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Cot~preheeuii-. Lye t caching .ind rest - - mr cli programs are conducted it  the- Department
ot Oceanography, Univ ersity of Wa s hington . by a d ive rse -  group of facu l ty ,  staff ,
students • and support personnel.  Tlie~ re-seat - u - h program La presently comprised of
more than 150 projects covering .i broad r.uulgc of o eanographic investigations
and has annua l expenditures In e x c e s s  of ~ Ix million dollars. These investiga—
t tons rangeS f r  on o ne—per  son I nd iv Ldua 1 re-s t-ar cli projee- t a to part Ic ipat ion in
m ultmd iscip liua rv . mu ltt un t v u-rsi t v pro ]tcts , such as the Coastal Upuelling Eco—
systems A n alys is  program (Ct’F~ ) , the t )e~ep Oi ’e-an Mining Environmental Study (!X~~~S)
the C1ob~m 1 At I c u l t  Ic Tropic ii Exps ’r m :ncnt (t.ATE ) . the International Program of Ocean
Drill I ng ( (Po ll ) suppor ted by t ime )s-o p hs-o Dri 11 Ing Protec t (DSDP) . the lnterna—
t tona l Southern Oce.mri St ud I.-- . (I SOS) , t t i e M. muig .mne - se  Nodul s- Program (MANOP) • the
~~m te -r Continental Shel t  Env it - macrita! Assessment Program (OCSEAP), the Joint U.S.—
U.S.S.R. Mid Ocean Dynamics Experiment O’OLYlIODE), the Processes and Resources of
the Bering Se~a Shel f  program (PROBES) ,  and the Rivera Ocean Seismic Experiment
(ROSE).~~

Thc research is supported pr ima ril-.- by f unds from federal agencies . The
sahor source- . ot  t unding during 1977—78 were th~- Nat ional Science Foundation
(4 5 ~~) . N~et i u ’ u i .m I Oceanic end At m t ’ - .j’he’ r Ic Administ ra t  ion (22:) , UI lice of
Naval R,-se .mrch (lSZ ’

~, and the I)t - p - m r tms .’nt of Energy (12). The remaining support
was derived f rom the U.S. Army Corps of l.uigtneers , U.S. Air Force , various s ta te
and local governrxwnt agencies . and from private organizations .

rht• re’se.ir ’lu program provides substant ia l  support for t caching via a large
a s s o rt ment of :a t l l i tie s  and pruj..’ t .  that are available tot - student research.
In 1977—7 8 , 32 Ma -; t e-r of S c i e n c e  degrees w e -re ’  awarded , six students achieved the
Ph.D. degree , and 74 Bachelor ’ s de g re e- ’ . were’ awarded . There are presently 9~
graduate students  mnd 200 undergraduates enrolled in the Department .

During t h.- post two years , several administrat ive changes have occurred .
Dr. D. James Baker , Jr.  became Cha irman of the Department . March 26 , 1979. Dr.
Maurice Rat t r4e ’.- , .lr. returned t o  fu l I — t  ime i . e  hing and resea rch  after serving
as chairma n Iron 1968—1978. Dr. Ri chard W . Sternberg was named Acting Chairman
f u r  the per iod September 1978 — M.-urch 1979. Dr. George C. Anderson became Asso—
c iate-  Chairman fo r  Research in September 1977, replacing Dr. Francis A. Richards ,
and Dr. Dean Pt . MeManus became Associate Ch.uirman for Instruction in September
1978 , rc~~ la c i ng  Dr. Richard W. Sternberg.

Both the educational and research aspects of the department have been
e nhanced by the addition of the fo l low ing new faculty members: Jack W . Anderson,
Af fili ate Associate Professor ; Edward T. Baker , Research Associate; Nikolas I.
Christensen , Adjunct Professor; Al lan Clarke , Research Associate; Michael R.
Davey , Research Associate; John H. Delaney, Acting Assistant Professor; Eric
Firing, Research Assoc iate; Jan Carmany , Research Associate; Donald W . Hood,
Senior Resea rch Assoc iate; Gregory Holloway, Research Assistant Professor ;
Michael C. Macaulay , Research Associate, Harold 0. Mofjeld , Affi liate Assistant
Professor; Arthur R.M. Novell, Research Asststant Professor ; Pedro Ripa,
Research Assoc iate; Thomas B. Sanford , Research Professor; William R. Schell ,
Adjunc t Associate Professor; Coh n Y. Shen, Research Associate , Richard J.
Stewart , Adjunct Associate Professor ; Richard L. Temkin, Research Assoc iate.

The faculty is augmented through joint appointments of personnel with the
Applied Physics Laboratory, the Geophysics Program, the Atmospheric Sciences

I ~~~1IT1Ili~~~~ ~~~ I: ~~~~~~~~~~~~~~~~~~~~~~~ 
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i)epar tment , the Department ol htol. ug c .el St le ucu es , t t ie C~
, l ie-ge of F I slie -r ies

f lit- Division a Mar inc Re- - - oe i l - ces , end t he i r is  t I t ut m of Marine Studies of the
University.  Additional r t s m - a r c h  oppor tun i t i es  or the ulep.irtment arc provided

as soc t a t  ions wi th  t he P,mc i f  Ic Mar ine Fuv ir  u u i racte ta l  Laborat u r \  of N~~~ and
t ic U.S. :eologtcal  Survey - Several I~~E!~ and USGS personnel are a f f il i a te
.mcu l t y  membei - - , and nume r ouS ~e ’ i f l t  r ese~.irch ; - r o  ~e-~ s are being conducted .

C&O~Ct - .ut ive arrangements vii ii othe r ~ -vi - rn.mere t.e l a ? i -1 les , I .  ~ - • , f lit- Nationa l
Man n,- Fisher I t S  Se r v i ce , t he it  Im’ ri. i l  Oct mii ‘~ mr vev , the U.S.  Coast Gua rd , the
U. S. Navy , tlit’ U.S. Army Corps - u f ingine-e r . , arid the’ Wa shington State Department
a Ecu logy at  so ext cud the re -oe - .e r e - t m  u ;u;uuu rtei iei t ic -s.

In Jul ~ - ~ 77 t ie  “ Jo tat I - - - it  tir e t or St udv of the’ Atmosphere and Ocean”
(~IISAO ) wa,; establ ished v ia  a “Mu -i-io t .ind iu - u r rudc rst  anding between the Environ—
::~t i;ta 1 Re- ,. e - ir(.h lambor- it or u . - - ot the N~it tona l O~-ean ic and .-\tmospheric
\ . h - ; r u  j a r  r a t ion and t h e - t’nivers I tv  of W~ s hi t iu~t on • ‘‘ T b,-  purposes o f JTSAO are :
(I)  10 Ulu r e - iSe the i t  i t-c  t iv ,-ne- ss ut oce -~e n - ,-, r a ; - ~ i tt send atmosp heric research of
mu t ua l i n t e r e s t  to he- ERL (in ; uar icul.er , but i s t  l imited t . - , Pac if It - Marine

F En~- ironmcnta 1 l :mhorat - r v )  and r hi. - xe - i ev ent uni t ø  ut t h i s -  Ui- i v~- rs i ty by promot ing
lose - multidiuuc i ; i tn.ery co l l .eb- r.et I - n  .- eme ul~ scIent is ts  associated w i th  these
w. ’ Inst it ut ton-. irid vial tag Sc tent i- - u ; 7 t o  ;‘r.uv ida- -i center ~ t which

Sc lent i s ts  work ing on ~- i  ab le-m s of mut ;uil h;t. - r  . - - u  may co~ - t u ’~ e t her; (3) to
- f  t~~m l it e~ t he  t rain ing  at  sc ten t  i - - t a  in time- many il i ac I plines involved in the
oceanographic - m u d .mtmos phe ri c  ac o- t i -  • - - ; .

The l~- ; u .m t  tnt-nt haa t ee:, fe -s  ~:a.eted by the- De partment of Energy as the
‘‘Coord m a t  tag 1j ice - u Oceancgr;mphl c !‘ ro~~rams in t’ac 11 Ic Northwest Coastal
Wat - u - - .“ A Can t t act t i m —  he m - t i  eweer d t - d cm Dr. - - - - r ~ - Anderson t - provide cc ’—
- u f  hinat t n t  -~~~

- i vi ce s  ox De p . m ! t  ~:uult 1 Energy se -; r ted oceanographic research
in un Lversit t e a  in the Pac i f i c  Nor thwest  region . A Pacit i Northwest Paleomag—
ne- f Ic Consort lurn he ’- been I u i  med .ir~ion~ the a l v e t  it v  o f  Washington , the

~ mu i v - r s i t v  o t  Alaska , Ore -gu n S ta ;e  U n i - - . r s i t v , and Western W.eslel ngton l’ni~ r—
s itv . The consort turn will provide access  to  sophist icate-d ee;uipment nece. -sary
f t  ta st -a rch  iii pa le ’uuunagne- r ics end rock ma~: u u e - t  its. iha’ equipment w i l l  ‘ e
hoi~ t- ,1 un t he Dm~ p .er  t ment f Oct- - mn - ~ r m ;uiiv , ~n1 v t - u  it y ot ~ ish mug ot . i ice con—
- - - r t 1ar~ is tin ted by a N m u  tonal Sc~~e -u. e 1- - u i u d a t  ion , w i th  add it  1on~m l support
from I he ’ Gradei .ete School.

-c - v i r a l ma ~or r e se a r c h  jo urna ls  • t -  e d i t e d  by dep .ertment al faculty. Dr.
D. James Baker • Jr . s co—edit or of ~~~~~~ i~ A ~r~~8p ;. us a :‘-~.i ~Oe ‘ u Z’W Dr.
M1cti me- l ~;re~~ and Dr. Rona ld 1. Me- r i  ill ire associate ed i to rs  of .‘ r,~:? -

;~~~ u -~~ ‘ ;~ ~ ~~~~~~~ :u’ :; and - .~~~‘;- . of 7. - - ;  
~~~~~~~ ‘- :7  Rca ’ - : r  ‘: , respectively. Dr.

Dean A. McM auuui- . is e d i to r  of °:ri~w i’.’ O . - ;~ and Dr. Francis A. Richards is the
editor o Dee; -~~~z Pe - 8 t - : r ~ h. Dr. Dora P. Henry is a mesh’ u ~f the hatter jour—
fl.~ ’e ’5 Editorial Advisory ltoe rd .

Well—equipped tcach1n~ end r e - s t ’~it ch I,;hu ur at o r t e s  are augmented by a research
flee t .-on~~t q t  ing of the 70u- foot  gener-il oceanog raphic  research v sad , the
:h. •n.s 7. :u ~~: a -’ : , two f~5—t  - - - -t vessels , time ~: and the u,t~.j . t u 50—foo t
-ke ’e t r . and va r ious  small c r a f t .  The department has recently submitmed a pro—
pos.-el to the Nationa l Scien e Foundation for construction and assignment of
a c .;mst em ! zone research slit ;.
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~~R I F& OPERATI I4S

In 1 9 7 1 , the’ R/V 7. 7, ~-~~r~a x :  ondu-t ed b io logleal  studies o f f  the Wash-
ington coast in ~- m r  ly Jan u m rv  he-I tire’ pr oceedlum g south to the waters off
Ca lif irnia. From la te ’ i~iuiu i i u ~

- t i t r u t h  M .mrch , an environmental assessment pro-
gram tnclu d iue~ water column stud i e-s and benthic Investigations was carried out
in the  S-out t ie - r u t  Ca lit ornia Ri ght liv Sc 1.-n  e Appl l e n t  ions , Inc . under contract
t o the gure- ete ou Land Managt’mt’nt. Fhi e w -rk was li i i loved by a geological cruise

I s~ ’e i t  t ie-rn C- c i t  I urn ia cinder sponseirshi p b th e  L’ritversi ty of Southern C~.1 if i tT—
nia ,mnd c chemis t ry  c r 0  use of ! S i n  Fr - c u e isco liar liv Mo- -6 Landing Marine
Lmbou it  or i . Th e - 1 .  -~~ ;u ‘ r~- t urned to 1 e’c:t I w.c t or s in Apri l  where biological
iu~ l g e-i ’  log cal emd ie -s we re  e a r  t i e- if ‘ut of t t he Wash ingt on u o .m u ; t . From mid
Mar le t  L a t e - Jun . t he T : - v ~~:: -‘ : ‘~m r  ic i pite d in a NORPAX Anoma ly Dynamics Study.
The~ purpose was to de - te rm ine~ ges - - t ro p hic currents from hydrugraphic data and to
;urov ide - e co~~ ar ison ~ ith cu rrents detern i :,  ~i I rum sat e l i  It c — f  racked drif t
buoys. Frenn early July t o  m id A ; igtiu e t , a numbe r of t-ru ise- s wa-re carried out in
local wat~-rs . I tu-se u n  l udeci tie -m ical atudie-~ of anoxic e nivtroi ~~entg in Saanirb
In i - t  

* -~r ;idit --;  o hyd r ’ a r t ’ - - uu - .. s,-diment dynamics , and pl ankton off the Wash—
i t i gn  on c o a s t  , and t f l v e - s t  I ~~e f  i o ns  o f  nut nie-nt diagenesis in sediments of Casca—
di.m las;n , oi f Washington. In m id August , the ~~~ v~~ ;i ’Pz returned to California
f t  an add i t  i - n~i 1 month of work in h e -  St ut horn Cal ii t u rn  1 a Bight. The remaining
t ime was devoted to ;ui’ . e - s t  . g m u  ions ou nutrient d i . ige-u ie - -- - i s  emnd sediment dynamics
of I esh ling i  ‘n.

During 19 ’ S , tb~ R,~V 7.~~. :~x ” ~~ -~i, ’: spent much ot t i e  ~- e-ar in distant
w.eters. In earl ’,- January . the -“u :m ’~ departed Seattle for work off Central
A mer ica .  En route , .-i week of  i n v es t  Ig.et t i -in caul ,  e rning the : u u 1 e ’ ~~erd undercurrent
wa- cirr ted out off W.eshitug ton and ~ regun . A month—long study of nut r ien t  dia—
ge- ne ’s is  in mar- inc sediments was a r r  ted out in the Guat em,-e l;m l ims in, where an—
cill.mr y pr ei~ t’cts on nutrient and t r ace -  rmet .mls in the water columo , as well as
hydrographic studle~~, were conducted. The following biological and chesistrv
cru ises off Mexico involved depl (ivments of moored sediment trap arrays as part
of a study ot f lux cu t  - ‘rg.eri t matta’r through the water c -u1~~~ and pump
cast s t o  def in e -  t e - m t u u r e s  ot the pycnc’cllne and oxygen minimum layer . On the
t ransit back to Si - a t t i c - in March , a marine refraction experimen t was conducted
o f f the northern C.ml tf o rn l m coast and sed iment dynamics studies were carried
u h f  off Washington. In early April . the ~~u-~r~ a ‘u departed Seattle for the
Bering Sea to beg in work for PROBES (Processes and Resources of the Bering Sea
She l f ) , c uiult idiscip linarv . multilnatitutiona l ecosystem investigation . The 

-

three and one- ha lt month PROBES c r u i s e ’  was divided into several legs involving
physica l oceanography, nutrient m.-hemlstrv , and food chain dynamics. After
leaving the Bering Sea , t he -1i --u~ a - e ~ proceeded to station Papa in the Gulf of
Alaska for  a study e,f phytoplankton—zoop lankton Interactions and particulate
matter flux through the water colu~~ . The ship returned to Seatt le in early
August before -arrvtn g out a number of programs off the Waahingt coast in the
I-m i ter part of the year. Th~~st’ programs included collections of cores on the
continental shelf; an investigation of the Pacific Northwest subduc tion zone
including dep l oyment of ocean bottom seismometera and a deep—towed seismic
array ; and firing rift re’fraction line shots at these instruments; chemical
and physiological investigations of the phytoplankton and zoophankton popula—
tion studies; and a November cruise to study the poleward undercurrent . 
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The R/V tL’h and It/V O~rar primarily were engaged throughout 1917 and 1978
in short cruises in Puget Sounc~, the Straits of Georgia. Knight Inlet , Sasnich
Inlet , and Like Washington. These cruises covered a wide spectrum of biologi-
cal, chemical, geological, and physical oceanography projects. The It/V Xeø tre l
was utilized in various student training cruises and participated in the knight
Inlet eatuarine study .
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RESEARCH ACTIVITIES REPORT

T his report contains nit~~~ar it~s of I lit - pr oj  .- c t  s c u r r e n t  ly Ii 1mg
carried out in the Department of i’h u - e e u i o g r m ; u } m v .  The faculty , staff , and
students associated with each research p ro s e -c t .  are ident it ied at the end
of t h e -  projec t st~~~arv; square brackets indicate the students who part !—
c ipated In the re-~ t:’arc h. Inquiries may be addresr-ed to  the faculty m~~hc’rs
or t o  t he Ass ete- I i t t -  Chairman I or Re-se -a re i i .
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Th is biologicai i t  - a u u  progr.ir~ st re sSe s ot ud ics of mechanisms of transfer
Of  ene- u gv nud bLcum~mss in coasta l e u  esyst em s in t he- P~m~ i fic Northwest - The objec—
t lye -s oi t he rese- a reb inn lude -‘  hue - f  t e l  t u t u t - i  standing of the processes governing
t he communities of  c t t  ganisnus in t he- wate- r column, on the seabed , and in the surf
zone. Fie ld and labo r -- mt o r-v phy t e ’ j - l a n t k t e u n i  stud lt-s emphasize physiological  pro—
Ces ~ and tc l.mpat at I ‘ui- ~ t a c-nv u ronmenta I s t re -as. A quantitative ~~de1 of phyto—
plankt~’ec production Im it , be -u - t i  ~onat reict t -d .  Also included are studies of the zoo—
p lankt on , he-nthos , an-cd t he - prey i t u  lv muc h ni e-gi cc ted surf zone . (C. C - Anderson)

‘c u t i l y ses o! eccau io ~ riphic I i.  ld d a t a  I t i ~~_ l d h 7 7) :
Since’ 197-. l ie-Id inve-st I cci. ions urn t In- temporal and spatial variations of phyt o—
p lankton abundance and p r o duc t i v i t y ,  nutrient concentrations, irradiance, and
density structure have t i e ~fl conducted in the waters off the coast of Washington.
Mult iv .mr late stat 1st 1~ ii nia-thods - i r e -  be- log uise-d to analyze a data set which is
compr ise -d on 22 ,500 c h i t  i points ge - ic e - r a t e - d  from measure-ments of 12 variable-s ——
temperature , salinity, st gma—T , ox yg e n concentration , oxygen saturation , phos-
pha te, - ‘- ulie , it e - , nitrit e - , nitrite- . •imtnium, chlorophyll :, and phaeopigments
—— r u i  e a c h  of 10— I S depths - it the m ; u pre ux i mat e - ly  150 stati ons that were
occupied de e r  in~ six c c  u I ta -s  July 19 1-~ * Mar Ii -Apr i l  1975 

* 
Jul y 1975. October

19/S. September ~~~~~ Jiuuui irv  1977 ( t e u t a  I ing 1875 depths).

The resui l t o  a I factor m n u i v s  Is m d  lc.it e that l ive underlying and pre-sumaEl v
c~ou il I ,uet urs i re-  re-spons ible I c u t  ~t4 . 92 c u t  t hu , observed variabil itv in the
mc;isunre’ d vmr i .ibl e s . Thevct~ f - m c t u ’ r - . a re identif ied through their loadings on the
measured v - m r ia b les ant ! through maps if the factor -a- c u r t - ’ ; . The factor an~-nlvsis
c - i  only su~~~~ra1 it- ’; t hu ,  I ic-Id da t m  . but i1~ o identi ties m.ajor oceanograp - -

hanisms that  cont ro l  b~~’log1c~m l oceanographic pre uc t -ases I n Pacific No~ hvest
c - - i s t a l w a t e r s .  The f i v e  ta i - t u u r s  are , In order of dc-creasing -ontribi lo - to the

-t ii variance in t h .- d ,m t a , de t ;’— w m t  e r  c oot  rihut ion (including upwell log). fresh—
t.~i teu input , a ; ub ;v tu u p l m u -  ton—cu n-lug couple - , -i stratification factor , and an
excretion—low l igh t  couple. Ruilding on the results çef the factor analysis .
t - .i mples from ill depths and geographic locations ( ‘ c c upie-d on six -m ist- s between
19 /-~ and 1977 c an he cl u -- ctfi ed. S imlult-~ are grouped according to their ‘- m i -
I mri ~ it -s ‘n the f m c t u ’ r  scores for the f i ve  factors noted above. Maps produced
om these c ro ups ab- uw sh mrpl y cant r m . t  ing trends for the winter versus sc~~~er

- -‘ aSOnS - ( r r v  . Jun ii - , .c. Anderson , Camp hut-1 1. W. K . Pete rson , Paste- i )

_____ 
flit- dvnar- ics and tht~ s1 ecies -imposition of phvto—

plankton assemblages In the o a s t a l  zone are influenced directly by the physical
env ironment and indirectly through the phys iological respons es of th e reiddent
phytopl,-cnk t- ’n to ‘he - env ln - ’n-ie- nt . The factor and cluster analyses provide infor—
:-- it ion on Ju’mj ni.cu~t environrt* u~ta1 processes , while experimental 5’ ‘dies of 11 C—
carbon and N-nitrogen ;essirnilation provide data on phytoplankL phy siological
responses and r m t e s  of prod uction. Data on species composition are being ana-
lyzed using a cluster analysis to classify homologous groups within each cruise
and , for combined h uta from several cruises , to look for seasonal patterns and
p~it terms associated with different water masses, as indicated by the factor and
cluster analyses. Autoradlographic analysis of individual phytoplankton cells
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is being cui iduele -d f e  p rov ide Intormat iun on relat ive metabolic activities and
viabil it i t s  among and w ithin s pec ies gu e i u t ~~ -~ -

The v a r - l a b i l i ty  iii ce ll a c t i v i ty , ex pre sse d as photosynthetic incorporat ion
at  ~C • was examined liv autorad i c g n  a l uhu i C ana lysis of p)iytop l ankton cells -

:~ . OV- ; was gro~~~ at 7~ °C Jut cont inuous light In a nutrient— sufficien t
batch culture where- 

~
. — 1 . 0 5  eIv~~~, and In thre e- nitrogen—limited chemostat

cultures c.tue re - ~: O.~~ dy 1 
* 
0. SM dy~~ - and 0.38 dy’1 - During thc- exponential

phase -n grovi h in the hat - 1 cult c i t e  • I li e ircdlv ide i .mj ce l ls  showed some variation
In t h u e - d. ns t t v  of  label ing. hi wt -ve  u • a ll c e- I ls  we- re- heavily labeled, indicating
t h i t  ill c u - i t s  wete V i ih le -  and a c t i v e . The re-sui ts of  the continuous culture
where ~e ~~~~~~ were -.i m i l u u  t e e  t hose t rom tI~ - hatch culture. In contrast , at
f lit lower g row th  r a t e - s . th~ ce l ls could be divided easily into three groups —
ce lls w i t h ;  medium , light , or no libelin g. S d i u n un - u l variation in act iv i ty  was
r~ vt -o h-!  in 2- c—hour  experiments. These re - s t i l t s  thd i c i t e -  that these are ct-~ ls
-w i t h  no obse rvab le -  me L~e h ,~u1 Ic a~~t Iv it v and thud t h e re is a range c c l  activities
— thin a ch&’~~ st ~t t — ~~i ~n p~ pu1 it ion at ~t e- .idv st uf  e . (Pm- rrv , Xypolyta , Campbell)

Ni t  r if i e~.~t ion is utile r c c ! u f a I  in  uf lSl o r u — u t  lou that is important in coastal waters
- f l  the ~ ushington coa- - t - 5 u l c i c u r e scent  ant ibody ass.my has been developed to

.-illc~~ d i r ec t  enumerat ion of :~~r e ~
u .  ‘ ‘ :4, ’ ~~~. :v:u~~ - a marine a~~~ niua—oxidizing

bac~ cr itim , In se - m u t t e r .  Th Is  immunof 1~ rt ent assay is a very sens i t ive method ,
c i~ a b l -  ‘i d e t e c t i n g  a f t-u c - l i s  i—i . S pi -~-f l  i c i t y  of the assay has been demon—
s t r c t e -d in the- labor - it - c ry m i d  the technique- is ilso being successfully applied to
(1.-Id samples. (l’ e- t r v  [W ~mrd ~ )

‘ coj u l- i n i c t ’ n ;  - u n d i e s :  f-’le’ id o h s e - r v c t  I c uns , t h u. - ,c re - t  tc ;i l .nud i - r ,  (J.-cmart
at  a i . . I 9 / / )  , lit’ resul t s of i c c  t i e r  anna lvs i - - (- - f - ’ -  p. 1) , and the invest iga—
- d u e t ’ S  aim ch ioruep hiv 11 de - gr.idat i i i  products (si , p. 3) indicate’ t hat grazing
ta c t t a t  r tent re - g e- ne- r a t  Ion by zooplankton ‘clay si i~ui if ican t r o b e - s  in ut r uc t u r —
lag t lw d i o t r u 1 - u n  i - c u t  m i t c h  et u tin d. c ;cu ,- oh phuv t o p l iu i k non , part i ular lv  during t I - -

suiuT~~t’r month - - . Our approach tow a rd  - u t  n in ing  a quantit - it  lye understanding ‘1
phytop lankton—zoopl inkn c e nt  Int e r- i t ions in th i s reg ion Is a combined f ie ld a d
labe ’ ratc u r’.- pr ‘gl ut-; s Imi c I at ion; r ,~- cc la , and ~i ne c - p t  mi-i I mode l of the e f f e c t
‘ t  sp~-c Ic s Ize an annun.ml t c i r t i ove -  r- rat c -s  u~ont i_flue to  prov ide a theoret ical
context for the ex pe r imental invest c - c t  ions - The oh ~e- ct  lye- s of t h e -  f ield
program an . - I t’  quan t l iv n,mt cur - i l  c c  ax ing t o t e S  oh microzooplankton and larger
zooplankton and t o  eIe ~t i  rm ine.u t i t ,  abundance- and composition of the zooplank—
t ’ iu as-;e mh lage - t. . laboratory Stu t li , -- - f n c c e ~ on feeding and growt h rates of the
naupli-in stages of copepoda and -i; deveicuping new experimental methods for
ass. -s~~ing natural grazing p ! t - s s m r m -  in the f ie ld .

Planiktonic grazers play an important role in phytoplankLrn dynamics.
F i anktonic filter-feeding copepe uls are the dominant component of the net zoo—
plank ton. Their youngest developmental stages, the nauplii , are also major
constituents of the micro7uucuplankton and consequently may be an extremely impor-
tan t source of gr azi rij~. tiiortaui t \- to the phytoplankton. Our underst—rnding
therefore of the pelagic - c ommunity o f f  the Washington coast dependb , in large
degree , on knowledge of th~ role of naupliar stages of copepod. — how they
t eed , grow , regenerate nutrients , afid serve as a source of food . Yet the role
of these ndcrozooplankters cannot be predicted at present f rom what we know of
larger formsi . The matter Is fur th~~ complicated by the interaction of food
size and animal s i z e  in n espect to feed ing rates and grovth efficiency. The
goal of ti-m is project is to begin to assess the role of copepod naupli i in phyto— -:
plankton dynamics by determining their feeding and gi-ovth zatee in laboratory
c Ui tore 5.
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Feeding and growth rates of the last tour naupliar stages of ~~Za’uw pac i-
as a function of t oad concentration at 12’C have been determined. Near-

opti.ia growth was observed at food concentrations as low as 43—49 ~ug carbon
l iter~~~. Under optimum toted conditions , the gross growth efficiency vs. about
33Z and the assimilation effici en cy, assuming a respiration rate extrapolated
f r om observations on young copepodidac . was about 62!. These data are incor—
pot-ated int u a prel imin a ry c . m r t c c u c i  bud gt- t which represents feeding , defecation .
resp iration , ant i growth rate-tu ee l  t he- tiaupliar stages of -~. ;e2e ifi~~~B . (yrost
(Harker , Yen~ )

Curre-nt s tudies emphasize the- background grazing pressure exerted by micro—
zoop lanktou , e.g., cLliate~ and copepod itauplii , which are too small to be
identitied or manipulated individually at si- a or to be phy.Icall~- separated
f rom phytoplankton with rout ine . ol lect lon methods. Primary production estimates
are complicated hey the fact tha t one cannot avoid including the effects of these
rinsumers in rout ine- ~‘C uptake experimentu.. Therefore , we are attempting to
Je-t erminc grazing ratts ot l i th e rc- .-c,oplankton using a dilution procedure and ape—
c i t i c  metabolic inhibitors.

The grazi ng impact and ~j &e—~ t ’ le- t iv e -  t reding c u t larger zooplankton species
ire being investigated hr.- more conventional experiments eusing a molt l,channel
Coulter (ounter. These expc-rlnt-nrs are conducted In conlunction with sampling
fo r  zooplankton biomass and species composition and wi th  sediment trap studies
that use phaeophorbide content from captured zooplankton te al mate- n at -a- an
alter~ii t e me.mns oh assessing zooplankton gra7lng Impact on the phy t c  ;c bankton .
(Lan dnv  {~ ( . t s s e t t ) ) .

Cli l~ roj h�- ii d LAr~ida
tit e n ju radn ic t s  : ( l ii  e ’ rc e phv  11 degradation products. p r t —

smari ls- ph~ieopheurhide- 2 , are produced by the pass.ige of th. chlorophyll ~ mole-
cu le through the gut oh  a herbivore . In the marine environment, these products
mre h ound in f inely dispersed particulate matter , In zooplnnktnn tecal pellets ,
and incorporated within sediments.

Phs.ophorbidc - : h-u n been used ula a tag to partition the origin of sedimert—
ing carbon in Dabob May , Washington , during an annual cycle. Annua l primary pro-
duction is approximately ~0 mgC cm -  vr 1 . The sedimentation rate of carbon
onto the bott om is 7 mg ca ’ yr~~

1 or about 23% of the level of primary produc—
t lon t 2 . 1  agC ca 2 yr 1 is directly related to grazing activity on phytoplank—
ton . About 79% of the flux occurs during the spring and fall blooms . The
remainder of the sed imentary carbon derives from other compartments of the food
web , for example , zooplankton and the organic detritu s pools. Sedimentation of
carbon onto the seafloor , ranging from 10 icg cm ’2 d~~ in the late winter to 38
ug cm~~ d t early in the fall. is not as variable as phaeophorbid e sed imentation .
Phascophorbide varies from .6 um cm 2d~~ during the spring to .04 ug
during the winter.

Short-term experiments have been carried out on the Washin, in shelf. Pre-
l iminary results show that the level of phaeopborbide flux is similar to that in
Dabob Bay . (torenzen)

Sensitivity analysi , of a model of pt~ytoplankton irowth in the p-~cific
Ocean: In a recen t publicat ion (J rt et . al., 1977), a n~~srical two—d imen-
sional (tie. and depth) model of phytoplankton grovth and nutrient distribution
off the Northwestern U.S. coast was described . The model consists of coupled 
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integro—pat t t at  d i t  t ei u t u  I i- il i -q u i t  1 ‘ itt. . -x pri -~ s i tu~ . cunaervat ion of chl~ re’1’lty Ii
t i l t  t a t  c , .uit h a~~~~niua. the relev~snf j h t y ’ . it  ~il aini biologle*1 processes arc
n t -presented by convent ic u i n i )  tun e t ions and parame t i- r i,. The system is ‘c losed ’
by t~pe ci zi-ation at  gt l : l t n  p r e - s u n e -  and Ligh t tuntt -nslt y . A long—term simu—
lit ion v~-r spring .ini si~~ er m ont h , ( I c r  c onvenience , ealled the “standard
i tult ”) r i -presents well the main t , - .-t t urea oh ob~ c - t v i - d  chemica l data and biolo gic-al
va r ia b les , Inc ludiliC the 1uu r t~ tt ~ t c i i  itt 1 deepening of a subsurface chlorophyll
n.iximum.

I t - ~.I- , tL( - f l t  ly . a c - n u - it i v it y  .umt - ulv ~~Is -~ tim. - syste-n was carried out by co.—
nu~: tn ‘‘

f . .undard ruin w i t h  t b i t -  n- c tuuit s - t  t wenty nu~ er ic.u l experiments, in
i-at -h a t  ~

-
~~c t It s I mu g I.- t unc t ion or p-i rame t er in tnt- model I -ì ~~d i l ied . The

l e e r  —~.,n l ets oh the sub- e T  nor • hi u n  opbuv 11 maximem is simul*t.-d , n~ ’ni- or less
I ej Ii ~.t it i i i  V , iii .ih l i-~~ .-r lme~ r s - M c i  ei ’ve- r • the results suggest t hat t hu~
chk. ’~ pIvi  1 dist r ibut ion .id ‘usts in t t inut - and depth so as to opt Imize the transfer
01 C i  n bon to sc ot i t ta ry pratt cit  c rr-  - Thu- leve l I tb. carbon o u t  pitt i a dete rmined
mainly by ch~’ i , - - ’ eun ,- - - ava i t a b l i -  : the primary produc.-rus (‘Winter . Manse
ti-ta_urn ~)

Ui- n ut  hos s tud ies :  i~~~
- c u - ; n c - i  her i n -  h u e -  Ing ms s e - d in our Inves t igat ions iii

b~~caeuss a!tcl e - n ie r gv  tr~snst r in ~u, 1 , - n i t  hos — — component pr ic e i s a  studies and
l ug—I e r-rn mon i t o~ i nig - I i.-id i-x ;’e-r im.-num - c and the-c r f t - s  .jer ivi-ti I roe thee anc
being used iten - ut uve ly to u ny c - s t  ig - uc t - the c nn; o n n e l t  $ u rc . •-sscs of d ispersal,
recru it mt-nt , and dept-u.. It octt i ni~. 11w net cIt re t .e eel t t i ~- . .s  and other comeun—
i ty  -oce- .ses - i re- b ruxu ~ monin ’r ,- ,t e-mp iri ully via a long—term sampling program.

~n par at tel v ith these two  e p ; e n  - ‘ j i .  hit s run such axenomie et t o r t s  as are ncces—
ear - - to  ; - n - - - .- i c h . - inu i~

-
~ u 1guc’us  Iden : i ’ t , .~ t i n  at nh, imp ortant spce i~~ (e .g .  • the

t jn -u ’ c i  deposit—: c e d l n g  ,x~ t’riacnf si

N - h  -ih~ee pru g n t . . t c  has l i- c - i t  a_ide during the last v e a l  in the recruitment
i . e - c t . . - our u.-~ rk. Spatia l ,uuto—rorre l.at iv . studli-s o f both natura l and
deIa inate d se d iactnt a at Sk .a g i t  .udfl at (northern Luget Sound) clearly showi
two sp-u t lal sc -ii en to  be of p .u r c msl ~i n Import anc .- : ‘r g e n t I ama I pat -he. of
‘ 1 cm t u b  st.i t I st  t e a l  lv si gn!! I - ant pt- r icel i c it v c t  the patc -hr’~ . 1  about II ~~.

M.in lpailat Ion s revea led that t h&- ~~i t t  twa ire likely due to the very smalA—scale
modj t i~-~~ tons of the benthic boundary laye r by tube builders . Recruitment I..
enhanced in the imeediatc v i c i n i t y  • - t Initi a l colonizing tube builders ; t his

~ f~~ ct h.i.. been duplic ate d by subst inciting artificial , tube—like structures
(cc 1 me disc.) tot the m i t  tat colonists . The 10-cm periodicity in recruitment
apparent Lv is set up by nipplc- s In the bed or by the currents over t hee .

Recruitment thus iii sensitive to sm al l— scale -  ( 1 me) and arsoscale (10 CR)

, u u hiysj cal effects. This f inding has serious implications for the use of larval

~ettl tn g containers or cages in monitoring or experimenting with the recruitmen t
proc’-- -ua. bot h typ~~ t -cI apparatci affect the bient flow regime on th. scales

ho’ U.- important; u - - n t  niner 1 cage effects are to be expected , requiring
c- in.-fu l c ’ i~it ro t s .

Through furt her measurements and manipulations , the effe cts s. these
apparc -u t geophysical forc ni , - -n the recruitment process will be quantified more
fully and larger spat ial sculs’s also will be examined. Biological interactions ,
expected on the smallest scale (i.e., those of individuals and their feeding
areas), will also be monitored and manipulated. both laboratory and field exper—
ime nt~ wil l be used , the former to create care fully controlled condit ions in the
benth ic boundary and the latter to ensur e that the results apply realisticall y

-ci
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iii t hut  m e l d .  ~ h ie. u n i t inning go~i La : ~~~~~~ .uuj ut Il a U t i ly  the i _i. t ell t huat
cost rot r . - ruit ment ifl t’. I 1~~ Id a n me l t O cIt-vt 1 methods whereby r .crul tment
c- tnt be .u l t e u e ~~ c u t  .u p n i h t c t . i h ~~. ~~i . uiuma.a r ni 1~~

A model .ul se- ie- .~ t lvi eed i m ug l v  del .. it  f a - ,Ie.rs ha-. bet- n dc-vt- loped ; it
ii u tica parameti-i s ~-.tu h - i - -c .rt icl sire , part Icle- .-uii-rgy content , gut passage
time , and a t tmc — .~ .-. it Ic asaimu 1s t I,’ii el hi.. it-~~i ’~ tc!’R t u e  ;e r c- d l e  t the part ii Ic

.t ~~~~~ . n  t i (cede- u ~I - eul d 1nt ~~.- .t t o maxiai~ c- it s net rate m c i e~ncrgv gain.
Gut u- sage- ime and t a—MpeOib - a s imi lar  ion ‘- i t  t ie-n y ti e - t h e  van -ut-Ic.
v it  h e - . ; ue t c a l  ly lr i .i t i c  • - I : c c  t - - c -’n p t la_u ;-c mr Ic ic se- l i- c I ion & ut-f t i c  lent S
amid t he subneqtic -:~ t it. - r I t e  Oh cit e n ~ 

- - t a  Itt.

1 l i i  ass cr;-t b u n  intJ i  n l y m n u ~ i ’  ~u& th~~ 1 ar t-  !tc~~ bt-ing tested. l ie assumption
t l i t assi* t li t  I~~: Cr  t to i i i i c  IN  lmtclt-pcm u-l,- t  oh part IL Ic - a rac te r  ist ics , St u hi AS
a • ze m d  t- :uc -ng\- content . imp i es both C c n t s t  unit ~tut  — ;u seo, -%gt t ime and co nstant
t i~~e —  ~‘e -c fir ~i:. s nil - i t  1.- un e t ic iency - n dif t crent part id e- t v~c.... Hc’wev&-r
the- it -  is unu - u e ~ e -duc; t -V . . - i t~iic. t~ n_ I-nut h .  s. iaplit - u t  t nt , may nt - h  Ut- valid t c u ~

- some
1 $  1 u~~~~ t .~ an t! I c - v  f f l  ‘ - I ~ 

- S e t :  ~itth ht~~ i ; s 1 ~ S ) . h i t  n a t e - - j at which
v-ir Lou. ~ ur Ic Ie~ t vpes a n a 1’nnsi -d thr ough le-~ cu cs it f e e -d c - i s ’ guts u-c also ci
nt -nc -s t  b - - n  lye ri- m t . d  n e - i - n - u . l iii- i. .u~~a- determines when part ic les wi l l

.u ga in be o.- a t  1 ~u - 1.- u i  I •~u a t  u ’tt I rat u - cc by mie T u c r  g.m I sn~.. u 1 — ~e c - z  s - I  a I - I ~ ; 7 and
which put hø th ey vii i toll v in t h e  .“d lmc’ ntarv c V~~~ ( S e l l  and h~~srn 1978).

Th , - m .  f t e  ~~~ u - age ra tes  and part t i l e  s e l e c t i o n  wi l l  bee - e~~ han~I~~.-d in
t i- ct l~~g h u t  h the a~~-.~~ .c -h  t t ’ ns .snuu h i t t .-  ;i • . :  ci ions of the model . !~~~~~ ‘t Ic part id es
of carefu l  lv nt r u l  led char i c i c r i s t  c .  - - will Ut- ~~-.e- el in f 1.-id experiments be—
c •~~~. of u t t ~ 1, -sit v of nat ural ned tnt-nts . S c - v e t  .m 1 v lucs I di - ; c uus It f eeders ,
r.ither h~n a n ig h- species in, in vu.un~ ; - n t -v ious stud ies , w i l l  l~ - used In par—

It- i ton exper t r ’ -nt s as di f I s - n  .‘nt griesip- . of is-posi feeders 1u~~I ve iniet it, .
aol l i s  -- . c ruistar i- ins • etc - ) u t i t e j e u t i h u t  re t  Is- .tt 1.- n- in ~- i rt Ic Ii- rol l c- c t ion costs tn -i
digest .- cu it i s . The-- . - p1ur ir~~t en  - - . ~ h t ,  Ii art - inc l u - t e t in ‘ii mnuc dt’i . ini1u m .-nc .~
opt imi l s, - ie - . L ion at r e t s - g i c ’ s .  1, - t a r  n~ininig t hu , fcedtntc r.-nponses of a v i - - tet y of
it ,- ; c ç j ’ .- f , - .-~Ie- r .., : h. ne t c u r t ’  • should t m ~~vId, quint i tat ly e  and quail tat  lvi 14.sigh t
uto phenomen.-u . - u .  h u- u a t : . -—  ac I i c  - - .- f t -ed 1mg • t hea t have • e -n r,- pc u r i  s- cl - re—

. % cu. - m h t  Iv hut arc poorly under - - t o o-U. (-human a [Tighon 3)

lnve’ -u t i~~~~ t t  ions u t  the I - - r t  bic a m a  i nn the n~i.s in basin of Pugt- t Sound are
m u u ~~nu,~; 33 e t h i C: i - r - . v . 1 c c  made Uc- tyc -e n  FeUruary 1963 and November l~~78 in

I ts long—term stud y ob stabilit ’- , All of the bivalve ~~~ius~ - . and n-hi - domirant
polycn - m. - t  e - ;u . - i c  baiv e- bc- s - u ident lb Led .

hit . overrid ing ¶ 
~- c  i t. - n- - i  s -d in this øtuebv  is the constancy of tup.- o ien

c oaposit.~~ n ir.-ng L It . poly h uen. - ’ - and bivalves during the 15.-year study .
Although the t r  ml t in - t i - c c - n -  ee l t,~~. u  ue - */saap le (0. 1a2 ) v u  f , - q  between sampling
p er u .c d s , as dist -i mssc d i- cs — low , there have been no import.int ..iditiona to the basic
‘.pec ies list ;re - u. -n ie d by lie (1968) a f t e r  a two year study (l96)-~u4). Major
change s h a y. ’ oct -t irred . however , La the abundance of the ‘~vo numertcalls- dominant
- .p.- . i c c  w it In Iri s c omeunity. I c -  overwhelming dominant at the outset was the
t e l l i nu t  clam ~ ‘ ?  - :r c - , t . t . n (

~~r c - a t c r than 100 specimcns/ :~ Ic)  and the
dom . -iancr - - c nn  I n - c u d with ‘vt- v ‘tO specimens/sample through 191,7 (m acjul a were
not collected in 19(e8). In 19t-u9 and early 1970 , however, this specie s was found

L in n ,gll~:ib1e number. (5 or 0 specimens/sample). At the same tiae, a heretofore
minor polychaete -

~~pt - c lea , i c : ’~~~’1-;  ‘;‘:~‘.r’u f . ni’fp , became the numerical clo~ i—
n- -mt (up to  100 - .pc- - lren s/aample) .  The dominance of r. ‘- i f~~~ n:er.~~i~ wan
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apparently shoru—1iv ~nd (samples we re i t t  co l i c -mu d in l d t . l _ i ) . )  as in 197) only
a new were p r -aemu t (Ic-n c - than tO specimens ‘ --ample) . in I u t t ~ 1970, t l u , - rc -  van a
resurgt’nu e - ot Y. - ~r~-ot : ‘~~i~i , -out I-fluting vit h ~r n t - i t c c u  t itan .130 specimens/sample
in j u ,’;.

The c h u r a c r e r  0’ - un i v ( t i e  c i t  l ye ) n i . l a tj c utn ,bt i, - c - t e a - e n  t i m e ; .  iv spec. ic- n ii
not under-.tood . Th., dram-a r i,c liii rc~ i M -  in t ime- i t e c u d su t ,- of ‘ . ~~~~~~ . -,;~~‘ :‘s in
1.- i te- 1 9.~O when P. 1 :~; y”n t’. t~a:it v u - ;  near or it i t s  . ‘vn t ; ‘e- iI. abundance suggests
t h i t  Ii.- .- .i n u t  dc- - l in t , -  o~ t I m e - 1. f m -  r h i  r- iit I l i t-  - casar f l y  in response I. t h i s -

~nt - reas e  ot  I hi- pa I -,- - hac- t , - . Co iii.- it . c t  w t !t t lie- ‘-crease in number n. ~ ‘I P. ~
:~~ n -’ ’,-n:

~
: i~’ v- in. a gr im c a t  inc u e SC- in i 1w .ul’und.&ii c a 0~ t i l t -u pc - c l yc ham - t i

spec ies , ,h-’~;k2 ’~~’~~~. t1 ,~~. ‘c . c~ to -• ( )  5 1 c c  t : : . t e - c / s ur ; ;  1’ in N - - _ - , m n;l ,-r I~47)e.)
t e t ~~ poty -ha e- t e w~ic rcc ’vd t - c.l , lot in v e r y  1 1 .  c ue- I--era in t l u g -  t s r  11c r sam pl e -s -

no re l et tonship o ht c in .~ e’s in abundance- ¶ c 1 — 1 ,  ‘1. ‘; r j  ~~-‘~.‘ :~8 am I -

n”u:ePi8 t~ u can be i n f i r m - e d  as - - c t .

Anothe r uppu rc nt  chu .* n,. Iii t hc , ~- bentlt cc  f auna ha-u h e - ~ tn a ~ . rm - ---or — less stt- ct d ’~
:; re - i - t i in the numbe r ic . c ly c h t a c t  5 -up e C 1,-r u ~s .muf l ;u1e n u~m about 10 api-c tes/’asmple

In I ~rcq— ?3 to  ah c uti t  20 5 1- ce-c ies/ru .inn;’ I ~ - . V.-t  1f f  it l i t  - i i i  in it i i i  I inding and
-i Cu ’rnp~i I i ‘ton hi t  ii p n - 1 ‘s ’ 9  dat - i d, iit t ic ’ t -c .- 1 ne - • buc uvu -v i  n • tint ii iden t if feat Ion of
m ine- c r  s b - c e -d ies ‘I poIv bru t e- -c is — c n t p I c - t , - c i .  (X 1 - - k ’ - r  ; Y~ichoIc . U.S. ( .ec’ IOglc al

- ; ; !VC’i , -M e a l ’  Park , . I t i t  n cia)

The r rcy-c-irat ion c - c t  the -~t-~-~’nd cu t . last Vc , I tune ~c f  Ic s - - - t. f t - c t  the bent hic
pu- c ivc - haetc-u and .mi h ia nune - i lds  ol the Oregon Blc u ge icg raphlc  Province- (between Pt.
¼. - ’n.- ept ion and Dixon Ent i inc e~ ) c a n t  m um. - . Approx1~ at ~

- lv ~e 5,() sp i - c  l ea  w ill be
Included , hawe-v . r • a rc ’tt n. ide - r ub le ’  ictimlei cr oh t .acucn urn - 1 c revisIons as we’ll ;s-u

t~her king at anv dou btt u l  records have had to he ma th ’ . in the 1.-ust year . four
tam il ies have been tre a t .- .- with the following t , r u c l t a :

A c - r e - c .- - u n d u e :  Two new apt ’ c~i . - ’ u of - - 7’ ’ n n , . , -I . ~~~~~ ~ ‘:... and -~~. 0.’
a re- t e- -.u - r iht ’d rum sha h lu-c i .- vat  s - i  of -;. -u i the rn  Bn it ish Columbia. Ti’ 

~
belong t i- c the group at  North Pam ~ti c 

~
;.. Ic-ti w i th compound neuroset ii e t hrou hout .

Amph are t idue : M o rph o log i cal and tist r i h ui t l ienal u e l e s - r v s t  ion-u men 11 c i  the
l u  mrc ; ’ h i re t i d  spe cies and nub~pce- l.-’- rc ’ m - c c r de’d f rom Rr i t i ~ h Cc e Iumbii .ind Wash ing-
ton - ire presented . ll~~ -, ‘:- new genus i tec i S~

-
~e :‘ :- : c ’ f i ~ l~’~~u~~ v - :  new s p ec lea arc

desc r ibed , end remarks ma de- c c f l  the generic - d iagric t; I a c i  ~~~~~‘- :‘: ~ 
-; i’~~c’. A rn -.-

c tp c ~ - t ~~5 e e l  ~~ and two .- p. t u - ’ ~ c u t  A~ ~i~ri’i - 4- i t.  newly re-corded for the Ore—
c ,cf l  B! c c  gt-ogr -up hi I Pt~~v I nc -c

Terebellidac : A new genus , - - .-
~~~~:: ~~~~~ • j c  di’s rihed . An examination eel

