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Two T11ajor clTLises \vere cOJ.lducted dl\ring the quarter, that of 
NOJ\}\ R/V "Albatross IV Irorn 22 JaO,i.Jary to 5 February 1974 and that 
of I--TOi\.A R!V Oregon II frorn 21 Ivlarcrl to 4 April 1974. The prirnal'y 
purpose of the cruises \vas to obtain the third and fourth quarterly 
sarnple s for biologica l} physical and chen'1ical ana lyse s. The ~~}b~tros;:; 
cl'ui se included Substrate lV[onitoring Progran1 (SOfv'lP) observations by 
AO.i:\111,i personnel w'bich were cornpletely coordinated 'vvith biological .. 
chernical-physical saHlpling being conducted by :0A.ACFC and university 
C01:..tract personneL Both cruises accoD1plished planned goaL:;. Corn-
plete cruise reports are attached (Appendixes A and B) .• "\Vol"thyof 
special note is that navigation utilizing HA YDIST \vas greatly irnproved 
o:n the Or II crui se cornpa red with previous C1" uise s (1\ pp8:ndix C). ___ -'u;; ____ ~_ 

Progress reports fro:cn four u.niversity contractors 'Vvere received, 
sUHnna:rized very briefly beloVi/: 

L ~fter six Hlonths of n;onthly analyses of phytoplankton pI'o
dllcti vity, nutr ient c ycEng) and ener gy flow, Dr. Thoroa s C. Jvlalone 
finds that prin!.ary production is higher in the ip.Jler Bight (o~ 1 to 
1. 6 g C day -lrn- 2 ) tban in the Upper Bay (0.01 to 0.27 g C day -ln1- 2 ), 
that zooplankton biornass is higher in the Bight than in the U r Bay, 
and, tba1: parUcle gr27,e:rs (copepods and c.ladocerans) rather tbaE pre
dators (chaotognaths, ctenophores, and polichaetes) are predorrllnani: 
throughout both areas (Appendix D). 

20 Of all n1eiofatLnal elelnents, n21Tlatodes are the dorninant t.axa 
in salDpIcs e:,:aroined to date) according to Dr. John H". Tietjen 
(.A ppendix E) . 

3 0 The pre sence of live planktonic and benthic foran:1inifera is 
assured but distributions have not yet been worked out (1-\ppendix. F --

Dr. John J" Lee). 

4. Lc.lldings of food finfish. in l\Tew Jersey have declinecl. steadily 
since th.e end of \Vorld '/Ter II whereas landings of food shellfish have 
incl'eased drarDatical1y over the saIlle pexiod of tinle (Appendix G -
Dr. J. L .. McTIngh). 

; :; - ,- ',. - .. -- ,',' 



In a letter, .Dr. Saul B~ Salla reported that the first samples of 
heavy rnctal data are rernarkably consistent with respect to replicate 

analyse s (A ppcndix H). 

OrlC in-house report ,-vas prepared in which the distribution of 
colifon:n and n"1et:;) 1. concentrations in sedi rnents of the ocean area s 
south of Long Beach was described (Appendix I). 

One n1anuscript bearing on the biology of organisHls inhabiting 
the Bight "vas subrnitted for publication. Young and Pearce described 
a shell disease syndrcnne in crabs and lobsters. 
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INrrHODUCTION: 

The NOAA Ship Albatro:::;s IV arrived Sandy Hook at 0830 hrs., 
22 January 197 4 and:---roading corn.menced iro.mcdiat:ely. The Rl\YDIST 
had been previously installed at Hoods Hole, Mass. Loading 
completed, the vessel departed Sandy Hook at 1530 hrs. to cali
brate P":;YDIST1 off ~·:on"f~louth Beach. Follortling calibra tion the 
vessel proceeded to stCltion ,1 to corruncnce sampling at 2000 hrs. 
The weather was excellent and the cruise proceeded smoothly. 
RAYDIST operations \'Jere still subject to problerC1s, althouS}h 
these did not interfere with the completion of the cruise. 
Smith-McIntyre grab bottom sampling, multiple core sampling and 
sampling for ciliated protozoa were completed by 0800 hrs. on 
30 ,January. 1'1'1e vessel VIas then l".:let off Nonmouth Beach by the 
R/V Rorqual for the purpose of taking on board Lt. Cdr. 
Stubhle:rleld and George Lapiene (AOJ\lL) to operate th\~ Substrate 
Monitoring Program (SUMP). During this phase personnel from 
the Ecosystems Investigation at Sandy Hook assisted by collecting 88 
bottom grab samples with the Smith-McIntyre. From each sample 
AOML removed two 12 dram quantities of sediment from one-ha;f 
·the surface area of the Smi th-ilcIntyre sample ~ 'Jlhe remainc1E~r 
of the sample was treated according to procedures outlined 
later in this report under operations. The significance is 
that in addi t~ion ·to the SlHIP parar:1eters being sampled, heavy 
metals, the mechanical properties of sediment, meiofauna 
(nematodes and foraminifera) f and m.acrofi:J.una (great.er than I mm 
in size), samples were also collected from the same grab sample 
to facilitate biological and geological comparisons. SUMP 
operations terminated at 1800 hrs. on 31 January. 

