‘.- .‘- lll .
- . :
AL .
. R .y
. .
R .
% " P Ay
- '
. v




used, even m times of oxtreme thirst. The use
of snow in quenching thirst, both in the solid
form und after it has been mehed, has had a
curious history. At times it has been considercd
as poisonous while at others merely 10 be avord
ed.”’ The current trend s to. use-it, but. with
uuliun,r\'eg\*‘u- VRS Yl e chghie s Phae ot Afia
‘There are contrasting statements rcg;mling.(hc
Iskimos™ attitude toward snow catng. John Ross,
e the journal of his second voyage, writes that
“oLLthe natves prefer enduring the utmost ex-
tremity of this feekng [thirst], rather than at-
tempt to remove it by the cating of snow."
Paver. alter confirming Rosy” observation regard-
ing the Eskmios, goes on to state that 70 0 it is
only the ‘Fschuktschees who mdulge in v as o
rehish with their food, o7
Other accounts, however, weticate that the Fski-
mos did cat snow. Oue oi Rasmussen's infor-
mants tobd him that
. when the Nensihngmint do not cateh any
seatand cin get no blnbber, they huve 1o quench
therr thirst by cating snow. They cannot get
water, becanse they lise far out on the salt ice in
wintyer 4

Houoper, atter nentionmy the “constant thirst” of
the Eshmos, adds that “when traveling, if the
woenther s not e cold, they are constantly taking
up haodtuls of snow o cat, . The Innwts
appear to suffer no b etfect fron it Heoper,
ieoquethtyig his statement, introduces the fact
that the degree of cold apparently was a deter-
muning tactor on whethier snow was caten o not.
Stetansson aflirms thae the Eskimos used 1o cat
snow s necded, providing no other souree wis
avarlable, and thie thies was done no muatier what
the tinperature becaune the natives knew the
technrgues of cating cold snow  The aversion the

natives of North Arienca have towand cating snow

resutied from contact with whites and has been
incutcated to the extent that they now mistake
"Lt for a taboo, like not working on Sun-
day. . .

Although the Eskimos’ attitude toward snow
cating is not clear from the records, it is clear
what many of the explorers thought about such a
practice.

Payer probably has contributed the best de-
scription of the effects improper cating of snow
can cause as well as the attitudes prevalent re-
garding snow caters during the latter part of the
nincteenth century.

Many 1ry to relieve it [thirst] by using snow;

which is especialiy pernicious when its tempera-

ture falls considerably below the point of lique-

faction. Inflimmation of the mouth and tongue,

rhenmatic pains in the teeth, diarrhea, and

other mischiefs, are the consequences, whenever

a party ncautiously viekds 10 the temptation of

such momentary relief. It is in fact a mere de-

linsion. becise 11 is impossible to eat as much

snow -y a cubie foot—as would be requisite

to finnish an adequate umount of water. Snow

of a remperatinre of 37° to 50° (C)) below zero

feels in the mouth like hot iren, and does not

quench, bat increases thirst, by its inflammatory

action on the micons membranes of the parts

i affecrs. . Snow-caters during the march were

regarded by ns as weakhngs, much in the same

Wiy s opimecalers are.?
Despite such fear of cating snow, there were many
imstances when even the most cautious explorer
resorted to it Kane observed that his party . ..
could not abstain any tonger from cating snow:
our mouths swelled, and some of us becume
specchless

Despite the general dversion o cating snow in
the middle of the nincteenth century, by the end
of thut penied wome expiorers were aceepting the
practrce even i not actuadly advocating 1" In
1896 Caspar Whitnev wrote that

Ly ey for cuarnple mowrnitmy ah watel stated U hose
! st and i, 1 - s ded  they SNtefansson, feodractor's meataal tor the Arotic (Gped copyoal
vevey e therr forge G whialere i Liglet 1t the At [reecit Tropie Tafortratne Center, Reecatch Studies
ace o 10 jea t t haid 1 o Munwell An Lotee Baser p 770 B Ingstad, in vunw
v 1 i { staterte A h , Pondoas Poshe Tlouse 19940 siotey that among the Nuna
o v 3 K e ’ the ard Alaska thete s g raie o that secow must nevee
MWoeoin &) Y E A . ( ¢ an {85 peid e catenr, beoatiee 1ty weahetiny T op 40
18: I: " ) P e
Al toie I3 T " L evplonatioan the cnnd Gorgnnelil evpedition rearn i
1 AW Wy » I - . Nero Sohn Feashlie INSE A3 SO Phyladeiphios (helds and
30 ltc dee IR ST T R
[ Y Y A Dyespute wutrent erformation there ate whitl artaies wrttien an
g & AONIIEN s ve Sothese et e mnd IOy Tae atide and a2 book by
48 e oa 1 ‘ ave \ certse G late emphasize s attitudes N fatc states,
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There is a difference in cating snow and sucking
the moisture friom it. neither is satisfactory but
the tormer is harmful to the traveller and pretty
certain to be followed by increased thirst and
cramps. %0

Following Whitney, Stefansson wrote in many
of his publications that the eating of snow is not
only safe but practical.® He has described a
technique that adds the cating of eold snow to
the list of ways of quenching thirst. One should

... begin eating snow on any day at the first sign
of thirst, . . . If you do this, and cat only a httle
ata time, taking the snow in the palm of your
mitten and hicking it as if you were iicking
grunulated sugar, then vou will 1ot feel the
slightest bad effects, ... But if you are properly
dressed there is a better way: veu will then be
S0 wurm, no matter how cold the weather, that
vou can afford to take off your mitten, pick up a
small handful of snow and squecze it for a
ninute or two, rolling it aroupd in your hand
until it gets skashy, like sherbeit. whereupon you
can trhe more of 1t at a time than if von lick dry
snow and will have more of the fecling that vou
are taking a drink o

A recent manual prepared by the Western e
iric. Corporation for use along the DEW Line
incorporates Stefansson’s suggestions, but adds fur
er cautiens, as follows:

Derot swallow snew i Tumps - let o melt

slowlv i vour mouth T vou are cold, or kot or

tred, go ey on cating snow  Btwall Tower yvour

adv temperiture and make von more thing
I sou try o cat snow a3 B wathout

first woarmine 1t with vour breath or hands, vou
frevec Mmouth

- Melted Soon Mehed show o Usnow water”
has vanonedy boen constdered as detnimental
divagrecable, telerable and bencticial Snow wa
ter s used Byl Eshimo groups ot times, atthongh
ome ereups have tibeos restncting s uae It

ney alse b the onhv wator used under cortaon

condmons, oven thourh other water v oy nlabd
Fbime women of the Machenae Dol o !
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times of childbirth drank only snow water. . "%
while Iglulik women who lose their ehildren
i must never drink water from melted iee,
but only water from melted snow.”?

Explarers often lovked on snow water with
disfavor for ont reason or another. James, re-
porting his winterning exjcriences in Hudson Bay,
states: “Melted snow-water is very unwholesome,
cither to drink or dress victualls. 1t made us so
short-breathed that we were scaree able to
speak.” ™ Munk, wintering during the same pe-
riod, mentions that when

... frost got the upper hand, the beer froze to
the bottom, o that T was afraid of leiting the
men drink of it before they had well melted and
boiled it again: for which reason, 1 had every
fresh barrell, as it was taken up for consump-
tion, boiled fresh, because, in any case, it was
better than snow water, which otherwise would
have to be melted for drinking or mixing with
wine.t%

About 200 years later Payer carried into the
Arctic the general notion, prevalent in Furope at
the time, thut the presence of goiter in the Alps
wis caused by the use of snow water. While in
the Arctic, Payer and his men used only snow
water for their drink and, as none of them con-
racted goiter, he concluded that they ©. . . were
a Iinving refutation of the opinion shared by many
that its constunt use generates this disease in the
inhabitents of the Alps, ™™

Most of the objections to snow water stemined
from the dificuities involved in its preparation,
Phere were soine however, who, despite these
dubicalties, drank it enthosiastically  at - times.
MTDougall onee wrote:

We were therefore compellad to melt o hittle
steowe and doubtaof any konanvgnt ever appre

Jaled the most conthy waine, with greaster ¢ont

Hran we did the searcely dissolved snow ©9
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common drink they eat ice to quench their
thirst.”™ This use of ice falls basically in the
same category as the ea'ing of snow, although,
from various reports, it seems to be somewhat
preferred to snow. M’Dougall indicated such
preference in his writings. For example, he
wrote:

I detected one of 1he sledge’s crew eating snow;

but having had practical experience of the in-

jurious effects of such a remedy, I insisted on

his discontinuing it. When close to the ravine, we

fortunately discovered some fresh-water ice,

which 1ended, though not wholly so, to satisfy
our wanis.71

Ice, like snow, is most commonly used in the
melted state. If both snow and ice are-present,
ice is usually preferred. It is a better source of
water than snow because its grcater dcnsity as-
sures a greater quantity of water for a given
volume of solid. It may also be used as a summer
source when cut and stored. There ar¢ many
types of ice available as water sources to the
arctic dwelier or traveler.

Fresh-water_Ice. As a large proportion of the
land area is covered by lakes and rivers which
freeze during the cold season, fresh-water ice is
plentiful throughout nearly all of the Arctic. It
is less common in mountainous and hilly sec-
tions than on the low-lying plains.™

Glaciers and icebergs, additional forms of
fresh-water ice, have limited distribution in the
Arctic (Figure 16). This source of water is avail-
able only around and on Greenland,™ the islands
to the west of Baffin Bay and Kane Basin, and
on the northern slope of the Brooks Range.

Ground ice, frequent in permafrest areas, may
serve as a source of water throughout the year.
As these bodies of ice are most likely to occur
in zreas which favor ground-water accumulation,
they are penerally found at the bottom of valleys
They are often exposed, especially in summer,
along stream banks where their ice 18 relatively
cusy to procurc. The ice in frost mounds and
pingos is available, although it may not be ex-
posed. Such sources are not likely to be used

= R. Colinson (ed.), *“The three vovages of Martin 'rohisher in
seasch of a passage to Cathaia and India by the north-west, A, 1D,
1876-8."" Huklurt Sociery (1857), p. 289,

T Op. it p. 2V,

 Supra, p. 25

* Despste the fact that the top of Greenland s an e cap, a
recent capedition there did not use e for ity water suppls. 1t used
snow instead, for, “Although snow yields much less waler per unit
volume than e doey, the citieme labor required to quarry e
makes snow the preferred source.” Holmes, “Topographic and hy-
drologic studies,” p. 17

2
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because during the warm season fresh water is
usually available and during winter most arcas
where ground ice is present will have other fresh-
water ice or snow also available.

_ Sglt-water dee  Although fresh-water ice is
preferred, at times salt-water ice is used. Nansen,
while wintering in Franz Josef Land, used sea ice
and sea water for his soup.”* Tyson, while
drifting on the ice of Baffin Bay, was able to lay

... in a store of both fresh and salt water ice
which can be got from different parts of the floe.
The fresh has to be cut from the ponds which
formed during the summer by the rain and ice
meliing from the high hills and hummocks and
running into these depressions. The salt ice we
mell to season our ‘soup’ or ‘tea’, and the fresh
10 drink as water.73

Both Nansen and Tyson used sea ice because it
added salts to their food that would otherwise
have been unavailable.

Sea ice may, however, be used as a source of
fresh water,”® a use that was common among
many of the Eskimo groups. At Point Barrow
Murdoch noticed that the natives

. .. sometimes drank the water produced by the
melting of the sea ice along the beach, and pro-
nounced it excellent when it was so brackish
that [he] found it quite undesirable.7?

This knowledge, however, was not universal
among the Eskimos, for as Birket-Smith notes:

The Caribou Eskimos have not much opportu-
nity of using old sea ice, the saltiness of which
is washed out in the course of a year, as they
practically speaking do not stay at the coast in
winter. Furthermore there is little old pack-ice
on their coast, and consequently they do not
seem to know this propetty of the ice.78

According to Stefansson “. . . although some
polar explorers knew that sea ice becomes fresh
a large number never discovered it.”*® Others,
however, after trying to use sea ice as a source of
fresh water considered that there must be excep-
tions. Dr. James Ambler, a surgeon with De

HE. Reynolds, Sansen (Harmondsworth: Penguin Books, 1949),

p. 140.

™ E, Blake (e¢d.), Arctic experiences. . . . (New York: Harper
and Bros., 1374), p. 279,

* Supru. p. 40.

T Op. cit.. p. 6% Marx Brewer reports that the Barrow Eskimos
still gather sca ice which has piled up along the shore for their
water supply. Oral comm. pication.

" The Caribou Eskimos, . . . 1. Desriptive part,” p. 134. Op-
portumity is not the only Jdeterrent, for Jenneas chserved that the
% . Copper LEskimos obtained all thair water throughout the
winter from snow, being ignorant apparently of the fact that ordi-
nary sca tce loses ity sahnmity with apge, and that an old cake of
the previous winter will yicld perfectly fresh water,” E. Weyer,
The Pshimor, their environment and folhwars ( New Haven, 1932),
p. TV

® The frieadls Arctic, p. 31,
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Long on the Jeannette, was one who so considered
it. He records that the crew of the Jeannette de-
cided to follow the practice of utilizing sea ice
after reading of its practicality in the journals of
numerous explorers. However, their success at this
venture was limited. Ambler wrote that he

... failed to find any ice of any degree of thick-
ness up to five feet, or ice from any pools found
on 1he floe surface that would give a water abso-
lulely free from salt. The snowfall was not
great, and it was naturallv very dry from the
extreme cold; it was, of course, readily moved
by the wind, and it took but a short time for it
10 become mingled with the loose granular fee
on lhe surface of 1he floe. . . . For sometime we

. . obtained a water that was potable, but not
pure, and the use of which should not be long
continued.f0

It is now generally recognized that

- The value of sea ice as a source of fresh water is
o directly proportional to its age, the older the ice,
-, the lower the salinity .. . at 6 months, sea ice iy
brackish when melted, but potable. At 10\
months. it is for all pimetical purposes fresh
Al 2 years or more the water obtained is almost
- _as fresh as rain water.?!

Its value, in general, will be proportional te the
! ability of man to determine that sea ice which is
. the oldest. The physical differences between old
B and new sea ice, according to the United States

Air Force, include differences in color, hardness,
texture, and salt content.®? Old sea ice tends
- to be more bluish in color, to have more rounded
‘ corners, to splinter somewhat more easily, and to
taste less salty than new sea ice.* The oldest,
h and generally freshest, sea ice is usually to be
9 found in pressure ridges which are common in
a. all floc-ice areas. At the foot of these pressure
ridges ean be found frozen ponds whieh represent
summer melt water (either from “=~ ice or snow)
or accumulated rain water. Tiicse frozen ponds
are one of the best sources of fresh water to be
found away from the land.

An example of the current thinking regarding
the use of sea ice as a source of water is found in
the DEW Line manual which states that it should
be used . . . sparingly and only for cooking.”*!

G e s i e
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= As quoted in Hostrup, | yons & Associates, op. cir..p. T

* Lisberg and Owens, op. cit., p. T3
. s Swurvival (Washington: 1945), US AF. Manual No. 64.5, p.

6.

3 Many authors belicve that the ability to distinguish the fresh-
sl sea e, without tasting, 1 hmited to the thhmos. See, for
cxample, 'dward Shackleten, A winter in fatitude T8° N,
Scottish Geographival Magazine 111 (1937 p. 29,

= Western Electnie Company, op. cu.. p. 101,
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Fluid Water Sources. While fluid water sources
are the major sources during the short summer
period, they arc relatively unimportant during the
cold season, at least, at the present time. They
do, however, have a great potential, and are be-
coming more important every year. Although most
of the rivers and lakes in the Arctic freeze to the
bottom in winter, there_are some on which the
ice forms only a capping layer, thus maintaining a
flgid_condition beneath, even during the coldest
partion of -the year.~If a means of reaching the
water through the ice is available, such a source
may be very valuable. Some rivers and lakes,
because of varying depths of water and/or freez-
ing, may have portions frozen to the bottom,
whereas other portions will have bottom water
unfrozen. Knowledge of such locations is of value
to traveling parties. Hanbury illustrates such
when he writes:

We again had difficulty in obtaining water. We
tried at several places with the ice chisel, and it
was no easy job. After cutting through seven or
cight feet of ice, it was a great disappointment
10 strike the dry, sandy bollom. The fact is that
these rivers carry off the whole of the water
which results trom the melting of the snow dur-
ing the summer and fall. Then they dwindle
down to small creeks, so that it is hopeless to
expect water except in deep pools. These ap-
peared to Le scarce, . . MY

Thus, the thicker the ice the less the chance of
finding water beneath and the thicker the ice the
more time needed for digging.

The maximum thickness of fresh-water ice is
generally considered to be about eight feet. It
does not necessarily follow, however, that any lake
or river over cight feet deep will be of value as a
winter source, hecause sediments may reduce the
quality. Quality may also be affected because of
stagnation. As a result of the capping ice, there
is a4 lack of natural mixing, especially in non-
spring-fed lukes, causing a decrease in the oxygen
content.  Freshness is frequently absent.*® A
recent study of luke water in the Barrow arca
indicates that the chemical coniposition of such
water is correlated with ice thickness, the impuri-
ties increasing with increasing ice thickness. Al-
though

= Op. cit,p. 134

~ Hanbury writes that it took us a jong time in the cvemng 1o
find water, but cventually discolered and not very palatable water
was struch seven and o half feet below the surface of the ice.”
thed | p 138,
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... a lake might be low in chlorides, hardness,
and other minerals during the ice-free period, it
may be necessary to carry oul extensive water
treatment during the season when the lake ice
increases in thickness.87

Brewer states that besides this spring coneen-
tration there are twoe other times in the year when
water contamination. may-be-expected. Qpe time
is in carly summer as a result of surface runoff
due to snow and ice melt and the other oceurs in
the fall after the first freeze. As soon as the iee
freezes, animals, in using the ifee as a runway,
drop their feces on it. During the early part of
the freeze-scason the ice may form and melt sev-
cral times before a permanent cap is made and
as a result feces are added to the water, con-
taminating it.**

The importanee of sub-ice lake water as a win-
ter source is himited, for many of the lakes prob-
ably could not furnish enough for more than a
few people.*” Although lakes are numerous, they
arc shallow and small and may he deceiving
in that they are principally the result of retarded
drainzge through the permafrost rather than evi-
dence of a large source of water.™™ However,
in many arcas today, lakes are meeting the de-
mand which in most instances is not great. To
the present, only a few of the lakes of the Arctic
have been checked as to depth, water quality,
re-supply capabilitics, and other factors.

Several other conditions affcet water availabil-
ity in the Arctic. High permafrost level prevents
deep water penctration while sparse vegetation
hinders water movement only slightly. Thus, run-
off is rapid which. coupled with low precipita-
tion, accounts for the small storage found over
vast areas, Artificial storage, as by Jdams, will be
necessiry in most regions in order to provide a
continuous supply of water for all but the smallest
of scttlements.

Fresh water is available during  the winter
wherever springs maintain themselves throughout
the year  Such springs in the north usuwally bave
their sourees within or below the permafrost. They
are, then, relatively rare in the area north of the
tree hine where continuous permafrost extends o
great depths. Springs of this type muy contain
highly mineralized water and therefore be of Hm-

W Bund, Limnotogy of selected anitic labes n relation to
watct supply problems ™ $eology XU (1989 p S

* Oral communication

T Alter op it op 22

> flem

ited value.* Permanent springs will generally be
surrounded by iee mounds and topped by steam
in cold weather. A spring having an outlet under
a river or lake may be sufficient to maintain
part of the river or lake unfrozen during part,
or all, of the cold season.

Muller, in discussing Russian expericnees with
permafrost, notes that large icings®™ *“. . . from
which water flows, or may be inc..~ed to flow,
throughout the winter may be utilized or developed
as dependable sourees of water supply.”™* Al-
though frost mounds, pingos, and other types of
swellings are indicative of the presenee of water,
they are not necessarily good water sources. The
smaller types of swellings have water that does
not flow in the winter. Pingos, the largest and
most permanent of the swellings to be found in the
Arctie, are potential water producers. Water is
usually found in the fissures radiating from the
breaehed erater (Figure 12).

Another source of fresh water was unexpected-
ly discovered by the group who finst occupied one
of the ice islands (T-3) in the Arctic Occan.
While studying the vertical structure of the ice,
they once drilled into a fresh-water lake at a depth
of cight feet. Rodanl states that “This ‘under-
ground” lake, formed by melted water accumulated
i a trough between two ridges. gave us a supply
of drinking water.™* This type of lake, in many
respeets, resembles more a lake found on land
than it does a pond formed between hummocks
of sca ice. Even on sea ice, though, fresh water
may be found during much of the winter. On sea
ice. irregularities often euause the accumulation of
drift snow to several feet in depth. This snow
acts as an insukation protecting the ice beneath,
If it happens to lic over a hollow which contains
water, it will prevent freezing of this water for
several months. Fresh water, thus, can be ob-
tained by chiscling a hole through the ice to the
witer beneath.™”

Permafrost and Ground Water. Most students
befieve that deep wells are necessary hefore large
denumds for water can be niet in the Arctic, as
surface water is Jocked in the solid state by sea-
somal change v temperature and ssbeice fake we

= Muller, e vor p 2
Sugera 4¢
g e o p 27
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ter is not adequate in most areas for a large con-
sumption. However, no successful deep wells
have been drlled in the Arctie to date.

Permalrost is one of the factors affecting the
devetopment of a supply of water from wells.
Muller devotes one section of his hook to o dis-

His of

ground water found m permafrost arcas fol ows:

cusstion of water supply. classification

A Ground-water from springs
B, Suprapermafrost water cwater supply from
above the permuatrost)
C Intrapermafrost water owater supply from
within the permafrost)
D Subpermatrost water (water supply trom

below the permuatrost)

I Alluvial

I avered

]

Vb sanad

N
.

Solntion channels

figure 17, Ground water as related to permafrost, Adapted from Mullzr, op. cit., p. 23.

The situations under which cach of these types
of water-bearing strata occurs are schematically
ustrated in Figure 17.

Although all of the types of water in Muller’s
classification are available in many localities in
the North, all are rare or at least very expensive
to develop under the prevailing conditions.  Ex-
cepnons incluede portions of the large river valleys
(notably the Mackenzie), larger lakes, and the
portions of the Barren Grounds that may fall in
the belt of discontinuous permafrost. Such dis-
tributions are imperfectly known, but their pre-
cise detineation would be invaluable to the de-
velopment of i better water supply.

Fhe furtner one moves from the zone of con-
tmuous permafrost the casier it as to uthize
eround water efliciently This condition 1s as true
for suprapermafrost water as 1t s for artraperma-
Along the north-
coants continuons permafrost of varying

frost amt subpermatrost water
crnnn
depthe tnp to at least FOOO feet) and a shallow
active baver lient ground water to zones below




the permafrost or to a very shallow layer above
the permafrost table in summer. Thus, probably
the only reliable source could come from sub-
permafrost aquifers. However, “In the Arctic
coast communities of Alaska, wells which have
been drilled to a point below permafrost have
produced only salt water.”®? Although the deep
wells drilled in the Fairbanks area have produced
adequate water (with a high iron content), it does
not follow that deep wells along the coast will
produce the same.

There are many different situations occurring
within the several types of permafrost which in-
fluence water availability. Often, within the per-
mafrost, there are found unfrozen zones, many of
which may be water bearing.”® The frequency
and size of these unfrozen zones increase along a
line extending from the zone of continuous perma-
frost through that of discontinuous into the zone
of sporadic permafrost (Figure 10). Thesc un-
frozen zones may be man made. At Kotzebue,
heated buildings have created thawed areas deep
enough to contain wells.*®

Permafrost varies in its relationship to rivers
and lakes. If these water bodies do not freeze to
the bottom in the winter, there is a part of the
ground bencath that is not permanently frozen.
Under some of the larger lakes and rivers, even
in the zone of continuous permafrost, there are
probably islands' of unfrozen ground. The depth
of thesc basins or bowls undoubtedly varies from
zero to a maxmum determined by the maximum

T Alter, op. cit., p. 224,

* Black, “Permafrost as a natural phenomenon,” p. 3.

* D. Cederstrom, P. Johnston, and S. Subitzky, Occurrence and
development of ground water in permafrost regions {Washington:
AL S, Government Printing Office, 195)), Geological Survey Cir-
cular 278 p. &,

depth of the permafrost. Such localities, espe-
cially in the extreme north, may become very
valuable as sources of water, for they offer the
best possibilities for the establishment of func-
tional wells. A simiar situation might prevail at
no great distance from the coasts on the con-
tinental shelf. How far permafrost extends out
under the oceans has, as far as can be deter-
mined, never bee1 calculated.

The active layer may be utilized at times as a
source of water. 't varies greatly in thickness but
generally increases with decreasing latitude. Along
the coast (as in northern Alaska) it is apparently
less than two feet thick, The active layer, as
such, is only a poor source of impure water at
best.

There are locations where the active layer does
not reach to the top of the permafrost, leaving a
continuously unfrozen tayer (called “talik™ by the
Russians) between the perennially frozen perma-
frost and the seasonally frozen active layer (Fig-
ure 1U). Water is available frequently in this
layer. However, it is probably of no great value
north of the tree line except possibly near large
lakes and rivers.

Permafrost is also significant in factors of wa-
ter supply other than availability. Permafrost
may isolate unfrozen zones and cffectively trap
water for long periods of time with detrimental
results to quality. In areas of continuous perma-
frost, as water is prevented from penetrating into
the ground, there may develop *. . . a concentra-
tion of organic acids and mineral salts in supra-
permafrosi water.”" "™

1™ Black, ""Permafrost as a natural phenomenon,” p. 8.

Water Production, Processing, and Storage in the Arctic

Mchied snow and ice, surface and subsurface
wiater, and rain water are all more or less avail-
able in the Arctic. All of these sources have
been and ‘or are being used. At present
mehied e and spow  are the most common
sources of water for domestic =ad  household
purposes.” "

UANer, g st op 29

The Eskimos

In pre-contact days water was used by the
Eskimos for little other thun drinking and cook-
ing. All uses required little water. As the Eski-
mos hived in family units, cach quite self-sufficient,
witer wis procurced on a family basis or individ-
ually.  This latier condition prevailed when in-
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dividuals were away from the family, for example,
on hunting trips.

All of the sources discussed above were ap-
parently used by the Eskimos, except the deep
well (that is, subpermafrost or intrupermafrost
water). Although the first recorded technique
used by the Eskimos in quenching thirst was that
of cating ice, it does not follow that this method
was their most important onc. As a matter of
fact, it appears that this procedure was relatively
rare.

Summer Supply. During the summer, the
Eskimos obtained their water at the nearest pond,
lake, or river, with rclatively little thought of
quality. There are exceptions, however. Birket-
Smith records that at Eskimo Point

... one saw the strange scene of the men putting
over to the other side of the open channel in
their kuyaks and making their way a good dis-
tanee over the ice to a hole where the water was
hetter,10=

Despite such occasional incidents, the idea of qual-
ity was not imbedded in the Eskimos to the
same cxtent as in the whites. Thus, it is probable
that little icc was melted by the Eskimos during
the summer even where it was available, for un-
der natural conditions of thaw there would be
fresh-water ponds on the ice floes, as well as on
the tundra. There is no evidence that any of the
Eskimos stored ice for use as a summer water
souree in pre-contact days. This technique would
have necessitated a somewhat more permanent
scttlement in the summer thun most Eskimos en-
joyed.

Toduy. possibly because of the influence of
outsiders,

. Eskimos in northern Aliska  somelimes
obriin summer water supplies from small wells
dug into the permafrost which accumulates
witler from melling permafrost or ground ice 103

Also, some Eskimos today store ice to be melted
during the summer, u technique that has been
made possible by the development of more-per-
munent habitations.

Winter Supply. Techniques Used in Setdle-
ments. During the cold season, snow and ice ure
found nearly evervwhere, so it s generally un-
necessiry o go great distances to acquire it Be-
cause e and snow, under the best conditions for

o The Cartbou Fakimos, 1 Desenptive part " p 143
Hostiup, Erons & Assocates, opr aif pote,

Figure 18. Blocks of luke ice to be melted for
drinking water.

their use as water, are compact as well as solid,
a leak-prool container is not a necessity. It is
thus relatively casy, in most arcas, to gather a
dogsled load of iec or snow and to store it near
the igloe's entrance (Figure 18). The location
usually used for such storage is on the lee side of
the dwelling,'* to prevent its being covered with
SNOW.