t T r  n.ut.-rlal of many spec ie’ s of n-he famil y made it pos~ ihle to improve the
diagnoses of two genera , r,-dc- ’c ,- rihe ant - spm lent , tend add to t.e descri ption of
nine other species , some of which are new records for the Oregon Biogeographic
i’ rcwince . Four other new records were altuc ; recorded , and rec ords of two species
prev ’ous]’- thought to be repre sent ed in the Province where shoim to be erroneous .

Sab elh id ac : Fourteen north eas t i a u i f I  species were cnitical l> ev~ -u1ned .
Based on type mat eri a l , addi ti on s to the descriptions of nine species are
provided . ~

‘:~~iit~ i~2 is revised and a new species . ~~~, .‘c~?ka~crinae , described .
The diagnosti c - charal ts-is of ;h~thc Z Za are discussed , and one of its subgenera,

~~~~~~~~ is emended. Three spot- tea are newly recotded for the Oregon Biogeo-
graphic Province . (Banse ) 
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~u e u m  I — : eut i-  t cd t- : L a r g e -  Mt ,inci ing , t O c . c s at  c ,tmr I zone di-~ oms (“brown
v - m t  en ’ ) ire - a characteristic !eature of t t i c- s ur f  along sandy beaches of %~esh—
t f l g t c .c tt arti Oregon , c cv i i -t d i s t . m; e- 01 approxi ma tely 323 miles of coastl ine ,
dur cn g all Se-55OnS o~ th e - -- - -c -ar. The diatom species comprising the blooms at
t I, - prt -SCflt t li-ce - am ~

- ~
;: :~r~~~’- , ‘~~ c ~

j
~c : •‘ T. t~est • .i fit Imtnt ac ic- it r Ic di- it am,

imii Aate ’r io ’:c . Z ~ a -~~:~~fe i • -
~~ t o  -end N,err Is . a colonial pennate diatom .

F e m t  urea at the - tu r f  d I .s t t u m spec i e-s nhat make t hem unique and worthy of
study include : (1) he-fr oc- mm v - c  ii. .- b c r e ’ui phout all n. ( . iHc- c nn  c - f  the year , attain—
im ig t i e t i t  g r e - a t e s t  btouca;.~ d i v ing 1-ste autu~~~. winte r , and early spring; (2)
their ;‘ e - r c c istence u— lei gh bionass It  am -. ‘-a t  to v u - s r .  In fact • the whole ce - a —

S c  , .ten  01 n- h Is Coast-i l t .-g jm ~~ 15 Oi inn • u  i~’tt lui c inst of the great amount of
or.~mntc mate r~ t~ • both plmnt ~nc~ ani~~sl . t h u  1$ hu t- ing produced . (Lewin)

Ti;.- c o l i t i -  g r ; - cv t h  - c :  mi ga l  material in turn generates an abundance of
mari ne- f auna • in patti ; eml ~sr b c e - P.ie 11 it r a t e - c r  c lam (.

.
:i~cc -;:~~: - :~ :~L-: Dixon) which

i t  t c l if lS  in - a greatest mbund.mnu e and most rapid growth rat .-  on the beaches where
the -  diatom b 1 oums It. ~~‘5R t c Ouic Cflt r e t  .- d - The ahmmmeci .inc .- u t  l ipid dropl e t ti , sill —
c ) U5 ¶ n a g a e n t u~ t ram t he ¶ T ~ m ; t ’ ~~~,’5 of the two sur f sPe c i , - c • , and clay particles
(re l . -a- , -d re ’’ c t he cea -air t u  - c c i t t log n-he - cellular i lament a of r’. ;c ~i ~i~~~) in
the .~tm: contents ind i .s:c -s t h u t  aunt c i i m t o m s , part icularlv C• -:i~~~2 : ~~~, are the

c - - r ib - ce - - v - c to t Ic .  di .-t of the razor clam .

To gain an und e-rat m u t i n g  of e n e  rg , f l e w  tend t ra nsb . ’rr~it lore of mar . - r i a l s
in this ttmi ihc m, - e C - ’ -.- t . - m . it is ne-u ,- - - - i r v  t - -c learn - in. much •-is pos sible about the

bce ~~lc,e l coapcc ; un -ion m et  he c!c cmiubl tt spe c lea and the rates of import ant phys to—
logi - i i  p r ’ ~ s 5 c ; e ’ t . The c hemic i l  c. c- c rcpa r ; it lon c i b  C. ;j”i:~:~’~c , sa w e l l  as of the
clam , 1 uas heen ei’-termined and the e o nt t t h u t lcc ~i u - c t  the razor clams to regene ra—

ju uO Ot  un~~~eniemm in the surf environment fia t, been Inve stigated. Papers on both
~~rt ’  ject - - a r .  in T e res a; n - l i . -  i c - - e m i t s  etc scurrua r I zed below .

Fit ic cot  le -c t  ionc. - - 2  C. ct ~ iz~:irc bi.eve- - e large- in;crganlc component • d to
t:;.- presence ~cf cl.s v mineral s (Illlte ~ •-mnd montmort li~’n ite ) suirroundinp t i  c e l l
- l u c i us :  t e 3~ 1 the dry w e i g l e l  c c i  t~ c, material collected in November was inor—
gan ic. The’ c - c r gele1c fraction was composed of 67.h~ lip Id . 29.72 proteIn, and
1.32 ‘ - i r h c c h v d r i t t - . Cultured cel ls also were h igh  In protein and lipid and low
j ut carbohy di- ;e n- et . T r e -  i-s i - c f chit in f ound In field samples were probaM’-’ a con
tam inant , 5 15Cc - c h In- i n  Wa’ ; aha.-nt from cu l tured cells. Protein c inest ~tuted 4~~and l i p id 42 - c !  the d ry  weight of r f l z c r clam tisauc . The f a t t y  acid d iat ni—
I t t  ion 1n the diatom lipid reseabl’-d that previously reported for other diatom
- ; ; ,c i . -s ;  similarly the fan-tv acid distribution in the clam lipid was similar to
t t mt p r . - . [ o u s l y  reported for other bivalve molluscs. Clam fan-i’- acids differed
I-fl Cht ciifl length and degr.-e of saturation from those extra; .d from its food
source , Indic it ing an 5 tl v e f an - n - v ac id metabolism in the clam . (Lewis; C.—H.
Chen , Departmen t of Mi-d ic i r : . - , 1. Hruby , Woods Hole Oceanographic Tn st l  ion)

Studies of the rates of cx. ret lon of ~~~oniua by razor clam were cu enced
in June 1975 and eanti nued into February 1977 (a 20—month peria. Our aim was
to perform short-term experiments in the field in order to insure t h i  cond it ions
were as close as possible t ’ those prevailing In the natural habitat at the time
of the study. There was no previous experimental work that might serve as a
gu tid . eti ¶ 0  how the clams might heat be maintained in a healthy physiological
cond ition during an experiment-s i period lasting over several hours. Pot this
part icular  study, eac h cicium was allowed to bury itself into a measured amount of

-, , -
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n.eel  Iseent lie .- id wit him u -i Lin ?-~‘ 
p1 u - n -  e.- c -ol in- i t  ts r. A similar experimenta l , , c -t  up,

minus n- tie- cl.;rcu , c e I  -, t i  A-. let  ci t a m  c - a  h e xperiment - This cpproach .mt forded
us n- i t t  ;c~c 1cc c t  t um u ity to ~:. n-~~i n : c t u m e - it n-he same t ime s-ice -n-her - i  nt~e t the re- s i s  a
s igm uit ic - mit t mr ~~~n jmnc excret ion due to the T e I , - s t s i c - I c u t  some of n-he s n- . u 11cr
f i - . : u ; 1 spec it tt within t t ie. - s t udy be ec h c otmutelt it V -

L x c r t - t c - u i  r i t e s  c u t  ~ll n m i t r i e - ; c t u ,  lr~~t ly t -  i t -  rc ’ g e m u t - r ; c t e . -d iii st ; Ificit-mc t
quant ties te e a f f e c t  ~. c m r 2  d i a t u m  gi e e w t  ii ~. . - t  e ifle .In.cii c- cl ; ai~~.nIum appeared to be
the most import alit men-ab e Ii te. xci it  fan of arumonium by razor cla re t far c x c  •- e - de- d
th . t t  by other beach t aunu. Sn~un - in.t i C a l  evaluation of t he  data mi iu .we -d that

m mns n I-un exc r , - t  ion t i t e - s  were posi t e v e - À y  C u !  r e - l i t  i-el w i n - h  shell length, but no
c~- l  rd i t  ion b.-tween ammn.mmsi um cx~ 1C l u c l i  l u t e  h i d  w a t t - u  t u i i t~uc n e t  iirc~ was evident .
T1m - lae. k a t  corre -lat I -u c may I- .-  m c  c t  i t -  or m.uv r u - T - u . - - c r u n -  some- de gree of Se - A—

se - n u l a ce lim~ut lou u u t  the _ I c Lee n- t i  n - . -uc i c i  r a tu rm - . ~ c~j c h i n -~~S T C (  if ir :e~~~~nlezn
excret luSt rat  c-S we -u - c s-~ it iv.- ly v~ lai. - t to c1 a~ at it’ lied I u .1 t ing a t u e - c u r .  ibi y I -urge
(iun d unknown) c u- c ue r I bun- It-c it ci r c - g e - n i t - u  it  ~- b  a~~~~

)n I cnn b’. s~~m tier e iauma In their
I i ran - yea r c l  g u - ’ w r h . ( - ; i i li.-r e lcmmc, - .- r .• rare ly c apt ur c - c )  c l i i i  ing t t.ss stu d y .)
Tim,- ~e re sell. e- 02 high C L m u: dcii’; tIts site t. oni . in t im e stir t it ~ I eut but at~o sub—
L id-ui  ly plus t ime potent ca l  1 V c re at en WI ~- h t  -r ;pu e c i i . - a~~~~enium ecxcret ion rates
c - c t  smaller clams I nd I c  it e n - t m - m n -  i l ie t i- g r i m m - u  u i  ion of uamumuit.~~ c e c e i l d  be a a Igni f i—
c .hfl t t~ i u t o n  in t b c ,  ~ it T - .51 c y c le. In tn ,  c c i  I environment. (Lc-wiu (Eckaan~

I dij r i ie . Ie. t i tc  i u t  -~j u t - c  I I ie~ l u e  t idi c I t e e u rat c-s and ncc &r~~ th eff iciency
c c i  t I C 1 c l ~~

)OjeUlat ion s: lie i c  osyst i- r  st ud i e s , hiologlc u l ch eer — s in the field and
I uborat or y of ten COulc eSit rate - nm-u dominant species. When it is deal rabi. - to have

c - S t  lmate -s of produc t lieu rat cc, Ice ! et )u r animsi s~e~t ics • one co~~~mnly c~! CuSCSe-R an
eLp~e t u ’pr ta n-c- P/B r i t .-  (mi - ant pi-ecdut— t ion i at e-/m etlme biornass) t o  app ly to I ~s c - stand—
ci :  g $ tock m c i  s e c t  • - :~e- nt a - Lt ’ re gi it - li lt c m ’ tee. i  l iv has Iwe-fl um- ,.d for s. icr t I uig -e

r i te- .

Fal using a sug,~t~st lois by I.. Ri~ h ie - . ; - : i t e  1 ished data me n t h .-  quotient c
annual product ioie/ m,-an biousms-. (1’/B l at e )  t c u r  popul.-at ins so rt- ein.e- d to ~ t -  —

m i l e  s p c- t : i f i c  p roduc t i e-n  rate. ( ra t e s  pt- i unit biomatus). Data for aquatic and
ter rc-st r ial invert ebr it i- s h u e - u - _s-e n the s i z e - s  i - c f  c - n;’epods and ~-larns , ranging
c lc u ue it l0~-Iold in body weight upon reachin g man-un -v (W5, kcal) md about 1 0 —

f e e ii in P/B rates , were most I lor ~ It iii. (Data we re f t -w  feet f ish and matvacvuls
itc ,t -~~ .h r ce- r [or phvt uplAfl ktOfl and proto zoa.)  W 5 is shown t a f-c .- an eff IcIest
and precise estim -itor (sm iling Iactor of the annual I’/II rate , based on data for
33 invertebrates living ~st  annua l mean temperatures between Y and 1 0C .  The
u uutei~u i P/B rate decitnen. markedly w i n- b  ~~~., according i c e  P/ B • ~.6S wa— 0 . ‘~~~~. The

e xponent elf fers from the —0. ~5 ;u cw e - n - of comparative ~eltvsio 1ogv , e . g . ,  specific
respiration . The observed 1-c / B rates [or most of the spect cm fall within 50 to
.1)1)Z c - c t  the predicted values. ?k,at ~f the variability u - c f  the weight—scaled P/~
re lationship is associated w i t h  ‘.-.irlabil iiv in the ratios e’f annual product ion/
annual respiration (P/ K): for a given ‘s , species achieving about calf the pre—
dicted P/B rate r. have P/k rat icce of about 0.1; those achieving n-v 4 

~ n-he
pr edicted P/B rate- s have l’ u~~ r un- los  of about 1.0. Apparently, eL -ten t popula-
tions (high P per unit K) maintain an elevat ed biomasa but do not attaut  high
annual P/B rates. Age upon re-aching maturity contributes some variability , with
late—maturing ( -  1 yr) species trending toward higher P/B rates. The variability
In. not significantly correlated wi th  phylogenetic relationships (excepting
insects for which the P/ B rate might r~~t bee weight—dependent), feed ing type
(trophic level), majo r habitat s production rate , nor biomass of the populations.

L __________ _ _ _ _



The 1k/B u an - e s c - c t  c mtv t - r t e b r . ; t e - s  1 i v l c u g  an- annual s - u n  t e-mj t-ratures 25° may be
elevated over those- of n- empm-rat~ st -ce - c i t s  c - c t  n-he same- W5, while t hose c c i  polar
torma .mi -

~- h- icncc ceed ; n- ite~ jan-a, hccwc- ve-r , a t e  t i t s t m t I Ic tent ta r  quant if icat ion.
r Ic e-  V t d - ~cuit ~ c - c I  a single l e c 5 t t  Silt I i c e n  gecve rieiitg the weight dependenc e of P/B
r a t e s  u - c t  temperate iut v e- r te - l e u mn - , -s t he- i e .irt i - tilar exponent • ~ind the lo’~ varia—
b l it - c. of n-he we ight—scalc-d rate .sticuieg spec - its from vt - u  ‘~- d i f f eren t phyla and
s~mys  0! lit e i r -  unc l e-mr ; a m e t-co lu - i . i c al ~- aeise , 1. t -  - , r e u r t al ity, combining with
n-he general S L i t -  dependence ot lilt- p: ess ’ s . is im p l i c a t c - d .

~n the c V e  n age - I c te-  .enntui 1 r-mju .c ill c - WO i t  all - - e c ~ ua is the P/B u it u and
e ulc e- dcc - I t uie . - n. by n- tie- same j ucs. i I s ite t le flt at W , . Vt- r small me-n- azoans (pelagic

- 1 i ou  hunt itt rue - I acu nia ) tend to have d I e t - c  l i t  I t ie 1- c c lower I’ /~~ 
rates than

would be t-xpe-t t ed f r - c m  e x t  r . i t c - h e  ions c - c f  n - li t il-over rt -l .it ionahip I c - c r larger In—
ve-ruebrates . A ret  uye - f r -r i p tm , e m t  Ion by Icing small is postulated which may
also app ly j e e r  phytop l tuu kn - :t and possibly naupiti u t  t u e - lag ic  copepods . For
me iui. ic inj , -i powe- u f i l u  t ion c c l  s - . - i guet  dependence of P/B rat on. with average rates
l-5 ti~~ s be low n - l ieu - cO 01 n- l ie -  h u n  ~.- r invei-tebrat &-s is suggested . P/B rates of

n - c- r rest  r Li I n. e - c 11 .mmc t- tc ~ie -  a lso ill ccitt e - this 11 tue

1 tst• auntt.i 1 t’/ B r~u u . - - o j  f i r - } e , -s and r~ m n ~~i Is likewise dee l inc by a pm~~ e-r
l ure t i . ,un  ot W5; the t i - w  ava i lable c t .mC ~ t v t e - ld exponents of —0.26 and —0.33,
rcspc-ct ivclv . Ecologtc.m l r. a u c u t t u  a re- t ga in imr . cc kt - c I  . Tb. P/B .-und specific mor-
ta l i ty r i te- s - r temperate t ir.he-s 5,-i ntl i c - c  14 ~~— e  t i n e s , and those of t~-n-~~~ ls 20
.~5 t ~~~~~ highe r n- bait  t t n t ’ n . e~ c - c t  I (.ritct u u n - c - invertebrates of n-bc- .~mmc - weight -

Al though (be si m m - t ing point w.is - i r a t h e r  -fl -p lied question , the intere- at in ,
in-f s I-go l f  i- - mn- e ot . n- lit- i t- s t i l ts  ~m r e - the d is c ov e ry  of general pan-torus for the
ani~u.i i king d crur , and n - b c-  quantit Le ~~u i ion of spec i f i c  production and mortality
ri t e-.. (Banse 1Moshcr~ )

l)~m t i  I re-cm p .;- c ’ - r - . on enet g -  I low t e r e u u c g l  I i t - Id  populat Ic-li. c at n- e .Z f l t c L r .e tu -
invert rb ri t e w e - re -  .i tso u~~e’ci tii am-u Inve’st I g.mt Ic ’f l  01 the annua l net gras-n-h i I - f l —
C i t - n c  V (NGE), w it le is approximated her,- by 100 

~a’ 
(Pa 4 Ra ) ‘ 1’a and Pea f e  ~g

I hi: .innua l product ion am-ni r .-si-cir. ut ion rit e. of populat i c - c i es  per unit are .u . Pub—
lished $G-E values eer 1 ~ to c t t . i t r inve-r te br .un- - populations range I ron u 3
55Z (- e ret r i ry to the lit &-r. in -ur e u -c u NGE among species , the dependence of NCE
On Species S C Z C  (as body weight ~it n-f: . onset c u t  sexua l maturity, W5) Is n m c c r —
Lain alt ttc uUgh the ranges ~cf P 1 and Ra , d iv i d -d  by the mean biomas-c; (B). approach
n-~ s- orders ot m a gn u l l - c e .

the R 1, ~ r.n es a! 13 ~~t i~~ U1c1t i - c u —  dccl m e  with i —0. ~ pow. r of W 8 rather
than the —0 -25 power of com paran- Iva physiology . A possible reason may fe, a
:rend i c - c s - s r i  larger specimens (relative n - c u W~ icr full s ize)  in populations of
larger sped . :. Among n.te t.u i e c s . a signif icant dependence c - i  (} .  on ~~ is not
domenstrab le for labora tory populations of unicellular organisms and field
populat :ans of mamals so th,-ut the cost per unit of production might generally
be independent of t i -  r i t e  of product ie- c n iv the population . (banee )

- f ;~~-~~ : - cu ’ c f  Mcir~ ’:e - 
- 
. m f a t .~ • c - e ~~~~’L; &:‘~~. r~ c:

All sulfa te reducing b~- i u tt’ria Isolated thus far from marine habitats have
been gram negative, nonsporulating, progres sively mo tile , vibr i os of the genus
:~i~ -a Z f ~ ’ü ~rio. Opn-tmi~~;et ion of growth media and conditions for these bacteria
have been evaluated . While growth generally is beat in complex organic media
it above ambient t emperatures , excellent growth obtains at lover temperatures

_ _-
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in a simp le sa l ts  solution suppiemc nn-e- c 4 wi n- hi an ij u j c rce l t!i a t e carbon source- .
Lrt cwth amid re spir at I ccii m it e~~~ LI u m u  t ivit f e - s  (Sc-c- also p. 20) , substrate un - iii—
zation, end product for or i n , and f inal yield,; in terms of both electron donor
and acceptor have bc- c- n monin- or e-d ave-r n-he growt h cycle-  for isolates from Lake
N i-m at and Saantch Inlet ~rovn in ~ imp Ie sa l t .  supp lemented win-h lactate cu t

pyruvate- . Int ereatti-igl c , pyn u - - i n - c  prov ides more eft ii lent growth than lactate
even though the r~- Is a srialler I s  c-ite -rgv clu ing e- betwt-t-n substrate and the end—
produc t 4c c - t a t e - . \ c u t c t r u p h ic gr iewn -h on hy drogen and -arbon dioxide is al.o
being invest i g m t e c l .  iAiu:t ~c -d [ S  - ~-in~- j )

The c ha rac - t  e - r i . mt I t :  ~~t t .me -t e r  -u I sol u ~-d f rom anac-u e t c iC  sediments of
~~e mnu j ~ - h Inlet is In progress. Me t e- t h i S  I ce r ty  lc i i e c -hic-mica l I t - s n - s  will be used in
this pro~ec n - .  The devel t u e :  of a ~~~~~ , r ipid , and opt imal ly  e f fect ive mt-n-h-
od I

_
or the- Isa lan - ion of un i t - t e c h , - - - f r - i n  mar iii.- environment a i.e also being

investigated . (Ahmed [V . c e h m m i c e c i t . S Kin~i)

~~~~~~ ~~~ ~~. 
,

~ ~~~~~ ~~~~~~~~~~ J s : ‘:~ n - - ’-

N in- r an - c -  re -d u c n - . m -~e ( ) aunt glut uinuite dehy drogercasu (CDII) a c t  iv it ics wt-rc-
measured in k,~~~~ftj c itr -~ t~~ c~t t ~r (Grey .) l~~-~e in ausnonitim and nitrate limited
CO nt i nh i e - c e i s  otu ltures i c- t ore m mcd 5 f  t .- r  ~sddit ions u t  nitrate and/or a~~~cnitmc .
t u m par I - ca - c.s of en~~ymat 1 s u n -  lv i t v  w i t h  nit rccg .-n u ptake and assimilation rates ,
externa l m e !  internal r e i n -  r ite e f l c t f l t  r u t  ions , and c-xterna l a~~~ nIum cane entra—
n- ions were made in ord e r t e e  asseSs t he- roles of NR and GDH In nitrogen assimi la—
t~~~uui~ i t te t  to de n -er r -in ,- th eir a u u i .m h i l i t v  a- measures of nitrogen assimilation
rates . MR activit y was i~~du~~t -ui by Interna l r.-cther than externa l nitrate concen-
trations . Aamonium in the med ium red eic ed MR n - t i v t t v  under some environmental
crndituo n s, hut u cc u t others. H nw e - v i - r , cimnoniemne acted i nd i rec t ly , perhaps by
C c  us in g  n- t i e -  at-cumul ation c c l  in l n n - e rn cm l t e u i c l of i i i  Intermediate of aamonlua
ic ~s imj L t tj on . MR a ctivit y wa- -c found t e e  appuoximate nitrate .msslmilat ion rates
during growth limited by the nht ru eg en •;nipply and under sc -cr- conditions the
prese n t- of hi gh nitr a te- and az~~~n ie mm coneent rat Ions In n-h. medium. It
hypot hesized tha n- a second nlt r- i te rt - clu~~ing mechanism cp . rateg unc or ‘he iviron—
s- nt ii conditions which resul t  in po u r agreement between MR act iv i t ic  -~ and
n itrate iss imilat lcm rates. CDII activities we re consistently low and consn-an.
when c ompared w i t h  atuznon f um t t ~~ i t ~~I m d  assimilat ion rates . Ctcnsequent lv , it Is
proposed t h e n -  ;Iffl is nut n-he primary ammnu-cnium assimilating enzyme under most
environmental - audit j un. and cannot be used as a measure of atuisonietun .*ssiaila—
t ion -

The enzymes glutamine’ svnthetase (i S) and glutamate synthase (COGAT) are
currentl y being measured in  several ;ehvn-e-c plankto n species as an alternate
means of measuring ameonium assitmi lan-ion. (At~~ed (Dor t&~~

- ‘:i’c : t  -: t -~~~
- 

~~~ ~~- ;‘~~ ‘: ‘~~~~f j t i 4 1c;k2r : - ; .&?  cU
-
cf M - zr~’’ ~~t v i t - u j - lankt ~ ‘P~ 

- ~

~~~~~~~~~~~~~~ tr~~rn

The chlorophyll c o n t e n t  c - c f  marine phy tuepl ankto n varies in .ponce to
environmental parameters (light , nutrients , etc.). This variabi lit y raise s
problems in the app ] I- ca n- ic - n of chlorophyll - : as an indicator of biomasa and as
a normalizing parameter fo r photosynthet ic and other metabo lic rates. There is,
however , a lees variable component of total cell chlorophyll: P700, the reac—
n-ion center chlorophyl l of photosystem I. Therefore, an alternative to the
curren t use of chlorophyll -~~ in biological oceanography is propoied t measure-
ment of the concentration of this less variable component of total cell -~~~

chlorophyll

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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During n- hi t  -e~~n- vt -a r both labcc ratu i y  and h eld methods of extract ion and
me is e u r ement - n -  comp~ u :enut s of n - I:.- 1 hon-osynn- hte t Ic unit (l’SU) — P700 (reactIon—
cen n - e - r t - h i l t e~ Op hyll of photecsv tem 1) wi light—harvesting chlorophyll —— in
nea r i nec - phvtopl mmm ~~:on have bee-n d iV u i tu h e e d . These methods proved to be eff icient
In i sal en - liii ~ and quann- l iv iung P700 r e l ; t  ~v e- to t he- more abundant light—harvesting
ch lc ro luh iv l l  - ) t i y  prel irnlnarv 1abor.et~ - rv  ex periments show two basic , but not
ute- c - ssa rilv mutua~Jy cxc lcusiv&’ , idapt ive s t ra t e -g t es  in response’ to low li ght

.ome- s pe c lt’ -
~ apparently re ;pond by increasing n- hit- ratio of light—harvest-

ing chlorophyll p.r PSt whI le  othe rs increase the number of PSUs per cell.
Nit ru ge -u u I i : i  ta n- ion, c c i i  the at iie i han~I, prc u c iuct - s  oppos ite changes (decreased size
and number ~c n -  PSUs). aga in wi th w ide ly d i f f e re n t  responses among species. We
pu t - d i e t  whic h i d ap t iv e  s trat e g i c- ; u-Ill be found in parti c ular oceanographic
reg u~:e -s wi th  di~~~inc- t ly  d i n -  f t - u t - n i t  environmental c o nditi o ns and phytop lankton
u lV u S i m u C :  m u  I c r o p c - c~

;t to n- t - .t these predict ions both in analogue laboratory sys-
t ems -end In the field ti .- suggest t h in- n - h . -  intrinsic cha rac t t - r l s t fc - of the PSI)
and i ts p l ast i - i n - v  c 4rt p lay ~i major to i c In determining patterns of succt-ssion
and equilibrium c ce n n b cas it j i (in - ~m i1v ) at --ta r Inc phyn- oplankton assemblages.
(Perry , M.C.  1.e rse ’um , Campbell: R.S.  A l ! ue- r t .. I’nivcrsi n-v of Chicago )

A C. -
~; ~~c :~~~~:e e ~~h c ~~ i. :)-1 . 

