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f'Ore~a»Ord

The genesis of the arctic progtant of {fte Office of Polar Progra{T{s, Nattonal Science
Foundation, ls described in the annual report ol the President of the United States
to the Congress on Marine Resources ar>d Ertgitteering Developmet!t, April 1970:

f{eca»se of the arctic's overall s«gnificance and resource potei t a;, arctic envirot,monte{ researrh
was nrie of the five ir»tiatives selected t!y the President tor immed;ate, priority attcittioii, lThe
other fottr were coastal zone maitagernent, coastaf zone ieseatch, lake restciation, al«f the
I n tern at iona{ D ecade of 0 r ean E x p I or at in nl .

5. Arctic environrnerttal research: Arctic research activil?s wil ,'3? interisified, both to
permit fulfer utifizalion of this rapidly developing area and to insure that such activities do not
degrade the arctic environment

Since that time, the program has remained relatively small  receiving less than 'l0
percent of federal funds far arctic research! and has consisted of a few sharply
focused interdisciplinary projects. The workshop reported herein is part af the
continuing efforts toward program definition.

JOSEPH 0. F L.ETC HE R

H ead, 0 ffice of Polar Programs
National Science F oundation

Washington, O.C.
20 IVIarch 1974





preface

This report takes its place an>ong a successiori of efforts on the part of U.S.
scientists rn recent years to reach a nationally integrated program for study of
oceariullraphy of the Bering Sea conducive to future cooperative study on an
international basis.

The workshop held at Salishan Lodge, Oregon, in Noventber 1973 brought
together many Lj. S. participants rif the F irst Iriternational Symposium for Bering
Sea Study held in Hakodate, Japarr, nearly two years ago. Proceedings of the
irrternational symposium have been published by the institute of Marine Science,
Urtiveisity of Alaska, as Ocearroljraphy of ~he Bering Sea. Iri the interim, several
independent projects have been conducted by separate institutions and agencies in
the U. S., paralleling national efforts likewise in Japan and the USSR. Joint
international studies have been initiated through cooperative scientific activities
hetweerr the U. S. arid Japan and the U. S. and USSR.

I t was the purpose of the workshop described herein to formulate a prospectus
for a U. S. program in Bering Sea oceanography. The suggestions in this report are
offered as a guideline in the preparation of specific research proposals for most
effective response to scientific needs in this area of study.

D. W. Hooo

director, Institute of Marine Science
University of Alaska

Fairbanks, Alaska
15 Mare h 19 J4
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A ppra isa l
 'ontinuing ~ valuat,ion, recognition and syn thc»is of ~ xistitig

k11owlt  Ig ' of the area of study and attendant impact»

B.esearch

Multidisciplinary field and laboratory studies to comprehensiv~ ly
examine the physical environment, its living resources and the
interacting processes by which its unique productivity is sustained and
those threats hy which it is endangered

l,<hagi»ties
Provision for an iceworthy research vessel capable of working in

high-latitud~ seas and development of shore-based laboratories in
support of year-round polar studies

Administration
Program irnplernentation through establishment of a U. S. national

steering committee and international panel for coordination of priority
logisti«needs and standardization of data acquisition in accordance
with PROBES objectives



ConK otal

V >r  word

It,t' 'fPOlnl 'Il I tl j fnS   s LJ' lnlarss'!

%1ap Uf B rlllg 5 'I !il 'if

introduction

V I I I

I Primary productivity and nutrient
dynamics< hapler

Secondary production: Planktonic
rhapler

and benthic organisms EE

F isheriesc'hap er

23Marine mammals and birds

ehaprer 5 Chemical oceanography 29

elraprer 6 Geological oceanography 35

7 Physical oceanography and air-sea
interaction

59

RefererICes

%orkshop program and list of participants 69

efraprer 8 Management and facility requirements



55

180

5G'

l 704 I 70' l60'



Introduction

5;rlishan l,o< I g< w <' ass<'r E! t il«l t r< >ni or r r v art< i <r s < 1 rs<'rlih fl <'s a
hypothet real irn,;rg«if th«' lyr!'<nil<' nli<l < <irnpl<'x 1k<'rrrrg ~<'a shelf
systr rn, 'l'h< lk<rir>f.' ~tr;rit <hrriiig th<' last,'i ! r»illi<~rr y<ars I>;rs Ii<'< rr a
niigrat«ry r<!ut< h< twe< ri tli< 1',i  ifi< .rn<l .Ytlanti«!«ar» I'<ir marin<
<irgarlisrr! s «s var'ied;ts nl !lhrs<.'s;rrr<l nlaiilrnals..Et <iru' t Itn<' ',r iari<t 1>rr</«
! f!'rill'r lllg t wv cori 1 i r'1<'r'r t s, 't lte Bcr i rid 5 t ra it pr< >v r<l<' l t h<' rou t <' for
ctisp< rsiori of Ol<l IVorld t< rr< strial plar>ts «nd;«arri>.<ls, n>< hr<lir>g mar>,
 hfouglrou 1, the A rner icas,,'Xs r<'<:ent ly;Ls  r,Utl r y 'ar s;<go, I h<' crit Il e
l3erillg shelf Uof 1st ltutirlg f ! percerl  <il th<' 'rr<'a ot th<' 14eritr 4ea--
was dry land and sh<.lter for mip;rnt sp< or< s. '1'h< su<.<~ss of thes<
nl i/rat ior'rs ar4d the «arly subsist<-'r'<c ' cultures wars lart~<'Iy at t rib<it abler t{!
th  high liroductivity of th< adjac< nt marine < r>vironnl~ nt,

'Vh<. conternp<ir:rry li< ririg 5< a. < r»>t;rircing a v<iltrm«if;3.7 milli<!r>
culiic kil<ini< t< rs of wat< r, <ic<-utii< s «ri;<r< «:rh<>«t '.?�'1 milli«ri s<l«ar<
kilonset<: rs li< tween 51 an<i 66 5, 'Vh« haract  risti<. pr<>p<'rtii s <if its
prescript waters are p<.culiarly rriodifi«l l!y its < icharrg< with th< N<!rth
I'aclflc 0cean through passes rf1 thE' l 20 ! rnrle char<r  !f.; LI<'ut larl 1 slarr<ls,
'1'he narrow  HG kml and shallow �,"i nt! I3erir~g Strait rs th< lirik with
the Ar< tic Ocean and gateway to the northeast arid northw< st. p;rssages
of hist<iric prosp< ct and commercial h<ipes through tire c~ rlturi< s. 'l'he
shallow featur< of the Bering Yea  mean d< pth <>f l 4:-!ti ni< t< rsj <'rsdows
it with a sensitiv< heat budget, that p< rmits formation of a s<.as<>rial ici ~
cover of remarkable corlsequ nces. Duririg summ< r th~ wat< r.' nr< fr<..<
of' rc<'., hut th<. teml>erature se.ldorn r x<.~ <ds 8  '.

A 1 t,hough warmer seas charact  rist ical! y cont,a irl n r or<' d <vers .
populatior>s than colder waters, the high latrttrde seas strpport n>uch
!arger numl>ers of individuals --- du  possil!ly to a gr<ater < ffect of
te n'rperatur< on r<. spirat ion ratios than on photosyr'rthet.ic r:rt,  s. I f
relatively less photosynthetic energy is consurn< d in r<.spiration, the
energy thus reserve can support a larger l>iornass. A uni<.tu~ liroportion
of the Bering 'Sea is <.on>prised of the most liroductive areas of the
8'orld Ocean � 53 percent is continental shelf «r>d slope.

Ancient native cultures subsisted on a h untiring a»d fishing
economy for centuries in compatibility with an abundance of fish and
animals in the Bering Sea area. Not until western man began exploiting
the region to supply large populations of people with furs and fish wa»
the natural living wealth of the area affected. As a result, the sea otter



was cxplolted to tile poiilt ot ne:ir «xt iricLI<! ri, f I<!ur'. Icr
depletn3, and the herriiig ccolof.'ical r»chc a@pi ars t<> Iia; ~ lier ii I,rrr ly
dispia< ed I!y pollock. Still eiidaiigcred, tlirt w oriel s 1'irgesi salnlon r<iiis
have Iieen restored to;i sust;ii»ed liarve st Iiiglily contr»ge»t uI!o»
rat io rial f ishs ries mating  nieiit pract i  e;iiiioiig,ill iiideisi ri illy
participating n;itions. It ha» not been erntif th< la.t de ca le tli;it tlic w[ Je
<Iiversity of th» living resource pote ntial of' the H~ riiig Sea Ii;is I>i en
fully alipre ciated and the threats t.o its perpetuation r~ cogiii/e d. I,urge
harv' sts of pollock, cod, oce «n l>erch, Iilack cod, halilnrt arid rat tail» are
now I!e iiig take n Ivy,Japan. the USSR, and L'5;X, and South Korea,

'I'he shi lf region of the Heririg Se e fe«ture s o»e of the l,irgest
ma rin~ rnanirnal population» in the worl~i, an aI>unmeant
poI!ufation, tlie I u'gest bird populations per unit ar~ a iii the' world, th 
worfeI's largest, ei lgras»  Z ~s cra! l>ed»; a high cat.ch of pelagic fish lier
unit area; arid soinc of thc highest values of daily primary productivitv
< v~ r me asur  d.

Ve rv promising oil aiid heavy-niirierai Iirovirices lie yet uii aliped
oil coiit Lncntal shelf portioiis of t,he I3e riiig 'Sa a. Kxt< iisive kiiown
mirieral d~ posits exist. on the Iaiid regioiis also, of teil accessible oilly hy
sea, auld in submerge d lands wliich will be de vcloped through
underwat< r placer mining techtiietues or by oil drilling. The extractioii
of thesi rniiieral resourc< s is imminent and will impinge upon t!ie
habitat» arid ecosystems of the reriewaI>le resources. Only through an
underst;i»diiig of thc total environment as an oceanic system will it I!e
possil>ie to resolve the «onflict,» that w ill irievitably arise from
i xploitat,io» of botl> renewable aiid rion-re'.riewaI>le resources from the
�e ring,'4 a,

Due' to it» high Iat.itude locat.ion, the Bering Se a is characterized by
very large aniiual vari ttioils irl certaiii propert,ies. Iiicideilt radiation
varic» a»iiually from almost coniple te darkness to nearly total liglit; the
~ xte ~ iisive ici cover in wiiiter poses further questioiis of how organisms
ni;ii»tain thcmselve» duriiig low-light. periods and ho+ tlie win I-driven
o< eaii «yst,em» respoiid to changes in wind patte'ms.

;although productivity in polar seas with intermitteiit, ice cover has
lier '!i tliouglit to be I imrte d primarily by the high latitud» se asoiial
d«fi< i~ iicy uf av;iilabl» light arid lack of permanent tlierinoclirie
formatio», recent. evidence  McRoy et al. 1974! indicates that the' ice
i ov~ r of tlie I3ering Sea provides oceanographic conditions which iii fa< t
support, Iiigli primary productivity on the undersurface of the ice during
perio<fs ol' the year when the water column itself is not, productive.
Moreover. th» nias» of tightly packed brol en ice floes at times move
southward, counter to the general northward direction of sea currents
in the region. Aea ice transports sediments from the major freshwater
system ms of the Yukon and Kuskokwim rivers and may thus contribute
to the presence of the unique proportion of primary productivity
present at the shelf edge in support of one of the world's richest
fisheries at that si4'.. The seasonal ice cover of the Bering Sea is the
hospitable habitat for abundant and diverse marine mammals and birds
sustained I>y it» associated productivity. It is possible that the seasonal



iL "I' I!.il' I i' i .'y ic,i:,i � i.it it li;«crnaker vital t o rct ulatto» of the' rich
I3cri»<~ 4 ca ccE! ivit c» i.

'it>IIi»cii I ii i~h cU»cc»11 at io» ot product lvlty at thi' ihelf Iireak
iiivi» i il~ tails d -l«dx io di tcr»»»~ iti cauic. It »iai ti~ related  o locaI
upw< ll»>~~ ai»»" thi h< It hr~ "ah»r i» the:XIeutia» isla»d passes;
high !!rodUetlU» «iiocl'itcd 9'itll t lie icc cd'~e dul ll'l" Iiaft, Uf the year.' Ul
t U;i co»i I il» at lUll vt t h cie»!ccI'!atl 1s t'Il s a»d co I'ivcct tve t ra llip orts
i!i/a»lc illiitti.'l I» detiitiil foilil fioi» otl'lci regiO»S to 1>e 'iilva»tagcouSly
del>tiil ted aloiig t ti ii teat Urc vt the ica.

.4iditio»ally, Iii cause tht';iir maSsi'i al!OVC the Beri»g 'gaea sv»M
tI>C iCC pai. k ai an i Xt<iisiv» ot thc cO»ti»iiit, thi. si asO»al Vari;itiility i>f

icc »lay l!cculi;irly nzodify thc I>osition aiid stre»gth oi' th~ .Xleutia»
I »A' it»a 111 iystcm, Iii thc world's atnxosphcric reghrie, the lberii'ig Sea
! i< i »! O»< ol t hi r~ bio»» o f »»iii»>uin p<radie»ts a»d, lienee, of
»»iklnlUn'i at»»!SpI'lerIC Vigor. I he Wi'Ild StICSi V» thc Sea iS a» UR]cr Of
Ll»igi»tuili.' greater 1» wl»'tei' t t'ial'i 1» sunll»ei.:LS a Well-<li fi»HI reglO»,
the lb' r i»g Sea is a t raCt ahli. areii fOr Study Of inte»si
occli»le-lit.illoSphei'ii; i»teraot loll.

interrelat io»ships vf t hc 13cri»g linea shelf system a»d it»
processes arc complci and their i»flue»ces far-reaching. It is a syst,em
co»tril>uti»g to the fi>od resources of many Countries and probat>ly tO
the weather of distant population c<»teri. 'I'here i» a peat challenge to
undcrst:i»d the Bering Sca -- its biologicat proce sscs, its dyriamic
physical rcgimc, and its wealth of rcsour<.es. It is to this we wish to
direct, our inquiring skills in the interest of science and rational rc.soLtrce
dcvclopmc»t





primary productivity
and nutri<.nt dyn;imics

II.  ',  .'.url, Jr.
J. !.  lo< ring
 ;. I' Xfck<>y

i+c0pc

f'I i'll«&' pt <!did< Ll< ii i

All primary produetivn is controlled I>y the ra e of sul!lily ol' < n<rgy
and liy Lhe rate of supply and r< dux sLat< uf nutri  iiI. �  i»erits,
I'ro<luctivity at all tropl>ic levels is tnost. r< a<lily «ss< ss«'I ln t<'rnEs of
<:arbon, v'hich occurs in only two I!rineipal r<dux st;it s <in<i is ari
imp»rtant ft« tor in con>munity an<j sysl  m nietubolisrn as w< ll as
air-s a intera<.Lion. 'I'he supply of nitrog<» ean lii»it pro<luction at all
trophi< level», and the con<entrati<i» vt silicon can oecasiunally liinit
the. abundance of diatoms -- which ar< t,he lirii>cilial photosynth< i ;
olgallisrns.

1'he aiinual cycle of organic matt< r pruduction in th< Ik< rii>g s  a is
uniqu<' «s a consequence of Lhe extensiv<. shallow shelf of the s< a, it»
r<1;itively < »el<!s<'d l!asii'i, an<I its seasonal cover of s<'u ic< Over Lh<' sh<'lf.
'I'I>es< f<'atures result in mechanisn>s that i»ay individually Up< r ite in
other <! !e;in regions t!ut function in combination vnly in th  I<<ring
S<a. 'I'I>is complex of mechanisms gr<':itly enhanc< s th< Lvtal aniiual
pr<><It<chion lit yond what woukl be <.xpected lor a se;i siLuat«1 on th 
«/ge <if Lh<:Xr< tic.