SCIENTIFIC PERSONNEL: 

Phase 1 - Smith-McIntyre 
cOi:-e operations: 
James Thomas, Party Chief 
~1illiam Phoel 
Clyde l'la.cKcDzie 
Frank S·teimle 
Les1ie Eogers 
Cady SOUkllP 
Eichard Hurd 

grab (bottom) sampling and multiple 

Nichael Davis 
Richard Carl 
P 1. .' ., 1 . r "·1 1 

L 1l L l P _' a.1- .0 n 
Allen Poriando 
Nick Prahl 
Robert Robinson 

Phase 2 - Substrate Monitoring Program - AOML 
ffilf3~ Stubblefield, Party Chief . 
Gcor<;e Lapicne 
J Jrne s Tho~-n(}~-.; 

Cl ~/cl 0 t1ac f~en z i C~ 
~'7 i 11 i 2:'"\ Ph 0 01 
Frank S-i::.ciml.e 
lJcslic f~o~J('r:::; 

Cac.ly Soukup 

HiclEll-c1 IIurd 
TIich2rc1 Carl 
Phillip F21.lon 
7\ 1 J. en 1:)01:." in n,(io 

RulJcr t FUll:, 11 
Hobert n.obinson 



CRUISE OBJECTI\l"'ES: 
P~se 1: - Smith-~l·lclntyre grab (bottom sampling and mUltiple 
core ope_l.-a tions . 

Objective of Phase 1 of this cruise was to provide baseline 
data necessary to the accomplishment of HESA 'Task No 0 4: 
Benthic [·Iacro£auna and No .. 5: Benthic Meiofauna (Ml\CFC 1 In
formal Report No. 13). Samples were collected for examination 
and analyses for macrofauna, meiofauna (amoeboid and ciliated 
protozoans, nema~odes and foraminifera), heavy metal burdens 
in sediments, and mechanical properties in sediments (grain 
size distribution, etc.). Multiple coring operations for 
benthic respiration were initiated during this phase of the 
cruise (Task No., 3 in HACFC, Informal Report No. 13)" 

Stations were selected on a gtid (1 min. latitude x 1 min. 
longitude) overlying the apex of the New York Bight (see Fig. 1 
and Table 1). Five Smith-McIntyre bottom grab samples were 
taken at each station .. 

Each grab sample was brought aboard and three cores were removed 
frorn near the center of the sample. TI.'JO of the cores 'dere taken 
wi-th 38 nun (1 ~ 5 inch) diameter plastic core liners a These cores 
were labeled and frozen for future analyses for heavy metals and 
the mechanical properties of s iment. The third core was taken 
wi-th a 25 IT',m (1.0 inch) diameter plastic tube to a depth of 
approximately 5 em. The sample was placed in a labeled jar con-
taining buffered formalin and rose bengal and stored for meio
faunal (nematodes and foraminfera) examination~ TIle remainder 
of the Smith-McIntyre grab sample was removed from the grab and 
washed through standard geological screens. The material trap
ped on screens (larger than 1 Hun) was placed in labeled jars and 
sea'dC1_-ter and magnesiurn chloride were added to narcotize the 
organisms. After 30 minutes buffered formalin was added and 
the samples were stored for macrofaunal examination. 

At each station samples were taken using a Niskin water bottle 
\'Jith reversing thermometer foi~ bottom dissolved o:xygGn, 
salinity and temperature. The oxygen samples were titrated on 
board using a sample volume of 203 ml and titrating with .025 
N PAO with liquid starch as the indicator. The salinity samples 
were s-tored at Sandy Hook for 'later analysis using an HS7~B 
salinometer. 

r·J:ultiple core casts to obtain undis,turbod bottom [;cdimcnt with 
overlying botto~ water ~orc ~2~~ at every other st~tion (Fig. 1) 
t:o I:'ca sure sea --bed oXyl;cn con:=:;:":'D[)t.ion. Cert3in s t..-:1 t ions con Id not 



be sampled \vi th tb,c mUltiple corer due to the coarseness of 
the bottom. These stntions were abandoned after five unsuc
cessful multiple core casts~ At stations successfully sampled, 
a minimum of four cores per station were used to measure total 
oXYgen consuHlpt.ion by the sea-be;d according to the methods of 
PamatrcLa't (1971). The cores were equilibrated for 1 hour in a 
water bath regulated to within one degree of in situ temperature. 
Follot",ing equilibration t~he oxygen consumpt.ionwo_ n~oni tored for 
approximately 12 hours. Initial and final dissolved oxygen 
samples were t,aken and procQsse:d according to the azide modifi
cation of the iodometric method using O.025N PAO instead of 
sodium thiosulfa te. Reagents lt7ere added to t.he s,~l.mj)le Vii th (J 

1 mlinsulin syringe. A 2 ml gilmont microburet wiih needle 
,,'vas used in the ti trat.ion of the 26 ml samples ~ 

At stations where the multiple corer was used a Niskin bottle 
"vith reversing thermometer 'VIas attach.ed to the multiple corer 
to collecfbottom water for salinity and dissolved oxygen deter
minations and to record bottom temperature. 