The critical factor in winter is not the avail-
ability of snow or ice but rather the availability
of a mcans of converting it into the liquid state
and keeping it that way. In pre-contact days all
of the heat used in heating their homes, as well
as that used in cooking and in melting snow or ice,
was produced by blubber lamps, with few excep-
tions.!™ The great importance of the Jlamp is
emphasized by Hall in his statcment that

... without the lump, Esquimaux could not live
—nol so much because of its warmth or use for
cooking. but beeause it enabled them to dry their

skin clothing. melt ice for drink, and gives them
light during the long arctic night of winter.106

For muny groups the most important function
of the lamp wus the melting of ice or snow and
for some this was the only funetion at certain
times of the year. For example, the Muckenzie
Eskimos used their famps exclusively for this pur-
pose so long us the stock of half-rotted fish and
meat they hud obtained the previous summer
lasted."

CROde Coanvols and PRy, dvorama tTotonto: Oxford Unie
sorstty Press, 1955, p 13

* The vne maper exception to the importance of the blubber
Lamny s found among the Canbot Tshimos  Buket-Smuth, m The
Canbou 1 ahmaos, t Descriptise patt,’ states that the =
B2y Sber Lamg 1 hardiv haown b wll and even thovwe who have one
warvely ever we #f for cucdhane T po KX Sachoan imatance s qinte
creeptional for, as Birket Smuth abse wiites. the blubber famp 1
the vential pomt of the indoor hife . from Greenland ta
Alasha " dmd p 92

® dritic revearihiey und lite cmony the Faguinaatin (SNew Yotk
arper and Nros | IshS p 174

Stefanssory, fhe Setaron daderwon arctie expedinon, p. 1L
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... always have water from the lakes. Qur coun-
try is so situated that we can always build our
snow huts near a lake. There we keep a hole
open. covering it over with snow so that the
water does not freeze inside, where only a little
thin ice forms between the times when we draw
water from it. Thus we are always able 1o drink
when we are thirsty. 111

These water holes are not only kept open but
are made more functional, for

At the hole, one of 1he inhabitants of the place
leaves an ice pick and an ice scoop behind for 0

.
. - i 0%

<

the use of the next comer. as new ice always !._-,:;.:‘

e Braane forms over the hole. The long handles on these '!:,','J

. implements are easily recognizable signs at the a0
Figure 19. Snow melter at Anoatok, Greenland. 4 = d A & ‘.‘-
: ; ; waterholes.112 ey

From Kane, Artic explorations: .. ., f, p. 381, b,

A

b 4t
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Commonly, water holes were protected by snow
huts built over the opening in the ice.!"?

The Mackenzie Eskimos, in contrast to the
Caribou Eskimos, usually prepared water over by
jamps, but “. . . those who lived on lakes or
rivers sometimes cut holes in the ice for water
with the ice pick."4

Figure 19 is a reproduetion of Kane's drawing
of a type of snow melter used by the Polar Eski-
mos of Greenland. He describes this melter as
folfows:

PR

A flat stone, a fixture of the hut, supported by
olher stones just above the shoulder-blade of a

walrus, —1lhe stone slightly inclined. the cavity - Storage of water in the liquid state was a
of the bone large enough to hold a moss-wick problem because containers had to be leak proof.
and some blubber: —a square block of snow was In former times vessels of tightly sewn skin were

placed on 1the stone, and, as the hot smoke
circled around it. the seal-skin saucer caught the
waler that dripped from the cdge.198

used, some of which were quite large. The im-
portance of the skin container is cmphasized by

Kane who, in discussing the Anoatok Eskimos of gl

Although direct melting was common. melting  Greenland, stated that “A rude saucer shaped 5&
through the use of space heat was widely used. cup of sealskin, to gather and hold water in, wus -'_-.'-::‘
During winter the Barrow Eskimos use this meth-  ne gylirary utensil that could be dignified as table '_
od by placing a . .. lump of clean snow on & g i vus Schwatka writes that the seal-skin ;:':':'
rack close to the lamp, with a tub under it to it Hon

caich the water that drips from .1

o L » . ... holds f t arls to double as man
With the limited amount of heat available, wa- e o

gallons, and is generally made large, so that its

= ter was seldom over-; : 'hile : , A : ; ] O
:. ¢ . cldom over-abundant. While aff groups conlents will not freeze solil during the night. oo
melted ice and snow for water, most also used ... When emply of water, and clogged with ice AT
river or luke water as long as possible and some (as il usually is when 1hey start to the ice-well .

:-: throughout the winter, Figure 20 illustrates the 1o refill it), i1 is given a vigorons boating over a !

:-' relative importance of the various soarces of wa- sledge. a hard spowdrifi, or, if in a sportive
E ter msed among Iskimo groups during the winter. moaod, over 3 dog’s head. the broken ice-splinlers

y The Caribou Eskimos depended upon sub-ice fake flying in every direction, leaving il as limber as

b . 1e¢ ‘o 114

= water to a much greater extent than any of the # piece of canvas.

a other $:himos. Birket-Smith notes that they pre- in more recent times, metal and wooden ves-

fer to buitd o camp “. .. by a luke where fresh sels of varying shapes and sizes have been ac-

¥ water and fishing through holes in the ice are  quired. Crantz, in his observations of the Green- :

il e s ikt g 3 < wen's inform-

- available. One of the Rasmussen’s inform ) The Netslih Eakimon p 457

. ants told him that the Utkuhikjalingmiut, who live | Brbecamitin w1 Canbou Eabimon, Il Desiiiptive

': mn the Back River area, Q U Rasmussen, TObservationy of the antelfectund culture of the

. anbou ehimon ' p 44

Y Stefaeason . The Sietunvion dndersan ariits evpedition, p

. Tt Rt ewplarat.om e 8l (R

" NMurdiwh op i p 64 Aritic evpdorations Jhop W2
» The Candou §akimon, I Descniptise part,” p 7Y " The implements of the teloe, " p %€
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Figure 20. Primary and secondury sources of water among the Eskimos during winter.

lund Eskimos at Disko, had the following to
write:
Their drink iy clear water, which stands in the
house 1 a great copper vessel, or in a wooden
tbh which s very neatly made by them, . . .
Ihey bring in a supply of fresh water every day
in . pitcher, which is i sealskin sewed very tight,
. und that their water may be cool, they chose
to Lay o picee of ice or a little snow in i, which
they seldom want 1He
Fhe same basic type of water tub is used by the
Ammassalingmiut Fshimos in cast Greenland but,
i contrast (o the Disko tub, it iy
tarely ailled by feiching the water tn i bucket
trom a tiver, but as a rule by being filled with
Large predes of e ot frozen snow which slowly
meltan the heated air of the house or teng. 11>
Simibarly, the Koyuhukh keep a large wooden bar-
rel nlled wath snow which miclts from the heat in
their homes 1
T Ihe Brsory ot Greonband Lp 144

W Thatbirze: U thnogaphoal codicctions trom 1 ast CGieen-

tan Angmagsalid and Nuahbo faade be G Holin, G Amdiup and

o Fetersen W ratbiteer, ke Amniasaabk Eshma” Med
lelelver v Goraatund W W O1vid p €42
R ONaahall Aot villaze cNew Yorh Daciany Guald, B9y
ol
.
- |"-Q ...

Drinking tubes appear to have been an acces-
sory among all of the Eskimo groups.!** Birket-
Smith observed that in Greenland

As a rule the water pail is filled with ice or
frozen snow in winter, and in order to suck up
the water gathering at the bottom, the Arginag-
ssulik Eskimos use sucking tehes of wood or
bone; regular wuter dippers are also used!2!

The drinking tube is also used for drinking water
from ice-covered pools'™ and, in the spring, from
pools formed under the snow.'™ The drinking
tube forms part of the traveling equipment of
many groups.

Techniques Used while Traveling. When trav-
cling, the method of procuring water by the
Eskimos iy basically the same as when in a vil-
lage, that is, by melting snow or ive or by digging

* Bubet-Smuhs, UHhoographical collevtions from the Northwest
Passaye,” Report of the hith Thule evpedition, 192124, V1, No 2
194s) p 24

CBurhecSmuh, Clhe Greenlanders of the present Jay,” Green-

land (1 ondon, 1928, . W

Mathiassen, ““Material cuiture of the lglubk Fskimoy” Ke-

Lk ou DR SR
r'. LA o,
'l

(2

.
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o

poet of the fitih Thule eapediion 1921-24. VI, No | (1928, p 158
*Hoas, The Cenival #Fshimo tWashmgtoa: U S Bureau of

Amctroan bthrology  Sivth annual report, 1884-85, pub 1883,
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through a capping layer of ice to fresh water
bencath. The techniaue of melting ice or snow on
the trail occasionally takes unique forms. One re-
corded method proceeds as follows:

Whes he grows thirsty  he halts: serapes away

the snow until he lays bare the solid ice beneath;

and painfully scoops in it a smalt cavity. Next,

he fetches a block of fresh-waler ice from a

neighbouring berg, lights his Tamp, and, using

the blubber for fuel, proceeds to place the block

on the edge of the cavity. As it slowly thaws, the

waiel trichlos down into the hole, wnd whean the

Eskimo thinks the quantity col.ected is sufficient

to quench his thirst, he removes the crude ap-

paralus, and. stooping down, drinks the soot-

stained fluid. 124

Another technique of melting snow was observed
by John.Ross-while on a musk ox hunting trip
with a Boothia Peninsula Eskimo  After a musk
ox had been killed the hunter, who had been with-
out “reflieshment”™ for eighteen hours, “. . . was
coptent with mixing-some of the warm-blood-with
snow, thvs drinking as much_as he required to
quench his thirst, . . .71#

Many groups, in order to conserve fuel, prefer
to dig through river or lake ice for water. Schwatka
has discussed this lCChu;qu‘ (huruugld;, L‘lTnphd-
sizing not only the tools but also the knowledge
that cnabled the Eskimos to be most proficient
in this important task. His obscrvations are quoted
at length below:

In & river the native is not a bad judge of the
places where he will find the swiftest currents
even under the ice, and here he knows that the
glacial covering is thinnest. Any snow banks or
drifts that have formed by the wind before the
temperature i the winter reached its minimum,
will pive thinner ice. and consequently less work;
for the snow can be shovelled ofl in two or three
minutes, even from the deepest drifts. If these
drifts should be covered with a crust, the native
al once hnows that they were formed during the
October or November thaw hefore the we could
have been very thick, and a ccuple of feel of
drift will save him aqigging through nearly
double that amount of ice. And with many of
these savage traits bordering on instinel. he can
closely judge shout the age of the drift; for, if
made since the coldest weather, it has been no
pratection to the ice-covering, and only adds the
Libar of removing it slight as it is. Where there

2 e .;n'lu' world s planty  ammals und natural phenoment
itondon: T Nebon and Sons, 1876 p.o 195 This book, although
hased on orgpinal journais, has some  apparent  musstatements

Whether the above has been altcred from the ofiginal has not been
Jdetermined

P

Narrative of a secoad venvaage L .p. 228 Whether this prace
fiee “tad nitual signmificance, as acll, was no? stated.

is no covering to the clear blue ice, you will
oftet sec them extended full length, their little
PpUE Tioses pressed against ity for they can, by
varying peculiarities of the hues, tell if it be
frozen to the bottom, or not. The site selected
by wll these conditions duly weighed the opera-
tion is commenced by starting a hole about a
foot and a half in diameter, and probably a foot
deep. with the ice-chisel. In cutting with this,
the ice has been broken up hiito stnall frag-
ments; and these are taken out with the ice-
scoop, and this alternation kept up until water
Is reathed. v

The length of time necded to dig an ice well
varies with the thickness and nature of the ice as
well as with the skill of the well digger. A skilled
Eskimo can cut through scven feet of ice in less
than an hour."™™ Ice wells are not always suc-
cessfui, and when the Eskimos were “. . . ex-
tremely anxious to economize oil, . . six or seven
wells werne dug befure they gave it up or wene
successful’1="

Not all under-ice water is obtained by the Eski-
mos from rivers and lakes, for early in the cold
scason fresh water can often be found among sca-
icc hummocks. Kane reports onc such instance
in which Myouk, his Eskimo companion,

... began climbing the dune-like summits of the
ice-hills, tapping with his ice-pole and occasion-
ally applying his car to parts of the surface. He
did so to three hills without result, but at the
fourth he called out, "Water!” . . . A few min-
utes’ digging brought us down to a scanty infil-
tration of drinkable water.12?

While traveling much time was required to melt
icc with the blubber famp or to dig through sev-
cral feet of ice. As a result, some of the Eskimos

... formerly (as for instance we know of the
Atvilingmiut) carried a kind of ficld-bottle in
their bosom. so that the water could remaia
thawed from the morning. The fact that some
well-to-do Fakimos now have a thermos flask
abo indicates this, 130
Samuel Hutton noted that his sled drivers on one
trip carried water tn a scalskin bag which they
stored under a doubled-up bearskin on the sled.'™
Other matertals used in the construction of these
bags include the stomichs, bladders. and intes-

Lt he mmplements of the igihoo,” p B

YT bid . p R4 See abo W Gilder, Sehwatha’s search: sledging
i the Arctic in guest of the Franklin recordy (New York: C.
Svuibner's Sons, 1881, p T4,

1 Schwatka, “The implements of the 1gloo.” p. B4,

* drctie explorationy, .. 1 p. 427

» Bithet-Smuth, “The Cartbou skimos, | . 1L Descrplive
Pt po 17

CAmong ihe Fakimos of Labrador g recind of hve years® clove
micrcourse with the Fshimo tribiey o} Ladeador (1ondon: Sealy
Serviee and Lo 1912 p 120
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tines of reindeer, seals, whales, and walruses,!32
and, according to Brewer, the flippers of seals.!??
These bags vary greatly in size, somc being small
enough to be carried beneath a parka, others
large enough to hold several quarts.!* As these
bottles are frequently filled with snow, they serve
for water production as well as for transporta-
tion and storage. The groups which have been
reported as using water bags are shown on Fig-
ure 20.

The Indians were not so well prepared to cope
with the natural aspects of their water supply as
the Eskimos, especially when they were in the
tundra away from the trees which make up such
an important part of their normal environment.
Hunbury, who spent somc time with both the
Eskimos and Indians, mcntions that those Yellow-
knife and Dog Rib Indians who ventured out onto
the tundra in search of musk ox suffercd greatly
from thirst.

They carry no icechisel for making holes
through the ice to procure water. When the
small stock of wood which they carry comes to
an end, they are without fire, and cannot even
melt snow and ice for drinking-water. They have
then to eat snow or suck ice the whole day long,
in order temporarily to satisfy the unassuageable

thiist with which one is consumed when travel-
ing fast in very cold weather.13%

The Eskimos of today solve their water prob-
lems by the same basic tcchniques thcy used in
pre-contact days. Their needs arc greater, but the
sources have changed little. In summer they still
dip watcr from the numcrous lakcs in the active
layer; during winter, as in times past, they depend
upon water from under lake and river ice and
from ice and snow. However, ice and snow are
likely to be hauled to the settlements by weasel,
jeep, or truck as well as dogsled. Their storage
comtuiners are row commonly metal and often

132 0 Nelson, The Earhimo aboui Bering Strait (Washington: U
S. Barean of American Gthnology,  Nineteenth annual report,
1K96.97, pub. 1K99) p. 73,

'8 Oral communication.

13 Nehson, loe cif.

X Hanbury, op. cit, p. 7Y Such a predicamen! resulted despite
the fact that cach hunter filled his sled . . . 1o capacity with se-
Iected firtewood cu! to umform length and used solely to melt e
for drinking purposes and to boil meat and tea * . Mason, “Notes
of the tndrans of the Great Slave Lake area,” Yale Universin Pub.
heations in Anthropology, XXXIV (19460, p. 200 As long as their
wood lasted, they drank snow water.  Rumell has described the
method used by the Indians 1in making snow water  “l‘ach in-
dividual carried a un plate on which a hlevk of snow was placed
and inchned towatrd the fire.  As the lower wide becrme saturated,
we drank the water as from a sopgy snowhall, . " Raplorattons
tn the tar North (University of fows, 18981, p 118 UHe alo writes
that 1n the wouds they had better techmgues, Lor cuample, the
tndians would melt = Coanow By fiung large hlinks on the ends
of poles before the long camp fire, 3 steady stream soon tnckled
from the lower end which was tninuned to a point by a few sirohes
of a bmfe " Ldem

41

much larger than those made of sealskin. The
55-gallon oil drum is a common form of container
today. The melting of ice generally is accom-
plished on a large stove (again, often made from
an oil drum) burning petroleums, drift wood, or
coal. Blubber today 1s normally used only when
no other fuel is available. Native travelers now,
more often than not, use the kerosene Primus
with a metal pot for melting ice. This combina-
tion has reduced the time required for water
preparation to a fraction of that needed under
aboriginal conditions.

The Explorers

The first explorers to penctrate arctic waters
were little hampered by a water problem. In fact,
they probably benefited by arctic conditions, at
least in comparison with their contemporaries sail-
ing in tropical waters. As the first arctic explorers
sailed only during the summer, they had, if they
landed on shore, water available in the liquid
form. Even more important, however, was the
fact that these early navigators were able to refill
their water casks from ice-bergs and floe ice, a
source not available in temperate and tropical
oceans. Davis, in 1585, wrote that

. we taet Islands of yee floating. which had
quickly compassed us about: then we went
upon some of them, . . . before night we came

aborde with our boat lader with yee. which
was very good fresh water.128

Koldewey. ncarly 300 years latcr, wrote:

We therefore lay-to. and as there was a large floe
close to us, with several pools of water upon it,
we landed in order to renew our store of fresh
water, which was nearly exhausted. This was the
irst time during the voyage that we had sct foot
on the ice, . . V7

The techniques used in re-watering ships from
ice floating in the ocean were Yuite varied and
often included most of thc crew. Koldewey tells
of the bucket-brigade method his crew used in
the following statement:

When our scientific observations were over we
joined the row of wiler-bearers, forming two
lines along which the full and empty buckets
were merrily passed, but it was mudnight before
our tash was done and we returned to rest. 138

A somewhitt more refined technique wuas em-
ployed by the whilers, who, * From the cavities

Ay quoted it A Makhan op e po 4
YR Op at ., p. 267
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of these icebergs, . . . are accustomed, by means
of a hose, or flexible tube of canvas, to fill their
casks casily. . .19

This source is still being used by ships in polar
regions and, according to Foster, should be utilized
to an even greater extent. He contends that, as
it iy necessary to conserve fuel where a ship is
liable to be beset by ice, an economical source of
water is desirable. In arctic waters such a source
1s available and, in order to utilize it today, Foster
believes that a small hand pump would be ade-
quate for a small vessel whereas a large ship
would reqguire a power-driven pump.'+’

At sca, when icebergs or floes do not have
water of sufficient quantity or quality, ice itself
may be collected. Hf ice floes are used, the best
ice comes from those tloes which have been un-
der pressure. By placing this ice in a steam-
hzated tank for melting. more water will be pro-
duced from a given quantity of fuel than if the
same amount of fuel should be used in distilling
salt water.'*' Nonetheless, icebreakers and other
Navy ships v the Arctic Ocean distilt salt water
for their needs.

It was not until explorers begin to winter in the
Arctic that they first had to cope with an arctic
water problem. James, once of the first to spend
such o winter, illustrates well the general charae
teristics of the natural problem as well as the
Furapean background wsed in solving such o
problem. He siates that in October, at his winter-
g plice on the western shore of Hudson Bay,

Fhe Toee Beere, beme thaw'd ina Rettell was naol
voend, nd they did breake the lee of the pondes

of waaer o ceme by water 1o dninke Ths pond

water b o most fothsome smell with 1, o that
doabtme fest 1t mipht be infections, | caused o
Woell o by

tyovead water whidh did Laste s owe flal

nhe neere the house There we had

tared oursebves with sy even ke mithe 140

By Decanber his well was frozen, <o Lames, be
hovimg snow water to be “svery unholesome,” sent
three o his men oo sprmg e had discovered

when they st Landed ot o distunce of - aboat

thiee quarters of oomide from therr heuse These
Tien
Wty ) w ot o at bt £ J ot
i N iy a 3] At i
SN Plape 1 v
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Figure 21. Melting snow and cooking in the house in
which Barents wintered on Novava Zembla.
Gerritde Veer, op, cil., p. 128,

way 1o the very head of it. They found it spring
very strongly, and brought {James] a Can of it,
... This spring continued all the yeere, and did
not freeze but that we vould breake the fce and
come 10 11.143

Soon after the explorers established a wintering
site, routines for all personnel were established.
One of the most important assignments was that
of mamntiining a daily water supply. Munk, for
exampic

. made regnlations for keeping a watch, the
fetching of wood, and burning of charcoat as
well as with regard 10 whose duty i1 wis 10 be,
durme the dav, 1o meh spow into water; . . 144

‘Thus, Munk, unlike James, used snow as a source
of water, even though he considered thawed and
boiled beer better than snow water.!®

Some of the carly exploration parties spent the
winter in specially constructed houses on land,'*
whereas others converted their ships inte winter
gquarters — This Latter practice became the general
method bemg extensively used in the nineteenth
century

Ships mthe sinteenth century were equipped
with o cooking plice (caboosey on the deck

130 p SIa
[N TR rop Y
Coldews tnier wontercrs bk Munkoin usiay spos even if not
isteng froguettiy and oovanvionally wath o sense of
v Hay

§ toiitrg of Ly wittening i SNovava Jembla o 1997,

oty s, that we dranrk water, which agrecd not well with

he aold and we needed 2o to voole 11 wih snowe ot he, but

acie funed toomelt ot vut of the sniwm U G de Veer U lhe three

vivaves of Adham Bareats 1o the arctic togions 1894 1898 and
Rt Houkluif San e VIS 108 Th p 10N

Lo oevample Barents 10 Nosava Zembla and James on Tlud
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Figure 22. Snow melter on board ship. Kane, The U. S.
Grinnell expedition in search of Sir John Franklin
{(New York: Harper and Brothers, 1854), p. 233.

whicli burned wood and coal. These cabooses
were taken below if the temperature became too
low.'*" In the dwellings on land an open fire
with chimney was the common method used.
Cer the fire was placed a kettle for melting snow
(Figure 21) Spacc-heat melting was also used
extensively, although many accounts mention that
within a few fest of the fire water froze. James,
describing his wintering on Hudson Bay, empha-
sizes this fact as follows:

The Cookes Tubs, wherein he did water his

meate, standing about a yard from the fire. and

which he did aii day piye with melied Snow-

water. yet, in the night season, whilst he slept

but one watch, would they be firme frozen to the

very boltome. 145,

One technigue used to counter the cold tem-
perittures next to the floor was practiced by Kane
on bourd his ship where ™ . . . the carlines over-
head are hung with tubs of chopped ice, to make
water our daily drink "t

When great numbers of explorers were winter-
ing during the nincteenth century there wis much
experimenting with snow-melting equipment to be
used on bouard ship. Koldewey constructed in the

. chimnev of the caboose .. a receiver, from

the bottom of which o pipe ran through the deck

into o barrel, and all snow thrown into the re-

cenver, being melted by the warmth of the chim-

neyv. fell into gt

\{unk waed another techingue  Ile had large fireplaves built oe
around uln:la sone twenty peopic veuld gather for warmth Gosdh,
“"":‘(I'!u‘;‘st;_up ditop

# Nane, dret eaploration
e it p WY

Chp 1TV

A similar arrangement, devised by Kane, is illus-
trated in Figure 22.

Once winter ceased being just a period of time
wasted while waiting for the sea to reopen, and
became instead a time to prepare for and engage
in sledge explorations, other water problems pre-
sented theinselves. Sledge travel, in order to be
successful, whether man or dog powered, necessi-
tated the conservation of weight. A heavy fuel
load worked against effective sledging.

In the early days of arctic sledging by explorers,
the date of starting often depended on the availa-
bility of water. Lyon delayed the start of his sledg-
ing season in April, 1822, by several days, because
the temperature was not

. . . sufficient cven at noon, except on occasional
days, to thaw ice, or to afford us a draught of
water, without which we could not travel; and as
we were to carry twenly day's provisions, it was

not in our power to take much wood for thaw-
ing snow.151

Kane, thirty years later, notes the same result,
that is, a saving of weight, because
The snow was sufficiently thawed to make it
aimost unnecessary to use fire as a means of
obtaining water: they could therefore dispense
with tallow or alcohol, and were able to carry
pemmicar: in larger quantities.152

The main difference between Kune's and Lyon's
cxperience is that Kane saved weight by not carry-
ing tallow or alcohol whereas Lyon sav 4 it by
leaving wood behind.

By the middle of the nineteenth century, not
only hud some of the explorers replaced wood
with alcohol as a fuel, but many also began uti-
lizing Eskimo techniques. Kane, in 1855, stated
that his

. .. plans for sledging, simple as I once thought
them, and simple certainly as compared with
those of the English parties. have completely
changed. Give me an cight-pound reindeer-fur
biig to sleep in. an Esquimaux lamp with a lump
of moss, & sheet-iron snow-melter or a copper
soup-pol, with a tin cylinder to slip over it and
defend it from the wind, . . 133

Kine frequently melted water in a Xettle hung on
a tripod over a fire, a technique he used in his
ship as well as in the ficld.’>* He used an Eskimo
lamp as an accessory, for © . . . it nelps out the

The private journal of Cept. G. F. lyon. . . . (london: J.
Murray, 1824y, p IV]L
CArctic explorations. |
Sihd (L p 16
Chhad L pp 218 and 442
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Figure 23. Cooking cpparatus developed by Kane.
Kane, Arctic explorations: ..., 11, p. 173.

cooking and water-making, without encroaching
upon our rigorously-meted  allowance  of
wood.”™ However, in making extensive prepa-
rations for sledging to safety in May, 1855, Kane
had his best metal worker make a special cook-
ing apparatus which he considered the most im-
portant item in thcir cquipment.'* This special
cooker (Figure 23) consisted of an iron cylinder
cightcen inches high and fourteen inches in di-
ameter placed over an iron saucer, in which was
placed blubber.'* The cylinder defended the
lamp from the wind and hcld tin vessels used in
melting snow above the lamp.

As sledging bccamc more important, much
thought was given to the construction of a heater
which would *. . . render combustion as complete
as possibie and Ict none of the heat escape till it
has done its work."'™  Although these heaters
were not made exclusively for snow or ice melt-
ing, this task was one—and inviriably the first—
function the heater served after being fired up.
Their cfficiency was often judged by the speed
with which they could convert a given amount of
1c¢ Or snow into water. '

These “cooking machines”™ were all basically
similar ir. that they incorporated two or more pots
so arranged as to get the maximum benefit of the
heat.  The once developed by Payer for his
1872-74 expedition to Franz Josef Land has been
considered as the . .. carliest special cooker ..,
of which the better known Nansen and Peuary

= rhd  p 443

#lad lip 172

B l‘:'.:“uﬂ’: lT"‘h‘. Hesl s rasaing o Greendami ] onden Gireen and
Co, 1597 Ay quoted 1 Hostrup, Tyons & Assoviates, vpe ot
Pl

* 1he tune clerment mvolv=d an sow mclting iy emphasized by
W llobbs i Pears 0 New York Maomitlan Co | 19360, when he

statey that “On an capedition such as the Noith Pole one of Peany,

CLC Boalir Al wigaletd amp ey apell e margin between

i
ey and failuic, Cp W

Figure 24. Payer's special cooker inside tent.
Payer, op. cit, p. 279.

cookers are improvements™!" [t contained a
pot resting over a spirit lamp, all of which was en-
closcd in a hood with a hole in the top. Over the
hole ‘was placed a pan of snow for melting (Fig-
ures 24 and 25a). Payer found this arrangement
quite suceessful and recommended that such

.. cooking machines should be of different
sizes, according to the number of men in the
cxpedition. The largest of those used by us con-
sumed. Y3 1h. of spirits of wine to convert snc,
with a thermometer from !30° to 22° below
zero Fo, into three pallons of heiling water. 16!

The next type of snow melter was developed
by Greely, who increased the number of vesscls
(Figure 25b). The hot gases from the burning
spirits rose through a hoilow tube in the center
of two tin vessels until they struek the bottom of
the uppermost vessel, at which point smoke and
some heat escaped. One advantage of Greely's
cooker was that the pots, on being inverted, fit
into cach other for conservation of space.!*?