Nu triton t dy hami <.s

The shallow shelf waters of the Bering 5< a at times stipport «n extensiv<.
growth of phytoplankton because light. and al>un<lant inorg'<»ic ««d
organic nutrients are readily available. In shelf areas, nut.rient supply is
often attributed to proximity of freshwater runoff or to coastal
u pw e Iling. The importance of nutrient regeneration in l>ot torTi
sediments, however, has not been investigated. It is contended that the
sea bottom has been underestimated as a nutrient, source and that it is a
tightly coupled cotriponent of an interdependent shallow water



ecosystem. Therefore, extensive studies ot detrital organic matter
ecomposition in sediments as well as in the water column niust be

undertaken before the mechanisms and the importaiice of the in-place
regeneration of nutrients in sustaining primary production in shelf
water of the Bering Sea can be assessed.

Assessment

The production cycle begins in late winter with the development of a
dense population of algae, mostly diatoms. on the subsurface of the sea
ice. This bloom of ice algae appears to develop in the ice front zolie and
to move northward as spring advances.

The standing stock of the ice algae community contained vI ithin a
few centimeters of ice is equivalent at peak stage to that of the entire
100-m water column in summer. The explanation for tliis remarkable
phenomenon may come in part from the physical structure of sea ice
which consist» of a series of passages and surfaces. A piece of ice 5 em
thick by I m-' can have a surface area of 100 m~.

ln spring, the receding ice front creates a lens of low-salinity
water. Initially, the seaward ice edge coincides roughly with the outer
margin of the shelf. ln this region, the initial spring increase of
water-column phytoplankton begins in the wake of the melting ice.
'I'his liloom is presumably a result of the stability afforded by the lens
of low salinity in combination with the seasonal increase in light. A!so
starting at the southern ice front, this bloom likewise moves north with
the advancing season.

Yet another bloom of phytoplankton occurs in the open Bering
Sea during formation of the seasonal therrnocline. Equivalent to the
classical spring bloom of temperate seas, the second bloom can begin as
early as March near the Aleutian Islands arid possibly not, until late July
in the Bering Strait.

The restricted connections between the Bering Sea and adjacent
waters result in regions of active mixing, as evidenced by an area of
upwelling just north of the Aleutian Islands and by high current
velocities in the Bering Strait. In both cases, these physical processes
sustain high summertime phytoplankton productivity

The extensive shal]ow region and long coastline of the Bering Sea
are a potential source of organic detritus. The Yukon and other rivers
probably contribute significant amounts of particulate organic detritus
to the Bering Sea, In addition, the extensive lagoon systems of the
Bering Sea coast seasonally contribute much detritus in the form of
seagrass  Zo8 tera! leaves,

Discussion

The focus of these productivity mechanisms is the seaward edge of the
Bering shelf, within the depth zone of 50 to 150 m. The patterns of the
y'oundfish catch suggest a concentratio~ of organic productivity at the
edge of the shelf. The explanation for the concentration remains as the
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Pig. l. Biocheadcai cycle of nitrogen in the marine ecosystem.

major objective for investigation.
Jn general, the cycling of the essential plant nutrients  nitrogen,

phosphorus and silicon! in marine ecosystems is similar. We therefore
propose that budget studies of only two of these elements be
undertaken along with carbon in the shelf region of the Bering Sea.
Since this sea is heavily harvested for organic matter  fish and mammal
protein! by man, and nitrogen and silicon are often implicated as the
nutrient species that limit plant growth in support of all marine
productivity, we propose that an extensive study of nitrogen and silicon
cycling be made. Such investigations should include studies of nitrogen
and silicon consumption by primary producers; nitrogen and silicon
regeneration through such processes as excretion and dissolution; in situ
biochemical oxidation and nitrate reduction; convective and advective
movement of nitrogen and silicon nutrients in shelf water and their
movement through the sediments,

ln order to define components of the marine nitrogen and silicon
cycles, we have developed conceptual models depicting the various
species and interrelationships of organic and inorganic nitrogen  Fig. 1!
and silicon  Fig. 2! in the marine ecosystem.
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1'he cycling of nitrogen and silicon in the water column is hetter
understood than that occurring in the sediments. The nitrogen source
of the bottom is sedimental organic matter, which is also the main
medium for nitrogen loss from the water column. Organic matter is
eventually buried in the sediments to become organic nitrogen in the
anoxic layer. Nitrogen leaves the sediment biotic compartments as
ammonia, both in oxic and anoxic layers. This species then either



<Itff«s<.~ out iiii i tlt< «.tt< i, is oxidtz<d to riitrit< or tittrat<, <~r it ts
! <'titlll e<l ttl < ll<' fill<' t', I 1t 'I;t l 4<.'<t <'t' by sorpt toit  !lit o s«' lit it<'nt I>art i<'l<s,
'}'he <!>i<it/ ~<! it itrat ' i<! t<l litti'tt<.' species in;ty t!e <l 'ttlfi lf t<'<I to N ail<I
I lt<'!pc<. t et ui t t '<f i   i;< 11 litt <! tl t' t I !y itli rogetl I i%,'tl l<!il.:Ytllrllo t'i t'l, t t it t lit <',
iii rif<',;ill<I <ltss<! tv<'d Ur"<<lit<' tllit' >g<'t0 «'.; ll;tfl l«us< d f<!r nit<'r«bi;tI
gr<iwtl~.

RF .r!M%1VN13Ll! RViVAli 'll  < !,il,&:

  It<!i<'«' > j s u<tv <u ' I
sit< ll br<;tk;tr<',t, wif lii» tl«bf<i< k;i I - it> N,tit<l

1 l;> -18 ! 4V siE<!<tf I I!<' "iv<'it 'fit<' Iligll<".i't Itri<irity, si»« tt>is r< i<~it
i»< lit<I< s fil< in<isf fir<»ftt< I iv<  'tsli< ri< s f<tr t<r<tutt<I;t»<l <I< ttt< rs;il
fisf> in tf>< 14eri»<' s<",t.

Y< «>tiff prt<trit y sft<>u i<1 be giv< it i.o th«, ,tsoit.tl i«s}>« i
cover, part i<ul;irly «.Iter< ti is coittiguous with th< sh< lf Itr<',<k, liut
«Is<i the edg< of the sheet as it ree«.j<is tti th< slier»tg.

l7ydr<~g<rag>gati< s«ppot t ad«gnat<'  u <ass<'ss nuiti< itt bu<f « t; <tn<J
 'ycles

N <it ri< t>t liu<lg< ts r< qttir< hv<lr<! gr tlilti«l;tt;t <ltl ''t
n><g;t-I lO'-1 !' km,'<l;ty!;t»<l In<'s<!-f 1 t<! ] ! ! ktl!:Ittitt! s<'af<', 'l'li<
first sc;tie i» re<l<tir«I f<ir syst<»t ns< t;tbolisttt «ts<I;tir-s< ~;t r< s< «r< It,
<n I the I;ttt r is t>< <'<lnl f<>r se<iint< nt-w:terr < x< li:»t«<;tri<1 t~ntri» t>t
<. veling r< searclt. '6'< r« .<>rnttien<l that hy<fr<>p",~I<hi< sttpli<it t li<
«<I ' I'<liite to  .'on'tI!ut<. tt'<ass I!alatt«'' ittl l fi at!sf!<!rt, upw<'lltttf' t'at 's,
and vertical an<i horizorttal «l<ly <lisp< rsi<»t.

independent estimat< s of cart!on < yclit>y.;tr«I  sir<  I fr<!tit
geochemical mass balance oI>servatiot]s, particularly as vari:it i<>ns
in annual heat content could profoundly afft.ct th< I<< ritig 5<;t;ts a
carbort source or sink.

Expel im<. n t al observatlorts should h<' design<'d to <'st a hit;ih
rates, routes and reservoir sixes for nutrl<.'nt;ltld slf le<it.<' otl t.lt» s<'tt
bo ttom int< rface, within the water column, at g< ographie
boundarie», and at t,he pycnocline interface.

Varticular attention should be giv«n to rate limiting f>roc<.sses,
including orgat>ic s<'dim< ntatiun, mov<.ment of nitro'<'t> spe< ies
and physical forms across the sedimertt-xvat<r tnt< rfa<.<, advectiv<
and convective supply o f N sp  e ies. nttrifi< ttt i<>n 'in<i
denitrification; soluble silica g<.neration. uptake kin< ties uf Y, ag<J
silica by organisms, actual transport meehartisrrt s! itivofv<4 in each
process, and the specific role of zooplankton and in situ microbial
regeneration.

Wherever possible, experiments should be performed itt situ
withirt a Lagrangian coordinate system.

3. Primary production ineasurenients
Primary production in the Bering Sea should be estirrtated

frequently enough  at least monthly! to esta.blish th» amount, of
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sec !t'i Jar}' fr<!clucclon:

plankc !itic;<nd benthic organisms

A.  '.  'arcy, Jr.
ll. NI. 1'cd< r
 .' Xlillcr

~cop<

; <lthough th  13<'rin" -3<'a c< oiyst <'nx in i 'ht l!c < xp« C<'d t<3 op<'rat ' <n'I
th<' san!<' t!road i<."il<' is tl>at foiin<1 !<i n<arln<' s<< st<'nls <'ls<'0 h<'r ', Lh<.
s<'aso»al i<' '  '< iv<'r < >v< 'r ln 'll<'li <! f' t h<' ah< ll' suan<i <'st i <in i<tu<' i",0 i;it. ioi>s in
energy flux a»d»utri< nt < y< lint<..i«h s< rip i<>n «t' th< str<ict<ir;il
<;ornpun<nts of that < c<>sysL< in;iii<1 < stun;<t< i <it tlat< r<tt.< i:it whi< h Lh<
undcrlyhlg proccss<s op<rat.< will lead n<!t <!nlv to ui<'r< «s«'1 kn<!wl«' lg<
of such syst< n~s in g< n< ral, lout will;<Is<i h< lp to pr<di<.tiv< ly <1< tin< the
<lift'< rences aCCril>ut <hl< to th< pr '.i<'ncc of 'i s<"<son'il ie«' ,' >v<'r, .Xn
eff<ctive hiological stu<ly ot' th< l3< ring 'Hca will rcquir<';< f!< sh look «t
the s  <.ondary pr<>du ,ti<!n within th< sh< lf «<!syst  tz!, Utill/.ill" tli<.
uni<luc ri search oliportuniti<s provid«l i~y th< sp« ial 1'< «tiir< i of tl1at
syst< m.

L siess Alc Ill.

f'lu<rl:tor>

The l>lankton of t,hc Al<.utian Basin on thc west.i rn si<le <>f t,h<' B< ririg
Sea is w<*il-known tax<!non>i<.;illy anil is sin>i]ar t<> t,hat <>l Ch< west< r»
suharctic Pacil'ic.  !nc food w<'t>, u t,ilia in' sm >1 1 flag< liat< s as the
primary food source, is «haracterized hy t.h< small p.az<r < op< p<i<l
Oithona simili8, 'l'he omah<.r chain, prot>ately based <!n diatom production,
is dominated hy thrc-e species of large «opepods: Cnlanus ptumehrus,  .'.
cristatus, aml E'eucalanus butigii,

Among a number of sr<..ondary food <:hains pr< sent in the Aleut.ian
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Basin, euphausid herbivores seem to be less important here than in the
subarctic Pacific region. Pteropods Limacina hemi cina are at
b dant or even dominant but the conditions surrounding these

Pblooms are not understood, As in the case of the subarctic acific
zooplankton of the Aleutian Basi~ is not common at the 100-200 rn
level, No species are known to concentrat~ in this specific depth zone
although seasonal migrants inhabit adjacent layers. An explanation for
t,his widespread phenomenon remains a problem.

The zooplankton of the eastern Bering Sea is also described
taxonomically, but the dynamics of its food webs are less clearly
understood t,h an they are in th e A leutian Basin The dominant
herbivores in the eastern region are thought to be Acartia longiremis
and a species of Pseudocalanus, with two euphausids  Thysanoessa
raschii and Th. longipcs! also being important. The means by which
th< se shelf species are able to overwinter under the ice in the Bering Sea
is poorly understood.

Benthos

The rnacrofauna of the Bering Sea is well known taxonomically, and
dat,a on distribution, abundance, and feeding mechanisms are reported
in the literature  I'ilatova and Barsanova 1964; Kuznetsov 1964;
Neyrnan 1960; Stoker 1973!. The relationship of specific infaunal
feeding types to certain hydrographic and sediment conditions has
been documented  Neyrnan 1960; Stoker 1973! However, the
relationship of these feeding types to the overlying ice cover and its
contained algal material is not, known.

Mobile benthic species of king crab  Paralithodes camtschatica!
and snow crab  Chionocoetes bairdi and C. opilio! occur on the
southeastern Bering Sea shelf, where they are heavily exploited by
commercial fishing fleets of several nations. Very little is known about
the biology and distribut,ion of most nektobenthic species such as
rnysid crustaceans. Extensive pandalid shrimp populations, consisting
primarily of the northern pink shrimp  Pandalus borealis!, occur in
great numbers of the southeastern Bering Sea she!f and along the
nutrient-enri«hcd continental slope; however, overfishing has drastically
reduced the stock size of these crustaceans.

The biomass and productivity of microscopic sediment-dwelling
bacteria, diat.o ms, microfauna and meiofauna have not been
determined, and it is important that their roles be clarified. lt is
possible that these organisms are vital biological agents for recycling
nutrients and energy from sediment to the overlying water mass  see
Fenche! 1969 for review!, Of unique interest is the potential
relationship of the ice edge and underice primary productivity blooms
te the underlying benthic-biotic-chemical system.

Crabs and bottom-feeding fishes of the Bering Sea exploit a variety
of food types, benthic invertebrate species being most important. Most
of these predators feed on the nutrient-enriched upper slope during the
winter, but they move into the shallower and warmer waters of the
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shelf of the iou' h~asti rn 13~ rhsg 'H«a for int< nsive feeding «nd spaxvning
during 'he sun' rl er, occasionally they exl>loi t the colder northern
purtior» of tin she lt'. 'I hi, diff< r~ tstial distributior> ii reflected by catch
statist.les whlclt dcfnoi'ist r;it e tl'lat the southca 't 'rn sl >elf area is a rrrajor
fishing area tor < ral s «nd bot tom fi, h~ s. The eff~. < t of int< nsive
predatory activity in the southerra versus th~ northerra part. of the shelf
appears to he parti.rile responsible for a differ~ ncaa in ..tanding tock of
the food benthos in both regions  Xeyrrran 1'.0, I!�3i. lt. is apparerat
that bottom-feedirrg species of f.isheries rrnportat>ce art si«nificantly
exploit,ing a restricted portion of the H» ring Sea shelf and arr cropping
generally slow-growing species such as polychaetous an»elids. snails,
and clams. Thus, ',he i arrying r apacity of tht shelf for benthic fisheriei
organisms appears to be related to the lev~ 1 of thr standing crop of
1 m po r t a n t s 1 0'4 - g Yo w illg !pccres lri the Ber irlg !ea', llowevel,
rrektobenthic and pelagic L'rustacea such as amphipods and r uphausids
may grow more rapidly in the nutrient-rich water at thr shelf edgr and
may provide important food resources, An intensive examit>ation and
comparison of predatory a«t.ivity and its impact o» ihe li~ ntho» should
be undertaken in southern and northern shelf regioiis,

Some marine mammals of the Bering Sea feed on benthic species.
walrus feed predominarltly orr slow-growirrg species of rnollusks, but
seals prefer the more rapidly growing crustaceans and fishes in their
diets. Although showing food preferences. marine mammals are
opportunistic feeders. As a consequence of their broad food spectrum
and their exploitation of secondary and tertiary consumers, marine
mamma]s are difficult to place in a food web and to assess in terms of
energy cycling. lntensiv« trawling activities on the Bering Sea shelf will
ultimately have important ecological effects on benthic organisms used
as food by marirre marnrnals, If benthic trophic relationships are altered
by this tntensive fishing activity, marine mammals may have their food
regimes altered, Adaptable species will survive, although perhaps
initially in reduced numbers.

