STANFORD UNIVERSITY PUBLICATIONS
| UNIVERSITY SERIES

BIOLOGICAL SCIENCES

E \ Votvuz XI

.....5 in the Alaskan Arctic

IRA L. WIGGINS, Editor
G. W. COMITA, W. T. EDMONDSON
JOHN LUTHER MOHR, DONALD B WCOHLSCHLAG
WILLIAM CAMPBELL STEERE, WILLIAM V. MAYER

STANFORD UNIVERSITY PRESS
STANFORD, CALIFORNIA

LONDON: GEOFFREY CUMBERLEGE
OXFORD UNIVERSITY PRESS

1953



STANFORD UNIVERSITY PUBLICATION

No,

No.

No.

No.

No.

No.

No.

No.

UNIVERSITY SERIES

BIOT.OGICAL SCIENCES

VOLUME 1
ScaLE INsEcTs OF THE SaNTA Cruz PeNInNsurLa. Gordon Floyd Ferris, In-

" structor in Entomology. 58 pages. 35 text figures. 1920. Postpaid, paper 75

cents ; cioth, $1 .25,

ReroRt UPON A CoLiacTioNn OF CocClpar FROM Lower CarLirorNia, Gor-
don Flo, 4 Ferris, Instructor in Entomology. 74 pages. 25 text fignres. 1921,
Postpaid, pap<r, 75 cents; cloth. $1.25. [Cut of prini.]

NEw SPECIES OF MELYRIDAZ, Cnnvsonzr.m.\z, AND TENEBRIONIDAX (CorE-
oPTERA) FROM THE PaciFic CoasT, witH Notes oN Oruer Species. Frank
E. Biaisdell, Sr., Associate Professor of Surgery. 100 pages. 1921. Postpaid,
paper, $1.00; cloth, $1.50.

ToeE Fisg FAuxA or THE CALIPORNIA TeRTIARY. David Starr Jordan, Chan-
cellor Emeritus. 68 pages. 57 plates. 1921, [Owi of print.]

VOLUME 11

CoNTRIBUTIONS TOWARD A MONOGRAPH OF THE SuckiNG Lice. Part 1.
Gordon Floyd Ferris, Instructor in Entomology. 52 pages. 32 text Sgures.
1620, Postraii. naper, $1.00: cloth, $1.50. [Ou? of print.)

CONTRIBUTIONS TOWARD A MONOGRAPH OF THE Sucking Lics, Part 1L
Gordon Floyd Ferris, Assistant Professor of Entomoclogy. 82 peges. 57 text
figures. 1921, Postpaid, paper, $1.00; cloth, $1.50. [Owut of print.}
CONTRIBUTIONS TOWARD » MoNoszard oF THE Sucking Lice. Part ITI
Gordon Floyd Ferris, Assistant Professor of Entomoiogy. 44 pages. 29 text
figures, 1922, Dostpaid, paper, $1.00; cioth, $1.50. [Out cf primi.}
CONTRIBUTIONS TOWARD A MONOGRAFR OF TEE Sucking Lick, Part IV.
Gordon Floyd Ferris, Assistant Professor of Entemology. 92 pages. 54 text
figures. 1923, Postpaid, paper, $1.25; cloth, $1.75. [Oui of print.}

VOLUME I11

CALIFORNIA GALL-MARING CyNIPIDAE, wWiTH Descriprions or New
Sepecies. Isabel McCracken, Assistant Professor of Entomology, and Doro-
thy Egbert. 70 pages. 2 plates. 1922. Postpaid, papcr, $1.00: cloth, $1.50.

A CurassiricaTiON OF FrsHes, INCLUDING FaMILIES AND GENERA AS Far
As KNowN. David Stairr lordan, Chancellor Emeritus, 168 4 x pages. 1923,
Postpaid, cirth only, 384,25, [Out of print.]

Tre OsTeoLosY aXD RELaTiONSHIFS OF ToE Uravoscorolic Fisars, Ed-
win Chapin Starks, Assistant Professor of Zoology., 36 pages. 5 plates. Post-
paid, paper, $1.00; cloth, $1.50. [Owut of print.]

THE GROWTH OfF DRAGONFLY NYMPHS AT THE MOULT AND BETWEEN
Movurrs. George D. Shafer, Instructor in Physiolagy. 36 pzges. S text fig-
ures, 1923. Postpaid, paper, $1.00; cloth, $1.5).

VOi.UME 1V

THE FossiL Fisnes or e MioceNe or 5ourHerN CanirorNia. David
Starr Jordan, Chanceller Emeritus. 52 pages. 21 plates. 1925, Postpaid,
paper, $1.50; cloth, $2.00. {Qu¢ of drint]

(Continued on third page of covrr)



STANFORD UNIVERSITY PUBLICATIONS

No.

No.

No.

No.

No.

No.

No.

No.

No.

UNIVERSITY SERIES

(Continued jrom second page of cover)

v

. 2. Strupies oM Growrs., Part J, The Porirr Buvomuiy, AXp Irs Deriva-

Tives. L. G. M. Baas-Becking, Professor of Biology; Part 11, ExpeRINENTAL
DATA—APPLICATION OF THE T=eoRry. L. G. M, Bras-Becking and Leland
S. Baker. 84 pages. 30 figures. 1926, Postpaid, paper, $1.50; cloth, $2.25.

Boxgs or Tux E7rnmoip Reciox oF tre Frsg SkurL. Edwin Clapia
Starks, Assistant Professor of ZoGlogy. 22 pages. 58 figures. 1926. Post-
paid, paper, $2.00; cicth, $2.50.

VOLUME V

INTRODUCTION TO TRE LiuNoLocy or SeamrsviLre Laxe. Flora Murrsy

" Scott. 84 pages. 11 illustrations. 1927. Postpaid, paper, $1.50; cloth, §2.0C.
No. 2.

Tnae Fossit Fisaes or 7HE M10cEAE OF SoUuTELR CALIFORNIA, Contribe-
tion No. IX. David Starr Jordan, Chencellor Emeritus. 16 pages. 4 plates.
1927, Postpaid, paper, 50 cents; cloth, $1.00,

Tre Princirirs or SystEMATIC ENTOMOLOGY, Gordoa Floyd Ferris, As-

" sociate Professor of Zodlogy. 170 pages. 11 figures. 1923. [Owt of print.]

VOLUME VI

A CONTRIRUTION TOWARD A MONOCRAPH OF TBE ADEZLGINAE (Puvi-
LOXERIDAR) OF Noetu Awrrica, Percy Nicol Annand. 146 pages. 31 iilus-
trations. 1928. Postpaid, paper, $2.00; cloth, $2.50. [Out of print.]

. Tue Primazry SsouLDeR GirpLE or TaE BoNY Fismzs. Edwin Chapin

Starks, Associate Professer of Zodlogy. 94 pages. 38 figures. 1930. Post-
paid, paper, $1.50.

Tae Priuary Groups or Ovirarous CyeRINGDONT Fisuzs., Geosge
Sprague Myers. 16 pages. 193i. Postoaid. paper, 50 cents,

Tur ErrecT orf DirrerenT PRERCENTAGES OF PROTEIN IN THR DIET OF
S1x GENERATIONS OF Rats. James Rollin Sloneker, Profassor of Physi-
ology, Emeciitus. 67 pages. 1939. Paper, $1.00; cioth, $1.75.

VOLUME VIT

Tuz ARACHNID ORDER CHELONETHIDA. Jostph Conrad Chamberlin, PR D,
(Stanford). 284 pages. 71 figures. 1931. Paper, $2.00; <loth, $2.50. (0wt
of print.]

Notes o A COLLECTION oF FISHES FROM ANTIGUA AND BARZADOS,

’ Britisn WEesT Inpies. Albert W. C. T. Herre, Curator of Ichthyvology.

21 pages. 1942. Paper, 50 cents.
VOLUME VIIi

A CoenTtrIBUTION TO THE BIoLoGY OF NORTH AMERICAN VESPIng Wase
Carl D. Duncan, Ph.D. (Stanford). 272 nages. 54 plates containing 2353 fig-
ures. 1939, Paper, $2.50; cloth, $3.25. {Out of drine.)

NeotroricaL Lizarps i8N tiE COLLECTION OF THE NaturRatr HisTory
MUSEUNM OF STanFORD UNIVERSITY. Charies E. Burt, Prolessor of Zooiogy,
Southwestern University, Wiaiield, Kansas, and George S. Myers, Professor
of Biology and Curaior of Zoological Collections. 32 pages. 1942, Faper, 73
cents.

(Continued o forurth page of cover)



STANFORD UNIVERSITY PUBLICATICNS

No.

No.

[

UNIVERSITY SERIES
{ Toncinclsd from third tage of cover)

VOLUME X
Brorogy, Ecorocy, arb MORPROuRNESIL or A PELAGIC Fomauinasre
Ear! H. Mryers, Hopking ifarine Stalion, 38 pagea. 4 plates. 1043, Paper, 73
cents. {Qwl of primt.}
A Revisw oF tox HaLszrags or HYMIRANPRIDAE OF THE DHILIPPINz]
ARD Apjaczyt WareRs, Altber: W, C T, Have, Curstis of Iciihyology.
48 pages. 1744, Paper, $1.10C

VOLUKE X

OriGin: or e FLoRA OF CALIPORNIA. Douglas H. Camphell. Professor
of Hotany, Emeritus, end Ira L. Wiggins, Director of Natural History Mu.
seumn. 22 pages. 1847, Pauer, B9 cents.

VOLUME XI

CunnzNT BrotouicaL Reszancy IX THE ALASSAN Arcric. Ira L. Wiggins,
Professor of Biolegy (Botauy) and Director of Natural History Museum,
editos, aad others. viii + 53 pages, 1533, Pager, $1.00.

A coupicte list of Stanford University publications, giving prices, may be obtained from

STANFORD UNIVERSITY PRESS
STANFORD, CALIFORNIA



Current Biological Research

in the Alaskan Arctic

A symposium based on mvestigations
conducted at the Arctic Research Lab-
oratory, Pomt Barrow, Alaska, under
contracts with the Ofhice of Naval Re-
search, and presented at the Twenty-
second Annual Winter Meetings of the
Western Society of Naturalists, Port-
land Univeraty, Portland, Oregon,
December twentv-ninth and
thivtiedhy, 1952



Current Biological Research
in the Alaskan Arctic

IRA L. WIGGINS, Editor
G. W. COMITA, W. T. EDMONDSON
JOHN LUTHER MOHR, DONALD E. WOHLSCHLAG
WILLIAN CAMPBELL STEERE, WILLIAM V. MAYER

STANFORD UNIVERSITY PRESS
STANFORD, CALIFORNIA

LONDON : GEOFFRLEY CUMBERLEGE
OXFORD UNIVERSITY PRESS

1953



STANFORD UNIVERSITY PRESS
STANFORD, CALIFORNIA

PUBLISHED IN GREAT BRITAIN, INDIA, AND
SAKISTAN BY GEOFFRIY CUMBERLECGE,
OXFORD UNIVERSITY rRESS,
LONDON, BOMBAY, AND KARACHI

THE BAKER AND TAYLOR (OMPANY
NILLSIDE, NEW JERSEY

HENRY M. SNYDER & COMPANY, INC.
$40 FoUaTt AVENUE, NEW YO RK %
w. 3. Hail & COMPANY
457 MADISON AVENUE, NEW yYORK 2

COPYRIGHT 19353 BY THE BOARD OF TRUSTEFRS
OF THE LELAND STANFORD JUNIOB UNIVERNITY

PRINTED AND BOUND IN THE UNITFD STATES
CF AMENICA BY STANFORD UNIVIRSITY PRFSS

Labrars of Congress Jetaiog Card Number: 356048



FOREWORD

This symposium was presented during the twentyv-second amual winter
meetings of the Western Society of Naturalists, held on iiie campus of the
University of Portland, Portland, Oregon, December 29 and 30, 1952. The
pipers are based on work done at the Arctic Research Laboratory, Point
Rarrow, Alaska, under contracts between the respective investigators’ home
institutions and the Ofhce of Naval Research. The resea:ch contracts pro-
vided financial support covering travel to and from Point Barrow ; salaryv for
assistants and, under certain conditions, for the principal investigators ; pur-
chase of necessary equipment and supphes; laboratory and field facilities at
the Arctic Research Laboratory and on the arctic slope 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 $300 toward the costs of publication.
The Office of Naval Researdi: proviaded $500 and the remaining $100 of the
actual cost of publication was contributed by an znonvmous donor who 1s
mterested 1n the research work bemng done m the Alaskan arctic. The home
institutions of the respective investigators absorbed the costs of tvping the
manuscripts in those cases m which the funds in the contracts were msufhi-
cient. at the end of the season, to cuver this service.

