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FOREWORD 

This symposium was presented during the twenty-second annual winter 
meetings of the Western Society of Naturalists, held on ihc campus of the 
University of Portland, Portland, Oregon, December 29 and 30, 1952. The 
pc.pers are based on work done at the Arctic Research Laboratory, Point 
Parrow, Alaska, under contracts between the respective investigators' home 
institutions and the Office of Naval Research. The research contracts pro- 
vided financial support covering travel to and from Point Harrow ; salary for 
assistants and, under certain conditions, for the principal investigators ; pur- 
chase of necessary equipment and supplies; laboratory and field facilities at 
the Arctic Research Laboratory and on the arctic sloj>e of Alaska ; and logistic 
support during their stay in northern Alaska. 

Financial support for the publication of the symposium in the Stanford 
University Series came from three sources. Stanford University, through 
its Publications Committee, contributed $500 toward the costs of publication. 
The Office of Naval Research provided $500 and the remaining $100 of the 
actual cost of publication was contributed by an rnonymous donor who is 
interested in the research work being done in the Alaskan arctic. The home 
institutions of the respective investigators absorbed the costs of typing the 
manuscripts in those cases in which the funds in the contracts were insuffi- 
cient, at the end of the season, lo cover this service. 

Besides the papers in tins volume, Dr. Frank A. Pitelka presented a 
paper entitled "Lemmings and Their Predators at Point Harrow, Alaska, 
in l'*51 1952." Since it was in the nature of a progress report <>n an un- 
finished research program, publication is deferred until completion of the 
study 

The chrirman of the symposium wishes to thank each of the contributing 
institutions, agencies, and individuals for the support that made possible 
the publication, under one cover, of papers resulting from certain segments 
of the work done at the Arctic Research Laboratory during the period of 
hi>, incumbency ;is its Scientific Director. 

IRA L. WIGGINS 

POINT BARROW. ALASKA 
March IS, 1953 
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THE ORGANIZATION AND FACILITIES OF THE 
ARCTIC RESEARCH  LABORATORY1 

IRA L. WIGGINS 

The Julius Hopkins University and Stanford University 

Although biological research on problems involving the Alaskan arctic 
is going on at other centers also, it is only with that conducted at the Arctic 
Research Laboratory, Point Barrow, Alaska, that the present symposium 
deals. 

The Arctic Research Laboratory is located about 120 yards from the 
Arctic Ocean, at 71' 20' N., 156° -10' \Y., in the C.S. Naval Petroleum 
Reserve N'o. 4. Only research workers cleared by the U.S. Navy's Security 
Office and certified to the officer in charge of construction in Fairbanks, are 
permitted to enter the reserve. They are given clearance only if they (a I rep- 
lesent an agency holding a contract with the Office of Naval Research, or 
i /• i are members of a governmental agency doing research under a co-oper- 
ative agreement with the Navy, or (r) secure financial support elsewhere 
.sufficient to defray their expenses to Fairbanks and return and to cover 
the cost of special equipment and supplies needed in their investigations. 
\\'i rkers in each of these categories receive 'logistic support from the Office 
of Naval Research throughout their stay at the Arctic Research Laboratory. 
Normal logistic support consists of air transportation from Fairbanks to 
Point Barrow and return, lodging, meals, laundry and dry cleaning .services. 
medical consultation if needed, cold-weather clothing, laboratory space and 
equipment (with some restrictions as to amount and scope of this tvpe oi 
support), as much surface transportation as equipment and conditions per- 
mit, and use of certain special gear if it can he supplied by the Arctic Research 
Laboratory.  Some bush dying may he furnished in special cases. 

The Arctic Research Laboratory is under the sponsorship of, and sup- 
ported financially by, the Office of Naval Research. It is operated bv The 
Johns Hopkins University under contract Nonr-24S (25) between that in- 
stitution and the Office of Naval Research All permanent operational stall 
members are employees of The Johns Hopkins University. 

The camp at Point Barrow, where the laboratory is located, is operated 
by, and chiefly for, the Arctic Contractors, a civilian organization exploring 
fur oil in the Alaskan arctic under Contract  NO\-71333 with the United 

'Contribution No. 1953-4 from tin- Arctic Research Laboratory, operated for the 
Office of Naval Research by The Johns Hopkins University under (. ontraet Nonr-24S- 
(25). 

3 
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States Navy. Other agencies stationed at Point Barrow operate through 
co-operative arrangements with the Arctic Contractors, and then only to the 
extent that their activities do not interfere with the prime objective— 
that of exploring and drilling for oil. Services and supplies secured from 
the Arctic Contractors are paid for at cost, plus a set overhead rate estab- 
lished under the ternr, of Contract XOy-71333. Co-operation from the Arc- 
tic Contractors has been excellent throughout the existence of the Arctic Re- 
search Laboratory and the laboratory could not otherwise operate effectively 
at the present annual cost. 

The physical plant of the laboratory at Point Barrow consists of 3 quon- 
set huts integrated in the form of the letter H and houses 17 laboratories, 
3 photographic darkrooms, stock rooms, library and assembly hall, staff of- 
fices, shop, jjara^e for tour vehicles, and a dormitory for 32 men. Each lab- 
oratory is supplied with electricity, hot and cold water, compressed air, and 
gas. A smaller quonset provides an "animal house" ; wanigans give addi- 
tional storage space; a 36-foot motor launch equipped with a light dredge 
and a fathometer provides facilities for limited oceanographic and other 
marine work. Several skiffs and outboard motors supplement the launch and 
are of use on near-by lakes and lagoons. Track-laying light vehicles (wea- 
sels) are rented from the Arctic Contractors and are available for teams 
needing to ^ct out on die tundra to carry on their studies. Camping equip- 
ment is available for those who operate far afield. Stocks of common chemi- 
cals and reagents are kept on hand, but special needs require correspondence 
with the Scientific Director prior to arrival in camp—or the purchase of the 
items on the individual contract of the investigator. Instruments, glassware, 
ami equipment commonly used in biological and phvsiological laboratories 
are available in the stock room, and some other specialized pieces of ap- 
paratus are kept on hand. 

Six a5>artments, 2 in each of 3 quonset huts, arc provided for married 
couples employed as staff personnel or engaged in research at the laboratory. 
A field laboratory at I'miat. about 175 miles from Point Barrow, provides 
living quarters for 8 men and a working laboratory approximately 20 feet 
square. No stock room is maintained at this satellite station, so all equip- 
ment and supplies needed to carry on field operations must be obtained 
through the main establishment at Point Barrow. 

The area around Point Barrow, and extending inland about 100 miles, 
is a flat, water-soaked plain on which thousands of ponds, lakes, lagoons, and 
widely meandering streams present a landscape of monotonously low relief 
- about one-half of the surface being covered with water during the summer 
season. In the winter everything is frozen until the breakup of the ice on 
the rivers and ponds begins in June. Breakup of sea ice is 2 to 4 weeks later 
than diat on the fresh-water ponds and streams.   For a period of from 2 to 6 
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weeks during the breakup ami for a similar period during the fall freeze-up. 
surface travel is virtually at a standstill. 

During the summer the soil thaws to a depth of 1 to 3, <>r sometimes 4 
feet. Below these levels, except heneath deep streams and lakes, the sub- 
strata are perennially below freezing temperatures. Thus, all biological 
activity on and in the soil i< confined to the thin blanket of the "active layer." 
that portion of the soil that thaws in summer. Winter temperatures drop to, 
or a little below. 50 Fahrenheit below zero. Air temperatures in the sum- 
mer rarely go above 55   Fahrenheit above zero. 

The tundra is carpeted with a dense growth of low perennial vegetation. 
composed mostly of prostrate shrubs, herbs, grasses, sedges, mosses, and 
lichens, fhe ponds, lakes, and wet surface of the soil support a large number 
of algae. Thousands of birds nest on the tundra, myriad- of insectJ: and mites 
inhabit the peaty "active layer," and populations of such mammals as lem- 
ming-, foxes, weasels, and shrews occur in varying numbers near Point Bar- 
row. Farther inland, particularly in the rolling foothills of the Brooks Range, 
such additional mammals as the barren-ground grizzlies, caribou, arctic 
squirrels, voles, wolves, marmots, and wolverines occur. 

Dredging done in the Arctic Ocean by Professor Ge«»rge I". Mactiinitie 
has shown the inverted-rate life on its floor to be rich in number of species 
and individuals. Crustaceans; mollusks. sponges, worms, echinoderms. tuni- 
cates. hryozoans, and foratutnifera. among others, are very numerous. 

If there were sufficient time, it would be desirable t»» -ketch the work done 
in each of the fields not represented by the speakers who are to follow dur- 
ing this symposium, In the brief space remaining to me. perhaps a few of 
them can be mentioned and further discussion cairied on informally later. 

During the early days of the laboratory a number of physiological projects 
were initiated: a survey of the blood types among the Eskimos was made; 
work was done on the epidemiology among the native populations; am! on 
the incidence of, and changes in, the susceptibility to dental caries among the 
Eskimos. A shift to a more general type of program followed shortly, with 
investigations of migtatiou among arctic birds, the • ..imposition ot the tish, 
insect, and recent foraminiferal fauna undertaken. MacGinitie studied the 
marine invertebrates and collected prodigious numbers i>\ specimens. Surveys 
of the paleobotauv, the mammalian fauna, and of several different group- of 
living plants were initiated. Life history studies of certain organisms and 
ecological investigations were undertaken. Work in anthropology, crystal- 
lography of recent and older ice. magnetic storms, the aurora, and a number 
of projects of particular interest to military agencies has been prosecuted 
diligently. 

1 should like to discuss the detail's involve ' in a number of the projects 
just mentioned, but with this brief and woemlly incomplete sketch of the 
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general conditions and activities at and in the vicinity of Point Barrow as a 
background for the speakers about to address you. I wish only to make one 
more point before yielding the floor to them. It is with considerable pleasure 
and great satisfaction that I express my thorough appreciation of the excel- 
lent spirit of co-operation that has existed at Point Barrow among the in- 
vestigators, between the Arctic Research Laboratory and the Arctic Con- 
tractors, the Navy, and other agencies at the Barrow camp, and which, since 
the v..d of ihe summer season of 1('52, has culminated in the preparation of 
this symposium.   May I say "Thank you!" to each contributor. 



SOME ASPECTS OF THE LIMNOLOGY OF AN ARCTIC LAKE2 

Ci. \Y. COMITA AND VV. T. EDMUNDSON 

University <>i Washington 

The purpose ot this study is to contribute t«i our very hunted knowl- 
edge of the limnology ot the shallow arctic lakes of northern Alaska. It has 
been confined to S lakes and in..nv smaller marshes and pools located in a 
100-mile radius from Point Barrow in the region extending southward 
toward the foothills of the Brooks Range, a region with a large number of 
bodies of water ranging from small pools formed by melting ot ice wedges 
to large, extensive lakes. So numerous are these waters that it is estimated 
that locally the lakes or drained lake basins comprise from about 2? percent 
to as much as 90 percent of the surface of the land, although in most places 
the lakes probably comprise between 50 and 7? percent of the surface t Black 
and Barksdale, 1949). Since many arc elongated in a northwest-southeast 
direction, the name "Oriented Lakes of Northern Alaska" has been applied 
to them. The area of oriented lakes is more than 25.000 square miles, but 
in spite ot this arcal extent the lake- of any magnitude arc remarkably simi- 
lar in shape and depth, and perhaps in many other respects. This paper con- 
stitutes a preliminary report on the progress of part of our investigations. 

The existence of the Arctic Research Laboratory mar Point Barrow 
has made it possible to study a coastal fresh-water lake in considerable de- 
tail, and with the laboratory as a base, a survey oi some uf the outlying lakes 
was made. The survey oi the outlying lakes was made during the summer 
of 1951. During that summer an attempt was made to investigate a limited 
number of lakes so that a comparison could he made between these lakes and 
a strictly coastal lake which was studied the following summer, and, further. 
comparison could be made with waters oi lower latitudes. ( >u these omlving 
lake- the usual important routine measurements oi temperature, transpar- 
ence. ,'11, and others were made. During the summer uf 1(152. all work was 
concentrated on Imikpuk (Fresh water Lakej near the coasi. 1 lc-i\ measure 
incuts were made of photosynthesis, oxygen, bicarbonate, f\ I, ihlorophvll. 
and a studv made of the phosphorus and nitrogen cycles, as well as "\ the 
seasonal changes in the /ooplauklou. Adequate plankton tows for fauuistic 
purposes were made in all waters investigated. 