9 iscu ssiun

Plunk ton

The Bering Sea has three distinctive features important in evaluation of
zooplankton dynamics �! The number of species present is low and
well-known taxonomically. In addition, very few of these achieve
importance in terms of either individual r>umbers or biomass; probably
not more than 25 species adequately represent the quantitatively
important species. �! 'I'he continental shelf of the Bering Sea is very
wide in contrast to the corresponding subarctic Pacific region. This
large expanse of shelf will aid in explaining the important differences in
faunal composition observed hetween the neritic and oceanic regions.
�! The seasonal ice cover over a large part of the continental shelf
permits study of overwintering mechanisms under conditions very
different from those in the more southerly parts of the range of
shelf-inhabiting species.



Benthos

The broad, productive shelf of the Bering Sea undergoes rapid
transition to a deep basi» environment,. lt has been shown that t,he
composition oi' benthic fauna changes dramatically with depth down a
steep continental slope in response to marked modification of the
physical environment  Rowe and Menzies 1969; Sanders and Hessler
1969!. An examination of the effect and controlling features of a steep
d epth gradient into the cold, high-latitude Bering Sea on the
distribution and abundance of benthic fauna will provide valuable
insights. The reduced temperature gradient and the' marked seasonality
of primary production in the Bering Sea are of particular interest.

Most. of the carbon produced in a marine ecosystem is channek<
through invertebrate species, many of which interact in food wcbs that
t~ rminati i» commercially i ssc nt,ial f'ood species. The harvesting of great
numbr rs of certain commercially valuable species such as shrimps. crabs
and dr n>ers;d fishes in the Bering Sea could eventually result in their
replacement hy and subsequent drastic increase in the standing stock of
coinmercially less desirable forms such as sea stars. Heavily exploited
«reas should be studied to provide insight, into possible significant
perturbation» of the natural food web, The documentation of recent.
exploitation of Bering Yea fishery resources makes this area well-suited
for such research,

The l!asis of secondary production must, be understood before the
sig»ificancc of high stai>di»g stocks and high yields of cornmertially
important species can be understood. Knowledge of rates of growth,
mortality, recruitment, and metabolism is scanty. The few data
available indicate t,hat growth rates of organisms such as pelecypods are
low, although the bio<nass of commercial species removed each year
suggest» a large benthic food source. Thus, certain benthic species with
high y'owth and reproductive rates should be identified and examined.
Basic population dynainics studies of important prey species are
necessary to understand the rates of energy transfer across trophic
levels to commercially important species,

There is a lack of basic information in marine ecosystems on th»
degree of interaction between organic rnatter in the surface waters and
that, on the sea floor. Ne also must define and measure the sources and
input, rat~ s ot detritus in the Bering Sea. These are data fundamental to
the understanding of any marine ecosystem function, since much of the
benthos derives its food from detrital materials. Such information is
thus essential also to a meaningful understanding of the Bering Sea
itself,

RECOMMENDED RESEARCH GOALS:

Phnktonic production

I. Determination of the distribution and abundance of the
Bering shelf zooplankton species in relation to environmental
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gr<rdi<'nts aiid t<! seasoiial changes
 'li,eract< rization of the neritic-oceanic zooplankton

h<>un<lary «eros» tb» br<>ael continental shelf to determine the
cause s l'or the' transiti<~n z<!hie

'Stueli<s «f <if the v< rtical elistribution of the zuolilankton
in relation to wat<'r charac <'ristics to explain the exclusion of
rnu<. h of the fauna from the 100-"00 m de.pth zone

Deterininatioii of the dyiiari<ic» of the B<'ring 8<'a pelagic
food  <~ebs

Mare complete information on trophic interacti<ins a»d
rates of energy f iud

<7

Drterrnination <if zooplai>&ton life cycles in subaretie s< «s.
particularly over«intcriitg forins bciieath the ice'.

Benthic product.ion

Determination of the distribution aiid abundan<.'e of benthic
fauna and of the structure <ij benthic co>ninuniticsin r<  ation
to the eiivironmental gradients

8 amp ling across t.he uniquely broad southeastern
continental she lf and down the continental slope, with
particular reference ta the seasonal ice. cover and shelfbreak

Comparison of the northern «nd southeastern
continental shelf regions with particular reference ta seasonal
ice cover and benthic predators

Deterint'nation of the structure of the berithic food ueh uith
particular reference to the diet of predaceous corntnercial
spe cps

Comparison of the food web in the northern and
southeastern continental shelf areas and along the continental
shelf break and upper slope

Characterization of th» marine mammal-benthic fauna
food web

Determination of the quality and quantity of particulate
organic carbon input to the sea floor with particular
reference to the under-ice primary production

Biological description of dominant species of the benthic
communities and important, food sources to commercial
species

P opulation dynamics, including species population
growth, recruitment, and mortality estimates

Feeding rates with particular reference to seasonality
Metabolic rates of dominant macrofauna
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Determination of benthic community energy use, incLuding
community metabolism, to define the partitioning and use of
energy in the detrital food uieb on the sea floor.





Fisheries

R. '1'.  :ooney
ll. Kasahara
l.. l.. l.ow

scope

Fo<!cf i4'cb st«clies

A better understanding of food w~ bs i» ess«ntial to production studi»s
of higher trophic levels in th»»cosystern of the Bering S«a. ln
approaching this problcrn through a better description of the f»«ding
characteristics of harvest ilail« fish sp«ci»», som~ of the major pathways
for energy transfer could b» traced from harv«stabl«stages back to
lower trophic levels. Although lin>it~ d inforrnatio» is available, a
systematic program of stomach cont»nl, analysis is ne»ded,

Evaliialiun of exi~ting hareestable rcso«revs

Assessment of abundance and yields of harvestable species is an
important subject not only from the viewpoint of fishery management,
but also as related to man-made changes in the abundance and
composition of organisms at higher trophic level».

Predic ion of recrtiitmen$

Appraisal of potential fishery resources has been made to some extent,
but further studies on quantitative aspects  abundance and potential
production! are desirable. As fishing is intensified, the»umber of
age-groups in the stock usually decreases with time. In temperate and
tropical waters, it is not infrequent that a fishery is supported by only
one age group. Even in subarctic waters, some fisheries, including now
the Bering Sea pollock fishery, take the bulk of their catches fram only
two or three age-groups.

The problem of predicting recruitment in advance of the fishery is
not only critical for the maintenance of the fishery but also represents
one of the most challenging research topics facing fishery scientists
today.



Assessment

The current, annual catch from the Bering Sea is 'i.& million tons, which
is about 0 percent of the total world marine catch. The history pf
intensive fishery efforts in this region is relatively short �5 years
I'ig. 81, and a large volume of data is available both from commerc,ai
fishing and exploratory surveys. ~k substantial amount of work has
already bee» done, but much remains to be accomplished, particu!arly
in terms of «nalysis and interpretation.
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M ost d e»> ersal species are already fished intensively. but
observatio»s of s1.omach contents suggest that such forms as capelin a»d
sa»dla»ce exist i» relat,ively large»urnbers, Squids. bathypelagic fishes.
and some of the larger zoopla»kto» I»ay also be co»sidered resources
for future eiploitatio».
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Discussion

;$ lthough ski»c foo'Ll iveb i»formation is available, a systematic program
Of stomncli cv»te»t;»11!ysi» appears in Order. ThiS inveStigatiOn might
be irnpletTie»ted by placing observers on large commercial vessels
operatiiig se;iSo»;illy in the;irea. MOre difficult is tl>e determinatiOn Of
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Fig. 4. Time-series graphs showing relative annual groondfish catch by Japanese
rnot.hership, long}ine-gill net end independent trawl fisheries in the Bering Sea, 1964
� 197 l  Brown and l.ow 1973!.
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rates of consumption ol prey organisms. I'hi» would be done, to t.he
extent practical, witliin limit» of existing methodology. A
understanding of food web relationships bctwein stocks of interest
must involve interactions with l!lankton, marnrnal. and se al>ird scientists
working in the same program. Also, since large populations of nnirine
mammals and sea birds coinpete with man for som~ of the same
resources. changes in these populations may be expected as stocks are
signil'icantly reduce d. 'I'he < xti »t of physical effects of fishing
op> ratioris. espe< i«lly the disturbance of hottoin sediments inight also
hr consideralile; particularly i» thi southeast < orner of the Bering Sea
v here trawling is intensive  Yig. 4, pri vious page!.

Th< removal of large quantities of fish and invertebrates from a
rr lative ly limited «rca  e.g., see l''ig. 4 for Bering Sea derriersal stocks!
must hav~ substantiiil effects oui th» ecosystem of the area. Although
means availahii t,o study t,his subject «re rather limited, analysis of
existing data over the entire period of iitterisive exploitation might, give
some clues, for exainple, in terms of changes in th» relative abundance
of prey, predator and cornpct,itor species.

One problem in evaluating «omrnercial catch information is access
to existing information. Much of the excellent data collected from
foreign commercial fisheries has been made available only to limited
groups of scientists under international arrangements. Moreover, there
have been constraints on the publication of the results of research based
on such data. These restrictions make it difficult for competent
scientists in the academic community to effectively participate in
plan»ing and coiiduct,ing rneaitingful resi arch.

RECOM M I,"N DKD R KSEARCH GOALS:

Food- web studies to determine the characteristics of
hareestabie species in different stages of their li fe histories

Studies should focus on major species of goundfish  e.g.,
yellowfin sole, turbot, rock sole, flathead sole, Alaska plaice,
Pacific halibut,, black cod, Pacific cod, Pacific Ocean perch,
Pacific pollock, and sandlaiace!; pelagic fishes  e.g., herring,
salmon, and capelin!; and invertebrates  e.g�crabs and
shrimps!

Whenever possible, rates of consumption of prey
organisms should be estiinated.

2. Assessment of abundance and yield of haruestable species
Analysis of fisheries data from cornrnercial fisheries and

from exploratory and survey cruises
Analysis by species, time and location of historic changes

and present. status

3. Prediction of recruitment
Early detect,ion of year-class fluctuations
Stock-recruitment relationships
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F ffects of harvesting on the ecosystem
Trophic effects on prey, predator, and competitor

species
Physical effects of fishing operations

5, Appraisal of unexploited potential species
Abundance, potential yield and harvesting methodology

of lesser known species  e.g., capelin, sandlance, squid and
large zooplankton!,
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mammals and birds

J. C, Harton 'k
l . Klsn r
V. II, Vay

bc ip '

l h ' H 'ring S a possesses a uni lue div»rsity and abundanc  of mari»»
mammal», far exc»»ding thus» along oth r American shor s, and boast»
th '. gr  at»st variety anywhere in the world of marine N'Immi ls
a»»uci. L d with pack ic . 'l'he B ri~~g S    is on  of the most produ tive
; r a» for s abird» in the w '.stern h .mispher , probably equal to or
»urpas»ing >n productivity the r n >wn  i wat 'rs off the V ruvia» c ~ast.

By far th  major activity of 8  ring '8 'a mamma! «nd bird
populations is concentrat 'd over the continental shelf, th» same r .gi in
w h i c h d e l i n e a t es t, he maximum  extent of seasonal ice. 'l he
concentration» of these populations and the behavioral, physiological
and biochemical aspects of their special environmental adaptation» huv»
particular significance for scientists interested in the biology of the
marine environment. Comprising the top trophic level of what is clearly
on» of the most productive bodies of water in the world, these speci»s
offer an abundance of challenging research opportunitics. 'l'he processes
o f p roductivit y wh ich su pport their existence, as well as the
i n terrelationsh ips among members of the system, are open to
exploration.

The s»a ice provides, an ever-replenishing matrix for primary
productivity, functioning at the same time as a living platform, breeding
ground, climatic barrier and migratory route for the Bering Sea
mammals and birds. Many questions exist. with respect to the
relationships between these animals and their peculiar habitat, The role
of the rnarnmals and birds as re-distributors of nutrients in and over the
surface of the sea is not clear, but the estimated quantity of their
excretory products suggests that it might be an important contribution.
Many possibilities exist for research related directly to the ecology of
the Bering Sea region as well as to the adaptations of the fauna of that
region. The potential exists for biological generalizations with
implications for our understanding of life processes and for
conservation and utilization of these resources



Assessment

Pr od acti vi t y

of the 25 species of Bering ~ea marine mamm'<ls are
part-time residents  Yay 1974!, !Valrus and several kinds of seals and
whales move down into the region in winter with the advancing sea ice
from the north, whereas others move into the region from the south jn
the ice-free summer. Prorating their occurrence in terms of full-time
residence in the Bering Sea, the marine mammalian fauna is equivalent
to 1,5 million full-time residents having a biomass  standing crop! of
about 450,000 metric tons. 'I'hey consume some 9 to 10 million tons of
nekton and benthos annually � times the con>mercial fisheries catch!
converting at, least 10 percent of t,hat into ne w flesh and re<listributing
as feces more than 1 million tons of nutrients. These estimates are
rough hut conservat,ive, and better data re n«d~ d for more realistic
assessrne» t».

The ribbon seal and th» largha harbor seal occur only in the Bering
and Okhotsk seas; the Pacific walrus is found only in the Bering and
 :hukchi seas  Scheffer 195H!. The bird life is similarly concentrated in
the moving seasonal ice and must, be sustained by the high productivity
found there.,'several avian species, notably those of the auklets, are
found only in the Bering I~ a  Fay and  .'ade 1959!.'I'he density of bird
life in the eastern Bering Sea probably exceeds t,hat of any other
location in the Western llernisphere, with the possible exception of the
Humboldt  ',urrent r~y>ions off Peru.

Birds also are a significant but poorly understood component of
the Bering Sea ecosystem. 'I'here are about 40 species of birds that
frequent the Bering Sea  Gabrielson and Lincoln 1959! and are
classified as "seahirds," including 3.4 of the 23 known species of
Alcidae in the world. They spend most of their lives at sea, usually
coming ashore only t,o brec<I, More than 50 species of other birds, not
generally regarded as "seabirds," frequent th» coastal waters and littoral
zone, where they utilize marine resources on a seasonal basis.

 ;ornparative data on wintering seal!irds  Shuntov 1966! indicate
that bird densities of from 27 to 45 birds per km-' in the southern
port,ion of the Bering Sea are 2 times greater than those densities
encountered in the Pacific Ocean near Japan,,'3 times greater than in the
Sea of Japan, and from 10 to 20 times greater than those found in both
the South  ;hina 'Sea and the Indian Ocean. Surnrner densities, if
comparative information were available, would likely increase the
differences.

Imprecise information on populations and population turnover
because of migration, mortality and natality permit only crude
estimates of production variables. The standing stock of seabirds is
estimated at 27 million birds weighing 14,500 metric tons. Of this
biomass, there are 135,000 birds weighing 135 metric tons; these are
primary consumers that feed on 34,700 metric tons  wet weight! «
plant material, largely eelgrass, in a year. Another 26.5 million birds



weighing 14,315 metric tons are secondary consumers that eat 1.0
million metric tons  wet weight! per year.

The migratory birds that reside in the Bering Sea during much of
their lives and those that. rest and feed there during biannual migrations
are part of an international resource that is seasonally shared by many
people of several nations. Birds using the Bering Sea migrate southward
along both sides of the Pacific Ocean; some, such as the arctic tern,
even reach Antarctic waters.

The shearwaters that summer in the Bering Sea are commercially
harvested in their breeding grounds in Tasmania and south Australia.
The unfledged young  or, "mutton"! birds are killed for meat and oil
under government regulations and quota limitations. Seabirds and their
eggs are also harvested for subsi tence by coastal native peoples,

Treaties between the United States and Canada �916!, Mexico
�936!, and Japan �972! provide a measure of protection for most
migratory birds found within the Bering Sea and prescribe species,
methods and manners for harvest. A similar treaty is being negotiated
between the United States and the USSR.

Discussion

National importance

The American people have indicated through the Marine Mammal Act
of 1972 their intense concern that marine mammals and their

environment be carefully conserved in a healthy state. Much of the
knowledge required to do that is not yet available and must be obtained
if the Marine Mammal Protection Act is to be effectively implemented.

The diversity and abundance of marine mammal and bird species
in Alaska, compared to the situation along the shores of the other
states, suggest that American scientists interested in marine mammal
biology will find the last frontier for many of their studies in the Bering
Sea region.