Jesudes the papers in thas volumie, Dro Frank AL Putelka presented a
paper entitled Lemmings and Their Predators at Point Barrow, Alaska,
1 195119527 Since 1t was in the siture of & progress report on an un-
tintshed research program, pubbkeation s deferred until completion ¢f the
studdy

The cheirman ot the svmposium wishes to thank each of the contributing
mstitntions, agencies, and mdividuals for the support that made possible
the publication, under one cover, of papers resulting from certain segments
of the work done at the Arvctic Research Faboratory duning the period of

his incumbeney as 1t Saentitic Direcror.

Ira L. Wicaixns

PoirsT BArRrROw, A1aSKA
March 15, 1953
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THE ORGANIZATION AND FACHATILES OF THE
ARCTIC RESEARCH LADBORATORY?!

Ira L. WicGiNs
The Johns Hopkins Uwmnversity and Stanford University

Although biolgical research on problems involving the Alaskan arctic
15 gomyg on at other centers also, 1t 15 only with that conducted at the Arctic
Rescarch Laboratory, Point Barrow, Alaska, that the present svmpostum
deals.

The Arctic Research Taboratory s located about 120 vards from the
Arctic Ocean, at 717 200 N, 1567 407 W, m the U.S. Naval Petrolenm
Reserve No. 4 Only rescarch workers cleared by the ULS. Navy's Sccurity
Oftice and certified to the ofticer in charge of construction m Fairbanks, are
pernntted to enter the reserve. They are given clearance onlv i they (¢) rep-
resent an agzeney holding a contract with the Office of Naval Research, or
1) are members of a governmental ageney doing rescarch nnder @ co-oper-
ative agreement with the Navv, or (¢) secure hranctal support clsewhere
sutficient to defray their expenses to Fairbanks and return and to cover
the cost of specal cquipment and supplies needed m their invesuganons.
Werkers in each of these categories recerve fogistic support from the Office
cf Naval Research throughont 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 cleamng services,
medhical consnltation 11 needed, cold-weather clothing. laboratory space and
cquipment (with some restrictions as to amount and scope of this tvpe of
support), as much surface transportation as equipnient and conditions per-
it, and use of certam special gear if 1t can be supphed by the Arctic Rescarch
Labaratory, Some Lasl tlving may be furnished i speaal cases,

The Arctic Research Laboratory 1s under the sponsorship of, and sup-
ported financially by, the Office of Naval Research. Its operated by The
Johns Hopkims University nnder contract Nonr-248 (25) between that in-
stitution and the Otnice of Naval Rescarch All pernmment operational stat¥
members are emplovees of The Johns Hopkins Umiversity.

The camp at Pomt Barrow, where the laboratory s located, 1s operated
Ly, and chueily for, the Arctic Conractors, a civilian organization exploring
for ail mn the Alaskan arcnie nnder Contract NOV-71333 with the United

CContribution Noo 19334 from the Arctic Resarch Laboratory, epevated Tor the
Oifice of Naval Research by The Jokns Hopkins Umversity under Contract Nonr-243-

25).
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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 term- of Contract NOy-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, garage tor four vehieles, and a dormitory for 32 men. liach lab-
oratory is supplied with electricity, hot and cold water, compressed air, and
gas. A smaller quonset provides an “animal house™; wanmgans give addi-
tional storage space; a 36-foot motor launch equipped with a light dredge
and a fathoimeter provides facilities for linuted oceanographic and other
marine work. Several skiffs and outboard motors supplement the launch and
are of nse en ncar-by lakes and lagoons. Track-layving light vehicles (wea-
sels) are rented trom the Arctic Contractors and are available for teams
needing to get out on the tundra to carry on their studies. Camping equip-
ment is available for those who operate far aficld. 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 mdividual contract of the mvestigator. Instruments, glassware,
and equipinent commonly used in biological and physiological laboratories
are avatlable i1 the stock room, and some other specialized pieces of ap-
paratus are kept on hand.

Six apartments, 2 in ecach of 3 quonset huts, are provided for married
couples employed as staff personnel or engaged i research at the lahoratory.
A field laboratory at Unuat, about 175 miles from Point Barrow, provides
living quarters for 8 men and a working iaboratory approxiniciy 20 {eei
square. No stock room 1s nuuntained at this sateliite station, so all equip-
ment and supplies needed to carry on ficld operations must be obtained
through the main establishient at Point Barrow.

The area around Point Barrow, and extending inland about 100 miles,
is a flat, water-soaked plam on which thousands of ponds, lakes, lagoons, and
widely meandering streams present a landscape of monotoncusly low relicf
-—about one-half of the surface being covered with water during the summer
season. 1n the winter everything is frozen uatil the breakup of the ice on
the rivers and ponds begins in June. Breakup of sea ice 15 2 to 4 weeks later
thanhat on the fresh-water ponds and streams. For a period of from 2 to 6
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weeks dunng the breakup and for a similar period doning the fall (reeze-up.
surface travel is virtnally at a standstill,

During the summer the soil thaws to a depth of T 1o 3, or sometunes 4
feet. Below these levels, except beneath deep streams andd lakes, the sub-
strata are perenmally below freezing temperatures. Thus, all bwlogical
activity onand i the soil i< confined tecthe thin blanket of the “active layer.”
that portion ot the <ol that thaws in smnmer. Winter temperatures drop to,
or a hittle below, 300 Fahrenhient helow zeroo Air teniperatures in the sum-
mer rarely go above 35- Fahrenheit above zero.

The tindrans carpeted with a dense growth of lew perennial vegetation,
composed mostly of prostrate shrubs, herhs, grasses, sedges, mosses, il
lichens, "fhie ponds, lakes, and wet surface of the sotl support a large number
of algae. Thousands of irds nest o the tuindra, mynads ot msect: and nntes
inhkabit the peaty “actuive laver,” and populations «f such mammals as lem-
mmgs, foxes, weasels, and shrews oceur in varving aumbers near Point Bar-
row. Farthernland, particularly in the rolhng toodnlls of the Brooks Range.
such addinonal mammals as the barren-ground grizzhies, cantlion, arctic
squarrels, voles, wolves, marmots, and waolverines oceur.

Dredging done in the Arctic CGeean by Protessor Gearge Eo Mactnnitie
has shown the invertelrate hie on 1tz Hoor to be rich m number of species
and mdividuals. Crnstaceans, molhisks, sponges, worms, echimoderms, tam-
cates, bryozoans, and foramiunera, among others, are very nnmerogs.

H there weve snfhcient time, 1 would be desirable to sketeh the work done
in cach of the ficlds not represented by e speakers who are to 1oflow dur-
iy this syvinpostim. In the brief space rencumng to me, perhaps a tew of
thent can be mennoned and turther discussion curied on mformatly Liter,

Durmg the carly davs of the laboratory a nuniber of physiolsaical projects
were initiated @ a survey of the blood ivpes among the Eskimos was made;
work wias done on the eprdennoiogy anong the native populations ; and on
the incidence «f, and changes i, the snsceptibnhity o dental eares anong the
Lskimos, A shidi toaanere genersd ivpe of prograun followed shordy, with
investigations of mgration among arctic birds, the compositon o1 the 0sh,
msect, and recent formmimiferal fanna andertaken, MacGmitie studied the
marine imvertebrates and collected proadigions nunibers of specunens, Survevs
ot the paleobotany, the nemeahan fanna, and of several ditferent groaps ot
living plants were imtiated, Lite lustory stndies of certaum organtsms and
ceological mvestygations were mdertaken, Work an anthropology, erystal-
lography of recent and oider ice, magnetie storms, the anrora, and a number
of projects of particular nterest to military agenecies has been prosecoted
dihgently.

I should like to discuss the detads involve ' in a number of the projects
just mentioned, but with this brief ind wocnlly incomplete sheteh of the
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general conchitions and activities at and in the viciity of Point Barrow as a
background for the speakers about to address vou, 1 wish caly to make one
more point before vielding the floor to them. It 1s with considerable pleasure
and great satisfaction that I express my thorough appreciation of the excel-
lent spirit of co-operation that has existed at Pomnt Barrow among the in-
vestigators, between the Arctic Research Laboratory and the Arctic Con-
tractors, the Navy, and ather agencies at the Barrow camp, and which, sice
the ¢..d of the summer season of 1932, has culmmated m the preparation of
this svmpostum. May I say “Thank vou!” to cach contributer.



SOMLE ASPECTS OF THE LIMNOLOGY OF AN ARCTIC LLAKES?

G WO Cosra anp WL T IZpsoNpsoN
University o Waishington

The purpose of this stidy s teccanribute to onr very hinted knowl-

cdge of the hmmnology ot the sliallow arctie lakes of northern Alaska. It has
been contined to 8 lakes and nuay smaller marshes and pools located m a
100-mile radias {rom Pomt Barrow i the region extendmg sonthward
toward the toothills of the Brooks Range, a region with a large number of
bodies of water ranging trom small pools Tornied by melting ot wce wedges
to large, extensive lakes, So mmnerons are these waters that it s estimated
that locally the lukes or drained luke hasms comprise trom about 23 percent
to s much as Y0 percent of the surtace o1 the land, aithough m most places
the fakes prababiy comprise between S0 and 73 percent ot the surtace (Black
cnd Darksdale, P90 Smee many are ehmgated ma northwest-southeast
direction, the name “Oriented Lakes of Northern Alaska™ Las been apphied
to them, The aren ot wricintol Likes 1s more than 25000 square anles, bt
in spite ot this areal extent the lakes ot any magnitude are remarkablv sni-
lar e shape and depil, and perhaps o many other respects, This paper con-
sttutes a prehminary report on the progress ol part ol our nvestgations,

The existence of the Arctic Researci Labovatory near ot Bavreaw
has made 1t possible to study a onastal tresh-water Like i constderable de-
cul, and with the Iaboratory as a base, a survey ot some of the vanthving Likes
wis made. The snrvey ot the outdving Takes was made durig the summer
of 1931 Duarmyg that summnter an attempt was mnade to mvestizate a lunned
nunber ot likes so that a compartson onuld be nmade hetween these lakes and
aostricthv coastal Take which was stidied the tollowmg sunmner, and, turther,
compartsen could be made with waters of lower latiades. O these outving
fahes the nsual unportant rantme pedsuremnents sd Cnpecre, triaspar-
esey, 11, and nthers were nnaile, During the samuer of TUS20 0l work weis
concentrated on lnukprk ¢Fresh witer Fake ) near the coast Bl incisuee
ments were nede of pliotosyithiests, oxyvgen, bicarbonave, plLL chloraphylt,
snd astindy made of the phosphorus amd introgenr eveles, as well as oot the
~easaatal climges mothe zooplstkron Ndequate pdankton tows oo Gnnistic
PHIPOSUS Were neele nrsab wiaters ivesiigated.