!n (Ins paper some oi the aspects oi the study oi photosynthesis in Imik- 
puk and part of tin data on one oi the zooplaukters are presented. In re- 
••ard to the general descriplii m o| the area, the surlace ;eatures of the C oastal 

'Contribution No. l''.;.i ? irmn tin- Arctic KcM-areh I almratory. presentee] in partial 
in lull tm nt ot Co itracl NS OXU-5JU1J with the DiVuc oi N'aval KCM ircli, 
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Fie. 1.—Graph of p^pulatum efficiency, E, as percent, temperature, T, as "C, and 
Secchi disc tra tsparency, S, as meters. 

turc is 0.49, which is significantly difl'crcnt from zero at the 5 percent level. 
The analysis of the variations in efficiency has not yet heen made, but in- 
spection of the data shows that the chlorophyll content of tin population 
is responsible for little of the variation, and the transparency of the water 
ma\ iia.c heen more important in controlling photosynthesis. To show 
this relationship the Secchi disc readings were also included in the figure. 

For Imikpuk, 0.0S5 percent of the available solar energy was actually 
used in photosynthesis during the period in which the lake was studied. As 
a comparison, the following efficiencies lor other lakes are presented : 

0.026%       Chase Lake. Washington (Anderson,  1953) 
0.056';;        Kinsley Pond, Connecticut (Rilcy,   19-10) 
0.085%       Imikpuk, Arctic Alaska (Present paper) 
0.1     '/,        Cedar Bug Lake, Minnesota (1 .indeman,   1(>42) 

Lake Mendota, Wisconsin (Lindeman, 1('42) 0.4 ',', 
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In the cases of the Alaskan and Connecticut lakes, the data pertain to 
studies carried through less than a year, while the remaining percentages are 
drawn from studies extending over at least one year. The data on Cedar Bog 
Lake and Lake Mendota are approximations based on measurements of the 
standing crop over a period of time, hence are indirect estimates not based 
on measurements of photosynthesis. The others me hased on direct measure- 
ments of photosynthesis. For the purposes of this comparison, however, 
it must he remembered that the Alaskan lake is exposed to very little light be- 
tween the first of November and the first of March, after which it is covered 
with thick ice until late in July. 

A better comparison would be made using equivalent time periods. An 
approximation was made to the efficiency of phytoplankton production in 
Cedar Bog Lake (luring the summer, using Lindeman's data and sources. 
Mr. Anderson furnished a calculation of the summer efficiency of Chase Lake 
(IS July to 26 August 1951).  This comparison follows: 

0.17  r;     Cedar Log p;ike 

0.045';;     Chase Lake 
0.085',;     Imikpuk 

Lindeman's small bog lake produced a large crop of rooted plants, the 
equivalents of which were not present in the arctic lake. Anderson's study 
was made or. a small dystrophtc bog lake with a well-developed mat of sphag- 
num moss and a moderate rooted flora. In both these lakes, the water was 
rather less transparent than in Imikpuk. A more extended discussion of 
this matter is in preparation 'or future publication. 

The basic production of the lake was assessed by the measurements of 
photosynthesis. The utilization of the material produced by animals is more 
difficult to determine. As part of the analysis, detailed studies are being 
made of population changes of the zooplankton. The dominant members of 
the zooplankton were a rotifer, a Daphniii. and a ealanoid copepod. The 
life history of the copepod will be briefly discussed. 

The dominant copepod, Limnocalanus johanscni,  Marsh,  1920, is of 
„,  i......-.,n,. ;., .i,.,( ;. ;.• ^ ...,-,.«-.i i ,  i  : i— ...- ~ 
if I V.C&1    tniv.1 \,Ot    tkUIUL, tl.tlllj      «»»    vttt.c    II    »-»   »fc    v. "it. mi     »wi».i    UIIU     ,.->    , i    t i i v i I I i >i.   i     y • I    tX 

genus having in addition to a marine form. L. grimahii, a form found coastally 
as well as at considerable distances inland in North America, L. macrurus. 
Records of the fresh-water forms indicate that they are apparently always 
found in lowlands that may have been covered by the sea. Interesting data 
on the processes of speciation might be brought to light by a study of mem- 
bers of this genus that are presently inhabiting lakes formed alter recession 
of the seas. Geological evidence indicates that such a situation occurs on the 
Arctic Coastal Plain, and hence a study of the distribution of L. johanscni 
over the lakes of northern Alaska would be of considerable interest. 
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In 1952 while the lake was Ccccred with ahout 5.5 feet (1.7 meters) of 
ice. collection nt tlie zooplankton was started, but quantitative sampling was 
not possible un»il 1" fitly, bv which time the ice bad melted sufficiently to 
allow sampling arnuuil it.- fringes in small oj»cn areas of water. By then, 
the third nauplius stage had already reached its peak in numbers and was 
changing to nauphus stage IV. The approximate time spent in each nauplius 
and copepodid stage was estimated from the sequence of stages as each ap- 
peared in the population, passed through a maximum uf numbers, and disap- 
peared. The time between peaks of curves smoothed tu the population counts 
of each stage was taken as the time .-pent in the stage. Xauplius stages I and 
II continued to he present over a known period of its days, suggesting that 
hatching is a process that take- place sluwly with the first slight rises in 
water temperature. Data are available that indicate that the lake does not 
freeze to the bottom in winter (official files of IS. Geological Survey ). and 
that the eggs can survive in a layer of tree water approximately I meter thick 
in the deeper parts oi the lake at the time of thickest ice formation. These 
-ante data indicate that this 1-meter layer of water just above the bottom 
of the lake at the time of lowe.-t winter air temperatures does not get colder 
than -f-1 SC. The mud beneath the water does not get colder than -j-2'C, thus 
acting as a reservoir uf heat. In Imikpuk. therefore, eggs of copepods can 
winter-over under conditions not much more severe than those found in any 
mid-latitude lake where freezing occurs in the top layers of water and the 
remainder of the lake writer i.- maintained at a temperature at or near -f-4C\ 
We have no information on the possible survival in the more shallow frozen 
mud. 

As indicated in Table I, the adult copepod emerged from stage Y cope- 
podid about forty->e\en days after the eggs hatched. It did not attain sexual 
maturity until after it had lived lor about a month, as indicated by the time of 
appearance of c^'gs in the oviduct of the female. At this time the lake began 
to freeze over, and later gravid females were taken under ice in water at 
about -f-1 C". I'-ggs must remain in water of this temperature until the fol- 
lowing July. Since the last collections taken under the ice were made on 
1 December )'>?2. it is somewhat uncertain in what form the animal spends 
the first six months of the following year. The occurrence of only middle 
nauplius stages at the time of melting in July suggests very strongly that the 
adult population dies off during the winter, t >n the bads of the rate oi mor- 
tality in the quantitative samples taken before freezing, it is estimated that 
the adult population may have died off after about 12U days, Since it is very 
unlikely that the early nauplius stages persi>t very long, the time of hatching 
oi the eggs must have been mid-July. It was also mid-July that solar and sky 
radiation had readied sufficient intensity for a King enough period of time to 
melt the heavy ice cover and start wanning the water.   The total time the 

SgnVWill. '"" *~" 
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TABLE I 

SEQUENCE OF STAGES OF Limnocalanus johanseni 

Dale  of   Maximum Duration of 
StaRe Occurrence Instar  (Days) 

N-I 
N-II 
N-III 
N-IV 
N-V 
N'-VI 
C-I 
C-II 
C-III 
C-IV 
C-V 

C-VI (Adults) 

5 ] 
2 I    6, estimated 

July 16 
J 

2 

July 18 3.5 
July 21-22 5 
July 26-27 3.5 
July 30 3 
August 2 3 
August 5 5 
August 10 

Approximate! 

16 

y 47 for all immature 
stages 

August 2<> 120 (4 months), ap- 
proximately 

\'u. approximate  span 
of activity 

hike was free of ice was 65 days. This allowed the adult copepod about 2$ 
days in an ice-free lake for growth and maturation, which some of the cope- 
pods just attained before ice formation. 
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SOME OBSERVATIONS ON' ARCTIC CRUSTACEAN'S AND 
THEIR ASSOCIATES: NOTES ON THE FAUNA OF 

NT'WUK POND, POINT BARROW3 

JOHN LI'TIIER MOIIR 

University oi Southern California 

On the gravel spit that is the "point" of Point Barrow there are several 
ponds. The largest of these and in sonic ways the most interesting we have 
railed Nuwitk Pond, applying to it the Eskimo name for the whole prom- 
inence. This pond is about 750 feet in greatest dimension, its northwest mar- 
gin lying about 200 feet from the Arctic ( >ccan. About halfway between the 
ocean and Nnwuk Pond is a very shallow pool which from the air shows 
connections, clearly recent, with the main pond, so from time to time the 
waters of the two must be confluent and so close to the sea as to be within 
splash range during very severe storms. [Since the writing of this paper 
Norman I. Wilimovsky in litt. lias continued the tact that waves reach Nn- 
wuk Pond during an autumnal storm.] 

Salinity of the water was tested once (7 July 1^52). the sample having 
a chlorosity of 1.3 percent or a salinity of roughly 2.45 percent, an oligohalinc 
or meiomesohaline level depending upon where one draws the line between 
"low" and "low medium" salinity (Dahl, 194S). The contour of the pond 
bottom appears to be that of a somewhat elongated ohtriangnlate basin 
shallowest seaward and reaching a depth of not less than 17 feet. A sttltide 
mud covers the bottom in the deeper portion. The only living vegetation 
appeared to be an alga forming a film on the gravel in shadow water, although 
dead leaves and stems of unidentified flowering plants and thallus fragments 
ot bryophytes occurred in small quantities. 

When Nuwuk Pond wa, first visited by the speaker in Inly (2 July l*'52». 
it was covered, except lor a 10-foot border area, bv a thick sheet of ice. At 
this time and subsequently on several occasions, water birds were -ecu appar- 
ently in l'.eding activities. Windrows of gammarideau amphipods on the 
iwirthwc-' .-h"ic indicated that the p"iul was or bad been inhabited. 

Collecting with j ,,;-iuch mesh nets in weasel-roiled waters vielded three 
crustaceans (Gammarus sctotus Dcnientieva, Quisitnus sp., both gammarid- 
eau amphipods, and Mysis rrlicto Loven) and an enchvtraeid oligoehaete 
still unidentified. These occurred in t, c ratio of roughly 100 (ntntntiirus to 
5 Onisimus to 1 or 1 Mysis by this method of collecting (in a wire screen 

* Contribution No. l('?3-(> from the Arctic Research Laboratory, presented in partial 
fulfillment "' Contract Nonr-/77t00) with the Office of Naval Research. 
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trap, the proportion of Mysis ran somewhat higher ). \*o attention was given 
the oligochaetes which were intermediate in numbers hetween the Gammarus 
and Onisimus. 

The combination of these organisms in a pond of low salinity raises a 
number oi ecological considerations. Gamtnarus locusta (Linnaeus) lias un- 
til recently been treated as an exceptionally adaptable species, probably cir- 
cumtcrrcstrial in a wide range of littoral and sublittoral situations. The 
studies of Sexton. Spooner, and Segerstrfilc have thrown light on a sympatric 
group all morphologically similar to G. locusta hut having different ecologi- 
cal requirements, the relationships to salinity having been elucidated especi- 
ally. In this (/. locusta complex the species G. sctosus. which is found in Xu- 
wuk Pond, is a low arctic member. While the literature yields no specific 
data on the salinity tolerance of G. St'lostts [Dahl's I PJ44) reference to G. 
locusta f. sctosus in the Baltic being referable t" the closely allied (7. z. zad- 
dachi according to Segerstrale (1947)]. Stephcnsen's Greenland records 
strongly suggest a very curyhaline am phi pod confined to shallow water. The 
present observations are of a thriving population in a pond of low salinity. 