- - ~~a ! c e -° i ’f i rz ’:. T “~~ :~.! — f~~~’ia~it ’Z 1-: ~ea ~‘:
•1~i T - ~~~~ 

- -c
. : i

t e l l  d Iv i - ;ien r a t e - , c t - i l  prott- in us an t’ —; t m ate ee l hiomass , and chioro—
rb-c, 11 cant e mit c f ive diatom and lye dincu f I uge- 1 late s pecie ’s we re measured in
batch cul t  nu t - - - . h-~~~e c r  iments were- cc- c nd uc n- c-cl  it s ix lcv(- is of irradiance under
be en - h cont inniacis 1 i~ hm~ and a I .~I.: 1)11 cvc  le. The algal spec .- h t - ~ wt- r t- se lected to
c -ver n- hr. - .- or ders ~~t magnitu4l e In c e l l  size- and t o  represent different genera.

The onse- n- of  light saturation on - growth euccur red at similar light levels
t u r  s~ uC. u - c - s  of both groups. The diatoms showed higher llghn -— s .-in-urated e e ~~
divi~~Ic e iu  r a t e s  than the din eeul a ge llu ti -s — —  the regression of the light— saturated
ran-es against ct -h size- produc e- ti n - u - u parallel l ines , one f e - c r  eac h c roup . ~ize
dt -pend. - uuce of t he 1 igb t— s -un - uretc-d ~- r e u  n-ti ra te was significant at n-li t’ 952 level
ot coo t l i l t - r ue .  f - u  h c u t b ,  gu~~em ~~s of m l c z - i i c ~, mt- .

The higher ~:r -cu n- h r . ites  of the eli- in-ama wer e- para lleled by their higher
chi urolu! iy l  1 ..i ;u r e u t (-in r -i t ios It was t huc - re fo r e  hypothe s ized that the higher

a ch~ e rop hy l’ ~~b t - r e a n -  of t he diatoms re f lec ted high photosynthetic capabilities/
b l - c m . s s -5 which in turn g e - --c r ise to their hi1 her growth rates in comparison to
n - he dinof~~m c t - l l a tes .  This hyNe n- hes is  was confirmed by photosynthetic rate
-ea suremer s on two d i i t e °~ and n- u- ce dinon-lagellate species.

The leic 1 cr phot - - y n t t n e t i c  ca pnc it le ’s biomass of the diatoms may be an evo—
i n -  ionary adaptation ~or utilizing 1~ v light and ma~ account for their success
durin c the spring phvn - eplankn- u —n t bloom when light Is an important limiting factor
on - Rrow t be .  (1.-ewin [Chan))

j~’~ .z- ‘;‘~:~ o[ “) r t ; i- -~c’f ; f ~’ ‘.~z’-;-

Previous studies have shown that small cells (under 20 m~u In diameter)
contribute significantl y n - c c  both standing stock and primary production in
the northeast Pacific . Meat y all previous taxonomic work on collections
t ram this area , however , has been concerned with aicroplankton from net sam—
plea , or with diatoms or coccohithophorids in water samples. For these

1 
- — . - - — — - - - - — - - - - 
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tca - u en s , and also h~-~ mu - -ce many  n- l i ,  [ l u t e  l .tt c -S i r e -  ) u c S u i l V  n ’ - - - e -rv ed In

~mi~a1 ii: Or jtcJ t: ct - n - l i ,  ri iriopLuuikt c l i  ~~~~~ ie1i have- remained ITie c ) tfl l e l c.t t -  ly
known . The purIc e e c - c e 01 th is  qual t n - a t  ive~ st  udv 1’, - di - n - c  c- n t j i t e -  and Iden—
t it  the various s t - c c - c  i e - ~ ; o ph~ n- a p i nuk t u i ; normally lumpt -d into n-he In  t - ;- .r I c - :-c

on - 
u c ..~i 1 l  n— E re ct l u ~ c . h l u n - e s e or ~~~~~~~~ e n - i - M e t l mgt - l1atc- ~.

’’ in n - h , e’nume-ra—
n- ion c u t  phvn -op l e u 1 t c cn u e u r u rc u uuu l

S emçel e s n u n -  - - -  lii e-cec.~m u p h i  cil : e ; ; _ c  , u~~l !e t e e !  u t dit c-rem: Inc
pc-E t u~ d c-e , C n - c - being exam ine-cl . S i n ~ 1u lt -S n - h u t  ‘.~t - re- i lt .- ut- d un - st- u , E r i d  In
;1 u u ’hu c l • in- id l i t -n - i  dr Lcd to: C r - t n - i t - - i l pa in- it  drying in the l i l u c e r etory h ive - lu e ,-n i

found to v i e - i d  the bu” -it  u • .u1 - . Choano t l~i mt’ l l - c t  e - , crvp~ ommx neads . and
- ~~~~ 

- 

~~~~ sp . -c Ic - ’~ ire ut:~~iu uIi . e n -  i n c  spe- c f e - s h u e - 1 e u n ~~ing to several genera
of t ine J r : ; i  I ’: -: ?‘ . - • , - 

- \ nun~h~ - r o emmuknc c~.m c u r g un I sms In t ii -i 11 c-cut cci ze
- (2 to u1 have he- en _ e! eu iuu-Ian: - i t  c . - n  n- e lm a n - u t  jeu m ic , - c -an niuiy t I C u  n - i -
n i - c  rc0 i -opv IS u i - -c e - !  I c . toe ly .is -in ~i 1u I  t a r  ~c ht c c n -  i t t  rat i tcn - - spec f e- c ; - T rans—
miss 1 ’nu cIt- c r uin m t u - roscopy Is a lao i--c - log em plovt - ci - resolution on- tht~
sn ir f a e -~ scale- s .  a d i - n i h - n -  Ic - - - e n a or in s~m,- 1’T - ou ipc . (1 .-u- ln , !~u -c e n -  h: R. i-
\ - r n  Is , Dcpnrn-n-c. - ui n- o n - R o t - n - )

M . ~t !e : o.- : ’ - c ,. : r ’. ,.~:,,~~n - : f ~~c ~~~~ r - c~~~~- c i : - -c .~~ r.

A flUt. c i~~ m l model o ’ n - c -  t r c p be i. .- c e e 1.- V - (upc ’n ~~.. n- c - n- - - u t  t tic - uib- n- - Ic
P . cc i: I~ • ci ~ n~~: l e t  t o  n- h i - i t  LiSt e n - b e  Sn  c .  ~e i n - i - h  c u e — u - c u t  ~. - n  ‘-c t b i t-  ;- .-lag ic cc logv

~‘t the N o r —  In Se- i , will l n - i u  lu!. fou r t t u e p l u ic  a c c :  : 1- huvn - u c ~~ lank ’ . herbi-
vores , ; - n  imarv ca rn l vu -c re’- .. ;end ct, .~ - h 1 t,1 . - - ca rnivo re~u~. ‘flu i ric u c f e - i  ‘c lii ~ u~~- !~~‘-1 ;n , el
—a t h i n -  t~~~h C C t ~ e -~~~ phys-. -i l  ecendi ’ ions in - i  din - n - c - r e -u - i t  seu!e n - e - g l c cns C t  t he’ su i b ’ m r e  t i c
Pac i - tic m.mv be i nves t  h i~.tt e e l . I~n ul 1 r e - i l L- .u t ion ,c t n- b c , - m ul e 1 we - c u l u t  provide an
c an - In - i - ci t e i - c f  t he - carry ing a p i - m v o n- n - h . - s u i t - a r  • i c  Pa c t - I c  .-~~c n-or sam—ne - c u .

This c- s n -  [ m a t e -  —. -  ; - i  h ut- in t in t -  n ou n - n -
~~ a qe u n n i t i t i v e  St n e - n - ’  i nn -  of  t l~e l iv 01

diminIshing re turn  f .u I c ;  Ten - nw- c n n- s  in n - I c e  - ca . - c - c t  t i e s -  i n n - c - r n - i n -  ion.el s .elr -i m u
r.in - h ing indu’-c r v . I can t h un - i t r i l l  n - c  - ill z i  t ion e n -  i- n. me -c c!,- I • never n- h u t - i .  - -n s • w i l l
help n - c u  dist- r i m i n u t e -  k u-v e’c e c lc- c c: i c al ;-r - u - c - c  - - ron n- nin e - c r ofl,’i-i before ’ a malon
I iclul X e ~~~e~~iT  :ru c c:n - .t r c . p1- l f l lc ’ c o r t h.- I ~~- ‘ - - . is und.-r .ik - c -n.

T :- .- r an e l h is tc, - ,- n - ; ~e v e - 1oped de e thing n-he - c : ; n - c n .u l  cyc i - c -  c t  ph’. (op - nk u n - i

and p i e : u k r c -’ni c lne:! - iv c u r e - cn in-i - ; ue - n  u - - m n - i - n- - . of t bn- - - - i l - i n - c t  Ic Pac t :  ic. The mode-i
depI cts ph’.-tap lan kt on growth as • i  n - e u f l c t  lc ’ni ‘1 m ix .- ct l u - - e r  : u c c :  i- . hi ; chun -  , nu n- r i —
cn n- ;. and lu nd l.%nk - n - -  g raz ing .  A ~~. v fent nm rt ’  - :  the- ~~u ej,- i- is c - - n t  n - e l  of
phyt- I m n - u~ - - growt h in su~~eer by zoopI tn~~n- e n - ;  gra~~t uuec - u~~n - t r d  is aceompi i-bu t -e l
bin- s Imu l un - I ng he ; - ce u p n n -  I it ton dvn. in-n-ni cs O c in- CCipe1)odS n- ’Zn - ;. - 

— 
-
‘ .r and -

.

n- i i ? z ~’:4jc . ( F l u e q E  : C .B-  Mi ller , Or,’~ (’n S n - i tt’ l - 1 I\- * - t s i t v )

— C v i -  t c ~ - - - - ‘  iu~ri4:.2~~: ‘c. ~re r  “ c ‘. (~~~i~~.k ) :  1’ : ;,Z ~~~ I - - ‘ : ‘ ‘

-f :.~~~~
- - ‘

~~~- • - ;~n- 1n

lervac .- .Ln s are co~~ ofl in mAt ane p la nk t u n - n  • 1 . - . - - ! an ve-rv small part id es, and
may C d nni ~ . t e  with copepoda, e-s pt-~ l.tl ly hit — j r  l it -

~
- i i -  

• i-n-nd c- c t lit-n - narn -
~- Lankton

jet- u i-er g . In the ( - - - n t  r iled Fxperimental i- n - i lo~ u n -’ -- - (CEE) —— large ‘loating
p l.istic cylinders in Saanich b lot  , B.C. — popn-ml;u t lanci of -

- : , : :  may
double ~ ;i- ir - ‘ innbt- r’ ; dilly. In both the se- u and the CF.Es. drastic popt n- ion
d c - c  lines are comson, b - c u t  w. -ro previously i-unexplained. Resu:~ t ci fran two  sutmser
experiments indicate that the abuccul inr , -  and c t r e i c t n m r t ’  of the larvacean popula—
n- ions are primarily controlled h— thp size and c- c-c r-rr’ntrat li-e n of the available
food and secondarily, by predation , particularly by the  ctenophore ~-~~~~ l~~ - P f r .
Therefore, t he major hrust of our current research in the laboratory Is to

1_~~
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eIt~t c- i  n-:i int’ n- l i t’ c i  f ects  of I e c ~~d gi:c- cud cone c~tt n- rat ion on the rat ~-s at growth ,
It- c-ding , and tecundity  in i. ~~

‘ i~~ . I’ u c -li m iiearv n - e n -- cu lt s suggest that the
a n im a ls requt t - c- a s ub st.u u ut i.u food su u p 1 ul y to grow and reproduce and that they
do r iot m i t e r  n - i - m e in- n- ced ing  n - i t  c S  ~e v c t _  a normal r.cui~ c- o f phyn-oplankton c u ) u u c e m n —
n - n u n -  ton . We tu av u - ui -go shown-n- , in cOo be r.it t o m e  with col Ie-a~nucr, from Scripps
1 :nn -- c in- i - un - Ic iri o f Oceamncn g r. m p 1c~ t liii , . d~~~~

c : a  Is an e x t  remelv ef f  icli-un-n- bacterlo—
V c cr c arid t l e n t  t ime ’ an i n-ti-a l r i - c r -  n e -  c - i -  v ’~ ~ subst nnt i.ui 1ui urt iOn of i n - s  daily ration
L u  - rn - roe—I tvi u e~ b~ cter  Li . A a imulat Ion n n e u e ! e -  I invest 1 r.mt ing n - l e e -  impact u c t  the

c - c n - e  t ime microbi-mi e u n e nil  in  ions t n- i n - t ic ’  enclosures Is under construc t ion.
abe e r m t  - ty exper Lr~e- n - u t s in- ;v~- c 1 -:ing en-n- rn-c - ’; invertc- ’: n a t e ’  pr~ d ut i - c r s are p lanned for

l-r 9_ l- ~S~~. (Banst- [K. King])

:‘ ‘~ A~~u , c.!:c ;. e ~; ~‘o; - c n  a in ~ 
- - - -  i, — P .  :ci-cc2 L PCi-c~~;1c C~~v n - 4 t ; .  I .  Li

This proj ect  ti,m -. n - i - n t -  b iu c id goa l of e n - i n - f l y i n g  and analyzing the process e- ;
b it  a n - n - c-ct n - l i e  r - c- l a n - In - ic- abundan-te e Ot copepod ‘-i~~~~c i’ ci In marine epipelag ic

c - nr:un i it i - , - . The r e c i c - u m u b e  i c r  rc ’ nu t IV - t n - ’ - s s e s  St ni-~l’.- of u rn - i t O  f i l t e r — f e e d i n g
C-i  l ifle Id c ~ep •-pc dS u n- l it -  ~~t ’ii’ n- - I i’:!_ :.:i;n and P~’ ~~~~

- -  ,~ t:u_ ’ which art- major cam —
pc - zn - e n-n t ci ot time ’ zoopl u ctkt ce l l  In n - - -

~~ u - n -  c t ~~— bou e -i i oceans on - n- lie’ ‘. -n - therm Hemisphere .
Li-b e c u  u n- o r y  n t  udies on n- ceding ! e - h - i v i a r  

• ~rc’wn -h r an - c -n - .. and reproduct ive-  rates
cnn It qu .mnt i t - m t  lye cli i r i - p t  I e f i  o n - cnn - rinaic ~:r -cu-th rat t - ’ - of cecpep ccd populations

and i - but t’ t fccn - s  an-n p e - - i - c cd m t toil u . h -c _ n h of cic- ’, e n -~ n c  important envlronmt-ntal variables .
To i- r ide n-and the r c ’ l e ’ c c :  p n - e e l .  ~n- ion in a I n - c -ri u n)~ re l .ut t~’en ;ubci n n uiu in c e- - c c copepod

pec te n , I t i - ’ c  r .en -  ~- r - . -x pe-  r in-n-mont. ci on t c - e d  tng b,e’hav iu e u c i i important p1 ankt crnie-
c u r n i v - - r t - s  are bemn - n - .~ .urr lt-d out. Results in.- being inn -c -gr it c c l  n- i to  simulan- ion
mode ls c- p1 -cn ukto n t i u I n - n - y e- cit ig e n -  i- n - tn t - - - ret. 1u. i  1 ly t n - I c -  m n -n - iu~ c - S c i o n--u that. control and
n-cu d i - y i - n - n t c r u l e -C i - n -  IC intera~- t ions among I leer— I c- c d cog copepods . Pa n - a i r e -
b~~

- t n - ng c c  ~-c n- -ui n - n - c d on i- u dvru.mrnl e~A c nn - nan iit - i I c c pci  [at icunni of - e - c i c e pcudg 0cc or r I icy in
} c e c i ~e t  Son - n ncc!

Expe n- I men Es c d l i  t i - n . -- ce l e e  t i Vt n - c ’  h i -  rig i re xudu n- I e’ma 1,-s ( e f  - 1 - ‘ .
~ I - : - 

‘
01- .~ 

-

hive tceen Ceemp l e - t e d  and n- he rcs u itg  cire n ava i lab le-  In recent publ ic. nt le bus and in
,u ~~unuscr u in I - F  .-s s .  S i - n - - c l  hur i-nv , s ci ga t i ons i r e -  n~ -cc_ being dicta- with 1’ : - —

(‘ ~~uP~~~cb ‘iii. Aric i  1 . c t s  i- c !  it  e S i n - gc - c _ n h  mmii! c - c ’..  lopn.-n t on copepod a under con—
ro l led I cibu u n- ato r - ~~-cid it  I tens m d  ic.ut e’ t l i -at then c - art’ i-r ang rntc’rac n-ions

i - n -c t  c_ c or e  n-en~- e- r - nn -  n - n r c - , ood ahurnih unnc e . and biudy c i l i t - . That i - a , c omprehensive
underst .unding on - patterns at  c c  - c _ n h  can lee- achieved ie u n l v  with ~~u1tiIactor cx—
per m ont a. Lahuc rat ory sn -i -nd len -- c 01 r opt- adm it - n - i  ye- r~i e s of ‘- z . ~zn-;u;n ; : f 1’ -o’ at
di! terent n - i o u !  concentrations a nt  t c -c mpc - ra t u res generally agree c_ i th the ri-suits

luh c r , e t r ’ r y g n - udfe -- - of growth n a n - c .  Reproductive rates have been estimated
I ; - n ’n- it Ion’, in ba b e-cl P1ay; re — c u l t s  m d i - ~u t ~e n-hat for much of the year the
popui mn - ion is sev e rely food—lirituc L A field study to n e  s~ the hypothi-sla that

~ r a ; n m c g  by c cnaj’lankton control ; phytoplnn kn-cucu g rowth throughout the late spring
and suuTSIw— n in c-deco waters of n-he subarct i i  Ic ,uc if ic Ocean was c on-sp it- t ed r. c t -nt i~’.
I r  iet lv • he- ibcin - td i,ne e of the major n-u~e e-c he’ s of grazera (‘un -~~vcue ; l.wru~hrn-~a and
C. ‘r f. n~ ;~~ c; n- )  c_- ,i--n such t b-ma t t h eu y could ~. - u t ’ all n-he daily phyto- ‘ankton produc-
t ion i t  their in g e st ion r ,un -c wag c u 4 i i va i .z i t  to ~ of n-heir body ight per day .
n- i - r e u t _ ~l ; - re- st-co [ V i  dii i , Rtmn - n~ :e- - Yen J  )

£f; ’ ta ;‘ - .-:‘ ~~~ 2~j 1~,2~~~jç1. c, 
~.- zJ’—~ :~~‘f zoe: ~i-~~n

Ultraviolet radiatiuco in n - - i - u i -  middle wavelength range 280—315 tim ( “U V—B)
has important and practical biological effects. This radiation is of particular
inn -crest because it oc u a r ’ -c in normal sunlight and would increase If the 11V 

- 

-

absorbing gtratospheric ozone iiv~~r were reduced. Precise information on l’V 
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penetrat i c - c ue  into m ian - m u n- cil w a n - . - r c i  Is m ice!  yet availabl~- , although n-he upper few
mete rs  of n-he sea ant t a ~

- e- receive apprec iable t’V radiation . This near—surface
l c’-~-r is environmental lv important , and many uci u l c iciui k i era have- their center of
abundance there , c-cr arc found tin e-re at ic-an -c t t v  part ot their life cycle- .
Many of n- inc - -c e - species nre coi~~ercia 1ly important , and on-tier s have I c-v ro le- s  in
t he ecosystem . If incident )~V i r i c i c a u c t s , it is this plankton group that would
be mc es n - directl y af!e- c- t c -d .

Shrimp 1 .cry~cc - • cra b 1 i ’’ n ’ , and c uphaus I c is  we - r i -  e x posed n - c -  various low
It -vt -Is or simul ;un-c ’cf c i u c l a r  i - ultr a v i olet r-c~i- iat  ion ~UV— B , 290—3 15 rum) cinder labo—
ran - c r y  oceuci it ic - cm n s - Compar isc’ iiS between s c u l ii r and u rn - if ~ e I ,al 51e - c t ra  were based
an spec t re - n - - u - b  1~ ’rne - t  t i c  mea-~u ,u c - n - n - c - n i t  g ct - c o v e - n t ‘ u i  to e n -  “ t i ne -ni-ally ef i  c’ & n- ly e irradiance
Fhe exper iment u l .‘ c -c c c i u i a n k t c n - u  toler ut c -J t’V—R I rr-udianc .- l . -”e- la up to n- hreshold
leve ls w i t h  no s ign i f ic.mnn - r e d e r i  n- Ion iii —- r ir v ival  or d c v c l e p ~~T~nt n- - at t~s compared
n - c - c  c n n - r~ - 1  organ tstn-r-e . Beyond the tint ,.~~~i n e c ld leve ’l s • act iv i t  v development -c and
surv ivtal rapId1~ ai ’cr l ine -d. The apparent t~\ thresholds - ire- near presc-nt m c i—
- lent liv levels .

Observed survival tb c re ’suiold I c - v e - I c i  t a r  eac h experiment-il group w e-re super-
imposed ore se’aeonal solar inc - i d e - n - i t U\’ lO v e - i S  ut the cxperimenn-.-el s i te (Man—
cheatc -r , i-~ es h i rn-c : on) . flnc- ,.e- Z t i t t - ~~hu ld Ic-vo l .’. .u ,d z eeared to be exceeded by median
ambient t’V levels I- in - c-  in the SeaSon - i  s u r f a c e -  occu r  r i -n i - c  .- of each SN-d es. It
Is suggested n - ha n - iV i n c r - .uses resu lt In -ug from cn -z cu t ec - depict li en - n - rn-n-a r significant lv
shorn-en this se- icon. Although n-he ap;- urent impact wcen uld b- c e J e s s e -ned by the
decreas,’ o i- U\ w i n - b e  depth , i r r c - v c - r c i ible detr imenta l  sublethal c uue - e t a would
d e rc e b - c ably occ -ur before n-en - pu- r n - ed surviv ,ml thresholds arc exceeded . (Damkaer; C.A .
Heron , II. B. i- 1c y .  Pacif ic Marine Envirc’nmen-i t al Lahcn ratc ’ rv;  1. F. Pr- entice •
N-ation .i1 Marine Fisheri e-s Service”)

ZOc?j ‘ . -
~ : ‘z ~,- ~ ~~ . : - -~ i “ i~’le ~i

There have been ni-miser ens labo rat - ’ n- - -  stud i c - n - c  on the ef :  e’ r ’tc  of hvdr~ c m~bon~
e n - f l  m a rine n - r gi r -nburn ’-u , hut only a few c - c t  these dealt w i t  h toeu~ - .ini- - on. (Sc- u s e
p. 2l .) Besides Investigating the effectci of oil on zooplankton , BOist - experi-
ments have hroughn - an- ten t I- n-n n - c c  th,u probable- e f f e c t - - o f ine - c c~ -1ankton on oil.
Copepods can ingest nil in su- -n ;- c e- rn -s ion as we l l  as oil adsorbed t i -c part icles (c-cr-
gu n ic and Inorganic). Some o 6 t his - - ii would be ro le - -used via fecal pelli’:s , .1
pr ss th ,u n- may have s i g n i f i c u n i n -  affect s c -c r- n-he dl’ ;n- rihution and t r,nr t., fc rrn- uatlon
of spilled oil in neawa tc-r .  The dietar y route at entry of hydrocarbons in to
zooplankt on appears quantitatively much more important 1 and n- he bcydrocar bc- - - -

i re  i - m r  n-in u re - pc - r n - d a n - c- nt  - t b c ifl d ir e ct uptake.

The objec ti ves of this new protec t  are n - c u  evaluate the quantity 1 and rate
of oil uptake and t ransformation by zooplankton via oiled psrticles . (Dankaer;
G A .  Heron , Pacific Marine Environmental Laboratory)

PZ n-ir -- :
~ 

‘r::r,- ,  F c r ~ i 4 : ’ i n -  - 
~ .n Sea ~-Qu r

The l at e  of it  imary f ixed carbeun as it moves through the mar~ ti~ ‘ ood chain
is the objective of n-his project. Sed imsnt n-raps are being used to Investigate
the passive movement of te ,e rticu lates out of the upper layers of the v ter column
and their eventual deposition onto the sea floor. (See also p. 2g .) ~Data of
this type have been unavailable before. The trap s, which are callbrsted in situ
with the use of lead—210 , have been shave to collec t 119 t 192 of th. material
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that a rt  Eves on n - tic - ut- c I Ic c eer . i1 an- a in iuund indicate that carbon and nitrogen
c~- nct -nn t , degr idabil ln-y , p igment cu ll - cnn - - m u d composition, and on-tie r bulk chemical
o c r -ut Itutents at c cha rac te r is tic  - c t  n- t ie  c-nv irunmun-nt that produced theis and leave
an Impact not only on the on ~ inisms than - may forage on them but may affect the
por t io ns  oi the wan-cr column through whi i u they pass. Measurements of the flux

e~- t  par n- icutan-es , primarily tee-al pellets , downwards out of n-he surface layers,
Lh n ae n - i~tn t i n t - a c d—w at t - r  r -gtuna and final deposition onto the sea floor, have
bee-un ~n.ecit - in c oasta l and open ocean s ituat tons . 1: -c t m ates of the flux c u t  par—
t icuLm es have’ be e- n - n - obtained for an annua l cycle In Dabob Bay , arid for s t u c e r t —
duratt ’n deployments on n- inc ‘c-c cshiult~n - t c n  SIne-if , and In two open ocean situations .
(Lorcnn.- t- ni [Copp ing, Weluchaeyerj)

rc e ~ ~-c ’c~ t t n -~1 0: ’ ~~ n - - :  ‘:c C --r .’. j C: ,  
~)n- ~~~ i~ z4~t ~ . ~~~~~~~ V j f l  ‘It ’ ~c) l’t i~t t  torn

At n-he co~~ unitv i c v e ’i - n- or~ anIt.mtion , rel.itively little information Is
-e’.aiiable on trop hic relan lee r-ships ur n u - un ~ s t u n - n - _bottom , mar ine benthos. The
~~- :nc-raj reliabilit y On -  n - w i ’  methods, mlc re us c i np ic  and serological examination
cut gut conn-c-nts for Id ent ili c an - ion of existing predator-prey relations wong
n-he macrotauna and mic- i - n -  ~~~~ (I~u ng t - r  and smaller invertebrates), are being
c ompart-d. Serological methols arc pat  t icularly attractive for the identifi—
c - i t l i cnn -  of prey i t t -ms w hose morphological identities cannot be determi ned .
Ific in ter t ida l co~~ unIty se lected for experimentation allows both controlled
i nhu rat cery evaluation via b oding experiments and field co~~ arIson of n-he two
me thods i t regular interv. i  Es curer a relat ively long period of t ‘me .

Imeunologic-el methods h.uve- revealed many food web links that previously
had not been established —— inc luding apparent predation by supposed de n - n - i t t—
vores m i d  ~rt’d~ut ion by macrofaun.-i on isc iofauna . (Jesnars , Feller (Taghon,

lagt c - r)

~ e ’j ;;~~n i~’l, - ; : ,  ~ c ~~~~~~ 
;
~1~-c coi- qs

Wei glu t—s pec in - ii- respiration rates for several developmental stages of
.-1:~n-~~~ ” L’:7::-i j U~1c? ’;B~~8 , a s.ind dwelling harpacticoid copepod , were determined
o v e r  the natural range on- field temperatures. In addition , rates were deter-
mined for I ature , egg-hearing , and spent females. Differences In respiration
rate- s between stages , temperatures, .und seasons will be described an~ quantified
to allow extrapolation of laboratory results to previously investigated field
populat ions of Ii. .~-~~ie ’;.~~e. In conjunction with the field production determined
previously for intertidal sites in Puget Sound (R.F.), an energy budget for an
- -n - - tire year will be constructed . (Feller ; F. Schieaen-, ~u~ nior Fellow, 14ax l(ade
Foundation , New York , on leave from the University of Vienna)

Hio~ ruri ’~~ ~ ‘:: 1cj ’tit ~’.’t’ S Z-ectt- ’ri by Depo eit Feedera

Bioturbation is poorly understood because it e~~races a he~ rogeneoua mix-
ture of processes , only a few of which have been isolated for detailed study.
One of these components is particle s-election for feed ing and tube building .
Research is being conducted to delineate the selectiv, abilities of deposit
feeders by using field tracer techniques . Th, development of a methodology
tha t will per-mit direct asseñsmen n- of th. net effects of either particl , inges-
tion or incorpora tion Into tubes upon sediment transport , deposit ion, and mixing
will be ei~~hasized . These experiments concentrate on particle u s e  and particle
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sped - ic gravity because they are exp l icit parameterb in m,st sediment transport
models.

The experiments show that deposit feeders select particles on the basis of
s peci t ic  gravity and surface texture. We are beginning to reveal the mechanisms
whereby this selection takes place and to model its sedimentary impacts stochas—
tically. (Juuuars , Nowt-cll, J.D. Smith, Self Iwellsfl

- f J~ liistor~ of an f nh t - r t i -~~:.~ An~ hip i .-ui

A study was made cf the distribution , reproduct ion , growth, and mortality
ot Lk’ ;it - l ~ ’u~ n-u~n- ~~~~~ in the vicinity of Ocean City—Ocean Shores , Washington.
This amphipod inhabits -m re l a t tv - ly  narrow band in n-he upper intertidal on
thege hi gh—energ y sandy ht-~i cti-s . Quantitative core samples , using a strat i f ied
random samp ling scheme , were taken at four—week intervals for 16 months .

1). Loquax is an iterop.mrous species, with an average sex ratio of 1:1.
Me.in fecundity ranges from 8 to 32 eggs per brood , depending on the body length
of the gravid ft -male. The timing of peaks of reproductive acitivity (ratio of
gravid to to ta l  t emales) and of recruitment events is strongly influenced by
t emperature—dependent rates of maturation and egg development . A generat ion
recruited in spring reproduces in suamuer , resulting in a generation that grows
slowly through the winter and reproduces the following spring .

From July thrc uem gh August t iu cu abundance of Individuals recruited in spring
declined rapidly (approximately SZ per day). Mortality, for the most part ,
occurred before max imal size was attained. Predation by shorebirds , particularly
s- u nder ling, may have been largely responsible. (Eanse , Jumars (Hu ghesi)

A cYo:’.- : M,- tk ,d of - n-an; e~~ .n - n -  ‘,n- F , .di ’i ; l ’~ - Na ldani uf  J~~l i c ’hc2t’te

The membranaceous tube of >r a s i i .z 4r i J  ?rs2cu la ta Moore bears 6-12 s t i f f
spokes of 2—3 cm length, arranged in nearly a single plane and approximately
no rma l to the axis of the tube at the open ing, 2—7 cm above the sediment. The
t ube is bent distally so tha t the plan e of the spokes i. strongly inclined
t oward the substrate. A mucus web with entangled food particles hangs between
n-he spokes , but is not connected with the worm’s body . The worm appears to ob—
n-a im its food by swallowing the mucus. So far the method of feeding by a mucus
web separated from the body is not known from the marine environment. It is the
more remarkable because all other members of the Maldanidae , a moderately speci-
ose fa mily, are deposit f eeders living head—down in the substrate. (Banse ; N.
McDan iel, Pacif ic Environment Institute, West Vancouver , S.C.)

~ . r t i  -a l M~j r a t z~~’i ~f 
N.aOpe 43~7u’ Fishes

Small mesopelagic f ish are often associated with , and probably are the cause
of , some deep sound—scatt ering layers in the open ocean . l.a order to comprehend
for predictive purposes, the occurrence , intensity , and vertical distribution of
deep sound—scattering layers at a particular oceanic locality, the vertical die—
tribution , did vertical migration , and feeding behavior of some small auop.lagic
fishes (ayctophid fishes or lanternfiahes , family )Iyctophidae) are being investi-
gated . Field sampling was carr ied out at two localities (Station P. 5O’lI 145’W;
Station Q, Sl’ N 137’W) durin g three st~~ ers. Mesopelagic fish and zooplankton
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w - r e  co l 1. - t- d us t c ~~ obi n-que I v —  n-~-c~ ed - c I t - c t  runt a l ly  ~ ‘m un - tolled , ~en n-n~ /cl s 1mg
ne t S  a’- -ui “.., m dt -uign. Aapec~ a ~: t im e- It-ed ing behavi - c u of three sped .- O~
U l S t ’~-~Ile l~ wcr - .m -ctdu ced I z ou-~ anal-. ~- -c -

~~ th i- I r  asa h

In n- h.- upper -~t’~) m, n - l u  . t-  spcc~ .s  .1 myctop ltids (two migratory and one non—

~ ig tt - c ’ rv )  comprts.-d 9) ’~ or naure ui t h  - t e l  nuesopelagic fish. The two migra—
n- .-rv nv.-t ophids fed t~n .’st tntensivcly in n-his u~ - -tr— sur fac e layer at night but also
~~~ an- low m aLt -s Lu deeper water dum iug n-h .- Jay .  Types of prey utilized by the
I ~~ - -.~necies vt-re very s ~ t -in lar. Iii c-ont r u s t , n-he nonmigrat~’rv myctophid fed al—
most ex.~~mastve- 1y during n-tue d~uv , and there was extremely littl e overlap of its
diet w ith n-h .tt of the n - we ’  mi~~r . m n - - - c u v  species. 11w myctop h l d s  did not appear to
adju st ttu~tr ‘- , - u  Ital d is t r i l -c u ’  ions t o  t.i~~e- mdv~u uut .m g ,- of aggregat ions of prey

btut the d ie - I ~u. c i  it L u -  c the- two spi- . tes did bring them into tht-
rlt -tr—s n r n - ac * layer wi m e - re -  pre fe r iul s~ - ct- & it - i of z-ooplankton were often abundant .
The fit-id t nvestlgatlons tevt- .m le -d cl c.t- correlations hen-weep distributions of
sound—scat n- .- r lung layers (12 kllz e .  lu. ’s. under )  and d isc  r I but ions of myc tophid
t Ish .-s iii t hee e~m - ,c. -: smi i - c a r . ’ n -  I, “ . uc i ( t c .  (F ro st  • flioreson. !M.Crone l )

A ~~ ‘:- r %‘~~‘e t Ij’: ‘~ &~~~‘.
- ‘!.,~m r F~.i:. :1 ’- : :  F a ‘r. ’r.’ :-~~~