Licrlns paper sone of the aspects of the stidy od photosynthests i hnnlke-
|t and parnt af the data onane of the zacplankters are presented. In re-
cared to the generald descriptioar ng the area, the surtace tennres of the Coastal

*Contnhntnen Noo 19332 ream the Arare Rescaach Laboratory, presenied o pannal
lnlhnient of Coatract NS ONR-S2013 wnh the Cifice of Naval Researdh,
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Fia, 1.—Graph of pepalation cficieney, IZ, as percent, temperature, 7, as "C., and
Secchi disc trasparency, S, as meters,

ture 1s 0.49, which 1s signiticantly different from zero at the 3 percent level
The analysts of the varations & efficieney has not yet bheen made, but in-
spection of the data shows that the chlorophyll content of the population
1s responsibie for hitle of the varianon, and the transparency of the water
may iweve been more nnportant i controlling photosyntiesis. To show
this relationship the Seccht dise readings were also included mn the figure.
For Imilkpuk, 0.085 percent of the avatlable solar energy was actually

used 1 photosynthesis during the period m which the lake was stadied. As
a compartson, the following etivciencies for other lakes are presented

0.026%:  Chasc Lake, Washington (Anderson, 1933)

0.050 Linsley Pond, Connecticut (Riley, 1940)

0.085%% Inukpuk, Arctiec Alaska (Present paper)
0.1 % Cedar Bog Lake, Minnesota ( Lindeman, 1942)
0.4 Lake Mendota, Wiscousin (Lindeman, 1942)
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In the cases of the Alaskan and Connecticut lakes, the data pertain to
studies carried through less than a vear, while the remamning percentages are
drawn from stadics extending ever at least one year. The data on Cedar Bog
Lake and Lake Mendota are approximations based on measurements of the
standing crap over a peried ot time, henee are mdirect estimates not hased
on measurements of photosvnthesis. The others e based on direct measure-
nients of photosvathesis, For the purposes of this comparison, however,
it must be remembered that the Alaskan lake is exposed to very httle hight be-
tween the first of November and the first of March, after which 1t 1s covered
with thick ice until late in July,

A better comparison would be made using equivalent time periods. An
approximation was made te the eftictency o1 phytoplanktoa production in
Cedar Bog lLake durmg the summer, using Lindeman’s data and sources.
Mr. Anderson turmished a calculation of the stimmer etticiency of Chase Lake
(18 Tuly te 20 August 19531y, This compartson follows:

0.17 <7 Cedar Bog Take
50 Chase Lake
59¢  Inukpuk

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 dystrophic bog lake with a well-developed mat ot sphag-
num moss and a moderate rooted fiora. Tu both these lakes, the water was
rather less transparent than  Inukpuk. 2\ more extended discussion of
this matter 1s in preparation for future publication.

The basic production of the lake was assessed by the measurements of
photesynthesis. The utilization of the maternial produced by animals is more
difficult to determine. s part of the analysis, detailed studies are being
made of population changes of the zooplankton. The donminant members of
the zooplankton were a rotifer, a Daphma, and a calanoid copepod. The
life history of the copepod will be briefly discussed.

l]lc dominant u,pcpo(l Limnocalanus ;mmnum \I'lt‘\h 1920, 15 of
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genus having in addition to a marine form, I grimaldi, a form found coastally

i e T ol G
as well as at consideiable distances mland m North America, L. macrurus.
Records of the fresh-water forms indicate that they are apparentiy always
found m lowlands that may have been covered by the sea. Intevesting dina
on the pracesses of speciation might be bronght to hight by a study of mem-
Lers of this gemrs that are presently mhabiting lakes formed aiter recession
of the scis. Geological evidence mdicates that such a situation occurs on the
Arctic C u:xsml Plam, and hence a study of the distribution of L, johanseni
over the lakes of northern Alaska would be of considerable interest.
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In 1932 wlile the lake was covered with about 3.5 feet (1.7 mcters) of
e, collection of the zooplimkton was started, bhut quantitative samphng was
not posstble untd 10 Julv, by which time the e had mielted sutticientiv to
alloav samphng around s tringes mosmall open arcas or water. By then,
the third nauphns stage had alveady reached 1ts peak m mmibers and was
chianging to nanphues stage 1V, The approxnmate time spent e each nunphus
and copepodid stage was extimated from the sequence ot stages as cach ap-
peared m the poyalation, passed through a maximnm of numbers, and Gisap-
peared. The time between peaks of curves smoothed to the population counts
of cach stage was taken as the e spent in the stage. Nauphus stages T and
IT contnued to Le present over a known period ot I8 davs, suggesting that
hatching 13 a process that takes phice stowly with the first shelit rises in
water temperatitre. g 2ats are avadlable that mdicate that the lake docs not
freeze to the bottemn in winter Coticrtl nles of ULSL Geological Survev), and
that the eggs can survive moa laver of iree water approximately T meter thick
m the deever parts of the lake at the tnne of thickest ice tornation. These
samie data mdicate that this i-meter laver of water just above the bottom
ot the lake at the time of lowe:t winter air temperatures does not get calder
than 4+ 1-C. The mud beneath the water does not get colder than -=27C. thus
acting as a reservoir of heat. In Inkpuk, therctore. eggs of copepads can
winter-ever ander conditions not much more severe than those found m any
nud-latitude lake where treezing occurs v the top lavers of water and the
remainder of the lalie water 1s mamtaimed at a temperaiure at or near --4°C.
We have no intormation on the possible survival in the more shallow frozen
niudd.

Az indicated m Table T, the adult copepod emerged from stage 7 cope-
pudid about fortyv-seven davs atter the cogs hatehed. Tt did not attam sexual
raaturity until atter it had hved tor about a month, as indicated by the time of
appearance ot eggs i the oviduct of the temale. At this time the lake began
to freceze over, and later gravid temales were taken ander 1ce mowater at
abont =17C. Fegs must reniun m water of thas temperature unul the tol-
lowmyg July., Swmcee the last collections taken nnder the 1ce were made on
I December 93200t s somewhat uncertam in what form the animal spends
the first six months of the following vear. The occurrence of only middle
nauphus stages at the tune of melting i July suggests very strongly that the
adult poputation dies off during the winter. On the basis of the rate of mor-
tahlity m the quantitanve samples tiken betore freezing, 1t is estunated that
the adnlt popnlation nay lave died ot atter abont 120 days, Siee it s very
nnlikely that the carly nauphns stages persist very Jong, the time ot hiclang
of the cggs must have beenmid-Julye 1t was also rid- Judy that solar and sky
radiation had reachied suthicient mtensiy tor a foag enongh pertod of tnie ta
niclt the heavy iee cover wnd start warnng the water. The total tme the
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TABLE 1

SEQUENCE OF StAGES OF Limnocalanus johansens

Date of Maximum Duration of
Stage Occurrence Instar (Days)
N-1 2
N-II 2 6, estimated
N-III 2
N-1V July 16 2
N-V July 18 3.5
N-VI July 21-22 5
C-l July 26-27 3.5
C-11 July 30 3
C-I11 August 2 3
C-1v August 5 5
C-V August 10 16

Approximately 47 for all immature
stages
C-VI (Adults) August 26 120 (4 months), ap-
proximatcely

167, approximale span
of activity

lake was free of 1ce was 65 davs. This allowed the adult copepod about 23
days in an ice-free lake for growtic and maturation, which some ot the cope-
pods just attained before ice formation,
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SOME OBSERVATIONS ON ARCTIC CRUSTACEANS AND
THEIR ASSOCIATES: NOTES ON THE FAUNA OF
NUWUK POND, POINT BARROW?

Toux Lytiek Monr
University of Southern Calitornia

On thie gravel spat that 1s the “pomt™ of Point Barrow there are several
ponds. The largest of these and i some wayvs the most mteresting we have
called Nowik Pond, applving to 1t the Eskimo name for the whole prom-
mence. This pond 12 abont 7350 feet i greatest dimension, its northwest mar-
e Iving about 200 teet trom the Arctic Ocean. About haltway between the
ocean and Nuwuk Pond 15 a very shallow pool which from the air shows
comnections, clearly recent, with the mam pond, so from tine to timie the
witers of the two must be confluent and o ¢lose to the sca as to be within
splash range dunng very severe storms. [ Simce the writig of this paper
Norman . Wilmovsky e ¢ has connimed the fact that waves reach Nn-
wuk Pond during an autunmal storm, |

Salimty of the water was tested once (7 Julv 1932 the sample having
achlorosity of 1.3 percent or i salimity of ronghily 24435 pereent, an ohigohahne
or metomesohaime level depending upon where one draws the Ime between
“low™ and Clow medinom™ salimity (Dahl, 1948). The contour of the pond
bottom appears to be that of a somewhat elongated obtriangnlate hasi
shallowest scaward and veachig a depth of not less than 17 feet. A\ sulnde
mud covers the bottom m the decper portion. The only hving vegetation
appeared to be ancadga tormmg a film on the gravel e shailow water, although
acad leaves imd stets of unidentitied Howerimg plants iand thallus tragments
ot bryophytes occurved mosmadl gaantities,

When Nownek Pond wae tirst visited by the speaker in Julyv (2 Jalyv 19532y,
it wis covered, except for o 10-toot border area, by i thiek sheet ol e, A\t
this tisie and subsequently on several occasions, water birds were seen appar-
enidy i feedimg activities. Wndrows of gammiaoridean amplipods on the
vorthwes shoreandicated that the pond was or hiad been mhabiied.

Collecting with Vyg-tueh mesh nets inoweasel-roitled waters vielded three
crustacems (Gammarus sctosus Dementieva, Ouistinus sp., both ganmarid-
can amphipods, and Wvsis relicte Tovén) and s cnchvtraend oligochacie
still umdentitied. These occurred i toe ratio of ronghly 10O Ganimarus te
S Onisimus to 1 or 2 Mysis by this method of collecting (in a wire screen

P Coctribution No. 1953-6 fram the Arctic Rescarch Laboratory, presented m partial
raifitlment ot Contract Nonr-777(00) with the Ottice of Naval Rescarch,
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trap, the proportion of M ysts ran somewlat higher). Noattention was given
the oligochactes which were mtennediate i mmbers between the Gammarus
and Onistmus.,

The combimation of these organisms in a pend of low saluuty raises a
nimber of ecological considerations. Gentnarus locusta (Linnacas) has un-
ul recently been treated as an exceptionally adaptable species, prohably cir-
cumterrestrial in a wide range of httoral and sublittoral situations. The
studies of Sexton, Spooner, and Scegerstride have thrown light on a syimpatric
group ail morphologically similar to G. locusta but having different ecologi-
cal requirements, the relationships to salmity having been etucidated espeai-
aliv, Inthis G locusta complex the spectes (7 sctosus, which s tound m Nn-
wuk Pond, s a b arctie siember. Winde the hiterature vields no specitic
data on the salinity tolerance of G setozus [Dahl's ¢ 1944) reference to G.
locusta 1. sctosus in the Baltie being reterable to the closely allied G 2. zad-
dacht according o Scgerstrale (1947 ], Stephensen’s Greenland  records
strongly suggest a very curvhaline amplupod comnined to shallow water. The
present chzervations are ot a thriving population m a pond of L salimity,