Nunsen. in developing the “Nansen Cooker”'%3
(Figure 25¢), utilized Greely's cooker as a pat-
tern. He writes that

The cooking upparatus we 1cok with us had the
sdvantage of wilizing 10 1the ulmost the fuel con-
sumed. With i1 we were able, in a very short
space of 1ime, 10 cook food and simultancously
10 mell an abundance of drinking waler, so thay
both in the inorning and in 1the evening we were

= Hobbs, “Cookmg devices for arche sledging use” Faciclo-
pedia Arcta, Mo cunpubl ) po 1 Kane's covkmg apparatus
developed a devade carlier, should possibly he vonsdered the carli-
st ay at oy sumlar eneept that ot used an open pan fur e fize,

LAl er o 3N AN tothis Boalor was, Telatoely speak-
g, quite cffioicnt, Pava s an hay pournal that to make
aMow of suh coidness bort guichhv we should have had 1o place the
kettic aver Vosuviny itself an the heght of an crupion.™ po 28¢

Cacclv, Three veany of wrcte verviie, p 160 One of these

covhery, o tworan vize weighing only siteon ounces, was valled
My Greehv s meen the Liampy” Compamon ™

1y Nawson, The home af the hlioant i Philadelohny 8 R
Lippiscott Corloas guoted in Hostrup, 1vons & Assoctates, op.
vt op 1V
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. Paver’s cooking apparatus. Payer. op. cit.. drawing on

p. 234,

A — inner compartment

B — holder containing about a bottle of spirits

C — covered pan for ccoking

1) — outer case

E — pan filled wiih snow and fitted with a movable
nandic

b. Greely's field cooking apparatus. Greely op. cir.. draw-

ing on p. 163,

A — sheet-iron cylinder with perforations

B — tin fireproof vessel with cylinder in center
C — tin fireproof vessel with cylinder in center
D — tin bucket

E — alcoho! lamp

«

Nanacn's cooking apparatus Nanscn. Parthesr north, 1.

Jdrawming on p 470
A primus
B - dboler
[} nng-shaped veael for melting snow

w67

1 over C with hote 1n middic
k flat pan for ewlting snow
1 cap keeping hot air an couking apparatus

d Peary's alcohol vooker. Hobbs, Peary. drawing on
p 0.
A -~ alvobol lamp
B — doling watel
C — hot atr and stearn Jopping thaw water
D~ ¢rushed e

Figure 25. Snow and ice melters.




able to drink as much as we wished. and even a
surplus remained. The apparatus consisted of

two boilers and a vessel for melting snow or
ice .. .164

Peary, during the many years he spent in the
Arctic, devised a cooker which he used on the
expedition during which he reached the North
Pole. Peary wrote that this

. new alcohol-stove . . . worked splendidly,
enabling us to melt ice and make tea in ten min-
utes. a process which had on previous trips. with
the old type stoves taken a full hour.165

Hobbs, in describing this heater (Figure 25d),
points out that

All hot air from the burner passes upward out-
side the walls of the kettle through the row of
holes near its top. Now mixed with steam from
the bhoiling water in the kettle it passes up
through the gauze bottom of the ice container
through the interstices of the crushed ice mass.
The thaw-waier which results drips down into
the kettle.16

Despite the added efficiency of smow melters,
it was still of importanee to be able to find the
best snow for melting, if snow and not ice was to
be used. Nansen, in crossing Greenland, as-
signed one of his Lapp helpers to that task. The
importance of such a job is somewhat more im-
plied than «tated in the following ecomment:

Ravana’s evening task—uand. I really think, the
only regulir work he hid besides hauling during
the whole journey——was to fill the cooking-
vessels with snow. As an old Lupp who every
winter used snow for his cooking-pot insteid of
witer, he knew well what was the best kind for
mehitng. So. as soon as we stopped, he would
steil silently off with the cooker, dig himself a
hole down to the old coirse snow, which melts
into far more water thin the newer, bring his
pot buack to the tent, and then, if it were already

1p. criwl in and sit with his legs crossed nnder
him, not to move till supper wis ready .. 108

Only a part of these special cookers has found
general  acceptonce, that part being the Pri-
mus.'™ The Primus was quite soon adopted by

™ Farthest north tondon George Newaes, Ltd | 1X9%), 1, p 470,

WoSecrety of podar fravel (New Yorh: lhe Centuny Co, 1917),
p 2t

P4 eany, p Vi Hobhs alvo atates thar “Comnmander MaoMdlan
later v ed thiy lamp fand! Wah some madiboation had
1 patented  footnote 11 p Vi

Revnolds, op air, p o6l

* Theories on sledgimg hanged and all of the ahove heatess be-
came oholete  Althaugh some of than were effiaient e and snow
mielters. they were too effinient an the sense that vo wannth (e
be obtained from them, sovhs could not be died 1 ater evploters
believed that added waimth was of niote valoe than the weight
saved thiough the use of an “over efhicient” heater
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the Eskimos and is used extensively by them to-
day.

Even with the best of equipment, the melting of
snow or ice takes time. Many of the explorers,
as the Eskimos before them, tried various methods
of carrying water or of preparing it on the march.

One technique, tried with some success, was to
fill flasks (in more recent times, thermos bottles)
with water prior to starting on the day’s trek.
These “field-bottles™ were usually carried next to
the body, though sometimes they were buried un-
der as much baggage as possiblc on the sled, just
as among the Eskimos. !

The explorers also carried flasks next to their
bodies while marching and many tried to keep
the part of the body where the flask was located
turned into the sun as much as possible.'”™ This
method of water supply was not very satisfactory
from the standpoint of either converting snow in-
to water or of maintaining water in its liquid state.
Koldewey found that . . . often after many hours
only a few spare spoonfuls (and sometimes noth-
ing) could be obtained . . ."'7' from snow and
Markham writes that “ . . it was quite impossible
to prevent the water in the bottles from being
converted into ice, in spite of the tin water bottles
being kept inside the waistband of the trou-
sers. "1

Only one instance of preparing water on the
march in pre-motorized exploration was encoun-
tered in the literature. Payer wrote that

Thirst compelled us frequently to halt in order
to liquify snow: sometimes we melted il as we
marched along, and our sledge with smoke curl-
ing up from the cooking-machine then resembled
i small sieamer 173

Today’s Occupants

The Eskimos and explorers were satisfied with
a water supply which often was scant and of poor
quality: the Eskimos because of cultural heritage,
the explorers because of a will to sucrifice. These
two groups were also willing to procure water on
an individual basis. With the development of per-
manent scttiements and with the increasing im-

™ Nupra, po 10X Berket-Smath was wnitten that . . . when boil-
ing water i pourced into a thermos fask, which iz thereafter packed
nte g vanbouskin bag, it can remain warm half a dav on the

sledee, even if the mercury an the thermometer freezes.” “The
Canbou Bahamos, 1 Descreptive part,™ p. 178

“Koldewes, op ¢ir . p 420

T ldem

A Markham, “on aledge traveling,”” Proceedings of the Royal
Geographical Socteny, XX, No. 2 (1876), p. 114,
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portance of the Arctic from the military stand-
point, new attitudes are heginning to prevail.
These new attitudes have leu to attempts to in-
crease quantity, improve quality, develop a year-
round supply, and to change the supply from in-
dividual to group procurement.

Despite such a trend, many of the settlements
of the North and nearly all of those north of the
tree ling still have relatively primitive water-
supply systems. Changes have been instigated so
recently that most are still in the experimental
stage. In general, there appears to be a tendency
to adapt techniques used in cities in lower lati-
tudes where special precautions have been made
for cold winters.

Recent developments have affected the source
used, methods of processing, transportation, and
storage of water in the Arctic. The ways in which
such developments have proceeded are discussed
under the following headings: a. Practices fol-
lowed in contemporary arctic settlements, b. The
Distant Early Warning Line, its water problems
and solutions, and ¢. Field techniques developed
by and for the military. These groups are ranked
in order of decreasing permanency of situation,
a condition which has an important bearing on
the source and the technique used.

Practices Followed in Contemporary Arctic
Settlements. In the North today, the improvement
in water supply systems and techniques has been
greater to the south of the tree line than north
thereof. The solutions some cities, such as Fair-
banks, Alaska, have made to their water prob-
lems are probably indicative of the solutions, with
some exceptions, that will be made in the future
north of the tree line. For this reason, in the
present  discussion, many cxamples have been
drawn from techniques in use outside the Arctic.

Sources Utilized. The most desirable source is
onc with adequite volume available throughout
the year. For settlements of any size in the North,
it i« now considered that such a source is only to
be found in subpermafrost uquifers, Thus it
would be ebtainable only with deep wells. Such
wells are being used in several northern settle-
ments, all of which, however, are outside the Arc-
tic. Wells at Fairbanks, probably the best de-
veloped in the American Arctic, furnish an ade-
quate supply from below and within the perma-
frost throughout the vear. Muny localities use
well water during one season, bui relatively few

-

have wells that function throughout the ycar. The
water system at Dawson City, for exampie, uti-
lizes deep well water during the spring when the
Klondike River is muddy.!™ At Fairbanks,
nearly the entire populace depends on well water
furnished by the city, although there are some
private wells in the city. At Mayo Landing, on
the other hand, such wells as there are, are pri-
vate. These wells are relatively few in number;
most people depend on the river for water.

Although wells are proving functional in the
Subarctic, none has been more than seasonally
successful north of the tree line. Wells whick have
been drilled to subpermafrost depths have pro-
duced only salt water. There are some shallow
wells in the Arctic, such as one at the Civil Aero-
nautics Station at Kotzebue. This well, which is
thirty-five fect deep, furnishes water from April
to September, being frozen the rest of the year.!"

Rivers or lakes, aithough the second most de-
sired of sources, are the most commonly used of
the year-round sources. Most settlements in the
Arctic are located close to rivers or lakes, many
of which do not freeze to the bottom in the cold
scason. The Klondike River, except when muddy
in spring, furnishes water for Dawson City.
Quality is a factor frequently influencing the wa-
ter source used, as is indicated by the supply
system at Aklavik (old sitc). Lake water is piped
to the townsite because Mackenzie River water
is considered unclean. At Fort Simpson, where
river water is used for washing but not for drink-
ing, more than one souree is wied.

Another source which may give year-round
service is the relatively rare winter-flowing spring.
The city of Nome is so favored. The inhabitants
haul their water from springs which are located
about one-half mile from the city limits.

Winter supply, and in some instances summer
supply, in most arctic and some subarctic settle-
ments, remains ice and even snow. At Kotzebue
“During the long winter 90 per cent of the water
used for all purposes is from melted snow and
ice. All drinking water is obtained in this man-
ner.” % At Churchill mast families store ice for
melting throughout the year. At Fort Simpson,
while wishing water is tihen from the nver, drink-
g water is obtained from ice that has been
stored in the winter for melting in the summer.

U Madpe, o it op 274
Hostrup, Daons U Assontates, op o p 26,
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Figure 26. Water supply for a Barrow restaurani. The ice
is 10 be melted for cooking and drinking water,
the snow for veashing dishes.

There is also selectivity between snow and ice de-
pendent on its use. At Point Barrow, in April,
1957, a local restaurant was using both snow and
ice for water (Figure 26). Melted snow was used
for washing dishes while the melted ice served as
drinking and cooking water. The Arctic Research
Laboratory, located a few miles from the village
of Barrow, Alaska, hauls water from a lake to
storage tanks throughout the winter.

The Weather Bureau stations which have been
established in the Arctic wtilize a varicty of
sources of water. The floating stations are nor-
mally able to obtain a sufficient quantity of snow
from the top of the sca ice to provide all the water
necded. Freshened sea ice, although it has found
no general acceptance in the Arctic, is used when
the need arises at several of the weather stations,

sy atan intermediate season when there
iv insufficienl snow or other sources of fresh
water. For exumple, belween Seplember 15 und
November 15 new seit ice is frequenlly too thin
10 drive vehicles or tractors oul 10 plices where
icebergs are availuble. At this time there s us-
uilly insufficient snow accumulated for making
witer and the next best source is freshened old
sen jce which s cast upon the shaite or stracded
near the shore by winds iind pressure. 173

However, such sources are used rarely, for all of
the weather stations in the Canadian Archipelugo
have lake sources available.

The source or sources used by different groups
frequently differ apparently because of culwural

U Gdenn Dyer, persimeel communication  1etier dated 14 July
198k R, Ruae 1n lhe problem of esiahhshing and mamtaimng
weather stations in the Arc,” Prweedings of the Toroato Me.
teorvlogical Conterence. September 915 19548 11954), points out
that icebergs ate preferred vver sea e, and that at some stations
they . L provide ofic of the main sorttoes of tresh water.™ p. XX
He also wntes (hat 10 the winter of 19428 = the 1 urcha sta-
ton was poorh off for fresh water as 1o cebergs wete wwated near
cnough to the station to be used. To averd 4 amilar situation, the
U8 Coast Guard wehreaker Wesrwind, | atempted to 10w an
neherg and leave 1t aground on a sandbat near the stanon " po K9,
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heritage. At Fort Simpson “The native inhabit-
ants use river water for all purposes.”'’® The
white residents, on the other hand, store ice for
drinking and cooking purposes and use well or
river water for all other purposes.

Processing, Distribution, and Storage. River,
lake and well water are generally considered ready
for use, although they may be processed first at
some settlements.’™ Snow and ice, before being
used, have to be cut, transported, and converted
from a solid to a liquid. The techniques used by
the Eskimos and explorers were developed for
relatively small-scale production. Nevertheless,
many of the same techniques are still used.

Possibly the most widely used method of melt-
ing snow and ice is with space heat where a con-
tainer is kept full of water with the snow or ice
being added as the water is used. This method is
used in most private homes in the Arctic. Schools,
hospitals, and government buildings often have
special melting tanks equipped with steam
coils.™" Methods used often vary scasonally. At
Tuktuyektok, during late winter and early spring,
barrels are filled with ice so that it can melt in
the heat of the sun. This method is used because
during the “bad spring scason one can't get
-around much™ and, therefore, acquiring fresh wa-
ter from ponds is difficult.

According to Hostrup, et. al., “. . . conveyance
and distribution of water from the source to the
points of usc probably presents (sic) more me-
chanical difficulties than other phases of water
works engineering in the arctic™*! Water trans-
portation at many of the arctic scttlements today
is still on an individual basis, either in hauling
water from a river or lake or in cutting and stor-
ing ice for later melting. Even wien water is piped
to the town, taps may be placed on the streets.
Thus, people must have some storage facilities in-

2 Rid}c. op il p. 448,

P A study of preat importance an the Arctic that has had very
little consideration has to do with water treatment.  Alter, op. cit.,
wiites that “Coagulation, setthng, Rltration and other (reatment
processes such as acfation and disinfection are all affected Sy tem-
perature.” p. 228 Abo, bivlogival and chemival reactions are re.
tarded hy low temperatures and thus may prolong the life of patho.
penic hactena, This fact, coupled with the practice of carelessly
disposing of sewape and other wastas, increases  passéhilities of
watesr confaminatian,

e dher, loe e wites that the weather stabions fendefing snow
and we into water ordinanly use <. . . 4 large metal fank into
which the ke of snow v entered hy shovels or hand. Thiy tank
1s dsually connedted to o heating coil 10 a4 stove which prosides
witoulation so that the e and snow can be melted by consevtion
and or merely being n the proumity of heat, although the latter
1v a2 slow and snefhivient method. 1o all instances we have a fe-
vetving tank connected with arculating hot water 1n a stose or an
some casas a tank s heated hy o lengthn :\hau\l pipe for generat-

ag plants, whinh s g very eftivient svatem
Op vt p 154,
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side their homes. Delivery of water on a eom-
mereial basis usually takes one of two forms, pipe
line or hauling, which may alternate seasonally.
Most delivery is made by truek or sledge and bar-
rel. For example, at Hay River water is supplied
under franchisc by a trucker. This water is drawn
from the river and

... sold within the settlement at a dollar a bar-

rel. or one-and-one-half cents per gallon. The

tank truck has a capacity of 1,000 gallons and
is emptied three times a day.1%2

The same price was reeeived per barrel for water
hauled at Tuktuyaktok in the summer of
1956."% At Tuktuyaktok water is hauled from
a fresh-water lake in the delta by boat.

Hauling of water is often somewhat casier in
winter than in summer beeause of the ease with
which one ean move over the surfaece and beeause
leakproof containers are not needed. Snow and
ice can be hauled on a sled (Figure 27) or on
the back of a truck to a storage pile for later use
(Figure 28). At Barrow, Alaska, the Native Serv-
icc Store uses motorized methods of hauling ice
during the fall months when the lakes have a eover
of ice ten to twelve inches thick. This iee is stored
and later sold to native families.'”* Many of the
familics have their own ecllar in which they at-
tempt to store

Csufficient ice o make drinking water, as well
as some water for washing and other purposes
for several months 10 come. The amount of ice
picked actually depends on the size of the local
e cedlar. 1f o house-holder has o sufficiently
Lirge cellar, he may attempt to store a consid-
crable surpius of ice blocks: these, 100, have an
cconomic value and may, if There are exiri on
hand, be sold 15

Pipe-line distribution is found in a varicty of
forms in the different arctic settlements, dependent
upon local physical and  ceonomic  conditions.
Pipe hnes may be plwed aboveground of buried
it they may be insulated andZor heated and
nsed throughout the yeiar: or they may be unpro-
tected and used only during the warm scison.

Aboveground unprotected <ysstems are operated
at nuny settlements during summer. At the old

townmsite of Yellewhmfe, whore bedrock is found

Ridege. e o p oIxT

The 9% Luktuvabtoh water Bauder quit his job beoatse, at
e dollar per bateel, he was not making enough money

CW R and O Besd e Poavl

K Spenaer, 19 rreerth Aiahas F vhomoo W nhungten 1N
Woteau ot Amcrican D theology, 1989 Ballcun 171, p e

49
o L ® L L L

Figure 27. Family water supply, Barrow, Alaska.

at the surfaee, water lines ean not be buried. Thus,
despite the faet that water is piped throughout the
year to the dwellings in the new townsite, it is
furnished only during the summer to residents of
the old townsite. In winter, people in the old town-
site buy water from a trueker.

Other settlements insure running water through-
out the year by using protected distribution lines.
Methods of keeping thc water from freezing in
transit are quite varied. At Churchill, Manitobx,
although most families store ice, the government
has established a water supply line to a few of its
facilities. This aboveground line, extending eight
miles from its souree, is insulated with moss. Dur-
ing winter, water from the lake, before being piped
to Churchill, is heated to 70° F. Nevertheless,
it arrives with a temperature only slightly above
freezing.i**  Many types of insulation besides
moss arc used, including elay and peat'® and
wood shavings.!™*

Other distribution systems have been developed
for year-round use by plaeing lines in heated boxes
or conduits, known in the Arctie as “utilidors.”
Utilidors may vary from simple eonduits to elabo-
rate concreie tunnels such as those at Ladd Air
Force Base. Alaska, which are large enough to
walk through. Varying methods of heating utili-
dors are used, including: (1) eleetricity, (2) eir-
culation of wiarm fluids, (3) circulation of warm
air, and (43 enclosure of steam lines in the utili-
dor. The Imperial Oil Compiny at Norman Wells
used the List method, when it included its water
and sewage lines in the sume conduit with its
steant lines. Steinm lines heep the temperature in

S W Ihiand and A Nclissh, USteam heated  conduits -utiti-
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the conduit sufficiently high to prevent freez-
ing, 180

Many settlements in the North have under-
ground systems which deliver water throughout
the year. These lines are buried at various depths
depending partly upon permafrost and active-
layer conditions. While lines aboveground are
subject to the extreme fluctuations of temperature
of the air, those buried in the active layer have
variations of a lesser magnitude and those buried
in the permafrost have temperatures which are
fairly constant at only a few degrees below freez-
ing. The burial of pipes at a depth just bencath
the scasonal frost line is the technique used in
Russia, for alleged economic reasons.!®

The usual method used in these subsurface
lines to prevent freezing is continuous flow. Con-
tinuous flow, if water is plentiful, may be main-
tained by kceping taps open, or it may be main-
tained through a recirculation system. The water
may be heated at the source and or its veloeity
through the system may he inerecased as air tem-
perature deercases. The system at Fairbanks in-
corporates all of these practices. Its system has
lines buried six feet below the surface through
which it continuously ecirculates preheated water.
During colder weather the veloeity of the water
is increased to the point where, during the eireuit
of the water, heat dissipation is not great cnough
to allow freczing,'!

Storage of water in aretie settlements is on a
family basis exeept for those few instances where
water is piped into the houses. At Frobisher Bay
water is hauled to the various houses twice a week
and placed in barrels. The Eskimo families have
barrels with a capaeity of forty-five gallons, where-
as the white families have barrels that will hold
145 gallons. lce storage is also common and can
be in eellars, on the surface of the ground, or on
special platforms (Figure 28).

From the above discussion, it may be concluded
that the variables alfecting the sources and tech-
niques utilized in present arctic settlements in-

hiand and Melinh, as guoted 1n Hostrup, Trony £ Assoe
Ciates, op. i ostate that “lhe utihdor system v 4 mofe practial
mtaiiation than the conventional thurnied) type of unihities sy
tem lor o commumity such oas 4 penmanent arctie mrlitary base
where all utilities, imcluding central heat, ate supphied by 4 angle
agenoy, and for arctin mumapahbities inancually able to prosinde a
wentral heating plant  Phe conventional system s the mote suitable
bpe of imtallation Tor snall communmities finanaalls unable to pro-
vide 4 central steam plant However, this Bipe of swstem v more
vulnerable to opetational dithoatties “ p 171

= phviand and Mellish, “Steam heated conduis I N

TOUARCC water aupply ot mmust ciroulate of freesze” Fraveer
ing News Kecord, C1EY (2984 p. W0
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Figure 28. Ice storage for water supply at nurse's home,
Tuktuvaktok, Canada.

clude: geographie location, permafrost conditions,
cconomic status of individuals and settlements,
proportion of natives and non-natives, and uses
made of water. At present, knowledge of the
distribution of these variables is so limited, re-
gionalization is not possible.

The Distant Early Warning Line, Its Water
Problems and Solutions. Although, as maintained
by Alter,'™* the location of communities in low-
temperature arcas may be governed by water sup-
ply, during the most recent development in the
American Aretie, water supply was all but ignored
in choosing suitable sites. Governing the location
of cach of the radar sites of the DEW Line were
factors which often were unfavorable to the best
water supply. A site had to be located so that no
terrain feature would interfere with the radar
cquipment. Thus, valley locations, where the best
possibilities for water are most often found in the
Arctic, could not be utilized as sites. Also, the
fact that the sites had to be equal distances apart
did not favor water deveiopment.

All sites had to be supplied with water from
surface sources, cither liquid or solid. Person-
nel ai those stations located near deep lakes were
able to keep a water hole open throughout the
winter and therefore used only one source. The
personnel at the other stations, although able to
use lake water during the summer, had to resort
o the use of ice during the cold season. At some
stations snow wiis ilso used as ot source of water,

The DEW Line dovelopment is of interest to
students of arctic water supply from two stand-
points. There was the probkem of supplying rela-
tively large construction crews with water for a
sear or two and the additional problem of devel-
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Figure 29. Pumphouse and Eskimo water-truck driver at
luke source, Frobisher Bay, Canada.

oping a water supply sueh that the personnel
operating the radar stations would have to spend
a minimum amount of time seeuring it. The quan-
tity of water needed was mueh greater for the
construetion phase than for the operational. These
relatively great demands were met in a variety of
ways, many of which were on-the-spot innovations
by DEW Line eonstruetion personnel.

In the construction phase of DEW Line devel-
opment, time was the important factor; expense,
though important, seemed secondary. Water was
often obtained on a very primitive basis beeause
of laek of knowledge of sources and of processing
techniques as well as lack of time to develop ade-
quate procedures. Also, expenditures in develop-
ing a supply sufficient for a large camp would not
have been warranted due to the short-term nature
of the great demand.

A consideration of the water supply problems
and solutions encountered during the construetion
of the DEW Line should serve to indieate some
of the problems und solutions that any temporarily

o ¢stablished group could expect in the Aretie. One
% difference will probably be that, in the latter situa-
] tion, a source of water would be a determining
A factor in the choice of u site.

F, After the preeise locations of the sites had been

determined und the construction crews moved in,

water supply became more than an individual

problem. Water details were established to fur-
il nish water in both summer and winter. It was a
common practice along the DEW Line to use Es-
kimos on water details. Ponds, lakes, and rivers
: are frequent enough along the DEW Line so that
8 the personnel at all sites were able to use them
as @ osouree of water during the summer months
although often oaly wiih jengthy haals,

vl mikn e ek ha B

Hauling of fresh water during winter was the
preferred method. This praetiee neeessitated the
maintenance of water holes through the ice of
lakes which did not freeze to the bottom. If such
a lake existed in the vicinity of the DEW Line
site, the water detail would build a “shaek™ on the
ice over the deepest part of the lake after the ice
had beeome suffieiently thiek to support the strue-
ture. This shack became a pumphouse and was
equipped with a stove and pump. The stove was
necessary to keep the hole and the pump from
freezing (Figure 29).1%3

The manner of hauling water varied greatly.
If the lake was not too far from the eamp and if
the road was adequate, an unheated truek was
used (Figure 30). Where, however, these eondi-

Figure 30. Unheated water truck, Frobisher Air Base.

tions did not prevail, other means of earriage had
10 be used. Usually these involved a caterpillar
tractor and a wanigan. In some instances the
wanigan was a large tank (usually 1,000 gallons)
enclosed in a small frame building whieh was
heated to keep the water from freezing on the
haul from the lake to the point of use (Figure 31).

" Dyer, loc. ¢if., writes that during the winter, weather sta-
tions ahle to secure water from beneath the tce in most instances
heep the hole ™ . opens by one clectric lamp bulb located under
an insulated cover.'’

Another techmgue which is apparently efficient was used at the
weather station at Resolute. R W. Rae in *Joinl arctic weather
project.” Arctic, IV, No. 1 (1981), describes it as follows: “In
the fall when the ice was belween one and two feet thick, a 9-foot
fength of danch pipe was frorea into the ice with its top just above
the suiface. Then a 3.fa exiension was secured to the top. This
dfoot length provided sufficient pressure head that when aviation
gasohine was poured an, the gasohne forved the water completely
out of the pipe. Instead of a pipe full of water, thefe was now a
pmipe full of gasoline embedded in the e, When s was necessary
to haul water, the extension was unscrewed and the water pressure
from bBelow foived the gasoline out of the pipe, which was then
finked 1o the ntake hose and pump.” p. 2%

CooStmpsen n North dce (London: Tlodder and Stroughton,
1987) wastee. that his group found the best method o get water
fiom a lske = was to hack a hasin an the ice about Y feet deep

and then, using a 1'z2-mch diameter e dntl, bore downwards from
the bottom of the basin 1o the water below
Wi oante the Nasin, and [they ! could nll [thar! buckets . . . When
the dinnny weie ful! fthes ! plugged the hole with cotion waste and
batled the bavin dey ready for a fiesh dnling.” p 158

Water then pushed
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Figure 31. Spacc-heated water wanigan, Baffin Island.
The picture shows water being pumped into the laundry
at one of the DEW line sites.

Occasionally unhcated water tanks were used, of-
ten at a great foss in pay load. At one site one
such tank was two-thirds filled with ice (Figurc
32).

The other major technique used in securing a
winter water supply at the DEW Line sites was
by gathering and melting ice. Onc advantage of
this technique over the hauling of fresh water was
that the distance of haul generally needed not be
as great. At all of the sites without deep lakes
ice was the only source other than snow. Howcever,
the necessary energy to gather and melt ice more
than offset that required to keep a hole open
through the ice of a deep lake and to haul the
water in a liquid state.

The method of processing ice along the DEW
Line assumed mass production proportions. The
first step. after water could no longer be obtained
from under the ice,™' was to clear the snow

Figure 32
)

Unheated water wan‘ean beine empticd into
ade Dhesy wanreaor tank o twosthinds wlled with dce.