Birds and mammals are an important system for transporting, both
vertically and horizontally, energy and nutrients within the Bering Sea.
For example, the tiny crested auklet �30 g! has been reported to dive
to 120 meters to catch prey, and murres take their catch to young that
are more than 40 miles away at the nesting colony. Birds defecate in
the water during feeding and also on the nesting cliffs. Guano defecated
by these birds may exceed 100,000 metric tons per year; however,
guano accumulation in colonies is negligible because precipitation
leaches deposits � thereby carrying most nutrients back into the sea.

International implications

The marine mammals of the Bering Sea constitute a renewable resource
whose harvest is shared by the United States, the Soviet Union, Japan
and Canada, Those four nations are bound by the conditions of the
International Fur Seal Treaty by which the sustained annual yield of
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approximately 50,000 iridividuals of that, speci». it the Vribilof Isla>ids
is determined. The products, fur ansi an~mal food, are divided amoiig
the signatory nations. 'I'he cr>rnniercial harvest of other seals and of
whales in the Bering 'Sea by th< Soviet l lnion amounts to ahoiit 20,OOO
animals each year; there is no comrnerctal harve>t «t present, by the
li'nited States, since passage of the i~larine hlammal l'rotection Act Qf
1!�2 prohibit» it. 'Subsistence hunting by peoples on each side of the
B c r ing Sea accounLs for an additional 6000 animals annually.
Altogether, about 76,000 individual marin~ rnamrnals are harvested,
rvpre~ riting a biomass of 15,OAO metric tons and a monetary val~e of
about 9.b million dollars lier yeir. V.fforts are required to develop
effect ive conservat io!i and tnanage ment, of these resources through
cooperattve progarns. A step ni that direction wa» taken in 1972 by
initiation of the U. 5,/i'SSR Knvironmental Prop'am Agreenietit, which
included provisioris for joint efforts to conserve wildlife. The first
iinplernent'itio» of the program took place in 197,'! by the particil!aLion
of two soviet marine mammal biologists in the research cruise of the
Alpha llellx in the Bering Rica,

Aside from the poorly kriown role of birds in the functioning ol'
the Hcring 'Sea ecosystem, the avain resource is of ot.her values to man.
Mariiie birds have long been a parL of the Alaska»»atives' culture and,
to a lesser degree today, an important source of food and clothing for
Kskirnos and Aleut» of the Bering 'Sea. Bird carcasses and eggs add
variety and nutritiori to the diet. Bird skins were fornierly used for
clothing, and feaLhers are still used for ornamentation. Harvests of
seabirds arid birds of the est,uarine habitat and their eggs by Alaskan
natives probably exceeds 10 metric tons pcr year, valued at $25,0UO--
$ M,OOO.

Marine birds have intrinsic and est,het,ic values which are difficult
to assess. National interest, in seabirds and other migratory birds in the
Bering Sea is evidenced by the presence of eight national wildlife
refuges in the area, including those of the Yukon Delta, St. Matthew
island, Cape Newenharn, lzernbek Lagoon, and most of the Aleutian
islands. Additional refuges are being proposed under provisions of the
Alaska Native Claims Settlement Act to prot,ect seabird nesting colonies
and t,o provide areas where seabird» can be observed in undisturbed
liabitats,

Potential confh'cls of intere~l

Impending developments of mineral and petroleum exploitation and
further expansions of fisheries in the Bering Sea will have some
predictable effects on the marine rnarnmal and bird populations, as well
as on other levels of the ecosystem, through perturbations of habitat
and competition for food supplies. Much more information is needed to
evaluate this potential. Conceivably, the impact of these exploitative
lrrdustries, mainly on the benthic and demersal fauna of the shelf, could
greatly lower the carrying capacity of this habitat for marine mammals
and birds.
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t< ~ din.', .;i< ln--; I nt<»l spec'ies e>f seabirds ar< poorly known,
e spe'cuilly Un a l <",lr r >u>l<l l a. 1 '. l  lputaliofl elala oii liirds  !f coast}ll

lilcleu1Q «nil n~>l <>l stiff ii ie nt precision to dete'ct possible
d< cia»~ s iit bird nutnl~i r» I'«r ivlui i ver cause.  '~immi rcial fisheries «re
causing eliri ctly n>ort,ilily to birds which h~ corno e ntangl< d i» gear
during fi i diilg iinel dry iw n,   'r«d< e'sti»ut cs suggest that Japan e'se'
salinon fishe'ries «re t;il ing "'.~, ! > ! to 7,i !,0 >l! birds;innually in gill
ne~ts off the .Kleutuuis !slands. 'I h  in>pact ol this mortahty tlpon the
vialii1 jty of local b hard pupulations is not k nor n. I'xploitat ion of
offshore' petrolcuni deposit» 'ind marine tr;iniiport'it]oii of oil through
the 8< ring Se a ire poti nti il futur~ causes for it trit~on of seabirel
populations i!s the se waters.

f ~»ique rescarcli oppor taint pcs

4%e n 'ed to knoiv lllucl'i n'i >rc «bout th ' p1EW slclil aspects of the pa 'k ice
itse~lf, especially its gross»s<!rphology -- tin sizi of floe's. lheir tliickness
and surf;ice te xture>, a»d the an>ount ol' eipi n ivater l>i  me e n then'
and the kinetics, direction aiid rate of ici inovernenl. 11. is;ilrc;idy
apparent that these conditions can exert import.int i»flue noes on t,he
djstril!ution and welfare  the'refore', the productivity! ot the inarine
birds and mamnials that normally reside within tlie bound;iris' s of the
pack or are e'xclude4 from ttiat area when ic  is prese'nt  Burns I970;
Yay lel711. Specifically, for example, we iieed to know:  I! liow ttie
distril>ution of open water and types of ice;ir  r~ l;ite d to th 
distribution of each specie»; is this a biologic prefereiice cif the specie s
for certaiii ice condit,ions. or more a fuitctio» ol either f;ictors su 'h «s
climate and availability of food'? �! liow the nioveinenl» of the pack
ice affect lhe distributioii and etiergy expenditure of each species; that
is, do the animals drift with the pack and therefore distribute their
impact on the food supply over a very wide i'ea, or do they actively
maintain t heir position and thereby utilize more energy arid
concentrate their effects in a smaller, more restricted area'!

It is particularly important that the significance of exp<rime.ntal
biology and potential biological generalizations not be overlooked in
the thrust, toward exploratory and descript,ive ecosystem studies. The
special features of environmental adaptation associated with a coM
marine milieu are worthy of our best research efforts, Nat ural
adaptations of maintenance of homeothermy are an example, and 'i
diverse and abundant selection of species such as is represented in
Bering Sea populations is essential for successful irnplernentation of
these studies. Many of the adaptations best observed in natural
populations are of importance for what their study can contribute
toward our understanding of topics important to the health sciences,
The importance of studies of diving physiology in seals, for example,
has led directly to comparative studies contributing much to our
understanding of the physiology and pathology of asphyzia, its
consequences and natural defenses  Klsner l969!.
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RECOMMENDED RESEARCH GOALS:

Population studies of marine rnarnmals and birds
Development of survey methods for improved assessments pf

numbers, population composition, migratory patterns, distribution
and relations of each major species to structure and movements of
ice; natural h i story factors of mortality, pathology
parasitology

Modeling of populations to predict consequences of increases
or decreases of populations upon various components on the
Bering Sea and, conversely, to determine factors af the Bering Sea
that affect seabird and mammal populations

2, 7'rophic relations of hey species
More complete information on trophic interactions, nutrition

and energetics, dependencies and impacts on other biotic parts of
the system

8. Adaptation processes
Functional anatomy and physiological ecology; comparative

ethology, biochemistry and physiology of adaptations of marine
birds and mammals to arctic and ice-covered seas.

28



chemical oceanography
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L'scope

'I'he Beri»g Sea lends itself ezcvl!tionally well to inv  stigat ions of
physi«al, «1!en!ical a»d biological budgvt st.udivs t!ecausv of iti r  lativ  ly
restrictvd proxir»ity to the adj  cent Arctic a»d Pacifi«oc a» waters and
pr '.sent lack of r 'liable year-rou»d oceanograph ic  fata. A domi»at ing
pl!ysical featurv of the Bering Sva is its wi»t  r icv-cover ovvr n!ost of'
the st!elf rvgion. Many of th . chen!ical source materials to thii region
;irv idv»tifivd; thv. iml>Ort'inee. t!oweVvr, of each substanc  o» 'i» an»ual
1>;isi» i» poorly u»dvrst >od. 1 t should bv l>oisil>li to d  fi»  thvi 
chv»!ical s >ur 'vs»nd 1>roc 'iivi v it'� t > higl! 1>ro ] >et iv it y i»
d el>w»t r. shvll 'i»� ilol!  rvgi !n»,  >!! v a li  ttvr u»d rstai!di»g i»
r 'a '	 'd  >f tile heat  i»d salt t!L cog 'ts iind t h ' an> >un'ti  il>d l  >l ni.i  >1
carbon, nutrients and trace eleme»ts. Such informatio» woul<l; liow

t.' 'iiiig»l1Ev»t  !f trodi>iif 'I lun«ti >ns 1!vtWv 'ii cl! .'»!i 'al i.' 'ivrV >irs l.o
L»' l!l  th ' constr»�«ti >»  ! f a »i 'a»ingful n!at  ri;il I>; lan«  moil  1 <>f tliv
B  ri i! g,'>  a.

A ssess!»c»t.

Rit> . rs at>d lagoo».i

'I'he Hvrii!g '!ea re  iVes runOff frOm fOur major rivers: the Yukon and
Kuskokwirn entering from Alaska, and the Anadyr and Kamchatka
originati!!g in Siberia. Data on amounts and seasonal distril!ution of
freshwater added by these rivers have been asser»bled «nd r vi  wed by
Roden f1967!. Averag . a»nual river discharge  m:>/sec! to the Heri»g
'Sea has 1!een reported a» 6224 from the Yukon, 1270 from th 
Kuskokwim and 473 from the Kamchatka. Due to their high-latitud»
drainage basins, these rivers are fed largely by snow and ice melt, and
their flow arrives essentially in one volume during the summer. The
mea» annual discharge of the Yukon River, the largest river fiowing
into the Bering Sea, is about, the same as that of the Columbia River
f6037 ms/sec! into the Pacific Ocean. During peak discharge in June



and July, the Yukon River discharge approaches that of the hlississippi
River. Flow volume from the Yukon River during June, July, and
August accounts for 60 percent of its mea» annual contribution to the
Bering Sea with 90 percent of the total input, occurring between May
and Oct,ober.

The coastal lagoons surrounding the eastern Bering Sea contain
dense stocks of eelgrass. Tidal action exchanges a large proportion of
the lagoon volumes daily and supplies the Bering Sea with as many
important geochemical species as are found in seawater. Each of these
lagoons contributes on an annual basis a volume of water equivalent to
the input of a large river. In contrast to river cont,ributions, however,
the lagoon input is not, subject to 20-fold seasonal variations in volume
each year.

Sediment and in-~i tu processes

Input. to the Bering Sea is generally considered to be an in situ
regeneration process. Water-sediment reactions usually involve the
release of silica, and the regeneration processes are usually biologically
mediated � often occurring on detrital material which is transported to
th e s ed i men ts. Chemical species produced by regeneration or
decomposition reactions often accumulate to high concentrations in
interstitial environments due to restricted circulation. The supply of the
regenerated nutrient species is governed by molecular diffusion
 typically 10-' to 10~ times slower than eddy diffusion! and other
mixing processes. Concentration differences between interstitial layers
and overlying waters can differ by an order of magnitude, and
freshwater inputs can therefore significantly affect the chemistry of the
receiving waters.

Air-sea interaction

The questions of mass exchange across the sea surface usually fall
within the scope of chemical oceanography and material balance
studies. A notable parameter in such investigations is carbon dioxide
concentration, which is a fundamental factor in primary production,
Past measurement,s of the partial pressure of CO, in surface seawater of
the Bering Sea have shown that the gas is an excellent tracer for both
physical and biological processes occurring there  Kelley and Hood
1971; Park 1967!. Principal features of PCO~ clistribution in the Bering
Sea are intense undersaturation of -100 pprn in the northcentral part,
general undersaturation af about -60 ppm in the western part, and
supersaturation conditions in the eastern part  Gordon et al. 1973!.

Aleutian island passes: upurelling

Vertical transport of deep water is known to occur in the vicinity of the
Aleutian island passes, with characterist,ic high nutrient and COz
concentrations present in the near-surface waters. This phenomenon has



b<   n inv~ stigat~d in S,unalg«Pass  Kelley and liood 1!371! within a
region of intense vertical mixing, during which studies carbon dioxide
p;ut>al pressures   xce~ dt~l .'>00 ppm, with NO:,-Y levels in excess of 30
pg-atoms/Liter. Previous evidence of upw<'!lh>g near the n>argin of' the
continent ~l shelf, which extends along the >GG-m contour line from
U alaska island to th Pribilof Islands, is sugg "t<'d by sharp gradi nts
in surface iVO,-N concentrations,  Dugdal  and Goeri»g 1966! varying
f rom 15 pg-atoms/Liter to undetect'able levels bete een stations
separated by less than 30 n. miles

Sea-ice chevristry

'I'he chemical composition of sea-ice and its iniportance as a nutrient
source has been implied by McRoy and Goeril>g �97'!!. ll, is not, clear
what effect the freezing process has on seawater composition  Nelson
and Thompson 1954!, although there is indication that niajor
constituents such as sulfate and alkalinity may be modified by sea-ice
formation  Hood and Reeburgh 1974!. The growth of ice algae during
spring suggests that organic compounds may lx. concentrated on ice
platelets and transported with the ice to the zone in which the spring
melt occurs. The effect of ice formation in shallow water as a water
column homogenizing process may also be important.

Bering Sca ferti1itv a>td chemistrv

Recent statistics show that the annual Bering Sea commercial fish
harvest is approximately 2.5 million metric tons. lf the catch is 10
percent carbon, this harvest represents an annual removal of 2.5 x 10"
metric tons of carbon �.5 xlO'' g carbon, 2 x 10" moles carbon!.
Assuming a C:N ratio of 7:1, 2.8 x 10" moles of nitrogen are removed
and transported to the dinner tables of other countries.

When we further assume that the fishery ground comprises about
10 percent of the total area of the Bering Sea �.3 x 10" km-'!, assume
also that the winter vertical mixing does not extend below 150 rn, and
if we consider that 100 m is the effective depth of nitrogen nutrients
that are usable by the food web, the volume of the Bering Sea water
exposed to fishery production is approximately 2.3 x 10'"' liters,
according to the following computation: �.3 x 10' ktn-'! x 100 m =
2-3 x lf3'"' m  or 2,3 x 10'8 liters!. 'l'he available proteinaceous
nitrogen, assuming 20 pM NO,, /liter, is � x 10' !   2.3 x 10's!, or -l.6 x
10" moles nitrogen. The annual percentage removal of nitrogen is 2,6
x 10" /4.6 x 1G ", or about 0.6 percent of the available nitrogen in the
sea. Although this calculation assumes a steady-state condition for the
Bering Sea and does not consider a nitrogen reservoir in the sediments,
it is a significant factor. As a result of the calculatio~, the residence
time of nitrogen fertilizer in the fishery ground is 200 years based on
present fishery activities. Similar calculations can be performed for
other substances such as phosphate and trace metals. It may be that
some organo-metallic compounds are more important than nitrogen in
controlling the fertility of the ocean,



Discussion

Intensive commercial fishery activities have occurn d ~long the edge of
the cont,inental shelf in recent. years This fishery is associated with the
water current regime, warming of the surfac~ waters, availability of
nutrients, and photosynthetic activity, Summer thermocline formation
forces stagnation of the upper water, which eventually induces
depletion of nutrient substances, especially nitrogen, from the surface
layer as photosynthesis takes place. In order to maintain sustained
fishery productivity, there must he a means to resupply nutrients.
I'reshwat er ru nof f, including that o f m ajor r ivers, ~nd nu t rient.
rep!enishment from sediments add the needed nutri~ nt,s to the phol,ic
zone, Along the edge of th<. shelf, where fishery productivity is high,
the influence of major river discharge inay be investigated by tracing
river plumes. This impact may I!e small I!c cause of the great. distance
existing between major river mouths and th» sh~ lf edge. 'I'hi «real
extent and biological effects of river discharg~ ar» largely unknown.
River inputs are unique in that they an added to th  shallow shelf areas
as an annual sliurt.