In contrast to the family Ganmmnaridae in which several cnrvhaline hines
appear to lead to tresti-water hite cin the low arctic ¢, especially the wide-
spread Gamimaracantlzas loricetus Salane and s Tmnetic fonm G L Leus-
trish, the amphipod tanily Lyvstanassidae to which Onisomnus belongs, is not
known to fave any tread towarnd brackish water and o tresh-water repre-
sentatives with one possible exception | Madsen (1930, 1400 nates that the
Wstanassid Psewdel:brotus Littorelis mav occur at the months of rivers of the
low arctic]. Aithough the genns has two wadespread ltoral, low arctic
species, its survivat e a lacustrine, olgoliahine stbsation appears noteworthy,
Fxpermmental study ot the sahumty telerance ot this stram would appear to
be desivable,

The thivd crustacean of Nuwuk Pond s W veses relicte Toven, M ocudata
1= conmon circtnmpobar navsid of sidt water and brackesh water. Teappears
tirt wiierever stocks of 170 ecndata are contine:i to weakiy brackisi or tresi
water, breedmy individuals develop which particularly in the character of
the second antennae and of te telson resemble juventle M. ocudata, but are n
current practice sassigned o the separate species Moorclicta, The Morclicte of
Nuwitk Pond are removed from the Moocudata—-which Dr. Banuner (o litt)
roports to be Uquite connuon e A retie A aska™ and winelr we too have from
['orat Barrow marine collecting—by adew vards of gravel spicand pressana-
Blv o relzavely shart space of time i view of the assocttion vt s,
However, they wonld appear to be qute as good M oorelicta morphologieally as
those of the Baltie or the Norih Nvmersean Great Ladhes Tasnn wloeh date thar
solation front separate snarme stocks to glacid tnes,

From study of extensive Spitzbergen materids, Olotsson (1S pe-
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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 ocwlata-examples from
northern Norway, Spitzbergen, and Greenland and relicta-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 mtermediates have been found although
a tendency 1n some geographical races of M. oculata to approach a relicta-
condition may appear. Obviously a considerable degree of adaptabihity s
present and presumably a certain plasticity of develepment. Dr. Bamner
(s lite), who has worked up the mysids of the MacGumities’” Point Barrow
collections, suggests that the materials for experimental examination of these
variables are at hand about Pomnt Barrow.

The remaming macroscopic invertebrate of Nuwuk Pond 1s an enchy-
traeid worm which 1s present m large numbers. Iinchytraeids m low arctic
areas in Furasia, Spitzbergen, and America include nctoriously eurvtopic
species so that our species is unlikely to add any evidence as to the source of
the Nuwuk Pond fauna. Because of the relative coarseness of the nets used
in the collecting ( a !s-inch meslt), none of the smaller crustaccans which
have thrown light on the origins of the fauna of relict lakes in other areas
was studied.

It 1s of some interest to consider the Nuwuk Pond crustacean species,
all of which would appear to have come from the ocean m not too remote
time, in hght of Remane's (1934) analvsis of brackish-water fauna mn Eu-
rope. s one may see from Remuane's diagram, m a more typical situation
v water of about 2.5 percent sahnity there should be a broad preponderance
of fresh-water species with a few charactertsucally brackish-water and still
fewer proper marine species. I absgence of data on the microfauna, the Nu-
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the remoteness of fresh-water bodies, but a shallow pond about 200 vards
cast had abundant farry shnimp and smaller entomnostracans.

The breeding of the animals reported here has not been studied ; however.,
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it should be noted that i the carliest collections made (July 2), females of
Gammarus sctosus with well-developed yonng were present. 1t would ap-
pear from this that breedmg took place while the pond was sull covered
with ice and that this species may be active or subactive throughout the win-
ter. This would donbtless be possible mn the deeper center portion of the
basin. The considerable windrows of dead mdividuals seen at the beginning
of July, mostly rather Lirge grommarids, may melide the normal winter's
dead as well as individuals caught in the grounded portion of the ce. As to
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the over-wintering devices of the enchyvtractd worms, Stephenson (1926)
was of the opinion that even the hardiest of the Spitzbergen species sur-
vived the winter in the egg stage. Madsen (1940) reports that in Last Green-
land the enchyiraeid Lwasbricillus lincaties, which appears to occupy a niche
corresponding to that of the Nuwuk ofigochacte, survives in the adult stage
throughout the winter. Because there appear to be many mature worms in
the Nuwuk Pond collections, 1t 1s thouglit that these too may over-winter as
adults.

A durther observation (Mohr, 1952) reflects Loth on the over-wintering
dnd the urigin of Gammarus. On the pleopods and less often on the gill
plites ¢i (. sctosus there 13 a sesaile cihate of the order Chonotrichida and
tamtly Swvlochomdae, Chonorrichs bave not 2o tar been feand o develop
resistint stages. They are fonnd only on crustacem hosts known or in-
ferred to be active throughout the vear, The stvlochonids, moreover, are
an exsentimlly mavine groun, only one species, a Heliockona, on one of the
G. locusta complex, having been reported (Rentsch, 1800) from a brackish-
water habrtat (Wisimar Bay in the western Baliie).
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SOME CHARACTERISTICS OF THE FISH POPULATIONS
IN AN ARCTIC ALASKAN LAKE*

Doxatp I Wottnscutaa

Stntord University

The purpose of this study was to determine the magnitiele and sone of
the charactenstics ot fish populations in an Alaskan arcoe lake and to re-
Lite these determinations to the possible future development of {resh-water
fishiery resources of the area.

I"resh-water fishery resources of the Alaskaa arctic have been nilized!
enly locally and sporadically by the Fakimos. Wath tiie general deveiopinent
o Alaskan resources in the future, it is quite probable that fishery resonrees
wiil becone more extensively vtilized commercially as well as for sport. The
developmental sequence of utilization and management of northern Alaskan
tresh-water fisheries will quite possibly be siimlar to the sequence of events
in the Yukon and Northwest Territories as summarized by Dymond (1947,

Collectively, the tresh-water ponds, lakes, and streams of the northern
arctic slope of Alaska comprise as much as 30 percent of the land suriace.
Arctic lakes and ponds, it not completely isolated from the sea and it deep
enough to prevent freezing to the bottom, may be expected to coutain resi-
dent fish popuiations (Wynme-Fidwards, 1933). Resident populations of
fish might also be expected m the larger and deeper streams «which never
frecze completelyv. In addition to the resident populations, seasonal ¢ reen-
tratiems of migrating spectes nnght also be expected m most of the waters
flowing to the sea.

I’ractical cousiderations alone should be justification e¢nongh for the
study of fishes of this region prior to any extensive tuture depredations, The
isolated populations of arctie lakes are also ideal for theoretical studies inas-
much as fish have slow growth and recrustment rates and complications from
past exploitation are largely absent. With these motives m unud, an mten-
sive study of some of the characteristics ot the fish populations i Ikroa vik
I.ake was undertaken during the summer of 1952

DESCRIPTION OF IKRROAVIR LAKE

Ikroavik [ake, whose roughly oval surface configuration has a long
axis at approximately 348-168 degrees true azimuth, is one of the thonsands
of oriented lakes and ponds in the Point Barrow region described by Black

¢ Coptribution No. 19533-7 from the Arctic Rescarcl: Laboridory, presemcld in pariial
{16 knent of Contract Nour-225(08) with the Oritce of Naval Rescarch,

19

et



20 BIOLOGICAL RESEARCIH IN TUHE ALASKAN ARCTIC

and Barksdale (1949). It is about 214 miles long and nearly a mile wide. Its
approximate geograplical center is at Lat. 71° 13.5" N, and Long. 156° 38’
W., 6 miles south of the Arctic Research Laboratory at Point Barrow. The
maxnnum depth over most of the area of the lake 1s onlv 7 to 7v3 icet

One miet drams the spring and early summer runoft from several ponds
mmediately to the northwest of the lake; the other inlet is a small stream
about two miles tong flowing into the west side. The single outlet is a shallow
meandering stream which flows into Elson Lagoon to the southeast ; it freezes
sohdly in the winter. Although at times there could be movement of fish to
and from the sca, the lake is behieved to remaimn essentially isolated. The
north shore line is made up of gravel which grades mto sand at the north-
castern beach. The west shore 1s quice largelv an abrupt tundra wall up to
5 feet Ingh, formed by wce 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 underlving water at one place; at
another, the ice thickness was 1.87 meters with 532 centimeters of water.

The severity of the aquatic environment 1s marked not only by the small
amount of water beneath the winter ice cover, but also by the extended pe-
riod of ice action 1n the spring and by the very short ice-free summer season.
The sequence of thermal refationships during the 1952 scason is illustrated
by the surface temperatures plotted m Figure 1. Dy the miuddle of June the
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‘ice had started to melt slightly around the edges. Early in July the ice
mass had become fre¢ enough from the shores to shift with the wind and plow
up extensive arcas of shore-line tundra, gravels, and sands. ST

T UTHE FISHES OF IKROAVIK LAKE

At the time of the melting of the ice along the shores, large numbers of
the small, nine-spined stickleback Pungitins pungitius, were in evidence.
\When the ice, which was piled up on the shores, melted or receded, large
numbers of dead sticklebacks were found wherc the\ had been entrapped.
That not a single specimen of any othiét kind of fish was found dead at this
time mdicated that any permanent fish population must have been isolated
under the ice. Continnal seining and trapping around the edges of the apen
water leads in early July failed to yield a single fish until July 15 when one
seine haul netted twelve large and very fat Prosopnon cyvlindracewm. By the
end of July several large collections including many Leucichthys sardinelle
and a few P. ¢ylindracewm had been made. Routine observations were con-
tinued until September 10, 1652

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, but it should be noted that the lake had become ice-iree by
late June in 1951. Careful-observations during 1952 revealed neither spawn-

- ing activities nor deposited eggs. With but one exception, 14 Prosopius ex-
amined during September had spawned’ the 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 suggesied that gonadal maturity was
just being attained at the time of the September collections. Only- 16 of 127
mature fish had definitely spawned by Sestember 10. Among fingerling
! gu(:;r_lvfln-r S},‘{.‘v.!‘.lf‘.!‘.‘, taken from l-\fr""‘nh ted Intp \ngvgrf anmvnnn.. from

—about 4 to 6 centimeters long were pw%innm*iu40WLtlaur.ﬁm%eal%~~
These small fish had most hikely hatched under the ice during the previous
winter.

La August two ripe male specimens of chum or dog salmon (Onecorhiynchus
keta) were taken. Since the-previous occurrence of salmon in the like had
been unknown to the Liskimos, it was assumed that these two specimens
were “strays.”

Norman J. Wilimovsky, who i1s currently studying the history of the
Iiskimo fisheries, has noted that Ikroavik Lake has been virtually unex-
ploited since 1944, the last known fishing being an unsuccessful week for
Eskimos m 1950, Prior to 1944, Iiskimo 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.

TIHE WHITEFis1l POPULATIONS
Methods

The Schnabel (1938) mark-and-recapture method was used for the esti-
mation of the Prosopium cylindraccum and Leucichthys sardinella popula-
ttons. The "average” estimated population, £, from a scries of estimates
made while marking 1s mn progress, 1s

ol
==

where o 15 the total number of fish observed during each period of sam-
plings, B 1s the total number of fish marked and at large at the time of sam-
pling, and C 1s the number of recaptures i any one samphng period. “S5"
denotes “sum of.”

From July 15 through August, hish were seined with a 200-ioot i4-inch
mesh seme 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-toot, 1-inch mesh gill net which was 0 fcet deep. After concluding mark-
ing operations in August, the final sampling i September was by means of
the t-inch gill net and two “experintental” giil nets. Iach experimental
atll net was 230 feet long and 6 ieet deep, and was comprised of 50 feet each
of meshes of A4, 1, 114, 115, and 2 inches.