The tere wheh water fron Jder the e vatt o hanger he
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Figure 33. Eskimo lahorers suwing lake ice and
scraping off the “ice dust.”

from the ice. This was followed by cutting the ice
into blocks with a powcr saw,' after which the
“ice dust™ was scraped away (Figurc 33). Mcen
with jack-hammers would furthcr loosen the
blocks (Figure 34) which were then scooped onto
a sled (Figures 35 and 36). The sled was hauled
to the boiler house where the ice was melted for
distribution as water by truck around the camp
(Figure 37).

Water supply at most construction camps was
generally on a day-to-day basis. At times keeping
an adequate supply became quite difficult and
even was restored to individual  procurement.
Such conditions occurred most often as the result
ot storms  which travel between  the
camp and the waier site and/or when a complete
breakdown of transportation occurred. Even as

restricted

Figure 34, Looverune ice bloc ks with jackhammers,

Molhe Butcau of Yards it Dockhs oy repeted an Chmptosed
e hatvesting,” Mifitary Porgiecer NP 09395 the date 1940y
Fapernented with e ontting eqgiepmont and developed a hght.
weht tinber tactor saw winen was capable, wath aosivman crew,
of cuttreg and stonmg Oty tons of ce oot bnnts Duninge the
caperimcutation. they fommd that o thiok blade vas needed to pre
sent the uensihe sy of the e tefresziie Betore removal o the
blade p 291 Dies quantity contradts vtcathy with the thirts hMocks
of e st e Perane et Gabe 1 volay warht an cehi foot
vhianbile Bomthed saw 6 ate Poncms, Aablooes Sew Yk Rey
val it Hatchooh Boc 1940 4y




Figure 35. Scooping up ice blocks for loading on sled.

late as April, 1957, when the construction phase
of the DEW Line was coming to a close, water
procurcment was at times critical. At one site
all of the tractors were out of commission so that
no method of hauling the water wanigan from the
lake was available. The road to the lake, four
miles down into a valley, was in such condition
at the time that a 4 by 4 truck could usc it. Four
empty gasoline drums were loaded on the truck,
taken 1o the lake, and filled. After returaning to
the site, the first step was to replenish the kitchen
{ supply which had been completely exhausted
§ (Figure 38)."" Then, the rest of the water was
[ transferred by bucket to a pumping system located
in the washroom (Figure 40)). From the wash-
room it was pumped into a storage tank which

5 was cnclosed in a heated building with insulated
:: pipes leading to the kitehen and baek to the wash-
. room (Figure 41).

:, At the construction eamps the cooking was done

on a messhall basis, and it was the responsibility
of the water detail to supply water for this pur-
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Pigure 36, Dumping ice blocks onto sled.

Figure 37. The Fox Water Works. Behind the water truck
is the building in which the ice is melted. The truck
distributes the water around camp.

pose. However, all of the messhalis had arrange-
ments for melting snow and ice and for keeping
water from freczing. Generally these melters were
made by metal workers on the spot without the
aid of a formal pattern (Figures 42 and 43).

All of the dwelling tents were heated and they
invariably included a bucket as an essential item
of fumiture. The bucket was kept near or on the
stove. The water for it was furnished either by
the camp water detail (Figurc 44) or by the men
themsclves. Occasionally ice was placed near a
central position in the camp and the men could
melt this in their tents (Figure 45). In other in-
stances, however, men would use the most con-
venient source (Figure 46). In such instances
quality was of secendary imporiance.,

The second phase of the water-supply problem
faced by the DEW Line contractors was the es-
tablishment of an adequate supply for the oper-
ation of the sites after the construetion crews had
completed their jobs. In order to aecomplish this

Fiewre 38

Water heing transferred from gasoline drums
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Figure 39. A cook at one of the DEW Line construction
camps getting two buckets of snow in order to wash dishes.

tosk the contractor of the DEW Line requested
that the firm of Secyle Stevenson Value & Kneeht,
consulting engineers, provide information about
water sources along the DEW Line and that they
recommend *. . . methods of development of wa-
ter sourees, and conveying the water to the build-
ing arca.”""* Their report, submitted on Febru-
ary 10, 1956, included information which reflects
the nature of the water problems to be found along
the northern coast of Canada and Alaska.

Personnel of Seeyle et al., visited, in the winter
of 1955-56, cight sites in the western sector,
eleven in the eentral sector, and six in the castern
sector, nearly one-half of the total number of
sites. Of the twenty-five sites actually visited, the
investigators concluded that at twenty-three ade-
quate supplies of water for all purposes were
available.

The somewhat arbitrary criteria established to
determine adequacy of supply (that is. enough to
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Frvure 300 Tramderring water 10 washhouse, where it i
pumped to a sterage tank.,

Seevde Steversor Malue & KNneoht Keguot o water wapeply tar
te DEMW Lone (New Yok, 1940 Tettes of Transmetal

Figure 41. Water-supply arrangement at a DEW Line

site. The heated storage tank is in the middle with cov-

ered lines leading to the messhall on the left and the
washroom on the right.

furnish a minimum of thirty galions of water per
person per day) were:
1. A lake, creck, or river of sufficient volume
of at least one years’ storage should be available.
2. The arca of the watershed should be of
sufficient size to replenish the supply each year.
Since very little is known about the snowfall
and snow melt. at the various installations, it
was decided for the sake of being conservative,
to use a total vearly collected runoff of 1 inch
per year for the watershed. 19

As ground water was not considered, the engi-
neers were coneerned only with locating a lake
or river of adequate quantity and quality. Of the
twenty-five sites visited, in only two instances were
rivers suggested as the sourec. At the rest of the
stations the use of ponds or lakes was advised,
and in one instanee it was recommended that a
luke be created by dumming. Thus—despite the
often adverse location of a station in relation to a

water supply—it was shown, that with modern

Fivure 42 Water barrels in a Kitchen at a DIW Tine site,
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Figure 43. A snow-and-ice melter made from oil drums.
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types of transportation, lakes are within reach and
can be utilized at nearly any point in the coastal
section of the American Arctic.

Another method of moving water recommended
by the investigators was by pipe line. They sug-
gested the use of either heated pipe lines without
supplemental storage. The heated lines were rec-
ommended where a source was deep enough so
that it would maintain sufficient quantity of water
under the ice throughout the cold season, provid-
ing it was within 5,000 feet of the site.!*® Such
conditions prevailed at eleven of the twenty-five
sites. The average depth of water at these cleven
sites was seventeen feet, although six of them had
depths of cleven feet or less. The average dis-
tance from the lake to the station was 3,000
feet.2

At those sites where lakes are less than eight
feet deep or where the distance is too great, it

Figure 44. Filling bucket from heated truck for tent use.

g 4 The depth chosen was crght fect, A prevedent
had bheen ostablished for this method in the desclopment of the
Pine lice Radar lLine  Dbere, avvording to Staunton and Rosa-
nol n Water for our far notth outposts,” Engineering Nrews-
Keoord LONX 1980, watsr was tratspotted in 4 heated pipe hine
from a heated pumphouse to cncloned storape tanks The heated

. pumphouse 1y camsttudted citber on top of 4 «0ih an the take
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Figure 45. Ice storage for use of tent personnel.

was recommended that supplemental storage be
used and that either an unheated pipe line be con-
structed from the source to the storage tank or
that water be hauled. The unheated pipe line was
recommended for ten of the twenty-five stations,
only two of which had lakes over eight feet deep.
The average distance of these ten lakes from the
sites they serviced was 5,000 feet, with five being
3,600 feet or less.®"! At the remaining stations
hauling was recommended because of the great
distance (one station’s source was fifteen miles
distant) or because it was necessary to use more
than one source to insure an adequate supply. At
one sitc therc was a combination of these two
conditions. The summer source was a lake three
and one-half feet decp which, however, had a
large volume. It was located cight-tenths of a mile
from the site and had potable, though amber-
colored, water. A lake with clear water, located
some five miles from the station, served as the
winter scurce. This desirable lake was not acces-
sible during the sumser because of the condition

Figure 46. Gepting snow for a morning cup of coffee.
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Figure 47. An experimental heated storage tank with
60,000 gatlon capacity at @« DEW Line site.

ol the tundra. Under a similar situation at another
site it was reported that
Summer hauling will be impossible unless an ac-
vess road, prohibilive in cost. is constructed. 1 is
evident that special provisions will be required
at this location to haul all water in 2 wanigun
after the first solid freesze and store a year's
reguirement at the sitests

Because of such storage nceds. various types
of fluid and solid storage were tried. Just as a
liquid source is prelerred over a solid source,
liquid storage s preferred to solid storage.  Al-
though liquid storage is casy to utilize it is. none-
theless, expensive to establish and to maintain,
for it needs a continuous heat source throughout
the winter. Bulk liquid storage was considered
advisable only Tor large installations where sup-
plemental storage was needed. One system Hield-
tested by the DEW Line contractors consisted of
a 60,000 gallon heated storage tank, @ complete
water purifving unit, and an ice crusher (Figure
479, Such asystem was capable of producing wa-
‘ter in winter by melting ice within its storage tank
in case the demand was sufficiently great or in
case liguid sources were insuflicient during sum-
nicr o artyme.

Although water i the liquid Torm is preferred.
it was reahized when the DEW Line was first plan-
ned drat many of the ~tatons would Iive to uti-
lize we during the winter months, As o result,
all of the stations were cquipped with o spectal
i, cittached on the end ol the maodules, for con-
verting ice into water (Figure 48 This unit has
an clevator which hifts the ice from i crusher o
the tep of the bailding and dumps it into @melung
tk  The quantity produced depends mainty on
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Figure 48. Ice crusher and ice elevator attached on
one end of a DEW Line module.

the mclting rate inside the module. However, rate
ol use and storage capacity are also important fac-
tors. Thc storage of ice for use in the crusher-
melter unit is solved by piling ice blocks near the
modular building train (Figurc 49). At some of
the sites, during the construction phase, watcr was
produced by these units to supplement that of the
construction camp. Morc often, howcver, once
the units began operating, it was found that the
water they could produce was insufficient for the
demand. The demand was far greater during the
transition stage than it became later on under pure
operation conditions. The ice crushers and melt-
ing cquipment have been utilized extensively at
all sites since the DEW  Line became oper-
ational =%

The original investigating team visited only a
portion ol the auxiliary and intermediate  sites,
However, their report contains some information
about the unvisited sites based on interviews.
They concluded that water requirements at these

Fivure 49 Storage of ice for crushing and melting

ar the adiacent building.
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Figure 50. Sled load of snow to be melted for water
supply. The source area is approximately two miles
in the background.

sites could also be met without undue diffi-
culty.®"* Of the thirty-two sites included in this
section of their report, all but four are of the
intermediate  category.  Intermediate  sites  are
manned by a complement so small that the in-
vestigators concluded that a pipe line with or with-
out supplemental storage would not be warranted.
As a result, they recommended experimenting
with a type of solid storage. They suggested that
Plastic bags. cach capable of holding aboat 50
pounds of water. should be furnished each sta-
tion in the proper amount. to accommodate the
supplemental storage requirements. The bags
would be filled during the hanling scason and
stored adjacent to station under tarpauline. Ay
water s needed in the station, one man could
bring iy niany 20 pound bags of ice as needed
into the tank module to melt.20?
In March, 1957, this procedure was being initi-
ated al one of the stations with, however, some
varations i the proposed technigues.  Instead

Figure 52. Filling plastic bags with snow water.

of filling the bags from a lake, they were being
filled with melted snow. The snow was hauled
by sled (Figure 50), from a source arca approxi-
mately two miles distant, to the melting station.
There it was melted and pumped into plastic bags
where the water froze (Figures 51 and 52). These
plastic bags, held in shape during freezing by
cardboard containers in which they were also
stored, were then hauled to a tent near the module
for storage (Figure 53). At this site, this source
was to be used in summer as well as winter. After
experimenting in the ficld and after actual use of
this technique, it wis decided that the plastic-bag
method of storage has too many faults to be prac-
ticable. These disadvantages inciude the great
amount of labor necded to prepare the icc for
storage, the fact that leakage and spillage damages
storage boxes which tend to freeze to cach other,
the great amount of labor needed to transfer the
stored bags to the melting module, and the slow
rate 1t which such large blocks melt.="¢

Pecure ST unnel leading to snow melier at
DEW T e site
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Figure $3. Tent for ice sorage showing plastic bag and

cardboard container.
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Not all plans for insuring adequate watcr for
the operational stage of the DEW Line involved
processing at the site. At one location in the cen-
tral sector water was available to a limitcd extent
in a shallow lake in relatively flat terrain. The
suggestion was made that ** . . . a snow fence be
built to aid in replenishing the lake.2"?

Ficld Technigues Developed by and for the
Military. Although a large group of men could
get along on the water obtained by melting ice
and snow on a special heatcr, they would have to
spend a large part of each working day in this
onc opcration. Another altcrnative would be to
assign special details to gathering ice or snow and
converting it into water, again with a loss of effec-
tive man power. To melt even the one or two
gallons necessary for drinking and cooking re-
quires lenigthy stops and extra fuel. All of these
factors lead to a corresponding loss of overall effi-
ciency of the unit. Aceording w Hostrup er dl,
“Producing a sufficicnt and continuous supply of
water for scveral hundred mcn in a permancnt
project has not been successful from a practical
standpoint.”™*"",  The armed services have en-
gaged in experiments and field trials to cope with
this problem. A Decpartment of the Army ficld
manual states that

. melting snow and ice . . . for all needs to
lotge units is Tmpractical. . . The chief sources
of waler supply for large units in the order of
their efficiency and economy are drawing waler
fro: ¢ under river or lake ice, melting ice, mell-
ing .now, and well drilling (semi-permanent and
pern anent camps. )<

As water from under siver or like ice is the
desired source, the Army has developed aethods
of getting through the ice to the water below as
voel as mcthods for keeping thie water hole open.
The Army considers that hand tools uare inefli-
cient for cutting through more thun two feet of
we. 1t has found, however, that = . . . air tools,
steant jets, and shaped charges or other explosives
prove mast effective.”™ ™ Explosives iare
best used on streams. 1f they are used on lakes,
the water becomes turbid. =1

*7 NMeesle Stevenson Value & Kneoht op or . p A W L
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= Department of the Arms, “Adounnsttstion i the Arctie,” p %

"Idem This tichd manual also states that “lThe MZAV (hatge.
when placed duecth on the e dliws 4 hole through 6% inJhies of
we., Vnches m o diameter, wath a surface orater about b feet i
drameter and 14 inches deep Three hiodks of 1N detonated in *he

peucttafion hole ircrcase the drameter to anvhes ' p W9
Pt opoWe

In order to decreas: the possibility of a water
hole freczing, any onc or a combination of the
following practices may be used: (1) continuous
pumping, (2) placement of protective structures
over the ice holes, and (3) covering the hole
with a snow block which in turn should be covered
with loose snow to retard freezing.?!'®

When walter is not present under the ice, the
next best source is the ice itself. For mass pro-
duction the Army advises using

. improvised steam generators to melt ice in
place. . . . In melting ice with the improvised
steam generator, a fire-fighting fog nozzle at-
tached to the stea'n hose will melt a hole 12
inches in diameter und 3 feet deep in S minutes.
A good method is to melt a dozen or more such
holes close together, in a circle, and join them
by melting the ice in between.213

Other experiments have been made in melting
icc on a large scale with portable ice melters.
During Army operations in the Arctic, . . . two
50 gph and two 500 gph ice and snow mclters,

. mountcd on skids with hardwood runners

. W were tried. Results from three experi-
ments showed that the melters needed simplifica-
tion, a conclusion that was also rcached after
tests of three other ice melters on the Greenland
Ice Cap in 1954.%15,

Despite the fact that an adequate melting sys-
tem has not been worked out*'® #t has been
concluded that *. . . the real problem in icc mclt-
ing for & water supply is the mcchanics of pro-
curing, hauling and placing the ice in the melter
or of conveying the water from the ice melter
... Various  techniques for storage and
transport have been postulated and tried. These
vary from individual to group methods.

In recent years canteens have been field tested.
During one test in the late 1940, it was found

A ldem.

3 ihid.. p. 38,

llostrup, Drons & Assocates, op. il p. 13V

R Scheidt, Report on Greenlund operation, 1954 (1Fort Bel-
soir, Virgima: U S0 Army Enginecr Research and Development
I aboratones, 1987), p. 16, Junt the year before (1933) an Air
Livce sposored cxpedition en the Greenland lee Cap found that,
for tmenty men, "\ large open hettle for meling snow on cach stouve
assited a constan! and pientiful supply of water . . " ). Nelles,
“Construction and maintenance of the Mt Julep station,”™ Project
Mint Julep, Pt 1 11988) p 42,

‘% The Russians abso have experienced diffiwulty with this problem
4y s imdivated an the statement regarding thet camp at the 1950-51
dnfung stamion. A snow melter 1o assure a supphy of fresh water
was abo prepared on the spot from an aron drum  Dirst it was
plaved cutside, near the tent, and heated with a large aviation famp
tAPL Y bhe pasohne wan fed into the tamp  Water was supphed
directh te the Mitchen by 4 ruhber hose *nsulated with reindecr fur
and provided with 2 spigat Sihe on a2 samovar . The APL Lamp, how-
cvel, was not sery wsetul fivr constant, prolinged usage When
winter came, few  attempts were Mmade (o construdd snow  melfers
with ifferent sources 1 heat, but no watisfacton solufion ta this
rrohlem was eact fesched Somov op osf  Lsec 1, p 6

Flostiup, 1roms £ Assenaates, vp cif piYe
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that movement of canteens “. . . slowed down
considerably the rate of freezing; and when they
did freeze, thawing of the contents on the Coleman
stoves was easy. At night canteens were kept
warm inside the sleeping bags.”*'® The United
States Quartermaster Corps has experimented
various methods for keeping water from freezing
in canteens. They have “. . . conducted a compre-
hensive investigation of compounds to depress the
freezing point of drinking water or to produce a
semi-liquid mixture.”*!* The compound added
must be palatable and must cause no adverse
pnysiological effects. Some of the compounds
tested produce a mush formation which can be
poured frecly.**¢

Containers, such as five-gallon cans, are used
for storage and distribution. Freczing, m these
cans and in larger storage units, can be prevented
by utilizing immersion-type heaters.**' The Army
recommends that, in iransporting water from its

21% Johnson and Kark, op. cit., p. 26,
¢ water in canteens (Lawrence, Mass.:
Rescarch and Development Branch, 1946), Rept. 4603, p. 5.

o phid., p. 7.

=1 Immersion-type heaters were used on flcating station Charlie
in the Arctic Ocean during 1959 for melting snow and weie satis-
factory 1in supplying a camp of thirty men.

.. P
P . -
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source in five-gallon cans, the cans be filled only
three-quarters full to allow agitation of the water
in transit.222 It was found that
For small units of two to four men, the 5-gallon
insulated food container is satisfactory. These
can be filied each night with water from melted
snow or ice, or from unit water dispensers. They
hold enough water for the next day’s needs for
about four men. The insulation is sufficient to
keep water from freezing for as long as 40 hours
at an ambient temperature of —20° F, if the
temperature of the water was at boiling point
when the container was filled.223

Transportation by truck may depend upon the
development of a road net which often is imprac-
tical. Movement by tractor or runner-equipped
vehicles and sleds is feasible in most of the Arctic.
This type uf transport and storage requires heated
water compartments-—heated either by space heat
or immersion heaters. The Army has found that,
“Sled-mounted 250-300-gallon water tanks in
which immersion-type heaters have been installed,
have proven satisfactory.”#**

22 J, S. Department of the Army, *“Administration in the Arc-
8

ti p. 38,
*3 Ihid., p. 40.
=4 fdem.
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CHAPTER Il

Food Supply in the Arctic

When the Greek “Parmcnides of Elea (about
460 B.C.) divided the earth’s spherc into five
zones or bclts, of which three were uninhabitable
..., he established a regional scheme which has
plagued man to thc present time. One of the three
uninhabitable zones was that part of the spherical
earth to the north of the Arctic Circle. Being
an arca “‘permanently covered” with snow and icc,
it was “logical” to conclude that life could not exist
there, ncither man nor thc plants and animals
man depends on. The European, however, upon
gradually cntering this “uninhabitable™ area, found
not only forms of life that could be used as food
by man, but man himself.* Yet, the idea of a
northern Iimit of life persisted, cven though its
southcrn boundary was gradually pushed pole-
ward.®

Explorers came to realize that life existed in the
Arctic, but many then considered that it was ci-
ther so sparse that it could not be utilized or clse
that it was only present during thc warm scason
and thercfore not available during the trying win-
ter. Such ideas prevailed long after it was realized
that Eskimos remain in the Arctic throughout the

VNansen, In northern mists, (New York: Frederick A, Stohkes
Company, 191D, I, p. 12

“Jobn Davis was one of the first to niake this observation wben
be wrote .. it is most mandest that those zones which have been
esteemed desolate and waste, are habitable, inhabited and fruatful.”
Fram his “The Seaman’s secrets.” as quoted in A Conrtauld, From
the ends of the Farth (1ondon: Oxford University Press, 1958), p.
RS

* Polar bears bave been obsersed on the ice near the pote while
seals and sbrimp are known to exist theie beneath the we and n
leads.

ycar and obtain sufficient food to subsist. Even
today, living “off the land™ is often considered
somcthing only an Eskimo can do. An analysis
made by Howard of some 268 survival accounts in
the Arctic during World War Il pointed out the
rcluctance of non-natives to use available re-
sources. Howard found that less than 10 per cent
of the individuals involved tried to supplement
their food supply from the area around them.!
This failure undoubtedly accounted for the death
of many whe might otherwise have survived.

Snow "and ice, although not indicative of life-
lessness as formerly belicved, ncvertheless do
have an important bearing on thc geographic and
temporal distribution of life forms in the Arctic.
Caribou, for instance, could hardly move to and
from the islands of the Canadian Archipelago
without a scasonally frozen connection, or again,
zones of rough sca icc are little frequented by
scals. Knowledge of such snow-and-ice-affected
distributional patterns is of critical importancc to
hunters. Snow and ice, frequently considered an
economic hindrance, are often utilized to advan-
tage in capturing game. The degree of such utili-
zation, cven by the Eskimos, varies greatly, rang-
ing from cxtensive usage by the Netsilik to the
opposite extremc by the south Greenland natives
who, like most non-Eskimos, consider snow and
ice to be hindrances in hunting.

tOp. cit., p. 17,

Food Requirements and Sources in the American Arctic

Food Requirements
The amount of food necded by man varies with
many factors, most of which are the sume as those

influencing  the need for water; namely, age,
weight, health, and activity. However, in the Are-
tic the voluntary culorie intake is greater than in
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the temperate regions.” It is the general con-
sensus of students of arctic dict that “. . . cooks
have to prepare 4 to ¥4 more food per man than
in temperate climates.”® Thus, where a normaily
active person in a temperate climate will need
from 3,500 to 4,000 calories, he will need 4,500
to 5,000 in the Arctic. This relationship is assumed
to hold for the Eskimos as well as for non-natives.
However, the consumption of the Eskimos is very
difficult to estimate for there is great variation
from day to day and season to season in their
diet.

Assuming an unlimited food supply, actual food
consumption varies with the amount of work done
by an individual which includes the “. . . extra
metabolic cost of activities caused by hampering
action and weight of Arctic clothing.”™ This situa-
tion is well illustrated by Rodahl who, while mak-
ing studies in the Arctic, examined the caloric
intake of Greenland trappers. He found that the
average cotsumption per man in the middle of
the winter was 2,093 calories, about 1,200 cal-
orics less than their summer consuraption.® He
notes that “"During the dark period of the year,
when the food intake and calory consumption is at
a very low level, the weather conditions usually
prevent any exercise taking place.™ Such periods
of winter ron-activity are quite frequent among
non-natives in thie Arctic. Most DEW Linc per-
sonnel, for example, can spend weeks at a time
in their building train without going outside.'

Some studies have been made of the relative
proportions of carbohydrates und fats consumed
under arctic conditions. In the case of the Eski-
mos, these properties vary greatly, especially with
the seuson and the types and physical conditions
of the animals consumed. In general, the reports
on diets indicate that not only are high-fat-content
diets not harmful but that they are preferred. for
they are more effective in providing protection
against heat loss than are low-fat diets. !

In recent years the demands of “well-rounded™
dicts by construction crews 1 the Arctic have

“Johnson and R Karh, “Favironmental caloric requetements,”
Federation Procecdings, V1 (1947, p. 138

“Johnson and Kark, feeding problemy an man ay retated 1o oen.
vronment po7Y.

A Burton and O Pdholm, Man in g colld emromment (1ondon:
I dward Arnold. 1985 p 18]

SNGLanbn sonrees N oarctiv regtons,” Norvk Polarmsnned Skt
ter. NC1 01949, p 61

v lidem.

A frequenthy told story atong the DEW Frne has it that one
mdividinal was oitsade only twiee duting o tour of dnty. onve when

he arenved at bis base and once when he left,
Burton and Pdholm op aie o p o ik,

6]

brought the addition of tossed salads, garden vege-
tables, and fruit to the menus, all made of ingre-
dients which have to be imported. For that matter,
nearly all of the food consumed by most non-
natives, and indeed many of the Eskimos, is im-
ported today. Eskimos in pre-contact days were
dependent entirely on the natural products of the
region for their entire food supply. Such a con-
dition is only partially true today, for all groups
purchase some food and many purchase most of it
at the trading posts and in their village stores.

Food Sources

Plant and animal life in the American Arctic,
although not found on the ice-covered land
areas,'® is found in varying degrees of abundance
on those parts of the land which are snow free
for a period of time during the summer. It is
found in the sea and on the ice floes floating
thereon. Vegetation, although adequate enough to
suppurt herds of musk oxen on the world’s most
northern land, does not offer much food directly
usable to man, The majority of the Eskimos only
occasionally enjoy vegetable fcods in their diet—
traditionally, they are meat eaters. Sources of

2at in the Arctic are varied. Land animals are
present in most parts even though their density
may vary greatly with the seasons. Sea mammals
are available along most coasts and quite plentiful
along some. It is among thesc mammais that the
Eskimos find their most important food.

Sea Mammals; Types ard Availability as Af-
fected by Ice.

Seals. Many species of seal, most of them more
or less migratory, are found in arctic waters. One
of the least migratory of the seals, and certainly
the most important one from the standpoint of
the Eskimos® winter food supply, is the ringed senl
(Phoca foetida).' This mammal is found in
nearly all waters off the coasts inhabited by Eski-
mos, including northernmost Greenland where it
is the only species present. 1t lives under the ice
and, indeed. . . . prefers the fiords that remain
ice-covered the year round, . . ."" These seals,
however, show a definite preference for eertain
e conditions; they avoid areas of drift ice unless

there ofe exvepunns even to thas statement. For example, at
least 13 polar bears have been seen on the Gresnland lee Cap.
Abvo, commonly called the rongh seal, jar seal, fjord seal, and
Noe rat. All names, common and saentite, used for the sea mam-
mals o this sty are after Maxwell Dunbar, “Muarnine hfe.” Geoy-
raphy ot e northlands chap m, untess otherwne noted.
"Mever op o, p YL




there is much water exposed '* Thus, they are
gencrally present only in those areas protected
from drift ice.

The bearded seal (Erignathus barbatus),®
much larger than the ringed seal, is quite impor-
tant in Eskimo economy. 1t does not have so wide
a distribution as the ringed seal but does spend
the winter under the ice in some arecas. Whereas
it maintains breathing holes,!? there seems to be
some doubt as to whether it actually makes these
holes or whether it borrows them ready made
from the ringed seal.!® It, too, like the ringed
seal, avoids old ice and drift-ice areas.

Other seals of varying importance to the Eski-
mos are the harbor seal (Phoca vitulina), Green-
land seal (P. groenlandica), bladdernose seal
(Cystophora cristata), ribbon seal (Phoca fas-
ciata), and the fur seal (Callorhinus ursinus),
all of which tend to stay clear of an ice cover.
They are therefore important only among the
most southerly Eskimo groups or, if they arc migra-
tory {as 15 the important Greentdand sealy, attiong
the northern groups in summer. These scals are
generally not found in the arcas where the high-
est development of ice hunting has evolved.

Seal availability in the Arctic during the winter
depends upon, or varies with, ice conditions. The
scal, being a mammal, must periodically surface
ir order to breathe. Those seals spending the
winter in scas where a complete ice cover occurs
must keep holes open through the ice in order to
insure access to air. For a time after the ice be-
gins to form, they can break the lee with upwurd
bunts of their heads. After the ice becomes too
thick (Stetansson writes four iches),** they must
select a specific arca in which to spend the winter
where they can mamtain holes through the ice.