- . yr-f’:j ,u.; .~~~ •

~~~~ rs f~~, c2 ’ A..~’ • ‘;. ‘ . * .~-z r  ;i~l ti~~~.

A ~~ ~ect is underway n - - c- ’ t - - t  ~~- uts - major hypot ~~~~~~ c u ru - .-rning isl.u-ud
- c- - - c l - c’~~v and to modit tli t models ge-ner.~~ ing t . - - . hypot heses in light of our
result s. The- colonization ;-cr .’ce-~ s, the species—~i rem and other fauna l relation-
ships , the d I sti u but i *ru o: m d  iv idual spet - t cs a~~~ng I ‘.1 -inds • and the degree to
which int e r - a cti on - between and w~chi n spi- .- u. - s control these p~ut tcrns will I- ct -
emphasi:t -d .  n.- ve ry  d i t~~er.-nt i slan d ~v stca8. an a r t l t i c a l—p late mat ine fou l—
lug ~ .- -.tem ~.S. 3 and -m Bahamian s a a i l —is l~muud tcrr es n-ri al sys t e m  ( i  .‘..S,J ,  t hat
are united only by t he- jr great n - i  ec ta b il i ty ,  w i l l  he i~o.- ’ ~- t 1 g a t e d . The .urtj f  1—
c l - m l — ; ’ l a n - t- mar in. I- c - c u !  ing syst en ,- l . a t  ively i- c-v d i v e r - - c  t v , hut indt’.’tdual
s~’ t c  ics can be n- u i - wed on ?~~ same rl~un - es through t i.e without dest rmi. t I a of
the coenunity . By monit ’ r lng the h i - t o~~. - c t  p lates -c - c t  various sizes set cut in
}‘ -c~ et Sound • the number 01 S~- c u - c ic - s to  .mrea - an be related through the . u t e rv c n-
ing va r iab le  01 p o pta l a t  Ion m bu n ’ an t - . Thus a dynamic p icture of the development
of n - h - c spec ies—are a relationship will be obtained . W.- vii] also be- able to see
to  w1 .u t extent “.nve -ta ~ .” species -c ounts ,  abundance parameters , end so on result
from very d i f t e - T e - m u t  spt•cia-s i- ompos it t - c -cns generated v i i  d i f ferent hi~;tor1cal
pathways.

By c reating an ~urchi pe lago of fouling—panel islands in Puget Se’und , Wa sh—
in,~tOn . the coloniz.-ut ion of .1 ‘- ce- i ics of a r t i f i c ia l  Islands spann i ng three orders

c - c t  magnitude in area c-in be fol l we-d . Observations cal the colonization pattern.
o f the panels for the one and one half years since the star , of the experiment
h av e produced t h e  following resu1 t~~. Colonization curves for increasingly larger
panels approach increasingly greater equilibrium speclca nu~~ers. The species—
ar -c -a curves computed for these panels -a t successive t ime, show a relatively rapid
r i s e-  to a constant slope. Seasonal changes are reflected by al1~- alterations
in  t h u - c.- slope . Al though 1 - c  t h  colonial and solitary species are piesert throughout
the observation pex iod , the former predominate initially, giving way to the
la tter; this is sir -li ar to pattern s observed for temperate subtidal hard sub—
strates and fo r - 

~t to--ky intertidal substrates. The contribution of some ear ly
colonists to n- uesultant number of species later found on panels is examined,
as well as the ~fec t of individual species on the species—area curve . (A.
Schoener; T.W . -;choener , Department of Zoology)
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Hypothest’s based on vet a decade ’s NAVOCF.ANO panel experiments at several
regions covering a wide range of  latitudes in the Northern Hemisphere suggest
some general t rends In colonization by marine fouling organisms. In order to
evaluate the generality of n-he results of these experiments , some add it iona l
questions must now b. addressed . These concern a comparison of the nondestruc-
tiv e sampling technique of Sutherland (l9~~ ) and Sutherland and Karlson (1973 ,
197?) with the destructive sampling technique used by the NAVOCF.ANO labs , as
well as an examination of pane l-colonization v a riability in areas with a rela-
tively large nu~~er of fouling specie~-c .

Preliminary resul ts indicate variability in the species composition between
panels; this is not unexpected based on Sutherland ’s and Karleon ’s teaults . Thus
f a r , however , there seems to be a good deal of correspondence between the two
types of sampling techniques In terms of mean number of seseile species found on
panels. (A. S - l a - c - c . - m u i~r i roa ni- J )
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The o b je c t i ve s  of th is pro J e - c t  .ar~- to determine and explain the nutrient ,
sm lixi jty , t empe’ratur.- , and d i- -so lved oxygen fit-Ida -c- ct -cr - c (-rv ed during biochemical
L u u vt -5 t  igat ion s of deep—ocean uc- - ihol ism. i111t- .i~~pe- e t ci t the proje ct , the
i st  ima t ion ot n-h.~ den itu  jib - cat i~~ii i . i n - , - s  o t t  South A~~ ri.- .a , is nearing completion.
The r a t t - ol den in-r it i- - - c m t  ton he n - w e - e u l.a-v l 9 - t - c  and mid— 1977 was -~2 x 1013 g
N v i  — — —  .~~rtp m r.ut - c h- t o  n-he- r . - c r  e er - c t Lt~iiited for the ~ ich l.mr~ e-r oxygen dc’ t icient
zone in th~- vast ~-c rn x -- ps - c al ~~- x n- 1 -cacifi c . Our r-c-ut-n t studies indicate that
n- t ue 197b— 1977 ra te - may hu .aVi -c hi- c e-n hi  ~ he-r n-hun normal, and this view is confirmed
by an examination of a l l  ava i lab le  data on the nitrite maxima of f  Peru. The-
1- mt te r data suggest a re-c ent  incri- . m:ee- in ni tr i te t-c ’ ’ iuceu x t  rat ions of the nearshore
port ton of  n- hue- den in- r it i - c - -ca n- I on zone- t I Soes t h Arm- r ic.a , and we have fotuad a post —
t ive • on- relation hen -w ee-ri nit r i te - c o f l e u f  rut ion and dc-cnitrtf icat ion rates.
( t : o . t i- ;- c t I , I - taf t e - r tv , ! c,ruan , Wj~,e- ,:urve r)

During t h e - c  mato r Coastal Upwell ing Ecosystems A n.alvsis (cLJEA ) f ie ld
p r - c~ r mn-c. of~ ue’rt txw , -s t  At r ii -c m and P,- ru , muon - r lent dat a were collected . Pan-a
ini ly s i s  and - ,u i t h i~~~j *  continuing. Seve ra l papers on the results of the 

*
restuir. ix h a - .-c - he- i- c u pub lished or ar~ - in pre - as , e . g . .  (

~~1ispot i, h. ’ . and C.1-: .
Fr ie - c d e - r t - c h  (1r8) l.ocai and tacsoscale- influence -s on nutrient v.ai-iubilIty In
the northwest African upwc llung reg ion near Cabo Corbe iro. ; - c ~~~~~~~~
.~~~: 751—77(’; C-c-cdir - ;- - c t I • L .A. • R. f . Pugdale- , and H.). )linas (in press) A co.—
par is - c-tx of t hi- nut r h - nt  regime s o f !  northwest Africa , Peru , and Baja Call for—
nia . P.app . P. — v .  Reun . Cons. per-rn. i n n- .  Explor. H e r . ;  Garfield, P.C., 1.1
1~~ •~~a r ~~, and L.A. Codiapot i (In press) Particulate protein in the Peru u - ’el l—
i ‘~ : system . Dcci —Je’- : bi tt ,- 

~r ’ : ;  Mln.us , H. J. , L.A. Codispe-ct i • and k.C. Dc.gd.ele
(in ; rc -: - - i  Nut r ients and prinax ,- pxoduc z ton in the N.W. Afr ican u~~elltng
r e - , ton. Rapp . P.—v. Ri -u s. Cons. per-a . inn- .  Expl”u . Mci . (Codi~~pot1 , Hafferty ,
Lawman, W t c e y a rv e t )

Pa r tici p -x c i i i  in an experiment in the cm ~-cve- lling region o f f  Somalia In—
CiueIvs  collect ing -a - --rplete suite of nutrient data. These data, comb i ned
w i t h  the physical and mete-erolog ical dat - ca tha t wi ll be collected , should
provide significant new information on the nutrient variability and some of
its causes during n-he transition period frog no upwelling to strong upwelling
that ‘ccurs during the Southwest Monsoon . Purther, coupl im - of the nutrient
da t.a with information on nutrient uptake and regeneration rates also will aid
In unde rstanding the cauaes of the observed nutrient variability and wi l l
permit comparison with similar suites of data from northwest Africa and Peru .

In addition to providing information on the Somali Current I it- c c
associated upwelltng, the design of the experim ent is intended to des.ribe
aesoscale eddies that co only are found offshore of the Soma li Current . At

F present nothing is known about the effect that these eddies may have on the
nutrient regime off Somalia. It also is hoped that new information on the days
t o weeks nutrient vari ability will be forthcoming by correlating these discrete
nutrient da ta with the continuous wind , cu rren t, and temperature data that will
be availa ble. (Codispoti, Friederi ch , Wisegarver)
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P1 - - t • -~~~~ 4 r~ sL~ .i’i ip t  ~ .- c i f - 1 - C2~’L- -

An -x ~~c- c t  m ental ~- t c-cgr m r (MFJ hb .\ I w a : -  des igned to  mmve- - - c t ig~a t i- c t he proce-sacs
co n t  rol it mug the ox vge-xm minimum mia ci .ana.- a - - - u  r u t  t rit e t a - a t  ur a- , - c of n - ta t -  ropical
northeast .-c r-n l-c .m~- iii . A ode- c l of  t he- dl sn - n -  Ibut ion o f  ni n - rite- has been developed
t h- cut is based on b lochi -ri- i -c - c - -u - JnJ i - c l t vs  j~ m1 di ft cmi- , a n. Additionally
:::.- thods have -c been •le- .e I opt- el t c  t~ - asure n- h . c - c  - :~ inuouua d l  i - - n - r i l - c u t  ion. and the
i~ - - c - c-c t ton rat c-s of mu t t  i e - I - tesr o: - c~ im~ir ‘vi- h. ~~ Je-c I , a ia- Id t-x p.-r inent
was ca t  r i.d •ui  in  w hich I. h, v~- x n - i - c  - cml  -c j  lv s of  t lie • !ce -c mj ca l - -c - c o~ I 1 1  u - c u  t s and
biochemical r e - c t c  t ions we - c r c  -~ - n -  a i tue - d at .a - .11  - in the t r - p ~m l nor— hst- .istern
}~ ic it  Ic.

A mxcv met h-c -cd v - ca - -c dc -c 
~~~ i e)~ - c ’~~t I • - c r - obt~i en eng c-st imia 1 a- i - - c  of c m x  s i t u  r uin - i - c r .  of

O eV gefl Consuapt Ion ~a ra - ci ant a t e - I t sp !! - a t  Ion . The tuact& -  r iop l-eua kt - c - r i  I m m  large-
v l m ma4!s of s e a w a t e r  (l u- .t , - c - c - c  I t t - c - i - - i  a x e - r e t a t u x e - ci in a m t r x d g e  I ilte- ra and a
muc h n--m .d icr volume- o t  se - c i w e t C r -  is re - c v - c led n - h r ug ia the c . a t t  r idge-s and changes
in oxygen tension .mnj r i - c a t  I ~‘ iit -c -c 1m - c e m i t  r a t  iota ,,  a t e -  menu x tored by c-cxvg e-n electrode
tuic ~ Aeit o-cazxa lvte r • r e - c s l - c e - c t lvi . Iv . I n  s i t - c u  -c ’xV gt-ti - c t usttm l)t i - c 1 i  r- it v u-, as load as
5 ng—at 0 1 - ia h.a,. c -c be - c - ax • - .t m mated and i n-c it I - c e - n a t e - t a t  lv ~- e- r t i l e - c t  fe ’ r ~ amp l i- -c

rum t lie ~ 1- c hc ’t 1 - c  :-c ’nc - o - i 1 cit -c a I 1 - 1.

The dc-ni t r a I -c, Log sj- c~aa v-c :. iii n- ic e- e-.asterfl t r - - p  ica 1 N - c - c r  n - h  t i c  if ic are -c hi lag
c om~uared n - c - c those- of the C - t a I wa n-  c-rim -c 1 Peru .and the- Arabi an Sc - a. (.1 - J.
Andernein , R .J. Ozret  i - c -h)

• ‘. ~~~~ 
-c
’~ c 1f ~i’~iii- ;-f * !c

The p rod tic t ion me-i lean t sm~-m and an -v ci t nit n - - c -c~~s OX! civ in I li e- c mar tnt- environ-
ment are he- tug invest I g.at -d . Rec c-Itt  me- ,-;ixre-trietun - s in n- lie- ETNP eonf ir- cd that
~-~~0 i-c ; consumed during denit r i  t t - a t  ton; hte- ~~e -vc- r • it l0 p1 ef iO •-d in excessive
.xme)unn- $ In zones wit, - re - the oxygen c-c - c n - c  a -mi t r .n-t ion is low , but mn - .- c t F e t e - c  - The
major product ion p r - c -c i s i m  appears -c 1 . - nit iii ic - it  ion. Thus, the oceans app ‘r
t o  be - -ci large score - c- c for N -c 0 . i - c u t  v t - m y  lit tIe 0 1 it e - c sc - .a f - c es  t i - c  the atmosphcn-
~~( :i  Inc . i _ I. -c~ui~t i T  s - c f i )

- 
-
- 

• ~ j j~~ j ,~ A - r - c~ j ’  - • a fn-~~ Re ’-c;7’ n~; ~~~~ n--c u’

When di sc - c - d y ed o c v g e - c n  I- - depleted , - ce- c r -- a m .a n ae r - c - cbi c bacteria that are
capab le ot  using s u l f at e  as the termina l i- lee n- ron acceptor in n-heir e lectron
transport sys tem (ETS) can become active . This pi- co c - sc —— sulfate reduct lain —
resu lt s  in the formation of the highly toxic r edu ced g.as , hydrogen sulfide.
Sulfate reduction is generall’ confined to the sediment., but in basins with a
h i g h  influx of organic matt e-n - e urup led with restricted bottor rircula tion . hydro—
gen sulfide can sometimes accumulate in the water colt~~~. Two such basins
currently under investigation .are’ the t lords , Lake Nitinat and Saanich Inlet ,
\ , uu - c~~i ave-r Island , R n - j r  Ish (c ’ Iumhta.  (See a lso p.

ETS ac t iv i t ies  in the water  coluzt~u and sed iments of both Lake tinat and
Saanich Inlet have been measured Act iv i t ies ire much higher in the se~ ements
than in the water column which is probably related to the higher organic content
of the sediments and hence n-n the greater numbers of microorganisme that can be
supported . Sulfate reduction in the sediments has also been measured using ~~S—
sulfate and by other more indirec t techniques. Although highest activities are
generally confined to the surface sediments , a subsur face maximia ha also been

• • - — - -~~~~~~~~~-
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observed, it is not yet clear whether this subsurlace. maximum, if real , is
related n - c ’ a similar maximum In sulfide concentration. ETS ac t iv i t ies  suggest
tha t this may be n-he case .

Azu enzymatic ass.av fur the measurement of sulfate reducing activity is
being pt-r I ven -ed -c-and -c-ompared with ETS activity and sulfate reduction by the
35S—sulfa e- techn ique .

He- n- c-ro trop hic - oxidat ion and utilization of selected organic compound s have
be-ct- u measured in the wan-er column of both Lake Nitinat and Saanich Inlet . The
compounds tested to date have been lactate , acetate , and a aixture of amino
-ce ids . Genera l t rends ar e -  hi gher activities in the surface waters and at the
interface between the •ax vge-na t ed  arid sulfide bearing waters , and lower ac t ivites
an - intermediate dept hs . The-re is rus na l ly  .an increase in hete-rotrophic activity

c l o s e -c to t h e -c bottom . A ee -tat c is g.-n -r-cil ly oxid i zed more rapidly than lactate ,
ev e !! in n-he anae-robi~ zone. This observation is especially intriguing because
the only known mechanism I x  t i re anaerrobi-c oxidation of acetate in marine
enviro nments is by the- met la-anogenic bacteria which are believed to be inactive
in the presenc e of hydrogen sulfide. Amino acids appear to be preferentially
ir~-c - e - c r ; - o r - ca t t - c d  rather t lm. urn - oxidized , and the ratio of incorporation to oxi dation
may be a useful phystoh-cgical indicator. (Mn-med (S. King~ )

.V: . ~ “!~~ ‘:t ~~~~~ ; i18 ‘m ‘-‘ ~r- : ’ :- c  - ~,
-c
~~~

J-c-c
~ ~~ : •

The chemical Lo~uposition of interstitia l solutions is a sensitive indicator
ot  the reac t i - c -ni- . ot organic matter in the sediments. In the :-e-cch ments of the
tjor-ds .ar- ceund Puge t Sound these reactions are rapid and sulfat e reduction
comsenccs soon tftCt burial. Between Puget Sound and Cascadia Basin there Is
- ci t ransit ion zone in the sedimen ts that separates the sulfate reducing sediments
from the bottom water. In this transition zone reactions involving nitr~ -‘en
specie—a occur. The hemipel.-a~ ic sediments arc of special interest because-’ the
nitrogen reactions in n-heat- locations may have great bearing on the glob;-c I nitro-

- c : a - c n cycle.

t 
Complete sets of pore water  and sediment data that can be used to model the

diagenesis of organic +man-ter in marine sed iments are being collected . Analyses
inc lude nutrients (NH~ , ~~~~~ Nir , Si . l - c O;~~~, major ions (Cl , Ca , Mg, S0~), pH.
alkalinity , trace metals (Cu, Ni). DOC, ~ C) and gases (02, AR , N2 , C02,  Cl1~ ).
As part of this projec t , a new in situ interstitial water sampler suitable for
collecting gas samples has been developed .

To da te , Puget Sound , Saan i ch Inle t , C-cascadia Basin. C.uatemala Basin,
cmi the Central Equatorial Pacif ic data have been collected . A major cruise
is planned for October 1979 to sample hemipelagic sediments off Mexico . (Murray
LCr-cmndmanis . Kuivila , Sawlanl)

H~ fr car&’ns in PMge f Sotand

A program of studies of aliphatic and aromatic hydrocarbons in organisms,
sedimen ts , and waters of Puget Sound and the Washington shelf north of the
Columbia River was begun in aumser 1975 (see p. 23) .  Overall goal, in this
research are to increase our understanding of:

1) the distribution of aliphatic, aromatic, and sulfur— and
nitrogen—containing mo lecules in the organisms, sed iments ,

____________ ~~~~~~~~~~~~~~ -~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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a )

and water column at  the pu t - i- u-ut n - m a -  while the distribution
is still primarily due n-u natural p rocesses ;

2) the composItion of the hvdtuc.ii-bon~ derived from river input ,
sewage discharges, and .atux spheric rainout and their impor-
tance compared to biosyn t he sis by marine organisms;

3) the patterns ot t r .ans it- c r - c a t  t i -  r .a in t i - I  he se - c hydrocarbons
ben-we-en some we’ll—dc- f ine-cd parts o t  the marine food web .

The~t- c learl y large and complicated problems -care being attac ked with a
variety of t echniques: gas chromatography, ultravi olet fluorescence spectro—
scopy , h i~ h pressure- liquid chromata e~ r.a i )av . mass apectroscopy , and rad iocarbon
and C13/CL. determinat ions. J. Hed, os is srape rv isi ng the gas chromatography
studies; R. Carpenter . tile liquid -c hromatography and I V  fluorescence studies;
A .W. Fairhal l , the radto -carbon and C 1 1/C 1 s t t ad it-c s

Eight seas-cnn- .al s.awpl tun -~~i-u of p i a v n - - c- c j - c  l ankton , zot-pliankton , and neuston have
been carried out .at about 40 stations in Puget Sound. Stations were chosen t o

provide geographical cove -c r-cage of Pui~~e t  Sound ; they include many stations previ—
ousty sampled by B.W. Frost to dett - c r rutru -  the seasonal distribution of plankton .
Al so included is a set ut clo se - c l - c- spared s ta t i o ns , near the sites of major
refineries , in the arc .a north o t  Bellingham . (Carpenter, Hedges , and students;
A.W.  Fairhall , Department of Chemistry)

- P~~~~~~~~2 ’ a?k~ ~~~~~~~~~~~~~~~~~~~~~~ t l4.~~ L t l I  ~~ t fr k ~4~ ’1? - 1t  “1 C-c C21T t

Four main l ines of lnvcsti 1 - ca t ion are being carried out on the continental
shelf o f f  the Columbia River:

I) surface chemistry of the- sc.Ive - c un - ging of various species dissolved in
seawater , especially As , by well characterized natural particulates
(based on the hypothesis n-hat the removal of many radioactive and
non—radioactive elements from seawater ice dominated by surface
chemical reactions between dissolved species and particulate phases) :

2) uptake -and transfer of several isotopes, starting with Po710 , by

particul arl y well dc-fined i .ar ts of the marine food web that we are
in a unique position to study. (ru ~ forms the major dose of
internal ra diation to 1 number of marine organ isms , so its cycling
through the environment and ma rine food web is Important both in
terms of its oossible c i t e - c t  on marine organ i sms and on hum-cuan con-
sumers - c !  marine or~ .a;i I i-urns - )

3) Pb2
~~ and Po21 0 in sediments , win-h the dual aims of learning more

about these two natural radioisotopes in the sea and determining
accumulation rates of Columbia River derived solids on the conti-
nental shelf and slope over the past 100 years;

4) aliph .atic and aromatic hydrocarbons in samples of phytop lan on ,
zooplankton , and neuston , and in sed iment cores using the name
sampling gear and analyt ical procedures as in the Puget Sound
hydrocarbon studies (see p. 21). (Carpenter and students)

-
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Sorp t ion—deeiorption studies of trace metals: Over the past few years ,
we have acquired or developed the ability to determine for suspended matter
samples the following properties: mineralogy by X—ray diffrac tion, organic
carbon and nitrogen contents, major and minor element chemistry by nondestruc-
t ive neutron activation and thin film energy dispersive X—ray fluorescence ,
and surface area by the BET techni que of nitrogen gas adsorption . The com—
b ination ot the-se -anal y tic a l capabilities makes it possible to work with
COnct ult rat i~-ns of d issolved chemical s p e - c c l u s  and suspended matter much closer
to natura l con c eu t r - cau ions than pr -cvtou slv and therefore to better characterize
n - tu e suuspc -n d t -cd unatter

Sur t ;ace che -c ru ical scavenging reactions between the wide variety of radio—
aa - t ive and sn -able elements and the pa r t i - c -ulate phases naturally present in
coastal and esn-uarinc-c areas -c art ’ being investigated . Sorption—desorption studies
win -h mercury h uvt -c been completed (Bo thner and Carpente r , 1973). A series of
sorption—denorption studies with arse nic and preliminary studies of the
scavenging of disse --c ived lead by natur al marine particulates using the 10.5
hour n-racer Pb-c 1. have been carried out . Samples of the organic rich suspended
particulates collected from Saanich Inlet in August sorbed only about 1SZ of
t he radioact ive As 1

~ aise-cnate, with 15-252 of the tracer being sorbed within
t -.-o o h re -cc wee ks -

Additional studies of the sorption of the radioarsenate showed that the
ferric hydroxides have great affinit y for dissolved arsenic; over 90Z of the
a r s e n- c a t e  was taken up within 20 hours by the ferric hydroxides and , at most ,
1—22 of th is  ec’uld 1 - c C desorbed by ; i- t ac ing  the spiked solids in unspiked sea-
water with one half or one fifth the arsenic- concentrations . Ih- manganese
o x i d e s  were comparable  t o  the Puget Sound particulates m d  much less effective
a t  scavenging the dissolved arsenic n-han the ferric hydroxides. 1\~ marine
:erromanganese nodules were also extremely effective scavengers of dissolved
arsenate . 4nd the ar cull ic they sorbed was not released in the desorption exper-
iments. This behavior pr —sumahlv Is due to their iron , rather than their
manganese, compounds The- re — suits of these experiment s show rather d e s  1’-
that hydrous iron oxides are much more effective than Inorganic clays , manga—
rn i - it -c oxides , or organic rich suspended ma tter as scavengers of dissolved
arsenic. (Carpenter (Jahttkej).

Sediment studies with lead-210 and ~~ C techn iclues: The chemistry and
mineralogy of the suspended particulan -es. the clay mineralogy of bottom sedi—
men ts, as well as the accumulation histories over the past 100 years and over
the past 7000 years , of the continental shelf , slope, and the canyons indenting
the slope are being dete rmined . For these determinations and the hydrocarbon
studies described below, our special corer with hydrostatically damped rate of
penetration into the sediment to sample the sed iment-water int.rf ace with the
least possible disturbance was used. This corer takes four cores , each 1—2
feet long, and thus gives rep licate samples going back in time The lead—210
derived acc un u lation patterns supp ort the idea that more sedimentary material
is transported down these canyons to the deep sea than is trans, :t.d over the
shelf break and down the open continental slope (see also p 29.) (Carpenter
(Bennett))

Hydrocarbon studies: Samples of phytoplankton, zooplankton, neuston, and
sediments have been collected on tour transect s across the shelf off Wash ington
(1915— 1977). (See also p. 21.) Given the limited ount of data on hydro—
carbons in all types of samples from both Puget Sound and the Washi ngton shelf , 
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it 18 most important to determi ne t i e  quantit ies and types of hydrocarbons
presenn- in organisms t i t s i , sediment’, se-cond , .ind f inally in the water -c This
is partly be-ca use it i s  the- impac t on t~ c a or~~.an isms which is of greatest con—
cern , and partly be- cau se n-he aaia k~~is of hydrocarbons dissolved in seawater Is
st ill a very difficult task. Ac curdungly . we are concentrating our sampling and
ana ly t i c - a l  p~~-~~~r arn s on organisms tand sediment s. (Carpenter , Hedges I sennett ,
PraM , clark , Rosal)

—
- 
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Ve -crt t e a l  X 1i~ -c~ r a t e -c
~ i ; c  the- t~~ o f t h ~ open oc~- - cuui  pvcno c lina- using natura l-

ly occurrin r- c idoau — ’22 .and radium—221’ -cart- beau . investigatt-d. Aspects of the
project inc lude (1) n-he- dc-velopmt -cnt el high i reclsion radon counting cells , (2)
dc- n- c- reining the Ie -is ib il itv of co ll ectiz ag closely spac e-cd large volume (2m) sam—
p ies , using JO lif e r Niskin bottle-s and a submeas ible- pumping system, and (3)
leld t es t  ing a ll radon e~~cuips~-c nt and sampling mt-thod o li’~ v by conducting an

i nt , -c c a s iv e - surv -v oa radon in - ca local i~~ord , Dabob i~,iv. In n-he following year
or so . a ma f o r  t it - i d  uper.at ion will be-c ‘ — c uuc t ed at a selected ocean s i te on a
ship ot opportunin -y ~ herc-c o t h .- r  c - .’np t t - r s - u t . a r v  stud ies w i l l  he undertaken simul—
t .uneousi v -

St ~u t ~ an~ u~~pr  ~-nt,a in the-c -u~~t ink. svs t a-rn h - cav e - be-en made this year.
a i d .ul 1 I’V( count t : c c  cel ls have he- t - i t  re- - c a l  ih i- ca t  e d  - base-cd on a total of ~4

determinations on 21 counting c e l l S , t i s -  ; ‘ rec u- c- . i c c n  of the  counting cells is
1,7  -

In the ne,ar— surt ~a ca -  wa t t- c r , the oxygen gr adients me,asured with 30—k
bottles osctll.uting 2 is -and 4 m were in good agreement with the oxygen gradient
measured using sra.all bo t t les  w i t h  good i iushitw charac ter ist ics , ,  The oxygen
gradient obtained with a subm&-crsihle pump e’s -l lLi t i ny 2 ru wan also in good
agreemen t with the gradient obtained using o~ a i ~ bot t les .  Thus both methods
- appe-ar to h.-c ft-c;isible f -- i coilecting b)- , r adon samples in the top of the pyc—
nocline .

During the suussner of 1978 , i t  to~~ watt-cr ration prof lies were measured -n
f ive consecutiv e-c slack w : a t e - u - - it a station lociate-d in the center of Dabob Bay
and radon concentr- i t Ions were- measure-cd in the bot tom 40 an on a longi tudinal
arid a transverse section-c cTD casts we-re made with each radon cast , but these
data have not yet been analyzed . There was some tidal variabilit y In the ver-
tical distribution - c f  radon. The radon concentration measured on the longitu-
dinal and t rans-verse sections showed that the radon concentration isopleths
were approximately eprallel to the bottom topography indicating that horixontal
mixing is not rapid relative n-c’ the decay ran-a of radon. A homogeneous layer
of radon was observed in the bottom few meters in the central region of the
t~ ord but not in the rest of the fjord . (Schell (STre’thiej; R. Lusk, Fisheries
Research institute)

Aesocnai.i ~~~ o~ Hw’ti~ ‘3; ~~’ria l- --z w i t u  Côpp 9r in t; -c, -c~~2

Tb.- stab i lity  - ci t  copper bound by humic substances in the op-c Jea is
being investigated by n-he following procedure : The humic substances i~ the
water columo are collected on adsorpt ion resins with a pt~~ ing system; humic
substances in the suspended phase are collected by sediment traps . (See also
p. 14-c) Extracts in the form of concentrated humic and fulvic acids are added
to seawater. Each sample is subjected to coaplexometric t itration s with copper
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and is analyzed by anoid stripping voltameetry. The results yield conditional
sn-abi lit’~ constants when sn-rong complexing occurs. The relationship between
men-al binding stability and the u-cature of the- particulate matter will be
invest i gated-c

The stud~ o f  t he s t a b i l i ty  of the copper association with seawater humic
substance-c s has be-en completed . Currently, materia l  from eastern Pacific sedi-
ment t rap samples is being prcc -c - t-ssed . (Healy, Lorenzen (Liebermeni)

~;~~~~-;:.:,-: ‘:~~:~ ~~~ ‘ - i .

Arsenic_ in  Pu~ et Sound : A budget of arsenic fluxes in Puget Sound has
been developed with the -cain of determining the rate of movement of arsenic
t hrough the - four Pug-t Sound subbasiac :; and the ultimate fate of both natural
aaid -canthropogenic arsenic introduced to Puge-c t Sound. This information is
nt-cee,icd to be able t - c ’ predict the concentrations of arsenic with time in diff-
erent parts of Puget Sound , given various natural and anthropogenic inputs at
different places around n-he’ s~ und .

i. lie natural distr ibut ion cii -carsen ic is modified by a copper smelter that
releases larg e -c amounts o f  arsenic in stack dust to the atmosphere and in
liquid effluent directl y into Puget Sound . The airborne material contributes
arsenic t i  l.akes and stills up to 50 km downwind and supplies about the same
amo unt - t  arsenic tei i’u gc- c t Sound as do rivers and the liquid effluent of n-he
sanetn -t-u. The major source of arsenic is clearly the inflowing seawater. Most
of  t he- dissolved arsenic entering Puget Sound is removed by advection of sur-
t.acc wat~- rs to the Strait of Juan de Fuca. Sedimentation processes, including
adsorp tiocu- -cte --co rpt ion reactions wi th natural Puget Sound 5u~pe~dc-d matter ,
remove I.-- .- - than 15% of the dissolved arsenic input. Hydrous iron oxides

~apu ’e- car to dominate th.-c amoun t of d issolved arseni c tha t is removed. Both bell
f a r  studies and analyses of ari4 t-cnic in cores collected at the same station
live years ,apart show there is nec Large flux of dissolved arsenic from the

• sediments back to t he’ overlying seawater. Vigorous tidal action quickly
d ilutes the anthropogenic arsenic; hence, concentrations of arsenic in waters
and organisms of macst of the sound are not. elevated above natural concentra—
ions.

In addition to determining ton -al arsenic concentrations in waters of the
i’uu~,’t Sound region , studies of n-he chemical form in which it is present have
been carried out , using techn iques developed by Braman and coworkers at the
t:niversity of South Florida. Most of the arsenic in the normal oxidizing sea-
water of Puget Sound is clearly arsenate , the thermodynamically stable form.
The discharges from n-he Tacoma smelter are largely arsenite , however , and arse—
nite Is much more toxic to mos t marine organisms than arsenate. (Carpenter,
M l.. Peterson)

Mercury in Be l l in&haa Bay: The aMounts of mercury in sediment. in Balling—
ham Bay. to the north of Puget Sound, have been investigated as a function of
t ime since the mercury discharge to the bay from a chlor—alkali plant was
stopped in 1970. This is the only field study to our knowledg, than- i. deter-
mining the rate at which an eatuarine system responds to the cessation of
mercury pollution . Our first study on the geochemistry of mercury showed that
the sediments were not a permanent sink for the mercury tha t was diacharged by
n-he chior—alkali plant and initially deposited in nearby bottom sediments.
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After n-he industri -cal input e- css& - cntiallv w:as t- l iminated , the time required for
mercury concentra tions in h.- sc- sed iments to  ;t a - ; - re - i ise - c by a factor of two was - •

about 1 3  years — — -c a - . c ir ; rj sir i1~ lv short t ime-c . Subsequently, we have been
successful in model in,~ n- lit - c c fi~ia age-s In - a - a  . ta rv in the sediments with time by
comb ining th~’ sediment mixing model 01 (icina ~i5o and Schink with 

21 0 Pb derived
sedimentation rates, depth •~~~ surf -co- a -c sediment mixed layer , and mixing coeffi—

~-ient. Mercury conce-cntrat ion - ; • t h a t  fi ,ad f t -c re ased steadily since 1970 at one
station in Se llingham !~av , f um;’e-d suddenly in 197 -cd . apparent ly because some
sever~ storms and dc - l i be r aL . -  d a e - t - c~1t;g opec at  i- - l i :; resuspended some of the
mercury ri Ja sediment in t he- Ia~~~~~~di te ~~~~ .

- - ;  of this discharge, causing it to
he transported out to parts - c - c f~~~~: - i ’~

The first direc t I ie I - c f  ~~~ a - ; 1 1  ement of n- f e- a t e -S - at  which mercury moves
tr om contaminated c ’x i diz : i i~ and re-c- fcc - c - u i ,-. scdimenti~ to the overlying seawater
wo n-c those mad.-c in-i Bell ingha~; Bay w ith an ac - ran-cd f a r  apparatus . In the
reducing sediments a ilux ot 2 x iO~~ cig ta! Hg/cm /sec, presumably in re-
sponse to a strong concentrat~~-cn ~rad ie - c aat c - c f dl:;sc’Ived mercury between
interstitial and overlyin .. se- ,a w . a t e - r s , was ra- ~id ily measurable. The form of the
mercury released w a - ;  nonvulatilo. s c - c  it  s a-  not ; ; ; ‘ c - c ie ’s  like elemental mercury
or organomercury compound~ suc h a~; n- h.- e’xpc-c -ted nt -cthvl or diaethyl mercury .
N- -c flux of dissolved -c - c r  ~/~~~~4 t Lie :- ce - rc urv - c - c  r 55 the -c sediment—water interface
was measurable- for the oxidizing gt~d i t~c t -ü t ~~~, possibly because both interstitial
an-ad over lying - i a - c a v iLe rs  had a liar n.-rcur- -c - c c ’ ncent  rations.

The i - c c - i l  f~ar apparatus haa also ~- i - - c vc - l -i cc ~
;,-Iul in determining fluxes of

nutr ienn-s and arseni c -c inci - c t  her chemica l species across the aediment~~ aterinterface t r- c- cri both oxidizing and ic -d ci - c-ing sediments of Puget Sound. (Carpenter,
Bon-hncr • H. L. Pc ter s~ n , Emerson)

;-;:, F ; ~. ~~ _~~~? ~ ~ ‘c M~j,~~~:1 R’~ ’i~~ 
-c
~~~~~ -c ‘:

Research on the surt - cace - chem~strv of m e t - ca l oxides and the fate of trace
-a-tals in estcc-ar&es is conn-tnu fn~~: (H Surface rhen-aistry experiments have
been desi ed to brith:.- n-h.- ~-i p be- tw c- ,-n the l aboratory and the natural aqe. .t ic
environment. A wel l  char - a c t  or I zed s c a r f  - u - a - ~o - t  h i t t - I Is used in thes e .xp -c -ri—
ments and the e f fec t  of n - f cc  natura l salt -c Oncentrations and organic matter on
n-he basic surfar a- properties and .ic1~~-c c n - p t I c -cn of PO~ . Co(II) and Ni(II) is being
evalua ted-c (2) The unusual propert la - -c i  c- c t MicI~ ar.’ being investigated and the
effect of divalent c a t  ions on the minera logy ~f manganese oxides is being
evaluated; (3) The f orm and chemistry of Fe , Mn, Cu, Ni , and Zn in the Skagit
River Estuary is la-In 1 determined .