Marking was accomplished by fin-clipping fish whose fork lengths were
over 180 millinteters. Marks, suecesstvely changed at weekly intervals, were
adipose, lett ventral, right ventrui, lert pectoral, and right pectoral fin clips.
Joth whitefislt species 180 millimeters jong or longer appeared to be fully
vulnerable to the ig-mceh mesh of the semne, which was the gear used for the
capture of ntost of the ive g4 all population estination data Jdeal with
fishes 2hove this munimean length.

stared, they were innmncdiatdy placed e flosiing jive
cars, from which they were withdrawn for measuring, weighing, sampling
of scales, and marking. Standard, 1ork, and total lengths were recorded to
the nearest millimeter. Weghts were recorded to the nearest gram for fish
waghing less than 500 grants, to the nearest 2 grams for fish weighing be-
tween S00 and 1,000 grants, and to the nearest 25 grams for fish over 1,000
grams, The scale samples were preserved forage and growth determinations.

Setmg was feasible only on the gravel and sand Leaches of thie northern
jrrt of the lake, and noorder to assure more randont distribntion of marked
fish they were transported i large tubs to the mldle of the lake where they
were released. Injured fish (espectally those from the gill net) were removed
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for measuring and weighing and Wwere observed for sex, ‘matarity, and in- "

fection by parasites. |
Four or five l-inch poultry-mesh traps, similar to those described by

‘Wohlschlag (1952), were set in the cutlet so that immigrating or.emi-

grating fish could be caught. Several gill net sets across the outlet were made
al:.o, -

R esults

Except for the abundant, but very ;mall sticklebacks which were not
_sampled and the two chum salmon, the two whitefish species comprised the
fish populations of the lake.

The Lumchih\s sardivella data-for the July 31 to September capture-
“recapture operations broken down into six periods are summarized in Table
I. The “best” estimate<{rom these data would be 5,736 with 0.95 confidence

. TABLE I- — ¥ e i e
CAPTUR._ Recaerture DaTA FOR THE ESTIMATION OF THE POPULATION
’ Toiv—~  oF Leucichthys sardinells 18 IKROA-VIK LAKE
S  Number _  ___Numberof \1.m’7cr )
Number Marked Marks at of Re- ’ S‘ AXEBY
o Handled and Re- Lasge caplures sy
Period (AYy - turned -(B) (&) =P
1 38 38 0 0 S 2
2 68 58 38 2 1,262
E 3 - ' 126 T 16T T 9% 1 - 4893
4 17 14 - 202" LIRS Y5z T
3 84 74 216 2 6,043 e
6 372 0 ' 238 19 3.736*

* (.95 confidence Limits from 3,659 to 8,475 by Poisson approximation method of Cl.apman (1918)

limits ranging from 3,059 to 8,475, as calculated by the Poisson approxi-
mation method of Clnpman (1948). The average weight of 721 L. sar-
1.

dinciia over 180 unilimicters fork length was 18!.59 grams; the we:ght of
thie—estimated—population—would -be- accordmgly 1,059~ kilograms . (2,334

pounds}. )

~HrTable 11 are the mark-and- recapturc ‘data for the Pro,m/wum @ wmd; a-
cenn whose fork Tengths were greater than 180 millimeters. Becausé of the
very few fish handled, the data are grouped mnto 4 two-week 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 I'isher and Yates
(1949). The average wcxgl t of 55 P. cylindraceum havine © ° lengths over
180 millimeters was $33.98 grams; accordingly the wei o 7 estiinated
population would be 82 kilograms (181 pounds).



24 BIOLOGICAL RESEARCH IN THE ALASKAN ARCTIC

TABLE 11

CaApPTURE-RECAPTURE DATA ror Tne EstiMaTiON OF THE PoruLaTioN
oF Prosopium cvlindracenm 18 IKROAVIK LAKE

Number Number Nutnhber S (AW HR)
Number Marked of Marks of Re- —SC)
Handled and Re- at Large captures 7
Period . turned ) )
1 18 15 0 o L.
2 13 12 15 1 195
3 5 5 27 0 330
4 31 3 32 6 189+
¢ 0.95 confidence limits from 102 tn 441 from Table VII of Fisher and Yates (1949).

The traps and! the gill net sets at the outlet vielded neither enugrants
nor imnugrants.

DISCUSSION OF ESTIMATES

Basically. the successtul application of the Schnabel (1938 mark-and-
recapture technique depends upon two assumptions: first, a population
being estimated must be a “closed” or constant population without remiovals
due to enugration or mortality and without additions due to numigration
or to growth of individuals into the size range being sampled ; second, either
or both the marked and the unmarked fish must be randomly sampled. A
complete discussion of these assumptions has heen given by Ricker (1948).

Several lmes of evidence idicate that the whitefish populations in
Ikroavik Lake were, for all practical purposes, constant during the summer.
Even though be two salmon did bypass the traps, there was no indication
that the whitefishes moved mto or out of the lake past the traps and nets set
at the outlet. Durmg the sunamer a series of seale samples wis taken irom
Leucichthys sardinella, which ocenrred in the marine waters of Flson Lagoon
several miles to the southeast of Pomt Barrow, for comparison with the scales
of the Tkroawik Lake L. sardinelia. Fach of these populations had quite dis-
tinctise growth patterns reiiected m the arrangement of annuli and circub
of the scales. Furthernore, as s well known to the local Fskimos, the lake
forms of L. sardinella are much fatter and plumper than the marine or river
forms. The natives of the Ungava Bay region of castern Canada also have
noted sinular diiferences between lake and river Prosopion (Dunbar and
Ihldebrand, 1952). Only a few of the Throa vik Lake fish had the “skimy”
appearance of the fish from the lagoon. Of the dozen or so skinny ke
Lewcichthys, which were examined mternally, heavy infestation by trematode
(probably Dibothriocephalid) parasites was observed. Rawson (1947) has

$ g 1o it 4
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THYE FIS POPULATIONS TN AN ARCTIC LAKE

contrast in a similar manner with the healthier and plumper forms of the
same species motwo Canadian lakes. Except tor the few parasitized fish,
these morplhologteal ditferences provide fairly conclusive evidence that the
luke population ot the Lewetelthyvs at least existed i an solated state. Since
the scales of the ’rosopnon had much the same growth pattern as the leke
Leuctichthys, it was assumed that the Prosopiiom were also isolated.

There s little evidence that the two whitetish species in the lake grow at
great enough rates to nitke recruitment of indhividuals mitially shortee than
180 millimeters of any consequence.  Preliminary examination of the age
and growth characteristics indicated by seude structure has shown that these
spectes are very slow-growing. Seveval Prosopizon, which had been marked
with nombered dises and which were reeaptured aiter two weeks to twn
months, showed httle or no growtn 10 abe populations of whitesir had
heenr mereasing due either to growth of snuller individuals or teomuemgra-
tion the population estintates tront perice] to peaiod woukld have graduoally -
creased. The data do nat mdieate such a tendener.

Had the whitensh populations sattered a bigh rate of martahiny or had
mmbers of them emigrated trom the lake, the populatnar esuimates yraun
period to periced would have shiavn a tendeney o deerease conststently
again, the data do ot sul tmtiate such a tendeneyve I popnlaion esina-
tions o this kied, mortaliny cand ar enngratien s st be of coanstderihle
magnitude 1 papulation estimates are to be aticcted appreciably (\Wohlschlag
and Woodhnll, 1933). Undonhtedly there was some small degree ot mor-
ity during the summier anong these two populaens, Aside iroann poesthle
mortality among fishes which had been handled during ik, other ob-
served canses ol mordity were parasitisn and the predatory acuvities of
Lirds. No pasaivorots fish were observed i the Tike except the two chum
sahman, wd they were e thie st stages of nngraton whed they engage
to teeding,

No direct mfernm o was aviulable o mdweate whether or not thie re-
Fase of marked individuals at the center an the ke resoited i their v ban
distribution: either as mdividuals or as nrdhividuals within raondoandy noving
scioodss I the sl veleased o the center ot the ke Tusta tendeney to iome
to the nortl aind of the Bike where they were trst capanred, the munber of
recaptured fsh, marked at a gaiven weekly pestod, shonld Tese aprenred i
tie seine hauls fanly regnbarlve Actdly there was noowell-denned rege:-
Lty to the occurrence ab recaptures. At the close an thie season when a two-
dav series of expernental gl net sionphing was corred ont near the west
ilet, it was noted that the racton of vecaptires was of the sie puigni-
tide as the traction amoge those tiken at the northe ecad of the ke, Taking
mto account these cireunstances, it was assumed that over all the soaphng
periods, the siunpiing of the marked fixh was resanably rndon.
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The natural distribution of the whitcfishes can be inferred from the
frequencies of the various numbers of fish taken i the different seine hauls.
The large number of water hauls and the infrequent large catches indicated
that both species occurred m schools. Gill net catches, although somewhat
more uniform than seine catches, owing to the greater length of time of a
gill net set, hikewise provided evidence of scheoling. The sporadic occurrence
of schools at the north end of the lake imphed 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 Prosopiion estimate of 189 fish seems very low. If tlus estimate
were biased downward, the most likely explanation would be that a dis-
proportiontately large number of recaptures were inade. Some evidence for
this explanation might be based upon the recaptured fish trom a group of 10
Prosopniem which were marked with numbered dises on July 13: two of
these were recaptured wad removed on July 31 (these recaptures were no
counted during the first period when no fish were considered to be marked
and at large) ; of the 8 remaming tagged fish, one was taken during the final
period in September. One other Prosopion marked i the first period was
recaptured in both the second and last periods. However, there 1s no wayv
cf deciding (1) whether the marked fish were more vulnerable than the un-
marked population due either to the nonrandom distribution of the marked
fisli ar to their propensity to be captured by the seine or gill nets, or (2)
whether the population was actualiy so small that frequent recaptures should
really he expected.

During the seining operations prior to September, the wotio of Prosoe-
frun: wo Lewctchthys was 0,108 during the gill-netiing sperancas e Sep-
tenther the ratio was 0083, /7 the Lewcichthves estimate of 5730 were
accepted, and if the two spectes were equally vulnerable to the gear, the ro-
sofncor estimates would be respectively 619 and 476, Howecer, the ficld
obscrviations wonld tend to sngy st that the Prosopinon were much more
vulnerabie tivin Lewciciidines 1o boile fypes of goar, swhich means that these
latter Prosopnon estimies would he brased npward. Tirany event, the popu-
latton ai Prosopian: s very small, and the estimate of 189 15 as good as any,

FRESH=WATER FISHERY POSSIBILITIES IN O THE MLASKAN ARCTIC

While Tkroavik Lake ts the nerthernmest lake i Aliska known to con-
tam a permanent fish population, its fishes oconr under what must he con-
sidered to be near minimal conditicars of existence. Taking inio accomnt
the short summer season, small populations, slow vowth rates, and the te
necessary foar growth to maturitye ot 2use be snspected that the biologieal
production rove of Laies s very low in many, 1f not all, lakes and streams of
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the Arctic .~\laskan Slope. In lakes farther to the scuth of Pomt Barrow,
addinional species of whitefishes, grayling, and the more predatory pike,
churs, Inke trout, and a iew othier species are present. Tlie predatory species
like lake trong cvould be expected to exist in izss total bhulk than the plankton-
feeding whitefishes. Rawson (1947) estimated tentatively that lauke trout
conkd be removed from Lake Athabaska on a continning basis il taken in
about vne-fourth. the bulk of the whitefish species. It should be noted that
the predatory species could alse provide an excellent sport fishery.