Scals, by gnawing, keep several—as many as
two dozen or so——of these holes open = At the
surface these hoies are only an inch or two in
diameter but they are enlarged bencath to an ex-
tent controlled by the thickness of the ice end the
size of the scal. Seal breathing holes hiave been
found in tce over seven feet thick with @ resultant
form often referred to as cigar shaped. Generaily,
the holes are covered by snow of variable thick-

TeNteensby op cif p 09

M he syoate thpper and pround cal

Piarket-Smth, The Fshunosy p 78

“Moever.op ot p A2

Y Arcne manieal poA38

M Rasmnssen, U The Neshh shnnos, Tp 1S e wntes that
pumetns holes are necaed as the seal needs Cwide e o whach te
obtan suthoient food but must remam witinnm reach of & brcathney
hade Lo cu

ness and are usually not visible from above. How-
ever, carly in the season, after the surface freezes
but before snow falls, breathing holes are open
and relatively casily found. Then again, toward
the end of the season, the snow may melt from
the ice and reexpose them.

Occasionally, even during the winter season it-
self, strong winds will remove the snow from sec-
tions of the sea ice exposing the scal’s breathing
holes.t It has been observed that when the
wind does clear the snow from one of the breath-
ing holes the seal usually deserts it.** Desertion
apparently is not sudden, for Mutch records that
usually the largest hauls of seal “. . . come by
chance, as when a hurricane sweeps all the snow
from the ice, or clears great spaces from which
they [the Eskimo hunters] can see the seals’
breathing holes.”* If, on the other hand, snow
covers the seals’ breathing holes too deeply, seal
hunting, cven with dogs, is practically impos-
sible.®

The rate and time of ice formation vary greatly
over short distances because of the great varia-
bility in shore-wind-water relationships. An ex-
cellent description of the effect such formation
rates have on seal availability in Labrador fiords
has been given by Tanner. He writes that

. . . finally one morning the water was no more
to be seen because of the frost mist. Everyone
knew that the fiord was freezing, and that now
the seal was moving to the channels and the
bays, and the hunters started out. First the
arimals went (o certain places in the bays;
when these were blocked by the ice from 1he
rivers and freeze wilth 1he increasing cold, 1he
seit! moved on 10 the channels kept open by 1he
strong currenls and there herds of the Greenland
seid would remain. =3

U Removal of snow from sea ive is not a general phenomenon,
for snow on seq dce, unlthe that an fresh.water ice, tends to stick.

- The reason iv unknown, but an uncovered breathing hole is
ntare eastly discovered hy the seal’s predators than @ covered one.
Possihlv 1nore important is the fact that snow above the hole in-
stlates the water beneath so that its freezing rate is decreased. The
seal thus wiedald have s minimum of work to perform in keeping the
haole open.

SUWhalmg in Ponds B Anthropological Papers—Bouas Anni.
vertury Volume (New Yark: G E. Stechert & Co., 1906), p. 492,
Wands are impottant 10 yet another way, They control the extent
of e mosement  On shote wands tend to drift ice toward the shore;
ollshore winds tend te heep the water near the shore ice free, at
teast, darmg the catly gty of winter  Stefansson, in My life with
the Fvhime, wites that off Cape Parny, for example, casterly or
southeasterhy winds heep the water open and the sealy are plentif at,
When howeset, the wind iy from some other directon, or not suf-
terently stroag, wacer freezes over and scals 1 polar bears too,
ate not stentifut po 148

1L Harwood, A further account of tage by oa the coast of Cum-
berland Gul"” The Adrene Creudar, 11 (1940) reports. such a4 con-
aiteon 1977 g Cumberiand Guif The Eshimos had to resort to
cating tharr Joes, which an turn redwweed funiher their chances of
aormst bunnng p 7Y

SOuthines of the peography, hife and customs of Newfoundland-
I abrador Aot Geographica, 11 (19441, p. 494,
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Seal availability is influenced by yet another
shore-ice condition. Where coastal waters are
shallow, as off the Mackenzic Delta and along the
west coast of Hudson Bay, the water freezes to
the bottom for great distances from the shore.
If seals are present they must retreat beyond this
zone of fast ice tc relatively deep water. In the
case of the Mackenzie area, retreat means a
movement out to where the pack ice lies. There
the seals must keep breathing holes open in the

found in the Arctic. As none of these animals
maintains breathing-holes in the ice, there are
many parts of the Arctic Ocean where they are
not to be found. They are, thus, more seasonal
in significance, being, with a few exceptions, limited
to summer.

Walruses. The walrus® is found in Alaskan
waters south of Point Barrow and in all of the

of secondary importance among the Eskimos as
a whole, is, for some groups, at certain times of
the year, the most important food animal.**

cea. This order includes not only the whales
proper but also the porpoises (Phocaena pho-
caena), narwhals (Monodon monoceros), and the
belugas (Pelphinaprerus leucas) all of which are
more or less frequent in arctic waters.

Various members of this order are to be found
along all coasts inhabited by the Eskimos except
those north of central Canada between Bunks bs-
land and Melville Peninsula. Jenness notes that
such waters are too sheliered for whales, wal-
ruses, and belugas.®™ Exeeptions to this distribu-
tional partern may be found in the narwhal (re-
ported as occurring in Prince Regent Inlet) and
the Belugi (reported from Lancaster Sound)

= Steemby, op. i, po 126,

T Odubenisy rovemaris cAtHanbe waltus) and O Divergeny 100
cine walting

~KNane, Arcnie Faploranions | 1. p 130,

* 1, Jenness. Ulhe Copper Fahpaos Enovadopeedia Aronea ML

tunpudbl ¥, p. 3
“Moeser, op il R 3T

The two whales proper of greatest significance
to the Eskimos are the

.. . Greenland or arclic right whale (Balaena
myslicotus), and the “bowhead” whale, a mem-
ber of 1he same species, . . . These seem to b:
Iruly “ice-whales,” always dwelling among scat-
tered floes or aboul the borders of ice fields or
barriers and seen in summer only where winter
ice fields occasionally occur.31

They furnish many valuable products to the
groups who hunt them including oil, the useful

| smooth ice between th n = : -
3 X g0 St » Steajdad bc.rgs baleen (whale bone), and food-—not the least of PO
. Although the seal is the most important sea P e - n RNy
2 ; . which is the prized “muktuk. DG
b mammal in Eskimo economy, there are other sea : . . L
i o Whaling among the Eskimos, like nearly all of RO
- mammals of more than local significance. These . : : . e

; . their occupations, is markedly seasonal in nature, PO,

include the walrus and the various typcs of whales e

being strictly a summer occupation. The duration
of this season is quite variable. The shortest pe-
riod probably occurs north of the Mackenzie Delta
where whales are available for only a few weeks.
To the wcst of this region, off Point Barrow, there
are two seasons. In mid-April, when open chan-
nels begin to form in the ice, the whales pass
Point Barrow on their journey east. This east-

", . ward movement lasts until about the end of June
S waters of the northeastern Arctic except those off . -
& p after which there are no whales north of Point
g southern Greenland, southern Labrador, and in the .

£ . Barrow until the end of August when they start
-~ southern part of Hudson Bay. It is absent from . == v AR

- their westward migration. The fall migration
- the waters north of central Canada. The walrus,

opens up another two-month season of whaling.
The smaller whales are often caught in the icc
because of peculiar freezing conditions that fre-

o\ . uently occur in certain parts of the Arctic. M. P.
&l Whales. The third of the large sea-mammal g . p

1, . .. . . Porsild has written that

B, groupings of cconomic importance in arctic wa- . )

5 : . Normally the ice covering of most of 1he

L ters is composed of various members of the Ceta-

fiords and open bays of west Greenland begins
to form ul the head of the fiords. where lhe
glaciers and glacier rivers debouch, und 1hence
gradnally approaches lhe open sea. In Disko
Bay. on the contrary, the phenomenon often is
reversed: the ice covering begins when 1he drifi-
ing ice of Baffin Bay. the so-called “wesl ice.”
has approached the coast, . L [il] often happens
that schools of white whales or narwhals are
cnt off from the sl open parls of Baffin Bay
and are gradually driven in towards the head of
Disko Bay e

As freezing continues, these mammals are con-

centrated into smuail arcas, and, because of low

temperiatures, their condensing breath produces

clouds which are visible from great distances.
Land Animals. Caribou: Avaiiability and Dis-

tribution. The caribou (Rangifer arcticus). the
hid p e

SO Csavasatsy’ o crowdine of wrctie animads ut holes in the
e Geeowraphical Revrew N1 0IUERy p 121
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most important wild land animal to the Eskimos,
is found in nearly all of the American Arctic. Their
greatest concentration apparently has always been
in the Barren Grounds west of Hudson Bay, wherc
a special Eskimo cultural pattern developed around
them. Caribou, formcrly quitc numerous, were
largely replaced in northern Alaska by domesti-
cated herds; now these have decreased greaily in
numbers and wild caribou are again by far thc
more numerous. Caribou have been present on
ali of the islands of the Canadian Archipelago,
save the smallest, as well as along the whole of
the coast of Greenland with the exception of
Peary Land* The number of caribou has been
decreascd greatly from what it was in carlier
times, and their geographical range has been
reduced.

Formerly, it was believed that all caribou mi-
grated south for the winter, but it is now recog-
nized that only part of them migrate and that the
migration, for that matter, may not even be south-
erly. Any movement, however, is of great im-
portance to the Eskimos or other hunters who
have to govern their hunting accordingly. Stef-
ansson writes that

There is no sure way of telling when “mi-
grating” caribot will arrive or just where they
will puss. One thing 1hat is known 10 affecl the
direclion is the freezing of a lake—if caribou
arrive before it freezes lhe herd will split to
righl or left or else 1he whole of i1 will be de-
flecied 1o one side; if they arrive al a lake well
frozen they make straight across. They might
also he delayed by the late freezing of a body of
water—hardly by a river, perhaps by a lake or
4 bay, certainly by a wide stretch of sea.t4

Some caribou, however, remain on the islands
throughout the year and have been obscrved mi-
grating north during winter, rather than south.®

Snow characteristics have a bearing on the avail-
ability of canibou. A hardened snow crust which
forms from wind packing or from sudden hard
freezes after warm spells may cause the caribou
to migrate to other arens. Caribou in most of the
Arctic have to paw through the snow to the mosses
and lichens beneath for their food supply. When
asno crust is present, digging is nuon only diffigult

Y Stefansson, dArcne manual, p. 74,
CViind. p. TR
Wever, op. cir . p. 400 Not onh have the large catibou hewds

of north central Canada been reduced in number but patterns of
seasonal movement have chanped  Baud writes that the great mi-
Rrasons acrossy the we Woand from Victorne Istand hove nenldy
veaned  CCanaduan Arcie Archipetago,” Geography of the north-
lund chap XVEL p. d6d.
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but also dangerous, for the animals can easily
cut their legs on the hardened snow. Caribou
migrations resulting from such physi~al conditions
have been known to bring about a general lack
of food among some Eskimo groups.3®

Depth of snow is an important factor affecting
caribou grazing habits and thercfore caribou
hunting grounds. Snow in the Arctic is generally
somewhat deeper in low areas than on higher
more-¢xposed sections. This decrease in snow
depth with exposure apparently accounts for the
decided prefercnce of caribou for high ground
and hills, and must more than offset the fact that
cxposed snow becomes more wind packed than
protected snow.

Lack of snow cover, or even a delayed season,
is important. Among the people of Labrador, for
cxample, the hunting of caribou in the fall is not
so important as it is in spring, because “. . . in
October there is often no snow on the ground yet
and therefore game must then often be carried.”

Other Land Animals. Caribou, although the
most important land animal available, is not the
only one. Others, including the musk ox, polar
bear, wolf, fox, and various rodents, become at
times very significant items of diet. They may
also be huntad for sumic purpose other than food,
a fact that bccamc cspecially true of the fox after
demand for its fur made itself felt.

The musk ox, the only other large arctie grazing
animal besides the caribou, formerly had a rather
wide distribution but is found today in relatively
few places. Most of them are found on the north-
ern islands of the Canadian Archipelago, although
there are still a few in continental Canada and
northeastern Greenland.™

The polar bear, found on the sea ice throughout
much of the Arctic Ucean and on the adjacem
land, is quite scasonal in significance. It is of
major importance in winter whern pack ice is tied
to the land: summer occurrence depends mostly
on closeness of puck ice.®™ During the fall, great
numbers are present on the sea ice several hun-
dreds of miles from land, migrating frequently
into the camps of the drifting ice stations.

“ See Bilby . op cirp. 30 for an example

HW, Sreinert, Die wirhuny dey landschraftyzw anges ant dic ma-
tentelle culture der Eshomo (Hamburg: Ph). dissertation, 1938),
trans. AL Hethige, ADTIC, Maxwelt Air Totee Base, p. 550 Tanner,
op. cit, wites that “The Jesmr Chronicles cett of several cases when
f.un:nc has ravaged harge arcas beciuse thete has been httle snow.**

::-I'Lmd. op. af .p 15U these ammals hase been depleted 1o

stivh an extent that they e now protected by aw,
*Stefansson, dlretw manead po9d.

W e .




The smaller animals, such as wolves, foxes, and
various types of rodents, are widely distributed
over those parts of the Arctic occupied by the
Eskimos. Wolves are most frequently found in
the company of caribou, whereas foxcs are com-
mon on the sea ice where they trail the polar
bears.

Birds; Availability and Distribution. The bird
life of the Aretic is quite varied and very seasonal.
Of the great numbers of species spending the
warm scason in Eskimo territory, or poleward
thereof, very few remain throughout the winter.
The most important of these winter dwellers is
the ptarmigan (Lagopus spp.). During summer
great numbers of birds*” nest in the Arctic, where
they can be found in all types of environment,
including water, land, and ice.#' It is these
groups of migratory birds that are of the greatest
significance as game to the Eskimos. They include
numerous types of geese, ducks, gulls, and loons.
Birds are hunted by all Eskimo groups, but their
importance varies greatly from one group to an-
other. Birds furnish meat, eggs, skins, and down,
although all of these products are not used by
many Eskimos. Among some groups they form a
basic item of diet during certain scasons of the
year, and among some they are stored for future
use.

Snow and ice are important in that they affect
bird availability. The time of appcarance of the
migratory birds in the Arctic varies greatly with
different species, but in general it is prior to the
complete melting of snow from the land or of ice
from the Likes.®® In general ducks and geese
migrate along rivers und coastlines. Stefunsson
writes that ut Camp Halkett about the first of
June the

. .seaice is of course snow-white and so is the
land back from the shore. but the cut banks
along the beich are dark. The migrating geese
coming from the west follow the dark line of the

s The preat number of bisds present in the Arctic in summer has
been menttoned by many authors. Two Quotations might allustrate.
“The coasts | Fliesmere Istand| are enlivened by many hinds of sea
birds, . .. and in places these make even the barren Silurian time-
stone soil fertile.” Mordenskhjotd and Mecking, The geovraphy of
the polar rexions ' New  York: Amenican Geographical  Society,
1928y, p. 2. Stefanssen an The triend!v Arerie writes that ~The
ground at mouitmg season m some inlands such as Hanks IWland,

oo Biteradly white with mulhions of wasy geese .. p. 1K,

S N lechmy reports that Koch saw two species of birds in the mid-
die of the mmland we of Greenland wy did also Nordemshiold and
Nuaisen. Nordenshioktand Mecking, oz cirop. 244

SOl many anstances the appeatance of the birds and thee disap
pearance of the snow must be ginte close i ume  Mechng wrtes
that 1o northeast Greentand 0 . the snow melted away 1n one day
the birds all arrsved almost the same day, .0 Iid, po 2740
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cut bank as cows do a winding trail. . . . This is
especially true in thick foggy weather.43

The amount of snow on the ground and the
rate at which it melts will affect the occurrence
of birds, a condition which is illustrated by Ander-
son. He reports that near the Horton River,

. when the winter’s snowfall was light and
cunsequently melted wway guickly  there wos
very little goose-shooting in the spring. If there
is little snow on the ground when the geese ar-
rive, they stay only three or four days and head
out seaward. . . . If the ground is snow-covered,

the large flocks sometimes stay for a long
time, . . 44

The time of the return migrations varies greatly
with different bird types, also. Several types re-
main in the Arctic as long as possible because their
young “ . . . only begin to fly late in the season.
The parent birds try to feed them in small pools
and channels . . .”* Porsild writes that “Eider
ducks are often seen at the beginning of winter
crowded in hundreds in relatively small openings,

. .8 At the time of departure many of the
young are not yet completely ready for flight
and *“. . . cannot always keep up with older birds,
and frozen eider-ducks, especially young birds
are often scen lying on the ice of the Arctic
Ocean™¥?

Such long delays in departure time mean that
the birds have to fly in adverse weather condi-
tions. They often become covered with frost
which makes them aerodynamically unstable and
relatively easy to capture.

Some birds are surprised by the sudden lreezing
of the sea and become trapped, often flocks of
thousands being erowded into small opening: .48
If these savssats oceur near the shore all the birds
involved may be cuptured before the water in the
hole eompletely freezes. tf, on the other hand, the
hole is far from a settlement the birds will grad-
ually freeze, Porsild deseribes lucidly one such
instance that occurred in west Greenland in the
winter of 1908--9. The original hole

. had o diameter of over a mile; when I
passed. the whole field was covered with ice,
ruther thin but safe enough for sledging. Over it

could be seen ellintical humps of ice. some of

YA Dfe with the Exkimo, p. IN?
v URepert o the matutal history collections of the expedition,”™
m Stef. nsson, Mo Ot vuh the Fahimo. p. 466
COtto Sverdiup. New land four vears an the arctic regions (1on-
dons Tongmans, Green, (904), 11, p. 65,
Porsild, op i op. 224,
Sverdrup, fec ot
Porsald, op airop 2240
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them with a small fissure at the top, through
which the heads of the birds protruded.4®

Fish; Availability as Affected by Ice. Fish life
in the Arctic is represented by very few species,
ot which the arctic char (Sulvelinus alpinus) is
the most important food fish. Locally, however,
other fish may be more important than the arctic
char. For example, around the Mackenzie Delta
the whitefish (Leucichthys lucidus) is the most
common food fish.5t The number of species is
much greater in the subarctic waters, however,
and includes various types of cod and halibut as
well as caplin and the Atlantic salmon. Of
these, the Greenland cod and arctic halibut cx-
tend into the edges of the arctic zone. Some of
these subarctic specics have been the backboric
of great fisheries siice the days of Cabot. Most
of these fish, howcver, do not penetrate far up
Hudson Strait and Hudson Bay itself does not
contain any great quantity of fish. Lakes and
rivers in the Arctic often centain large numbers
of fish, fish which under intense fishing are easily
depleted because of the slow rate of growth.

In the Arctic the migration of fish is often
associated closely with ice formation. The salmon
tront (arctic char) of the eastern and central
Arctic move into the lakes from the ocean in
late summer and spend the winter under the ice
there. Some of these fish become trapped in

S ponds in shallow river sections which freeze to
_ the bottom. They are cut out of the ice in the
B spring by various Eskimo groups. Other fish find
- their way into deep lakes or deeper parts of the
‘ river, wherc they are concentrated, providing

good fishing. Toward the end of spring when the
= lake iz¢ begins to break up, a reversal in migra-
. tion takes place. The salmon and other fish which
. have spent the winter in the lakes begin moving
out to sea. These are concentrated in the narrow
leads and in *. . . some places they are so plenti-
ful as to fill the water completely.” Rivers
that have decp mouths where they drain into the
occan continue to flow throughout the winter un-
derneath the capping river ice. Fish will not be
pientiful under such conditions because of the free
sccess they have to the sea™

“ ldem.

= Watimoushy in “The utilization of fishery resouties by the Arce
tic Alasks Eskimo,” Occustonal Papers of the Natural Histors Mu-
searn of Stanford University. 11 (1956, wriles that northern Alasha
has about S0 fish species of which # pervent are sised s food. p. 1L
“CAnderson, op i, p. 451

"Hoas, The Central boskimo, p. $14
*Murdovh, op. ot p. SR,
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Most surface water in the Arctic freezes during
the winter, whether it be the surface of lakes,
rivers, or the sea. There are some streams and
straits which, because of rapidly flowing water,
may remain open throughout the winter. A quite
fraquent location for such open water is where
iakes debouch into streams. Such open patches .
during winter frequently have great concentra-
tions of fish.
Sea ice formation affects fish availability, also. .
In late summer when the shore ice first begins
to form, narrow tide cracks appear along the edge
of the beach and often contain high concentra-
tions of fish.** At the beginning of the summer
season the same pheunomenon also often occurs.
As the ice begins to break up along the shore
fish begin to return under the ice to shore waters.
Unlike the unfavorable conditions in the spring,
however, fishing can be carried on with the ice
as the base of operations where holes can be
made through it and fish taken on their way to
the shore waters.” This type of fishing, espe-
cially iniportant among the Bering Strait Eskimos,
is the main type among the Polar Eskimos.*®
These early summer shore leads tend to concen-
trate thcse fish migrating from ihe lakes back to
the sea, as well as those moving toward the shore
from decper waters. The fish going back to the
sea tend to siay in the leads or just under the
edge of the icc.
The nature of the sea ice influences fish con-
centration. When it is broken and hummocky,
fish are scarce. When. however, there is a “. . .
large field of thc scason’s ice, 3 or 4 feet thick,
inclosed by hummocks, . . .” fish may occur in
great numbers.?®  Success in ice fishing varies
greatly, During cerwain times and in certain lo-
calities, fish are caught nearly as fast as the fisher- :
man can work. =

Vegetation. As the trce line, with few excep- ey
tions, has been adopted here as the southward o= ...'._;“.: )
and landward limit of the Arctic, the area's vege- . g; S
tation is non-arboreal.  Nevertheless, except for R Sy
thosc arcas covered with a permanent ice cover, e
vegetation constitutes a part of nearly all arctic ’ :’_. ;r_ ;!"A__

landscapes. The flora varies greatly in density
and campaosition and posscsses representatives of
I p. 2R
- Nelhon, op cif.op. 183,

< dirket Smuth, *The Greenlunders of the present dasy. " p 13V
Musdoch, op cir, p. 2RY
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the lichens, mosses, grasscs, and flowering plants.  leaves, and berries, the best of which are found
Exposed bedrock may possess only a scanty cover  in the southern reaches of the tundra.”® Indi-
of lichens but, on the contrary, parts of the tundra,  rectly, most plants are very important in the Arc-
in season, have a thick, varied plant cover. Only tjc for they provide the basis for the caribou as

a few arctic plants possess parts edible for man. .1 a5 other land animals.
Nevertheless, all Eskimo groups eat (although
rarely) some plant portions, including roots, stems, o E- Forsild, “Edible plants of the Arctic,” Arctic, V1, no. 1

Food production; Eskimo Hunters and Sea Mammals

fourths of the year. Seal and walrus are then
hunted from the solid ice.62

Birket-Smith, in his book The Eskimos, writcs:
It is the sea rather than the land that on the
whole conditions‘ the life of the Eskimos. . . Seals are hunted by the Eskimos under three
ke age Eeghsiie magkugis=scal, weirus, 200 contrasting situations: when the seals are in open
whale——provide them with theit most important ) . ¥
food, . . 59 water, under the ice, or on the ice. The main
weapon used is the harpoon (replaced generally
in recent years by the gun), although some
groups have adapted nets to sealing. In the use
> of harpoons and nets, the Eskimos have devised
whose hunters do not pursuc sea mammals during  soyera] special procedurcs which take advantage

some scason of the ycar. In general, the sea  pot only of the seal’s variable habitat but also of
mammals arc somewhat more important to the ;¢ habits.

Eskimos during the winter season than during the
summer.®

Among the Eskimos, there are only two groups—
the Caribou Eskimos (and only ccrtain “tribes”
of thesc) and the inland Alaskan Eskimos—

The numerous scal-hunting methods considered
on the basis of thcse variables might be sum-

Seals; Ice Conditioned Hunting marized as follows:

i. Undcr-ice hunting
A. At the breathing-hole
I. Maupok method
2. Net

Of the sea mammals uscd as food, the scal is
the most important; and about it a distinctive set
of icc hunting techniques has developed. So im-
portant in Eskimo culturc is the scal that Boas .
once wrote that it *. . . enables man to withstand B. “Peep-hunting™

the inclemency of the climate and the sterility of C. |.°° “dgC‘Wi‘h net
the soil."® I1. On-ice hunting

A. Stalking
I. Smooth-ice with harpoon (gun)
2. Utok method with harpoon (gun)
B. Young-scal method
I1I. Open-water hunting
A. From ice edge with harpoon (gun)
B. From kayak with harpoon (gun)

The great variations in ice conditions prevail-
ing in the Arctic and the correlation of scaling
methods with these conditions is indicated by
Birket-Smith in his statement regarding the west
coast of Greenlund:

tn southernmosl Greenland there is only a
short period in the winler when sealing cannol

b carri kayaks, and i1 is rarely f .
it 0 ot Kgyibsed BT i Esre it o) All of these types of scal hunting make valuable

use of, and are made possible by, the conditions
of the ice—with the exception of hunting from a
kiyuk. In kayak hunting, ice, while it may oc-
casionally be used to advantage, is generally 1
hindrance.

any bength of 1ime, . .. The winler ice puls

obstacles 1a he way of this ocenpalion in 2 few

places only: bu! the farther north we get, the

more solid and more Listing the cover of ice,

unn! in the Chule District i1 exlends over three-
. p 0,

S Wever, o ot p 111

* The Central Farhima, p 419 “The Greentunders of the present day,” p. 121,
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The several types of breathing-hole methods of
scal hunting are those best adapted and adjusted
to winter conditions, and of these the maupok™
method is best adapted to the need of the seal to
surface periodically in order to breathe It is not
the most lucrative on an absolute basis; but among
many Eskimo groups, it is the only method of
staving off starvation during the winter.

The Maupok Method. The objective in maupok
hunting is to harpoon a scal as it rises at a
breathing hele to replenish its supply of air. It is
a method wiich is basically the same wherever
it is practiced, varying only slightly in procedure
and in the equipment used throughout the Arctic.
The basic requiremient for the successful opera-
tion of this method is complete ice cover over an
arca of the sea where seals spend the winter.

The gendéral procedure Tollowed in maupok
hunting has been described many times and for
most groups of Eskimos, but possibly the most
complete description is that given by Mathiassen
for the Iglulik Eskimos. Generally an lglulik
hunter uses a dog to help him locate a breathing
hole, for it usually can be located only through
the sense of smell. After a breathing hole has
been located and the dog tied up,

the hole must be examined to ascertain
witether the hole has been recently used. and to
find out the shape of it; the hole searcher is
msed for this purpose, . . . Afier thus having
found 1thut the hole has recently been used by a
seil and the middle has been determined. the
hunter builds himself o smadl shelter-wull of
blocks of snow if it should be windy, . . . a block
of snow serves as u seal, ... The harpoon is laid
by his side on the 1two rests and u knife is stuck
mto the snow. The seal indicator i pliced ver:
tvally in the hote and fastened to a stick toften-
ost the set hookl ), insested obligriels into the
snow by the side of the hole. !f there s a very
thtch Lver of stow on the ice, the tunter may
ne i wind of siderdown or of hare fur which he
presses o hittle way into the hole and, by means
of the pressure of air when the scil comes, is
blown tnto the wir; the wad is fastzned to o thin
card, the other end of which s tied o the hnife
ar frazen fast o the et
* the manpok method v often seferred to as the “breathrng hole
met'tod T n the Mterat e In this paper, the term “hreathug hote®
oapphed o any techmgue ased af hicathmg holes, as outhned
above  The maupok meihod refers speciticatly to the harpooming ot
sheotitg nl g seal at ity breatlisng hole alter waning for it to come

up and breathe
Op o p 3

The hunter, ready for the seal, waits quietly®
until the seal indicator moves. He then thrusts
his harpoon through the center of the breathing
hole into the seal. As the breathing hole is small
st the surface it has to be enlarged bLefore the
seal can be pulled out, its wounds plugged (in
order to conserve the blood) and dragged to the
sled.