Labor.-atoty studies of the’ surf cc - a- c chemistry and trace metal binding with
goethite (-a FeOOH) and birnessite (HnO ) are being conducted to obtain a consis-
tent set of data than- can be used to m~del adsorption in th~ marine environment .
We also have used XPS t o  detc -rmine the oxidation state of some of the adsorbed
metals (Co and Pb).

in field studies , the distribut ion ot Fe, Mn, Cu, Ni , Cd , Cr~~ i I) ,  and
Cr(Vl) in seawater and port’ w5ter is being determined. The chrosi..n profiles
appear to be the best yet measu red . Our studies indicate that the continen-
tal slope is a source for Mn and Cr (Vl) and that these metals then are dispersed
into the interior of the ocean principal ly by horizontal mixing. The pore water
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Cu and N i  p r of il e s rt-v e a l that t fae -se- :ce- ta ls art-c released when Mn02 is reduced .
ht -c se- ‘ e - atur t- s will be studied in gre- -c at er d en - - call during a cruise from Honolulu

to M. tZa t  i ii; in Octobea l’~79

A det - ca i~ -c -d stud~ -ci t  Ice- mipolagic sediments and nodules collected from the
;u.att-ma la Basin also wi l l  bc uad~- r t a kcn. these- nodules are important because

the y come from .i location where - the - c r c - is a strong flux of Mn from the underlying
sediments. (Mur ay • Pa u l  ( J c - c i t t - c s. Saw lan , Cranston))

t- ~~Z~~:(

The o b j e c t i v e  of MANOP is -cc d e t . i a I - d  study of the-c influx , remobilization,
and t in-ca l dep osit ion o~ t r - cn - ns i t i c - c n  met cls supplied L a ,  the deep—sea floor of
the ct -c nn - r a l  t 15te - c r n  I . a  ~t i. . Remote obsc-rvations and experiments at t he sea
f loor  we re conducted  eas i ng  f--co n- torn ocea n  monitors (BOIl-c;), wh ich were emplaced
t o r  per iods of se -c veral  mo~aths . Two BOils were deployed in each of the major
sediment t a c i~ -s of the rt-g ics a —— siliceous ooze/clay, calcareous ooze, hemi—
pela gic c l - c a y , me-c ta l l i f c - rous ( r i s e -  c re s t)  sediment; and pelagic brown (“red”)
c lay .  During the- c 1~~77 78 b Ie i a ~aIum . e f f o r t s  were concentr - cc ted on ( - cc )  the
design . la br ic a~ ic - a , and testing ac t the llrst HOMs; (b) deep—tow surveys of two
prop ose -c d hOM s i L t -a ;  (c) int -rc .ulibr -ation and development of s~~ p l i ng  procedures
for the an - cal v t f~~.a l programs; and (d) deployment of the first BOll in a siliceous
cl - cay - a r t - a  - at I1°N, 140 W. MANOP :ilso conducted complementary projects 05 the
precipitation of mang-cme- cse by marine bacteria , and on the relation of nodule
SHe -c distributions t - c c ie de~1g of - c act - re - t ion and burial. 

- - i -- tind diffusion in inte- rstit ial waters: The analysi~- of the pore
v - c a ters at t h e  hemipelagic and metalliferous (rise crest) locations shows that
-c x ’ ga-n is - c-c usumaed entirely to the top 2 cm of sediment. The nitrate results
i :aiicate that the rise crest se-diments ar e -c more reducing than the hemipelagic
(Guatemala Basi n) -c--cediime-nts . Manganese- is remobilized in the 1-nre w a ta - r s  ~ .thin
20 - c - t a t  imc t - r s  ac t the sediment—water int ert ace in both locations . (Emerson
(J chia k , ’ ))

An In situ .adaorj ~t ion rx reriraent: An in situ adsorption experiment on the
seabed and in t h e -  w a t e r  colu~ i is f-cu ing conducted. Carefully characterized
f t  -n and manganese phases w i l l  i- c a - c exposed to natural seawater, and the changes
in properties and chemical coripa -’sitinn that take place with time will be
exam ined . This will he -c the first attempt to directly test the hypothesis that
ad-c -~-c rp t ion  or t rac e  m e t - a l --c on hydrous metal oxides is the mechanism by which
n-h. --ce metals are enric hed in ferromanganese nodules. This is also the first
- a t t c - ~ ;r L a ’  ex trapolate laboratory adsorption isotherms to the deep sea.

Measurements of cobalt adsorption as a function of concentration at pH 8.0
on a wide range of so l id phases have been completed . A ~~~ buil t for the in
si n - ac .-xperiments is being tested . (Murray, Balistrieri)
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Lignin compounds are being used as indicators of terrestrial plant remains —

in coreS of Quaternary sediment. These organic polymers are useful tracers of
land—de rived organic matter in se d imentary deposits because they are not only
unique to terrestr ia l  plants but their chemical structures indicate the type
of land plant from which they come. Sedimented lignins are determined by 
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oxidation with cuprie -c o x i d e -  to form simp h-c phenols that are analyzed by gas—
liquid chromato~~:a p P c v .  Sod iment cores i c - f - c r c - s e n t - c a n- lye of Lake Washington and
n-he Washington cont in - iota -  a l  shelf a r e• being analyzed . These cores contain
sediments up to 10,000 Y e - I F S  old. The go.al.s of n-he re-search are : (1) to search
for new app lications ot lignin -c -otn p - c aaati c lc - c as indicators of terrestrial plant re—
mains; (2) to determine’ h, lignin ge -c ac i a c - m i s t  rv of modern sediments from the
W - c as hington Lont inental s u e t ! ;  an al (1) to dt- c te rm ine- c the chemical stability of
I ignin e- c-cmpouuds in lacust r f a c e - cud ~~at  inc -ad i n-nt- cnn - a.

R. - s ;a l  n - s  to Lat e - l c a a f i ~
- a t  t h a t

1 The c innamyl phenols r—e - a!’ . ;  I c  a t - I d in - ael  I t rei 11 c - ca t id are
p r c - c d a c ct -c d f r om n - i s - ox ida t ion cit i a - c lava - c -dv vas c ul ar plant tissues
but • c - c t  t o -o ;  e ; - c p r e - c a - c a t - c h e- ~- X t  ,- nt  • a - c t  woods. It . therefore ,
Is possible to d Isc ~rc acc. at , - i - c e n - v t - c - n - a wa -ccidv and nonwoody tissues
on the h as j5 0! c nnamv l p Ica- c l ol vie -c Id in add it ion to the class-
i c a l  c i n c r - a c t u r i z a t ion ot symnospe-crm and angiosperm tissues
~~d d c i  rd i ng t c c  syr ingy 1 phene -i I v i e - c l  d

. 2 ) The-c l a nd—d e r i ve - c d  -~~~ a f l l  C :c. -c c n- n - a !  in s.d ime- un - a from the Washing—
— ton cent inc - c nn -al S h e - c  It I ~ - n-mast c c S i c c - c n t  r e  n- c-cd near the mouth of

t h ~~- Columbia R i v e r and in th. - midshelf s i l t  deposit to the north.
Lignin composition ove r r h i s  re -cg Ion Is reLat ive ly  uniform wi th
gymnosperm ucie - cd-c; be ing n-he pr .- a l o rn l cc aac t  c - ora pa-c ne nt of the sedimented
tn ix turc -  c t  v a - ; c u l . a r  p l.ant ra- ma ina.

3) The lignin compounds in th e- se -  c c - c a s t - c a l  sediments arc chemical l y
st ab!  e I or tim e-c p - r  i - c d - - of tip n - cc ~PI) v,-ar,. and , therefore ,
should he case ~t ul ge -c e a -c i a a - c~~~i c c l  Indic - .a t c a r s  In o lder sedimentary
dep o s i t s .  (II~- c d  ge-a)
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This plan ~ot a I ng—rmg e -c study ot continental shell sediment dynamics
is in L hc pr t- 1 iminary p h-c; s ’ The- c n-it it - c i t  I I Ic n-~o - c dl cii the proposed program

I u-c- h e - the n - ic e - ca ret i c - c a l and quant I n - c t  lye in -w e-cs t igan- ion of modern sed imentary
pr~- ct -c sse-- ~ ; and qananc it i ca t  n - c m  I de pos it  icina l f;ccle-s development with appl ica—
t n - On - IS  n - or interpret lug the seal . i i t . a r v  n - a c  ords -caci d the Recent geological
hi a t  or ’. c - c t  co O t  inc-u n-a l bat -c ives lila-c ga-cals on - the program not only possess
in n - n - ;nsi sc i o n - i n - i n - i c  v - c a I ; a i  but -cclso la - civ e -c y i n - - c a l applications for the practical
mat ter - ca  k - c f n - c -sou rce -c and tflV ironmen t cl management

A quanti t - c it ive -approach an the  n- rn -:; c i t an - c integrated model is proposed.
Tn - ce -c model t ramework consists on - n- lye scient it ie - components: (1) sha-l f sedimen—
I clc - c g’-c and sn-rat igr .cp hy, (2) ;cba v :- c i c - ca l oceanography , (3) sediment transport
me-cch .anics (..) se -d iment, -c - i  g-anlsm in-a n - a - c  ract  i -n - as , ( 5) nc- car - c—bottom flow and
~ e -J iment t ranstat a r t .  The- outputs cit  n- lw st-cd m ont at ion model are multifold • Each

C :~POflCflt is an imp ortant re - c a t -a rch el f  e a r n- in its own r i g h t  and will produce
iiade-cpendcnt se- tent it ic re~~ c n- l t s  pe r t  - c i l f lhn - ig to shelf sedimentary processes. In
addition, - h . -c i n te ract io n  o f components wi l l  broaden the scope of the study ——
prov i ding re - c sc t l ts  app i iccht ~-c n-n-) tht! g~-c ci Iogia ;il reco rd  -c

Pci r ing n-lw preliminary phase -c , n-he Execut lye Co~~ i n-tee has received la-c t ter
- pe as~n - 1 s & roan i f l t e r a- s t c - c l  Se it - c t i t  i- - n - s  who wish te ~ pa r t i - c l p . a t a - c  in n - b a a -  program -c

11cc lett  c f  propeis.cls have-c bce-n reviewed noel w ill form the nud e-cu:; of a multi—
in-; n - i t u t i c~ic.c 1 ac ie n tit ic  proposal to be-c submitted to IDOE/NSF for funding to

Caa~~~enCe-c in bone 1980. n-. Ste- rn - ab ( - c r~~, ~1 .1) . SmI n - Ia , Jumars )

1’~~,z;~ ~ :rn - t~:. N. - ~~ - c :~~ ‘p. - 
~~W t7’ c ~~‘ - c ’  t

Ac; in situ I ie ld program to determine n-he nature and relative import;cnce
-c f suspended ~

&- c -ci m uon- in (ice- overall long—shore transport process is ucadeiway -c
In the in it i.al ph - ca - c-ce -c . n-l ie Seat ime-cra t Dynamics (roup (11W) successively evaluated
- - c e - ailment se-using and samp ling instrumentation and methodology-c A prototype
integrated system compr ised -c - n - various electronic sensors and mechanical
samp lers n- or  obtaining t ime-ser ies suspended sediment data in the surf zone
wa s  constructed -c Field n- c-s t ing and calibration will be accomplished both
l oc - ca l l y  and in conjunction with ongotng field programs at Scripps institution
o n -  Oceanogr ap hy and t i l e - c  N- c av ;c 1 1-c °— t gradua t a -c Schoo l Our instrumentation
s y s n - e - c c~ w i l l  ht’ compatible electronically and mechanically with the mounting

~ r a r 4 - c a  -cmnd data acquisition/transmis sion system utilized by other participants.

The first field study using this expe riment was carried out in conjunction
w ith  sc ient is ts  f rom several ntiu- r institutions at Torrey Pines Beach in November
14 18 .  Continuotas observations were made of suspended sediment concentrations
w ithth the s u n  zone over a range c it  wave conditions. The data p o  being analyzed
to  determine the relationshi p of sediment suspensions to flow con~~tions; the
spatia l distribution of suspended sediment within the surf zone; and total and
net Iongshore transport of sed iment (Sternberg, Lister , Morrison (Downing])

~~ kp’: s ! i-c~-c~ Ac ~~‘m 1-c: n-~- ~: 0 ’: :. W w ~~~; ‘ :  (; ‘i~I & e”n- tai SheZf

During the past two years a relatively new radioactive technique for
dating marine qediments back 100—150 YBP has been applied to the continenta l
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shelf c it  W.tshington . The -ch~ect Ly e-c - a n ra - c  t o  m c - ; c saa n -  c-c the accumulation rates for
sen-ti icial sed iments and to e S t  imatu m sediment budget i on - the Washington
c on - in - 1-cnental ~ lcc1 t . St -c - c iscin - hal v -car 1 - c a t  ions - ‘ I  sediment accumulation are also
lie-log invest i g.att-cd - c a~a we - I l  - c a s  a n - o a - a - c - - c - -c ci se-cdimenn- mixing resulting from ben-
t t a l c  n - n - it nun -cc and t ron storms p roduc in-a g a t -Va. - re - c  w - c a v c - c  act  ion and bottom currents
00 t hai continental slce -c ii (See -  - a  I so p 23 .  1

The results cit  thi.s lov e - c at  ig;at ic a n - a t o  chil e -c e ra - c  as follows :

A sc-c d jaenn-aa--v dc-cp cis it e i c c r ; m - t  c-c r i :e -d by high c - c -umulat ion rates emanates
fn-~- ra the Columbia R i ve - c r  and e~~t e -n -aa.1: ; as -crthc —ncarthiwestwa rd across the mid—shelf
re - k; ion toward t n - a c  Qiiiia~au 1t f4(lbULkF in- it (in -iVOui This deposit (-consists mainly of
s n - i t  - can - ad some-c ye-cry I j u t  ~sc in-d , both Bac ~a )- c l it - cd h’. the Columbia River • and Is
b -can -n - n - &!e - c d short-ward b y d un- s ’s  a t  0! n-ac-c ider-c cain -ad s and seaward by a pal impsest
deposit composed o n- r e l i c -n -  ,- . ,n - c - c b  ;ei ic t 

- 
r c a - c d t -  r n - a  - c - c h i t  an-ad cl ;mv A prel iminar-y sed i—

mont budget m u - c - at e - : ;  th an - !. -c~ x 10’ ‘i - tnic tons on - s n - It and clay and 1.0 x
10’ m e n - n c -c n - c a n - c a  cit  sand a - c c c c n a e c l - c a t  u c-cacti y e -a r  -‘n the n- n - n- id and outer continental
-che- 11

Pb—210 preat lie- c s  m di- mt a - a san - r I  i c - c - ml x e - a )  1;e.cir (about 10 to 20 cm thick)
w here phys i- c - a l and bio log ic-ni p r - c - c c- e - c s : - c a  t l v - c I y  af fec t  the resuspension,

r - c an - as ,- c e a r t , ~tiaI ;au - c a c o c c i  m t  i o n - n -  ~ 1 a d  1mm - at s n - - lw- c -ct-c short — n- c-ran processes averaged
we - c r  long t ime scal.- s oh i n- san -el y coot rai l  the ohau- rved gediment budget-c To

c-v - ca l m a c at e - the ef c c  n- S - c a n -  p lays Ic ’ ,c 1 and bit --c log i - c -a l p r c - c c e - c s s e - c s  on sin-elf sedimt-cntat ion ,
we have da - c v e - c l a - cpt-cd c m e n - I t  i— ’ - c ’ . - -c - c t  ems -cippraai. ta n - c a n -  i nvo lve - c S t he simultaneous
inve stig-cation of: (1) wave an-ad curr e-cnt act 1.- n - t v , and sediment movement (with
an instrumented trip oda; (2) i a t - c n - an - h i c  biology ; (1) sed Imentary structures ; and
(- . 1 dept hs of e r a - c - - i o n  -c lOd l - c m c - c I a p~ i a  al nix ing (through both Ph—210 geochronology
and ith— 221 disea1acihh riucm ~t a t d I a - - c ; ) .  ( S t e - c rn tue - r g , Nit t rouer)

- 1 1  - :~-c I~~ Of  ~.i  : - ‘ - - Dyna~
- c - c 

~ . -c a’ a ), ~:~n- ., - -c -

Field experiment -c ire be-cing - a u a d c c a  n-ed on the Washington continental s’ ~ I
to evaluate the- re - Ia n- i()nship be n-w a -c a - n - a the t n - a n -  e -c~ hold condin- la in- is for sediment
res’tspens ion and surf - c c c -  W - c 4 V ~~ ~~ it inns ~ a n - iau-n ~a t lea t -qasc t ion-as to predict
thra - sicold condit ion-is I or r e s c n - s n - - c a - n s l o n  n- ca ve  bt ’t-ia verif ied in the laboratory;
however , at  present the-c results c- c t only n - i e -c f ie l d  s t e a d y  are available -c This
study will bring t o t e - c  perspee n- lye it-I d observations taken under a variety of
oce-cinic conditions and should incre’a:~ -c ou r  ability to n- - c rc -di e t sediment motion
under a ’ cm - c -cafl w3vcS.

A m i c n - c - c p r a.a - e - ~4 c-c n- - - c ai n - r iled tripod w-cas constructed and has been deployed in
m any locations. In the a n t  ia -c ent deployment , December 1978, a 15—day record
c i t  sed iment erosion was ohtn - i aw d on the Washington (‘-am -m ental Shelf during a
period of t ime win-en waves dc - c nn - nan-ed the e - c r a - c s i o n  process -c The depth of deploy-
ment was 91 a. ( I . - cH .  I an - - ceen , S t a - c r n~- c a - r p ,  Lahore , C- c £eta- rso n , Rourk)

- - 4 ia;  -c ’l ~L . ‘1 :~c- I :r-!, -I’: ts 1: ~ ,‘ ~‘ t n -  - G~’e’

The Sed iment Dynamics Sphere (Sl)S) was deployed to measure near t~.it tom
velocities, wave - c i n - i a l i t i a i n ’-c , in - n - a l sadhinent concentrations in the Arctic
m)c tan-n.

A mooring was ~;u -t  out in Simpson 1..agoon in August 1978-c The 12—hour record
is being anaiyzed An at tempt to obtain a longer record will be tmdertaken in
the sunmier of 1979. (L-cH -c Larsen . C . Peterson) 
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[lit -c a t - c ve -c lopmtant - c - c ’ searc h pa -c - c a~a - mar- ;cnd associated instrumentation
for u- -c i n - n - c - c c c - cau st  Ic 1i &. ks - c t t  n - m n -  sv~m tems n - a i r  the remote monitoring of aua—
pe -111e -n -  P 1 n - t  tel’- d i n - n - t r i b u t a a a a ; s. interna l waveflelds , frontal zones , and
c- r- cd It -On -s -c t on-her pa ci~o - r ’ ~ ic -c s in - n - c a - ca t ur al wa t ers  is being undertaken . Time-
t ir st year ’s ~ t t - c -c rte. wi l l  be devoted principa lly to pre-citminary field
n - c - s n - s  of various a- c oust ic SV~~t~~~n - S - c ( E .T - c  Raker)

C - ’ ’ ~ 
-c

-c’-.- c c ’~~ r :p ~ n- 4- c 
~~~~~~~~~~~~~~~ ~: -c

-c
~ -~iaj ,

Tn-c l - c - project is ceaa - -c - r  cat - c d w i n - t a  the development of algorithms for the
a a : 1 c 1  Zone C o l a - c r  Sc - can - in - ac -n -  ~~~C S)  ~ a n - e 1iit tea and participation In at—

a - c e - c a v -ca l ida t lo n e a t  t he-c ~-ZCS n - : n - t - ci a - n -~a tion c f t e r  launch-c The prelaunch expert—
me-cut, a cc-cope-crat i vi-c venture , inc l uding investigators from NGAA , NASA . Scr ipps ,
rexaa AMI and 8i t -clow t -- ca t s - c r - at - c rv for Ocean Sciences, was carr ied out in 1977
in tn - it-c a- c ; u ln -  of Mexico-c This e-xpt-riaent w-ccs designed to ascertain the useful—
ce - n - a s of measuring ptav t a up la n k te n- n  p igments and suspended sed iments with remotely
~ -c n -n -q ed water coi -c - c n - mt-casuremen Ls. A p -caper on the “U n-n-welled spectral radiance
distr ibution and n - ! s  rd - c m - l a - c o  to v - ca n ons f r ic t i o n s  of the particulate matte r
in mar ine-c w;ct c- r n - a ” t a - c  1;; press . (I T-c Baker; A. Strong, NOAA National gnvjron—
~sn - n - tc al Sa t e - t i n - n - a-c 

~t -n - v n - c e, Wasta in n-~ t a - c n - a, D .c . )

!. -c . ~~ n - _~ t~~4~ ~-c In - ,5  c~ - 
-

-c -j f r - c, ‘;~~— -c;j ’ (. -r,~ n- fr r ;n--. - r :- ”ri -c’ Ø(’&an

Magnet l a  stud ies to bet ter  d u n - n - n a -  n-he chemical environment -c-and the
e-c fte ct s 1n-emi eal oh -can -age s have on magnetic minerals in marine sediments are
conn - inu lnR . Various Fe—Mu—oxide minerals and their magnetic properties are
being examined Nuacreaus gcochcm i -cii tools  ( Inc luding neutron activation,

-~~e~”- i c absorption . .ind SI~1) are being -oabined with magnetic studies (includ —
in g  ARM -cind FMR) in the ana lys is  - cl  actu.-il and ‘ caynthet lc ” marine sediments.
(Me-r n ! 1, i~ - Johnson-n- IC - c Smith . n- a - c ; ’.art ’-a ’-cnt of C a ’ a - c ; - ’ a v sj e sj  ‘I

r - c - interact ion betwm-ca-n palcumagnetic data and theories for the origin
-c - c l t i-c e earth ’s r n - c i g n a - c i a - c- f i t - Id is being investigated -c This involves analyses
c - c t t he dm a- c a t i o n - c a l and l n t e - c n a i tv  data for the earth’s magnetic field to
~- ct a ’ ramine the con— -t r. aira n - s placed ‘ cc theoret ical models-c (1-clerrill; M.W

Mci ihinny. A c a s i  r a t  i-an Nationa l Unive rsity)

Theoret ical  n - - c -c k magnetic studies are under-way. To better understand
the origin s of magnetic properti es in rocks , etc., vario-.cs theories are
being developed , e.g. n-ow to determine the demagnetization field in multi—
‘t-ca~m t n grains and thai origin aa f rotational remanent magne t a ;-c at io n -c (Merrill
IC. Smith , Department of Ce-a -c ph vs ics j )

L
~~~~~~

-c - n -
~

— ,I’i v~-c ;Z - c  ‘~ the T~r.-’— , :‘ a~~~~ ia’ ! i-~Z eom ’agni ’tio Pt - c - 
~~

-i and ,~~~a ’n’c~ -h ~~
a-c ?- :r Vc~r c -c-cat iop n-

Cooperative work with the Australian Nat ional University on long—term
anomalies in the t ime—averaged pa1eoc~~gnetic field and on geomagnetic secular
variation is be ing continued . Th.s time—averaged reverse polarity field has
been found to be significantly different at the 95! confidence level from the
normal polarity magnetic field. This disparity could have serious consequences
on almost all dynamic tn-icc -cries for the earth’s magnet ic field-c Investigation.

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ 
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ali -c s i~~n- at- .1 tea i n - ad out it such din - 1 , - n - i - n - a - a - n  - c i t e - c  t i - n- 1 e e - t~~d in the geomagnetic
se-ccul.Lr var ian- t o n - a  ta - c t  n - n ka~-c t- c bt-c t-c aa s t a r t - c - al. ~Ia - n - n -  i ii; M-cW. McElhinny , The
Au9trallan N~~t ic’nal In-aiv ersit y )

ce a ,’: “ - - c ? t-a3 n-, D~’j l l i ~a.; j ~ .~c u - c’~-c~ ‘C7’f l J ~n 1 ~~2J

Recause tn - n - ta prese-ut s t - c i t e -  ca t knowlt-u~a.- - ct oceanic crust has suffered
rosa t n - a l - c m - c k  0! s ac - c  a a~~ - t u l  s~a aan-p l ing on - score- t han t U ( )  meters of an in situ

o,- eaan ic I c n - n - a - c a n - s  c f - c - - c t  , a n - a n -  j a c  i n - - c - i s man - ad a n- tak e-n to  dm 1 Ii a deep (roughl y 2
ki l - c ’mett- c r s )  ~

- - c n - n - t inu-c -c us iy a n - - c -~ I~~ i- i n - c the igneous crus t o n- southeastern
Ice -La n - ad -c This pnojc- t was - a j o i n- it  e - t t c - c n - t  on -  t n - n - i -  U n - n - t n - e d  Sta n-ca , Canada , West
Ce- rrn.any , Engl and , and I ct- land - ‘ ‘ a .  e l  -~~

, p. - )

Th d r ill Lag p n- c- ca J -can dun - a n - n -u  t at -c stan - u -cia- a -c t 1978 produced a 1920 meter dr-ill
hole that had a ~~~ ra - ~ c - c  a n- y on - t i n - .  c o n - c-c . De l - c a l ic- cd ~t -cochemical , petrological ,
magnetic , and phy sic -c a l p r - c a p e - T n-v a- t ud i -c - s  i i !  t h a  core material are in progress.
Pre liminary magnetic n - e - a - c a i l t S  b t c t w a c-c - c an - n - Inuousir da-cra-as iaag magnetic suscepti-
b i l it y and i n t e - n - a s l t v  of  re - n- la n- - ce - m e t- n--c- a n - h in - n - c a t- c a sing depth (and increasing degree
on - burial m-ctaaorph in--am ) i n - a t h - c  d r- l i  -c - c i a - . Tin- Is  may Imply that aet~~~ rphtc
ef t e - c t s control t tw l,- ’t to ~ a ’ !  t a ,  magnetic anomaly a - c a - c an - ra e layer in oceanic crust
rather n- h-can c ;uni t -  t c-m pe r - ccta i re- c  Inot he rsas . (LI-c . Johnson, Delaney, Lewis . Merri l l
(J . Mc n- : i.c in - n -  ; S .  - Sat -c (Thomson I . Depan- n-men t of C~-c eap n - avs ics)

4 n-’*iri-c ’-c-a-a - -
~ 

‘:. ,c : - c - L  -~~~~~~ - c ; - c  ~~~~ ~~~- 1HZ- ’ ~ 1 - cl  !L,Z ’ :‘f ~.-

Thc purpose- a n - I  t h i s  p r - c a j t - i t w-cc s to st tidy in considerable detail the
ocean c r - i n - — - c it tt t. mouth cal the hat t of C - c c i tt orn i - ca prie’r to drilling under
the inn-ernst i c - c an a l  P r c - c g r - ca m of I n - a a .ac$ l)rilling (ll’OD) . The study used marine
se t -cnn- n- ic r e f r a c t i o n - a  and ret iectii ’n-a method s in - n- addition t a - c  heat flow , magnetic.,
and bottom samplin -i~ . The outcome on- the-c Ce-C-cph ysica l work was a three—d taen—
si - ca na l picture of tht-c crust .il veloc itia-a . in t he-c area, sediment distribution
cnd tin- Ic kn -im - ss , .ipper man - at le vt - c la n- a- I ties an -c a l an-n-isotropy, and hea t f low var iab i I —

ity. an filing in t h a  - - a n - a - - ca c an - n t  Iran- it-cd n -h ’ sed iment thicknesses , heat flow .
anal seismic veloe-c in - ie s ob t-cc l ned in lice - c survey . ~ ca rk is continuing on the
interpretation on- tht -c selsr-Ic va-loch n-es in terms eat petro logy and on the
magnetic anomalies in terms - n - t i c - c  s a na rc e  i t  the anomalies. (Lewis , Lien - er)

~ ~~~ ~
-c

- -c rc ;~ _ -c :;. - . - ‘;

An -c nn- tb re a - c l t Sin - n - - c it- experiment to stud y subduction in the Pacific Northwest
has been carried out. The m a j o r  goals c t  this experiment were a description of
the oceanic lithosphere and what hap;a-ns to it under the continent. We tested
t n - n - a’ hypot hesis that a low v i l a - c  ~ty low strength zone postulated at the base of
the oceani -c crust and n - n - I C,- base - ct  the continental crust under Puget Sound
ira’ rel~at ed - c m - ad show n- In - - c-  o-c e - ca t aic p late sliding under the continent. An alter-
nate hypothesis that the oceanic lithosphere dips at about 50’ under the
cont inent wa s  a ]s-c’ tested -c Ta-c a L - c  this arm a r r a y of ot-cean bottom .eiamometer. was
deployed at the base of t n - n - a-c caint in - a u n t a l slope i - c -c monitor seismic. activity under
the margin and refraction shooting on the oceanic plate -c Simultar ~usly, a land
array monitored the same eVents,. Later a fixed ocean shot point and moving
land stations will be used to run a 500 Ia refraction line across n-h. Cascade

: Mountains to investigate the deep structure under Puget Sound and the volcanic
mountain belt.

H
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A - ’- ac - ’ ~ t P - c  ~- , ‘‘:..n- ~n;

TIn-c-c development an -I c rc -se - - c c r - c- tn -  program and associated instrmmwntation
or u-c. Lag ~n - c - c- c n - an - it Ic ia .n-~~ - -c c~ ti-c r ~V stt9tn - S t - c - c n -~ t n-ac remote monitoring of suta —

pende-a-ct ;-c - a r n - i -  It- d i - c t a i b u n - i - c n -~~, internal w~iven- lelds , frontal zones , and
c~ f a n - ! I tn - i t $ on -  a - c t i ie -t  - n- n - n - e n- I a S  in-i n - i - ca t n - c r - c a l  wate rs is being und ert akon . -cfl~i r s I  Year ’s effort -c n - - c a l l  b devote-ct! p r i n c i pally to  preliminary field
! e ~~ t 9  on - -c -c - - c a n -  ious - n-li s- c -c -c- tens , ( E T  Baker)

a- c -
- :cC-c .: ‘

~~~~
• - c  ‘ -c V - -c - c ’ -c ’-c a - c  . - 

-
~~

I t n - a - - pro l a - c  t i n  n- o n - n e - r n - i a - a l  with the a !t-vt-lopmenn- a n - f  algorithms for the
(~ n- Jst a 1 An n - n - a- Ce’ hat  S- c - i n - n - ne - a ( A ( S )  Sat  clii to system - c an - a d participation in an--
se-c a vaj id ct Loan- - c t  t h e  CACS in l tar~~c n - Ion after launch. The prelaunch experi—
men-n- n - .  -i c - c - -c - c ; - a n- a n -  t n - re -  vn - - : a n - u ra- , including investigators from NOAA . NASA , Scri pps,

— i-c
~~~i5 AIM , iciat i’- c i~~a - I -

~~~ L.abon- ,c~~- c a v  b - - c r I -c - a - c l aa Sciences, was carried out in 1977
n - n - a  the Gulf o n- Mcx ii a . ti n - i s e x p a n- m eat was designed to ascertain the useful—

n - c e - s a n- me,a-c- in- I i n - n -~ ;a lin - t o p  I -cn -n - a kt on plgmt-cnt s and suspended sediments with remotely
- -c c - t a - c o - cd w a !  c- c r -r na- - c c s n - a r t - crn,- a n - t  s . A p - ca n - c a- cr on the ‘~~~~ellcd spectral radiance
d i ’  t r l b u t i - c n - n -  a n - n -- c l  its r e - I - c a t  ion to v - c m r i - cn -n - n - s f~~.ii t i~~~ of the particulate matter
in- a mn-an n - a - c:  m - c a t e - r s ” j  jn -~ ~n - n - ( .  (E.i. n - i - cake- c r; A. Strong. NOAA National Fnvtron—
mea nt -ca l S- c m - a - l u t e -  - c e - r v i e -e . t. - c c s } i in - a g t - c ’ n - n -, P.c.)

- - -c . 
~~~~~;-c t~~

-c 
- ~~~‘ n -  :~~ -c ‘

~~~~~~
j’ -c - -c

~~~’ ~
-c h. , ‘ :j

M c can - e - t n- c  stud icø t a n -  h a t  te r  dc-c t inc t Ice -c - hit-an I cal environmen t -canal the
e’t  t a - c t S c n-ionic a 1 changes have-c on magnet i -  minerals in marine sed iments are
c a - c n - i t  ia a en - in~;. V - ca r i i - c in -~ F,-c— Hu--ox n- al a- minerals -cmnd their magnetic pvopetties are
bei n- a a~ cx .a min- n- t ’ d - c Numerous ,~e- c o a heai -c ;a h to o ls ( including neutron activation ,
ci t  in - l a  , ‘ c a - c r 1 a t  ~a’n . and I- a~ ?-i ) c n a -  being combined with m-cagn-me tic studies ( m e-d ud -c -
Lag ARM .cnd FMR) in n-he aaa l vn - i~-c of n-actua l and ‘ synthetic ” marine sediments.
(Mt -ri! I I  , n-L I’. .~-c~~, a a - - a 1  (C . S n -n -- c Ub . ~)t - p c T  t n- i a - nt of Geophysical

The Inti-raction ba- t ween p.c l c-can-n-nagn-n- .-ctic data and theories for the origin
an -i  t n- an -  eart h’ s magne t ic l ie’ld is being invest igated -c This involves analyses

- n -  n - t a t -c d i rec t ional n-and i n - i tt - n - a- c-c i t v d ,at a [or the earth ’s magnetic field to
-c - n- n- int -c ~n-~-c a ~n - , n- r a i n te  n- a I-c1rc-~ 1n- t heoret L-al models. (Merrill ; M W - c

M - c F lhtnny . A a a s t  a - i l Lain Nat iOn-ni l U a i iv a - r s i t v )

Theei r e ’ t i a . c l rock magnetic studies -are undervay To better understand
the or igins  of magnetin- ~- c nopa-n t i cs  in rocks, etc - c, various theories are
be ing deve loped , e.g. how to determine the demagnetization field in multi—
- t ” r~,a in grains and the or ig in  of rotational remanent magnetization. (Merrill

a t h, Depart ment - c t  C - a a ~-c iavs lea) )

- n-~ -c _ 7 ø ’7~fl ‘~~‘-c r-c’-~~~ ;~.-n- ’ n-
-c a: ~~;, - :;-- -c - — - c I ,- ;a~ .; J 4- ”i~ j ,1t’t i,C ~~~~~~~ avid C-k~aaznogr’n-zphi-c

( - nopct - mt tve  work with the Austa-calian National University on long—term
anomalies in the t ime—averaged paleomagnetic field and on geomagnetic secular
variat i - cot - c is being continued -c The t ime—averaged reverse polarity field has a

been tound to be signP icantly differen t at n-he 952 confidence level from the
nor-ascii polarity magnetic field. This disparity could have aeriou-cs consequences
on almost all dynamic theories for the earth ’s magnetic field -c Investigations

__  _ _
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des igned t en - In-ad Out it -iUa in - d a n - I  a - c r e - ! l c . s  a r t - c  re-c t lea ted in t n -at - geomagnetic
secu lar var Lation r - n- a - c r d a - c  b c - c a v e -  been a n - t a n -  L a-cd , a n-’~ r,- l i i i  M.Wa McElhinny , The
Austral hcn - i Nat tn -n -n -hal t’ t n- tv e r ni t  v)

c~a-~e ’; -.
‘
~~~:- c n- f - c : ‘

~~ : n-n- . n- a - ‘ :. : - c  - — ‘a lea ’? — :

Because t In - a- present n - - c i t e -  of k n - n - ’ - c vledge e a t  ‘~ t a n -n - i a  c l a n- s n -  has suffered
t rom the 1 j a k  01 suc-c -sst - ca l  s - c an - np I lag a t  aa - c ’ n - e In-an- i M)(n- met era of an in situ

n - - ca n - a n - c  i gn- it - cca a!aa u n - - n - t at , - a - c a  o t a - -c t v - cs ;and - n - t - ca ke - n - i tn - n - d r i l l  a deep (roughly 2
kilometers) C c - c n - n - t i n t n - O u- ~ ‘ a eel hol.- In - c n- n - a - c - igneous cra ist ‘‘I southeastern
i - c a - i - aaad Tin- I a, ~a n - ’ a - I a - t t - c - - c s  a j oa n - a t  e n - t O n - n -  n - - c t  n- ta t -  Un - e d  States , Canada, %4est

Ce- r n-zany, Eng l -cmnd • a n- id I ca-land - (5 ,  iii 140 p. len-

The -c dril l ing p r a - c n- - l am during tn - a l  sun-mn-u-cr e n -  P~7R produced a 1920 meter drill
hole t im -at ta.cd - c c ~~ .‘‘ v a- c e - c t~n - ’i-c ‘ t  n - t n - a  c e - c a t -  - a - c - n -  aile d geochemical , petrological ,
magnetic - . an - a d ~n - i a ’,- - c a t - c  c l Pr - c r en -  t a -c studies ea t  n-ho -c - a - n - - c  material are in progress .
Preliminary magn-a ’-t h re -- - c a n - l t~~ -.h ~ a ron n- i nuouslv - c l e a n - e a s i n g  magnetic suscepti-
b i l it y and inn - en - n - sn - t v a reman-n-ear-c- n-~it L in -n -cr ea sing depth (and increasing degree
on - bur l-cal me t amorphism) an - a the dri ll ( ‘ ‘ b a - c . I -  n - s a n - n - v  imp 1~

-c that metamorphic
et tee t a a - -c - n - i t rot  t he n- -c t tOIS ~ t t n - a , ’  an-t n- n - ; n - a , -  Li n- anoma l v Hour a -a - c layer in oceanic crust
ran-bier n- b-n-an ( n - c t  n - a -  t . - r - c p n -- r a t n - n - r a -  i s a - c t - n -  -c - - - . (H-P. i-c -clan -in --co n. Delaney , Lewis, Merrill
J M-c -C l a i n - n - j ; S W _  Smit h  I T1n - n - - c n - : a - c- c n - - c a a J  ,

~~
• n - n -  a n - i a -n - n - n -  ‘1 Ca -c t --c ;- c ba~- c s i c s )

-4 M Z P t  - G-c -o; ‘ n - - c an- n - - ’ n - ZL  ~~~~~~~ e’ n- ; Jpn-~
;n- ~-c ,.: i l  

~~~ 
1~~ •

-:~~~

The purpose of thi -cn - . p r - c i a - un - -c— - a - - t o  st an - a j V in - - c ’ n - n - s j de r able detail the
-c~~e a f l  crust a n- the mouth -t  t hO  CUl t of ( - a l  ito rnia prior to drilling under
the ln tt- rn - n -- cit 1.n -nal Pr - c - n -a n - - a n  on -  n - n --c -can t n - r i  II ing (IPOD) . Tn-at -c stud y used marine
seismic n - - e f r - c - c  a ion -cana l t a - c t  l e e - t n - o n - i  method. In  addi t ion to beat flow , aagne tlcs ,
and hon-tom sampi in - a n- :. The -c - c a i n- -c c am, a t  t n - a. ~

- n- - n - n - van -t eal u-cork was a three—dimen-
sional picture en - f that- c r n - a 4 t - c c I vt-c l~~c ’c n -  i a - - a  in the art-a , sedimen t distribution
-ca n -ad thickness , u l - c t - c ’ - r ~~1flt Ic V a -  I a n - c i t  t a -a  i n - c a t  a nn - ac - c - c t rop~ • and heat flow varlab t I—
tn - v. Dr illing in n - In - is - a n -  e - c i  a - c m - I irmed tn - a , - -caa’aliment thchknesses , heat flow .
an-ad seismic velocit ia --c m obt - c-a ined in t i n - a -c sn - n- rv~ ’.. lJork is continuing on the
interp ret -c i t Ion a t  t ha t  -c - c e - c l- -c r — n - a - v e l a - c c i t I o - c n -  in terms d petrology and on the
an; gna- Ic -cifl(fl’ij%l l a S  in a-r an - a s on - thn - -  sean - an - - n - a - c  of the anon-an-a l tea . (Levis • Lie n-er)

A . a tj :i -c - f

-c 
~~~~~ ~~~~ 

‘
~ rt -~v( 4 ’~ - - n-~~~~i n-’i

An n -an - sh a ra ’ - - c t n- sho t a- a - x ; - cc - r  n- meat n - - c -c - c t  in-dy ~ n - n - h- cnl n - a n- inn in the Pacific Nort~~,est
has he-en carr ied out-c The major goals t this experiment were a description of
t in-c’ oceanic lin-hoaphere and what h a ; - ; - a - c n s  to It an- rider the continent. We tested
t n-ic hypothesis t It ;at ii low v ’ - b o e i t v  low strength zone postulated at the base of
the a a a e-.n-1~n- l C  crust and ~n- t n - - c~ -c ba~ t~ - c a t  n-he continental cru et under Puget Sound
- ca re  r e - c l - c a n - a -- c l an-ad -c ain -ow t i n - a - c  n- -c n- ean n - C  p 1- c a n - a -  eliding under n-he continent. An al te r—
nate hypothesis that the a n - a - c - c m - n - i c  l i thosp here dips n-at about 50 under the
cont ine nt  wa- c-. a lso tee n-ed. 1- n- to th is  an ar m -mv of ocean bottom seismometers was
n- i e P l a ) ed mt t h -c - b ,n - a - n -- of the - n - a ’ m ental slo;-a t n -n- monitor seismic activity under
the mar~zin and r e f n - - a - c t ton shooting n the oc ean ic  plate. Simul tar~~usly ,  a land
ir r m - c— monitored t ime an- - cane e v a - r n - - c a. Lan-c-c-ca a fixed ocean shot point an .I un-eying
land stations wil l  he used t o  run a 500 km ref ract ion line across the Cascad e
Mount-ca n-as t o  invest igate t n - a - c  deep struc tiare under Pan-get Sound and th. volcanic
mountain bel t .