In contrast to the family Gatumaridac in which several euryhaline lines 
appear to lead to fresh-water life (in the low arctic cf. especially the wide- 
spread Gam>nara<.antl:us luricatus Sabine and its limnetic form (/*. /. lacus- 
tris'i, the amphipod family Lysianassidae to which Onisimus belongs, is not 
known to 'nave any trend toward hracki>h water and to fresh-water repre- 
sentatives with one possible exception | Madsen i lu36, P.MO i notes that the 
Ivsianassid Pscudalibrotus littomlis may occur at the mouths of rivers of the 
low arctic]. Although the genus has two widespread littoral, low arctic 
species, its survival in a lacustrine, oligohaline situation appears noteworthy. 
Kxperimental study of the salinity tolerance of this strain would appear to 
be desirable. 

The third crustacean of Nuvvuk Pond is Mysis rclicta I.own. M. oculafa 
i~ a common circumpolar my.sid oj salt water and brackish water. It appears 
that wherever stocks of M. oculata are confined to weakly brackish or fresh 
water, breeding individuals develop which particularly in the character of 
the second antennae and of the tclson resemble juvenile M. oculata, but are in 
current practice assigned to the separate species M. rclicta. I he M. rchctn of 
N'uwuk Bond are removed from the M ocuhita—which Dr. Banner (,»» lit!.) 
it ports to be "quite common in Arctic Alaska" and which we too have from 
I'ouit Barrow marine collecting—by a few yards oi gravel spit and presuma- 
bly a relatively -hurt space oj lime in view oi the association with I • HISH:: is. 
I lowever, they would appear to be quite as good M. rclicta morphologically as 
those of the Baltic or the .North American < ireat Lakes basin which date their 
i>olaiion from separate marine stocks to glacial times. 

From  study of extensive Spit/.bergcn  materials, (>lofs>on   tl'MSi   re- 
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ported that where certain fjords of Bel Sound present large-scale salinity 
gradients, intermediates between the marine and fresh-water forms exist. 
Accordingly he treated the fresh-water (or oligohaline) mysid as a forma 
of M. oculata. Although some others have tended toward this point of view, 
Holmquist (1949) on a careful statistical study of Ofn/afa-examples from 
northern Norway, Spitzbergen, and Greenland and rc/iV/a-examples from 
Swedish relict lakes and the Baltic Sea states that one can distinguish even 
small individuals (up to 4 mm. body length) of the two kinds, and she re- 
marks categorically that no direct intermediates have been found although 
a tendency in some geographical races of M. oculata to approach a relicta- 
condition may appear. Obviously a considerable decree of adaptability is 
present and presumably a certain plasticity of development. Dr. Banner 
(«'« lift.), who has worked up the mysids of the MacGinitics' Point Barrow 
collections, suggests that the materials for experimental examination of tbese 
variables are at hand about Point Barrow. 

The remaining macroscopic invertebrate of N'uwuk Pond is an enchy- 
traeid worm which is present in large numbers. Enchytraeids in low arctic 
areas in Eurasia, Spitzbergen, and America include notoriouslv eurytopic 
species so that our species is unlikely to add any evidence as to the source of 
the N'uwuk Pond fauna. Because of the relative coarseness of the nets used 
in the collecting ( a ' ,,:-inch mesh), none of the smaller crustaceans which 
have thrown light on the origins of the fauna of relict lakes in other areas 
was studied. 

It is of some interest to consider the N'uwuk Pond crustacean species, 
all of which would appear to have come from the ocean in not too remote 
time, in light of Remane's (1934) analysis of brackish-water fauna in Eu- 
rope. As one may see from Remane's diagram, in a more typical situation 
in water of about 2.5 percent salinity thee should be a broad preponderance 
of fresh-water species with a few characteristically brackish-water and still 
fewer proper marine species.   In absence of data on the microfauna, the \'u- 

the remoteness of fresh-water bodies, hut a shallow pond about 200 vards 
east had abundant fairy shrimp and smaller entoniostracans. 

The breeding of the animals reported here has not been studied ; however. 
it should he noted that in the earliest collection-, made (July 2). females of 
Cammarus sctosus with well-developed young were present. It would ap- 
pear from this that breeding took place while the pond was still covered 
with ice and that this species may be active or subactive throughout the win- 
ter. This would doubtless In- possible in the deeper center portion of the 
basin. The considerable windrows of dead individuals seen at the beginning 
of July, mostly rather large g'tninarids, may include the normal winter's 
dead as well as individuals caught in the grounded portion of the ice.   As to 
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the nvcr-wintering devices of the ctuhytracid worms. Stephcnson (T926) 
was of the opinion that even the hardiest of the Spitzbergcn species sur- 
vived the winter in the egg stage. Mad>en ( l'MO) reports that in Mast Green- 
land the enchytraeid Lumbricilhs tmi'atus, which appears to occupy a niche 
corresponding to that of the Xuwuk oltgoclrai te, survives in the adult stage 
throughout the winter. Because there appear to he many mature worms in 
the Xuwuk Pond collections, it is thought that these too may over-winter as 
adults. 

A further ohservation vMohr. 1952) reflects both on the over-wintering 
and the origin of l*amM4nt&, On the plcopods and less often on the gill 
plates of (./. srtosus there is a sessde abate of the order t'horiotrichida and 
fumilv Stylochonidac. Chonotrichs have not ><> far hem found to develop 
resistant .-tages. They are found only on crustacean ho<ts known or in- 
ferred to he active throughout the year. The rtyuiehoniclss, nioreowr. are 
an e.v-cntially marine group, only one species, a Ut'liockoM, on one of the 
G. locust a complex, having heen reported (Rent<ch, lSoOj from a hrackibh- 
water habitat (Wismar Day in the western Baltic ). 

ACKNOWLEDGMENTS 

Charles Horvath was a co-worker in the planning and field work at Point 
Harrow. Robert Rex called attention to the presence of (i<ini»uir:!s in Xu- 
wuk Pond; Edward Taylor and Roy Kohm>on took part in the mapping of 
the pond. Dr. A. II. Banner and [. 1.. Barnard aided in the identification 
of the crustaceans. The friendly help of each is gratefully acknowledged. 
The contractural support provided by the Office of Xava! Research through 
the Arctic Research Laboratory made the work possible and is appreciated 
jrreatlv. 

KITKUINCES 

D.MU.. KKIK.   l'M-1.  "The Swedish Brackish \V;ttcr MaJacostraea,*" K. Fjw/jra/fjJ^a 
Sallsk<if>rls i. I'.utui l:<>rlhindliii>jiir, 14(9): 1-17.   1  lie,, in text. 
 .   I94K.   "On the Sm.iiier A:liu<>i-0«la ..:' >.!.-.r:::e ATE»<\  Ksmviallv in the Poly- 

lalinc Waters Off the Swedish West G>aM." l.uiitls Vim', >' '!</<"' •si>k-nin:ur ,<:rr 
OrrxmHi 35: 5 "o. -42 figs, in text, 

Hoi.Moiisr. IHAKI.OI IK.  1949.  "Fher eveutueUe intennedi.ire Fornun z wise hen M\.<is 
oculata Fahr. unii Mvsis rdulu l.i.vcii." Lands I'm:-. Arsshrift, X. /-'., 45(h)) : I -2o. 
18 graphs* 6 ti^s. in text. 

MAOSKN. HOI.OI.K.   1936.  "Investinalions on the Shore Fauna of Fast Greenland with 
a  Survey  of  the  Shares  of  Other  Arctic   Regions,"  MfiitLLls,r 0m  Uffittumd, 
100(8) : 1-79.  17 6f»«, 1 table. 
 .   194H.   "A Study of the Littoral Fauna id Northwest Greenland/' Mciidt'kiie* 

wm Grsnland, 124(3): 1-24. 2 iiBs. 
Monk, J. L,  1952. "Notes on Epiljiotits of Some Crustaceans at Point Harrow, Alaska," 

Sue. Pr>>tozooli>i)ists, I'roc, 3: 14. 
OLUISSOK, USMON.   191^.   "Studien uher die Su»\\assert.iu::a SpiubcrjUTis    tieitiag 



IS BIOLOGICAL   RESEARCH  IN  THE  ALASKAN  ARCTIC 

mr  Systcmatik,   Biologic und  Tiergcogr?phie  der  Crustacccn  und   Rotatorien," 
Zoologiska Bidrag (Uppsala), 6: 183-648. 69 figs, in text. 

P
FMANE,  A.   1934.   "Die  Brackwasserfauna   (Mit  besonderer  Beriicksichtigung  dcr 

Ostscc." Zoolopischcr Ans&gcr, Supplcmcntband 7 (Dcuischen Zool. Gcs.. V'crh., 
36) : 34-74. 4 figs, in text. 

SEGERSTRAEE. SVF.N G.  1947. "New Observations on the Distribution and Morphology 
of the Amphipod Gammarus zaddachi Sexton, with Notes on Related Species." Jour. 
Mar. Biol. Asso:., 27: 219-44. 7 tigs, in text. 
 .   1948.  "On Collections of Gammarus (Amphipoda) from Arctic Waters CCoast 

Pctsatno-Kanin,   Coast  of   Siberia),"  Soc.  ScL  Frnnica,  Commcntationes  BioL, 
10(6) : 1-13.  1 map. 
 .   1949.  "The Brackish-Water Fauna of Finland,"' Oikos (Ada Occol. Scattd.), 

1(1) : 127-41. 7 figs, in text. 
 .  1950.  "The Amphipods on the Coasts of Finland—S. nw Facts and Problems," 

.s.v. Sfi. Fcnnica. Commt-ntalioius Biol, 10(14) : 1-2S.   16 tigs, in text. 
SEXTON, F. \V. 1942. "The Relation of Gammarus zadda-'fit Sextan to Some Other 

Species of Gammarus Occurring in Fresh. Fsuiattne and Marine Waters," Jour. 
Mar. &M, Assoc. 25: 575-6JO. 

SI'UONER. Ci. M. 1947. "The Distribution of Gammarus Species in F.stuaries." Part I. 
Jour. Mar. Biol. Assoc. 27: 1-52. 

STEI'HENSEV, KMT>. 1938-1942. "Tiic Amphipoda of N. N'irway and Spitsbergen with 
Adjacent Waters," Tromso Must urns .vVn/.vr. 3( 1-4) : 1-526.   78 tigs, in text. 
 .   1944.  "Amphipoda in the Zoology ot Fast Greenland." Mcddclchcr om Gron- 

lo-.i. i2.'(14) : 1-165.   18 tigs, in text. 
SrF.i'HENSON. J. 1926. "The Oligochaeta of Spitsbergen and Bear Island: Some Addi- 

tions anJ a Summary." Zool. Soc. (London). I'roc, 1925(49): 1293-1322. S figs. 
in text. 

SUMMERHAYES. V. S., and C. S. ET.TON. 1923. "Contributions to the Ecology ot Spits- 
bergen and Bear Island," Jour, of Ecology. 11(2): 21-1-86.  7 figs, in text. 



SOME CHARACTERISTICS OF THE FISH POPULATIONS 
IX AX ARCTIC ALASKAN LAKE* 

DONALD E, WOHI.SCHI.AC. 

Stanford l."royerstly 

The purnosc vi tliis study was U) determine the magnitude a!1,l some ot 
the characteristics of fish populations in an Alaskan arctic lake ami to re- 
late these determinations to the possible future development of fresh-water 
fishery resources of the area. 

Fresh-water fishery resources <* 1 the Alaskan arctic have hcen utilize'! 
only locally and sporadically by the I'.skimos. With the general devei> pnum 
of Alaskan resources in the future, it is quite prolialile that fishery resources 
will iiecome more extensively utilized commercially as well as tor sport The 
developmental sequence of utilization and management of northern Alaskan 
fresh-water fisheries will quite possibly be similar tu the sequence ot events 
in the Yukon and Northwest Territories as summarized h\ Dynaond ( 1947 I. 

Collectively, the fresh-water ponds, lakes, and streams of the northern 
arctic slope of Alaska comprise as much as 50 percent ot the land surface. 
Arctic lakes and ponds, if not completely isolated from the sea and if deep 
enough to prevent freezing to the bottom, may he expected to contain resi- 
dent fish populations (Wynne-Edwards, 1953). Resident populations of 
fish might also he expected in the larger and deeper streams uhieh never 
freeze completely. In addition to the resident populations, seasonal c« t'-cn- 
tratioiis of migrating species might also he expected in most of the waters 
flowing to the sea. 