In the case of sediment-recycled»utrii nts, th» siz~ of the nutri~ nt
reservoir itself and the pathways Iiy which nutrients enter it must I~~
explored. As for the agents that transport nutri~ nts from sediments to
seawater, both Iihysica! and I>iological transport rnechanisrns must be
examined. Tidal action, bottom currents, and convective processes are
physical mechanisms important, t.o mass transport Iihenomena. 'I'he role
of physical mixing in this regard is poorly underst.ood and could weII
prove to be the dominant. process supplying regenerated nutrients in
view of the activities of filter-fe«ding and burrowing organisms.
Evaluation of the sediments is integral to chemical study of the Bering
Sea, as the possible bottom regime is a source l'or addition of recycled
rather than new material.

Any turbidity and cascade currents that are capable of eroding and
suspending sediments may have a significant role in replenishing
nutrients in seawater. Such events often occur in submarine canyons,
which may likely be very fertile regions as evidenced by recent high fish
catches occurring frequently over the known submarine canyons along
the shelf edge.

Upwelling and upw'ard divergence of deep water from the deep
basins of the Bering gaea along and near the edge of the continental shelf
are additional mechanisms which resupply needed nutrients into the
photic zone. Nutrient-rich water, with a phosphate concentration of
over 3 ~M/kg and nitrate of over 40 ~l/kg exists at. a depth of 400 rn
in the Bertng Sea.

A technique has recently been devised using the rate of COq
exchange to the atmosphere to estimate the rate of supply of nutrients
to the euphotic zone  Kelley et al, l973!, which may offer a valuable
means of establishing an input term for nutrients entering the Bering
Sea as a result of vertical mixing processes within and near the Aleutian
island passes.
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RECOMMENDED RESEARCH GOALS.

1. Evaluation of seasonal and spatial distribution of source materials
to the Bering Sea

2. Evaluation of composition and distribution of chemical species
produced by regeneration or decomposition reactions in
interstitial waters

8. Evaluation of the seasonal course and vertical distribution of
carbon dioxide in the sea to aid in the determination of areas of
high primary productivity

Knowledge of the extent of high surface CO~ partial pressures
and its rate of exchange across the sea surface may allow for an
evaluation of the magnitude of vertical nutrient transport.

I.otv partial pressures of CO,. may be used to infer the level of
primary productivity, and an assessment of these areas and data on
air-sea surface exchange should be used in assisting in primary
productivity measurements.

4. Emphasis on the phenomena and occurrence of areas of upwelling
and significant vertical mixing. Areas of the sea which exhibit such
characteristics are regions of high biological activity and of
potential fishery resources.

5. Detailed investigations of the chemical composition of sea ice and
its importance to the quality of sea ~ater

6, Calculations of material balance for predictive model development
with the acquisition of high quality seasonal data on the
distribution of chemical species in the Bering Sea,
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In a study of renewable resources in th» Bering Sea geological
investigations can attempt to supply answers to questions concerning
the nature of the nutrient reservoir in the bottom sediments, the nature
and st ibHity of the substrate for benthic organisms, th» long-term
historical baselines for certain variables in t.h» oceanographic regimen,
and the nature of the non-renewable resources and their possibl»
utilization conflict, with renewable resources. Examination of each of
these proMerns can be well defined by geologic concepts and is within
the limits of modern technology.

The distribution of several nutrients it> sedhnents  C, N, and !i, l'or
example! is known to be associated with grain size of the s»dirnent,
Consequently, knowledge obtained of sediment transport and th».
sediment budget can be pertinent in studying the recycling of nutrients
from the sedirne»ts.

The distribution of benthic organisms is known to be associate
with sediment texture as well as with the availability and nature of
nutrients. Therefore, knowledge of the stability of the textural
distribution  which is derived from a study of sediment composition!,
transport, and the sediment budget is fundamental to an understanding
of the dist,ribut.ion of benthic organisms. Estimating the restorativ»
power of bot.tom sediment disturbed by human activity also depends
upon an understanding of the sediment. budget,

Even without the intervention af human activity in the Be ring Sea
in any form, the environment of this region in the recent past has
undergone dynamic changes, particularly in response to climate related
sea-level fluctuations. Only by means of a stratigraphic study of the
sediments that have accumulated over the past few thousand year can
a truly long-term baseline be determined, at least for those processes in
the oceanographic regime that produce preservable responses in the
sediments. The near-bottom currents, for instance, are a process having a
preservable response to direction of net flow.



Assessment

The most promising non-ri »~ w;>bi~ re sources ol' the Bering ~ea she ll' are
petroleum, natural gas, and c< rtau> heavy met'>is, Klthoup<h the hcavy
metal resources may he' areally restricted to»ear shore, the petroleura
and natural gas re'soufc 's may b ' expe' 't .'d ln the.' same' areas 0 f' the shelf
as the greatest concentration of re'newahle resources, again in part for
the reason of long-terra high productivity.  'onflicts betw~ en utilization
of the renewable resources may be e xpe'.cted, Geologic studies are
revluisite to developing th< non-r 'nt wable resources and can provide
i nformat.ion to help re solve the e.xpected conflicts in resource
utilizatie!n

Discussion

/V<ctrients and .the se Iiment f>tie!get

Product.ivit,v in marin . wat rs i» mostly dependent upon the. cycling of
carbon, silicon, phosphorus, and nitrogen 'Some'. of these' nutrients have
important, sources in the sediments, an<i their pathways in the marine
«nvironment are control!nJ to an ex te'»t by sediment source and
movement. important sources of nutrients may inolud» the suspends
and elissolved loads of rivers, the suspended load in se~ ice; the
suspende< load in the atmosphere; recycling from coastal l egoons and
from mobilized lahore wate r of oute r sh~ lf sediments; deep water
upwelling from the hleutian Basin; a»d the North l'acific water entering
through passes of thc A lcutian Islands.

The listing of t,hese sources i» not. meant to imply an ordering by
importance, for upwelling is probably the most, significant, contribution;
rather, the intention is to identify the source.s involving sediments.
Although some measurernpnts should hp made of the suspended load
entering through the Aleutian passes and of that, supplied by upwelling,
the other four sources cited above are probably more important to
st irnent studies.

1<iver and boas al staid>'

River discharge into the Bering 'Sea plays a significant role in the
l'orrnation of water masses dnd in the circuhtion of the surface water
on l,he continental shelf. The river water carries large amounts of
sediment in suspension that are retained in the freshwater plume in the
marine environment. These plumes can cover large areas of the shelf
water; t,he Yukon River plume, for example, covers more than 10,0GO
km-". The Yukon River alone discharges detritus into the Bering Sea at
an annual rate one-third that, of the Mississippi River.

The discharge occurs mainly during the summer months and
c o incides with the summer phytoplankton bloom. Productivity,
particularly near the mouths of the major rivers, is related to the nature
and amount of detritus present. Sharma et al. �972, p. 2005! have



il>iiwii that !iai'ic<il.ite  >l'4'Anlc carbon is sl,il}llhed hv the rivers iii Bristol
Baq aii<1 t.h.i. it occurs n>ost «»undantly with the clay-size sediment.
"ibis or�anil carbon in;iy bi' an important factor it> detern>ining the
p !l!u lat ion  lcnsit y. l n addition, tl'Le sediment in suspension may
atteiitiati thi liglit for thi benthic fat»ia or its depositioii may tend to
bu+' th  benthic organisn~s, On th«other luuid, detritus-feedi»g spi. c ies
may pro]iferate ln regions of high si dlmentation.

'1'he variety of effects that the introduction of river sediment into
the marine environment may have on the productivity and t: he bent.hic
fauna calls for a detailed investigation of rivi r sediment carried «s
suspended load and bed load. '1'his investigation should he coordinati.'d

a si,parate examination of thi dissolved load of t,he rivers.
lli asurements are needed of the three loads in the important

rivers, siich «s the Yukon «nd Kuskokwim, tor times of significant rivi.'i'
flow. 1'urtherniore. the role of coastal lagoons as sources or sinks of
nutrient» can bi t valuated hy similar measuri ntents, with perhaps mori
irnphasi» on the nutrients, at t,he inlets and out,let» of the iagooiis. l lie
coastal pathways of dispersal of the river and lagoon suspi nded loa<l»
with thi ir -.issociated nutrients may be defined near thi coast by l';RTS
 Environmental Resource '1'echnology Satillite! imagery. Not only ean
the distribution of sediments in the surface water and the extent of the
plumes b< studiid by use of KRT'i imagery, l>ut quantit itive asti»nit< s
of thi concentration of suspended sediment and of sediine»t transport
rates can l>< madi by obtaining ground truth data in th« field a»d hy
tlensity slicing of ERTS imagery  'Hharrna et, al, 197,'$l.

Bedim' nt transport by water

The pathways in the shelf sea of transport of continentally-deriyLEi
organic detritus and of fine-grained mineral particles are unknown. Also
unknown is the nature of. the processes associated with thi transport
and deliosition of these materials. Present knowledgi suggests that
material derived from t.he Yukon River is transport,ed nort.hw«rd away
from the central and southern Bi ring 'Hea. Therefore, th» large
quantities of Yukon detritus are not available t;o the nutrii nt budget of
the shelf break region. Little is known about the fati of detritus
introduced by the Kuskokwim and other rivers along the southeastern
shore. Moreover, approximately 1.5 x 10" rn-' of Pacific water, with
an average suspended rnatter concentration of 2 rngf liter, enters the
Bering Sea annually through passes in the Aleutian islands.'1'he fate of
these sediments and their influence on the Bering Sea productivity also
are unknown.

Therefore, measurements are needed of the transport processes of
the suspended load and bed load on the shelf. The suspended load is
probably more important for transport af nutrients associated with the
sediment, but the bed load transport will affect the recycling of the
nutrients from the deposit into the water column. The sedirrient
rnovernent in the water column is of particular interest and significance
due to the turbulence and mobility of the Bering Sea waters.



A systematic program of »'easuring thc rates of sediment transport
with a goal of estimat»~« th~ sediment budget will require
measurements at sites distributed across th< shelf. This patI em
necessary because the shelf may b» considered as lying bet'92vA'n
sediment source at the shore and a sediment, si»i: at the shelf break.

Although emphasis should be l!laced upon sediment transport
mf tsurcrnents on the shelf, the possible sediment. sink lieyond the sh< lf
� on t,he continental slope � should not be ignored. 'I'his slope
indented with nurner'ous canyons that have served as major dispersal
routes to the deep sea floor for shelf sediment.s in the past, and that
today are sites of upwelling waters carrying nutrient,s and possihlv
sediments to near the surface. It has been suggested that turbidity
curr~ nts capable of eroding and resuspending sediments may have a
significant, role in replenishing nutrients to sea water. t.!pwelling may
carry these nutrients upward to produce fertile areas in th» vicinity of
canyon heads. Turbidity currents, however. require a sediment source,
and the little information availabl» at present suggests t,hat
sedimentation rates on the upper slope are quite low, Before turbidity
currents can be considered an important process contributing to the
nutrient, cycle, we must determine a source of and supply route for
sediment, available for deposition in the canyon heads,

Sedi!nent transport by ice

'l'he presence of seasonal ice is a unique and nut.ritionally important
parameter in the Bering Sea ecosystem. The structure and distribut.ion
of the sea ice has been well studied, and its role in the ecology of sea
mammals is well known. An algal bloom that develops on the underside
of the ice contribut;es to the remarkably high productivity of the Beri»g
Sea. However, several vital interactions between sea ice and sediments
have been inadequately studied.

L,ayers of fine-grained sediment have been observed in the sea ice
 Sharma et al. 1 B71!, The source of t,his sediment, however, is
unknown, Suspended sediment may be incorporated episodically as the
ice thickens hy freezing downward. Or windborne sediment from th~
neighboring land may be deposited on the ice and then covered by
snow. 'l'he means by which the sediment is incorporated into the ice
should be identified.

Also to be identified is the role t,hat the frozen layers of sediment
play in supporting the spring algal bloom. The effect of the release of
the frozen sediment to sea-water, including a possible increase in the
product,ivity, needs further study. This investigation can be conducted
near the edge of the sea ice during spring. Once the sediment has
reached the bottom after being released from the ice, the question
remains of whether its addition to the bottom sediment provides an ice
transport modification to the distribution or properties of the bottom
redirnent, The deposition of fine-grained sediment from sea ice needs to
be studied.

The formation of sea ice, its movement and tke extent of sea ice



covt'i' li'l t lie loci'ii I'' +c'l c Lid Oc studied bv ERTS-4 imagery. The
di..-trii~ui ion and inigr i lion vf certain marine mammals and other taxa are
rein cd t o sca ice, and tile sl tidv of sea ice movement should be fruitful
for dg tcr!nnung nlnmnnilian bionras» distribution in the Bering Sea.
sim,lar si«~ly is c«rrenlly underway in the Chukchi Yea, conducted
jointly I» ih~ .alaska !tati. Department of Fish and Game and th»
Institute of Xtarine Science. U»iversily of Alaska, as part of the KRTS-1
prograi» sponsored hy NASA  Sharma et al. 1973!. By combining the
EII,'I'S imagery study with sampling of the sediment in the ice, it may
be possible to identify the source of some of the sediments. The
sampling «lone would provide information on the nature and amount of
sediment present a»d should be useful in studies of' the effect of the
sedi anent on the physical ch;iracter of the sea ice.

I' inally, the ice mass itself is important as a geologic agent, apart
froin h<'ing a transl!orl big process for sediment. Studies are needed of
processes «t lhe bottom of the sea ice when the ice comes»ear th» sea
floor, 'I'o what extent do grounded pressure ridges plow l.he bottom?
go  s sea ice pl;<y a significant. role in resuspending bottom sediments
and in re~ y< ling nutrients'? In what areas are these effects felt, and how
intense is the inl pact ~

Sedi »~~ nt l i.aIispoi t b>' air

'l'he transliort of sediment in the atmosphere should be examined iri
two parts: one dealing with the transport of volcanic material from the
adjacent volcanic regions, and the second dealing with the transport of
non-volcanic dust from the large adjacent land masses. An estimate is
ne~ ded of the quantity and composition of windborne sediment
supplied to Lhe Bering Sea, and it, should be based upon measurements
from aircraft, as well as from land and ships. The episodic nature of
volcanic phenomena, of course, poses dif'ficulties for a sampling
proy'am. The windborne contribution of sediment and nutrients,
however, is probably minor.

Recycling of no trients from the sediments

The sediment pore waters generally contain 300 times more dissolved
nutrients than is available in seawater. Since the source of the dissolved
ions in pore water is minerals in the solid phase, determination of the
mineral distribut,ion and abundance will be required to properly
understand the chemistry of the sediment pore water. Nutrients may be
recycled from the sediments back into the water column by molecular
diffusion or, more ]ikely, by physically or biologically controlled
mixing. For the physically controlled mixing, storms may be the most
important agent. Lisitsyn �966! discusses measurements of suspended
sediment near the bottom that can be best interpreted as indicating
roHing by storms of the bottom sediment on the Bering Shelf to depths
of at least 90 m. Storms on this shelf may occur twice monthly for
long-term periods. To assess the role of storms in mobilizing sediment



pore water, nutrient, conccntralions must be measured in the bottom
water and pore water freetuently enough to insure acquisition of data
for pre-storm and post-storm periods, In addition, since
rneasurernents are avaHable of the depth below the bottom to whicli the
r o i ling occurs, some experiments should be planned w it.h
information as the gaal. A knowledge of how much of the sediment
column is resuspended will be vital to construction of a sed~rnent
budget.