Although this general procedurc is used wher-
ever this type of hunting is carricd on, there are .
some variations. Dogs are not always necessary,
for the seal breathing hole, even though covered
with snow, will frequently be indicated by a slight
clevation which has resulted from the rime left
by the seals’ breath. Rasmussen did not consider
this indication of much value and wrote that

Finding a breathing hole without the aid of a
dog is @ matter of pure chance: not only is it
ditficait o discover, but there are not many of
them. But sometimes the foxes form a guide, for
-aey often place their excrement on the ice
dome.66

Once a stand at a hole has been taken, the
possibility .of a long wuit is anticipated. The
length of wait varies greatly as do the methods of
waiting.

If the Eskimo expects the carly return of the

seal Me aprends a swall piece of skin generally

that of a young seal, close to the hole and places

his feet upon it, thus keeping them warm .87
An additional function of the seul-skin footpad has
been suggested by Rasmussen. He thinks it helps
prevent excessive creaking of snow, the sound of
which would frighten @ scal away.® When a
longer wait 1s anticipated, more claborate ar-
rangements are made. These generally include a
wind break (neuarly always made of snow blocks),
a snow seit™ and a rest for the harpoon. Har-
poon rests are often two pegs stuek in the snow,
but many hunters prefer to held the harpoon
across their knees.™

Other maupok hunting equipment [requently in-
cludes: (1) anice pick whien i< used for opening

* Rastmissen in “The Netvbih 3 sbimos, “ wiites that when
4 seal o breathes there v a ntoise of hltowsse, and while thas s
gaang on the seal does not hear very well, wheieas ity sense ol hear. -
g s extremehy heen when under the e near the breathing hole hat
without blowing. The vers shightest crunching of the snow Wil drive
away . p 182
~rhad p 187

Hldent

“* Rastnussen, " The Netahh Fshamos, “po Sk
*In Greentand and Akasks stools ate used e st on whele scaling
Wirhet-Smnth, The Erkiman p 83
*thirket Soath, Clhe Canbou §shnnos,
N

p o127

1 Desonptive part,”
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the hole so that it can be examined and for open-
ing the hole to pull the seal out, (2) an ice
scoop to use for scooping pieces of ice or slush
out of the hole prior to arranging the seal indica-
tor, and (3) a skin protector with which the hole,
through which the harpoon is to go, is covered
during snowy weather.™

Maupok hunting is generally carried on at
breathing holes made by the seals being hunted,
but artificial breathing holes have been reported.
Ostermann describes a method the Eskimos use
at Point Hope:

Early in spring they find a place frequenied by
seals in the ice; there they cut a hole and make
a breathing hole exactly like those the seals
make. 1t s feft lone for o day or so. and i

then 1t is found thal a seal is using i1, 1they waich
by i1.72

The maupok method, used from Greenland
through Alaska, has been most highly developed
about the Northwest Passage.™ The Coronation
Gulf presents such favorable ice conditions for
this type of hunting that entire villages are moved
out onto the ice. These villages, located at the
center of a choscn scaling arca, arc. according
to Stefansson, ™. . . built as nearly as possible in
the middle of the gulfs and straits, . . "™ The
smoothness of the ice helps determine the actual
location of the camp, for the smoother the ice
the more casily seal breathing holes are found.
From this centralized locution, the hanters spread
out daily. Over a1 period of time they hunt out
to a maximum of abont five miles. Thus, a vil-
lage will live off the seals found in i cirele of ten
miles diameter. {n a month or so, the seals within
this arca are depleted to the extent that the village
is moved to some other site at feast ten miles
distant.* This type of hunting s of greater sig-
nificance to most of the Northwest Passage Eskimos
for two reasons. First, the period of solid-ice cover
is of fong duration, and., sccond, summer and
carly fall scaling its geaeraliy not practiced. for
many Eskime groups spend these sceasons inland.

*Kasmussen. “The Netsilih 1shamos, po4ss

“lhe Alaskhan Lshimos as Jdeetibed an the posthumons notes
of D, Knud Rasmussen.” Report of the tih Thule o wpedition
P ek, o im0

$obhe disttibutior of hunan and animal fe in western afot

Amenia.” The Geographical Journal, XU no S 9t p 494
SSteensby aep o opo B3
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In fact, some of these groups, such as :he Netsilik,
are unfamiliar with open-water hunting.?®

Maupok hunting, practiced throughout the
winter in the Northwest Passage, is generally uti-
lized for only a few days at a time during early
winter at unfavorable locations such as Point Bar-
row. A favorable condition prevails at Point Bar-
row when the sea freezes prior to the pack’s
drifting in toward the shore and when holes and
leads in the pack itself freeze sufficiently to hold
a man. These smooth ice areas are contirually
being broken and reduced in size until breathing
holes become very scarce. By January, at the
latest, such smooth ice areas are so small and
scattered that maupok hunting can no longer be
practiced.””

Most maupok hunters depend upon the seal W
come to the hole where the hunter has taken his
stand. At times, however, the Eskimos try to
control this selection and thus rcduce the length of
wait. In Pelly Bay toward “. . . the end of May
the dome over the breathiag hole melts and the
opening is fully cxposed in the ice. They arc no
longer difficult to find. . . In such a case,

All breathing holes in o wide circle arc beset by
children and women. who scarc the seals away
when they appear: a1 lasl they go exhausted 10
the hole a1 which the hunier is wailing.7®

In Greenland, during this same season, the
hunter. when he finds a hole which scems to be
in use. scnds a boy

. on with the sledge: the dogs smell ol the
other breathing holes in 1he neighborhood. and
the boy destroys these with a kick. The s
dares nol come 1o the surface in 1those br
bul resorts 10 1the one where the hunler i, 1-
ing.‘“

Yet another procedure is to have a boy drive a
sledge in a wide cirele around the hunter in order
to frighten the scals toward the hole where the
hunter is watching.™!

In recent veurs o siew technique has been in-
troduced into some parts of the Arctic which has
the advantage of relieving the hunter of his wait

Rasmussen, " 1The Selshh shmos, 0 7 po 181 Rasnunsen
i Clotellectual cabture of the lglubk 1 shimos.” wnites that the
Tgthih 1 shimos do not engage o seabing as cafly 10 the scason as
they vould because of cettain taboos thes hase established  As tong
as theit snow hets are on the fand they vannot hunt scals and they
wannot move ther hiflages out on the e until thesr wanter Jlothes
have been made p 192
TNudoh, op ot op 269
* Rasmussen, “lhe Setsthik 1 sharos, AL
Mathiassen, o of p 43
*Bokhet Snnth, “lhe Carernlandets of e present das . p. 12V
Mathiassen, fow ot




at the breathing hole. Manning observed some
Wager Inlet Eskimos mounting a rifle on a tripod
over a breathing hole. When the trigger was set
off by the rising seal a harpoon was fired into the
seal.®* Helmericks writes that the same procedure
is used in the Mackenzie area except that there
a “snowhouse” has to be constructed around the
tripod, for the wind whistling about the tripod’s
legs would otherwise scare the seals away.%

Possibly an early Eskimo version of this same
practice ts that described by Sonnenfeld. The
hunter

. makes a trap wtilizing harpoon and ice. | ..
A weight either of stone or ice, is placed on top
of the shaft. . . . If an ice block is used, the end
of the harpon shaft is placed in a hole chipped
five inches into it. Water is poured around the
opening to freeze the shaft in solidly. The whole
is then set up vertically in an ice block frame,
so that the harpoon sits poised directly over the
breathing hole. The frame consists of four nar-
Tow ice siabs about three inches thick set up on
end. These act as a retaining wall for the har-
poon weight. The ice is built up on une s.1e of
the breathing hole, and the harpoon head ress
precariously on the edge of this, the point pro-
jecting into the hole, just above the water. A
thong attached to the top of the shaft, and ex-
tending through a hole in the ice brick, has its
outer end staked into the ice. As the seal comes
up to breathe it touches the point, unseating it.
and the whole harpoon—shaft, and weight on
end—shoots down. The enclosure acts like a
rifle barrel, directing the weighted shaft, and the
seal is “harpooned.” f4

“Peep-hunting.” Maupok hunting is generally
used where there is a complete ice cover and
seals remain beneath the ice. Two other methods
used under the same conditions include specialized
netticg and the so-called “peep-hunting.” This
type of hunting is practiced by the Eskimos in
Greenland and around the magnetic pole. The
method used in this hunting has been described
by Birket-Smith. as follows:

Two holes are hewn in the ice side by side. At
the smaller stands one man with a harpoon, len
or more yards in lengih, 1hal is held down in the

= “Hununy implements and methods of the present-day FEskimos
of the north-west Hudson Bay, Melville Peninsula, and south-west
Battin Lsland.” Geographical Journal, ClIL, no. 4 (1944), p. 142,
Murdiwh, ap. <4, noted the use of the gun at the breathing Sole tn 2
different fashion  The Point Barrow Eshimos used it to shoot the
seal through the head as it came up to Sreathe. The harpoon was
used only to retnieve the seal. The curreni, however, often varnied
the scal away before it could be retrieved. p. 269,

N Arutse hunter 1 Boston: Dattie, Brown and Lo, 1985), p 42

M Changes in substrtence economy amony Point Harrow Eskimo
tunpubl. Ph 1) Dissertation, Dept. of Geography, Johns Hopkins
Universety, 1987 p. S3,
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water. At the other hole lies another man, with
a cover above his head, peeping down under the
ice and with one hand guiding the harpoon held
by his fellow-hunter. He whistles and whispers,
and at the same time the harpoon is moved up
and down slightly, thus making two small pieces
of bone, that are fixed near the harpoon head
on split-feather shafts, vibrate. This is more than
the seal can stand. A cautions ke! or keq! comes
from the watcher when the seal in under the
harpoon, a thrust—and it is caught.8%

Stalking Methods. Other types of ice hunting
are concerned with the breathing hole but, unlike
maupok and peep-hunting, they do not require
waiting at the breathing hole itself. They gen-
erally involve a stealthy movement over the ice
to the vicinity of the seal’s breathing hole where
it can be dispatched, either in the hole itself or
on the tce near the hole.

“Smooth-ice Hunting.” When tce first forms it
may remain for varying lengths of time without a
snow cover. This lack of snow facilitates a type
of early breathing-hole hunting, for the breathing
hole itself is not protected and the breathing of
the seal can be heard a long distance. At this
time, the hunter can also proceed over the ice with
a minimum of noise.

in order, however, to decrease this noise even
further, the hunter . . . ties on a pair of sandals
of polar bear skin or longhaired dog skin . . ."*¢
Guided by the seal’s breathing, the hunter moves
toward the seal only when it is snorting at the
breathing hole, which the seal does about eight
times at each appearance®” The hunter, by using
such caution, is able to move gradually up to the
seal where he can harpoon it.

Smooth-ice hunting is engaged in by all breath-
ing-hole hunters who have the opportunity, and it
is considered a pleasant occupation among them.**

Urtok Hunting. Whereas smooth-ice hunting
may precede the maupok season, another relatively
distinct type of hunting follows it. This is the utok
method, & method that takes advantage of the
fact that as spring advances seals begin to come
out on top of the ice to bask in the sun beside
their breathing holes.

The special techniques used in utok hunting
are all geared to methods of approaching the seal
over the ice so as not to frighten it back into the

»
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breathing hole. A hunter’s success at this endeavor
depends to a large extent on the condition of the
snow cover. These techniques were more highly
developed in the days prior to the introduction
of the rifle but are, even today, used to great
advantage.

As it is almost never possible to utilize natural
concealment in seal hunting, the approach to the
seal is always from the leeward, an adaptation
to the fact that the seal has good hearing but
poor eyesight. Two approaching techniques are
used, both of which are adapted to the seal’s
napping habits and snow conditions. As the seal
lics slceping, the hunter can advance. The slcep-
ing period is very short, being only a half-minute
or so, followed by a period of waking. During
this period, the seal examines his surroundings,
and then the hunter must be able to convince the
seal that nothing is amiss. In order to do this,
the hunter may use some form of artificial con-
cealment or he may try to convince the seal that
he is ancther seal out basking in the sun.

In the concealment technigque the objective is
for the hunter to wear something that will cause
him to blend in with the white environment.™
The Greenland and Baffin Island Eskimos prefer
what is referred to by Birket-Smith as a *‘shooting-
screen”.™ It is . . . a piece of white cloth
stretched in front of a small sledge, which [the
hunter] pushes along in front of him, crawling
along the ice.”! While this method is also used
by the Alaskan Eskimos,' they prefer a some-
what different technique. The Alaskan hunter
“. . . camouflages himself with a cap and mittens
reaching above the clbows, of polar-bear fur;

AN

The most frequently used technique in utok
hunting is when the hunter, wearing scalskin
clothing, tries to convince the scal that he is of
the same species. I wrder to Jdo thas, the hunter
imitiies the seal’s movements and even its bark.
Deception is carried a step farther in Alaska and
Greenland, and possibly elsewhere, where scrapers
made of seal’s flippers are used. Such imitations
are so convineing that a hunter often can advance
right 1p to the scal. To make the approach casier

= Ntefansson wites in the Aronc manuel that, because the polar
heat 1 the big natural cacmy of the seal. It would not scfve the
fruntes to pretend e oy 4 boar, You must not wear white Jiothes
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a Central Eskimo hunter fastens . a piece
of skin under his left arm, upon which he reclines.
The skin protects him from melting snow, facil-
itates specd, and diminishes the noise as he
creeps.”’?*

The approach to the seal, in the days before
guns, had to be close enough to harpoon it. Often
the harpoon was equipped with an extra long
shaft and used like a spear. Today, most utok
hunters use a rifle, but even with this long-range
weapon a close approach is advantageous. The
seal generaliy basks very ciose to its breaihing hole
and, if not killed outright, will be able to get
back into the water before being reached by the
hunter. Occasionally even those killed outright
are given sufficient momentam to slide them over
the slippery ice into the hole.

The weapon used on these basking seals was
not always the harpoon. Rae, according to
Mathiassen, mentions *. . . that the women at
Repulse Bay were skilful [sic] at crawling up to
seals and killing them with a small club.”?

The state of the ice and snow is very important
in the success of this method of nunting. It has
been stated that when the snow is hard without
any water on the surface a seal can be killed in
less than a half-hour. On the other hand, if the
snow is soft and deep it is hard to push oneself
along the surface and almost impossible to get
near cnough the scal to kill it."® Manning notes
that, under such conditions, the obvious trail left
behing in the snow also tends to frighten a seal.®”

Young Scal Hunting. In the spring yet another
form of seul hunting is practiced. It is the hunting
of young scals which is made possible by the
pregnant females who make an excavation on the
ice surface under the snow where they bear their
young. The Eskimos hunt these seals by using dogs
o locate the dens Once a den is located the
hunter breaks in the roof and cuts off the retreat
of the scal. Boas remarks that generally the
mother escapes but that the pup seldom does.*™
A variation of this tcchnique is practiced in the
Bering Strait area. Nelson writes that the seals
come up through holes in the ice to have their

¥ Boas, The Central ¥ ihimo. p. 484 Rasmussen in “The Netsilik
Fakimos, .. 70 notes that this shan among e Netsihk s . . . either
a scalshin o1 a peece of bear shin . L% for therr c'othing s made
of canboa shin which stoes not shia: casily in spow and in the late
spring devomes soaked castis . . 168
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young. “These holes are sometimes covered by
the hunter with an arch of snow, and the seals arc
surprised and speared as they come up.™

Nets. The net, as well as the harpoon and cun,
is used extensively in true ice sealing. Its use does
not require the patience needed of maupok or
utok hunters nor the skill needed by kayak hunters
but it is, at times, more productive than any of
the other methods. Birket-Smith writes that the
use of nets is of Eskime origin but that it was very
little used prior to colonization, except in
Alaska.’ In Alaska aboriginal net hunting was
as ii.lr'\)ﬂdﬂ‘l and skitled ws ﬂ'ulup\)‘l\ hulll;llg is in
the Northwest Passage. It rapidly increased in im-
portance in Greenland after colonization and be-
came the principal form of winter scaling, replac-
ing maupok hunting in many localitics."! The
use of the net in ice hunting varies greatly o
Greeniund, being more important in the northwest
than in the southwest. Around Holsteinborg, for
example, the net is set under the ice but is not
so productive as it is farther north. Holsteinborg
is at the southern limit of the sledge and . . . this
means of conveyanee cannot be used so freely
as to permit the Greenbtunders to tend as miny
nets as are necessary in order to make scaling
really prolitable.”™ "

The netting of scals under the ice is practiced
in more ways among the Alaskin Eskimos thun
among :any of the other Eskimo groups, OIF Point
Barrow, netting ol scals begins about the nuddle
of November and is the most important “fishery”
ol the year. Murdoch described the procedure
they use, which has been paraphrased below. This
method ¢an be successfully engaged in only on
the darkest mghts. At a place where devel, rela-
tively thin, ice extends baek Trom the lead about
OO vards, several nets are hung under the e
paratiel to the fead. Noises made by the hunters
on the e belimd the nets cause the seils swim-
rng cbout in the tfead to dive under the e to
mnvestigate, thus becoming entangled in the net ™

The ordinary Aliskiun method of settisz these
nets under the dce™' iy to thread them through
waerres of hotes, e mudidle one of which s farge
cneugh o pull an entimgled seal to the surface,
li Grreenbland the procedure is basically the sume,

S LI TN SR TR ]
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although usually the hole nearest the entangled
seal is the one chopped open.!*®

This type of scaling may be very productive.
Murdoch records that the netters of one village
have taken as many as 100 seals in one night.*®
Such hauls are gencrally considered *“lucky,”
however.

T the Puint Barrow arca this type of sealing
ends with the closing of the leads by the January
gales. Such closing does not mean, however, that
netting is ended, for cracks occur throughout the
winter among the hummocks. The Eskimo hunter
. arounid these cracks, so that a
seal can not approach the crack without being
caught.”1"%

Neison has described a third type of net sealing
which is actually a specialized type of breathing-
hisle sealing, wsed from Bering Strait o Puint
Barrow. This technique is carried on during the
durk winter nights, and proceeds as follows:

hdngn ricts ™

The blowholes of 1he seals ure located during
the day: at night the hunters go out and make
four holes in the ice, in the form of a square,
at equal distances from the scal hole: a square
net is then placed nnder the ice by means of a
fong pole and o cord, . .. When the seal rises to
breathe it becomes cnlangled in the net and s
captured. !

Procedures cadeulated to increase the yield and
also to make scad netting casier have been devised
by the Eskimos. For example, the central breath-
ing hole may be protected by an ice cap which
keeps the water from freezing overnight. Such a
cap is functionally important in yet unother way.
It . . . is hollowed to increase rellection and
light ~oming ‘nto the hole, so that it is easily
found by the scal™™™ Such u procedure will
work in netting seals at breathing holes, whereas
just the opposite conditions are necessary for net-
ting scals along leads. The objective at leads is
to entice seals away frem the leads into the nets
and requires darhness to be suceessful.

Seal Hunting at the Fdge of the Tee. In those
areas where ice does not form o complete cover,
saaby with generalty be found, not under the ice,
but in the open water. They may be lured under
the ice, us deseribed above, but more frequently

they are hunted as they swan in the open water.
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In many arcas the kayak is uscd; in others, how-
ever, huniing is carricd on from thc icc. This
typc of scaling is so important to some groups
that thcir main food supply, during certain
scasons, results from it. It can bc carried on
“.. . at the edge of the solid winter floe, at lanes
and holes in the icc cuused by currents, or from
the drift 1ce . . ."''" Probably the best ail-round
situation for scaling is when narrow leads are pres-
ent, lcads veryirg in width from 20 to 100
yards.'"!

As the icc begins to form in the 7all and “. . .
niewly formed tloes drift 0 and fro in the open
seil, the natives go scaling at the edge of the land
ice "1 Such ice-edee hunting is carried on s
long as there is water present which, in some
localities, is throughout the winter. In certain
places. as off Point Barrow, the pack ice moving
in toward shore usually causes the formation of
small open pools oo which the scals resort. Ace-
cording 1o Murdoch, the men in north Alaska go
out in scarch of these heles between the hum-
mocks. This method is followed throughout the
winter where open holes exist.'™  As the ice
puck is not consolidated, especiatty carly in full,
there is danger of being caugint on a drift moving
out from shore. As u resuht the Eskimos have to
" watch the state of the weather; for if a
sudden gake blowing from the lund should urise,
the ice s hable to break, and to be curried into
the sea 1

Often these holes willt remain for some period
of time such that those species that do not main-
tain breathing hobes become trapped as the tast
of the holes begin to freeze over Then

the seal climby up on the fce and begins 1o
creep towards the seias They sometimes mistake
the woods Yor open water, pet Tost in the woods,

S Samerimes o whoele herd of seal will come
up in the last open hole: in Hopedile some
vears o about tweny farge Greenland seal
were Luhen with anowve owt of o single ice-
]“,k. L )

As these water holes often proside coneentra-
tons of seals. they are visited as dong as they
st The Fshimos usually wait on the si'e of the
hote toweand which the current is noving o that

Baket Sty e Cocenlanders of the present das " p 326
Nectar ! Fovary ot ahe vontny as g methond of arcts oy
Plhotatios " Gevovapin ol Kevwew VI Do & 099 po Wil
Boas The Contrul # ks p 49
) CTFIN PR TRy Y I A 2]
Ioas A oacar amoty the bakinne Joawnad o0 the dmericun
Goooenraphsead Nociens NIN 018870 s
Pataer, o op AvS
® ® ® ® ® ®
.
R Jas SR PR Aoy S WY

‘s

when a seal 1s shot it will be carricd to the
hunter. However, the most frequent method of
retrieving seals which have becn shot in the water
is to use a line with hooks on it which is thrown
at the scal until it is snared and can be pulled in,
Ice itsclf is frequently used. Boas writes that a
.. . huntcr jumps upon a small cake, which he
pushes on with mis spear unt:l he 1s near the body
of the animal, and then drags it upon the land
floe with the harpoon line.!!"

The most productive ice-edge hunting occurs
in the spring. In the Bering Strait area it begins
as carly as March, in north Greenland and Balfin
Istand in June¢ or July. This hunting may pro-
ceed in several ways but the general method is
for the hunter to conceal himself on the ice edge
close to the water from which vantage point he
spears or shoots the seals as they swim by. '7
Some hunters prefer to walk along the edge of the
ice dookiag for seals, which is much more pleosant
than waiting. "%

A very specialized type of tidal-crack sealing ts
practiced at Tuat on Lord Mayor Bay by onc of
the Netsilik groups. It is carried on insidc a snow
hut which they build over a tidal crack. As there
must be darkness inside the hut, very thich snow
blocks are used und the entrance is covered with
several ayers of skins. The part of the crack in
the ice that runs through the hut is covered with
a picee of ice in which u breathing hole has been
cut by the hunter. Scals, in moving along the lead,
are attracted to this artificial breathing hole and
are harpooned just as in winter. The hunter, how-
ever. mast remove the harpooned seat rapidly
from the leud for, if he wants to use this location
again, he cannot tet it beeomie soiled by the blood
of the scals he coptures.'™  This method of
seating is valuable, especially in tate spring, and
citn be used until the snow becomes soft. As the
snowhouse protects the hunier from the elements,
it is one of the most pleasant methods of henting
seals.

Kavak Hunting. As summer approaches and
the ice continues o break up. ice-edge hunting
hecomes  increasingty  dingerous. During  this
perind o transition from ice hunung o kayak
hunting takes phice. As seals frequently come out

of the water o bask on iee tloes. the Eskimo
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kayak hunters seek out such floes for more lucra-
tive hunting The kayaks may be lifted onte a
floe which is then used as a raft, being paddled
to those floes on which seals are sleeping. In
such a case the kayak is the means of getting to
a more workable platform.

For many groups, however, ice serves only the
puspuse of acting as a new shore from which 0
launch the kayaks. In western Alaska kayaks at
the ice-cdge are used as early as February.!*
It i5 only in southern Greenland and the Aleutians
that they are used throughout the year. It is in
these localities that ice may be considered more
of a hindrance to scaling than an asset.

Other Sea Mammals

Walrus Hunting. Walrus hunting is, in many
ways, similar to seal hunting, with the harpoon
and the gun as the nuain weapons. Theee animale
are hunted under several conditions: in the open
water, at leads, and on the ice. They arc gen-
erally hunted in the summer, espccially late
summer, although some Eskimos are able to hunt
them in winter and spring as well.

During the summer walras-hunts, the most
impoitant of the year, boats arc nceessary, al-
thoug they may be of secondary importancee. Dur-
ing this scason, walruscs slecp on fluating ice cakes,
and the actual harpooning is frequently from the
icc floes rather than beats.'®' In Alaska. in
contrast, the walrus is usually shot from umiaks.
They are then towed to the nearest cake of iee
where they are butchered. '™

Walruses are also hunted at tidal cracks or
leads. Such hunting may be engaged in through-
out the winter ut such plices as Smith Sound,
Frobisher Bay, and around Iglulik where certain
locations do not  freeze™  Occasionally  the
widrus, fike other sca mammats, witl be trapped
by the 1wce. Kane writes tiat such a situation is
quite importe.at in the ~conomy of the Smith
Sound Eskimos who scour the floes with their
dogs i search of stranded walruses. !4

The walrus may be hunted over the ice in yet
another Tashion, for, although it does not maintain
a oreathing hole, it can live under the ice as long

S Stewnert, op oL oL XY

ot Boas, The Central bakimo, p. 497,
Murdinh, op. e p 2720 Weves, op. i . wiites that the

. Alaskan 1shimos have a taboo that waltuses must alwiys be
hauled up on the e to be cut up and that this must not br dore
i the boat * p. V67,
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as the ice is no thicker than the walrus can break
with an upward bump of its head. The Eskimos
are able to harpoon the walrus as it breaks through
the ice without much difficulty, for the walrus can
break through ice which is thick enough to hold 4
man.'2%

After a walrus has been harpooned, the big
task of landing ft remains. This involves two
operations; that of tiring the walrus so that it can
be brought to the floe edge and then of hauling
it up on the ice. Among some groups, after the
walrus has been harpooned, two men work to-
gether to hold the line.’*® Even in such a case
the ice is used as an aid. The line is fastened
by wrapping it around a spear which has been
sunk into the ice. The . .. hunter will often try
to hold the walrus by bracing his feet with all his
strength against a frozen block of ice.”'*" The
line, however, may be cut by the edge of the ice
in which case the walrus escapes. At other times
the cdge of the ice floes breaks off dumping
hunter and equipment into the water.!**

The walrus is so heavy (a ton or so) that
hunters use special tackle in order to haul one
up on the ice. Mathiassen has described one such
procedure as follows:

... the line is fastened in a hole cut through the
awuse of the walias, then passes round the ice-
hunting harpoon shaft which has been stuck into
the ice, back again and through a loop formed
of a picce of the breast hide and again back ia
the line on which all the hunters haul. . .. If it
is on new ice, lhongs are fastened to the fore
flippers #nd lhese ure drawn out to the sides,

thus making the bearing surface wider, whereby
the ice can stand the weight betler.14?

I come instances, instead of using the harpoon
shaft as one end of the pulicy arrangement, two
converging holes are cut in the ice through which
a dine iy then passcd making an cffective
pulley.

Whaling. Whaling reached its highest develop-
ment among the Aliskan  Eskimos for whom
whales furnished a large percentage of the food
supply.  Its itportance is indicated by Hadley,
as follows:

Al every cipe and headhand, from Bering Sea to

Poinl Bartow, und more espectudly at the lLalter
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and Point Hope, the locations of the largest vil-
lages, the passing of the dark days of winter
marked the Eskimos’ preparations for the great
devil dance. the invariable prelude to the spring
whale hunt.131

Most whales must be taken in the open water.
Therefore, the relationship between ice and occu-
pation is not as close in whaling as that which
evolved in sc2! hunting, or even, for that matter,
walrus hunting. Ice, nevertheless, is important in
whaling, an importance that, in the case of Alaska,
varies in degree with the season. During the early
whaling scason 1ce is of definite advantage to
whaling while during the late season it hinders
the whaling operation. The early season is by far
the most important of the two.'#*

When the time romcs at Point Barrow for
whaling to begin

. exploring parties are out every day examin-
ing the state of the ice 10 astertain when the
puack is likely to break away from the landfloe,
and also to find the best path for the umiaks
through the hummock.133

These paths, which often are marked during the
winter by scal hunters, are improved by the Eski-
mos in their Ieisure iime. They widen and smouth
them by . . . knocking off projecting points of
icc with picks and whale spades. and filling up the
worst of the irregularities.”™ ™

Iee, serving as a base of operations, is an im-
portant adjunct to the whaling at this scuson. “As
soon as the lead opens, and sometimes before

HoWhaling off the Alaskan Coast,” Bulletin American Geo-
graphicval Socteiy, XIVIE (1915), 914, This ceremony was only a
Patt of the prepatations: cquipr.ent and crews were alvo readied for
the sprmyg hunt.