Practical considerations alone should be justification enough for the 
study of fishes of this region prior to any extensive future depredations The 
isolated populations of arctic lakes arc also ideal for theoretical studies inas- 
much as fish have slow growth and recruitment rates and complications from 
past exploitation are largely absent. With these motives m mind, an inten- 
sive study of some of the characteristics of the fish populations in Ikroavik 
Lake was undertaken during the summer of 1952. 

DKSCJUPTION  OK  IKROAVIK   l-AKK 

Ikroavik l.akc, whose roughly oval surface configuration has a long 
axis at approximately 348-168 degrees true azimuth, is one of the thousands 
of oriented lakes and ponds in the Point Barrow region described hv Black 

*Cotwribuiiotl No. 1953-7 from the Arctic Research I.ahorattn >. r>n<enu-.l in partial 
{•lhlhivm df Contract Noiir-225t,U8) with the Olive of Naval Rcsrarck 
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and Barksdale (1949). It is about 2YJ miles long and nearly a mile wide. Its 
approximate geographical center is at I.at. 71" 13.5' X., and Long. 156° 38' 
\V.. 6 miles south of the Arctic Research Laboratory at Point Harrow. The 
maximum depth over most of the area of the lake is only 7 to 7yj feet 

One inlet drains the spring and early summer runoff from several ponds 
immediately to the northwest of the lake; the other inlet is a small stream 
about two miles long flowing into the west side. The single outlet is a shallow 
meandering stream which flows into Elson Lagoon to the southeast; it freezes 
solidly in the winter. Although at times there could be movement of fish to 
and from the sea, the lake is believed to remain essentially isolated. The 
north shore line is made up of gravel which grades into sand at the north- 
eastern beach. The west shore is quiet largely an abrupt tundra wall up to 
5 feet high, formed by ice movement during the spring. Swampy shore line 
characterizes most of the remainder of the lake. During the spring of 1952 
Dr. Ira L. Wiggins made two borings in the ice; he found that the ice was 
1.84 meters thick with 45 centimeters of underlying water at one place; at 
another, the ice thickness was 1.87 meters with 52 centimeters of water. 

The severity of the aquatic environment is marked not only by the small 
amount of water beneath the winter ice cover, but also by the extended pe- 
riod of ice action in the spring and by the very short ice-free summer season. 
The sequence of thermal relationships during the 1952 season is illustrated 
by the surface temperatures plotted in Figure 1.  By the middle of June the 
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FIG. 1.—Surface water temperatures of Ikroa vik Lake during summer, 1052. 
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ice had started to melt slightly around the edges. Early in July the ice 
mass had become free enough from the shores to shift with the wind and plow 
up extensive areas of shore-line tundra, gravels, and sands. 

THEj.FlSHES OF  IKROAVIK LAKE ---._ 

At the time of the melting of the ice along the shores, large numbers of 
the small, nine-spined stickleback Pungitius pungitius., were in evidence. 
When the ice. which was piled up on the shores, melted or receded, large 
numbers of dead stickle backs were found where they had been entrapped. 
That not a single specimen of any Other kind of hsh was found dead at this 
time indicated that any permanent hsh population must have been isolated 
under the ice. Continual seining and trapping around the edges of the open 
water leads in early July failed to yield a single fish until July 15 when one 
seine haul netted twelve large and very fat Prosopium cylindraceum. By the 
end of July several large collections including many Leucichthys sardinella 
and a few P. cylindraceum had been made. Routine observations were con- 
tinued until September 10, 1952. 

The larger Prosopium which were autopsied indicated that gonadal ma- 
turity and spawning occurred in early August. One school of fry was ob- 
served, but only a single 2.5 centimeter specimen was obtained. Norman J. 
Wilimovsky (personal communication) obtained specimens of the same size 
on June 29, 1951 Hurt it "should be noted that the lake had become ice-free by 
late June in 1951. Careful-observations during 1952 revealed neither spawn- 
ing activities nor deposited eggs. With but one exception, 14 Prosopium ex- 
amined during ""September had spawnedTthe exception was a large marked 
female which had been recaptured twice and which had begun to show the 
wear of excessive handling. 

Examination of adult Leucichthys suggested that gonadal maturity was 
just being attained at the time of the September collections." Only l-6of 127' 
mature hsh had definitely spawned by September 10.   Among fingerling 
Lcucii'h!h^'S soccimens taken from late~"^iilv to late Au^nst soecimenc ^ro*-" 

^rarrai^utu^CL6^eiatiua£Xexs-long_ 
These small fish had most likely hatched under the ice during the previous 
winter. 

la August two ripe male specimens of chum or dog salmon ( Oncorh ynchus 
keta) were taken. Since the previous occurrence"of salmon in the lake had 
been unknown to the Eskimos, it was assumed that these two specimens 
were "strays." 

Norman j. Wilimovsky, who is currently studying the history of the 
Eskimo fisheries, has noted that Ikroavik Lake has been virtually unex- 
ploited since 1944, the last, known fishing being an unsuccessful week for 
Eskimos in 1950. Prior to 1944, Eskimo travelers sometimes stopped briefly 
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at the lake and fished for several days in the spring or in the autumn; there 
is no evidence to indicate that the lake ever supported a continuous fishery. 

THE WIIIIEFldtl  POPULATIONS 

Methods 

The Schnabel (1938) mark-and-recapture method was used for the esti- 
mation of the Prosopiunx cyltndraceum and Lcucichthys sardinclla popula- 
tions. The "average" estimated population, P, from a series of estimates 
made while marking is in progress, is 

~    S(C) 

where A is the total number of fish ohserved during each period of sam- 
plings. B is the total number of fish marked and at large at the time of sam- 
pling, and C is the number of recaptures in any one sampling period. "5" 
denotes '"sum of." 

From July 15 through August, fish were seined with a 200-foot f^-inch 
mesh seine which was 15 feet deep in the middle and tapered to 6 feet deep 
at the ends. During August additional fish were captured by the use of a 
100-foot. 1-inch mesh gill net which was 6 feet deep. After concluding mark- 
ing operations in August, the final sampling in September was by means of 
the 1-inch gill net and two "experimental" giil nets. Each experimental 
gill net was 250 feet long and 6 feet dee]), and was comprised of 50 feet each 
of meshes of ;vj, 1. 1J4, 1 ] >, and 2 inches. 

Marking was accomplished by tin-clipping fish whose fork lengths were 
over ISO millimeters. Marks, successively changed at weekly intervals, were 
adipose, left ventral, right ventral, left pectoral, and right pectoral fin clips. 
Both whitefish species 180 millimeters long or lunger appeared to be fully 
vulnerable to the vt-incli mesh of the Mine, which was the gear used for the 
capture HI must of the live I::!.; all population estimation data deal with 
fishes . hove this minimum length. 

Wiie:; hsh were captured, they were immcuiatoly placed m floating five 
cars, from which they were withdrawn for measuring, weighing, sampling 
of scales, and marking. Standard, fork, and total lengths were recorded to 
the nearest millimeter. Weights wive recorded to the nearest gram for fish 
weighing less than 500 grams, to the nearest 2 grams ior fish weighing be- 
tween 500 and 1,000 grams, and to the nearest 2? grams for fish over 1,000 
grams. The .scale samples wire preserved for age and growth determinations. 

Seining was feasible only on the gravel and sand beaches of the northern 
part of the lake, and in order to assure more random distribution of marked 
fish they wen- transported in large tubs to the middle of the lake where they 
were released.  Injured full (especially those from the gill net) were removed 
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.-for measuring and weighing and were observed for sex. maturity, arid in- 
fection by parasites. 

Four or five 1-inch poultry-mesh traps, similar to those described by 
Wohlschlag (1952), were set in the outlet so that immigrating or emi- 
grating fish could be caught. Several gill net sets across the outlet were made 
also. « 

Results 

Except for the abundant, but very small, sticklebacks which were riot 
sampled and the two chum salmon, the two whitefish species comprised the 
fish populations of the lake. 

The Lcucichlhys sarditietla data for the July 31 to September capture- 
recapture operations broken down into six periods are summarized in Table 
I. The ''best" estimate -from these data would be 5,736 with 0.95 confidence 

—    TABLE I-- ---" 

CAPTURE-RECAPTURE DATA FOR THE ESTIMATION OF THE POPULATION 

'"~~r       -      OF Leucichthvs sardinctla m IKROA-VIK LAKE 

Period 

N«rof>cr 
Handled 

(A)     - 

Number _ 
Marked 
and Re- 
turned 

 N-rjnbep.oi  
Marks at 

Lartte 
OS) 

Number 
of  Re-'" 

capture!: 
(O 

S(AXB) 
SCO 

1 
2 

38 
68 _.~n2gr 
17 
84 

372 

3S 
58 

0 
38 

0 
2 
1 

—   1     -">• 

2 
19 

1,292 
3 
4 
5 
6 

KS5   " 
14 
74 

0 

~96 
202—--- 
216 
288 

4,893 

6,043 
5,736* 

* 0.95 confidence limitsfronf 3,659 to 8,475 by Poisson approximation method of Chapman (19-IS). 

limits ranging from 3,659 to 8,475, as calculated by the Poisson approxi- 
mation method of Chapman (1948).   The average weight of 721 L. sar- 
diiiciia over 180 uiilluneters fork length was 18-1.59 grams; the weight of 

TftS 'estimated pop«fa^m~weaJd-43e- a6ea$4>agly- lvQ5-9- .k4Jogranm_.^-33-k-. 

pOUnds). „^-^. .q-j : —• ••-• rr—im- 
•"~"Tif TabTeTI are the mark-and-recapture data for the Prosnpium cylindra- 
eeum whose-fofk lengths were greater than 180 millimeters. Because of the 
very few fish handled, the data are grouped into 4two-^veek periods- between- 
July 15 and September 10. The estimate of 189 has binomial confidence 
limits from. 102 to 441 when calculated from the table of Fisher and Yates 
(1949). The average weight of 55 P. cylindraccum bavins s ' lengths over 
180 millimeters was 433.98 grams; accordingly the we; ,„ •: estimated 
population would be 82 kilograms (181 pounds). 
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TABLE II 

CAPTUHE-RECAPTVRE DATA FOR THE ESTIMATION OF THE POPULATION 
OK Prosopium cylindraceum IN IKROAVIK LAKE 

Number N urtllKT Number S(.4x/»; 
N iim!*r Marked o( Mark* of  Re J ( C) 11 amllcil ami Re- at I .a rue capture! - /> 

Period (.<) turned (0) CO 

i IS 15 0 0 
2 13 12 15 1 105 
3 5 5 27 0 330 
4 31 3 32 6 189* 

• 0.95 confidence limits from  102 to 441  from Table VII of Fisher and Yates  (1949). 

The traps aiv1 the gill net sets at the outlet yielded neither emigrants 
nor immigrants. 

DISCUSSION  OF  ESTIMATES 

Basically, the successful application of the Schnahel (,1938) mark-and- 
recapture technique depends upon two assumptions: first, a population 
being estimated must he a "closed" or constant population without removals 
due t<> emigration or mortality and without additions due to immigration 
or to growth of individuals into the size range hcing sampled ; second, either 
or both the marked and the unmarked fish must he randomly sampled. A 
complete discussion of these assumptions has been given bv Kicker (1948). 

Several lines of evidence indicate that the whitefish populations in 
Ikroavik Lake were, fur all practical purposes, constant during the summer. 
Even though V two salmon did bypass the traps, there was no indication 
that the whitetishes moved into or out of the lake past the traps ami nets set 
at the outlet. During the summer a series of scale samples was taken from 
Lcucichthys sardinclla, which occurred in the marine waters of Elson Lagoon 
several miles to the southeast of Point Barrow, for comp.1ri-.011 with the scales 
of the Ikroavik Lake !.. sardinclla. Each of these populations had quite dis- 
tinctive growth patterns reflected in the arrangement of annuli and circuli 
of the scales. Furthermore, as is well known to the local Eskimos, the lake 
forms of L. sardinclla are much fatter and plumper than the marine or river 
forms. The natives of the I'ngava May region of eastern Canada also have 
noted similar differences between lake and river Prosopium (Dunhar and 
1 lildehrand, l'>52). Only a few of the Ikroavik Lake fish had the ''skinny*' 
appearance of the fish from the lagoon. (>f the dozen or so skinnv lake 
Lcucichthys, which were examined internally, heavy infestation by treinatode 
(probably Dibothriocephalid) parasites was observed. Rawson (N-l") has 
noted that br-nvin- m^ri»;-«.i  "•«- " .'       r /- >   .    i   
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contrast in a similar manner with the healthier and plumper forms of the 
same species in two Canadian lakes. Except for the few parasitized fish. 
these morphological differences provide fairly conclusive evidence that the 
lake population oi the Lcitcirhtlixs at least existed in an isolated state. Since 
the scales oi the Prosopium had much the same growth pattern as the lake 
Li'ucichthys, it was assumed that the Prosopium were also isolated. 