The forcguing abservuations along with a few notes on the present small-
scale Eskimo fresh-we  fishery may be utilized_as a basis for some inter-
esting speculations aboy die future of Bshery development in this region.

Mudern Faliimwos fish almost exclusively with gill nets set in places where
the fish tend to be concentrated, as in rivers or i narrows between lakes;
here the populations are unusually vulnerable, and, upon a basis of catch-per-
uair-cffort, the populations may erroneously be assunted to he large. For ex-
anple, in Tkroavik Lake where the fish were well distributed, 600 feet of
oill netting captured about onstenth of the estimatéd™Fopulations within a
week, Some Eskimos apparently have recognized the possibility of over-

fishing andd have unoted that lakes can he fished ro- the point where returns

lecome unprofitahle aiter a few vears (Wilinovsky, in press). Because
transportation of both gear and catch over the tundra and the mulntude of
lakes and streams is difficult, there would be a great tempration {or commer-
cial nsbiermen te tish i one location until small rawurns made meving impera-

tve. Dast expcncmc in the lake fisheries of nortlnun Lana(ld has showan .

< wecthat stringent-regulatinne are necessary i fifiny - ca: 5es 10 | prev ent the use of
tao stch gear for too loug at one tine at any one place, -

In northern Alaska this tendercy enuld be cirenmvented if improved
transportaton facihities conld e devised i order that a nshery could move
readily after only the larger fish from small popnlations had besn removed.

Fatcient wtilization of the dilfferent species will quite possibly create
juoblcins i Gsheries decelop in the fmure. The snnaller species can he

=erpalien eiticienily only by gear withosuadl meshes, while the Tirger speeies
wonld he reaoved largels hetore the attanmuent of sexual matievity, Proper

caploitntion of tie larger specaes by gear with Brrger meshies would? leave
dre snaller species largely unexploited. Satisfactory methods of stioaltane-
cniscind ellicient utilization of hoth large and smadl species shonld be devizal
atel thieir offeets thoroughly inderstood before any haphazard regulations

are nnpesed.
SUMMARY

The unexploited sl populations of Throwvik Take were studied during
the ice-free summer seasou ol 19520 Ia this moderately Lige, wind very
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shallow lake, the northernmost Alaskan lake known to contain a permanent
fish fauna, there was at most about 1Y feet of water under the 6-foot ice
cover during the late spring. The lake contains permanent populations ot
the very small nine-spined stickleback (Pungitivs prungitius) and two white-
fishes (Leucichthys sardinella and Prosopium cylindraccum). At least two
ripe adult salmon (Oncorhynchus keta) had wandered into the lake during
the summer.

Spawning ot the Leucichthys serdinella 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 Prosopiunt cylindra-
ceunt spawn and hatch shortly after the ice melts in the earlv summer.

Population estimates by the mark-and-recapture method were made fcr
the two whitefishes whose fork lengths were over 180 millimeters. The esti-
mates were: L. sardinella, 5,736 with 095 confidence linnts from 3,639 to
8,475 and P. cvlindraccum, only 189 with 0.95 confidence limits from 102
to -1, Average weight of each L. sardineclla was about 185 grams ; the esti-
mated population weight was 1,059 kilograms (2,334 pounds). The average
weight of each P. cvlindraccun was about 434 grams; the estimate popa-
lation weight was 82 kilograms (181 pounds).

The possibihties and anticipated problems of future iresh-water tishery
development on the Alashan Arctic Slope are discussed.
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ON THE GEOGRAPHICAL DISTRIBUTION OF
ARCTIC BRYOPIIYTES?

Witniam CaMenynl STEERE

Stanford University

Extensive field studies on arctic American bryophytes during the past
few vears have provided materials and data contributing to several fields
¢l botany, and one could speak at length on the contributions of arctic bry-
oiogy to plant sociology, autocecology, phvtogeography, and systematic bot-
any, among others. Because of the restrictions on time and space inherent m
any sympostum, however, the present paper will be limnted to the fickd ot
piant 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 be-
cause it has becir obscured by too common a belief among botanists that the
long-hived, wind-borne spores of hryophytes give them a nearly universal
distribntion. Just as in higher plants, some weedy and ubiquitous species—-
Funarie hvgrometrica and Marchantia polviorpha are excellent examples
-—have followed man and the cffects of ns civihization to all parts of the world.
When one looks bevond the weedy species, however, he finds that bryophytes
demonstrate as characteristic patterns of distribution as the higher plants,
although not necessarily the same ones.

In a region where the number of species of bryonhyvtes approaches or
equals that of higher plants, arctic mosses and hverworts acquire correspond-
ingly greater importance as materials for the nvestigation ot phytogeo-
graphic problems.  Nevertheless, even the simple and basic problem of
whether or not a strictly arctic bryoplivte flora or floristic element really ex-
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 any “species™
seenungly restricted to the arctic are ouly reduced or adaptive forms too
closcly related to thew counterparts in temperate chimates for full specific sta-
tus. Imphicit i this negativistic wdea, of ceurse, is the belief that arctic mosses
and hepaties are materialiy reduced m size beeause of their unfaverable en-
vironment ( Meylan, 1940). The basis for this idea s not hard to find, since
enough of the arctic species actually are reduced temperate species to con-

* Contribution No. 1953-8 from the Arctic Rescarch Laboratory, presented in partial
fulhilment of Contract N6onr-25134 with the Office of Naval Kesearch.
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fitatt a superficial impression, Howeyer, careful field studies 1 arctic Amer-
jea. at least, soun reveal a rich bryological flora that consists of several
distinet flovistic clensouts «f cunsiderable phytogeagraplical -<ig|ii‘1}'c'mcm i
addith g to the group of widels distribtted. sometimes weedy species, This
diseussion will center vt one of thewnst interesting of these Horistic elements,
whieh consists of a group of specivs enedemic to the arctic regions, and which
makes up about 10 percent «f the total nuriler of species of bryophytes there.

These species stamd out from the weedy group- hecause they are nat at
il redueed physinfogical stmes er ecological varities of specivs w hich floirish
farther south. Furthermore, these traly arctic species are not even closely
peduted svstenatienaily v phahgencieally o these of uf!x:-pc'r' ¢ Tegn Ha
%.}H'Hul“\t}t;i\ tey tlie wontit i, amd gt H"l‘hﬂh’\ bt He d Luu\tu tl‘LTL‘L"ﬁU ’““"‘s’-l
them. ¢uite the opposie, they may be uzxiui i si2¢ to, ur even lavger then,
the «wc;nw of the same genera eccurning i more wemperate elinmtes, For
:\(uup&: the atctic <ncuc o whreldeono i ettt 8¢ u{mmx sfusnteisir,
DYiplopiisihon ﬂm,?'mz, f\m uid pralijfera. and Trichostemaom cuspidetissi-
i are among the largest i thete getiera.

Our relative Jack of Kriowledge, i the fast, comcerning even the Jarger
features of the ,g;‘uqf_;xph teal distribtion of arcic bryophytes avase net from,
a tack of interest in or appreeiaton of the preblems tivolved, but simply
from the few available data upon which 30 base generabizations, Most of
tiae early exploring and scarching expeditions jound themselves far too oe-
enpieed w ith the pressing prohlems of travel and of sarvival o collect plants
in any quantity, espeaally the lower ones, Bume collections, {urthermore,
nlter hun<r made had to he abasdoned or were lost when ships wers ¢ nm.{ht
i the ey, Consequently, wntil the past tno decades, only 2 fesw extensive
ernd representative collectios Rad heent nmade i the nerth polar regions, of
whiely the mwost important came irom Spitzhergen ( Derggren, 1878), irom
Siberia (Landberyg aned Aracll, TS8R, 1890 Aviell, 1913, 19171, and from
avetic Cautda (Brown, 18235 15.17),11:», 1907 7 Williams, 1921 ¢ Steere, T8,
sl x:-.;i;il;)_!"ftl'l TePOrts based on (hese fow ii'f!’g‘t-: ,,C'i's'i'i,t’x’{.inih of "v:z,}.u.‘l{i‘z;i'tei i

v-';-.h-»f'- sepurated afeas, 4;»«:; seciully atheria aud northerninoest Canada, bave

temded to give an uupfesswn that two or more centers of specition or areas
of engdenmisi ex1st inarctid regivis {Herzag, 19263, The recent coneept 1ha
a refatively large, tindy arctic, cireumpolar clement exists (Steere, 1948
Perssan, 1919) was made possible thitough e availabudity of ninch new ma-
terial from arete and subarctic Ameriea, and the resplfant discon ery thut
wnay of the species previously considered to be endanic to Tocid areas really
Lave a mueh wider geographic range. The apparent riclmess of Ellesnere
[«luin! apd of Siberia in codepuic species, which in my upitiion belong to
e cirenmpolar arctic foristie element )mt discteised, brivgs northern Alnska
cudd porthwestern Canada into sharp fovus as af area of eritical e graphi-
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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 ¢f 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 n 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 hryophytes extends
more or less continuously around the north polar basin. In fact, this region
proved to be so unexpectedly rich m endemic arctic species, some of them new
to science, that it may very well have heen a primary center for the dissemina-
tion of bryvophvtes during interglacial and post-Pleistocene times, as Hultén
(1937) has indicated for higher plants.

As examples of the kind of data used in establishing a floristic element
and 1ts distribution, the geographical ranges of a few representative species
of arctic mosses and hepatics, out of many studied, will he discussed and illus-
trated.

1. AAwlacormiune acrwninatum (Lindb. & Arn.) Paris (Map 1). This
handsome species, the largest in its genus, was originally described from the
valley of the Jenisei River in Siberii (Limdberg & Arnell, 1890), and later
reported from the valley of the Lena (Arnell, 1913). First rediscovered on
Ellesmere Island (Bryhn, 1907), it is now known to have a rather wide dis-
tribution in arctic Canada: on Bathn Island (Steere, 1948), Cornwallis
Island (Steere, 1951), and Prince Patrick Island (Steere, 19530); i the
Yukon Territory ( Persson, 1946), and at Great Bear Lake and Coppermine,
Northwest Territories (Steere, ined.). Reported from several localities in
central Alaska (Persson, 1946), this moss has been found to be very com-
mon on tlie nerth slope of the Brooks Range (Steere, invd )

2. Funaria polaric Bryhn {Map 2}, For ncarly a hall ceniury this spe-
cies was known enly from the single original collection made on the southern
end of Ellesmere Island (Bryhn, 1907} until it was recently reported from
Southampton Island (Steere, 1949) and from Greenland (Holmen, 1952).
It can be recorded here as occuring n several widely separated localities
in arctic Alaska, from the headwaters of the Utukok River in the west to
Schirader Lake in the cast (Steere, ined.). FFurthermore, on the basis of its
known distribution, this moss will certainly be found to occur m Sibena.

3. Radula prolifera Arncll (Map 3). Onginally described from the
mouth of the Lena River, Siberia (Arnell, 1913), and soon thereafter re-
ported from Taimyr Island (Arnell, 1917), this hepatic was reperted from
North America relatively recently (Steere, 1941; Castle, 1950), from a
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fragmemtary specimen collected by Dutifly at Coppermine, where my own
field work 1n 948 Tater shosed 3t to be almmdant. Persson (19475 has re-
ported this species from Alaska, and my studdies on the aretie shope clearly
demonstrate that this 1s 2 conmmon and aluipdant species i thie foothil andd
montane provinees of the Brooks Range « Steeve, ined. ).