-I 

- —-—- 

-~~Li ~~~~~~~~~~ ~~~~~- -~~~~~~n- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- —

~~~~~~~



F- 
~~~~~~~~~

— -

~~

----.-

~~

-—--- -c-

~~~

- - - -- -- - -----

~~~~~~~

- - - -—---

~~ 

33

r n - n - date- , n- h an - l ieU work has been accomplished -c Analysis of n-he data will
torn -n n- in-c t h e s i s  n-an-ataa rl.a l for two gradua t e- students-c (L~ un-is ; SW. Sin--n-I n- ti (K.
McCIn-iin , Tab er ) ,  Department ot t -copln-vsL~~)

A~a-c :Z -cn-j Of Je- -c n - n - ’ -c~a ’ ,n- -c -c z - c,.~~ ~~‘n n-~ : - c~ frc~n a Contjp :a-r: t~2i~ n-u~~~ n-n-

— Data n- roe -ci marine ge - c op icys ic a l  site survey done b r  the International
Phase-c o n- 0cc - a n- i  Dr i l l ing (IPOD) are being analyzed. The site near the margin
c-c l Baja California wa s se - i c- c-c n-ed for  drilling by IPOD , and detailed study of
t h e  surve y dcta beyond t n - ia- c work a l ra -adv done was warranted -c

Four a~~) Cc tS  o f n-he n-aa~ a f loor will be studied . They are : wave propaga—
ion (se- c n- 5:- n -C w - c n - v - s )  in 0cc-can sediments using explosions set off on the botto m

- n-nd ocean bottom seisn -an-omett- n - s ;  the 1’ wave veloc i ty  structure at the drill site
n - o n -  I - c a n - a - cr cn - -cmpar is.ara w i n - n - a  n - n - n ih -ag re-s ui ts ;  the way in wh i - h  the continental
crust , west ot the-c sit e, borders  n- lie oceanic crust to the east , us ing surface
explos i - c n s  --c -~ n - - t n - c ; e -c to be-c ab le- to de-ternmine it the change is abrupt , or if
t here is n- a , t n - a n - a -- c i t  in - ’i an -a l crust ha-c n - w a -c e -~ t n-me t w i n- ;  and the shear wave velocity
st r~ -c t u ne.  Be-c - ca n -n- se- of the a t t n - -c where data were taken and our instruments ,
unusaha l Iv  c lt- - cc r she -can - wav e - a r r i v - c a l s  - ca re -  .mva i lable . (Lewis , ITuthill , Department
a ’ t ( t ’ h n - h a V s i c n - n - J )

A -c - -c R- c ;
‘: .  t io’; Jnz e ti~;n-z~ ?n- - ’n -n - t a; J a r  M~mtl-e

on t his ;arc iec t in the past years has found than- (1) the upper crust
is nc-c t a s ta p le  layered model bun- consists n - t  n-a m t-le n - city gradient from approx—
imat - c l v  -a km/s to approximately 6.~ km/s over n-he crustal section ; (2) n-he

- -chse - rva’d thicka-ning of the crust Is due t o  the formation of a low velocit y
zone, at t n - n - a- base ea t  the crust , that thickens with age and may be cosposed

a - a t st’rpentinize’d mantle material; (3) n-li t- c upper mantle velocity is as tauthallv
dependent ne- car t he rise creat .-an-ad the degree of anisotropy decreases wi th age
‘ v - r  the p I n - a n - a - c; (- ‘ ) a low ve loc i ty  zone on the upper eantlt-c near the rise
crest .mnd in n - n - n - n -- arc-n- a - c t our s t a n - a 1 -c extends lateral Iv up to 150 km east of the
r ise crest . -c~s -ci result of these f indings , the upper -c rustal structure and
:a- c cn - ur e of the velocity grad i ent , as well as the age and spatial variations
In t he crusta l s t ructure and the observed crustal thickening, are being
examined in greater detail -c ~e also hope to use arrivals from the horizontal
geophones in t n - n - a- ocean bottom seismometers t o  determine the shear velocity
structure eat the oceanic crust and an-pper mantle. These studies are contin-
uIng on the Juan de Foe - - c-i Ridge and the Fin-st Pacific Rise between 12 and lS’N
(Levis . Bond ; (K. McClain , Hegda l , Thomson, Department of Geophysica()

A .eio”in- a -~.
- • r-c -c~:-

-c -c ‘a ~~ 1i (-
-c

-c -c 

~~ ~ eae-cZL n - - c - ‘ n - - c L ’, ~~~~~
-c n-7f A Z-n- -cn- -c ’ :- c2

Reconnaiss-cina a- se ismic rn --frac t ion (sonobuoy) data suggest that the present
day Kodiace shelf i - c a  aanderlath by an ancient shelf-break structural high that
f -n-med dur ing late Paleogene through middle Neogene t ime. In two large areas
of the shelf , beneath Albatross .-mnd Stevenson basins, the old stractural high a

was abandoned in late Miocene time when the present day shelf break structures
~-c gan to grow on the slope about 45 km seaward of this older trend . In the
central area of the shelf , the old structure underlies a zone conta ining
numerous reverse faul ts;  this central shelf structure may have resulted from
rejuvenation of the old shelf—break high. (Holmes, McCulloh I’LL. Johnson])
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-c n-n -~’bn-aa~~ f i ’n - n -~ tj - c -c ’i Mean-t:4,s -cr-
~-c -n - : t a f~’~ n- Y n-rt~n-fl t3n-u i n , Nor thern ber-ci’vj Sea

Recent discovery of thermogenle -c gaseous hydrocarbons seeping from the se~
floor 45 km south of Home, Alask4, suggests tha t the underlying Norton Basin
may be an important future petro la- c um province. The results of 38 sonobuoy
re-fraction profiles obtained in 1977 and 1978 show that Norton Sound and Chin —
kov Basin are underlain by a large sa-dtmentan--y trough approximately 130 km wide
and 350 km long; the basin extends northwest from Stuart Island to a poin t 100
km ue~ n- — soa at  n- n - we-s t on- King I :‘land -c A l t  htn-u~~ii -cc V t - c n - J t  ut - J a n - ac  to i a ~i :- cc n- flCflt 1:-, onl-.-

~~5 km, two deeper t roughs , cont a in - n - rag up to 4.5 km of sedimentary section, were
discovered 75—90 km northwest ea t  t n - i c -c Yukon River I)elta. Compressional veloa -I —
ties can be used to distinguish f our major units tilling the Norton Basin; t ha-
ages of these rock r- cd nga-c from Upper C n n -  an - - c c - c OOS to Neogene . The wide range of
basement velocities (4.5 to n - n - . 9  km/s.- .- )  in- idicate that the sedimentary fill is
resting on a complex of i’ a lai - c o z o tc and Meso?n --n - tc igneous, metamorphic, and at-cdl—
mentary rocks simil ar to t l aOsa -c mapped on St -ward Peninsula and St - c Lawrence
island . (Holmes, McCulloh 1 .J .L.  Johnson ))

n-;ctO 
~~~~~ ~ - ~-n-~ u.c . - c n - 4a~n- On- n -f-he A - c t~4Thi3 a ’ ‘5 a a - p

An unusually thorough. int - c r d l s c l p i i n - c c r v  analysis of n-he large ONR
re - t raction experiment a n - n - f  tn - ia- c ‘~u - ,-n (hii r Ieitta ~ Islands in 1976 i~ continuing -c
s t - c c rting wi th  the Oa e cn Bottom Seismometers t hemselves, the signal distortions
introduced by direc t magnetic t .apa- c r n - - c. aarding and playback have been investigated
and removed. The c-c omputer operating system to generate calibrated three—
c omponent reco rd se n-ions for amp l itud e comparisons and late arrival indentifi-c-c-
cat ion is being revised-c Substantial e f f o r t s  are being made to understand the
regional basement and sediment str ucture-c so that the scatter in the arrival
times can be reduced . Hea t f low measurements along one of the refraction l ines
-car e being anal yzed to test the e f fec t of varying crustal temperatures on
sect ion ve loci t ies-c Overall , we believe this is the first refraction experiment
to receive a full interdisciplinary investigation on - all probable causes
acoustic variations.

Research continues In n-he same general line -— an atte m pt to understand an
important physical process that must Influence the seismic results an-cd yet has
been neglec ted in prior studies. The phenomenon is diffraction , a process that
has observable e f fec ts  whenever propagan-ion structures are c omparable in size to
a wavelength. In contrast to interference , the effects of diffraction cannot ha-c
modeled In any way by ray theory , an-ad c urrent computer method. are both clumsy
and expensive. A mercury surface—wave tank tao mode l the effects of (P-wave)
diffraction on propagation in a va—l on --ity-layered apace i-cs being built in order
to construct fully diffractive record sections for chosen structures-c Interes-
ting anomalies in n-he structures and in the frequency content of arrivals have
been documented -c (Lister (Wadej)

4 J ~Gn-1 ’ ~~ a ’ft -c’n-’~~8

Three pieces of the circum—Pacific trench system were invest ~ted wi n -n -h
n-he aim of discovering and comparing evidence of tectonic motion . Thc areas
were selected to give the best chance of observing such mot ion , and the re-
search was conducted both on the University vessel R/V 7’s~v’tza ~~ Thc~,ipao,i and
on vessels provided by a foreign cooperating organization in New Z aland . The

n--c
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pr-inc n - p - cal techntque war. ac - c ost Ic ta -I icc Lion profiling, a method of low frequency
t - c c t n - eas n-iand in - a g t n-htt outlines both n-lit- c thickness and structure of sea—floor sed i—
mt-c nn- s .  Mt-c-casurements of t n-it-c geothermal ha-cat—flux were also made, since it Is
a t n - c¼-ted by the sedimentation processt-cs known to occur in ocean trenches.

A l l  field data n- i- c ay .’ been reduced in-nd compiled ; final results are still in
~-creparat ion-i . n - l i s t e n - )

~~~ ‘ ~~-c t - i - n- : j~~ .~~‘ Med~~ ~i ;  1~~~~ i t h  Nn-~ ber w~ I ts G~~the~~~l
if  -

A unique facility n - - c-c study conv .-cct ion--a in a porous med ium (gravel bed ) under
n - i gorous c . ’ n - n - - c i I n - j ons  Is being conat-cruc n- a-cd -c Present data are inconsistent and
un sat isn - act a - cry f o r  .mre.a l ysis on- important n-cnural geothermal systems. If the
1 n- c i l i ty  is suct-essiul , it wi l l  be possible to fill in an important gap in
n- und amcntal knowledge, aclvanct t n-at-c theory of the subject, and begin the applica-
n- ion of rt-c~a l i~ tIc dat -ca n-o the in - n -va- s t i gation of geothermal circulation.

Detailed ct -li design In-as n-at- -c n-r ly been completed , and construction of some
parts ha-c; t - c t - c gu n .  (Lister; - 1 - cR . Booker [Cibsonl-c l)t~partment of Geophysics)

~eJX~?flM:Y;~; t~ n-4 7n-c rrn-:.~ -c~~~~ iC ~~ Oid .‘ n - i f~ C7~~Bt - czP ~
j L f t h ~~i~ her,

Tw.n - spec ;a 1 ne-v In - a- c a t  flow instruments optimized for making .at .- urate mt-c-c-n-—
sureme nn- s in old oc e-c an - n - basins are being constructed. This is part of a joint
f i t- id p r o t e c t  with M . I . T- c  to  establish the feasibility of obtaining ‘reliable ’
heat flow means for old lithosphere . The designs follow on the successful
proto n-ype dtgIt~n - l ta-clemctcring probe tested in 1976, where solutions of the
problems of :ull digit -cal telemetry , indefinite ~ alt ipenetration mechanical life ,
and re p a t i t i v t -  in situ conduct iv i ty  n-~s - c a - - a n - n - n -- m t - ra ts wa-re dt-monstrated -c The-c ~ -can-
f low ; ‘ r - c b l cm is one of the two most important outstanding today , and the instru—
n-n&nts wi l l  be ideal also for future work on hydrothermal circulation In tie
idge environment -- n-he on-her Issut- . The prototype w.n-s tested successfully on
i a - ruise e n - n -  R,V ~~~~ea’i-c~ t n - n -  Cast .at i ia B-an-tin.

The l~ O—odd ttn - -crma l gradient measurements extend from near the crest of
the T uan de Vuc~ Ridge to near n-n-he margin of tn-he continent -c Seismic reflection
p ro n - i l es  were obtained to aid in n-n-he interpretation of the data . Supplemental
t aands have been requested to finish the second Instrument and make necessary
modifications-c (Lister . K-c Johnson (Mojesky , Department of Geophysics))

; - : ~~n - n -~- Vo l-.-c ’ ~L.

The ;a - a s t  yea r has seen considerable progress in studies of volatile
fluxes from the earth ’s mantle to the surface along zones of active volca—

~~~~ The principal approach has been tao develop izicroprobe techniques to
measure n- race quantities of carbon (electron aicroprobe) and hyt ~en (ion
microprobe), on a micro n c -cil e, in silicate glasses trapped within cryst -cacline
phases from subalkaline and calcalkaline volcanic suites -c The newly developed

a microprobe capabilities will-c provide a refined percep tion of the distribution,
abundance, and mobility of carbon dioxide and water in preerupUve igneous
systems . Other studies include a survey of volatil, abundances in basalts
from fast end slow spreading ridges and a study of the dii fusivity of water
in silicate melts as a function of pressure, t perstur., and the fugacity
water. (Delaney; 1 - c S - c  McCal lum , E.A. M*thez , Department of Geological
Sciences) 
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H~drot ht--c r,r n-azI Ao t i : n - i :~, Aaaon -n-Ji- c~2 i . ’d n-.-c’f t h  Sp reading (‘ei~gn-e~r8

The Iceland Research Drilling Project (Sumser, 1978) produced a contin-
uous 2 km core of plateau basalta which have been progressively metamorphosed.
These samples are being examined for variations of secondary sulfides , quartz ,
carbonates, zeolites , and other vein materials, Of particular interest are
the well—developed fluid inclusions in the vein materials that provide a
basis for paleot-cemper ature na-c~n- s n - i r t-c rnent s in an 1 n - i h t n - V a  gt-otheraa l f ie ld
which formed at an active spreading center. (Sea-c also n - a -c 32 .) (Delaney,
Chr istensen , H.P. Johnson)

A bottom photography and dredging program at the intersection of the
Kane Fracture Zone and the Mid—Atl antic Ridge was conducted during Nove~~er1977 and October 1978. The8e studies are preliminary to a series of submer-
sible 4lrfvn - dives in 1980 which will examine for the first time the inter-
section of an active ridge and a spreading center. A remarkable set of hydro-
thermal quartz veins and breccia samples was recovered from the intersection
in 1978 and will form a valuable comparative suite with the altered Icelandtc
basal-s-c (Delaney; W .B. Hryan, C. Thompson, and H. Dick , Woods Hole Oceano—
graphic Institution)

A Th~~~~~~~~~’~~~~t . -c
~ Hc~~ Migne? -f ’, amf f k 2 t. Mi ’n-era Z-ow. ~~~~~~~ of [>r il l  Cor~o f rcri

~~
;-c.n- P.fi —4~n - tz ’ n -~n - i --c~ 
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An intensive study of the rock magnetic properties and opaque mineralogy
of the igneous rock samples from the three DSDP drill holes in the flanks of
the Mid—A tlantic Ridge at 2 3 N  is being carried Out. The objectives are to
determine the origin and evolution of the magnetic properties of the igneous
oceanic crust and the contributions of various sections of this crust to the
marine linear magnetic anomaly pattern .

Paleomagnen-n-ic studies of the basalt samples of Mid—Atlantic Ridge recovered
during DSDP Leg 45 have led to a revision of the current view that the oceanic
igneous crust is a recorder of geomagnetic field reversals, The discovery ~ f
several magnetic polarity reversals with depth in the crust has indicated that
oceanic igneous basement should not necessarily be considered magnetized tmt—
foraly in direction , or even polarity, in a given vertical cross sectio n
Statistical arguments indicate that magnetic reversals with depth are to be
expected in typical ocean crust, but also that this does not conflict with
current theories of plate tectonics or exclude the upper layers of the crust
from making a major contribution to the overlying linear magnetic anomalies.
Certain ratios of average cruatal-formation time to average polarity interval
may be responsible for the reduced amplitude of magnetic anomalies in some areas.
The studies are cont inuing. (H.P. Johnson)

Vo tcwiic- Te” ~~~~ f e  Fvo lu t ion of Rif t .d  Mid-Ocean Ridgea (N~~ FAJ- cVL/S)

An intensive study of a section of the Mid—Atlantic Ridge has been carried
Out. This project is centered around two major problems that arose during
previous studies of the Mid—Atlantic Ridge (project FAIIOUS). Th. first problem
concerns the evolution of rif ted oceanic ridges : how these rifts chang. shape
with time and what this imp lies for magmatic and tectonic processes. The
second problem conce rns the apparently c o o n occurrence of reversely magnetized
rocks in the center of the rift valley where cutr ent theories predict only

t 
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normally magnetized cruat~ The USt-c 
~‘t magnetic properties of oca-c~*ni.. rocks asindicators ~f hvd rothL.t-mai activities will also be investigated .

The field studies took place during the sumser of 1978 using the surface
ships , ft/V J~~1ia and ft /V ~~Lu , and the submersible DSRV A lvin . Large areas
ut two very different types of median valley floor were mapped and sampled in
grea t detail .. Prelimin ary analyses of the data indicate that these areas
(Narrowgate and AI4AR valleys) are substantially different from the median
v-cdleys that have been studied previously. (LI’. Johnson)

~



PHYSICAL OCENIOGRAPIff

GloZ~al Clinute ?4o d e lf n~ n-~iith P art icular Ref erenc ~e to the Role of the Oceans

Work on global energy—balanced models of the Budyko—Sellers type, with
separate consideration of the ocean , has been continuing. The most advanced
model includes vertical ocean—atmosphere exchange, meridional (diffus ive)
exchange in atmosphere and ocean, zonal advective exchange between air over
ocean and land , and permanent and seasonal ice over ocean and land. Latent
heat is Included in the heat budget, and precipitation has a prescribed
latitudinal shape function.

The model can describe present global temperature distribution reasonably
well. Prediction of climatic changes due to changing solar constant indicates
a moderating effect of the ocean, with less risk for “run—away” climatic changes.
(Welander , Teakin (Liu))

Th~car~, of O~•..~an Circu L~1tion, with ~vi Id ~~ i F luid Interior

A closed ocean circulation model , with (potential ) density conserved
below a top mixed layer, has been formulated . Analytical and preliminary
numerical experiments indicate that such a model, which has some support from
the recent “8—spiral” studies by Stoumiel and Schott , most develop interior
fronts and insulated pools of deep water. Therefore, a small diffusion effect
will have to be added . Numerical calculations for such a model involve many
difficulties , similar to those found in the theory of shocks, and further
development of the numerical technique for the problem will be needed before
an eventual complete solution can be found . (Welander)

Ap~ti~ Sea-Air In teract ion

The mos t significant phenomenon resul ting fro m the interaction of the
ocean and atmosphere in polar regions is the formation of sea ice. In order
to arrive at a quantitative understand ing of this interaction , two major sets
of problems are being investigated : The first pertains to the environment in
which arctic sea ice exists, and the second deals with the properties and be-
havior of the ice itself. Individua l studiee have been designed to answer
specific questions regarding the regional heat and mass balance of the ice
pack, forecasting of ice growth in areas of seasonal and perennial ice, lateral
melting in leads, effects of inhomogeneities on the scattering and absorption of
radiation in ice, infrared albedos of polar ice and snow , pressure ridge decay,
sea ice formation and growth in a wave field , and wave—induced heat transfer to
an Ice wall.

At present, we are carrying out laboratory and field studies of iceberg
decay , and laboratory studies of wave damping by sea ice. (Martin, Kauffman
(Bauerj; C. A Maykut, Department of Atmospheric Sciences)

fJering Sea Ice Studies

The objective of th is project is to model the small—scale response of
the Bering Sea ice edge to changes in atmospheric circulation. Instrnments
of va rious NOM and NASA satellite., naasly the Advanced Very High Resolution  
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Radiometer (AVHRg) on the TIROS—N satellite and the Scanning Microwave Multi—chaimel Radiometer (S)4R) on the NIMBUS-c satellir tnd , for detail , LANDSATimagery , will be used. In February—March 1979, a 6Li~~~ and aircraft experimentwill be conducted to gather surface truth data for the satellite observations.The satellite data will be analyzed by prior arrangement at the computer centerof the NOAA/Pacifjc Marine Environmental Laboratory. Some of the tapes from theSEASAT altimeter also may be analyzed to study its response to regions of heavyice ridging in the Beaufort Sea. (Martin)

The properties of the sea ice at the edge of the Bering Sea ice coverwill be investigated in February 1979 in order to relate the small—scale Iceproperties to satellite images obtained simultaneously from the NIMBUSsatellite. In oarticular , ice th ickn t~~ , salinity, and temperature , as wellas certain surL~ ct properties related to microwave eaissivity , will bemeasured at various stations on the ice that can be reached by helicopterfrom the NO/IA ship SURVEYOR. (Martin, Kauffman)

~~~~
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International Southern Ocean Studies (ISOS) is a program of dynamics andmonitoring experiments in the seuthern ut’e.*n. The objective is the under-standing of the long—term, large-scale variability of dynamic processes andthe interaction of the ~~~~ ht ru o~ ~-~n with the global oceanic and atmosphericcirculation. This IDOEJNsF program is managed jointly by the Universityof Washington and Texas A&M University, with more than 15 national and inter-national institutes participating. 
-

As part of this program, moored inatru~ents were designed and deployedacross Drake Passage to monitor deep ocean pressure fluctuations that areassocisted with the Antarctic Current System. The mooring project began in1976 ~~~ will continue through 1979. In the past year, two instruments wererecovered after year long deployments and four new instruments were dep loyed.The recovered data , which are of high quality, are being analyzed . Preparationsare presently underway for a major field program during 1979. We will alsocollaborate on !~~t 3  analysis and interpretation of the ISOS RiDGE experimentwith scientists from Oregon State University, Woods Hole Oceanographic Institu-t ion, and the New Zealand Oceanographic Institute. (lU . Raker , Wearn ; A.N.Pederson , Appl ied Physics Laboratory)

Statie ticat Theoy.etioczj  Pdothcids 
~~~ 

t~’.’an Thj’i~ ’rica

This researuh concerns development and appi t~~~it Ion of theoretic~,1 method sof statistical hydromechanics for problems of ocean dynamics. Present and pro-posed research include: (I) the effect of irregular topography on statisticsof ocean currents; (2) Rossby wave interactions; (3) mixing of passive chemicalcontaminants by aesoscale eddies; (4) energetIc,, of Internal Inertial—grav itywave inter actions ; .ind (
~~~) an area of propo~ vd resc.irch - stud y of t heore-tical predictability t imes in models of weather/cl imate dynamics. In each areaof research , high resolution numerical flow simulations are used both to explorespecific flow realization and to provide data for testi ng statis tical t heoreticalpredicti ons .

Theories have been devised that predict the spectral evolution of non—linear Rossby waves and of nonlinear barotropic eddies interacting with irregular
bottom topograp hy. Predictions have agreed with results of numerical flow simu-lations for cases of r elative nonlinearity ranging from zero (lineari zed equations)
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to full turbulence. These theories have been extended to include interaction of
mesoscale eddy statiatica with large scale mean circulation. A more general
connection between theories of weak, resonant wave interaction and theories of
strong turbulence has been presented . The oceanic internal wave field has been
demonstrated to be neither very weakly nor very strongly interacting. (Holloway)

Studies in ~*irt n~ ll~~Lv- idyn~ trvca

The following topics are being investigated :

1) bathymetric effects on the wind—driven and thermohaline circulation
of the ocean;

2) the dynamics of the upper layer fjord circulation;
3) lateral circulations in ri latively narrow estuaries.

The results thus far are ~ s follows :

A new formulation tor the effect of bathymetry on the baroclinic ocean
circulation has been used to show a mechanism for the formation of strong cur-
rents along the t ianks of ~i mid-ocean ridge and for the presence of strong
currents and countercurrenta along a continental slope at the western side of
the basin. This new formulation did not reproduce the localized sinking at
the northern extremity of the eastern boundary that had been obtained in
some numerical ocean circulation models, It is suggested that the numerical
results were caused by unrealistic surface boundary conditions causing a
localized vertical instability in the density field .

A jet flowing eastward over an abrupt depth change has been shown to exper-
ience a broadening or a narrowing upon entering a shallower or deeper region,
respectively. Downstream waves occur with the vorticity along a streamline
oscillating between relative and planetary components. Contrary to the case of
a uniform current, the relative vorticity variation along a streaml ine includes
the effect of current shear vari.itions ;IS well .u streamline curvature . L4
particular , the central streamline also experiences a significant oscillat [on
in the shear component of relative vorticity.

A comprehensive investigation into the lateral and vertical circulation
components of the net salt flux in a class one or two estuary has demonstrated
tha t results previously reported tn the literature are sensitive to arbitrary
changes in the partitioning of the estuary cross dection. Recognition of the
dominant importance of the gravitation al potential provides a unique partition-
ing that maxiaizee the variance into the vertical component of circulation for
most cases where the local curvature of the estuary is not too great nor the
estuary too shallow.

A new , eddy—coefficient independent expression has been obtained whereby
the estuarine distribution of nonconservative quantities can be determined
fro. the longitudinal salinity distribution , the rive r inflow the estuart ue
geometry, and the uptake rate. (Itattray , Dworski (M iyamoto, Shet 1)

Nonlinear Interac tions fo r  Tht~r’4al Gravitij W~we~ and &zrtotrcp ic Roaeby
Wav a at Midlati tudeti

Some of the most important results of this study are:

1) A simple and more exact development of the theo ry, avoiding
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the use of Lhe perturbation schemes that have been reported
in the literature .

2) An estimation of nonlinear time scales for systems with
initially few components of any amplitude. This result gives
a measure of the importance of nonlinear effects relative to
the linear ones.

3) The solution of the thre e—wave problem . This is a first step
in un ‘~‘rstand thg the dynamics of the nonlinear problem for
the weak interactions regime.

4) The same method has been used to develop a theory of nonlinear
interactions in the equatorial B—plane.

Some of the results show many similarities with the systems studied before
(like the existence of the pseudomomentum as an integral of motion). Some
other results , however , are properties of this new system (like the steepening
of Kelvin waves). A preliminary paper has been published . (Ripa)

ica l St ’j 4ies of Mesoaca Z~ Oceanic Pr oceeseB

~h.oretical studies of meaoscaj.e eddies with the purpose of understanding
(i) ~orticity mixing in the oceans and (b) dynamics of eddies imbedded in
strong currents, particularly in the equatorial region, are being carried out.
Prelimi nary numerical studies in case (a) indicate that vorticity mixing is
very difficult ~o achieve in a two—dimensional ocean circulation, due to strong
restor ag forces from the so—called B-effect. Further work is needed to clarify
this point. Theoretical predictions have been obtained in case (b) shoving a
~‘øaaible breakdown of classical quasi—geostrophic theory in this regime, with
fully three—dimensional, nonisotropic eddies. Tests of the theory will be
attempted , using existing and forthcoming data from the equatorial Pacific, in
collaboration with Dr. D. Halpern. (Velander (Gross))

D~~- th Variab i t i ty  of Mer idiona l Gra dients in the Western Paci f i c

A statistical investigation is made of the variabili ty of meridional
temperature , salinity, and sound velocity gradients with depth and longitude
in the western Pacific . A spectral analysis of the gradients in the wave—
number range between 0 and 13.4 cycles per 1000 km (c.p. 1000 km) shows that
the shape of the spectra depends strongly on depth and less so on longitude.
In the upper 150 a, the shape is irregular. Between 300 and 600 a the spectra
show a well—defined peak between 1.5 and 3.3 c.p. 1000 km and a sharp drop-
off in energy beyond 10 c.p. 1000 km — features that are compatible with baro—
clinic Rossby waves. Meridional gradients at the sea surface are coherent
with those in the upper 150 a and incoherent with those below. Meridional
gradients at 300 m are coherent with those at greater depths. The depth
dependence of t he spectra and coherence is attributed to different processes
of gradient formation in the upper and lover layers of the sea . (Roden)

Pronta of the Centra l Pacif ic

— The re lat ionship between ocean f ronts and atmospheric forcing is being
investigated. It has been determined that fronts will intensify and develop
where there is an imbalance betv.en gradients of t~~~~rature and salinity
balance on the one hand and gradients of heat and salt flux divergence on the
other . Front. near the sea surface are strongly inf luenced by the horisont al
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~.!o~.t r of the wind , which produces convergence in the Ekman transport. A
s imp le prognostic model based on Elcaan dynamics and available satellite sea
surf.L e temperature and wind data is used to estimate rates of frontogenesis
and fronto lvsis in the central and western Pacific. The computed patterns
and rates have been compared to those sensed by satellite. In the subtropical
region . t rontogenetic and frontolytic bands tend to occur in pairs, an occur—
rence whjc.~ I , attributed to the wind ~.tress maximum over the area. Typical
observed front ,cnetic r ttea are 0.5— 1 C/100 km per week. The computed rates
underestimate the observed ones by 25—50%. (Rodeo)

- ‘~~~
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C r ~.’n~ Syo .~— . z ‘~~~~‘:- ; 1 -I50 °

During 1.ite 1977 a NORPAX field program to study fluctuations of the
cquatori.J. current system in the central Pacific along 1SO°W was conducted .
One elencut of this program was to measure the density field across the current
s -  

~tem by means of shipboard CTD profiles. The time variations in the geo—
atroph Ic transport will ~ e comp .1red to directly measured currents and sea level
it lices ot surface tr .ins;ort .

Vertical sections of ti~mper:~tur e, salinity, and geostrophic velocity from
t our cruises have been drawn. Cold—core eddies that are prominant in the North
Equatorial Current are not evident in the South Equatorial Current with respect
:o tr- -~sport. The most variable component of the current system is the South
Equatorial Current. Comparison of transports computed from direct current
measurements in the North Equatorial Countercurrent and geostrophic transports
rt~1ative to 1000 db indicate agreement within 10%. Comparison of transports
computed from CTh profile s and AxBTs (airplane dropped) Indicates that there
is a very high correlation except where the deep expression of the North
Equatorial Countercurrent occurs. (Taft , Kovala)
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A naj~~r component ol the POLIMODE Local Dynamics Exper iment (LDE) is
densi ty profiling to 3000 db. The potential vorticity equation will be used
to analyze the dynamics of the eddy field . The density T’~eaaurements provide
estimates of the geostrophic velocity shear which are combined with direct
mt~~sureaents of velocity from SOFAR floats and moorings to compute the abso-
lute velocity profile. The dynamics of the eddy field are to be analyzed
through use of the potentLil vorticity equation.