There is little evidence that the two whitcTtsh species in the lake grow at 
great enough rates to make recruitment of individuals initially shorter than 
180 millimeters of any consequence. Preliminary examination of the age 
and growth characteristics indicated by scale structure has shown that these 
species are very slow-growing, Several Prosopium, which had been marked 
with numbered discs and which were recaptured after two week- to two 
mouths, showed little nr no growth. It the populations oi whitehsh had 
been increasing due either to growth oi smaller individuals or to immigra- 
tion the population estimates from peril"! to period would have gradually in- 
creased.  The data do not indicate such a tendency. 

Had the whitetish populations suffered a high rate of mortality or had 
numbers of thcin emigrated from the lake, the population estimates from 
period to period would have shown a tendency to decrease consistently; 
again, the data <!•> not sub tantiate such a tendency. In population estima- 
tions of this kind, mortality i and <>r emigration i must be of considerable 
magnitude if population estimates are to be affected appreciably ( Wohlschlag 
and Woodhull. 1^53). Induuhtedly there was sortie small degree of mor- 
tality fluting the summer among these two populations. Aside from j»ossihle 
mortality among fishes which had been handled during marking, other ob- 
served causes of mortality were parasitism and the predatory activities of 
birds. \II pi.scivorous lish were observed in the lake except the two chum 
salmon, and they were in the hst stages oi migration when they engage in 
no feeding, 

Xo direct information was available to indicate whether or not the re- 
lease of marked individuals at lite center oi the lake resulted in their random 
distribution either as individual.- of as individuals within randomly moving 
schools, [f die !i-b reteaM'd at the center ol the lake- had a Undenc\ to home 
to the north end of the lake where they were !;r-t captured, the number of 
recaptured fish, marked at a given weekly period, should have appeared in 
the seine hauls fairly regularly. Actually there was no well-deuned regu- 
larity to the occurrence oi recaptures. At the close of the season when a two 
(lav series of experimental gill net sampling was carried out near the west 
inlet, it was noted that the fraction oi recaptures was oi the -tine magni- 
tude as the fraction among those taken at the north end of the lake. Taking 
into account these circumstances, it was assumed that over all the sampling 
periods, the sampling of the marked lish was reasonably random. 
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The natural distribution of the whitcfishes can b>. inferred from the 
frequencies of the various numbers of fish taken in the different seine hauls. 
The large number of water hauls and the infrequent large catches indicated 
that both species occurred in schools. Gil! net catches, although somewhat 
more uniform than seine catches, owing to the greater length of time of a 
gill net set. likewise provided evidence of schooling. The sporadic occurrence 
of schools at the north end of the lake implied that the schools must have 
been relatively few and wide-ranging, so that over the season the entire popu- 
lation of each species could have been exposed to the gear on a more or less 
random basis. 

The Prosopium estimate of 189 fish seems very low. If this estimate 
were biased downward, the most likely explanation would be that a dis- 
proportionate^ large number of recaptures were made. Some evidence for 
this explanation might he based upon the recaptured fish from a group of 10 
Prosopium which were marked with numbered discs on July 15; two of 
these were recaptured and removed on July 31 (these recaptures were no 
counted during the first period when no lish were considered to he marked 
and at large) ; of the 8 remaining tagged fish, one was taken during the final 
period in September. One other Prosopium marked in the first period was 
recaptured in both the second and last periods. However, there is no way 
of deciding (1 ) whether the marked fish were mote vulnerable than the un- 
marked population ihn- either to the nonrandom distribution of the marked 
fish or to their propensity to he captured by the seine or gill nets, or (2) 
whether the population was actually so small that frequent recaptures should 
really be expected. 

During the seining operations prior to September, the ratio of Proso- 
pium to Lcucichthxs was 0.10S; during the gill-netiing operations in Sep- 
tember the ratio was 0.083. /t the Lcucichthys estimate • ! 5736 vvere 
accepted, and if the two species were equally vulnerable to the gear, the Pro- 
sot'itim estimates would he respectively 619 and 476. However, the field 
observations would tend to sugg"st that the Prosopium were much more 
vulnerable than Lcucichthys to both Upes >«l gear, which means that these 
latter Prosopium estimates would be biased upward. In any event, the popu- 
lation of Prosopium is very small, and the estimate of IS'' is as good as anv. 

IK1.SH-WAIT  K    1-ISlll.kV    i'l )SSI I! I 1.1 Tl 1 S    IN    Till:    ALASKAN    ARCTIC 

While lkroavik Lake is the in rthernmost hike in Alaska know" to eon- 
lain a permanent fish population, its fishes occur under what must he con- 
sidered to be near minimal conditions ol existence. Taking mlo .ivewunl 
the short summer season, small populations, slow ^lowth rates, and the time 
necessary fur growth to tuaiuritv ii IV.V.M be suspected that the biological 
production rc»i»» of f.aucs is very low in many, if not all. lakes and streams of 
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the Arctic Alaskan Slope. In lakes farther to the south of Point Barrow, 
additional species of whitertshes, grayling, and the more predatory pike, 
chars, bke trout, and a few other species are present. The predatory species 
like lake troiu v oulti he expected to exist in Ess tuta! hulk than the plankton- 
feeding whitefishes. Eawson (1947) estimated tentatively that lake trout 
could he removed from Lake Athabaska on a continuing basis if taken in 
about one-fourth, the bulk_of the whitehsh species. It should be noted that 
the predatory species could alse provide an excellent sport fishery. 

The foregoing observations along with a few notes on the present small- 
scale Eskimo fresh-wr: fishery may be utilized._as a basis for some inter- 
esting speculations ahm die future of hshcrv development in this region. 
Mode::: Eskimos fish almost exclusivelv with pill nets set m places where 
the iish tend to be concentrated, as in rivers or in narrows between lakes; 
here the populations are unusually vulnerable, and, upon a basis of catch-per- 
imic-cfiort, the populations may erroneously be assumed to he large. For ex- 
ample, in Ikroavik Lake where the fish were well distributed, 600 feel of 
trill netting captured about one-tenth of the estimated^populations within a 
work. Some Eskimos apparently have recognized the possibility of over- 
iishing and have noted that lakes can be fished-to-the point where returns 
become unprofitable after a few years (Wdimovsky, in press). Because 
transportation of both gear and catch over the tundra and the multitude of 
lakes and streams is difficult, there would be a great temptation for commer- 
cial iisiuirmen to fish in one location until small returns made moving impera- 
tive.   East experience in the lake fisheries of northern Canada has_$ljc;\ra. 

abat-AtFingentTegtifetirrnir-Rrt io prevent the use of 
Km Uiiicfi gear for too lung at oiie time at any one place. 

In northern Alaska this tendency could he circumvented if improved 
ti-au.-purtaiion facilities could he devised in order that a fishery could move 
icadily after only th.e larger fish from small populations had been removed. 

Elik'iriit  utili/.aliiHi  of  the- different  species will ipine possible create 
pi uhlans  if  fisheries  develop  m  the   iniure.    The  .-mailer  species  can   be 

Tvd:cn i-ri-ii'iou;] v only by ger.r w;;b ..small meshes, while the larger spicies 
would !»• removed larg'L before the attainment of sexual matmitv. Proper 
c\p|. liiali-iu of ;he larger specie- by gear with larger meshes would leave 
;i:e -mailer species largely unexplored. Satisfactory methi'ds o; simultaue- 
,.u- and efficient utilization of both large and sinail spi eies should be devised 
and their effects thoroughly understood before any haphazard regulations 
are imposed. 

SIMM AliV 

The unexploited Iish populations of Ik ma-vik Lake were studied during 
the ice-free summer season of  E'52.   In this moderately  large, and. vnv 
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shallow lake, the northernmost Alaskan lake known to contain a permanent 
fish fauna, there was at most ahout 1 y'2 feet of water under the 6-foot ice 
cover during the late spring. The lake contains permanent populations of 
the very small nine-spined stickleback (Pungitius pungitius) and two white- 
fishes (Lcucichthys sardinclla and Prosopium cylindraccum). At least two 
ripe adult salmon (Oncorhynchus kcta) had wandered into the lake during 
the summer. 

Spawning of the Lcucichthys sardinclla occurs in late summer or autumn 
and quite possibly under the ice. Yearlings whose first scales were forming 
were found just after the melting of the ice in late July ; they had apparently 
hatched under the ice during the previous winter. The Prosopium cylindra- 
ccum spawn and hatch shortly after the ice melts in the early summer. 

Population estimates by the mark-and-recapture method were made fc r 
the two white-fishes whose fork lengths were over 180 millimeters. The esti- 
mates were: L. sardinclla, 5,736 with 0.95 confidence limits from 3,659 to 
8,475; and P. cylindraccum, only 189 with 0.95 confidence limits from 102 
to 441. Average weight of each L. sardinclla was ahout 185 grams ; the esti- 
mated population weight was 1.059 kilograms (2,334 pounds). The average 
weight of each /'. cylindraccum was ahout 434 grams; the estimate popu- 
lation weight was 82 kilograms (1X1 pounds). 

The possibilities and anticipated problems of future fresh-water fishery 
development on the Alaskan Arctic Slope are discussed. 

Special thanks are due Daniel M. Cohen. I roject Assistant, who helped 
with all the laborious and tedious field work and who organized much of 
the field data. Norman J. Wiliiuovsky has been especially helpful in identi- 
fying fish species and in supplying information about the Kskimo fisherv. 
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ON THE GEOGRAPHICAL DISTRIBUTION OF 
ARCTIC BRYOPHYTES5 

WILLIAM CAMPBELL STEERE 

Stanford University 

Extensive field studies on arctic American bryophytes during the past 
few years have provided materials and data contributing to several fields 
cf botany, and one could speak at length on the contributions of arctic bry- 
ology to plant sociology, autoccology, phytogcography. and systematic bot- 
any, among others. Because of the restrictions on time and space inherent in 
any .symposium, however, the present paper will be limited to the field of 
plant geography, with special reference to a single important floristic element. 

Mosses and liverworts furnish excellent material for studies on the geo- 
graphical distribution of plants, a fact requiring emphatic restatement he- 
cause it has been obscured by too common a belief among botanists that the 
long-lived, wind-borne spores of bryophytes give them a nearly universal 
distribution. Just as in higher plants, sonic weedy and ubiquitous species— 
Fitnaria hygromclrica and Marchantia polymorpha are excellent examples 
-have followed man and the effects of his civilization to all parts of the world. 

When one looks beyond the weedy species, however, he finds that bryophytes 
demonstrate as characteristic patterns of distribution as the hi^lur plants, 
although not necessarily the same ones. 

In a icgion where the number of species of bryophytes approaches or 
equals that of higher plants, arctic mosses and liverworts acquire correspond- 
ingly greater importance as materials for the investigation of phytogeo- 
graphic problems. Nevertheless, even the simple and basic problem of 
whether or not a strictly arctic bryophyte flora or floristic element really ex- 
ists has been debated up to the present day. The opinion still prevails that 
the whole bryophyte flora of the arctic regions is only an attenuated and 
depauperate temperate flora, composed of those few species that have been 
able to endure the rigors of the northernmost climates ; and that anv "species" 
seemingly restricted to the arctic are only reduced or adaptive forms too 
closely related to their counterparts in temperate climates for full specific sta- 
tus. Implicit in this ncgativistic idea, of couise. is the belief that arctic mosses 
and hepatics are materially reduced in size because of their unfavorable en- 
vironment ( Meylan, 1940). The basis for this idea is nut hard to find, since 
enough of the arctic species actually are reduced temperate species to eon- 

6 Contribution No. 1053-8 from the Arctic Research Laboratory, presented in partial 
fulfillment of Contract N6onr-25134 with the Office of Naval Research. 
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llffrj ft ^Vperfieial inipfessiom However, careful field studies hi &rctfe Afflgf* 
itfffc, at kast, soon reveal a rich bryologkal flora that consist* of soeral 
distinct fioristic dements of con.-idcrnbk phyt"geigraphical significance, in 
addition t«> thegrcnipor \udelv dfslrilmiedL isOTOetftrtes wtwly .«|»el*S» TFMb 
discussion wjitt center oaoweof the most interesting ot these lloristk elements.* 
which COUM'S^S of a group of species endemic to the arrlic regions, and which 
make.-* up about 10 percent t.f the total number of specks of bryophytes there. 