The study of biologically controlled mixing will be discussed in
more detail later, but one point, should be made here. A» important
source of nutrients that might have been overlooked occurs in the
sediment layers beneath the surficial sediments. The depth of natural
stirring of the sediments beneath the outer shelf is not known, but, such
stirring must be an important consideration in a study of nutrient
cycling. Deep trawling and its attendant disturban< e of the sediments
might tap deeper nutrient supplies. It has been postulated that the
Yukon P-iver flowed southward across the Bering Sea shelf during the
period of the last sea level lowering and subsequent transgression, If this
is true, then high sedimentation rates and significant discharge of
nutrients cauld have produced a large sediment reservoir of nutrients
only shallowly buried near the shelf edge. If these nutrients are being
released by trawling, they must be included in any budgets and
considered a non-rene wable resource.

The substrate and the seditnent budget

'I'he distribution of benthic organisms is generally related to the nature
of the substrate. The stability of the substrate can therefore be
expected to control these distributions to some extent. For example, if
sediment in an area of the shelf is becoming coarser in mean grain size
due to winnowing of relict sediment, then the distribution of benthic
organisms may be expected to change. Or when the progradation of
fine-grained sediment reaches an area of coarser sediment and begins to
cover it, the distribution of benthic organisms may also be expected to
change. The stability of the substrate is determined largely by the
sediment budget, Also, the restoration of perturbations in the substrate
by ex tr erne condit,ion s, including human ac tiv ity, depends upon the
sediment budget, For example, if trawling were to change the sort,ing of
the sediment, by disturbing the bottom, the restoration of this
perturbation would depend upon the sediment budget.

An understanding of the processes hy which organisms influence
sediments and knowledge of the rates at which these processes act are
required for an understanding of the dynamics of the substrate
distribution and rates of nutrient recycling from the sea bed.

Benthic communities are strongly associated with particular
substrates on the Bering Sea shelf. It is likely, however, that to some
degree the arganisms themselves control the ckaracteristics of their
substrates, Bottom fish and some infauna physically stir the upper layer
of sediment, throwing it into suspension. In the presence of a bottom
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bi<~le c,it! x sunup<'ndn! part i< lci will lre tr;<nsport.<xt
r-,,rdi]y ivhrlc c< "<re'I lr iit tel<'i 1 rt' b<'lrind. 'I'llii ni;<y tr<' a tn<'charlism for
rrr.<»rt;<irriilg th< srrt~itrat< p';»» 'i:-e arul iorti»g Withitl a rat>g< that ii

tl1<' rgatl isrr!s. ,'i !rn ' k itl<ls ol organisms t 'lid t< l!it'ld
it' $ jtrr<' lit teart i< I< s ting<'t ll < r iV it lr in<re<>u S so<.'r< t iOni Or t <r farm
s;irr<t-site<i fc<."il lrell< ts from iilt- arid cl.;ry-sized in'.rtcri'rl. thus;iffectitlg

at!tlity to tie t rat>ip<!rt< <l. It tll< ie lrr<rceisei 'ir< important in
irqflu< nciilg charact<risti< s <lf th< sutritr,it<:<n<l if tllr itaildirig it<rcks <!f
O i t arlisnrS 'rr<' Su ffiei< rltly t.rrg<' t O,"rpp< ar it>>t rOrtant, then thr
1'}<!sir bility <!f irrcv< rsilrl< i<»<l dcl< t< rious effects oil th<' . »tistrat< tnay
br .i f;i< t<ir iil l<»v< riilg th< triotnass through fiiliing op< r<rti<lns.  'oui<I
th< . utrstrat< lr< c<>rrl<;<ltr rr <I iu ffi< ietltly t<r r<'t arrl rcstocking'".

r;it<;it whi<h tll< .iurfac< sediirr< nt ii t<irrl<'d <rv<r try b< iitlri<.
it jrriilg <nay be ail i<lip<!it�'trit «'.!r!si<i<'ration itl the r",it<' <! f tltrtr ietlt
!< y< lilrg fr un thc sea floor.

lf th< rate;if ivhich s«littler tits;irc t<trtr«' I over 1< «vci atr inlprirlt in
lithul<>pi<' «traraet» riSti<'S. it illay li< p<!S,'rtrl<' t<! llirtdeaSt. t.lleie r'<teS by
<'xaQr]rr92tlg th< so<i iin< rrtary r« .<lrd irl cur< s, This rn;ry lr< ~ irnlrortant in
coilii<lcring ilatural fluCtu;it.iniii iil r<»< W;<tile rr i<lure< S <>v< r p< riOds Of
hritl li'«' ls Lo thoiis;lil ]s Of y<';rr».

I3<.lirlcatiOn ot Sedinlentary r<'gilneS ill th<' H<..iiilg .!<'a ShouM l!r
exp«.t< d to ref le< t. th» b<'ilthic sp<.cies distr ibut ioil. 1:xc<ipt for th» ar< a
along th» <rutcr sll<'lf, tnost of thc sedittl< ntary regimr s have already
trCetl <!< fin< d t>y bOttOtn Sedinl«tlt. analysis. fur the Western B< ring.'r'ea
1>y l.isitsyil �<�6!, th< central by Kneb<'1 �972!, th» rlortllernmost by
~lcXiarrus <'t al.  in presil, the southeaster<i by Askr» n t 1.972l, and
Brist<il I3ay try dharma et al. �97'>!. A suininary rev«w of' the hot t<rm
sedimeilti oil the Bering shelf i» given by 'Hharrna �97 la, h!. The
t!ot tom sedirneilt.s oil t,he out@I cont.inental shelf and the continental
slope should be examined for p rrticle iize. rninera! conlposition, and
chemical composition, in order to complete th» reconttirissanc<. routin<
study  ! I illelf arid slop<' scdtmetlts.

I!< t< rn>itlatiOtl of mineral differentiatiorl itl sedimentS ii extrem< ly
us< fu1 iil defini rig regions of longshore current,s and high et!<'rgy
<.'nvlr<!rim<.'nts, t�th at present «le !n the geologic pcs't. These regions
cont;<in deposit,s of heavy minerals and potent,ially toxic metals. 'l'he
influerlcc of concentrations of these minerals on the biota of the Bering
'Sea»e< 4» scrutiny. 'I'he po tent ia] hazard of biological poisoning
retn'iii» otnnipresent because of the location of a mineralized zone
along th< coast. ln view of the world-wide shortage of mineral ores, the
mines along the coast may be reactivat,ed. The effect. of' adding metals
such as mercury to the seawater may be locallv disastrous to biota. 'I'he
coastal zone of heavy minerals should be defined and it,s environment
examined.

Beyond these rout,ine analyses lies the need to understand the bed
load transport and biologic reworking of the bot,tom sediments. ln
addition, information is needed on the effect of human activity. Yishing
activities must have environmental effect,s beyond the direct effects of
reducing the fished populations. It is important ta intensely study the



sedimentology of a heav ily f i shed bottv21l region and c'L> I I jpare
results with those from an area ~vith a similar sedimentary < nvironment
f ree of a significant fisheries. I t wo u ld also be important to
purposefully and systematically fish the control area as if ~ound fish
were present, in order to deternline the fishing effects on th  sediment.
The importance lies in the possibility that fishing noway h lve significant
impact, on the sedimentary environInent which i» turn v, ill influenc
the substrate type and composition. The fishing operation will put a
layer of bottom sediment, into suspension. This sediment will
advected to a new bottom position by the bottom current. lf the
sediment is disturbed to a grea.ter than normal  natural! depth below
the sea floor, an artificial surface could result that. has a significantly
different, grain size. This in turn might have a significant effect on the
amount and t,ype of infauna, nutrient cycling a»d bot,tom stability
Thus, an experiment shouM be made to study the effects of fishing
operations on t,he bottom sediment,.

I l> e secf It!rettt budge]

To determine t,he sediment budget, we need to know several sediment
budgets, one far each type of particle. For simplification we can group
parti~ h. s genetically: for example, non-shelled organic particles, shelled
organic part,icles, terrigenous sand, t,errigenous silt, terrige»ous clay, and
volca»i~ silt. Thi» classification is only illustrative, however. For each
group of particles, information is needed on processes affecting them
and on the rates of these processes. '1'he rates may differ between
groups and may differ with time. 'I'hus it is important to consider the
groups separately and to obtain measurements of the rates under
various conditions of the environment. The rates to be measured
co m p r i se rates of supply, transport, sedimentation, d issolut ion
 decomposition!, resuspension, and accumulation.

Particles are supplied to the shelf by rivers, shore erosion, winds,
ice, and organisms. Each process supplies different particles. different
combinations of particles, or different amounts of various particles.
'l'hese particles are then transported by the seawater, at the surface or
in the water column, by ice or by wind. The rate of sedimentation is a
measure of the arrival of particles on the sea floor and obviouslv
changes with fluctuating rates of supply or transport. During residency
in the water column or after sedimentation, some particles may»e
partially or totally removed by dissolution or decomposition. This
process is particularly significant in affecting the organic particles. A!so,
particles on t,he bottom may be resuspended by physically or
biologically controlled mixing and thereby be retransported for some
distance before settling back to the bottom. Finally, with or without
resuspension, the sediment accumulates at some rate. The episodic
nature of the other rates may well result in an episodic rate of
accumulation, although this may be unmeasurable if the resolution of
the measuring technique is much greater than that of the techniques for
measuring the other rates,
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ni~.;isurcni~ nt~ i it ! fiche rate~ n'iust bc coordinated with the
rncasur i'ineii'..i oI t I'it ot lici' lili ~ ical, chemical. and biological varNbles

»"uter coI«nui. l lu r;itc.  .i i; oi' accumuliition, should be based
on an «ppropr>ati ts .-hort tinn ic-.il . 1! is:ilili;ire»t. therefore. that in
« audit ion to iiililcrway Jnc'i. uri. nii'iii ' on board ship and iiirplane 'ind to
mi 'ii. ui cill cut ' on st iit !on, son!c 1><>L t OIH.mvulkted moflitorlng dev ices
must I le 1 nc lu lcd. s iini I 'lr to t llo sc 0 f .!ter nberg anil   ravager   I 96K! !.
'I'hose dcv icos should iit leiist bc able to operate seasonally, if not
«nnually. 'I'h» mini>nal tyl!es of meiisurement» n~ ednl are lis <4 at th»
end  > t t h js chapt<I.

I Iic Iii~t !t ic il i cconI prcscrci'i1  >i t!te,ski>n 'itts

~tudor ol' thi' long-tcrin I>istoric;il ri i ord contained in tlute s~ dimcnts is
an i ssinti;il Eiart of;iii i I'foit to i stiinat~ tin s~~linicntarv and»iitric»t
l>unrig« t, 4t ra tigl 'i� lc s tu lly o f 'I lu set l in'i<'nt s E!rov idi s tin I >asis to r
est inlat ing r'gati s of «c< iiiniil;it ion «nd ilisp  rs;il tiatlis ol lil fi ri nt.
i oilE pont'ijts of thc sc� iincnt, over ii long pcrio t ot t trni . l I'i or<",i.' o I ni t
accumulat.ion, a portion of thc sedimi nt and its < iitrained nutri~ nts i~
rimov<d n>ore or less pernuu>i ntly froin tile cco'!itcni. 11'ic i<"dinu'nt
hoity then becomes a reserv !lr of nut.rlcllts tv illat!h' 1oi: rct'yeIii>g hy
bio tiiri!at, ion, hu N'l i'i  lis tui bunce, or geo log ic cvci 1t i. 5 t i" it ii'1"i E>h ic
study of ti~e sediments ~» tlsus i ssintiil to coi»I>tele the cquatioii tluit
involves input vf sedirni. nt;ind nutrients from ti rri stri;il;inil i xti.rn;il
ocean<!griiphia sources, export of sediment «nd their niitrii nts through
the straits, usi of sedin>ent and n«tri< nts l>y th<' bio A, and loss of
stdimcnt, nutrients by permanent burliil.

Nedimentological and I>ah. ol~iol<>pi~ al;tii<ly ~if thi stratigraphic
r e cord also provides long-term, t imi -int i grat cd ln fornlilt ion Un
direction and intensity of sediinent tr insport »y piili oc nv iro»ments,
biostratigraphy and other oceanographic processes, and thiis lirovides
an independent test of the significance of short-terin synoptic
oceanographic studies.

llurnan intervent.ion can affect. the Bering Sea ecosystem quite
seriously, even catastrophically, Even without the impact of human
activity, however, the ecosystem changes with time anil hris changid,
drastically, i» ancient, times. For example, all except the outermost
fringe of the continental shelf of the Bering Sea was emergent «s dry
land only 18,000 years ago. 3'he sea level ros«slowly, and the present
configuration of Bering Sea with its attendant circulat,ion anil sea-ic»
regime did not come into existence until about 6000 vears ago. 'I'he
sediment body retains a record of many components, of the ecosystem
and of temperature and water circulation regimes quite different from
those of the present time. Paleobiological, paleooceanographic and
paleoclimatic records of preserved sediments shoulil 1M'ovide us with
insights irito the long-term variability of the ei;osystern, given the
present configuration of the Bering Sea, and of the effects of the
different configuration that existed when the sea level was lower. It
rrisy even be possible to derive crude estimates of paleo-productivity,
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by can ful quanf stat.ivc ifu:ly of the biogenous compone»t of
sediments. YVe may finel evidenc~ in the stratigraphic record of past
catastrophes «nel of fhe rate of th~ ensuing recovery. Studi~ s of this
nature will provide us with information upon which to base conclusions
concerning the long-term stability of the Bering '5< a e cosystem, given a
continuation of the present, climate. or th~ possi/>le ~ ffects of a clin~atic
change, as well as of the possible effects of human exploitation. 'rhus a
<mrnprehensive study should be made of the sedim<ntotogic history of
the Bering shelf since the beginning of the last rise in sea 1< vel.

Assessment

Xi>tf-red>eiuable reso«reps

Investigat.ors studying renewable resources on th  Bering sh~ lf. sl»!uld
be cognizant of th< non-renewable resources «nd b  al< rt to posii[!h
conflicts in resource utilization. 'I'o this ext~nt, the no»-renewabl<
resources should also be considered. The most promising non-renewable
resources are hydrocarbons and heavy metals.

1J yd roca rbor»

The accumulation of hydrocarbons requires source beds, reservoirs, and
traps. The source beds are sediments rich in organic remains, and
although petroleum seems to he supported only by marine organic
deposits, natural gas can also be derived from continental sedime nts.
The reservoirs are porous or cavernous layers which must be sealed off
by a barrier to the fluid, thus trapping the hydrocarbons in the
reservoir. In general, thick sedimentary sequences that are only mileily
del'orrned satisfy the requirements for hydrocarbon accumulation,
Deltas and other areas of long-continued high organic productivity are
especially promising sites of accumulation.

Probably 75 percent of the Bering shelf holds some likelihood of
hydrocarbon accumulation, and some areas of the shelf are extremely
promising. The most promising areas are the sedimentary basins near
the margin on the outer shelf and the Bristol Bay basin. lt is not
entirely coincidental that these sites are also the best areas for fisheries.
The high organic productivity that is a creative element to both
resourcer has a long history in these areas.

The outer continental shelf basins are small, fault-bounded basins
with 1-2 km of Oligocene to Recent deposits, mainly consisting of
diatomite and diatomaceous sand, with some conglomerate. The
organic remains are abundant and the reservoirs are abundant. But the
presence of traps is not yet established.

The large Bristol Basin contains several kilometers of terrigenous
and volcanigenic sediments, Evidently it has been the site of a shallow
marine embayrnent throughout much of the Tertiary. As for the outer
shelf basins, however, the presence of traps has not been established.

From the Pribilof Islands to St,. Lawrence Island. the shelf is
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fornied by a t»>ck pr~sni olsediments whose source is not clearly
defined pr~ surnably, tlii» part of the shelf was flooded early in the shelf
history, perliaps late O!igocene or early pliocene, which would have
produced marine source beds in the lower part, of the sedimentary
section. l.n «dd>tion, the Kuskokwim River could have been a major
source of sediment prior to the rniddle Mioce>ie, and the Yukon River
may have contributed sediment here after the middle of the Miocene.
To he sure, not. enough information. is available or> the paleogeography
to infer much about the reservoir beds. but ancient river channel-fills
and b~ ach sediments are probably present. Below this section are gently
folded beds likely of  'retaceous age and probably largely of non-rAarine
origin. 'l'he possibility exists of very large volumes ot' hydrocarbons,
particularly»atural gas, being present beneath this part of the shelf,

'l'lie Norton Basin. beneath Norton Sound, was inundate during
tlie late Miocene but probably not niuch earlier. Since the basin was
evident,lv receiving continental sediments from late Oligocene, however,
reservoir rocks should be common, mainly as river-channel sands,
a!t, hough lak~ deposits may be present. The Yukon River has been a
major source of sediment since the rniddle Miocene. Large sources of
natural gas are likely present here, but. the existence vf petroleum is
doubtful.