In order to provide a climatological. background for the IDE , the histori—
cal data from the western North Atlantic have been analyzed. The increase in
eddy energy toward the Gulf Stream is associated with the southern boundary of
the Gulf Stream return flow. In a clia.tologica.l sense the WE was carried
out within the return flow. From May 15 — July 15 1978 , the R/V Gyre and RIV

were used to carry out seven surveys of the eddy field at 31’N 70°W.
The overall eddy energy increased by a factor of two during the period. Small—
scale eddies were resolved both in the upper thermocline and in the deep water
be low the thermo cline. Maps of geostroph ic stream function and of sal in i ty and
oxygen on potenti al density surfac es are being prepared . In late 1979, when
the velocity data become available , the density data will be integ rated with
the directly measured velocities and the dynamical enaly.is will be undertaken.
(Taft (Lindstromj; J.C. McWilliams, National Centet for Atmospheric Research)
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Continuing stud h~ ot t he West Sp ita bergen Current and the transfor-
mation of .~ t laxi t j c  water north of Sp itsbergen ; measurements in the East
t;ret~~l~~ d Cur.~~nt; dee p observations In the Polar Basin; tracer profiles in
the mixed l ayer; !w o u t f low  of deep water from the Greenland Sea; and a
s~ nopt tc inven: ~~~~ v • h i t  h moored t i me  s er i e s , of the Eurasian Basin will be
ondet taken in t he next t l* roe vt .u s.

heat transport vt.~ the W~~~t Spitshergen Current is by far the largest
ocean ic component of the A r c t i c  Oce.in heat budget , appears to be important
c 1tn -~t ically , .tnd ~~.i :. -~ large -.~i r1.&t~ilitv on long time scales . A set of
measurements undertaken in the ~~at ~pi t  - -bergen Current in 1976—77 is a imed
at determinin g t hea ~- ;at ial .$c.ili - . of the flow. This is preliminary to the
detailed transport ~Zud~ es planni d for the Polar Sub—Progra e of GARP ,
Itku ly to  begin in 1979. I n order to f i l l  the two—year data gap extend ing
f rom 19 7 7 — 7 9 , lout current meters (with te mperature sensors) we re deployed
in 1977 .i;~d two In l~~7-~; thvs,• were located in the core of the current at
19 N. Their prima ry role is t o  achieve continuous current and temperature
t ime series extending t~~~-~ l~~ s~ i n t o  the early 1980’s. Analysis of the
1911-78 t ime ser ies is underw.iv . Present plans are to extend the current
measurements to lY~ hy ins rtlon of a new mooring in fal l  1979. Deep
moorings in the Polar Basin are scheduled for deployment in March and in the
~~~ (;r~~ fl1~~ d Curren t in April. Planning is continuing for the other studies
mentioned above , al l  o: which are coopcr. it ive wi th other laboratories and
Inst Rut i n . . ( - ~ag.nar d . Tri p ; . Darn.a 11. Harding fHanzlickj )

‘:.~~~ ‘~~~~~ . • ‘~~~. .~ 1’: ~~~;. I’. ? :‘~f .~ea

Between 14 -7- . and l~~ 6 a s a . j ua nce of tour seasonally distributed 511)
cruisc~ in the Iceland St-a was conducted , and long—term moored current and
t eIL~~rat ure measurements were made in the Denmark Strait overfl ow . The work
was designed to study such questions as the origin , modification, and outflow

•~ the int ermediate and deep waters; the mechanisms involved in the seasonal
bt~dgets  of salt and he .at ;  the cl imatic role of the East Greenland Current ;
the important t ime scales in the overflow and their origin; and possible
secular changes in he overflow water characteristics.

Ver tical hydrographic trends in the deep nor thwe st Atlantic differ
markedly from those in Denmark Strait and within the Iceland and Greenland
seas . Arctic Bottom Water (-

~~ ‘~ 0 C , S 34.92 ‘/.., tritium < 2.5 T.U.), the
densest water type fou nd in the arctic seas and at the Denmark Strait sill ,
contributes in only a ver y minor and intermittent fashion to th. overflow
through Denmark Strai t .  Instead , the principal dense component of this overflow
is an Intermediate water of arctic origin, at about 34.87 ‘I.. and 4—5 T.U.; i t
Is formed in winter at the surf ac e nor th of Iceland . By virtue of its rather
close and iamediatc coupling with the sea surface north of Icel~~d, the deep
N’.- rth Atlantic must he more sensitive to cliaatologica.1 and ecologic-al perturba-
tions than hitherto believed.

Dow nstream from the sil l, the Denmark Strait overflow is caupo..d of a
st rong mean flow of about 1 kno t , upon which are superimposed variou, low—
fr equenc y variations . The mean flow is driven from an upstream reservoir of
nearly constant density and pressure head. This flow is barocl inic and
increases with depth; it is directed nearly alon g the isobath a . A frictional
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b ound-i rs  l.~ve r • - ~~r eanl ’~ at Ie.-~t. .
‘ m I r o e  i t ~~

- , ‘.Lor.i . Mo~ ~~ati~ns of the mean
flow on time scale ’a ci wee -ks t o  m - u t h s  ,ar r andom and do not exc eed about 20Z;
ther e is , to t  example , no se.n.cna l ~~aiulat ion. By at the largest of the low—
fr equ en. ~ variations I~. a ters t stea t SiA tna l with a t ime scale of 1 .5— 2. 5  days
and an amplitud e’ comparable’ to th.’ mc~u1 f low th at re presents a barocitnic
ins tab i l i ty .  Ilie stati stic s ot this instabi’~i tv  band art’ highly nonetationary ,
however. Other !iu ’ t uatious iii ic - h -  those ef synoptic meteoro logical t ime
SCO1C$ .ifl 1 01 t t O .  ; I h’ i  •‘ I -a , arei t lv no inea t m l  signal . (Aags ard , Trlp p
(J.H. ~w t ftj)

CU?7~~~fl~~ M:a ~j t i~~r.t9 Lu ~~~ ~-b L. ‘.-; eiJ-:~ P. -~. i - ‘~~~ - -f tha !‘. .::~:~ ‘rr :~ .:

The d t spe,reion me~ hi enis ms a~ l e irculat ton t-ver t ~~t ’ Be.at&fi ’rt Sea shelf
is being inve ati ga ’ ed . Tbc t t e ld  wo rk ~uvoives the th’~ loyment and retr ieval
.-i moored instruments through t t w  c . The princi pal objective s are : (1) to
obtain two y a a ’  1ong t ime ~cries c i  c - ~~ rent .anJ tcm~- .r ature over a portion of

the shel I that appear ~. e have a v~ r ‘. st r ‘~~~~~ and vari able flow (suc h an
.tr.’a would be expected t~~ tn a very a - t f t - c t i v t  d1 .p~ rsal region), and ( :)
tarther in on 1kw sue if , to try to  bridge t h~

- “~ t c r  active and the ir.ncr
quiescent (at i t oo t  In wint er; region.

Prel iminary .~ualysis of curmen t t ime series indicates that the outer

shelf  regime extend s laudward t o  at least the ~ )O a isobath. The fla~~~~~ of

the outer ~hclf t o t  long periods time by Atlantic water is particuL’itlv
noteworthy . ~~orings are scheduled icr deploymenz in February 1Q79 ,

(Aa gaard , Trlpp, Da t nail, Harding)

Ccl - - ~~~ t ~‘s zr •~t i ‘~ ~~. 
- fl ,! ,~~? :r i  ro:err.~r ~. .  :, -‘- f ‘~~ t 1

.,,‘•.

The seasonal var iability of tic polew.trd -.i’c h- rcurrent on the cont inental
slope off Oregor is being studied . A crors—s .a-l f and slope array ol cu -rent
meter moon g’; hai been mainta i:’tJ i t  a vc.ir , azu ~ei iodic h~drogr r~~hr

surveys hay” hi- .’n made along the ~i i .-iv l ine . liw d a obtained are hi
anal’.-7ed in rn at  I cr  t - b.-t t”r un 1c ’ rs tm l  tin- relat ion~htp of tb . p ’l a w ird

low !0 ‘ehelf .~ii rrent . and tt i  t? .e  Easceri. ~4-nrc -dary urrent Sy~ tcm. T-i1 r~
project aIs Iu~ indi a ~~ud~ &’s of the enttr’ California Current ‘~v~~teiIi u~~Iua
ex is t ing  dat. : .

R~ sul a f torn th e I ield ;‘: ~ i a m ar not v a t  avail.able . Studies ric ing
existing ~.e t . ’ have been published and include meny Interesting results. At
e~ c:. lati .tud’ - along the ~C$t  Coast . ~l~e i x  :.~nt ~ycte m has a coastal f low
and an otishore f lo w , the a.a lifornia C u r re n t .  The seasonal variation of the

California urtc :it appears to be related to the curl of the wind stress. The

seasonal var Iat i on of t h e  ne.arshore flow is related to viad stress at the
coast. At many latitudes , a r.orthward r~’on Is also imposed on the flows near—
shore. This wean cculd be related to the local curl of he wind stress or to
topographic eI:c ts. Research cot t inuing in these areas. (Hickey , Reck ,
R ipley , (- cier (Po iaj)

:~~-~! L—S ’ .e “:.r~’;j :‘~i F i ’;~-at .~j ’ . ~4r~

Studies designed :o develop an understanding of the dissipative processes

in the ocean and their role in the 1arge— s~ale , t ime—averaged budgets of heat.
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sjlt , and momentum are- continuing . Thec- c are two phases of the project: an
assessment of t h e ’ h’vels of small—scala’ (- - a - I t t  irta ter ) mixing in the upper ocean
and the t -vo lu t i~ it ol I n t rus i ve  w ater hodic~~, The intrusions have ver tical
scales of from I m to t i - x i s  i t  me ter s and horizontal scales up to tens of
kilomete ~ ‘ . Ihev appear to ht isalor ‘actors in the heat and salt fluxe s of
the 000.tn and in short range sound -~p.-od m o-sa l lea .

M iii’ ,- ;‘ ir( s ot  the eL- rest  r i t a  u~ r-  and ‘wed body data taken durin g MILE
h,iv,- been . i r tj lvted.  To complete the elcrostructure study the dynamic response
of t ue - m i s t - r e  is being ex t t -rt ’, i v c l v  te st e d . Measurements taken s imultaneously

tb Sanfo rd’ s sin-ar pro ! li t’s  .hir I xi. ’ Pr I.Yt-~ ~fl sr-c par tial lv analvzt’d

Tb~- re s i l  ts  ot the - .e st udia ’. 8o far  .t-

I) A new met hod t o~ me’asaa r tng the vertical velocity t a t  internal
waves was d~~v e1~~;seJ.

2 )  ~; tong cv td~-ta. -~ t o t  mix tug .t.t .a. i-nt to the islan d of Bermuda
was found and nearly adi.a~ .t~~tc step—likt~ features are associ-
ated wi th  t he  mixing.

)) The dominant m icrost ructur i -  activit y in the C.ulf Stream was
• ‘und Ii  be asso c l.ata ’d w i t h  double d it fus ivity activi ty on
t kit !aa’u ird.i r it’S iii t h. ~a ’icI 1 tnt- Intrusions. Gradient f lux
mixing w aa r e Lax  ivcl v we.ik - —  imp ly ing mo derate—to—low levels
of turbulent mixing .

- , Ahn’r- ithms - i  t ’ s t l rm . t t  ing the r’—.’- noise in N , R I , dynamic
.po sr iphy and maps ‘xi den’- itv surfaces were developed . (Gregg )

0.’. ‘ i.0 !~a:~’i. Lzr ~a . .:.°ps

Linear f luctuation theory is priai’ost ’d for theoretical lv studying the
~t rrtcru re’ and maintenance of uns t e ady  motions within the turbulen t E~~~n boem—d -m rv l ever with application s for understanding behavior of both upper ant
bottom geophysical boundary 1ava’r ~~. I n addi tion , establishmen t of the ~~neral
“ t i h i l i t’ ;  rj~~~

-
~ t e rj s t j c s  f t  lamin ar fl~~an l iv. r’ . will he ~~4e so that

“ spec i f i c  m i t  is -value pr~- ’- lirms C- an k .  in%’ a- ;t igated.

In i tial-value pr hlei-~-. in t h .-  I imln.-ir F.~~an layer have been solved in
a ~a’n .-ral 1,i~ h i ’ ii by numerically Inverting Fourier transforms . Results reveal
thit  wave packets contain dtf te rt ’nt modes because of origin of Instabilities.
T u : r h a i l . - n t  Ekma n laye r  has been cvn the~ i zed and investigated for stability . It
appears that only dynamic modes can be •!a’crabilizing (Inflezion points).
(Crimina lt’ I Spooner): Dr. H. Caster , N.ition~ 1 Physical Laboratory , Teddington,
England)

:4- :t~c~w ~~~ :, 
~~~~~~~~~~~ ~ pzJ B ’ ~.

-
~~’i  J~~~. ” 

i-.
.

Studie ~ related t .’ atao’.pheric boundary layers and turbul er in
stratified shear flow s are ~ ‘ntInuthg, and investigations requirt to com—
pl ete details - t  a new method fur s-~’a ving stability problams (related to
characteristic solutions) for parallel and almost parallel shea r flo ws are
being init iated .

Stratified shear L,vrr I luctuations have been studied as initial—value
problems and by spatial Lap I.-~~e transforms (together with ana1og~. co~~uter). 
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T 4 b
Asym~t a t  i ci, am kuo~ n by gs -n t - a  a l  di~~p - ~ u. ~.- :t~~’elat~,

jon. ()ec ill att ons in
bound ~r y  1 t’. . r s  L i e  examined by t wo  a pe i n n  ations (Criainale lBrad t ,
h a te Plasea t ta~ .3 Kevorklaji, 1)ep i r tm  al t  I Aeronautics and Astronautic s )

‘- a.’ i)t ; - a .~~~ e ’nt Ti~rbu1~ nt ~ ‘: Lu’:, L.~ ,e:, ’ ,; - •: Tt~iu L

The importance ot  a t int v .a rv i ng  current on time’ Reynolds stress profile
is being e~’- n luat s o : . By rising array - s - i :  3- axi s current  meters In the
lowest  ‘ log i.aye - r , ‘ t he ne . : .  t I -

~~ S t  I ~ lure and Low t requency stress d istr i bu—
t ion m.iv ic wet inuously rec~~z el. a - von comi.Ietc t Li la  1 a -v t  la’s in order to
lnve~ ti ..at~ puni.ibit iivst ~ ie:. i u. efit’&— t~ iii unsteady turhulencc structure.
Dissipation r.ates , di~~tt tbu t i~ ii cluar.a. ti - r e t ics, .and ‘a rin -ture functions w i l l
be ov a luatc d . I ii. tow riq~win~ . si -nsor  ‘. . Inst tars. i i !  p ta t form , and data acqui —
sit ion system , ub j i b  we ’ !  a.’ ki-vi ’l - - i d  I,. J .1 ’ . SmIth , wi ll hr. used in the
proposed re ’srarc h • w i t  ii t in.  psi t Ic . . . i i’n  a t  Dr. Oral t In . Previously, a stat Ian
high I requency sensor was ta - .od In it. .- aii aicrost ria. tier .’ studies and in natural
t luvi .el houndarlas

I’re i iminary in iva - s i  i1.~.st tex ts  at the I t e i d  i t s -  ~Sk4giT Bay) were under—
~.ake’n in t ie , ember 1 178. DetaIled prot 11. -. - i  bed topograp hy at and around
the site weje .. onst i  ei, te ’u • .LIni in , [ar;. se - ., i.- :~t ructure 1 the flow was
examined . ~t a i: 11 1 prow ed . t in’ .’ us s ’ ’ . . i  y nm ’r; ’tiologt. -al and fluid dynamic
i t .- t tj r i~ t . r  iii, di’t ,ajl ed me’ .a e a a i r n - u t s . N ’w.-ll , -1 . 1). n rr i tt h)

~~ ~~~~~~ ~~~
-• ‘‘~~~~‘:. . 1’i.~ 

-

~‘uget Sound t’~ 
a se- i l t  s an cx . .- I lent i- ; ” - -x tun a LV to examine the physin ,el

dv n ei’iics a a ~~~~ i fjord—t ype .-~~t oat  l i n t  -a . t c n i  .‘ , - t  by i x  .- - hvatcr input along
s entire le -ut ~:t h. ~ s’ . era -h rh . ;o a t t  • at In p.mrt by the ~ ‘SA Pro~ e’ct is

oriented t o w - a l  al a ;u aai . ’r s t a r e d  ang the ~ 
- t  : - :  ‘ ‘- it’ll I y La ’  acco~~date discharged

w a s t e  ~ ,at . 1  we ghout ;‘r.’dnir luc h .stn’r.’u’-; a ’ n” -. ; ia~~i.  .- s .  One’ research emphas is
~~~~ been understand in ag the p t a’  ~-s o s  ~t bottom water rt ’nmewal and mixing over

• sil ls wh et , coat : ibute t o  the ellen tiva.’ f lushing 1:: the sound. This work ha.
• !~~ a . t t  carried out by tin e Pactt Ic )~a:i ne EnvIr .mn~~’nta1 k ar.atorv ’s Coastal

Physic s Gra ’ nn p .

Analyst c i  vcl~~c n ’ y. teaper at - a r . -~ and .i ’raak’x t evit’e- o~-acureacnts I Tom a
• vert ical  aria’.- c i tLi ’ntcQrS • P.ig, t ~~ - cur d during 191 — ‘ti nina we’d that mist dense

botto. water entered the sound :.- [ow sili depth at about fnrtnightly Intervals
associated w i t  t ,  icr ge t idea a,v.’r ti e- .-nL r .euce gill . Maximum observed current
speeds Implied excursions a.’xc i-dtng the Is’ngth .‘f the sound in live days, and
consequent r enewa l Ox Ie’e’p water ii: .d ’OUI t W a  w ’ -uk~~. During 1977 . observations
wi -ri’ made’ along the sound ,and in the Marmei ~’s. a shallow constriction at the
head of the main ha~ i.n “ tn t -c t  ing it to the southern ~‘asin of Puget Sound. The
result w.as .i descript ion of the e t ! ( ’ c t  of f lew through the N.-,rrows on the move—
meat of ds’ep w a t e r  through the m acit b as i a n . Observations w~ r- - ’ made along the

and In A dm it -i ltv Inle’t • t he’ ,‘uit  r au n - ,’ sil l to Puget Sound , from si~~~er
through fall t o  describe t eerther mixing processes over the sill resulting in
new deep wat .-r enter ing t hi’ sound .

Subsequently, the study was extended to Knight Inlet in Brit h (“ li~~~ia ,
a fjord—t yp e- estuary in which freshwater is  added primarily at th. head of the
h e i s t  . Contrasting the’ two I nn’ds will help in determining how the position of
freshwater input to the eaten - c r y aff~etxi c irculation. The first experiment in
this series was carried out joIntly with Canadian and University of Washington 
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oc . ’au. ’gr a; ’ ine - rs  during 5rO’:I :,- I  l’~77 .  The (‘-a ’~taj Ph ysics (roup made observations
c i  le e- and watt - r p ia - ; e ’r it ’s ~et and below sill ati -pt h at a number of b eat ions
Let ndw .at’ d .‘t t int ’ inlet ~1. rh~~~ data are being analyzed.

i l e t  Str a it 01 Juan do F~~a . t  ,at ~t s a-s st r ina t- w a t e r  for bet torn inflow to Puget
Sound. Utudcrst5endi ng the dv,eawics that control circulation in the s t r a i t
t h e r t ’fo : - contributes to the Puget Sound rese arch as we ll as providing a back-
ground for :exai l -,-s i s eat tin e r iska ast e’c 1 ,eted with n’l 1 transport in the strait.
Lu conjuncttern with the Pactie. Me~ ~tie’ Env ironmental Laboratory Deep Sea Physics
Group , a research pi.a~ r.cm began in 1975 with field activities in the western
St ra i t  ot Juan di’ Fuca. ‘No major I ield experiments conducted during fy77
v.- r e :  Led the dominant influence played by i’ceit ic storms in reversing estua—
r ine f l ew . p .atttcu l.e rlv ~iut ing winter months. For the eastern Strait of
hiatt di’ Foc i , his uric.at dat a have been analyzed revealing a large variabil—
et v iii local currents. Based em these re ce i l t s  an exten s ive field program has
heim p I.a:uncd t o  det ermine the seasonal t -ta,ange in a Irculat ion and the influence
0! we ather on t ide—dependent c e irret ira . During F? 78 analysis of data contin-
ued , .end c I  t o r t s  we’re t ocused on synthesizing the res earch results from the
Strait ol Juan de Fri - a into a technical report te a provide baekgreiimd for
i - : L ’ .Iil policy decisions. (Cannon)

:~rbuZ.”tt l~;~_—j ~~; it: ~~ :~ !ra

In recent investigations of mixing in highly stratified estuaries we’
h.ave. found that internal hydraulic processes, including the production and
diøsip.eticu ot nonlinear internal waves , are of critical importanc’e• . flair
tirst efforts concerned the mixing mechanisms in salt wedge estuaries and
t ocused on the nearby Duwamish River. More recently, the main e.aph~~tc has
been on mixing in fjords along coasts with large tidal ranges and in part icu-
lar on Knight Inlet in British Columbia. The innovative experimental
tet hniques that were developed for use in the Arctic mixed layer and in the
Duwamish River are’ now being employed in Knight Inlet. These are base d en an
auLoaati~- .elly cycling velocity and density profiling system and on a
mounted mast  supporting a number of velocity component measuring current meters
plus l ive pairs of temperature and conductivity cells. Each of the sensors is
m l  oil aced , .elcra g with a precision microwave navigation system , to a NOVA 121 1cr
computer , In add ition , a high frequency echo sounder capable of resolving
layering in the interior of the water column , thus yielding information on the
spat ial and temporal structure ci internal wave fields, is now a critica l part
o f the overall system.

Entrainment of seawater into the surface layer of the Duwamish River has
been found to occur impulsively dur ing the ebb. At this t ime the reach of the
estuar y in which the mixi ng occurs attain s its critical internal Proud. number
and the internal wave fie ld grows in amplitude until it produces sufficient
turbulence to destabil ize the pycnocline, causing the surface layer to rise
rap idly in salinity and deepen. Although internal hydraulic processes also are
important in Knight Inlet , they are of a different character. et s!re the primary
mixing events occur at an I nner sill around which several types ‘1 f o w  insta-
bilities are found . During normal and spring tide., flow over the sill beco es
supercr itical and an internal hydraulic jump develops. During times of neap
id.’s, lee waves form downstream c-f the sill. 8oth first and second mode non—

linear interna l waves form in regions of stron g shear associated with the major

flow feature s. Also large -amplitud e second mode internal waves form with the
breakdown of both the supercritical flow region and the lee waves as the tida l
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current star kens. These waves then propagate up— inlet and cause mixing in
regions remote from their source.

Future work in the Duwamish River will involve characterizat ion of the
mechanisma by which energy is extracted from the internal wave field and used to
in~rease’ the salinity of the surface layer. Additional work in Knight Inlet
will include quantification of the above’ mentioned internal hydraulic processes
and the development of theories t a r  evaluate’ the amount of mixing that is pro-
duced by each of these’. Also it will involve examination of the fl ow and
density tields in the highly str.et itie ’d region near the head of the inlet.
(J.D. Smith, Paul, Lee)

?~~~_Lab,d z~ , ‘n~, iya f~n o,I’ - ~ ~z. i~’-iz’ !c Ia: ~ . ‘t, :‘: Stre~ t [ ‘ed .L’,~or :~t

In deep, narrow, tjord—tvp inlets with copious runoff near the head ,
f reshwater inflow prod uces a surf act- s io p e -  and a pressure gradient that drives
a brackish, ne’.er-surt ace’ laye r s’~aw.ard; at greater depths a denser, salinelayer derived from oce’,en I.c t~~I t e C  ~ es lanidw ard,  We have developed a self—
consistent two—l.ny,’r re presentation et this mode of inlet flow , general ly
referred to as “estuaru’- c l r t - e i l a t l n ’ n . ” ~lu ’ approach is different from other
layered ana!s’sc s ia ~ t I -~i the ’ p ’ i’ . e i t t  model includes important effects of var—
iationa in mass density , channel width and depth , and also allows for turbulent
and advec t - ive ex c ia.ana ~ t ’ between the de’e’p and near—surface layers . The starting
point of the analysts is a act of equat ions expressing incompressibility and
conservation of mass and horlzonr.i l momentum in e’.-ic h zone. Transfer of mass
.nnd momentum across the t nt e’ rt act’ between the layer . is parazsetcr lzed by two
interronal exchange flux rateo , 

~~ 
and Fd, representing the upward and downward

rate of fluid flow per square meter of interfacial area. When the time—averaged
mass density variations can be estimated f rom field data , then the flux rates ,

and 
~
d, can be m t  erred entirely (rca. known car measurable quantitites. Two

integrals of the motion are ii~~~diatelv available ’, and the mathematical problem
is reduced to solving a pair of nonlinear equations for the layer cross—se icana l
areas. By way of illustrati on , the procedure is applied to Knight Inlet, a deep ,
stratified fjord on the Pacific Northwest coastline.

in addition, the method was applied to eatuarine circulation throughout a
portion of the deep inlet system near Kitimat , British Columbia. The channel
system conra i~ ts pr i nc ipall y of two major ~‘ansage ways which are interconnected,
and which therefore have interdependent estuarinc flow . One begins at ito land—
ward end with Litimat Arm and cont inues as Douglas Channel, with Kildala Arm as
a side channel of Kitima t Arm. The most landvard segment of the other major
passageway is the deep, remote fjord called Gardner Cmnal which continues ulti-
mately as Verney Passage , the latter dividing to form Ursula Passage to the
south of Gr tbell Is land. These two major passageway. are connected near their
landward ends by Devastation Channel which bounds Na~kesbury Island on its
eastern side .

The overall objective of this phase of the project was to con~ truct a
numerical model capable of representing the major features of estu..rine circula—
tion throughou t t ine n~~lw ~~i k , W a t a n  movement In deep and narrow inlets such as
those considered here is generally characterized by two mode .: tidal motion and
estuarine circulation. The c’stuarine circulation mode is usually as.eaed to be
superimposed on the tidal motion, and that assumption was made in the present —

analysis . However , f l ow features associated w ith the interaction of t ides
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and Ini  ~ ‘ t bat h~~ .e ’ i t  y ha~ e .tnc tr~por t int c c i  luence on dens I iv distribution ,
win it ’h in t im is an 1c~p . t  uct t ,te: tor in estuarine circulation.

a pollutant La :tctroduced ,at a steady rat e into a lucjl segment of one
01 Ic inlet COmPCfla,’Fnt ~~. then ,t?4 ,t COflSea n ,- n t . e of upw .ta d and downward mixing,
as we t 1 as tie,a t  i~~onta l  ad’~’ ’ t io’n , Cs t r t  ~r tIc. -  ci m actat ion will distribute the’
po li t ic  i t i t~ $uhst,ccice throughout the c- itt I rt inlet network. The steady—stat e dis—
trib uti~”n of .c hypothetical i’otluttng substance was determined numerically from
the i’~’su~ ts ot the present meda’ l . Specifically, it was assumed that the pollut-
ing source was localized in the.’ upper l.~’;,’r 01 Douglas Channel (i.e.. near the
e t .~ nr .I end ot t~c. ~~~~~~~~~ i”nt~ ca lcu lat ion  illustrated the fact that estuarine
icu l titan tends to Ji ’ctrtbuie dissolved and/or suspended substances throughout

the cot ire network .  M c i  .- ,vor , t in ’- l a s s  at rat i ied the system , the greater the
c’tnc entrations of pal m t  n u t  in distant re’ac } ia’s of the’ system. (‘Winter; C .E.

Pt .trson , I)t’pn r t ; - a ’nt ot A ct - n- ,utics and Astronaut ics)

.L :,c : t e  .‘ ~e?r~a -’;t (,.,rr; ~~ -, t-t4 . C ’ t ’.. ~‘ zz ’ - tr.. i )1..’ J~J, : 1 :~~. ‘~-i ’’. t- ’’:~~~.~~t, !r? ‘

in the recent past . ~~. -arson and W inter  developed a n~~ numerl ,al procedure
o r computin.~ periodic tidal motion in deep es t uaries with co mplex shorelines

and irre~ u1ar bnthvrs’tric Cont t~’urat ions. The starting point of the analysts
i.~ the ‘~t andard set ~f vertica11y— irui.’~ rated . time—dependent equations express-
ing ~‘ons -rvatIon of horizontal momentum and mass in two horizontal dimensions,
x - cad y .  Boundary conditions are specified along the shoreline boundaries,
across the mouth at the estuary, and along other open boundarir~~- Since the
mot ion in the estuary is assumed c -  be periodic, the dependent vari’* les (water
a n r t , a c e  height and depth—averaged velocities) are Fourier decomposed. Conse—
c4 ue nt ly, t he t ime—dependent equations of motion are replaced by an equivalent
set of modal equations, with only x and v as dependent variables. To clr .’umvent
id e coupling between modes arising from the Fourier decomposition of the aofl
inear terms, the latter are treated by an iterat ive proced ure. Next , t e

h &n d im v value problem consir.ting c~f the modal equations and apprcaprinte boun—
darv conditions is rephrased i;-a terms of an equivalent variational principle.
The variational princ iple is then used together with a finite clement method to
solve for the unknown variables . i.e., the coefficients of the Fourier series
representations of the’ fri’, surface elevation and the depth—averaged velocities
throughout the estuary . The actual space- and time—dependent currents and
heights can t hen be reconstructed by Fourier synthesis.

A simplified version of the procedure , similar to that reported by Jamart
and Winter (1978). is used to compute the barotropic tides in Knight Inlet and
the results are compared with av ailable field data. Xnigl-.~ Inlet is a rather
strongly stratif ied fjord and it appears that a significant portion of the baro—
t ropin tidal energy is extracted through certain internal mechanisms associated
wi th  the f low ove r the sills (Frecland and Farmer, 1979). Notwithstanding this
f a c t , the model results agree fairly well with measured tidal f1 ‘w patterns. In
particular , It. Ia shown that the observed phase d if f er ence can obtained with
a si m ple “frictional” term , regardless of the nature of the actual dissipation
process. (Winter ~Jamart~ )

T ~11~ 4 ‘ :‘~ ~ ‘r -vutr-2rt :‘ ~.i S.~-!ir’ont r)iepe rr~ 1 ~P1 the Wan hi.ngton—O~~~n ’n C~u28ta l
Zone

Re search on the transport of dissolved and suspended matter such as
pollutants , nutrientq , pianktonic organisms, and sediment in the Washington
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coastal region I~ being .~~nn tinued. The ultimate goal of the program is to
provide t e s t e d  predict ive’  models to c~ .ei ,ac terI,~e the current velocity field
and the associated movement at matter iii coastal regions of the Pacific
Northwest. Ef for ts are t & n , -u~~eJ on the fo llowing areas:

I) Implementation of ,iu interdisc iplinary study of the effect of
a broad canYon on nn ,ac t ,c l  c i rculat ion and on shelf—slope
exchange ; r o n e ’ .’ne’s .

) Analysis of d a t a  f r o m  a sim i l a r e~~,’riment performed in the
vicinity at a r e l a t  iv r l v  narrow - -~anve’n.

3) Analya l:’ of l.tta collected to investigate’ the existence of
a cc c .ist& 1 jet  en the Washington sit. ~f during winter and spring.

•.) Application of — nt bottom Eknsan Liver model to transient
bottom mixed Lav .— r s scacl i  as .‘, c c a r  during :nt o rm.s .

5) Developmen t at  a more- ge n t-te l t int - c r y  for the Interact ion
between wind waves and t ida I nut ali t 5.

6) Compl. t ion of theories for bed load and suspended load transport
of sediment.

1) Furthe r examinat ion of in- alice -i at bed forms such as dunes
and r i ~c p l a -s on t ine’ :‘e’dtment transport theories. (Hickey , J.D. Smith ,
Ci ai . t -  . Reck , t~~- t a r , Mac Inteash , lee , P aul, Rip ley ( Bock, Long))

-
~~~, ~~‘: do ~~ ;,~~ j .:.: ~~ , ‘ .‘ , ~

:- The objeative of MATI I:. to develop an underatanding of the e f fec ts
of th e- temporal cind s~’at lal f luc tuations of the an - ,’anfc index of refraction
on .acoust ic transmission — —  iii p.cr t i~~ncIa r , to  understan d the physical mec ha—

-: nisms involved In the forma t ion ot  imiltiple ,ucc c nnst 1 -  paths. The experiment
incorporates a l . i l . i l Iceej progr.an of oceanographic and acoustic measurements
and theorec t~ .al invest,ig.acions.

The past ye-ar has been dedic.nted to analysts of the data generated dur~ng
the field experiment which was conducted during J~mc and July 1977. An
enhanced inverse t ittering technique has been develo ped for determining t e
arrival t imes o~ pulses within the received acoustic signal. The main ad tn~
tage of this new tt’cllll la4 ni.- is t ) ~- a t it Ia not prone to arrival—time a.b~gutties
that are o f t e n  b resent in the’ more c’omsonlv used techniques. As this method
is further developed , it will he used to augment the maxiu—likellhood multtple—
path sep ~er .at ion technique developed earlier in this project. The moore d tempera-
ture saeasuLementti, conducttvity—teaper.;t.ure—depth (CTD) profiles, and data
collected dur ing level runs with the Self-Propelled Underwater Research Vehicle
have been analyzed and compared with internal wave theory. A modified internal
wave model has been constructed with the use of these data. A new experiment
is being designed to directly measure the ef fects of finestructure. A few
modifications to the MATE electronics will be made before th. experiment is
conducted in FY 80. (Ewart (Reynolds))
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U. S. .ac-ede’mic end gove rnment nl laboratories desi ring to conduct ce rtain
t ypes ot marine sci enti fic research on th~- continental shelves of other
c ountries h ive bt-e ’~ required since 1964 to obtain permission from these coun-
tries. 1~~t- na ’ca’ssity for seeking permit.sion , however , is being extended to
include greater areas and additional kinds of research. Arrangements for
,‘le.arance have been made through private and governmental channels. At
present , the State Department is responsible fetr processing most clearance
requests . Uowever , act ion by l oreign governments sometime s is unduly delayed,
ca d t in  e’vennt u al d~~- Islam m~iy in- n u n - I  ear. Ti’ plan cruises , operators require
knowledge of pr ev t t t ts  t’xperiemcc , but no comprehensive’, central file exists ,
and no analysts of the situation has been made in r e c e n t  years.

Thercfare~ t t  is proposed to review , su~aaarize, and evaluate information
on clearance events since the beginning of 1972. Information will be obtained
from academic and government sources. An analysis will be made both of the
impact of the restrictions resulting from extended foreign jurisdiction on U.S.

— marine- s c i e n t i f i c  research and ot the implications a n t the accumulated experience
far the t uture conduct of marine scientif ic research o f f  fore ign shores.

A t present we are accumulating and evaluating information from the - Insti—
tuttons In the academic oceanographic fleet. Failures or near f~ llurea to
obtain clearances are being assessed in light of future ocean policy. Present
~rohlems with clearances are being assessed in order to develop guidelines for
better procedure’s. (Wooster , Mealy)

P~i~~~~ t Sc .~:d: ~~~~~ - ; t ~z; ~:, - ~~~
‘ the ~‘‘ifl h~ re W1t em W. wh ~~ :; t-. - ‘

~

Pu~.-t Sound has been subjected to considerable oceanographic study,
hut no attemp t has been made to st~~~~rize and synthesize the results to
~lve ~in understanding of the Sound as a system. The importance of proper
planning for the future utilization of the Sound has been recognized , and
good planning requires such a synthesis. Thus more than 40 oceanographers.

— inc lud ing 25 from the Department of Oceanography , are collaborating on a
book to be entit led i~~;.’t : ound: )c’eanogr~ph~i of the Inahor~ Wate ra of
W e m ~~~~t~ n. It will be published by the University of Washington Press.
All aspects of oceanography are being sumearized and synthesized ; overview
chapters will integrate current knowledge to provide a picture of the Sound
as a system. The treatise, with its comprehensive bibliographies, will serve
as a basic document for scientific studies of the future and provide background
information fundamenta l to demographic regional planning. (Coachman. coordi-
nator; Richards, Henry, editors)

/4n”i’w Sediment Ltb i~ ry

The recently developed curatorial program cooperates with other oceano-
graphic institutions in a national program for the exchange of marine geologi-
cal data through the National Geophysical and Solar—Terrestrial Data Center at
Boulder , Colorado. A Sample Data Information Systam has been implemented on
the Department of Oceanography PRIME Computer so that data from the sample
collection is readily available.   
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Th in I t t v e ’~.t ig e t  I n  ~~- e-i ihe- . i~~int-d t n  de termine the fate of dredged materials
after ~ .p- ’ .aI at  U.S. Army Corps at  Engiiiet -rn designated sites in the vicinity
0 t hit ’ r var mouth , spec ii i t  a l l  y w i n e - m m , wht’ re , and at what rate sediment moves
l i on  the t w t ,’ t ~ td , u l d e l t , e , s I t e ’S A amid F , .‘tnd from Site 0 at the mouth of the

— t oluebja River.

Coapi.- t ion at  I ~n I i t  St  t wi - e a m  - - i t the program has shown that it is
- - m • c ’gn i ;. • disposal s it e - s  n - c  liv th. - ( a T t n  of Engineers over some

decades , both ~ . e t  ii~-nne m rica liv .eiitl t i n  - ngi~ it.- use at textural and mineralogical
pro per t  it’ I the dl spai-ie’ct s e a t  inc- l it  . The natural sediment in the disposal sites
has a mean diameter at  I ’ll t o  175 rn , t a t ’  tifl’ the two populations readily distin—

n shah i t - . St reu1~ ~- m t t  n t  t -  l i i  a n  :,  n clogy between the ambient sediment and the
dredged material a! ~~~ re - - -~n u i t  liii ~~ t t h e -  dispersal pathways of the dredge
spoUt. .

Duri ng t he - pa : v e i n  (third), the I le .1d program was confined to monitoring
the (Unper ,c i amid .~- .et i ii c hamngt ’s in t In dredged seei imei’nt deposited at Site 1.

(of f the ni~-rUi j e t t v  ,ent ~1 .;t S i t e  ( ( 1975  experimental one—time disposal south
of tie south j.’t  v I .