These species stand out from the weedy group because they are not Bf 
ail reduced physiological states or ecological verities of spedes which flourish 
la«lssfi «>s4hu P\£rtjwrf»^ fte^iwhr #«•&' «p«flii. si* sot «stii.;#to% 
«Uf*'4 s^sieiuatic.uU »-r pi \<.> ^ueiuailv tn dhiss of $»rtnjier&ti€ region* 
jmtue«Kaiclv to the *mitt* and n»">t certainly ha.ve wot ooti «d directly fr. m 
flas», Hutte the* *ifif«>^M\, thsry way .he «ej*ft»J te s#f;$*%•« e¥«*t larger Efawfc 
the ?p<"cies <4 th" .-.ante genera <>eeutmig hi m.ire u-mperate climates. For 
example, the aretk S|H.-ctc*v .1 «/»&*.»»:»;;«in ac'i<i<~J*tb'rtr;'t. Sciifania limwr-hm* 
P:fh>f;rJ!um jfht\-Jum. l\\uinui f »v>hf.*/a. aiul TriHiojtcaunn fttsfiii^tiSM- 
ititfM are am >«g the largest itj tbei* gettt'ra. 

Our relative lack of kttutt ledge, in ilu-fvas*, fv«*c*irnwf mt the forgff 
feature;- of the geographical di>tniuition of arctic hr\.<phytes arose not ironv 
a lack of HiK'fM in or appreciation of the pfobkrus involved, hut simple 
fto«) the few available data upon which to ha<e griicraliz.aUous. Most ot 
the--early exploring and searching expeditions found themselves fat too Of» 
cupied with the pressing ptn14Hi,)> M travel and of survival to collect plants 
in any quantity, especially the lower ones. Some collections,, tvtrjhermote, 
alter being; made had to he abandoned or were lost when >htps were caught 
«t the k#. L'ons.e«|uenlly. mint the J>ast H*<» decades, only a few exti-n-ive 
• i.-d representative eotketkus had been made hv the north polar regioit%eC 
wlikf* the most important came front Spit/brrgen tl'erggren. 1875), from 
^i»|fe fiJjtdbetg and Areell $&$%, jHJSii -\nu-ll. l^U. V>\7 K and from 
asctie Canada (Brown. WU; hryha, VH)7; Williams l'.J2t; Suvrt. PM^h 
Mib>i.uitial reports based on llsese U*m l0£^ »ftto^«W^*|%?|<«flwiif imM 
wnk'W -ivparated areas. v>peciallv Siberia and northernmost Canada, I»TSSB 

lru4e<iI twgire an Impf^sion that two or niore ccivters of ,«peeiation nf area* 
ni endtnri.-ui exist in arctic legion* ( Ueivog, l^2<?). The recemt tfoteq»j j|>it| 
•it relatively larg€, tnrty arctic, fireuinpolar element exist* (^t^*ttk, t'^lS: 
i'eips*** W&§ wmvmi^^cmf0^^m^ itogiatbbility ui timAmmemm* 
teiial lrom arctk and subarctic Axuerka. and, Ai5 fe^wfawt t'}«*oW8i* ihrtl 
fit^fV rflhespceies pfevhaisty cotisidtTed f«>heeindetttte to local area*really 
ha\e a natch wider geographic range. The apparent rklmes* of hdlesmefe 
I?-laud and of Siberia in endemic species, which in my opinion helong to 
litpcircnmpolar antic flori<tk element just i!tscttv-»cX hrii^thnl-heni Alaska 
mM northwestern Caoada mm sharp locus m an area ot trnical gc graplm- 
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cal significance, where these '"bicentric" species might be expected to find a 
common meeting place. 

The outstanding support given to my work by the Arctic Research Lab- 
oratory during the summers of 1951 and 1952, especially in providing excel- 
lent facilities for travel, enabled me to visit many widely separated areas on 
the north slope of the Brooks Range. Through this intensive field work, fol- 
lowing field seasons in the region of Great Bear Lake and Coppermine in arc- 
tic Canada (1948), and in central Alaska (1949), a region that was almost 
completely unknown bryologically has now provided us with abundant evi- 
dence to support the thesis that a group of strictly arctic bryophytes extends 
more or less continuously around the north polar basin. In fact, this region 
proved to be so unexpectedly rich in endemic arctic species, some of them new 
to science, that it may very well have been a primary center for the dissemina- 
tion of bryophytes during interglacial and post-Pleistocene times, as Hulten 
(1937) has indicated for higher plants. 

As examples of the kind of data used in establishing a floristic element 
and its distribution, the geographical ranges of a few representative species 
of arctic mosses and hepatics, out of many studied, will be discussed and illus- 
trated. 

1. Aulacomnium acuminatum (Lindb. & Arn.) Paris (Map 1). This 
handsome species, the largest in its genus, was originally described from the 
valley of the Jenisei River in Siberia (Lindbcrg & Arnell. 1890), and later 
reported from the valley of the Lena (Arnell, 1913). First rediscovered on 
Lllcsmere Island (Bryhn, 1907). it is now known to have a rather wide dis- 
tribution in arctic Canada: on Baffin Island (Steere, 1948), Cornwallis 
Island (Steere, 1951), and Prince Patrick Island (Steere, 1953/;); in the 
Yukon Territory ( Persson, 1946), and at Gnat Bear Lake and Coppermine, 
Northwest Territories (Steere. incd.). Reported from several localities in 
central Alaska (Persson, 1946), this moss has been found to be very com- 
mon on the north slope of the Brooks Range (Steere, incd.). 

2. t'ttnaria polnris Bryhn (Map 2). For nearly a half century this spe- 
cies was known only from the single original collection made on the southern 
end of Fllesmere Island (Bryhn, 1907) until it was recently reported from 
Southampton Island (Steere, 1949) and from Greenland (Holmen, 1952). 
It can be recorded here as oecuring in several widely separated localities 
in arctic Alaska, from the headwaters of the 1 "tnkok River in the west to 
Schrader Lake in the east (Steere, incd.). Furthermore, on the basis of its 
known distribution, this moss will certainly be found to occur in Siberia. 

3. Radula prolifcra Arnell (Map 3). Originally described from the 
mouth of the Lena River, Siberia (Arnell, 1913), and soon thereafter re- 
ported from Taimyr Island (Arnell, 1917), this hepatic was reported from 
North America relatively recently  (Steere,  1941 ; Castle,  1950), from a 



fragmentary specimen collected by Dirt illy at Coppermine, where my own 
held work in '1>4S later showed it to he abundant. I'erssou ('lcM7i has ;re- 
ported this >pecirs from Alaska, and my studies "ii the arctic >d"pe clearly 
demonstrate that this i> a common and ahundant specie •» in the foothill and 
montane provinces of the Brooks Range < Steere. i'i|«"«/.), 

4. Scapiinia sinnuonsii Bryhn (Map 4). This handsome hepatic was 
described originally from two adjacent localities at the southern end of 
Fllesmere Island (Brylm. 1"07'>, and then fust rediscovered in Siberia, at 
Cape Tscheljuskin on the Taimyr Peninsula i Brotkcrus. 1910). and at 
Kmuachsur and Bulkur near the mouth of the Lena Rivet i Arncil. 1''13). 
Stiil later, it was reported from Spitzbcrucn and from arctic Finland ( finch. 
1934). Very recently, the discuvciy of this species at a sWu^r! locality in 
North Anici ica. in t ngava. northernmost Quebec, has been announced (Ar- 
nell. J'>50). From personal experience. I can report that this conspicuous 
and easily recognized species occurs in abundance at Great Bear lake and at 
Coppermine in arctic Canada, and at nearly every locality visited in the vari- 
ous physiographic provinces on the north slope of the Brooks Range in 
Alaska, 

5. Lcpicolca jryri Bersson (Map 5). Thi> phytogeographically inter- 
esting hepatic is known in the literature only from the .single original speci- 
men, from St. Lawrence Island, Alaska ( Pcrsson. PM6). However, I have 
collected it. with perianths and sporopln tes, in a half dozen widely separated 
localities in arctic Maska. front near the headwaters of the Ctukok River in 
the west to Schra<ler Lake, iv-ar Mount Chaniherlin. in the east. Further- 
more, some very small and fragmentary .specimens segre^at-d from a col- 
lection i>f Sflhiifiium made at Chesterfield Inlet, on the west coast of Hudson 
Bay in 1(>3(» by Dutiliv. vere very recently identified with this species, thus 
giving it a much more extensive range. .|itite parallel with thai of the other 
arctu species discitssrd here. In view of this ;apid expansion of th.e known 
geographic range of a species desirib«d as recently as l'M6, it se<'«iK per- 
fectly safe to predict a slid wider occurcuce. when hrvologists have Lid a 
(liance io make livid studies in other arctic areas, especially Siberia. 

6. Blnul'd poliiris ( Bcig\;ieii) llagen (Map in. I. )riginally described 
from several collections Mom Spitzhergen i Berggren. 1S75), this moss y 
now known to occur in a relic Xorway, Sweden, ami Finland j Jensen. 1".V'). 
In arctic America, it was early discovered on F.llestnere Island (Brvhu, 
!'«)?), recurth reported fioin Cormvallis Island (Steere. P'51 ). and is now 
known to lie widely distributed in northeruiuo.st Alaska t Steere, iiu-J. >. The 
geographic range of this species will surely he greatly extended, with futdicr 
field work. 

7. Cnu-luiium hitifulium I .indb. (Map 7), This. ..nc <<\ tin- most he.iuti- 
ful and the best-characterized species -of a fuse genus, was original!} propo.-ed 
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viously discussed, yet, like them, occurring with greatest frequency within 
the Arctic Circle. In a way, the generalized distribution of this species (origi- 
nally descrihed from Greenland) sums up the much more restricted and 
localized ranges of the much rarer species just listed, and indicates one of the 
types of evidence used in predicting their discovery in other regions. 

To different degrees, then, the geographical distributions of the species 
discussed here give evidence that no matter where its type locality, each one 
belongs to the same group of arctic species that are restricted to an area 
around the polar ocean and occurring with greatest frequency within the 
Arctic Circle. Just as with flowering plants (Hulten, 1937), arctic Alaska 
seems to be the region richest in these species, which become progressively 
less common or disappear altogether in northernmost Scandina\ia on the 
west and in Greenland to the east. Because of the remarkable parallelism 
shown in the known ranges of the species as outlined above, it becomes pos- 
sible to predict the remainder of their distribution by extension or extrapo- 
lation ; that is. if an arc matches part of a circle, it must belong to that circle. 
Thus some species are known from Siberia only ; others are known from 
Greenland and the eastern arctic islands of Canada; whereas still others are 
known only from arctic Alaska and near-by areas. Vet we can predict that 
careful exploration by bryologists will till out most or all of the circle. Other 
truly arctic species, most of them now discovered in Alaska, that exhibit this 
characteristic geographic distribution are: (Hepatieac) fiarbilophocia bin- 
stcadii, Mcwptychia sahlbcrgii, Marsupclla arc lira, Platjiochila arctica, Sca- 
pania hypcrborca, S. kaurini, S. spitebcrgensis, (Musci) Andrcaca obovata, 
Bryobrittonia pcllucida, (cf. Steere, 1953a), Ccratodon hcterophyllus, Cincli- 
diuni arcticttm, C. subrulutidtnn, Chiopodium subpilifcrum, Cynodontiutn a/- 
pestre, Distichium hageni, Drcpanocladus badius, P. latifolius, I). lycopodi- 
oides, Fissidens arcticus, llygrahypttum polare, Ly cilia aspcra, Mniunt blvttii, 
M. Uymcnophyllum, Polylrichmn hypcrborcum, Psilopilum cavifolium, P. 
laex'igatum, Trichostomum cuspidatissimum, many species in the complex 
rcnu* Rrytttn. as well as at least one new genus and several new and as yet 
undescribed species. 