Drilling and production in Bristol Bay and on th» out,er
continental shelf pose a potential disruption of fishery operation
hazards through navigation arid trawling, potential blow-oui,s, and oil
spills incurred during loading operations. These difficulties, however,
may not be as severe as the impact on the biota itself, Large oil spills or
b}ow-out» would have a temporary but potentially severe effect,
eSpecially On birds and marine marnmnal.

Drilling and production farther north would have little effect upon
the fishery, although potential deleterious effects on the niarnrnals and
birds is possible. Moreover, ice increases the hazard to installations and
ships and must thus be considered as increasing the likelihood of a spill.

Finally, it should be noted that the position of the international
boundary on the shelf has never been adjudicated. Since there is a real
possibility of locating an oil field in the shadow zone or astride the
boundary, the question arises as to implications of this on the division
and utilization of other resources on the shelf.

Heavy meta@

The possible occurrence of gold, platinum, and tin placers on the Bering
shelf is well-known. Exploration has shown, however, that almost all
such placers will occur in the nearshore zone, generally less than 5 km
from shore. Off the southwestern Seward Peninsula, they may be found
lo km from shore. Thus far the results of placer exploration have been
disappointing. The only significant discoveries are a rich but small,
submerged, stream placer  gold! off Bluff and much larger, low grade
gold deposits on the sea floor off Nome. Other gold placers may be
<ound, but they probably will not be large. The search for tin in and

45



near the Bering Strait and for platinum in and near Goodnews Bay has
yet to yield more than minor occurrences.

Sea-floor nzining for gold, tin, or platinum will be extremely
disruptive to the benthic fauna, Yet, the operations will help to recycle
nutrients by churning up the bof,tom sediment. In any case, the areas
affected will be small.

There is some possibility of finding of.hcr types of placers on the
shelf: zircon, rutile, ilmcnitc, or magnctitc. If present, these placers are
likely to be more or less exposed over large areas. I.ikely, development
would be in ernbayments wif,h intense tidal currents  such as Kvichak,
Nushagak, or Kuskokwim bays! or in the current-swept, north< rnmost
Bering Sea.

RECOMMENDED RESEARCH GOALS:

Geolofical data necessary for an under»tanding of the renewal
resources of the Bering Sea conf.inenfal shelf are: 1! the nature of the
reservoir of nutrients in t.he bottom sediments, 2! the stability of the
substrate for benthic organisms, 3! f.he long-term historical baselines for
comparison with typical short-term measurements of the oceanographic
regime, and 4! thc nature of non-renewable resources and the
I i k e 1 ih o o d o f conflicts in resource util ization. The first two
contributions can be mad» by sf,udying the processes which are eroding,
tra»sporti»g, and deposif,i»g the sedimentary particles on the shelf; by
measuring rates of these proccsscs; and by estimating a sediment budget
for each type of sedimentary particle. I» order f,o deterr»inc the budget
for each type oi' particle, the particles themselves have to be analyzed.
The study of the sediment budget on the Bering shelf should be
assigned the highest priority oi geologic study, The study of the
sediment budget on the continental slope is separate but closely relat.ed.

In order to provide a hi»tories al baseline of sufficient duration to
evaluate the temporal signif icance of some measurement.s of the
oceanographic regifne, a straf,igraphic study should bc made of the
sediments deposited since the beginning of the last rise in sea level. The
stratigraphic study d» scribed herc. should share the highest priority with
the study of the shelf sediment budget.

The exploitatio» of non-rencwabl» resources in the continental
margin may have some direcf. effects upon the established utilization of
the renewable resources. AVhile a study of thc non-renewable resources
is not rated a high priority in thi» evaluation, their active exploration
and exploi atio» must continue and accelerate. The future possibility of
conflicts in resource utilization should be underscored now.

l. Underway measurements and observations
:: Side-scan sonar, surface sediment distribution; 4 kHz seismic
reflection, thickness of recent sediment; sampling suspended particles,
concentration and composition

2. On,~i te studies

Suspended load in fhe water column from the surface to 1 m from



bc!ttom; light transr»issto» c!r scattering, vertical profile; core Qf
transgressive se<tue» 'c', vil!rat,in' or piston corer; hydraulically-damped

fc!r surfac  seri iment»; l!ox core, for sediment-bent hic fauna
re l a t i o n s h t p . l ! o t t o m phot o gr a p h s

g, ggc!ttc!!!t-!nounted arra.i s
 '.urre»t mete rs for profil» uf near-bottom currents; pressure

recorders for waves: bottom photographs; light transmission or
scattering measurements for vertical profile near bottom; suspended

iment samplers for vertical profile determinations; bulk density or
porosity measurements; autoanalyzer assays' ,temperature. salinity. and
oxygen measurement,s

4, Ice stud@
Sampks of frozen sedimc nt; ER'I'H imagery; divers

5. >atmospheric dust
Filter sampling and nel!h  ion!etry l!y airplane, ship and on lan l

6, River and coastal study'
San!ples of, suspended, dissolved, and bed load; measurenlents of

water discharge; E RTS imagery.





physical oceanography
and a.ir-sea interaction

K. Aagaard
L, K. Coachman
F. Favorite
J. A. Gait
C. A. Paulson

Scope

A l o n g w i th its many unique features covering all aspects of
oceanographic disciplines, the Bering Sea plays a key role in influencing
weather and chmate and in influencing the water rnassts of Lh» North
Pacific Ocean. its surface is the North Pacific environmental boundary
on the polar side of the westerlies, but, because it has a highly variable
seasonal ice cover largely co~fined to the shelf. there i» a marked
seasonally variable boundary effect. Reid's �965! charts depicting
North Pacific intermediate water property distributions showa direct
connection with the Bering Sea, thus suggesting that this water mass
rrLay be in part manufactured there and fed to the North Pacifi<,
particularly from the two largest and westernmost, passes through the
Aleutian Islands,

within the sea, certain physical characteristics provid«uni<lue
opportunities to study basic physical oceanographic processes, Or> the
extreme!y broad continental shelf, second in the world ocean only to
the arctic continental shelf of the Chukchi, East,-Siberian and Laptev
seas, many aspects of shelf dynamics could be readily studied in a
relatively accessible location. Also, as the shelf is seasonally ice-covered,
the role of ice on all aspects of' shelf oceanography could be best
studied here.

Upmelling

Upwelling occurs along significant portions of the cont,inental shelf
ed ge and is readily identified by the prevailing oceanographic
parameters. This phenomenon seems to occur in discrete locations,
«lated to bathymetric effects, so non-upwelled areas offer adjacent
regions for "control" study, Significant "upwelling" also occurs north
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of certain eastern .Aleut~an iiland tiasses, but, this «pp< ars to lie
dynamically differ~ nt, character tha» that. cjcc:urring along th~
edg». Both types of upwelling are obviously enormously important to,
and may be the primary reason why, some of tl>c hilliest values of
primary production ever measured in the world ocean were fror» t.he
outer Bering Sea shelf. On the other hand, it s< e~ns significant. to note
that the oceanographic community in general appears to be unaware of
these facts conc~ming the Bering Sea, in recent ovcrvic w lepers on
upwelling  e.g., Smith 1965; Xlargalef 1971!, the Bering Sea is ignored.

>1le teorology

An especially important physical feature of the Bering Sea which is as
yet largely unexplored appears to be its influence on the weather and
climatology of the North Pacific. Ocean. ln tertn» of thermal exchaflge
with the atmosphere, an ice-covered surfac» takes on many of the
characteristics of a continental area; hence, in effect, the polar side of
the North Pacific westerlies appears as a land-type surface over the
whol«continental shelf area south to the Vribilof islands in winter, but
in suinmer the surface is open water to north of the Bering Strait, lt,
would seem, int.uitively, that the position and strength of the Aleutian
Low and the', major cyclone track of the North Pacific  ENE parallel to
the .4 leutian l slands! must be predotninantly governed by these
particular seasonally variable conclitions occurring in the Bering Sea.

Assessme n t

Because the Bering Sea contains biological and geological resources of
enormous importance to man, thorough understanding of the physical
oceanographic conditions operating in the sea is essential to rational
utilization of these resources. Focal subjects must include studies of the
circulation and its time-variability which governs the supply and
distribution of nutrient elements, the formation and circulation of
specific water masses such as the very cold  Jess than -1 degree C! shelf
bottom water that plays a key biological role in constraining the
distribution of bottom flora and fauna, the location and strength of the
strong tidal currents  particularly over the shelf! which strongly
influence sediment distribution, and the nature and movement of sea
ice and its relationship to surface circulation and winds, which may
prove to be a limiting factor in commercial exploitation.

We have tried to identify all important physical oceanographic
problems of the Bering Sea in the light of our present knowledge and
have classified them generically as key problem topics. Below, each of
these is discussed in more detail, together with proposed oceanographic
studies aimed toward solutions which utilize all potentially available
resources,



Discussion

Ccitc~ <rl circ t] lri fioat

] hg Qt riJlg Sea naturallv divides ir>to two regilnes � shelf and rleep
baiin. 'l'he shelf re�inn occupies approximately th~ eastern and
northern third of the sea, while the central and western sea has typical
o eanic depths ��0- l000 m}. The basin floors are very flat, and the
depths grade very slightly from shallowet  '3700 rn! in the eastern
central basin to deeper   $000 m! in the southwest, i~lost significant.
however, is the presence of ridges such as Olyutorskii and Bowers,
which subdivide the sea into sub-basin». Thi» feature a Mil to the we ak
baro cl i n 1 c > t y t yp i< al of the Bering Sea leads to a strongly
topographlcallv nlfluenced c1fculat ion.

Shelf regin>e. '1'he circulat,ion over the shelf ~rvrth of St. l.awrence
[sland is reasonably well-known. Details of the circulation, including
transport through the Bering Strait and sx asonal variation», are
described in a monograph by  'oachman et al.  in press!. ln conl.rast,
the circulation over the shelf south of St, l.awrence island must be
considered essentially unknown. The water boundary condition are' .«n
the east the large, seasonally variable flux of freshwater froni A4ska,
partially focused as major river flows from the Yukon and Kuskokwirn;
on th«nest the Transverse Current {Arsen'ev 1967} follows the
continental slope from Bristol Bay in the southeast to Cape Navarin in
the northwest, 'I'he positive existence of this current has now been
established by the results  unpublished! of cruise Tl'- �1 'I'.  l.
Thompson, July 1972, which included drogue rneasurerne»ts i» two
locations of the flow over the continental slope.

No comprehensive survey over the continental shelf has ever been
made from which even a gross circulation pattern can be interpreted.
All work has been piecemeal, and perhaps Bristol Bay is better known
than the rest of the shelf; the only current, measurements available from
the shelf area are from Bristol Bay  Hebard 1961!, with theexception
of a recent series of 10 anchored current stations between St. l.awrence
and St. Matthew islands  TT-085, T. G. Thomp8on, October 1973!. For
the whole shelf area., course distribution patterns of water properties
have been published from compilation of over 1 year's data  e.g.,
Ohtani 1973!.

We conclude that the lack of information at present precludes
even the crudest quasi-synoptic view of what the overall shelf
circulation might be like. The generality can be made that there must
be a net south-to-north movement, as the flux of 1-2 Sv north through
Bering Strait essentially bleeds off on the average about 1 Sv of
continental shelf water. This is compensated in part by the influx into
the southernmost shelf areas of Pacific surface-layer water, which most,
likely is largely provided by transport through the eastern Aleutian
passes. This situation will only be rectified by a series of sufficiently
detailed and quasi-synoptic surveys in context of the obvious seasonal
variations. Circulation patterns can be primarily interpreted by applying



~ ' butjon o f variables theory, but some reference cun entdistrrbu ton
s are required to e.trnessuremen

Uee ~culatlon CR'culatron m. the deep basin is better known
tt!8> that over the shelf. The Soviet expeditions of 1958-1961, which
irlcIU, ded the only attempt at a winter survey, were too sketchy in
essence 0 «culation, in part beca

I ture As shown also by the numerical study of J A Gait
~ +npu bljshed! topographic influence on the circ u lation neigh t be
+<ng Qalt's results show that the wind stress torque tends to drive a

cyc onlc,Ionic gyre circulation, but the topographic influences cause the
res to subdivide into a series of gyres. However, no available data
01!V aI}ow a clear and unambiguous verification of these. It has also been

established that w'ind stress torque in winter is an order of magnitude
~eater than in summer  Hughes et al. 1974!, but the response of the
deep basin circulation to this variation in primary driving force is not
known. The deep circulation has never been studied.

W'e conclude that circulation in the deep basins is not sufficiently
known to allow even reasonable estimates of the advection of such
properties as nutrients. A recently completed survey  TT-OHo, 'I'. G.
ggopgpson, October-November 1973! occupied 160 STD stations over
the antral and western deep basin, but the data remain to be analyzed.
Detailed descriptive surveys are required before further progress can be
made in either understanding any of the major oceanographic problems
of the Bering Sea and its connection with the North Pacific or planning
o f specific experiments addressed towards any of these questions.

Continental shelf break and slo e re ion. Dividing the shelf and deep
asin regimes, the Transverse Current provides a dynamic boundary

along this edge, across which fluxes of properties occur both onto and
off of the shelf. These processes must be of fundamental importance to
many phenomena in the sea, and surveys to properly define the
circulation would also be used to adequately locate the sites where
major transverse fluxes may occur.

Shelf tides. Tidal motion on the continental shelf is significant, and, in
particular locations, large tidal current amplitudes dominate the flow
fie/d. However, published tidal charts of the shelf are in conflict, and
attempts to reconcile the tide wave behavior from published tide data
have failed. We believe the shelf is suitable to modern tidal modeling
techniques and that tidal studies are of high priority,

Shelf and shelf-edge dynamics

~he edge of the continental shelf provides a boundary of considerable
importance between the vast, relatively shallow region adjacent to the
Alaskan coast and the deep ocean.ic basins tp the southwest Bering Sea.
>his major demarcation region runs from southeast to northwest,
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Tidal flows have been observed in some passes. but mos< r
are only of a few days duration. Surface velocities of 1-5 knots have
been observed, the higher velocities being restricted to the narrower
passes. Both north and south net flows tover the s!sort intervals Qf
records} have been recorded at various times IReed 1971l. Arsen'ev
�96'7! and Ohtani �973! have shown anticyclonic geostrophic flows
encompassing island groups, resulting in net northward flows on the
eastern sides of the passes and net southward flows on the western
sides. The main feature of all available records is thus the large
variability and, as geostrophic approximations are largely invalid in
these areas, net fluxes can be determined only from long-term direct
current measurements.

Vert, ical mixing is extensive in the passes, but the distinctive water
characteristics of the surface layer �-150 m! in the eastern Bering Sea
can be attributed to a significant northward flow of Alaskan Stream
water through eastern Aleutian passes. However, there <s considerable
controversy concerning actual transport, Leonov �960! reported that
inflow and outflow could occur at the same depth or at various depths
in any of the passes. Natarov �963! estimated i,hat the easiern and
central Aleutian passes provided most of the near-surface flow into the
Bering Sea, whereas Arsen'ev �967! concluded that no net exchange
occurred in ihe eastern Aleutian passes and less than a third of the total
northward flow occurred in the central Aleutian passes, Direct current
ohserval.ions are required to determine act,ual tra»sport.

'Northward flow into the Bering Sea through the shallow eastern
Aleutian passes undergoes not only deformation  horizontal spreadi~>g!,
but there is evidence that this flow also contributes to turbulent
upwelling along the north side of the island arc  Keiley et al. 197,'l!,
Boih of these processes affect conditions and flow in the surface layer
of the eastern Bering Sea, and further field work based on tnodel
studies is required.