The t ’s S  - ‘ a • - - - follow” :

1) Th1 - s i  .~t’ dl in r ibtit ion i t t  ‘a -t i  i n c - i tt  a in the c - t I intl- v and on the
outer jd,el del ta  was  determined .
Dredge mate r ia l s  p laced  em S i t e ’  ( and at other s ites on the
outer t idal delta ire stable , showing little or no change
with t ime .

I)  I~red 1~t’ ma t e ’ r i o  is  p 1 - e r e c t  at  S i t e -  E Just west at the north jetty
,are’ eroded during winter storms . Three pathways of transport for
th is —ni t  i t  i- I !  arc Ide nt it  led .

c -
I The highest t’attom current velocities at the In—river disposal

s i te  ( S i t e - U) a~’rcir during flood t ld e ’~~ w ith flow generally to
t he north and c- - m t .  This suggests that sed iment movement in the
north channel is in—estuary with a component of movement toward
Bake r Jt .ey.

5) Bottom current speed and direction at the river mouth are closely
related to the stage at the tide . (Ct-eager (I’.orgel4, Walter, Roy))
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; ~f r’: P~n’ing Sea

Approximately 3000 km of m m m i t  i-channel and single—channel a” mic rieflec’—
tion records were obtained in A’i~ u~ t 1978 from the Norton Sound—Chink-v Basin
area . These data were collected as part . ot the first U.S.G.S. resource assess—
ment cruise in the Norton Basin. Areas of the sea floor exhibiting anomalous
acoust ic responses were more widespread than previously suspected . The CDP data
show conclus ively that these zones are characterized by low compr.asional

‘
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vel ocities; tlit’ most obvious explanation is the prest- mice of bubble—phase gas
in the near surt,ms e sediments, The data are being analyzed in an attempt to
determi ne the’ type and source of gases involved, and the horizontal and v e ’ r t l —
cal extent 0! these acousticall y anomalous zones. (Holmes , McCul loh, d ine)
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During April—Ma y 1978, 72 sonobuoy retr action profiles and over ~,OOO km
i t t  multi—channe l (CD?) reflection records ~~re recorded from the Southern
California Borderland. The dat.t were obtained as part of the U.S.G.S. Resource
Asses ont’nt Program , and .il so to evaluate possible IPOD—DSDP drill sites along
the ’ ca liforn ia continentai margin. Based on a preliminary analysts of the data.
tour drill sites were selected and ultimately were approved for drilling by the
h I’0~~DSN’ site safety panel. Three holes were drilled in November 1978. The
drill dat.m and geophysical re cords are being used to Interpret the ~‘eo logtc*I
his t o ry  of this complex area. (Holme s , McCulloh )
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A s t u d y  has been underw.tv in Port C mrdner , Washington, since 1973. The
wor k i5 an effort c, obtain biologic.ul and environmental baselines before large
pollution contro l changes in two sulfite pulp mills discharg ing into Puget
Sound . The baseline observations include dissolved oxygen, sulfite waste liquor ,
nutr ie’nt ions , and chlorophyll -;. Sampling with nets is done for woplankton,
fishes, shrimps , and crabs. Monitoring is conducted to document major changes

that mi g ht be related to changes in mill operations.

The reduction of mill wastes has been documented from industry records

~mnid t r om samples in Port Gardner. Changes in catch per unit effort of the
cosrie’rcial English sole fishery have been documented . Baseline sampling fs

continuing. (English, Kisker , Roetcisoender)
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PROBES is a multidisciplinary and multi—institutional ecosystem study
of the Bering Sea focused on the abundant secondary and higher leve l fauna
of outer Bristol Bay. PROBES physical oceanography studies are complemented
by the 8—BOP study (p. 55).

Physical oceano&raphy studies: During Phase I of the PROBES program,
findings in outer Bristol Bay include : (1) There is no major current ; (2) the
area is a major tra ns ition zone between shelf and oceanic source waters ,
deaarked by two fronts. Cross—shelf property fluxe s are affected primarily
by ; “lateral diffusion” def ined to include tidal scales; and (3) in and
between the fronts there is an extremely rich fineatructure -— a manifestation
of multiple—layering of the source waters. Cross—shelf propert y fluxes are
physic al ly related to the fine structure ,

During Phase II. a model of cross—shelf property fluxes has been applied
to five sets of data from the transition zone. Horizontal and vertical eddy
coefficien ts were determined and .-mre now being utilized in a computer model
as the basis for the nutrient fluxes, which in turn will be coupled to modelsr ~ of other stages of rn-ass and energy fluxe. in the ecosystem.
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Futu re PROBES research wi l l  inc lude :  (I) experimental werk on the fine—
structure using a profiling current meter; (2) study of climatic conditioning
of the temperature of she lf water , wh i ch can be markedly different in different
years; -end (~

) studies c- c t the wind c - f  f e . t on the imsediate surface layer, and
its et fe’ct ou th e -  leaf ~~~~~~~~ fa~-~’ hv o— nut ,

~~~
e ; - l aiukton residing there. (Coachma n,

Tr i pp, Darn.ull )

A~~oust ic ~“e~ - - - .~i.- I 1s : ~ t ev i o us ly ,  a q c t . w t  i t. e t  t v &  acous t ic method of
- I .  8058 Ing the z ‘p lank ton Ic and sound—sc ‘itt c r m y  organisms was evaluated in
Puge’t Sound. A compar I u~ ’t i  betwee n net and i - n u t  ic methods of assessing
at anding s t -  k de ’nionut r e t  ed that the . * c t u ’ t  Ic method provided speed and detail.

The }‘R&)BES Let a c o l l ec t e d  du r i n g  t h e  P078 ivld work aboard the RIV
T -ri~ z~~~ provide d the ‘ I rs t  real test ot a qu anti t at ive acoustic data acqui-
sition syst em de’signed Lu c’Onsus I ishc,s . mie’ronektein , and macroplankton
cent m uons I’. In t he. upper ~OO rn of he water col umu . Results in the field
in dic et e that the equipmt’nt sill probahi’.- become ui extremely useful tool in
c t i ~~~~Ct l h  in g  t u “ rca I —t cme ” d s c ribut h uts of c’rg.eIi i unu which heretofore have
usual lv t utein d heir s - c ’ .- i n to  repel s ra’nths or vt - I rs  after cruises have been
compiete-d. ~he-,.e ’ ~uant  i tat  lye ’ ~~tln.ct c - . are u ta L  1st ically comparable to those
obtained by net—haul me thods when the target organism ’s acoustic characteristics

‘ are’ th’funed . In addi t  ion to  t1. ’ dtret -t acquisition of data, the system can be
use d to  dot  c t - f  var i at  ions in the dist r Ihut ions of  ‘‘rganisma that are of assis-
tanc e’ when t lie ’t e i a d j~ ’c r e - i c ’  depth samp i ing Icy nets. The promise of results
of thi s kind is the ability to  plot ti eld s c -el various particle sizes (copepods,
euphausids , wall ishc ’a , l.ergc tishet;) for compar1.~on with other infor~~tion
now rout i n - t v  .enalv ,cd in r . - a l— t  irne on mialt idi sciplinary cruises. This means

-: t ha t  f ew e r , car t ’t u l ly  se ’ l t’c te d ut-t t ow’. w i ll probably suffice for identifying
t r~~.’t spec i e - ’ . or associat ions , reducing some of the need for the very labor
tnte~ RIve ’ “sortinr~ cent ers” which presently proc -eM s the mountains of material
(OllLc ted at sea . (Macaulav , English ~Wallinc))

c’ ‘:tinc ’’:~ai . ,;- ‘°  

~‘::‘~r,Y’~~.? :~- ; j - -~ . • c  ?~~ ~

t I c  OCSLAI’ ~~T - cram Is sponsor eel by NOAA ; the objectives are to (1) p —

v ide ’ comprehens I -.- . , rc>ntueut.a l ,cn’.l biolog~eal ,1.et ,u and information o • the
Alaska outer cont tin -u t al she l f  lease area; (2) de f ine the probable ecological
impac t of oil cxplc r.-ctio n, production , storage , and shipment on the outer
continental shelf ; (3) c t  Inc he’ undet at  i t i c l l i t ~ cit key (ecological dynamic
p r ct’sses; and - . )  provide a 1 i s is  fo r  z ; r:’~ i’i predictive or dia~~ostic
mod,’l~~ of the ecosystem response to loading by petroleum and petroleum by-
products.

Nort~ n SoundJChukchi Sea oceanographic ~~~ocesses : Studies of the Bering
Strait region . Norton Sound , and the Chukchi Sea are continuing. The principal
objectives arc to (I> describe and understand the fluctuatit as in northward
f low ; (2) describe the major flow bifurcation west of Pt. Hope; (3) define
th e ’ t e m p  ral and spatial scale- s import mt in a dynamical description of the
system; I,-.) ci.’termli ic’  t h e  circul ation i.n the reL;tively shallow Norton and
Kotzebue sounds; and (5) determine the relationship between the rtheastern
(N—COP) and southeastern (B- ti’)!’) Bering Sea oceanographic regimes.

The general hydrography and circulation of Norton Sound, based on three
CTD surveys and current meter records for various periods of t ime , has been
described in a Technical Report. Circulation in the outer (western ) part

_ _ _ _  JI~~ ~-‘i TI~T~~
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of the sound responds closely to the regional transport through Bering Strait;
when transport is north (usual condition) circulation in the outer sound is
cyclonic, and under conditions of south transport water is backed up in the
sound. The eastern sound is isolated, and the water beneath the seasonally
warmed surface layer is artifact from the previous winter.

Eleven current meters moored from September 1976 through early st~~ er
1977 were recovered from locations south, in, and north of Bering Strait.
The records are now being analyzed , with the objective of determining a
dynamical explanation for the transport between the Pacific and Arctic oceans.

Five current meters are presently moored between Norton Sound and Bristol
Bay, to be recover ed in suu~aer 1979. These r e c o r d s  should .iid in determining
coherence in oceanographic phenomena over the extensive eastern Bering Sea
shelf . (Coachman, Aagaard, Tripp , Darnall; R.D. Muench, Pacific Marine
Environmental Laboratory)

Bristol Bay oceano&r aphtc proces ses: Through analyses of the extensive
current meter , pressure gauge, and CTD data already collected under this
program (B— BOP), we hope to improve our understanding of the hydrograp hy ,
circulation , and dominant mechanisms driving the shelf sea regime of the
southeastern Bering Sea. Specific attention will be directed to meteorological
f orcing of shelf flows, f orma t ion and mixing of large scale density inversions
found In the Interaction zone between the two major water masses , and formation
and significance of the front that separates coastal waters from the bulk
shelf water.

A major front separating coastal from shelf water , which (‘leJsely follows
the 50 m depth contour , ha.. been described around the perimeter of Bristol
Bay. The dynamical explanation is found in the balance of tidal and wind
mixing energies as functions of water depth. The significance of the front
Is an inhibition of cross—frontal fluxes of water properties, thus to a
degree trapping materials introduced a1on~ the shore to a narrow coasts
band . More detailed studies of this front are in progress.

The transition zone of outer Bristol Bay throughout which the shelf
water interacts with oceanic water offshore has been described . The zone is
bracketed by two fronts , which inhibit cross—shelf fluxes of properties , but
between fluxes are significantly enhanced both laterally and vertically by
the presence of much finestrueture in the water columa. Water motions over
the who le bay have been found to be dominated by tidal currents , and the
long—term (net) flows are extremely small. The data are being further analyzed
to determine the nature and magnitude of the effects of storms on advection and
mixing of the shelf water. (Coachman, Tripp, Darnall; .1.1). Schumacher,
Pacific Marine Environmental Laboratory)

Gul f of Alaska aesoscale oceanographic processes: In a study of the cir-
culation on the northern Gulf of Alaska continental shelf froi ‘ v Bay vest to
Unimak Pass , the following as pects are being stressed : (1) 1oni~—she~ f van s—
t ions in mean currents and dependence upon shelf break circulation; (2) cross —
shelf variations in mean currents; (3) coherence of long— and cross—shelf
current f luc t uation s over time scales from diurnal to several weeks and over
length scales from 10 to l0~ ka; (4) dynamics of the Alaskan Stream , with
emphasis on seasonal variabili ty and stream structure in the region of intan—

~~~~
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aificatio n o f f Kod iak is land ; (5) dynamics of tides , in particu lar , wave

_ _ _ _
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propagat it t  along th. sIn~lf .ind sut~l1L t - i  .~i..- ~ f t e c t ,  in restricted regions
suc h as lOW e -V Cook lit Ic 1; and (6) t n t  & r a t  ~n of site I I current with bottom
topography .

Moort -d cur t- cut meter , CTD , Lagrangian dt ifter (both satellite—tracked
d r o j ~u~-s tiid d r i t i  cards) , and meteorologlc.i l data are being analyzed by
app licat inu ut ph ysical t henry. Analytlc.t1 t e & - hnlques include rotary and
1 t t te . t r  (u .v ) 

~~~~~ r a , e -ui 1 t r  I t  .t l  ‘r t ’ t ’ i n e l  t unct ions , and water mass analyses .
— Emphasis Is on dynamic al int rpretat ion ot  the I ic id data. Same of the field

work intl .rna 1y~~t-s ot da t a  have nOL lit~en completed .

SpCCI i Ie  rcsu 1t~~, some at whi ch are preliminary, include: (1) definition
of long— and t - r ~ ~ —~dt c i I  I low aLt u- t u rc n  of f icy Bay , including spatial current
t- rcncus and w i i td— t -urrent - i iczeiu - e - ;  (2) det in! t ion of mean flow patterns in
lover Cook Inlet and through Shelikof Strait , includ ing derivation of longshore
s lope cau~~cd by ~n- A1a~ k.m St r~•tun as drivi ng mechanism; (3) field and theoret—
i c a l an.t lvses of pa r t Lioi i tn,~ ot  -n. - i  gy irit o baroclinic and barotropic modes in
the Cult ot A l-rs ka Subarctic ~vte ; k. ..) dtf l n i t  i on of seasonal and shorter
pc rtod ~ ncr- cut f lUc 1 nat Ic its I tie r - c a I— r . .i r c~e1r rc t r t  re ord off Icy Bay; and (5)
Idcnt it irat ion ot 2 and i—i d .rv period current signals coherent for several
hundred kil ete- r~c longshot-c a lt  Kodiak Island . ~Mofje].d LShayl; R.D. Muench,
J.P. blabs , J.D. Sd t t t i . R. ~~~~ ; .  l.~r~-e r loct , P.u-ific Marine Environmental
Laborator’.)

Tr.1nz~iei rt c it sorbed j ut  roleum t ry d rc i . - .ri-bons in Cook Inlet,~ Alaska, and the
L)uwsrni sh Ri ver, Wash I i~~j t On: Bec.oist I the hi ~~~ c -oncentrat ions of suspended
sed irnvn s i ~ cook in it.: , LIre -  t r u t  ~.port c i t  petroleum— like hydrocarbons by this
mechanism may be significant. To t r s t  this hypothesis , relatively large con—
central ions of  stispended matter ate being rec t ’v e red  and extracted for
hydrocarbons. The presence cit  crude o il  i~ being doct~~ nted on the basis of
n—alkane and aromatic compound patterns as well is C~~ isotopic compositions.
Concurrently, suspended material t ram the i)tj’wamish River is being analyzed.

On l y  a iou -.amples have been an.alv .t-d to d.ite. In both environment-
planktonli- hydrocarbons end t e r r e st i  tal plant waxes art’ dominant in the —

elkane f r i c t  ion . Isotopic an~ilyse”c have not been completed . (Cline , Fec ly
(Hamilton))

Labora t ory experiments are ~ur rently underway to quantify the behavior of
crude oil toward suspended detr i tal  part ic les co lle cted in cook inlet. Vari-
ables being investigated include temperature , salinity, particle chemistry and
morphology, DOC, and the composition of the oil, particularly the concentra-
t ian s  of surfactants.

Preliminary da t a  show that up to 1OZ of the particle weight is accowdated
oil. There appears to be no fractionation of the n—alkane. fraction , ot her
than the normal loss of volattles. The results have been modeled; the model
conforms to a model similar to the Langmuir- isotherm, although the process is
not monomolecular. (Cline , Feelv)

Anthrqpo~trnic and natural low molecular vei&ht petroleum IL) rocarbona
in Cook Inlet and Norton Sound : Previous surveys have shown that the waters of -~ 

-

upper Cook Inlet can be characterized by unusual concentrations of thW alkanes
and aromatics. Field studies this year will focus on the application of g .e. —
m .s .  s pectro scopy to real-time measurements of 111W aromatic hydrocarbons,

C -
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inc ludin~ ben :virt’ arid C 1 ,m-.l t~~ - u t s t  i~~u . - a  benzenes . The so urce of these
h ~~~~ i t ! - - : - - tiso wil l  be Inv est tgs teu . ~~ - v k  Is c ont inuing on the biological
input c i t  111W a l l phat ic& in ~,it -he t,ik Bay , a rut r ’p h i eml-’avment in lower ~sek
‘ f l i t_ i

An I tcIma lo r is  gas - . .- ‘ has - , -en di ~~ ‘ c ~ ’ 4 . r ( . ! i n  Trsd1rc~ Bay , t hr location of
the Ms -\ri it nil t ie ld,  The -tssemb1 .~’d of - v I r  a: ~- - ‘:• is largely alkanea ,
a~ith trace amounts cit  ( ,f l s , it r i r . t t,- - .. itt .,

~ 
- 
‘ n.t~ - Ic e.- , the reverse Is t rue , —

.- f 1ec ~ is,~ the import s . ~ - - ha - ’lo~-ical .i r lvii v in yeni r~it1ng 111W olefin ..
(Cline (Ka:zJ)

L - -
~~~~ Cook m l .  so t .-1 l . tca r& t. -n : Kn ’u L.’ii~ ‘ cii t hi- quant i t  ti lye temporal

and -~;.: tal C Pi .c :c r ~t- .~ -i co~::t - a t  -ii 1n l I. . ‘ I t :~~’ habIt ’. - - ‘ dominate marine
or ..~ t n t c . - in he Kjmi~ h .r a~.Iy a r. cf Lower too k j , - t  j~-. ne .‘‘.c,.irv f t c  evalu—

.‘ the sens it Iv - - are.. tha t may be I 
~~

- ;  - - t cc 4 by ;u’ t r i  eum development
a -  c c h l e e  t ives of this p r ot e c t  ue ~o ( I)  :c - crihe the (s - rnpcc y- .,I dynamics

o ’ the earl  v l i f e  hi ~.t o rv  at. . cos  of impo r tnt f t  - t u - ~~ • shr imps. and tabs at
- - . -t’ . i t iC  si tes;  (2~ eVSIUJte t i c .  timing and u’~- c ’ t  s j . e c  i f ic areas by t i t l e  -ui
l i fe  ~.i r~;.s e e l  f ishes.

gto lt~ a s urv .ys  ~~t i .  have ;er. ’v i~1.’d species l i s t s  and general informs—
ton on the re t i  jve~ abundatre e irid dl si ribut ion i f  import ant marine organisms

-. e r .’ analyzed as an aid in i- lsra:r in c the field program .

Dr St r a he r !  ions ci t  .,i’ ct icLerc . of early li fe hist ory stages of fishes , shrimps .
: 1  cr tI~~ h ive - ‘- “i -n  plott ed for I - c i t  se ’s. -I:s within one year “ l i c e  t ions

have heen made :rc’m spring and cu~~~er of an addit ional year. (English , Kl~.ice -r,
Roe:- - i . - -- ender , Daly . Legaciet

~~ .-; 
~
, - :‘a - ,3 ~~~~~ 7% ‘~~ -s -”-:’ ’

rh.~ ohJe’.tive of IKI(FS i c  :- identif y ;ccitentjal environmental imps
problems to 

~~
.. 

~~~~~~ 
- t - .! t rorr coemcrcial—sca~

, mining c~~f deep ocean ra
nodul. c . Baseline strid ies (Phase I) on exist ing environmental ‘ ~‘ndItIons y.-
qui t e - by t i e bi  - ‘~a 1 c a l . chemIcal , physical, and geological Investigation s
have - Noon compieced . Phase ii ‘~i id le s are cineetned with prototYpe raining
t es t s .

Co~~ e’r r L a I — c ~ - uIv ’  mining of manganese nodu les In t i c  t ropical North Pa.a’if Ic
is s-hrduled ii ~ce~~ii :n the 1980’q . f lc ’- mini n~: cv~~ten’, will gather nodules
fr- -rn :~ c.’ sea f l o or by -u towed collection c l t ’ v i c c  and t ransport the nodules
th r-~-,~ h a pipe to a c a i r f a t  rntning vessel. In addition to  nodules , bc’t t ’rr
w ale ’ , ‘. 4 - I i n c nt 4 , and !-. n~ i i c  b i t a  viii also be t ransported in thi” pipe and
these will be dt~ ch~ rc r - 1 into th.- surf -t o water af te r  s eparation of the
ncxiule”~. iae col ector -‘t i th r ocean 1 1 c r  is expected t. scour the to;) layer
of sed~~. ni arid wi ll di scar d --

~ ‘ ~~ th.-’ .e sedime n ts within tens of meters of
tho ocean fl oo r . thcro~’-. c le a t  ing a benthic ;‘himn .

~~~~ I 4 ’ - a - h . R  on the pre-nining condit ions in the ccimercial nodule
an i ng  tr ea have b ee n  sumeorrired and those e f f e c ts  that are potent ially d i rec t ’

ly d i S c  ernible h-ave t e r n  r !e’rr t I f t . -  ~A - lint - ii Memorandum ERI MESA—33 )
The I isli -c ’idi, r, lnvolv. -~ mea surements cit c e i r r . -~a r ,s. light penetration , sus—

~~~ pended rarti c.1ite r.,I r . pig rn t’ntc , primary p r c ’ cl ri - tlvitv biochemica l pat -a—
- ~

- 
meterc . ani tnop1 .ci-~ t --  and micronei ton In the upp er layer . Temperature .

- 
C - 

-

_

- —— -. ---- — 

~~~~~ “ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~ —- - - --



__-__ -~~~ -~~ 
- - -- — -- - --- -- - --- —- -----S ~~~~ —- —

sal initv • nut r i e n t  ~., and dIsso lved ~~ .vg -l1 c c i n t  i- ru t  w e - re ’  measured throughout
the water column. the - studies in the’ lower r.- .,tt- r column included -urr ent s ,
suspended par ticul ate matter , .end .acrozooplankton me asurements. On the
Sea floor, the benthic population and t r . c r a . t e ’ris t i c s  of the aedi ments 1and
pore watt’r were determined .

based on mi DIn~~ v~~~.el drscr ia r~ e- ~ ntJ sediment characteristics , predicti ons
of the dispers ion of tine pa rt icu late ’s , h e t t i  In t h.• surface layer and in the
benthic boundary la rd  , were used t c  i- s t  last ‘- the- t’xt~~nt of the mining .‘t hots .
Measurements of lt~~ht tntc nr~ity tac t .uspended sediment concentrat ions in the
mixed layer were t i - ce - i w i t h  ~~ c Ie l e d  -.ed iment eli s i t  ibm t ons to estimate reduced
light in te t u s i t i e s .  ; r - - reases In pri mary p r - l c c f i V l t y  resulting from l ight
reduction were then e~~t imated. ~ t h~~ i s  01 suspende.t particulati’s on biological
act iv i ty  .rs ide fro m li ght r e du c t ion  w . - i t -  u ser examined .

On the basis c i t  e s t i n . t ted  .iiaracte ’riti t tc~ cc i  th~’ mining discharge , t t ia
predi cted that there’ will I.e no dote- I lb !i- .,eIc 1,~cs in the temperature, saitnity ,
density, dissolved ga., and disso lved t ra c e metal content c u f the water s in the
mixed layer caused by introduction c f  min l :i. d is harge . Surface—sus pended
sediment I. predict .- 4] to be sre .Isur a 1 - r  to a trsta n - e’ of 50—100 km from the
mining vessel. It is .-st imated th.tt l ight r e d u ct io n , caused by an increase
in the suspended part. Icu i .tt.’ m at t e - i  luir ic e  t• .t by t he’ minIng discharge, will
result in a reduction ii: pri meti-.- ~roductIon close to the mining vessel. Calcu-
lations show that eaiIl.unc e m - r r t  in , r ir~. , r - . produc t ivits’, due to addition of
nut rients w i th  bottom w a t e r  in the’ mining disc’h..rge’ , is negligible. The he-nthic
plume will be measurable i c  tC f l’. c f  ~ l l omete r s  fro . the c o l lector device.

Our eat imat e s prior to at t n.e ~ i ir ing opera! ions indicate that there will
be no dlr- e’c tlv discernible i- ut  ge— s c s i . -  . fle t beyond 100 km ed ’ the mining
vesse l in the upp e r w a t c r  l iv i t ‘ fr om 4]e’ep oc e an mining i f  manganese nodule’..
Tb,. benthic Iaun.r i n t e r c e p t e d  by t in- collector will be destroyed ; h~~ever, the
area affected is small relativ e- t .- the potential mining area. A larger henthic
area will be af fec t ed  by the uepo s iti on cit  the resuspended clays and all ‘.

Phase II atudien includ e the mo nit oring c i  t we c mining tests , Apr1l —~ay1978 and Novembe r 1978. TL,-s.- $ r ’..-’.t I gatr na are designed to address several
objectives associated with ‘.tcc ’rt— tcr m near— field effects:

1) identif y ,mcl characterize the dt’whargc e into the marine
environ ment that or iginate from th e mining system ;

2) characterize the manner in which the min ing system interacts
with the seafloor;

3) characterize the temporal and spatia l dispersion of materials
from the discharges of the mining systems;

4) Identif y and charactsri7e aspect s of the mar ine  ecosystem
most susceptible to impact by the mining systems ;

3) characterize the i ediate environmental impacts imposed by
the mining syst em .

In addition , basic Information on the mining discharges can be used in assess-
ing the potentia l long—term impact of th. mining activity. (Osturgut . G.C.
Anderson. Burn.; J.U. Lavelle, S .A.  Swift, Pacific Marine Environmental Labor.-
tory)

L — —



~c~.;( ~ c - t t t  ~c r~ e~~t .cr~ . A- . a i isult c it  dat a col le’cted during Phase I , a pape r
c ’:c ib.’ ‘ ‘~aLer COla ’~n nu t r ient chemistry in the tropical North P~~ if Ic 1X~~ES
s lt ~~~ A, ~~~. an~1 C” has bet- c pub I lt~d. (J . .3 . Anderson)

Ri - stilts t r r  i !cast - II inclu.].- : N - i t  t en t  i i i  analysis cu t  water fr o. the
mining plume’ t-cit~~e’q,’t, 0.5 iuz a~d 1.0 km from the mining øhip showed that
t i c c i  high flee t r tent ion c c i t t  etiLrat icins of the- dis.~ h.irge- wat e-t iure’ i’t~SCfl t isily
d iluted he . u.~ r cognitlcin . This :e~u1t Is import. .nt as it was generally
thought that mitiiiu ~.: .e~ t i v i t y  wou ld t e  - a l t  in  a slgiict leant zone of upwelll ng .
The zone of hi ~~~~ n e t  I t e c it  ton con c - i t t  I-at tons ex is ts  in the imsediate vicinity
c it  t he mining nIt I p . e t u does no i” stet (~~t m e r e  t han an hour .

l.abor~i~ - T  , .ttu dies d~-~ c-rnine~d t h a t  bacte ’ i  ial g t . cu.- :  I ‘.- .es st imulate’d in
i t , ,  .- se-cw .itcr r wh i t . . mining toes had i re- c -fl added .

Sample . : particuiate Al l Item the mining plume indicated that the
- c .  ‘ c r14 , - u - t t ~~c.- i a t e 4 i  w i t :  c - mining f i ne”., which remained in the mixed layer
it ie - rea~ed in btomaa. for  it lea-cu r a day t e - l iow in g  d inc -harge . A ne’ t increase

[ o: viabl.- ca:i- - - ot sppr -~ : tn.it. - ly 3 ag C/ m - ~/day could be attributed to this
hot ,.rot rop t. i - n c , t  .- . This compares ~,- t  th a phet c c !  re i i c t -  rate cii 2 mg C/rn 1/dav
in ~he’ same atea. t R .J. Ozret i th , LA .  i r r e - t ich , W isega rver)

Su ~~~nded ,~~~ i t  t u l.ate ~~~~~~~~~~~~~~ This program was initiated to
aontto• the’ th ree—d1~~’nstc -’nal ~I-tspersal at parti c ulate- debris introduced into —

the surface and hot torn waters c i t  th ’ eastern t rop ical Pacific Ocean by manga—
nese nodule mining ac t ivities . Spec i f ically, an attemp t will he made to answer
the ~oll oving questions : (1) ~~at In the vertical and horizontal rate of the
~!e ’hris plume disperce.u1? (2 )  ~~~~~ is the concentration and composition of
material in the ;‘leeac ? (3) How ~~- c i g  dices the plume remain In the surface
mixed l . a v e ’r l  (4 )  Does the p ceern . material accumulate- at the pycnocllne? (5)
U w  is th .’ plume tr..utecl .ul :eac- -.~- -t from the ambient water ?

Prc lvu i : -a rv  . c i t e i v ~~1n of data f rom t I .  f i rs t  monitoring cruise —— spring
i ~~~ — .~ ‘c been co~pl e ’ t c -d. The ~al1owtng papers on the resu lts of this
r e s e a r c h  It~evc’ be -en published or are- i n  press : Baker , E,T . and Feely, R.A .
( 1~~ 7~~) Chemistry of oceanic psrr tc c .late mati ,-r and sediments: duplications tar
h t ’t ~~~r~ e- ’tment resuspie-oston. ~~~~~~~ 200: ~33— 534. baker, F..T. and Nevins .
J.a. (1978) The dI~~~r ihut1on and c t,;~nsition of suspended particulate matter
above the mang anese nodule i v iate ’  of  the eastern equatorial Paci f ic  Ocean .
P’ - . 0~fshore Tech. Coni. , 0TD—3l~~~: 2 52—2 5 8 . Baker, F.T., Feely , R.A. ,  and
Te ’sahs .- -i , K. (in pr - - - - Chemical composition, size distribution , and part icle 

,~b l - ~gy of suspend ed m u T t e r  at  l~ cMi S sites A , B , and C: relationships with
i~~c — e l sed iment composition . in Biachof’ . J.1 . and D.Z .  Piper (eds.), Mari’u~oZ-o~:~ ~r4 

- 
‘ c c’:- - :?~~~ ~~~ c ~~‘ 

‘ ;- Can ’ r-~’ i ~~~~ “~~‘ M2n~j a~wee Fi ’~h ‘
(s - - I .  taker )

;:~~~.c t of • j -t i - -
~~~

. — , .ne’te :w.dule mining test on the 5.nthic co anity:
The imp -~- t of p11 - ,  -‘ec~ai ’- tnan - .,n - se :ccdule mining on the dó.p—... benthic co *n—
it - .’ is heing invecti,. i T ed . r~- ~iment samples were collected, using 0.25s2 

~~~
cor’- ’-. , just prior t c- , Afld soon at i . - ’r , a prototype mining test in th. equatorial
i - ~- i(I~ . A ll macrofauns. a rc ’  h’-ing sor ted from the sediments , and the polychaetes
and isopods (wbi-i i - - c o t  her c- ” - l u”  over half the fauna ) are being Identified to
tpc c t ea . The- deg ree and p~~~,rn of the impact wi ll be determined by various
cotmcsinity analyses ~? d - i by s pat ial uuitocor rel at iv e techniques. (J uma r s (Ecknan);
K. Pauchaid , U .S. NStIOOM I II~~~CI5I .ind C.! . Wilson , Scripps Institution of
Oee.cn-~;. ~ :u~- h ’ .- -
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-
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Ic e S. Creage r . Ph.D. , Texas A&?I. Profe-c-sor . Sea - - l evel changea , recent marine

sediments, shallow—water sediment transportation.
WillIam 0. Criminale, Jr., Ph.D., Johns Hopkins. Professor. Geop hysical fluid

mechanics, .-ulr—se.a interact iej ns .
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JoIm R. Delaney, Ph.D., Ar 1 7 - - na.  Acting Assistant Professor . tp~.oua pettolo~’- .
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geophysics, global tect ’eei -s .
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Michae l C. ~tuatelay. Ph. D., W - e- - h~ ng ton .  )(e-c - .te. -h Associate. Biological oceanog-
raphy, hydro.ic ’u~ t ic~., zooplsnkton c t  logy .

Seelye Vt ~n, Ph. h. , Johnt-. Hopkin~e. Research Associate Professor. Geophysical
luid tvn .tn i • pr..j e ’ e t ie -s  of  :.e s i .e.

Thant- H. M. Cu l  lob , Ph.D. • U.C.L.A. Af t  ~li ~~~ t ro le s so i . Geology of petrolet ,
gc’ophv’, i ~ -ci pros~’e- . ag, out. inent.t l ~he f and .lo,e resources .

Dean A. McManua, Ph.D. , Kanaas. Professor. Geologic-al oceanography, continental
shelf sediments.

Ronald 1. Merrill , Ph.D., (- .altt. ,rrtia , Berkeley. l’rolcssor. Geosagnetisa and
pa leomagnet ism.

Harold 0. ) k t  )c ’ld , l’h .t) . . Washington. A f t  i l i a te  A ’o. istant  Professor . Physical
•‘o eanogra~’hv , t f t e ’r v and -h. . i - e  v t  Ion o~ t ide s , large t ime—dependent
mot. t. ’tt .

Stan l e y K. Murphy , Ph.D. , Washington. )rtessor . Phystoel oc eanography , under-
water .e -ou~e t  t o •~ , oct-au tu rhee le te .  ,-

James ~ Murray . Plc . ! ’ . , M. I. . - Woods It - I t’  Oceanographic Inst Itut ton. Assistant
Professor . Mae ~c~e ~‘ c- . - -~hc ’*j st ty , t r . ece  ewt .als.

Arthur K. M. %.~~t- l l, Ph.D., U. B. ( . besearch Ass i~~t ent Professor. Physical
nceanogr.tphy , turbul ent boundac v layer dynamics , sediment t ransport .
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nut r tent and gas cvc lt’~ in t h. ‘~ -a , ‘xy~~i~te-- t e t  Ic ient. marine environments.
Pedro Ripa. Ph.D. • Buenos ~~~~~ Research ASM.. l at e .  Physical oceanography ,

nonline.er w.ev.  dynamics.
Gunnar I. Koden , ‘S. , U . C . l . A .  Senior Resrat ,-Ie As~to , la te. Physical oceane~ —

raphy , ocean I rout 5 , mesoscale - can cIrculat ion and structure , ti me—
series analysis .

Thomas B. Sanford . Ph.D. , M .I.T. Reseai-ch Pro t .-- .sc.r. Physi’-al oecanograp)
measurements and Interpretat ion of not tonally—in duced electric an
magnet Ic ft. - I t s i n  h. deep -~ - c t  ~ it  his channels.

William R. ~ .-h. - l i,  rh .D. , Washington. Ad f unct As sociat e ’ Professor . Blogeochem—
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Amy Schoener , Ph.fl ., hat v.u I. Re’st’ar.-h Assistant Pr of es sor . Biological oceanog—
rap hv . ,e rt. i t - i e t  subs t r a te  c o lonizat ion , biogeography , benthos.

Coh n Y. Shen , rh.D. • Rhode island . Research Associate. Physical oceanography,
the hydrau i Los of r”tatinc b yte.

3. Dungan Smith , Ph.D.. Chicago. Professor. Coastal and estuarthe physical
oceanography. turbulent boundary layer aech.-enics , sediment transport
processes .

Richard W . Sternberg , ~h.i’.. Washington. Professor. Geological oceanography,
marine sedimentation processes.

Richard 1. Stewart . Ph.D. , Stanf o rd . Ad j unc t Associat e Profes sor. Geological
oceanography , sedimentary petrology , sediment diagenesis.

Bruce A. Taft .  Ph .D. , Cal ifornia , San Diego . Research Associate t .of ess o r .
Physical oceanography , ocean circulation.

Richard L. Temkln , Ph.D.. New York, Buffalo. Research Associate . Physical
oceanography, climate modeling. 
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Richard B. Wearn Jr., Ph.D., Harvard . Research Associate. Fhyiical oceanog-
raphy , mid—ocean dynamics, ocean pressure fluctuatton~.Pierre L. K. Welander, Ph.D., Stockholm. Professor. Theory of general ocean
circulation , large—scale at*osphera—ocean interaction.

John T. Whetten, Ph.D., Prthceton . A4j unct Professor. Geologi cal oceanography,
sedimentology , sedimentary petrology .

Donald F. Winte r . Ph.D., Harvard. Professor. App lied mathematics, hydrodynamics,
biological modeling.

Warren S. Wooster , Ph.D. , California , San Diego . Adjunc t Professor. Physical
oceanography, ocean circulation , fishery oceanography and ocean affairs.
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Ccd isp’t i, L.A., R.C. 1hu~ da1t ’ . and H.J. Minas (in press) A comparison
•‘t ~ the ~it rient regimes c i i  northwest Africa , Peru, and Baja
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