4. Scapania sinmonsii Brylm (Map 4). This handsome hepatic was
described originally from two adjacent localities at the southern cad ot
Ellesmere Istand (Brehng 1907), and then first rediscovered in Stheria, wt
Cape Tscheljuskin on the Taimyr DPeninsula « Brodherns, 1910, and at
Kowachsgur and Dulkur near the month of the Lena River « Aroedl, 19130,
Suil later, it was veperted from Spatebergen and from arctic Fundand (Boeh,
1934). Very recently. the discovery of this spectes at a seconed locality in
North America. in Ungava, northernmaost Ouiehee, has heen anuounced (Ar-
nell, 1930). From personul experience, T can report that this conspicuous
and easily recognized species oceurs fir abundance at Great Bear Lake and at
Coppermine in arctic Canada. and at nearly every locality visited in the vari-
cus physiographic provinces on the north slope of the Brooks Range in
Alaska.

5. Lepicolea fryei Perssen (Map 550 This phytogeographically inter-
esting hepatic is known in the literatare ouly frons the single origimal speci-
raen, from St. Lawrence Island, Alaska ( Persson, 1946). However, I have
collected it, with perianths and sporophy tes, in a half dozea widely separated
localities in arcuce Alaska, from near the headwaters of the Utnkok River in
the west to Schirader Lake, near Moumt Chansherlin, in the east. Further-
more, some very small and tragmentary specinens segregated from a col-
lectiom of 8 phagnwrn made at Clesterfield Inlet, on the west coast of Hudson
Pay in 1936 by Dunlis, were very recently wdentitied with this species, thies
giving it a ek more extensive range, guite parallel with that of the other
arctic species disenssed Tieres i view of thes sapid expausion of the known
peagrapne range of a species descerbed s recently as 1946, it seems ner-
fectly safe to predict a =il wider securence, when bevologists have Lad a
chance 1o nuhe ficld sirdies ar other aretic areas, especdly Stheria,

6. Blindia polaris ( Besgereny Tagen «Map o Orvigmally deseriled
from several collections romt Spitzhergen « Berggren, 1873, this moess is
now kinowr to occur in arctic Norway, Sweden, and Finland { Lensen, 1930,
In arctic America, it was carly discovered on Ellesmere Tstind (Brls,
1907 ), recartly reported from Cortnwallis Island ¢ Steere, 1931), md s now
known to be widely distributed m northermnost Alasha (Steere, nicdy. The
peographic range «of this species will surely be greatly extended, with funiler
field work. |

7. Cinclidirean latifolinm §indb, (Map 7). This one of the most heaunti.
il and the best-characterized species ui a ne genus, was origmally propaosed
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viously discussed, vet, like them, occurring with greatest frequency within
the Arctic Circle. Ina way, the generalized distribution of this species (origi-
nally described from Greenland) sums up the much more restricted and
locahized 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, thien, 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 (Hultén, 1937), arctic Alaska
seems to be the region richest in these species, which become progressively
less common or disappear altogether in northernmost Scandinavia on the
west and in Greenland to the cast. Because of the remarkable parallelism
shown in the known ranges of the species as ontlined above, it becomes pos-
sible to predict the remamder of their distribution by extension or extrapo-
lation ; that is, 1f an arc matches part of a circle, it must helong 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-hy areas. Yet we can predict that
carctul exploration by bryvologists will fill out most or all of the circle. Otlier
truly arctic species, most ot them now discovered in Alaska, that exhibit this
characteristic geographic distribution are: (Ilepaticae) Rarbilophozia bin-
steadit, Mesoptyehia sallbergi, Maersupella arctica, Plagtochila arctica, Sca-
pania hberborea, . bawrini, ST spitzhergensis, (Musct) cindreaca olozata,
Bryobrittonia pellucida, (ct. Steere, 1933a), Ceratodon hicterophyllus, Cineli-
divm arcticiom, C. subrotundwm, Claopodiion subpidiferian, Cynodontinm al-
pestre, Distichtum hagem, Drepanocladus badius, D, latijolius, 2. Ivcopodi-
otdes, Fissidens arcticus, L xygrolyprn polare, Lyellivaspera, Munon Plytti,
M. hiymenophiyllom, Polytrichwm hyperborcian, Psilopilom cazifolium, .
lacotgatiom, Trichostonan cuspidatissinnon, many species in the complex
cenus Brvwn, as well as at least one new genus and several new 2nd as vet
undescribed species.

Now that the existence of a substantial group of arctic bryvophytes has
been established with certainty, the next question of basie phytogeographical
inportance concerns itself with the origin and the age of tlns floristic element.
Iii my opinion, these species demonstrating so restricted a distribution in
circnmpolar areas are very ancient ones, apparently widely distiibuted in
wariner pre-Pleistocene or interglacial ciimates, which have tound refuge in
the far north, where their survival has been pernntted by the generally scant
precipitation and the resultant lack of large-scale or continental glaciation.
This opinion can be supported by several types of evidence, as {ollows: (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, Mesoptychia, Hagplodon, Cinclhidium, etc.),
they clearly reflect i@ very ancient origin. (2) These species show no close
relationship o 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 turther indication of antiguity. An excellent example 1s Radula
prolifera (see Map 3), a member of the small and distinctive section Almentu-
losae of the subgenus Acroradula, which, fortunately for our purpose here,
lias just been revised critically (Castle, 1950). The only other krown species
in this sectien are R. wzifera Tavl, of New Zealand, R. amentidosa Mitt., of
Japan and Fiji, R. formosa (Meissn.) Nees, of “Java, Celebes, Sumatra,
Cevlon, Amboina, Samoa, Tahiti, New Caledonia, and the Fiji Islands,”
R. scariosa \utt., of Fiji, and R. novaec-quinae Steph., of New Guinca (Map
11). Another example 1s Lepicolea fryel Persson (see Map 3), a member of
a somewhat heterogencous and perhaps polyphyletic genus as defined at the
moment. In his Species Hepaticarian, Stephani (1909, 1922) Listed 13 spe-
cies of Lepicolea, of which all are not necessarily valid. However, regardless
ol their specific status, the geographic distribution of these species mayv he
considered independently, thereby shedding a good deil of hight on the pomt
at issue here (Map 12). Stephani lists Lepicoica teres Steph., and L. quadri-
laciniata Sull,, from Fuegia; L. scolopendra (Hook.) Dum., of New Zealand,
Tasmama, Oceama, and Formosa: L. achirolenca (Spreng.) Spruce of South
Africa, Brazil, Chile, Patagonia, Fuegra, and Mexico: L. prianosa (Tavl)
Spruce of Colombia, Ecuador, and Bolivia: L. boliviensis Steph. and 1.
lierzogiana Steph., of Bolivia; L. lortena Steph., of New Guinea, L. lonii-
fissa Steph., oi New Zealand, L. absioruis Steph, of Chile, L ficen NMees
and L. flaceida Steph.. of Java; and L. georgica Steph., of the antarctic sland
of South Georgia (Map 12). Other species of Lepieolea, deseribed more
recently, are L. rawentifissa Herzog from Bolivia, and L. sim, ictor Herzog
from Java. Ina recent discussion of the distribution patterns of Hepaticae
in South America, Falford {1951) characterized Lepicolea as tollows, " The
genus is of southern origin and belongs to a prinitive fanily,” a conclusion
which seems to me to be inescapable, m spite of the smgle anomalons arctic
species, L. fryei. Further evidence 1s given by the fact that the closest rela-
tives of Funarta polaris Bryvhn secem to be I7) aeqradens Landb., of the Can-
casus, 7. bashmirensis of Kashunr, and I, crectinseuia Matt., of Clile ( Bro-
therus, 1924).0 A stll undeseribed species of orella trom 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
ot 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 Lc¢jcunea, or of some related
genus of very tropical afhmties, repeats this same pattern.

An interesting ecological sidelight on the age of these species is given
hy the fact that several of the species of arctic hepatics occurring in open
tundra belong to genera of markedly tropical distribution and that are nor-
mally restricted n their habitat to the tnmks of trees ( Radula, Porclla, two
species of Frullania, Lejeunea)y. Although speculations are as unsaite as they
are fascinating, we can perhaps think in terins of a bark-mhaliting series
of hepatics that persisted atter the trees disappeared, through a gradual ad-
justment to climatic changes. FFurthermore, the tundra tussocks present
ecological conditions surpnisingly parallel to those of tree bark, since 1n a
region of low precipitation and of Ingh insolation during the growing scason
they are essentially xeric, obtaming water only occasionally from rains or
fogs. Furthermore, like bark, they are very poor in minerals and in nitrogen
SOUrCes.

It would not require too great a streteh of the imagination to postalate
that we are dealing with the last remnants of @ widely distributed Tertiary
or mterglacial Hora that origmmated in some far distant area, probably i the
sonthern 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 snecess in competition of more rapidly speciating genera and
of vounger and more aggressive species there. The tdentinication of (-
citdium latifolinvm, one of the species now most narrowly restricted nies
distribmtion to the high arctie regions, i tossil conditon i Denmark, in
I'leistocene deposits (1lesselbo, 1910), offers ns excellent corollary evidence
of the wider distribution of the truly arctic species darmg Pleisiocene tines.
The concept of the persistence of bryophytes during and through the Picisto-
cene epoch, inamghciated retngia, has now been rather widely aceepted
(Crams, 1932 Steere, 1937 Muller, 1951 ; Love, 1933), Furthermore, most
of the species of bryophytes discovered n Pliocene deposits are sull living
species.

It should be emphasized that our knowledge of arctic bryvophyies 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 acerdent of
Jdistribution of collectors rather than that of bryophytes. Nonctheless, it
is possille to make several generalizations, i simuary s (1) There is a
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trnly arctic flonstic element of mosses and hepatics. (2) This element 1s
cpparently circumpolar in its presest distribution rather than being restricted
to two or more tsalated centers of speciation. (3) The most tyvpically arctic
spectes at present are survivors of a widespread Tertiary (or wann inter-
glacial) ora, as indicated by (a) the morphological and genetical distinetness
of the species from any other living ones, (0) their taxonomic relationship to
spectes of Ocea “a, tropical Asia, and America instead of to species of the
north temperate regions (or even northern tropical iegions), and (¢) their
very wide present-day geographical distribution i north polar regions, some-
thing verv ditticuit to explamn on any theory of foot-by-ivot progression of
vegetation during the relatively briet post-Pleistocene times.
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SOME ASPECTS OF THE ECOLOGY Of THE BARROW
GROUND SQUIRREL, CITELLUS PARRY! BARROWENSIS®

Wintiam V. Maver

University of Southern California

Exploratory field work was condncted by the author from the Arctic
Research Laboratory base at Pomnt 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 No. 4: (a) in the vicinity of the
Meade River, 46 miltes south of Point Barrow (july 17-25), (b)) an aban-
doned oil camp at East Oumatk, approximately 110 miles south of Point
Barrow (July 31-August 7), and (¢) Teshekpuk [ake, approximately 115
nmiles east of Point Barrow (August 18-24). The following summer the
author and two graduate students from the University of Southiern Cahi-
formia, Edward T. Roche and Rov G. Robinson, Jr., concentrated their ob-
servations on one particntar ground squirrel cotony located on the south
bank of the Meade River. Iither one or two ohservers were present con-
tinuousty from 7 May to 6 October 19520 Mr. Robinson ohserved frein May
to August, the author from June to August, and Mr. Roche from July to
October.