Heat exchange and intermediate water formation

The winter cooling and resulting vertical convection that takes place in
the shallower regions of the Bering Sea form an intermediate type water
that is advected into the deeper basins and can be identified as a
sub-surface temperature minimum at approximately 3.50 m. Little is
actually known about how much of this water is formed annually or
t.he rate at which it spreads throughout the basin. As this layer
represents a sink for the heat stored in the upper layer of the Bering
'Sea, overall heat budget and air-sea transfer studies require a better
definition of this water mass than is presently possible. Such critical
questions as formation areas, typical residence times and influence of
the coM under-layer on the thermal stability of the upper layer should
be systematically studied as part of the physical oceanography program.

An important by-product of this study cauld be a definition of the
acoustic environment of the Bering Sea and its time changes, Because
the temperature and salinity characteristics in various regions will be
weU established. it appears possible that the density and sound velocity
fields could be interpreted from the measured temperatures.



1 h ' 14'rln" I<'a < nl" c, I r<! nI «ll n'e-iree s<'a in the summer to < bod
wateI i< h i< h i «i»» o.i i<»at cly on< -1< alf cov< yed w ith ice i» the late
w a<t cr 1' rcc'/nlg 1 'glt <~ n<.",t t' t t>e tlvl t heyn < oast and progresses
southe] ly <lurtng the lvu <tet .'<';<son. <'v<'nt ually covering n!ost ol'

«fca, tn s<! tne y<.'ars nh  h<d nag Hl tstol Hay, $ he tce ts broken
lea<ls «ted pulvnyt and ts «dvected 4y winds and currents.

hut< e ice p]ays < si~<>tlifi<.ant, rule in many of the phys>cal pro< esses
of larl,iL-s<'ale alt-sea nltera<'tlon, general  'lrculatlon, heat egchangf and
jnt<'rmediat<' «'at<'r f >rmat ion. the ultimate oceanographic go'$1 ts to
py«lict th<. i«. extent and  har let< ristlcs, it» transport. thickness. rate
o f f <> r n! a t t o n or t ha 4'ale, and >ts compactness. l ht» r ~utres
in«.~rp<~rati<ig the ice in a model of the atmosphere and oeeat>, ' 'h<

«nd cut refit s ex.e> t a sty<.'ss un the ice, an� heat and mass aye
to both 1 iutds, 1 he nn<'rophystcs of thes< processes are

pat tjallv un<.l< rst<.>od, but the «'ntsl itutiv< relation «ppropri <te tor te<
Lug< r scales t .'i ! kyn or greater ! is t>ot wt 11. de ermtne<l. 'l'hE

«nt.'titutiv» relation is «ssential for a predictive model.
r<sults of the Ar< tie lce Dynamics Joint Experiment

 A[DJl;~!  !u«ln to be v< ry helpful<! in attacking the problem ot icL' jn
th< B< ring sea. Eve» though the A1DJKX study is directed tvwax'd ic<
i» the Ay< ti< Ocean, whi< h is multiyear «s well as new >ce, rnu<:h of the
phvsl< s w i 1 1 < "arry ov< r. 8, esearch should 4» dire< t ed towards asp<. «t » of
H<.'y}!lg, I<'a i< e ivt>i< h <rc < sscntially different from that of th< .' < retie

t!atneiy, thc gl owtll, dissolut ion and structural characteristics
a»<] th< h<.havtor of the t< e front. including its effect un interior ice
stra< tur< atsd processes.

Large sca e a r-sea in teraction

l he Bering Sea, together with the Gulf of Alask'1, ls a regton of verv
active generation of storms, particularly in winter. The low pressure
associated wit.h t,his generat,ion is called the,h Jet<t <an l,at~ hy
meteorologists. 'I'he location and intensity of this low ar< correlated
with the entire north< rn hemisphere circulation, Particularly at, high
latitud<s and over the North Aynerican continent, An understanding of
the physical processes associated with the location and intensity of the
low are therefor» very important for predicting weather and climate,

The storms are generated hy the passage of very cold and dry
continental air out over the Bering Sea and Gulf of Alaska, where large
sensible and latent heat transfers to the atmosphere take place due to
the large air-sea temperature difference. This heat causes the air column
to stretch vertically, leading to convergence near the surface and
intensification of the already existing cyclonic vort.icity. A storm thus
generated is then carried eastward over the North American continent
by the mean westerly flow.

Although the broad outlines of large scale air-sea interaction
processes are understood, there is a need for much more precise



d;ng of many asPects of tlie Phenomena. O»e of these is theunderstar» i o

v ater with surface tempt rature near 0 C KVhat i~ rendu}r<d >moves ovethe rate o a f~nction of fetch
f the modified layer and distribution of properties within it.depth o.

yon'e o
of this understancling may come from air mass modification

experirnen -' carried out during the International Field Year for the
g A~ ~~ass Trat~sformat

rite}it  AMTEX!. Theories and models developed from theseI'-'xperirne }
experirnen . v,at,
an, } t92e6, if t!ecess ry, "proved or Modified.

h

of the
I he seasonal and year to vLar variability of the i~e }-ove

p o t. < n t i ally very important- influences on the atrnospheri.c
  i'r u]Qt ion, since the ice acts as an insulator between the air and water,
reducing the heat and water vapor exchange by several orders of
rnagnjtucle. The ice also has a large influence on the radiation balance

albedo is typically much higher than tkat of the sea surface.
ice cover then tends to }naintair} itself by limiting the amount of

i}q< orni}zg radiation absorbed,
'I'he response of the ocean to the passage of a storm ar}d the

resultant influence on air-sea exchange processes requires study. The
w}}id causes the upper layers of the ocean to diverge beneath a certter of
«t}riospheric low pressure. 'I'he divergence causes deeper water to be
brought to the surfac» which may have a greater or lesser temperature
than t.he former surface water. Thus there is the possibility of a
feedback not, only by the modification of surface temperatures by
la~« transfers of sensible and latent heat, but by modification due to
wind-induced citculation.

'I'he problems of large scale, long period air-sea ititeraction
obviously overlap those of other national and international programs
such as the North Pacific Experiment  NORPAX! and the Polar
f;xp " n~  POLEX!. Every effort should be made to coordinate
Bering 'Sea studies with these and other programs to obtain the
rnaxirnurri possible scie}ltif}c benefits.

RECOMMENDED RESEARCH GOALS:

I.  r'c'r~erai circulation studies
<"'erteral surveys of the shelf  south of St. Lawrence Island! she lf

edge and deep basin to provide adequate description on which to
ba}e more detailed studies

Tidal studies on the shelf with initial tide model followed by
fi" program on strategically located land masses to operate for
one year

Further refinement of existing numerical models as better
boundary condition data become available



2. Shel f and shelf-edge dynamics
Studies specifically designed to include submarine canyon

regions and segments of shelf without canyons as controls
Bottom drifter study to obtain gross features of bottom water

movement over shelf edge area af eastern Bering shelf
Studies of dynamics of shelf frontal zones

3. Fastern Aleutian island passes
Exploratory and feasibility studies as basis for designing

proper specific studies of passes in orderly fashion

4. Heat exchange and intermediate toater formation studies
A ir b o r n e E xpendable Bathythermo graph  AXBT! ta be

deployed as basic tool from U. S. Navy reconnaissance aircraft to
cover the entire sea, shelf and deep basin in one or two flights
:: Aircraft to deploy other sensing devices; infrared scanning for
sea surface temperatures and possibly drop-sondes to follow air
mass modification

Monthly flights for one year should be interfaced with
NORPAX studies

5. Dynamics and thermodynamics o f sea ice
Physical character of ice cover, surface and bottom

morphology and albedo studies
Extent of ice cover and changes of time; development of ice

budget for Bering Sea through coordination with NASA  National
Aeronautics and Space Agency!

Physical oceanography associated with ice fronts to start
during freezing period and extend through spring, following
retreat of ice edge northward

Careful study of oceanographic fronts associated with the ice
edge, particularly the effects of stress discontinuities and dilution

6'. Large-scale air-sea interaction
Studies, in coordination with NORPAX goals, of air mass

modification and mobile ice-boundary influences on the Aleutian
low and cyclone tracks

Moored buoy studies n.ear the center of the sea with
instr urnentation to supply standard weather data and sea
temperatures as function of depth and time.
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management and
facility requirements

Q, W. Hood
D. L. Nebert
D. H. Rosenberg
R. Tripp

The scientific programs for investigations of the oceanography f
Bering Sea discussed in the previous sections will require caref ll
planned management, logistics and data handling systems. While this
workshop emphasized the development of a U. S. Program for Bering
Sea research, the interest of Canada, Japan, Korea, and the USSR in the
resources of this region assures that the effort will have high
international recognition and provide opportunities for international
cooperative programs. lt is important that a management system be
developed that, will provide for a smooth operation within the U. S.
community and allow for inclusion of international programs as they
develop. Likewise, the needs for logistic support, analytical
standardization and data handling require early identification and
planning to assure availability of equipment, quality of data and
effective information exchange,

Vacilities

Research uessels

During the early part of the program  l977!, a quasi-synoptic study of
the entire Bering Sea will be needed. This study will require the use of 3
ships for a period of 30 days 3 times during the year, Some of these
vessels can probably be obtained through cooperation with the
Japanese, Koreans, and the USSR. Ships should be requested from
UNOLS  University National Oceanographic Laboratory System! as
early as possible to carry out this study. Ships of the l60-200 ft, class
will be needed in order to accommodate the multidisciplinary program
required and to serve as suitable platforms for work at sea under
rigorous sea-state conditions.The present fleet of UNOLS ships has little competence for work
in the seasonal ice of the Bering Sea. Research in the ice, especially in
the marginal ice-covered open water zone, has been stressed by many
programs as essential to understanding how the Bering Sea functions.



Part of this requirement.. m'liilly deep ice penetration, can be met with
U. S. Coast Guard iccbreakers, and requests for these for at least 3p
days each year should be made now for work in the winter of 1976
through 1980. This still leaves the high priority requirement for a vessel
which can negotiate the marginal ice �0 cm at 3 knots! and rough sea
conditions in the seasonal ice zone between November and June of each
year to provide the logistics support required for interdisciplinary
studies of this dominant feature. Plans for acquisition and operation of
such a vessel should proceed with utmost haste. lt would appear that
special vessel construction will be needed to meet this need.

Data buoys

Some meteorological and oceanographic data buoys deployed in
strategic areas af the shelf will be needed. These will provide
continuous data to be tied to that obtained by the research vessels
deployed for intensive effort for relatively short periods of time. The
locations of these buoys should be carefully considered by those people
working on circulation and material balance studies. Early use could be
made of a buoy system in the Aleutian passes and along the shelf break,
particularly in areas of deep submarine canyons resulting in upwelling.

Remote serlsing

Satellite imagery from existing ERTS  Earth Resources Technology
Satellite! operations will be available for this study. The program is weU
developed and provides good spatial resolution �00 m!, but the
satellite passes over a given location only about once every 18 days.
Some overlap of adjacent days at high latitudes is realized, however.
Extreme cloud cover over the Bering Sea precludes the use of this
satellite for temporal studies. The NOAA  National Oceanographic and
Atmospheric Administration! 1 and 2 satellites have less resolution �
km! but provide daily coverage. The recent, VHRR  V ery High
Resolution Radiometry! satellite provides daily coverage and should
prove valuable in ice cover and surface circulation studies.

Aircraft of the U. S. Navy or Coast Guard routinely conduct
missions in the Bering Sea and may be available for scientific studies on
a nocto-interfere basis. Remote sensing aircraft of NASA or of the
Scripps Institution of Oceanography may be used to advantage for
some observational work, especially in locat,ing upwelled areas, defining
current, fronts and supplementing data obtained from satellite or data
buoys.

Island labora tories

Since Kodiak and Seward are the nearest ports satisfactory as research
staging areas for ship deployment in the Bering Sea, there woukl be
cons id e ra b le ad van t age to having laboratories established on
strategically located islands in the Bering Sea shelf area. There is



presently a laboratory for fur seal research on St. George island and a
small biological laboratory on St. Lawrence island at the town o
Gambell which could be used. Additional facilities such assrnall boats
sno w v eh tc les and lab oral or y space and fac>l >t~es wj ll probably be
needed; however, the details of these requirements must be worked out
as the programdevelops,

sampling aiid analy ti cal equipment

Sampling and analytical devices which give direct deck readout, and
rapid data display will be needed on t,he major oceanographic vessels
used for Bering Sea research. The changes in the water column in the
Bering Sea, part,icularly on the shelf, are often very dramatic; in order
tp sample properly, the investigator must have access to pertinent data
while he is still in the area and able to follow interesting phenomena.
Each ship will require the following standardized equipment: An STD
 salinity/temperature/depth! system with rossettes for Niskin sampling
bottles; a nephelometer attachment on the STD system; an
autoanalyzer with analog-digital converter for nutrient analysis; oxygen,
alkalinity, pH and molecular CO measuring devices; a satellit,e
navigator; small in-line computers for analytical data display; and other
specialized equipment for specific projects that will be the
responsibility of individual investigators.

Intercalibration of all analytical methods used is very important to
this program and should be carried out for all possible parameters.
Calibration of instruments can probably best be done at the Vational
Regional Calibration Center at Bellevue, Washington.

Data handling center

The storage, processing and dissemination of data should be done at
one location, preferably in conjunction with the operat,ional and
communication cent,er described below. The data handling center
should obtain and format all historical data on the Bering Sea and
receive and process all new data as they are obtained to a level that
meets the needs of individual investigators. Data transfer by telephone
linkage should be a routine ooeration of this center. The data format
used should be standardized for cornpat.ibility on an international
basis.

The best location for the data handling center would be at the
same facility as the management operations, suggested in Alaska at the
University campus either at Fairbanks or Anchorage,

Operational center

~ center should be established for staging cruises and providing logistic
support to all operations in the Bering Sea. This operational center
should be located as close to the Bering Sea as possible and yet be near
a dependable transportation center to allow easy transfer of personnel
and supplies. The Seward oceanographic Station, operated by the

6I



jnstltute oof >larine Science of the University of Alaska, appears to be
the bes si d i»ccessible by hi

'"Ppiy and con muand air ro
4 suitable harbor f

lan kages
c can PgraP hieSew

'" uld provide an excellNovem er
for Bering Sea research

Communication network

U. S. program for oceanographic research m the Bering Sea wille
need a communication network between ships and aircraft at sea an d
the p peration centers at Fairbanks and Seward. This can be
accomplished by single sideband radio, by marine radio or in
cooperation wraith the U. S. Coast Guard radio facilities Communications
with investigators outside Alaska can best be accomplished through
TEl,EX or other telephone-linked media.

Management

An effective management system would involve an advisory council to
give verbal guidance, a management council to organize the program
and direct the research, and a manager and staff to coordinate the
operation, including logistics, standardization, data handling and
information exchange. The management council should have an
executive committee who directs the activities of the manager; one
member of the executive committee should be responsible for
developing the international aspect of cooperation and coordination. As
international programs develop, they should be closely coordinated and
integrated with the activities of the U. 8. program by the management
couACH.

General

The logistics requirements for work in the Bering Sea are more
extensive than for most other ocean areas because of the remote
location of the study area in an environment hostile for man, especially
during the w'inter season. The seasonal ice cover of the Bering Sea shelf
and its concomitant effects on ocean processes require that intensive
effort be given to studies of this- region during the winter months in
order to understand how the system functions. This places the highest
priority for logistic support on those types of vehicles that will permit
winter work in ice covered seas as well as in the adjacent open sea
regir+es To meet this requirement, it is essential that a vessel capable of
sugporting oceanographic research in all seasons of the year be acquired
and cornrnitted to operations in this area.

Management of all oceanographic research, on-going and planned
fo«he future in the Bering Sea, should come under an international



gezng Sea research council. Each nation working in these waters shouM
haye a similarly structured research council to direct and coordinate the
activities of workers within its own pohtical structure. All data,
cogected should be obtained by standardized methods established by
intercalibration schemes and should be processed in a manner
compatible to utilization by all nations.
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