5 The difference in the importance of the two whaling seasons
cunnot be explaned solely by ice conditions. Sonnenfeld, op. it
for example, has suggested that the need for food s not 4 great
1 she fall as an spring because the storchouses are stocked from the
catly whaling season, p &S,

NLardoch, opo o pl 274

Pldem. In the past, of the Land floe happencd to be particularly
roeeh, the hiunters wonld move to abpother lovatton alone the coast
where the tloc w.o smoother.

when the prospect looks promising, the boats are
taken out to the edge of the land floe . . .” on
sledges.’® At the edge of the land floe prepa-
rations are made for launching the umiaks as well
as waiting for the whales. A small ramp is cut to
the water down which to slide the boat anc: snow
blocks about two and one-half feet high are set
up along the edge of the ice. These snow blocks
serve two purposes; they act as a windbreak and,
raore important, they “. . . obliterate unnatural
shadows and silhouettes of boats and hunters.”138
The time spent at the ice edge is a busy one, for
as long as there is open water, the crews are con-
tinually looking for whales.

Whales, like walruses, have to be handled with
special equipment. Hadlev describes one of the
techniques as follows:

A slip or runway had to be cut to the edge of
the water and the whale was secured by walrus
hide lines passed round a sort of windlass von-
structed from a rounded cake of ice and a piece
of driftwood. Then the creature could be heaved
up. . .. If the edge of the ice were very rough
and uneven a somewhat diflerent method would
be employed; the whale would be rolled along-

side the ice z2nd rolling and cutting be substi-
tuted for heaving and cutting.137

Large whales are always hunted from boats.
It is only the smaller narwhals and belugas that
are occasionally hunted from the ice edge. These
two ire quite abundant in many parts of the Arctic
and of great impertance to some Eskimo groups.
Savssat hunting in west Greenland is the most lu-
crative of all icc-edge hunting, for when narwhals
are trapped by the ice great numbers can be taken
with relative case from the edge of an ice hote ¥

*NMurdoch, op. et p. 274,
* Sonnenfeld, op. cit.. p. K& Birhet-Smith in “The Greenlanders
ol the present dav,”™ reports this same technique for the Ammassa-
hagmumt. ‘They alvo use snow blocks when hunting seals, walrus,
narwhal, and beluga. For camouflage they also paint their kayaks
winte. p. 127,
2T Op. citLp. 916,
* Porstld, op. cit., p. 216,

Food Production: Eskimo Hunters and other Food Sources

There were onby- three sections of the Eskimo
Arctic in uboriginal times where the natives had
A dominant food source of something other than
the sca mamnmuds, These arcas are the Buarren
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Grounds west of Hudson Bay. interior Aiaska,
and the coast of Alaska around the mouth of the
Yuhoa River. Of these three groups, the first two
had s thetr nuin subsistence item the canbou,
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the last, fish. In all other areas sea mammals
dominated, at least, most of the time.

Among all groups of Eskimos. however, foods
other than the dominant one were more or less
important. Some had additional sources of food
throughout most of the year: others had more of
a scasonal variety, with some food types almost
or compietely replacing the dominant onc tor van-
ous periods of time.

The methods used in obtaining these other fods
(whether they be mammal, bird, or fish) vary
greatly with the conditions of snow and ice. Some
of the techniques which have been developed uti-
lize the various properties of snow and ice in their
successful operation.

Caribou

Eskimo Utilization of Caribou. The caribou,
like the scal, serves a multitude of uses. Although
never domesticated in the New World, its flesh
is the most desired of foods to many of the Eski-
mos, and its skin, if acquircd at the right scason
of the year, is the best of clothing material for
most arctic conditions. The quality of caribou
varies with the scason. generally being best from
the standpoint of both food and clothing from mid-
July to about mid-September.'™  Autumn hunts,
thus, have become the most important of the year:
but, nevertheless, caribou nre also hunted during
the other seasons.

Onc group of Eskimos, more than ali others,
has con:entrated its efforts on caribou hunting.
This concentration was carried to such an extent
that the Fifth Thule Expedition members labeled
them the “Caribou Eskimos.™*" To these people
... the canibou occupies at least the siame posi-
tion us the seal und the walrus do to their Kins-
nien, St Adthough the Caribou Eskimos
depend upon caribou for more of their sustenanee
tium any other group of Eskimos, it is of great
imporance to most other groups as well. Among
the fglulik Eskimos, for example, “Caribou hunt-
mg is the favorte occupation ... [and] s pur-
suced inall seasons wherever there is an oppor-
tunity.” " Basically the same condition is poted
for the Alashan Bskhimos: “Nearly every day
the autumn and winter, when the weather iy not

*Werer,op wiro po*t
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stormy, one or more natives are out looking for
reindecr, .. .1
Hunting Methods. Sonnefeld recognizes four
. .. ways in which Eskimo hunt the caribou: by
herding the animals into a corral, river, lake, or
simply hidden gap where others are waiting for
the kill; by the use of snares; by stalking; and
by the use of snow pits or traps.14+4

Of these methods the most important from the
standpoint of its relationship to snow is the last,
the only method that cannot be practiced through-
out the ycar. Snow and ice, while not necessarily
important in the function of the first three meth-
ods. may, nonctheless, have a great influence on
their successful operation.

Snow Pits and Traps. The one basic require-
ment, other than the presence of caribou, >r the
use of stow pits O traps in caribou hunting  an
adequate snow cover in, or from, which to con-
struet the trap. The construction varies with the
thickness of this cover.

One type of pitfall constructed when the snow
is not very deep has been described by Hanbury
as follows:

In a deep snow-drift they dig an oblong pit
about six feet deep, and then with blocks of
snow build up walls about four feet high, so
that for the deer there is a fall of about ten
fect. An vy slope Teads up 16 thic very thin roof
of snow, and the structare has @ natural appear-
ance. . .. Deer, however, musl be namerous for
a fair chance of success, and the pitfalls must be
closely wiched: for, as soon as a beast falls into
A pil, he commences to fight and worry, and if
he dies from exhaustion, as he soon does, the
flesh is almost uncatable Vs

A somewhat less elaborate procedure in thin snow
15 to construct a narrow, gradually deepening path
in the snow which . . . ends in o small pitfall
into which the caribou tumbles. ht must suit the
size of the caribou; e, it must not be so big that
the cartbou can turn around, ., . e

I the snow iy somewhat deeper, « pit sulli-
ciently deep con be dug without resorting to the
use af snow blocks. These pits are frequenty
covered with twigs and a thiu layer of moss. '+

The Alaskan Eskimos, instead of digging an ob-
long hole, dig a round hole which is

PUSerdonh, op L p 264
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. about 5 feet in diameter and 5 to 6 feet
deep, and is brought up to within 2 or 3 inches
of he surface, where there is only a small hole,
through which the snow was removed. This is
carefully closed with a thin slab of snow and
bailed by strewing reindeer moss and bunches
of grass over the thin surface through which the
deer breaks as soon as he steps on it. The na-
tives say that they sometimes get two deer at
ouce.14?

All groups use a bait with their pitfalls, a bait
generally made with urine, the salt of which at-
tracts caribou. The body of the bait might be
stow, but more commonly it #s reindeer moss.
Both are soaked in urine prior to using.’*" Boas
reported that among the Central Eskimo, salt-
water ice is placed upon the trap to lure the
deer.’™  During ecarly fall, before the entire
countryside is covered with snow, a uic made out
of snow itself is frcquently used. Apparently cari-
bou have a natural curiosity for white, and so
the hunter builds a snow eaim near which he has
constructed pitfalls.'*!

The importance of the pitfall varied greatly
emong the Eskimos and has declined in use since
the introduetion of the rifle. Murdoch has written
that fall caribou hunting among the Point Barrow
Eskimos is a new custom, for it was

.. . probably not worth while to go out after
deer at seasons when there was not enough snow
for digging pitfalls, for they depended chiefly on

these for the capture of the reindeer before the
inttoduction of fire-arms,152

Although this type of caribou hunting has de-
ercased in importance, it has not completely dis-
appeared for it is still occasionally used by the
Lzskimos, including those in northern Alaska, to
supplement their food supply.

Herding und Driving Techniques. The Eskimos
devised many methods of driving or enticing cari-
bou to predetermined locations. The white cairn
has beer mentioned in connection with pitfalls
and i used generally in the attempt to trap one
animal at a time. Usaally, when the driving or
herding nicthod is to be attempted, many animals
are involved. These amimals are generally drives
into the water where ahey can be killed from
kayaks. The efhicieney of kayaks is affected by
the amount of e in the water which, therefore,

P NMutdoch, o i p 26K
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has a bearing on the effectiveness of this type of
caribou hunting. Among the Central Eskimo,
for example, this type of hunting “ . . . is especially
profitable in the autumn and more favourable
than in the spring, since in autumn no ice tloes
endanger the kayaks.”!” However, later in the
season, when ice begins to form but before it be-
comes firm the Eskimos frighten the caribou into
running out onto thin ice where they break
through and are easily killed.

Stalking. Snow probably brings more disadvan-
tages than advantages for the stalking method of
hunting. The advauntage of easier trail-fullowing
with a snow cover is offset by the increased noise
level. In calm weather

... footsteps can be heard far away; if the ter-
rain is flat inlo the bargain, hunting may be
almost impossible, long periods of this kind of
weather will often bring the Eskimos to the
verge of starvation. Caribou hunting is easiest

in slightly misty weather, preferably with a little
wind and snowfall, ...1%%

With drifting snow, caribou tend to stand quietly
and are relatively casy to approach and kill.1*¢
When, on the other hand, drifting of snow de-
creases the visibility too much, hunting becomes
impossible.

The disadvantage of noise resulting from a
snow cover probably, at least in part, accounts
for the technique used in clear weather by the
Eskimos of the Melville Peninsula. When they
came upon a herd of caribou they would give
chase without any idew of stalking. The caribou
would run a short distance and then stop to watch
the approaching sled. When the sled got within
about 100 yards of the caribou they would run
again, The Eskimo hunters would shoot at the
animals occasionally, hoping for a hit 1%

Other Caribou Hunting Practices in which
Snow is Importani. Some groups of the Copper
Eskimos used to go land from the Hope Bay
arca carly in spring when there was still snow on
the ground. Instead of constructing pits they often
hunted the caribou . . . from hides that were
built up of snow in the days when they only had

YStemert, op ol p VL

SUloas, The Centeal Fahimo, p. SO,

“Mathiassen, op. cif . %S4 The incicasing audibility of sound
with vold hinders hunling i set another way., Mhwatha wotes that
the . . twang ot 4 bow stnng travels fover than the arrow . %
and fightens the canbou R ¢ shots, however, sound so much
hihe e cracking that hittle attention iy pard to them. Nimrod (n the
Nuorth iSew Yark: Cansell & Co 1888, p
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bow and arrow.”'™ As these groups spent most
of the summer and autumn in caribou hunting,
they would go inland great distances traveling up
on the last snows of spring and not returning to
the coast until the winter,'™

Poleward of the tree line, snow is seldom decp
enough to be a real hindrance to caribou. Such
a condition does not hold, however, for the for-
ested areas to the south where not only the Indi-
ans but also the Labrador Eskimos tuke advantage
of decp snow. By using snowshoes they are able,
with relative ease, to overtake the deer which sink
into the snow.!%"

Other Land Animals

As in the case of the caribou, snow and ice
e important determinants in the frequeney and
distribution of the other land animals and have
a bearing on the techniques used in hunting them.
Many of the techniques used in caribou hunting
arc used in hunting these other animals, although
olten varied 10 conforny to the traits of particular
animals.

Musk Ox Hunting. The hunting of the musk
ox was made rather cusy for man by the delen-
sive methods used by this animal. This defense
is to meet the attack “head on.™ u system that
works welt with all enemies except man with
weapons, In the hunting of the musk ox no spe-
cial techaiyues cvedved  The big problens was
locating a herd. Most Trequently these were hap-
pened upon by the Eskimos when traveling. Snow
is of little significance in this type ol hunting ¢x-
cept that it makes tiw trails somewhat casier to
follow.'! and, because of the color of the musk
ox. it causes them to stand out ugainst the white
buckground. During the snow-free seasor. the op-
posite: condition prevails Tor then the muskh oy
blends in well with the tundra,

When actiatty out hunting musk oxs does e
used o trail the aninnals and to bring them (o
bay where they can be Kitled with spears. bow
and arrows, o, medenn tines, s

Polar Bear Hunting. The polin beir has been

hunted extensively by sone groups of Fskimos

S Kasmussen, Clnteliectual cultine of the Coppar fahimn' p
by
It p 7T Those tops mdand wore 1o sofoiy for the pat
of carntbou, but induded some tading and weand patherian woll
“lanner, op o po 621 Siowshoes, ponctalhy not wsed be
Iahines, are sdse teperted by Benty nned 1 o atiboe Bttty by the
1ot Barnew | oakamnes Murdin} it p Tt
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since long before the introduction of the gun.
This animal is still quite important to some peo-
ples beeause of its skin and meat. In earlier times
it appears to have also provided a diversion that
was enjoyed by the hunter. Steinert writes that
“Toward the end of the winter, when it becomes
light again, there begins the hunting of the polar
bear, the high point in the life of the Polar Eski-
mo“’l(i:}

Many polar bears are taken as they eome into
camps or villages—espeeially toward the end of
winter—hunting for food. Organized hunts, how-
ever, are engazed in and nearly always make use
of dogs '%* The polar bear is a much more diffi-
cult animal to find and to kill than is the musk ox.
Unlike the musk ox, which remains more or less
stalivnary and in groups, polar brars rosm over
wide arcas, usually alone. Normally, unless in a
den, it will be found on the ice among the hum-
mocks where it blends in with its environment,
The bear’s cunning is often praised, for it utilizes
the natural environtment 1o the stmost. Snow and
ice characteristics are taken advantage of, not
only in stulking or evading man, but more espe-
ciaily in secking out and stalking the seal, its main
food item. Such factors make the hunting of
polar bears a somewhat dangerous occupation, ¢s-
pectally prior to the introduction of high-powered
rifles. [Dogs are used to track a bear and to bring
it bay, where it s killed by the hunter,

A somewhat safer method of hunting the bear
is abso used. Female bears dig dens in the drifted
sow, generally on the southern side of a hum-
mock or hill. where they spend the winter 1nd
where they hive their cubs. These bear “igloos™
are located by FEskimo hunters with the use of
dogs, Once i den is locited, the hurter probes
into it with his spear to determine if it is still oc-
cupicd. 1t is, the hunter then cuts into the den
and s the bear awakens and comes out it is kil-
led ™ This type of hunting is by fur the most
miportant iype of polar-bear hunting among sore
groups. AU Pelly Bay, for example, over a four
vear penod from 1952 to 1956, a wotal of cighty-
one sadult bears was tahen, of which sixty-two
wore hilicd indens More than four-fifths of the

tetal were temudes, most with cubs '
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Techniques Used in Hunting Smnall Animals.

The smail animals are generally taken today
by steel traps or else they are shot with guns.
These methods rapidly replaced carlier techniques
as soon as they were introduced.

There are three basic ways in which small ani-
maly are hunted  The first is the gun which is
used for hunting hares, foxes and wolves. The
sccond involves some method of imprisoning the
animal such as with u trap, snare, or net. These
devices hold the animal for varying lengths of
time. Some are watched by the huuter so ihat
the trapped animal can be removed at orcc;
others are visited periodically. The third tech-
mique includes the various methods in which the
animals kill themselves with such weapons as the
famous (or infamous) “wolf-Killers.™

Of the various methods used to eapture or im-
prison fand animals, traps and pitfatls involve the
us¢ of snow and/or ice more than any of the
others. One of the most widely used types of traps
is the so-called “tower trap.” In aboriginal days
this trap generally was made of stone and was a
more or less permancent structure, being used year
after year. Its usc was quite extensive ulthough
apparently it was not uscd west of the Mackenzie
River.1®

Tower traps constructed of snow were used in
aretic Canada by the Eskimos bui were mknown
in Greenland. There were several variations in
the construction of such traps. The Cumberland
Eskimos formerly made their traps high enough
for & man to stand in. In such o trap bait was
hung beneath the Tunnel-shaped hole which had
been left in the top of the structure, it was through
this hole that the Tox had to jump in order to get
to the bait, bur omce inside it was unable o climb
out." There are other wave in which the tope
ol these traps can be arnimged. the opening may
be partally covered with @ piece of whalebene
oo owlieh, bending bencath their weight fets
them into prison, and then resumes its ormer

positzon thus o great number of them are some:

times caught meoa night 7' Somctimes the top
of the snowhouse is made of thin tee se that when

the anmmal climbs on top it will break through

ikt South, Clhe Catitbow | oanune I Anaibvineal prart
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Ice is utilized also by being placed around the
opening in the top of the trap te make it slippery.

Such tower traps are unknown in Alaska, There
the Eskimos use pitfalls similar to those used for
caribou. Pitfails are found thrcughout the Arctic
although their usc is restricted to certain types of
animals in various lecalities In west Greenlead
they are used for smaller animals such as the fox
but not for eanbou.

Snarcs of various kinds are used by the Eski-
mos throughout the Arctic. Not infrequently snow
is used in disguising various parts of the snare.
Most snarcs are rather simple as is illustrated by
an arrangement the Netsilik frequently use. They
place a

. number of bloeks of snow side by side
about like a wind sereen. They form a kind of
wall, in the middle of which an opening is made,
and in i1 is a small snare especially intended for
hares. The hare runs along by the wall and,
when it comes to the opening. will as a rule try

to slip through it but becomes enlangled in the
snare.! 7V

Nets, like snares, are known in various forms
throughout the Arctic. Generally snow or ice is
used only incidentally, for hiding either the net or
the hunter, Snowhouses are sometimes built in
which the hunter hides until the animal is caught
in the net.'™!

Seme groups kill small game with a deadfall.
This device functions by dropping a weight on
any animal thit trips a trigger mechanism as it
attempts to get some bait that has been properly
placed. FThe Copper Eskimos make a deadfull ar-
rangement in which “. . . a large heavy picee of
1ce s set up on edge, when the arimal snatehes
at the bait hinging below, the tlock falls on
it More comphicated  deadfalls involve  the
comstruction of i smull snowhouse with an en-
trance on one side threugh which the animal must
go o get the bait, Onee inside the animal is killed
by o deoppiny weight.

Very few snedb animalds are taken today with
When these
taps were mtrodaced smong the Fskimos, they

methods other then the steel trap,

woere  frequenthy incorperated  into abonginal

methods of huntmg Phe Alaskan BEskimos, ac-

cordimye 1o NMurdoch, ased the deed trap instead
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of the deadfall at the entranee to a snowhouse
trap.”:‘

Snow is usually used to hide the trap from the
animals. Normally, after fastening the trap in the
permafrost by a chain, a

.. . block of snow V2 feet square and some 6
inches high is cut, and 2 hollow made in the
centre for the trap. Then a further block of snow

is placed over it and scraped thin enough to be
broken hy the Fox's weigh1 174

Some hunters, instead of using a speeial bloek of
snow, simply secoop out a hole in the snow in
which the trap is placed. It is then covgred with
a snow topping.

The above hunting techniques have been and
are being used suceessfully. They are not, how-
2ver, the ones that have beer emphasized in the
literature. The simple and ingenious teechnigues
which depend on cold rather than snow and iee
and eommonly iabeled “wolf-killers” have re-
ecived the greatest attention. These weapons in-
elude the freczing of some sharp object (s) m a
chunk of blubber whieh is swaltowed by the wolf.
Today glass and razor blades arc used.'™ For-
merly, baleen was used by most of the Eskimos,
although those central tribes who did not have
access to wnales substituted musk-ox horn. '™

Bird Hunting

Bird hunting techniques used by the Eskimos
include: (1) traps and sreares; (2)  nets;
(3) weapons of various sorts; and (4) gathering.
All of these methods are still used today, slthough
the shoigun became the most important weapon
in bird hunting '™ Gathering inchades the driv-
ing of moulting geese to camp where they can be
skaisghtered and the taking of birds at ¢ savssat.
The savssat gathening depends on ice conditions.

Bird traps and snares are of many varicties in
the Arctic, many of them similor to those used
on the smaller smnials. Some bird traps utilize
snow and ice, s did those described above. The
most elaborate of the bird traps s the snowhouse
type used by the Central Fskimos and the Frki-
mos of cast Greenland. Hois generally used along
the shore and seems to be restricted to the various
gulls. viathiasser writes that o snowhotse is built

COp it p 2,
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. .. just large enough to contain a man; at the
top is a small opening, wide enough for him to
put his hand through and seize the gull by the
legs; the gull is attracted by meat laid on the
roof. 178

Boas adds that in some places the hole in the roof
is covered with a block of transtucent ice so thin
that the hunter can push his hand through it. In
this case the bait, instead of being seattered on the
roof around the hole or cn the snow around the
trap, can be placed on the thin ice covering the
hole }*®

Tke most important method of taking birds that
the Eskimos use, other than with guns at the pres-
ent time, is with nets. This method is probably
more important among the Polar Fskimos than
with any other group. They use long-handled
“butterfly” nets to capture birds from the nesting
cliffs it northwestern Greentand. Snow and ice
arc handicaps to such hunting in that they tnerease
the danger of climbing the eliffs where the nestmy
birds are found.

Snow and ice are, however, used to acvantage
by some groups in the netting of birds. Nelson
has written that ptarmigan arc netted by using a
decoy made of snow in the form of a bird.'™
After the net has been placed around the decoy
the hunter, by imitating the call of a male ptarmi-
gan, causes the ptarmigans in the vicinity to think
their territory has been invaded. They then at-
tack the decoy in the net and become trapped.

A vanciy of weapons, including bolas, slings,
darts, and guns, is uwed by the Eskimos. Sech
weapons were employed especialty during  the
spring and fall migrations when birds fly over in
great numbers.

Although little concealmert is uttempted for
generat hunts, hideouts are used at strategic points
along the coasts where ducks and geese generally
crons. Blinds are often made of snow blocks.™!

The only direet vse of snow or ice in bird hunt-
ing with weapons is where it is used as a projectile.
Birket-Smith hus reported that the Central Eski-
mos often substitute lumps of ice for stones when
using their shings. '™
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Fishing
Rostlund, in his exhaustive study on aboriginal
fishing in North America, placcd all of the Eski-
mo groups, save two, in his rank 2, which includes
all groups for whom “. . , fish was a staple food
but no more important than game or plants,
" The one major exception to this group-
ing includes the inland Eskimos along the Kusko-
kwim, Noatak, and Colville rivers whom he rlaces
in rank I, those for whom * . . {ish was the most
important staple in the annual fond economy.”!*?
The other possible exception to the relatively im-
portant position of fishing among Eskimos is, in
Rostlund's table, iisted as the Polar Eskimos
whom hic has shown as rank 2 or 3for . . the
men rarely and the women only infrequently de-
vote time t¢ fishing . . ™ Although fish is
generally of only secondary importance in the to-
tal food supply, it nevertheless is . . . in many
places an indispensable addition 10 the food sup-
ply."™% Indeed. at certain times of the year, fish
may be the only food availablc to some groups.

Fishing may be carried on at ahll scasons, but
with more or less emphasis depending mainly upon
the other scasonai occupations and the scason of
greatest fish abundance and need. In Greenbond,
for example,

Fyvervihing else failing, the Greenlanders, as a
List resource, tihe to fishing the lean and bony
sea seorpion and 1o gathering mussels and edi-

ble seaweeds, bur this i anore or less considered
starvation fare ST

In Babrudor, fishing is done in what might he
considered as the in-betwzen season, that i, dur-
ing Muarch when seals are rare and caribou have
not yvet appeared ' Among the Cartbou Eski-
mos, with whom fish s next to canbou in impor-
tance as i food stem, fishing s engaged inoat all
times of the year. The most important fishing
seiron for most of the Eshimos, however, is sum
mer, corresponding with the time of vear when,

for most groups, scaling is keastmportant. Fish,

Prevhwader fh wed kg o natine North Amerna (Hothe
e Dy of Calif 1'ebl i Goography, 1982 p 171
dem Thiy fanieng, oot oy by Rostlued bat also by Diner

amd Wassers e i appeats to have been mfluenced by o state
1

et made by Buket Strath i U lhe Canbu Eakimos o
Descsmpinge patt 7 that the Raskoehwim tinibes secm to be g
spesalized fnhier peple T M Kiteeber, opr i an fable 2

v CRepronad Vatiety of Pohime Tooromie Culture,” Dists for the
Yubon Nushohwan Dieltay Shallow shhae water, no whalmy, bittie
scaling, press depemdesie on salmen, supplemeeted by other fish

at that season, are generally available in most of
the waters of thc Arctic although they tend to be
concentrated in certain Jocalities at both the be-
ginning and the cnd of the season.

Fishing techniques among the Eskimos include
the use of various kinds of leisters, spears, har-
puons, bow and arrow, hooks, nets, snares, traps,
and weirs. All of these, except the weir and bow
and arrow, are used during the winter as well as
at the other seasons of the year. Most Eskimo
fishermen formerly depended on the hook in win-
ter fishing, although today the net has increased
greatly in importance and is probably more im-
portant, even in winter, than the hook.

Summer Fishing. lee is normally a disadvan-
tage in summer fishing. The weir requires run-
ning shallow water for its successful operation and
18 hmited to summer usage. The bow and ar-
row™* is limited to ice-frec or nearly ice-free
water bodies  Some types of netting are handi-
capped by ice. Seincs. for example, cannot be
used * . . . in bays and coves as long as there is
risk of them being carricd away by drift ice.”’®
Apparently the enly use to which ice is placed in
the summer is as a basc of opcrations. The Iglu-
lik Eskimos for cxample, fish . . . from drift-ice
floes near the shere ., 7!

Winter Fishing. Ahthough the saume equipment
is used for fishing in wintcr as in summer, the
method of use often differs Early in the cold
scason, as the ice is forming, fishing is practiced
along the leads in the ice where ail techniques
may be employed. As the ice cover becomes com-
plete, lead fishing must give way to fishing through
holes cut in the ice. Some type of icc-hole fishing
is by fur the most important type of winter fishing
and i apparentty engaged in by alt Eskimo
proups  Phere are great variations in its impor-
tance and in the technigues used from one group
to another.

Fishing Hole Focatton and Construction. The
location of the hole to be dug through the ice has
to be varefully considered. If the fishing hole is
to be muade inoriver qee. asection of the river
that has o karge pool bencath the ice must be

foundh. D¢ Poncins wrtes that one method the

and buds. nocindee n 24 Apparentiy the valy Dakanos who thaed the bow and srrow an
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Eskimos use to insure such conditions, before ex-
pending the energy needed tc chisel a hole, is,
after clearing the snow away from the ice, to knecl
down and look through the ice into the water be-
low.” This procedure also serves as 1 check
on the availability of fish below. In estuaries and
lakes, as jong as they are not frozen to the bottom,
little selection is needed. Ice holes vary greatly
in size, depending mair'y on ice thickness—the
thicker the ice the larger the hole. The main tools
used in digging such ice holes have been described
above in connection with water procurement.!93

Techniques Used in Fishing Through the Ice.
Fishing through holes in the ice is conducted in
three bagic wuys: {1) with leisters, spears, or
harpoons; (2) with fishhooks; and (3) with fish
nets and traps.

Spearing fish through holes in the icc is prac-
ticed only in thin ice, for the thicker the ice the
more difficult it is to spear fish as they swim past
the hole. Being able to see the fish in this type
of fishing is a necessity and various techniques
arc used to improve visibility. The Back River
Eskimos have developed a technique that not only
improves visibility but also attracts fish to the hole.
Over the fishing hole they construct a snowhouse
in which tkey lic on their stomachs looking down
into the water. The snow arcund the hut s cleared
off the icc allowing the light to penctrate the water,
which attracts the fish.'®* Decoys are frequently
used to attract fish and are usuzlly jiggled in the
water with one hand while the spear is held poised
with the other.