The tiekd studies were supplemented by aboratory observation of a group
of 10 captive squirrels which was brought to the University of Sonthern
California by the author in the fall of 1951 and which meieased in mumber
to 25 as a result of breeding experiments carriedt on the following spring.
An ahmost complete life history of the Barrow ground squirrel has been ob-
tained, and work scheduled for the summer of 1933 will provide the addi-
tional material necessary to bring the study to conipletion,

METHODS

The sandy riverbank chmnes sclected 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 sumilarly sited for habitation by ground squirrels,
Withns this area, approximately a nute m tength and a half mite mn width,
21 trapping stations were set up, each berg marked by a red flag on a 3-foot
numbered stoke. Trapping operations continued from May through Septem-
ber, atthough ne previously untrapped squirrels were caught after August.
Each animal was weighed and measured when captured and pertitient -

* Contribution No. 1953-9 from the Arctic Rescarch Lahoratory, presented in partial
fulfillment of Contract Nonr-377(00) with the Ofiice of Naval Rescarch.
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formation as to genital condition, presence of parasites, cte., was carefully
poted. The antma! was then toe-clipped and released. An attempt was made
to reduce disturhance of the colony to a mmimun, and there was no mdica-
tron thut the animals became irap-shy, for the same mdividuals were captured
again and agam, cne being taken 15 times in 4 days.

I additinn to the data obtained througlh the capture and recapture of
marked anmimals, the nvestigators’ visual observations on habitats aud
Lehavior were recorded, food plants collected and identified, burrows exea-
vated and miapped, nests studied, and wide use was made of recording m-
struments to obtain measurements of temperature, barcmetric pressure,
humidity, and hght intensity, Mannal recordings were made ot wind direc-
tions and veloaties, and other mtorsation of possible signtficance i the
total life history of the arctic ground squirrel was obtained.

DISTRIBUTION AND HABITAT

The race Cutellus parryi barrozeensis represents the most northerly ex-
tension of the genus Crtellus in continental North America, and its adapta-
tion to the rigors of the arctic environment 1s of particular mnterest,

One of the first problems of adaptation for a fossorial animal 1s that of
finding a suitable habitat m the frozen tundra region, The ground o1 the
arctic slope 1s pernanently frozen to a depth of many handred fect, and onlv
during the brief summer does 1t thaw superficially to a depth or a few inches
toa few feet. Toa genus such as Coethes, which in Calitorma may burrow o
depths of 5 feet or more, this high permatrost table greatly restricts the
area of possible burrow sites. Also, thongh areas of suitable habitat for
fossortal anmals are gmte wideiv distributed over the arctic slope, they
are not continuouns, appearing as somewhat isolated “ishimds” each bemyg
relatively small in sizeo These slands are areas of good driamage imd a rela-
tively low permairost table, such as river sandbanks, lake banks, tundsa
ridues, hillocks, and other raised areas with a sandy or partiadle sandy soil
The burrows of the ground squirrels are located near the top of these dramed
areas ; thus the amimals avoid the possibility of tlooding during i spaing
thaw. Although these 1solated islands simtable for habitat are found alinost
to the Arctic Ocean, the flat, wet, coastal plam must be regarded as a some-
what marginal habitat {or Citedus parryt barrotweensis. 1ts presence in g
locality can be teken as mdicarive of an area of relatively low permairost
tuble on the arctic slope.

ACTIVITY
The first squirre! to be observed above gronnd wirs seen on May &, the

dav aiter the first mvestigator arrmved at the Meade River study site. AlL-
though this was « Libly not the very fivst 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 fect from the burrow entrance on 1ts 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. Tunneis uncoverzd under the snow indicate
that the animals are sometimes active beneath the snow cover. As the sea-
son progresses the animals are moere 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 vards 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
cf it, as if to secure water. Stocks of seeds and other vegetable materials
were noted to remain in the hibeination nest from the previous year, and
the animais probably survive through the nrst days of emergence on these
stoied stocks.

At this time of vear the contrast of a dark figure moving against the
snowy background attracts the attention of the ground squirreis and makes
them harder to approach and to observe than at any other timie. Until about
the twenty-second of dMay the squirtcls maintain a complete sileiice when
active in the field, the only sound heard by an investigator before this date
came from a captive animal. By this tune, however, they are seen to chase
cach other and to run from one burrow to another. They becoine more vocal
during these activities. Ifighting was noted May 23, the vauquished animal
leaving bothi blood and fur at the scene of the encounter. That fighting is
common is attested to by the skins of captive animals whick are {requently
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 nct yet been completed, several general statements may
he made concerning the g romnd squirtels’ response to environmental changes.
Once the winter snow has heguu to melt, the inclement arctic weather appears
to limit the activity of the squirrels very little, ad animals were observed
above the surface on days when the temperatire was as low as 22° F. Osly
umisually severe downpcours of rain restricted the squirrels to their burrows.
They were frequently ol served foraging during rains aud were often cap-
tured with their pelage soaked by ram and drip from the vegetation. Other
unfavorable weather conditions such as severe winds also tailed to keep them
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in their burrows. The squirrels seem to be 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 normatl activities
abhove 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 hight diminishes during what would normally be the night
hours at lower latitudes. The ground squirrels’ response to this varying
intensity 1s seen in their diurnal rhythmicity, their longest activity period
noted begimmning at 0410 and ceasing at 2130. During the spring and {all the
animals appear above ground somewhat later than this and retire beneath
the surface earhier, 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 1s spent chiefly in enlarging burrows, gathering grasses,
hchens, 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 are shal-
low as compared with those made by Citellus beecieyi 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 reached 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 hne. Other burrows were observed which
extended downward to vermafrost with their nesting chaumbers located only
a few inches above the permafrost tabie. 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 destroved they are not
rebuilt.

The temperature within th.e 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 cf -11° F. on August 12, thei slowly decreased.
IFrom May 28 to October 3 the variation in burrow temperature was orly
22° F., while the outside variation during the same period wias 60° I,
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GROWTH AND DEVELOPMENT OF THE YOUNG

In the field the first positive mating was observed on May 24. ILahora-
tory observation at the University, during which one male sired a htter
from each of four females, indicated that the males were polyvgamous. In
the field mating occurred only during the month of May, the breeding sca-
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
vear would be an impossibility. In June, after gestation of approximately 25
days, litters of from 5 to 10 were horn. Any voung which could not be taken
care of because of eitlier insufficient mammary development or for other
reasons were soon caten by the mother. The largest htter raised to maturity
was nine, one additionial newborn having been caten.

The young are born naked and blind, their eyes opeming approximately
20 davs after birth. The integument darkens with pigment at about the
fourth day, beginning in the head region and extending over the entire dor-

um by about the sixth dav. Hair appears at approximately the cighth day,
and its growth 1s rapid, the spotted dorsum typical of the adult becoming
apparent within the second week.

The brooding female ground squirret will care for her own yvoung only,
<0 an observer may be sure that any voung caught at a burrow site betore
the young begin to leave their home areas belong to that hitter. A demonstra-
tion of this fact occurred when a voung squirrel from one litter was intro-
duced into another htter of animals of almiost the same size, weight, and age,
and wis found dead and partially caten the following morning. It had been
singled out by the female as an truder.

The young squirrels grow so rapidly that in less than two mouths they
have approximated adult weight. For example, one laboratory litter of ©
averaged 10.8 grams at birth, 141.2 grams on the twentyv-fourth dav, 463.3
grams on the thistvecighth dayv, and 785 grams by the fiftv-third (i:\\'_ Ry
Sepiember, just prior to entering hibernation, the squirrels may have Attained
a weight of 1,187 grams.

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

Aiter about 12 days above ground the young squirrels abandon their
natal burrow, cither taking shelter i an abandoned burrow nearby or
digging a new one of their own. As the voung of the vear inerease the i;(l])1|-
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lation of an area approxhmately three to five times, it s obvious that tie
limited number of burrow sites and avatlability of food must force some ot
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 cvclical build-up i numbers as does the
lemming, and predation is negligible. In July 1952, {or example, the exca-
vation of two voimg squurrels’ shallow burrow i the low, wet tundra area
roughly 100 yvards from their natal burrow revealed a nest of paper, moss.
and lichens. Doubtless the anmmals could not have survived the rigors of
the arctic winter had they hibernated in such a nest. Other voung who at-
tempt to winter in burrows of madequate depth or ones winch lack drainage
or good location, together with voung wlio have failed to stoi ¢ 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 popalation the
tollowing spring.

In the field the voung of the yvear were observed to remain active for a
period of several weeks after the last adnlts had ceased to be trapped. This
prolongation of their time above ground 1s understandable i view of their
necessity to prepare burrows, store fuod, and to gam sufficient weight to
enter hibernation. The entire reproductive and developmental evele of the
ground squirrel sees to be attuned to this end—the mating scoa after spring
cmergence, the short gestation period, the rapid growth, and carly assumption
¢ independence by the voung.

3v October all surtace activity has virtaally ceased. The last squirrel
was thought to have been seen above ground on October 2. However, betfore
the last observer left the area on Octolier 0, two additional animals had been
noted. In the hiterature (Howell, 19381 there 1s some indication that the
squirrels may periodically come to the surface during the time they are sup-
posed 1o he in hibernation, and they have been recorded above ground on
rare imstances even an December.

Foob

A comlete list of the Toad plants eaten by the arctic gromnd sqnirvel
wonld melnde nearly all the plants of the araie slope. The squirrels cat not
cnly leaves, but sceds, flowers, stems, and roots of vartons plants. Donglassia
roots, Pofvgomem seeds, cretostaphylos leaves, and O.xyiropis fiowers are
imdicative of the varety of plant toods utihzed by the squivvels, Tn addition:
to their vornml herbivorous diet, the squirrels will readily cat any meat
they find, constmmg even the discarded carcasses of other ground sqmrrels
and lenmings which had been prepared as study skins. One bold individual
ate the fat from the nose and eavs of a caribon hide stretehed ont to dry, and
several study skins were dumaged i guests 1or seeaps of meat. Camp food
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similarly proved attractive to these oiniivorous creatures, and they would
enter the investigators’ tent to steal bread, prunes, beans, and any other itenis
tliey happened across.

CONCLUSIONS

Life is possible for the Barrow ground squirrel on the arctic slope only
because 1t 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 o1 less than four
months. The animals avoid the rigors of winter by entering hibernation no
later than October, having utilized the summer months without takmg ad-
vantage of the fuli 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 mechanisnis to mvade and successfully re-
main on the arctic slope.

NOMENCLATORIAL NOTE

This brief mention of the taxonomic status of Citellus parryi is included
to clarify some of the difficulties which have arisen concerning the variety
oi names applied to this form. This confusion of names has led to uncertainty
in the minds of certam workers (Wilber and Musacchia, 1630) as to its cor-
rect nomenclatorial status.

J. A. Allen, in writing of the arctic ground squirrel (1877), 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. L. Parry (rather than the well-known
American explorer, Admiral R. E. Peary, as 1s commonly believed). B. R,
Ross (1861) employed the name srctomys Kennicotti. Preble (1908) des-
ignated the race as Citellus parryi kennicott, treating the Spermophilus
barrowensis 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 Merrtam's rame and designated the race Citellus parryii
barrowensts. In so revising the group Howell disposed of tlie name kesni-
cottiiin synonomy. A recent decision dropping the final ¢ in male patronymics
leaves the racial name Citellus parrys barrowensis. Recently, however, Quay
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(19581) indicated that Ognev found that the formerly overlooked name
Citellus undulat:s Pallas (1778) should be considered the correct species
cpithet for the group. Previously, Hershkovitz (1949) proposed a revival
of the genus Spermophilies of Cuvier to replace Citellus. However, until
a competent revision ot the groap includes these Iatter two names, 1t is the
intent ot this author to continue to use the currently emploved Citellus parryi
barroeensis.
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