Xow that the existence of a substantial group of arctic bryophytCS has 
been established with certainty, the next question of basic phytogeographical 
importance concerns itself with the origin and the age of this floristic element. 
Iii my opinion, these species demonstrating so restricted a distribution in 
circumpolar areas are very ancient (Hies, apparently widely distributed in 
wanner pre-Pleistocene or interglacial climates, which have found refuge in 
the far north, where their survival has been permitted by the generally scant 
precipitation and the resultant lack of large-scale or continental glaeiation. 
This opinion can be supported by several types of evidence, as follows: (1) 
Most of the truly arctic species of mosses and hepatics seem to have no close 
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relatives at all, and in their lack of variability and their evolutionary isola- 
tion, as illustrated by an unusually large proportion of small or monotypic 
endemic genera (Bryobrittonia, Mcsoptychia, Haplodon, Cinclidium, etc.), 
they clearly reflect a very ancient origin. (2) These species show no close 
relationship 10 those of temperate regions immediately south of their present 
range, and certainly have not evolved directly from them, as we would ex- 
pect modern species to have done. This geographic isolation seems as sig- 
nificant of great age as the genetic isolation. (3) The closest relatives of these 
species, where they exist, occur in very distant parts of the world, usually 
in the southern hemisphere, which, are characterized by ancient and primitive 
floras, a further indication of antiquity. An excellent example is Radula 
prolijcra (see Map 3), a member of the small and distinctive section Amentu- 
losac of the subgenus Acroradula, which, fortunately for our purpose here, 
has just been revised critically (Castle, 1950). The only other known species 
in this section are A', uvijera Tayl., of New Zealand, A', amcntulosa Mitt., of 
Japan and Fiji, A', jormosa (Meissn.) Xees, of "Java, Celebes, Sumatra, 
Ceylon, Amboina, Samoa, Tahiti. New Caledonia, and the Fiji Islands," 
R. scariosa Mitt., of Fiji, and R. novac-guinac Steph., of New Guinea (Map 
11). Another example is Lcpicolca jryci Persson (see Map 5), a member of 
a somewhat heterogeneous and perhaps polyphyletic genus as defined at the 
moment. In Ins Species Hcpaticarum, Stephani (1909, 1^22) listed 13 spe- 
cies of Lcpicolca, of which all are not necessarily valid. However, regardless 
of their specific status, the geographic distribution of these species may he 
considered independently, thereby shedding a good deal of light on the point 
at issue here (Map 12). Stephani lists Lcpicolca toes Steph.. and L. quadri- 
laciniata Still., from Fuegia ; !.. scolopcndra ( Hook.) Dum., of Xew Zealand, 
Tasmania, Oceania, and Formosa; L. ochrolcuca (Spreng.) Spruce of South 
Africa, Brazil, Chile, Patagonia, Fuegia, and Mexico; L. pruinosa (Tavl.) 
Spruce of Colombia, Fcuador, and Bolivia; /. balivicnsis Steph. and /.. 
hcrcogiana Steph., of Bolivia; L. loruina Steph.. of Xew Guinea, /.. lomii- 
fissa Steph.. of Xew Zealand, L, abnormis Steph... of Chile, /.. fissii Y.'-<:< 
and /.. flaccida Steph.. of Java ; and L. gcorgica Steph., of the antarctic island 
of South Georgia (Map 12). Other species of Lcpicolca, described more 
recently, are L. ratuctttifissa Herzog from Bolivia, and /.. si tit, ticiur Ilerzog 
from lava. In a recent discussion of the distribution patterns of Ilepaticae 
in South America, Fulford (1951) characterized Lcpicolca as follows, "The 
genus is of southern origin and belongs to a primitive family," a conclusion 
which seems to me to be inescapable, in spite of the single anomalous arctic 
species, /.. jryci. Further evidence is given by the fact that the closest rela- 
tives of I'unaria polaris Bryhn seem to be /*. acquidctts I.indb., of the Cau- 
casus, /•'. kashmircttsis of Kashmir, and l:. crcctittscula Mitt., of Chile ( Bro- 
thenis, 1924). A still undeseribed species of I'orclla from the headwaters of 
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the Utukok River, in the De Long Mountains toward the western end of the 
Brooks Range, is most closely related to a species from the Chinese province 
of Shen-Si, in the latitude of San Francisco, and these two species differ so 
fundamentally from the remainder of the genus that they are almost certain 
to be recognized as a separate genus when the reproductive structures are 
eventually found. A new species of the genus Ltjcunm, or of some related 
genus of very tropical affinities, repeats this same pattern. 

An interesting ecological sidelight on the age of these species is given 
by the fact that several of the species of arctic hepattcs occurring in open 
tundra belong to genera of markedly tropical distribution and that are nor- 
mally restricted in their habitat to the trunks of trees (Radula, Porclla, two 
species of Frullaitia, Lejcunca). Although speculations are as unsafe as they 
are fascinating, we can perhaps think in terms of a bark-inhabiting series 
of hepatics that persisted after the trees disappeared, through a gradual ad- 
justment to climatic changes. Furthermore, the tundra tussocks present 
ecological conditions surprisingly parallel to those of tree bark, since in a 
region of low precipitation and of high insolation during the growing season 
they are essentially xeric. obtaining water only occasionally from rains or 
fogs. Furthermore, like bark, they are very poor in minerals and in nitrogen 
sources. 

It would nut require too great a stretch, of the imagination to postulate 
that we are dealing with the last remnants of a widely distributed Tertiary 
or interglacial flora that originated in some far distant area, probably in the 
southern hemisphere, and that has now been restricted to the arctic regions 
by the destructive activities of continental giaciations at lower latitudes, as 
well as by the success in competition of more rapidly sjweiating genera and 
of vounger and more aggressive species there. The identification of Cin- 
ilidium latijolitim, one of the species now most narrowly restricted in its 
distribution to the high arctic regions, in fossil condition in Denmark, in 
Pleistocene deposits (Ilesselbo, l'MO). offers us excellent corollary evidence 
of the wider distribution of the truly arctic species during Pleistocene times. 
The concept of the persistence of bryophytes 'luring and through the Pleisto- 
cene epoch, in unglaciated rci'ugia, lias now been rather widely accepted 
(Gams. 1932; Steere, 1937; Midler, 1951 ; Lm«e, 1953). Furthermore, most 
of the species of bryophytes discovered in Pliocene deposits are still living 
species. 

It should he emphasized that our knowledge of arctic bryophytes is still 
too incomplete to draw any final and detailed conclusions on their geographi- 
cal ranges and geological history, since too many of the patterns of distribu- 
tion recognized so far—and reported here-- may reflect the accident of 
distribution of collectors rather than that of bryophytes. Nonetheless, it 
is possible to make several generalizations, in sununary:  (1)  There is a 
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truly arctic floristic element of mosses and hcpatics. (2) This clement is 
apparently circumpolar in its prcscst distribution rather than being restricted 
to two or more isolated centers of speciation. (3) The most typically arctic 
species at present are survivors of a widespread Tertiary (or warm inter- 
glacial) tlora, as indicated by (a) the morphological and genetical distinctness 
of the species from any other living ones, (/>) their taxonomic relationship to 
species of Ocea a. tropical Asia, and America instead of to species of the 
north temperate regions (or even northern tropical regions), and (c) their 
very wide present-day geographical distribution in north polar regions, some- 
thing very difficult to explain on any theory of foot-by-foot progression of 
vegetation during the relatively brief post-Pleistocene times. 
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SOME ASPECTS OF THE ECOLOGY OF THE BARROW 
GROUND SQUIRREL. CITELLUS PARRY I BARROWEXSIS* 

WILLIAM V. MAYER 

University of Southern California 

Exploratory field work was conducted by the author from the Arctic 
Research Laboratory base at Point Barrow, Alaska, from 12 July to 28 
August 1951. Ground squirrel colonies were studied at three different lo- 
calities in U.S. Naval Petroleum Reserve Xo. 4: (a) in the vicinity of the 
Meade River, 46 miles south of Point Harrow (July 17-25), (h) an aban- 
doned oil camp at East Oumalik, approximately 110 miles south of Point 
Barrow (July 31-August 7). and (r) Teshekpuk Lake, approximately 115 
miles east of Point Barrow (August 18-24). The following summer the 
author and two graduate students from the University of Southern Cali- 
fornia, Edward T. Roche and Roy G. Robinson. Jr., concentrated their ob- 
servations on one particular ground squirrel colony located on the .south 
bank of the Meade River. Either one or two observers were present con- 
tinuously from 7 May to 6 ()ctober 1952. Mr. Robinson observed from May 
to August, the author from June to August, and Mr. Roche from July to 
October. 

The held studies were supplemented by laboratory observation of a group 
of 10 captive squirrels which was brought to the University of Southern 
California by the author in the fall of 1951 and which inc.eased in number 
to 25 as a result of breeding experiments carried on the following spring. 
An almost complete life history of the Barrow ground squirrel has been ob- 
tained, and work scheduled for the summer of 1953 will provide the addi- 
tional material necessary to bring the study to completion. 

METHODS 

The sandy rivcrbank dunes selected for observation were restricted by 
the Meade River to the north, the flat tundra to the south, and by a flattening 
and narrowing of the dunes east and west so they were separated from the 
other near-by dunes similarly suited for habitation by ground squirrels. 
Within this area, approximately a mile in length and a half mile in width. 
21 trapping stations were set up, each being marked by a red flag on a 3-foot 
numbered stake. Trapping operations continued from May through Septem- 
ber, although no previously untrapped squirrels were caught after August. 
Each animal was weighed and measured when captured arid pertinent in- 

• Contribution No. 1953-9 from the Arctic Research laboratory, presented in partial 
fulfillment of Contract Nonr-377(00) with the Office of Naval Research. 
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formation as to genital condition, presence of parasites, etc., was carefully 
noted. The annual was then toe-clipped and released. An attempt was made 
to reduce disturbance of the colony to a minimum, and there was no indica- 
tion that the animals became trap-shy, for the same individuals were captured 
again and again, cue being taken 15 times in 4 days. 

In addition to the data obtained through the capture and recapture of 
marked animals, the investigators' visual observations on habitats and 
behavior were recorded, food plants collected and identified, burrows exca- 
vated and mapped, nests studied, and wide use was made of recording in- 
struments to obtain measurements of temperature, barometric pressure, 
humidity, and light intensity. Manual recordings were made of wind direc- 
tion.-- and velocities, ami other information of possible significance in the 
total life history of the arctic ground squirrel was obtained. 

DISTRIBUTION   AND   HABITAT 

The race Citcllus porryi luirrowcnsis represents the most northerly ex- 
tension of the genus Citt'llus in continental North America, and its adapta- 
tion to the rigors of the arctic environment is of particular interest. 

One of the first problems of adaptation for a fossorial animal is that of 
finding a suitable habitat in the frozen tundra region. The ground of the 
arctic slope is permanently frozen to a depth of many hundred feet, and only 
during the brief summer does it thaw superficially to a depth of a few inches 
to a few feet. To a genus such as Citcllus, which in < alifurnia may burrow to 
depths oi 5 feet or more, this high permafrost table greatly restricts the 
area of possible burrow sites. Also, though areas of suitable habitat for 
fossorial animals arc quite widely distributed over the arctic slope, thev 
are in it continuous, appearing as somewhat isolated "islands," each being 
idatively .small in size. These islands arc areas of good drainage and a rela- 
tively low permafrost table, such as river sandbanks, lake banks, tundra 
ridges, hillocks, and other raised areas with a sandy or partially sandv -ml 
The burrows of the ground squirrels are located near the top of these drained 
areas; thus the annuals avoid the possibility of Hooding during die spiing 
thaw, Although these isolated islands suitable for habitat are found almost 
to the Arctic Ocean, the flat, wet, coastal plain must he regarded as a some 
what marginal habitat for Citcllus punyi barro'vensis. Its presence in a 
locality can he Liken as indici'ive of an area of relatively low permafrost 
table on the arctic slope. 