A specialized type of spear ishing, called “nest-
fishing” by Mathiassen, is engaged in by the Cen-
tral Eskimos.' In October the female salmon
lay their eggs umong the stones on the bottom of
the river undcr the ice. The fishcrmen locate these
nests, which are guarded by the femules, and
watch through holes in the ice until the nuiles
come to fertilize the eggs. The males alone are
speared. generally with a salmon spear, the handle
of which has been lengthened so that it will reach
the bottom of the stream. Nest fishing among the
lgiulik is often engaged in by two men, . | one

T Opocit  ponb.
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of them lying on watch at the hole while the other
dirccts the spear according to the signs from the
man at the hole; .. .16

Spears are often modified as in the case of that
used in nest-fishing, but not uncommonly, instead
of a spear or leister, some fishermen use a har-
poon. In west Greenland winter shark fishing at
ice holes is much like floe-edge sealing and de-
pends on the harpoon.!®

Among many groups the fishhook is the most
common fishing implement, although its impor-
tance is gradually giving way to the net. Hooks
among the Eskimos are quite varied in form but
are used in two main ways: as baited hooks, or,
more frequemly, as jigs. Both techniques are used
through holes in the ice, and both make fishing
in decp watcr possible. For the succcssful oper-
ation of leister or spear, in contrast, the fish have
to be near the surface. During the summer deep-
sca fishing is limited practically to the Eskimos
of Alaska, Greenland, and Labrador, but during
winter most of the other groups take advantage
of the ice to reach deeper water both in lakes and
at sca. It is only in this decp water that fishing
can be carried on during the winter in some lo-
cations. Off Point Barrow tom-cod fishing is prac-
ticed up to a distance of scveral miles from the
shore wherever the fshermen con find a favor-
able site—generaily in ific lec of some hum-
mock.'®%

Fishing with hook and linc through the ice is
often carried on in very cold weather. lce that
forms in the ice hole must be removed periodically,
which in practice has becomc an intcgral part
of the fishing operation."™ The dipper for re-
moving the ice crystals as they form is usually
held in the left hand and the fish line in the right.

Because of the cold, windbreaks uarc usually
made around the fishing holes. They are of many
varictics and muay be more or less permancnt.
The most common windbreaks are made of snow
blocks piled to the windward of the hole. How-
ever, in the Bering Strait arca a framework of
woed over which grass mats are draped s fre-
quently used.#™

= ldem
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Nets as fishing equipment are recent additions
among the Eskimos®! although they were used
in pre-contact times for seals. Since European
contact, fishing with nets has been introduced to
all areas, although it is not used by all groups
during the winter. Among the Caribou Eskimos,
who now use nets in summer, . . . net fishing
from the ice is impossible, because the nets can-
not be dried in the unheated snow houses.””*"

Two basic types of nets are used for fishing
under the ice: dip nets and set or gill nets. The
dip net is the less important, being used at only
onc location as well as can be determined. The
Eskimos living along the Yukon River cut holes
through the river ice as soon as it becomes suffi-
cicntly strong to hold them in the fall and watch
for the annual run of lamprey.

As soon as the first one is seen everybody seizes
a dip-net or a stout stick with a short cross-
picce at the lower end and throses one as oany
as possible. When the body of fish have passed.

the people run up the river for some distance,
cut other holes, und repeat the catch.203

A much more common method of net fishing
is to sct the nets under the ice. It is practiced
by the Fskimos throughout the Aretic during the
winter and is practiced under luke, niver, and sea
icec. The general method of setting nets under
the ice i hy cutting a series of holes in the ice
and pushing @ pole from oiie hole to the next
thus threading a net through them.

Care mist be tihen to see that the net is prop-
erly sunk so that as the ice thickens it will not
freeze in. A fish net can be, and often is, set out
cven in mid-winter when the ice is 4-6 feet thick.
.. At s dittle trouble to open the 1wo end holes
to draw the net, especinlly if they are covered
with snow and the net visited regularly 2nt

Fish traps are found in several areas, although
they are not common. The Alaskan Eskimos have
developed them to the highest degree and appar-
ently are the only Eskimes to set them under the
icc.'_-n_'-

Nearly all of the fishing of the Eskimos, and
especiadly that at the ice holes, s for the so-called
“bony fish.” However, as indicated by Birket-
Smith, the Eskimos do engage in other types of
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shing at times.”’¢ Shellfish are found along
many cuasts; however, during winter they are not
available because of shore ice. Another type of
fishing conducted by the Cape Darby Eskimos in
the winter is for crabs. “Their crab lines were
fastened to small sticks set in the snow beside the
holes in the ice, thus enabling one person to
watch several holes.”2%

Vegetable Foods

The land area occupied by the Eskimos con-
tains a flora that in general is quite sparse and
contributes, for the most part, only indirectly to
the food supply of the aborigine. Most Eskimos
do cat some plant food other than the partly fer-
mented and rather sourish contents of caribou
stomachs.

Practically all types of plant growth are caten
by some of the Eskimos in times of need. In-
cluded are various types of berries, which are
quite abundant in season in many parts of the
tundra. roots, leaves, msses, and sea-weeds. The
quantity uf vegetable food consumed varies greatly
from group io group and from season to season.
There are some groups, such as the Iglulik, for
whom vegetable food is of no conscquence.®™
For othcrs, as among the Eskimos around Bering
Strait, plant food may amount to as much as five
per cent of the diet.2*

The scason in which plant food i. gathered,
generally late summer, is also the season in which
most of it is consumed. Gathering, for the most
part. is limited to this season because after the
snow fulls berries and other plant products will
be hidden under the snow. Under certain condi-
ticns githering may be pursued at other times of
the vear. Ostermann, in writing about the east
Greenlond Eskimos, notes that at the settlement
of Umanag frequent gales keep the snow blown
off the mountain sides so that . . . berries can
be gathered almost throughout the winter sea-

son."7 it Fhese  Eskimos, during October and

November, if huating is poor, climb the mourtain
side and cat sorrel, roots, and  cranberries !
In some localities berries ure picked in the spring,
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after the snow whick has covered them all winter
has meited, so exposing them.

Snow, although decreasing the chances of find-
ing berries, very often is indicative of improved
quality, for many berries are improved through
freezing. The crowberry (Empetrum nigrum) is
such a berry and is the most important plant food
of the Greenlander. These berries . . . are sweet-
est when they have been exposed to frost, and
are therefore mainly collected late in the autumn
or in the winter from below the snow.”"*

The Greenlanders use speeial tools in this type
of gathering. They pick the berries with a

... berry scruper, a curved plate of antler, the
wings of which ure united by a wooden handle.
and they are separated from the snow by means

-1“ Rirhet-Smith, *The Gre nlunders of the persent day,”™ p. 138

of lurge skin sieves in the shape of bags with
perforated bottom.=13
Apparently no other Eskimo groups have de-
veloped the art of berry picking to such a degree.
Although they gather berries, they never gather
them from under the snow.

Although vegetable food is seldom gathered in
winter, mauy Eskimos do eat it then, for part of
that gathered during the fall is frequently
stored for winter use. Many items, ineluding
roots, berrics, and the stomach contents of cari-
bou, are frozen for this purpose.*'! Frequently
berries, roots, stems, and leaves arc mixed with
blubber before being stored for the winter.?!?

9 Ldem.

STOAWever, op cft., . SS.
AL L Porsild, op it p. 19,

Food Production; Non-Eskimos in the Arctic

For the most part, snow und ice have been
himiting facters only in the acquisition of food
by non-native peoples dwelling in the Arctic:
fact as vahd for most explorers as for today's
non-native population. Nearly all of the Tood used
by the non-native in the Arctic today is imported.
Only cecasionally (generally in emergencies ) does
local food, other than hish. furnish  anything
more than an incidental item in the dict of the
whites in the Arctic.

The Explorers

Those carly explorers who wintered in the
Arctic, whether by design or not. suffered greatly
because of dicts deficient in both quantity and
quahty. Poor quality of food usually resubted in
the dreaded scurvy from which the | aLimos, hiving
entirediy on locally provided food, rarcly suffered.

Nearly alb of the carly explorers. believing that
they coubld not hive off the land or seia) in the
Arctic. did not uy to supplement their food suppty
cxeept tor the most obvious and conspicuous of
aimal and plimt forms. None, however, was
averse o taking o ptamngan, muosk ox, caribou,
or polar bear if the opportunity presented itseif.
however, such

According o most cxplorers,

opportimties were ifregquent and were seldom

84

sought ofter. Thus, alt carly explorers attempted
to carry a complete supply of food with them.

Hudson was the irst of the explorers to winter
in the American Arctic, a wintering that was not
anticipated.*' When he found himself ice-locked
in carly winter he had only two months provisions
left. Under such straits, Hudson arganized hunt-
ing partics which were only partially successful.
They managed to sarvive the winter, some of the
crew returning to Europe ®t’

After Hudson, there were many winterings in
the Arctic, some intentional, some not. Many of
both types were able to sapplement their food
supply from local sources. though to only a timited
extent. Button, who wintered at Port Nebson,

wis supplicd with great store of white
Partridges  (Ptarmigan ) other
this compamy killed 1800 dozen in the Winter

and fowls, .

season. i Nevertheless, Button tost many men,
as did most other wintering parties.

Most of the game obtimed by the wintering
partics was shot. Munk writes, for ¢example. that
Ins

Prabisher was the fust explorer to plan for an euended stas
1t the Arctic Atheuglt lus plans aborted, he catoied  suthoent
Piovisneny to last crphteon tnonths

Phis vrew alsee bevame the st groun of L utepean, to ublize
stored Toand an the Amernar Arvtie Thes stopped at g bind cache
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... crew went on shore to pursue game in the
day time. Part went to the forest to set traps and
some built a hut wherein to lie for glug, . . .
others took lo open country to shoot because
[there weie] plenty of ptarmigan .. .219

Despite all of these hunting efforts, Munk’s group
had a disastrous winter and ail bui three died.
These three regained their health by eating grass
and by catching flounders with a net after June
18 when the ™. ice drifted away from the
ship, .. .m0

Although most of the early winterings were un-
intentional, during the nineteenth century winter-
;ugh wele p’LmuLd das d feeessaly pdrt of arctic
exploration. Such plans included the stocking ol
fu | and food to last for several years. As long
as the cxplorers stayed with their ships such a
food supply would suffice, for generally there was
room cnough on board to carry all that was
needed.

When, however, exploration by sledge was de-
veloped, weight aind space beearite very nportant,
Nevertheless, the carly sledgers continued to carry
all of their food and fuel. One of Stwefansson's
most severe criticisms of the carly oxplorers in
the Arctic is that they had complete dependence
upoit o foud supply that dhey eould carry with
them which, if, and when, it was consumed mcant
starvation.

Dependence, even partial, upon food from the
arca came slowly. The hirst such dependence in-
volved the use of Eskimo hunters, who, as mem-
bers of the panty. supplied Tood through their
prowess in hunting. Hearne, of the Hudson's Bay
Company, and MeClintock, a British explorer,
were among tiwe lirst 1o increase the kength of
their journeys by such » method and Peary used
it in his North Pole marches.

The actual utlization of Eskimo methods by
cxplorers themsebves was infrequent, pnmanly, it
scems, because most explorers befieved that 1s-
kimo techniques coubd not be utilized successtully
by civilized man. Stefansson advaneed this method
of exploration mege than any other ndividual. By
combimng  the nfle with Eshimo techmques

Stelansson was able to explore vast arcas of Land

Tleasch ooy v p
Ihnd p 49

and sea (over the ice) while depending cntirely
upon the environment for his food supply.

Settlers in the Arctic

Most permancut settlers in the Arctic today
only incidentally add to their food supplies from
natural sources. There are several reasons for such
lack of use of natural food sources. Most non-
natives in the Arctic arc engaged in full-time oc-
cupations that do not allow hunting and fishing
cxcept as sport. Also, large land game animals in
most of the Arctic arc protected by law.

Thus, there is relatively little attempt on the
part of most setters to supplement their food sup-
ply. There have also been only a few attempts
to add to it by agriculture and herding. Agricul-
ture under present technology is not feasible in
most of the Arctic. Only in the valleys of southern
Greenland has some cultivation, mostly hay but
also some vegetables, been successful without the
usc of hothouses.

Atternpts at utilizing the tumdra vegetation for
grazing have been made. Although reindeer herd-
ing is old in the Arctic of the Eastern Hemisphere,
it was only recently introdu.ed into the Americas
where. for a varicty of reasons, it failed. In
sotithern Greenland singe the mid-twenties, sheep
have been successfully herded on an cxpunding
scale. Milk cows and horses are used in the local
cconomy.  As these unimals, umike the caribou
and musk ox. are not native to this type of
environment, much care must be exercised in
their husbandry. Protective measares against snow
as well as cold have 1o be utihized through much
of the year and supplemental feeding is necessary.

Survival

All handbooks on the Arctic disenss the type
of available food and deseribe. usually in 4 more
or less modified form, the Eskimo techniques of
acquiring it A working  knowledge of such
practices s invaluable for persons likely o be
caught away from a base of operations. The dis-
astrous results of the lack of such informaton is
well idicated i the summary of World War il
expericnces made by Howard, as discussed
above 7!
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Snow, Ice, and Permafrost and Food Storage

During much of the year natural cold storage
is present throughout the Arctic because of the
extremely low temperatures which prevail. Foods
which are not injured by low temperatures can
be stored almost anywhere during winter. The
major precaution that must be taken is to protect
the stored items from predators. It is the summer
season that provides the most difficult problems in
food storage.

Eskimos

As most of the Eskimos were nomadic, especi-
ally during the summer, storage of food was not
a highly developed art. During wiiter they took
advantage of the low temperatures to preserve
their food. In former times racks were frequently
built upon which boats. skins, and food were
stored. Today, the roofs of buildings frequ:ntly
serve the same purpose. During the summer the
most sedentary of the Eskimos dig storage pits or
cellurs in the permafrost. Spencer, in describing
the ice cellars of the Alaskan Eskimos. writes
that.

Althoegh quite large and spacious 1oday. the
aboriginal cellars were smaller, cut laboriously
ino the permafrost with bone picks. The cellar
was supported with whale ribs and a whale skull
placed at the entrance. the roof covered with

sod. Virtually every houschold had its own cel-
lar where meat of all kinds was stored . =*2

These storage pits and cellars usualy comtained
predominantly one type of meat but in actuality
they were catch-ulis. For example, along the
Yuhkon the pits were made primarily for salmon
but, 1f any other food was 10 be stored. it would
be placed in the pits 10055 Such permafrost
pits were asually not cold enough to prevent all
decay.

Although Fskimo summer storage depended on
permafrost conditions, in winter storage the Eski-
mos frequently made use of ice and snow also.
Generally, however, snow und ice are used oaly
as o temporary expedient, although they are used
i a vanety of wavs. One method is to bury the
food to be preserved or protected in the spow,

T The morth Alashan Fhimo (W ashington  Snuthsonian Insti-
tution Hureau of Amernan 1 thoology, Bulletin 171, 1959, p &

*Pihe, CThrough the subarade forest “london 0 Arnold,
1596), p 249

Murdoch writes that a Point Barrow Eskimo who
has been successful in a winter hunt

... usually “butchers” him {caribou] on the spot,
and brings in as much of the meat as he can
carry on his back, leaving the rest, carefully
covered with slabs of snow to protect it from
foxes, 1o be brought in as soon as convenient by
a dog sled, which follows the hunter’s tracks to
the place. 224

Among the Central Eskimos, scal and reindeer
are so buried, as are fish.**?

Those hunters who have dogsleds with them
are usually able to transport the catch home with-
out depending on temporary storage. Snow is also
used in preparing animals for transport. Heren-
deen has written that after the pelt has been re-
moved from a caribou, its carcass ts placed

. in a pit which the hunter excavates in the
snow just the length of the body of the deer,
with the neck turned at a right angle. and the

nose pointing upward, to lengthen one leg of the
anglc. In this shape the carcass freezes, .. .2=8

Carcasses thus frozen can be stacked efficiently
on a sled for transport. In between the heads are
placed the pelts which have been dried on the
snow after cleaning.***

Storage under or in the snow may be somewhat
more permanent.  Crantz, for example, writes
that the Eskimos of Greenland who use regular

storchouses during the summer preserve . ., all
that they catch in winter under  the
snow, , . . e

Those Eskimos who live in snowhouses usually
construct a special storage room off the entrance
tunnel (Figure S4). Occasionally. however, a
separate small snowhouse for storage only will be
built. Outside the snowhouse region special ante-
rooms may be used or food may be stored in
the entrance tunnel atself. Such places are natural
refrigerators from which the meat is drought into
the living part of the igloo to thaw some time
prior to usce.

Tee 15 use” in a vanety of ways for » Hrage.
The Point  1ow Eskimos, on their fall inland
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Fieure S5 Meat storage on top of saow blocks.

come out to colleet them have no difticulty tocating
the catch.=+
Explorers and Food Storage

The storage of foad by explorers presented no
nmijor problems, I summer these men were on
the move and they carred their Tood with them,
whether on board <hip or on their sleds. In winter,
instead  of using specially constructed  storage
houses, most explorers Ieft their food stored on




had dug for temperature measurements into a sub-
terrancan storchouse which proved very suceess-
ful and which was taken over for private use by
Brower in 1884. According to Stefansson, it was
this deep permafrost storage that first acquainted
the Eskimos with the possibilities of permanent
preservation rather than their traditional tempo-
rury storage in surface pits. This type of storage
spread rapidly throughout western and northern
Alagka 23

This idea also spread vix whalers into north-
western Canada and permafrost cellurs became
important in the Mackenzic Delta arca. At
Aklavik such storage was more intensively used
than clsewhere in the Canadian Aretic for the
people stored iee us well as food in their cellars.
This stored ice furnished much of their summer
water supply. ##7

In much of Canada, the possibility of such
vertical permafrost storage cellars is more limited
thar in most of Arctic Alask.. because much of the
land area of Canada is of Canadian Shicld origin
and has bedrock near the surface. Although ver-
ticah pits, becwase of the eold air'trap they provide,
are the best type of permafrost celtars, in many
arcas horizontal structures must be used.

Large-scale preservation became o necessity at
the time of the temporiry boom in the reindeer
industry carly in the present century. The world's
first Large natural cold-storage plant was construct-
cd al Flephant Point, Alaska. 1t consisted of a
large storage room constructed at the end of o
long tunnel which was dug into the side of a
frozen hill. Such an extensive structure has ap-
parently not been duplicated sinee.

At pobated settbements and some federal in-
statlations the storage problem is solved by the
construction of small permafrost cellars. The
United States Weather Bureau has devetoped a
standardized wooden permafrost reefer which it
has had constructed at several of ity weather sta-
tons in the Arctic. These reefers, measuring cight
Dy cight by sivfeet in size, are baried about four
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feet beneath the surface of the ground. The trend
today at government installations, including some
of the weather stations, is to use mechanical re-
frigerators.

In storing supplies in the Aretic today the prob-
lem of a temperature that is too low often has to
be considered. Many foods are damaged by low
temperatures and thus cannot be stored outside
during winter.

Other methods of food storage are used in the
Aretic. As carly as the mid-cighteenth century an
ice house was present at Hay River. 1t was filled
every spring with iee from the river and food was
stored safely throughout the summer. At some
coastai locations ice houses are frequently filled
with sca ice and even pieces of icebergs. Storage
in caves carved in gleciers has been tried. At
one of the DEW Line sites on’ Baffin Island the
construction foreman used this technique. His
storage cave was successful for about one year
but the glacier's movement finally forced its
abandonment. Current ficld investigations in ice
caves and tunnels in Greenland will certainly in-
crease the knowledge of their use for food worage

Although some experimentation has been car-
ricd on in the construction of permafrost storage
pits for bulk storage, little experimenting has been
dirceted toward the construction of iee ecllars in
the American Arctic. The Russians, however,
have developed o workable type of structure that
is capable of storing some 190 metrie tons of
foodstutfs, A Targe wooden framework with mat-
ting on itis sprayed with water until an ice-coating
two meters thick is formed.

Niches are pow cnl in the inside of the walls
abour 1.8 m. high and 0.6 m. deep. In cach of
these is placed a barrel containing Inmps of ice,
with o slatted crate on top of it contuning ice
mived with 3 o § kg of salt. The effect of this
is 10 Jower the temperature of the air below 0°

C ... the whele siruchire is now covered wilth
sawdust, ash, . moss or earth. L 93

Such structures have fasted over fourteen years in
the Moscow area. Appuarenthy nothing coniparible
lias been attempted in the American Arctic.
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CHAPTER 1V

Summary and Conclusions

An attempt has beecn madc to present briefly the
naturc, distribution, and availability of the sevcral
water and food sources present in the American
Arctic and to dctail the techniques and cquipment
man has dcveloped in his attempts to ensurc an
adequate supply of thesc two primary needs under
nature-imposcd conditions of snow, ice, and per-
mafrost. Mcmbers of the threc basic, yet con-
trasting, groups (thc Eskimos the explorers, and
today's non-Eskimo residents), all of whom have
been intimately associated with the Arctic, have
had to concern themselves with snow, icc, and
permafrost as they are related to water and food
supply. The requirements, sources, and tcch-
niques have all varied, and indced vary today,
from the members of one group to those of an-
other and also they have varicd with timc within
cach group. In the case of water, today’s in-
habitant demands not only improved quality but
a much greater quantity than did either the Eski-
mos or cxplorers; whereas, in the case of food,
the main requirement contrast between the Eski-
mos and non-Eskimos s one of quality, for quan-
tity consumed has remained about the same.

Snow, ice, and permafrost have a close but
varied relationship to arctic water supply.  In
summer much water becomes aviluble through
the mehing of surface snow and ice and the
thawing of the active layer, although it is fre-
guently  poor in quality according to today's
heatth codes. Even in summer snow and ice are
frequently used on the Greenland fee Cap and on
the dnfing ee siations i the arctic pack.

In winter snow, ice, and permafrost prevent the
ciny segnisinon of water in the liguid state (the
most destrable form, but, at the same time, they
become sources themsehes. The most important

of the winter sources for most of the Eskimos at
thc present time, as well as in the past, is ice.
Howcver, sub-ice lakc water is significant to some
groups. Thc samc sources were used by the ex-
piorers and the early inhabitants in the Arctic.
They arc still used by many of the non-Eskimo
residents although the most important source is
becoming sub-ice lake watcr, if it has not already
attained that status. To date, few attempts have
been made to cstablish wells in the permafrost in
the Arctic and those which have been tricd have
been unsuccessful except in a few localities where
summcr-use-only wclls exist.

Thus, the sources used for water today are the
samc as thosc used by the Eskimos and the ex-
plorcrs.  Techniques, howcver, are different.
Man, though unable to increase the available
sources (to the present time, at least), has in-
creased the ways these sources can be cexploited
and the amount of water that can be produced
and stored. Because of the difficulty of converting
snow and ice and of maintaining water in a liquid
state, the Eskimos and explorers reduced their
demands to o mimmum. Today's residents, with
demands of greater quantities, have devcloped,
although not perfected, mass production and large
storage techniques.

The preference among all three groups has
been the liquid form when obtainable. During
the cold scason, which extends over most of the
year, this form of water can be obtained only
from under the capping layer of ice which forms
on atl lakes and rivers in those arcas whese these
bodies of water are sufliciently deep not to freeze
to the bottom. Although no accurate survey exists
10 the present of the ocation of such lakes, there
are certn arcas in which this type of source s
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- not present because of shallowness. The most
o extensive of such areas in the American Aretie is
found in the glaciated Canadian Shield. The teeh-

niques developed by the “stone-age”™ Eskimos
were adequate for digging through this ice but
only with great labor, and the method was used
only in the region where an inadequate sourcs of
fuel necessitated the usc of a souree other than
snow or ice. In those areas where lakes freeze
to the bottom (therefore, no liquid water is pres-
ent) or where an adequate supply of fuel is avail-
able, ice and snow were melted. Explorers for
the most part, unless acecompanied by natives (a
rare oceurrence), used ice and snow as their only
source of winter water. Today a larger percent-
age of water consumed in the Arctic is coming
from beneath the ice in lakes or rivers than in
previous times. Most locations along the coast of
northern Canada and Alask: can provide such
water with relatively short nauls. Primarily re-
sponsible for today's emphasis on sub-ice lake
water is the capability of maintaining an open
water hole usually by a heated hut, of hauling
water in a heated wanigan, and a bulk storage
i heated comtaiters.  Indeed, with such tech-
niques winter water supply may he easier to obtain
than summer supply because of improved trans-
port eonditions which make longer hiruls possible.
Nevertheless, there are still many regions in to-
duy’s Arctic where ice and or snow must be
mclted for water in winter. Mass production tech-
nignes are now used in mining, hauling, and
melting the ice and in delivering the water.
Although the same sources of water are being
used in the Arctie today as in the past, there is a
greater emphasis on the liquid source. One of the
conditions limiting this type of supply is the ex-
tremely low temperature that prevails in the Arc-
tic, & condition that necessitates heated storage.
Because of the added convenience and efficiency
of water in the lignid state, a great deal of ¢lfort
is being expended today in establishing heated
tunk storage. Such tanks, cven in shallow Tuke
arcas, can be filled in sunmier. To date diey are
limited to a few government installations; how-
ever. if. and when, they become practical for
general settlement in the Arctic (and this ¢ondi-
tion wili probably cxist before the developmient
of a gronnd sonrce becemes practical), nun's de-
pendence npon snow and ice as i sorrree of water
will be nearly climinated except for ficld opera-

tions. Until then, however, ice and snow will con-
tinue to be the only winter souree of water over
many parts of the Aretic and, despite some im-
proved techniques, their conversion into water ap-
pears destined to remain for some time to come
an expensive and time-consuming operation.

In the ease of food supply in the Aretie, a
somewhat different situation has evolved. The
Eskimos depended entirely on their environment
for all of their food; few still do. They devel-
oped techniques of aequiring this food—nearly
all of which was animal food—that were adapted
to an environment charaeterized by snow and
icc. Their hunting techniques, espeeially those
connected with the seca mammals in general and
the seals in particular, utilized ice characteristics
as well as animal habits to a high degrec. The
explorers who cntered the environment with the
notion that it was virtually lifcless, imported all
of their food, a trend that with few exceptions has
continued to the present day. The explorers did
it because they did not at first realize there was
adequate life for supplying them food. Once they
realized that such life existed, however, they did
not have adequate techniquoes o take advantage
of it and were reluctant to adopt the satisfactory
techniques of the Eskimos. Today's non-Eskimo
populaec cxpends most of its energy and time in
the pursuit of occupations other than hunting and
thus must depend upon food from other regions.
Another fuactor necessitating sueh dependence is
the demand of a varied diet—a diet composed of
items thit esnnot he obtained in the Aretie. There
is the possibility, as is being demenstrated to some
extent by the Russiuns, that the future of the
Arctic holds some food production capabilities—
possibly a revitalization of reindeer herding ond
the development of a limited agriculture. How-
ever, present indications are that such develop-
ments will nor be forthcoming in the near fTuture
Much has yet to be learned abont the nature of
the Arctie, including detailed information abont
snow, ice, and permafrost, before agriculture ean
becomie very significant. Food will continue to be
intported, albeit, at a high cost. Puart of such
cost s for storage, for generally large amounts of
food most be bronght i ut one time—in miny
places by ship once o year, in most at more fre-
guent intervals by air, Storage technignes, includ-
g specidly constrocted permafrost reefers, are
gradually being improvised. However, such de-
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velopments in the American Arctic have lagged
far behind similar developments in the Soviet
Union.

Through increased mechanization, the relation-
ship of snow, ice, and permafrost to water and
food spuply (especially the latter) is becoming
more tenuous with time and with the increased
numbers of non-Eskimos in the Arctic. Instead
of the complete dependence upon the environ-
ment of the pre-contact Eskituo, man today only
partially relies on the Arctic itself to supply his
needs. In the process of attaining this state the
non-native has failed to utilize the effective
(through relatively low-yielding) techniques de-

9]

veloped by the Eskimos and, indeed, the Eskimos
today are gradually losing many of these tech-
niques themselves.

Complete dependence upon products from
areas outside the Arctic may lead to disaster today
just as it did so frequently in the days of the
carly explorers. Although man in the Arctic gen-
erally has a choice of sources of food and water
which can be utilized under survival conditions,
he can capitalize on them only by possessing ade-
quate techniques. To date, a knowledge of the
techniques developed by the Eskimos, many of
which depend upon or arc related to snow and
ice, is the best insurance against disaster when
the problem of survival arises in the Arctic.
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