ACTIVITY 

The first squirrel to be observed above ground was seen on Mav S. the 
dav after the first investigator arrived at the Meade River study site. Al- 
though this was '    aibly not the very first appearance of an animal for the 
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year, it was doubtless one of the earliest appearances, for at this time the 
ground was still covered with snow which varied in thickness from several 
inches to several feet, acording to the underlying ground contours and snow 
drift. The ground squirrels can tunnel from underground burrows through 
the snow, bringing up little of the frozen soil. Their first appearances above 
ground, however, are restricted to the immediate vicinity of the burrow, as 
was evidenced by tracks noted on the eighth. These indicated that the animal 
never went more than 4 feet from the burrow entrance on its first foray out- 
side the tunnel. At the time of emergence the squirrels are quite sensitive 
to climatic changes, and a bad day of cold, snow, or wind will cause them to 
remain beneath the surface. Tunnels uncovered under the snow indicate 
that the animals are sometimes active beneath the snow cover. As the sea- 
son progresses the animals are more frequently seen above the snow, and 
they wander farther and farther from the home burrow. By the thirteenth of 
May one individual was observed to travel 165 yards from the point of its 
emergence. Little active foraging can be observed at this time, although the 
squirrels have been seen to scratch at the snow and even to take a mouthful 
of it, as if to secure water. Stocks of seeds and other vegetable materials 
were noted to remain in the hibernation nest from the previous year, and 
the animals probably survive through the hrst days of emergence on these 
stoied stock1:. 

At this time of year the contrast of a dark figure moving against the 
snowy background attracts the attention of the ground squirrels and makes 
them harder to approach and to observe than at any other time. Until about 
the twenty-second of May the squirrels maintain a complete silence when 
active in the field, the only sound heard by an investigator before this date 
came from a captive animal. By this time, however, they are seen to chase 
each other and to run from one burrow to another. They become more vocal 
during these activities. Fighting was noted May 23, the vanquished animal 
leaving both blood and fur at the scene of the encounter. That fighting is 
common is attested to by the skins of captive animals which are frequently 
noted to be perforated with holes, sometimes as many as a dozen. 

Although final analysis of the environmental data obtained during the 
summer of 1952 has no* yet been completed, several general statements may 
be made concerning the ground squirrels' response to environmental changes. 
Once the winter snow has begun to melt, the inclement arctic weather appears 
to limit the activity of t'le squirrels very little, and animals were observed 
above the surface on da\s when the temperature was as low as 22° F. Only 
unusually severe downpours of rain restricted the squirrels to their burrows. 
They were frequently ol served foraging during rains and were often cap- 
tured with their pelage soaked by rain and drip from the vegetation. Other 
unfavorable weather conditions such as severe winds also failed to keep them 
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in their burrows. The squirrels seem to he impelled by the necessity of 
making the most cf every day of their brief summer season, and, as noted, 
only extremely unfavorable weather keeps them from their normal activities 
above ground. 

Light intensity is believed to exert considerable effect upon the activity 
of the ground squirrels. Despite the fact that from the second week of May 
to the first week of August the sun is above the horizon 24 hours a day, the 
intensity of its light diminishes during what would normally be the night 
hours at lower latitudes. The ground squirrels' response to this varying 
intensity is seen in their diurnal rhythmicity, their longest activity period 
noted beginning at 0410 and ceasing at 2130. During the spring and fall the 
animals appear above ground somewhat later than this and retire beneath 
the surface earlier, the maximum time above ground being spent in July and 
August. 

The adult squirrels begin to enter hibernation early in September, and 
none was trapped after the middle of September. The month prior to enter- 
ing hibernation is spent chiefly in enlarging burrows, gathering grasses, 
lichens, and other available materials for making nests, and storing as much 
food as possible in the nest. By August 22 one had stored 1.967 grams of 
food. 

Owing to the permafrost the ground squirrels' burrow systems arc shal- 
low as compared with those made by Citellus beccheyi in California. On 
high, level ground the burrow systems do not exceed a depth of 3 feet below 
the surface and are usually less than this. The deepest burrow system ob- 
served readied a depth of 8 feet; however, it was located on the top of a lake- 
side bank, where thawing was possible not only from the top but from the 
sides as well. The entire system was near the edge of the bank and did not 
extend beyond the lateral thaw line. Other burrows were observed which 
extended downward to permafrost with their nesting chambers located only 
a few inches above the permafrost table. Many of the burrow systems are 
extensive, reaching tunnel lengths of 68 feet and being excavated on several 
levels. These colonial burrows are used year after year and upon destruction 
of part of a system, the squirrels extend the remaining part or parts. Other 
burrows of a simpler pattern are scattered throughout the habitat. These 
serve as temporary protected nesting places. When destroyed they are not 
rebuilt. 

The temperature within tie burrows remains far more constant than that 
of the surrounding environment. Records taken in the summer of 1952 
showed that the burrow temperature began increasing slowly in the spring 
until it reached a maximum of !!° F., on August 12. then slowly decreased. 
From May 28 to October 3 the variation in burrow temperature was only 
22° F., while the outside variation during the same period was 60° F. 
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GROWTH   AND   DEVELOPMENT  OF   THE   YOUNG 

In the field the first ]>ositive mating was observed on May 24. Labora- 
tory observation at the University, during which one male sired a litter 
from each of tour females, indicated ttiat the males were polygamous. In 
the field mating occurred only during the month of May. the breeding sea- 
son being less than three weeks in duration. This is an important limitation, 
for the young must be produced early enough to enable them to reach the 
stage of development necessary for entering hibernation in October and sur- 
viving during the long winter. Under these conditions more than one litter a 
year would be an impossibility. In June, after gestation of approximately 25 
days, litters of from 5 to 10 were born. Any young which could not be taken 
care of because of either insufficient mammary development or for other 
reasons were soon eaten by the mother. The largest litter raised to maturity 
was nine, one additional newborn having been eaten. 

The young are born naked and blind, their eyes opening approximately 
20 days after birth. The integument darkens with pigment at about the 
fourth day, beginning in the head region and extending over the entire dor- 
sum by about the sixth day. Hair appears at approximately the eighth day. 
and its growth is rapid, the spotted dorsum typical of the adult becoming 
apparent within the second week. 

The brooding female ground squirrel will care for her own young only, 
so an observer may be sure that any young caught at a burrow site before 
the young begin to leave their home areas belong to that litter. A demonstra- 
tion of this fact occurred when a young squirrel from one litter was intro- 
duced into another litter of animals of almost the same size, weight, and age, 
and was found dead and partially eaten the following morning. It had been 
singled out by the female as an intruder. 

The young squirrels grow so rapidly that in less than two months they 
have approximated adult weight. For example, one laboratory litter t>\ 9 
averaged 10.8 grams at birth, 141.2 grams on the twenty-fourth daw 463.3 
grams "n the thirty-eighth day, and 785 grams hv the fiftv-third dav Bv 

September, just prior to entering hibernation, the squirrels may have attained 
a weight of 1,187 grams. 

The young do not emerge from the natal burrow until July, about one 
month after birth, at which time they begin to forage on plants near the 
burrow entrance. They stay very close to the home burrow during their first 
week above ground, but within another week they are found at increasing 
distances from the burrow, and by August they are found as far as two miles 
away. 

After about 12 days above ground the young squirrels abandon their 
natal burrow, either taking shelter in an abandoned burrow nearby or 
digging a new one of their own.  As the young of the year increase the popu- 
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lation of an area approximately three to five times, it is obvious that the 
limited number of burrow sites and availability of food must force some of 
the squirrels to move to new areas or to utilize poorer sites and less food. 
These latter alternatives may be major factors in limiting population size, 
for the ground squirrel shows no cyclical build-up in numbers as does the 
lemming, and predation is negligible. In July 1952, for example, the exca- 
vation of two young squirrels' shallow burrow in the low, wet tundra area 
roughly 100 yards from their natal burrow revealed a nest of paper, moss, 
and lichens. Doubtless the animals could not have survived the rigors of 
the arctic winter had they hibernated in such a nest. Other young who at- 
tempt to winter in burrows of inadequate depth or ones which lack drainage 
or good location, together with young who have failed to stoic sufficient food 
to provide for the period of emergence in the spring, unquestionably face a 
.similar fate and do not survive to form part of the breeding population the 
following spring. 

In the held the young of the year were observed to remain active for a 
period of several weeks after the last adults had ceased to be trapped. This 
prolongation of their time above ground is understandable in view of their 
necessity to prepare burrows, store fuod. and to gain sufficient weight to 
enter hibernation. The entire reproductive and developmental cycle of the 
ground squirrel seems to he attuned to this end—the mating soon after spring 
emergence, the short gestation period, the rapid growth, and early assumption 
us! independence by the young. 

By October all surface activity has virtually ceased. The last squirrel 
was thought to have been seen above ground on October 2. However, before 
the last observer left the area on October o. two additional animals had been 
noted. In the literature (HowHl, 1938) there is some indication that the 
squirrels may periodically come to the surface during the time they are sup- 
posed to lie in hibernation, and they have been recorded above ground on 
rare instances even in December. 

!•()( »1) 

A complete list of the food plants eaten by the arctic ground squirrel 
would include nearly all the plants of the arctic slope. The squirrels eat not 
onlv leaves, hut .seeds, (lowers, stems, and roots of various plants. Doitglassia 
roots, !>piyf]0mim seeds, .-Irdostiiphylos leaves, and Oxytrofis flowers are 
indicative of the variety of plant foods utilized by '.he squirrels. In addition 
to their normal herbivorous diet, the squirrels will readily eat any meat 
ihev find, consuming even the discarded carcasses ol other ground squirrels 
and lemmings which had been prepared as study skins. One bold individual 
Pte the fat from the nose and ears of a caribou hide stretched out to dry, and 
several study skins were damaged in quests tor scraps of meat.   C amp food 
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similarly proved attractive to these omnivorous creatures, and they would 
enter the investigators' tent to steal bread, prunes, beans, and any other items 
they happened across. 

CONCLUSIONS 

Life is possible for the Barrow ground squirrel on the arctic slope only 
because it utilizes the small, isolated habitats on the tundra which allow 
the pursuit of fossorial habits. Within these habitats the animals dig rela- 
tively shallow burrows and build large nests which give a maximum amount 
of insulation from the frozen earth. Early resumption of activity in the 
spring, even before the snow has begun to disappear, allows early mating. 
The short gestation period, coupled with rapid growth of the young, permits 
the newborn animals to prepare for the winter in a span of less than four 
months. The animals avoid the rigors of winter by entering hibernation no 
later than October, having utilized the summer months without taking ad- 
vantage of the full 24 hours of daylight available for activity during most of 
the summer season. An almost omnivorous diet allows them to take full 
advantage of the plants and available animal food, and storage of food makes 
it possible for them to assume early spring activity. The Barrow ground 
squirrel has utilized all of these mechanisms to invade and successfully re 
main on the arctic slope. 

NOMENCLATORIAL   NOTE 

This brief mention of the taxonomic status of Citcllus parryi is included 
to clarify some of the difficulties which have arisen concerning the variety 
of names applied to this form. This confusion of names has led to uncertainty 
in the minds of certain workers (Wilber and Musacclna, 1950) as to its cor- 
rect nomenclatorial status. 

J. A. Allen, in writing of the arctic ground squirrel (1S77), stated that 
the species was first noted by Forster in 1772. In the original description 
the trivial name parryii was applied by Richardson (1825) in honor of the 
English arctic explorer, Captain W. E. Tarry (rather than the well-known 
American explorer, Admiral R. E. Peary, as is commonly believed). 13. R. 
Ross (1861) employed the name Arctomys Kennicottii. Preble (1W8) des- 
ignated the race as Citcllus parryi kennicotti, treating the Spermophilus 
barrowoisis of Merriam (1900) as a synonym. This racial designation was 
followed by Anderson (1924), Hall (1929), and Dufresne (1946), although 
Howell (1938), considering a larger series of animals than that available to 
Preble, revived Merriam's name and designated the race Citcllus parryii 
barrotvcnsis. In so revising the group Howell disposed of the name kenni- 
cottii in synonomy. A recent decision dropping the final i in male patronymics 
leaves the racial name Citcllus parryi barrozcensis. Recently, however, Quay 
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(1951) indicated that Ogncv found that the formerly overlooked name 
Citeltus unduhtus I'allas (1778) should he considered the correct species 
epithet for the group. Previously, Hershkovitz (1949) proposed a revival 
of the genus Spi'nttopltilus of Cuvier to replace Citcllus. However, until 
a competent revision of the group includes these latter two names, it is the 
intent of this author to continue to use the currently employed Citcllus parryi 
barroxvensis. 
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