RESULTS: 

Each of 103' sta-tions in the Ne\'{ York BiS]ht apex ,11:-C Den" rc\pre~"· 
sented hv five Srni th-r'lcIntyre samples and a~:;soci~itcd co:cc;:: 
collected during the subj eet cruise Crable 1 and 1;':1.g ~ 1). In. 
all, a total of 515 bot.tom grab samples vlere t.a,KC)l1. 

Five hundred fift.een frozen core samples for heavy metal ana. :30[; 

are awai tinSf distribution. Five hundred fift.een, core lc:s 
for g'eological analyses were transported to Dr. 1\1'1 thony Ce')k 
(Adelphi Dni vers i ty) on 22 Februa.ry and five hur:cLtJ2d f i f tC'c~n 
samples for meiofaunal (nena-todes and forarninif cr:,J,) c;{tlrni na Lion 
were transferred to Dr a John Tietj en and DJ:. J'o11n I ICC (CC:<\'). 
1>1acrO£alJnCJ.l s2mples have been trans£ erred to a lchol:uJ CUh! 

g lycer in and ar~ being sorted I conn ted, iclen ti f ic:d Luvl :c('c()1~d('cl 
on s'tandard forms by contract personnel ('I'x"cnton ;;;t:l t:c co11 c:). 

Forty- five s ta·tions (Fig. 1) It/ere Sarnl?led to rnCZlr;Ul"C' toLd. 
oxygen consumption by the sea-bed. rrhe da t.Q f~~orn t hc.':c' :;,lmplc:, 
are nO\\7 being- processed. 
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Samples for examing ciliated protozoa were collected by Cady 
Soukup and Michael Davis for Dr. Eugene Small (University of 
Maryland) at stations 7 (control), 16 (control), 32 (sewage 
sludge) f 35 (dredge spoil)! 51 (acid ~astes) I 82 (control)! 
and 92 (control) (Fig. 1). 'Their cruise report fo110 ';,.]5: 

As expected nu~bers on this winter cruise were generally low 
cornpare:::1 to earlier cruises last SUTl'.l"ner and fall. The srLlall 
bact.ivorous SC'llticociii2 tes \'Ie:r-e i-learly cii)s"ent (\';0 2_re finding 
then in cuI tures ITlCl.c1e from the? VlCl. ter 1 so they Iler'c present). 
':rintinl-lic.s f tl:e only ~rroup of loric2.-te ciliates f ',\7cre prc~;cn·t 
in the ;d.c:ll1k ton to Cl grc.a ter ext.ent than hus been pre:v iously 
seen. They are reported to eat predominantly microagae and 
possibly b2ctoria. ]\ possible factor in thei.r presence is 
the increased dissolved oxygen v2lues found during tilis cruise 
compared \/i ttl VElI ues found on previous cruises. Phytopl~LnJ::. ton 
number s . al so ,,\Terc high I cOJT.parClble to \'lhCl t \';"3.5 found on th(.; 
August 1973 crui so.. '1'110. lHC1j or clE~n~Jos in the phytoplan}:. ton ~:lere 

the prcclomina;.rt S I)ccies p a1 though n12 ny of the saInt:! specio;:') 
\vc!l~C prc~sC'nt both ~imc~;. PScHl',i-~lObiotic ciliates \'lere less 
nuniCl~'OU~; tlL~Hl c1ur:.i::c; the fall J,lCHlth:::;. Oi vcr::;i ty did not 
appcJ.r to cleCrC;i:lSO \,/1. th c1CC;~Ozl:-;incr nuc:bcrs; m~lny of the genera 
and ~;p,.::~ci.c:~; foun f

_: b(~fOl~C \-:C.:1.-0 }:cDrc:sC'nccd by at 10i.1.~;t one 
in(J .. ivicl\..:::-:} 0 ?~::-,i ~:::I::-:fOl~C'! ~:hc;.-:'...' cilia:.c~:.: '.','(;ro found in thl:' :3cc1i-
n1(?;n.t at tho rclat2-\,~Jy clc;ll1 ~:;itcs& 



P~otomicrography with the Nomarski phase interference Zeiss 
microscope proved to be ver:y successful aboard slJip. 'rhe 
llbugs II hcJ.ve been \\Torked out of the system and it is nO\17 set 
up so that the vibra. t.ion,s of the ship are nullif icd 4 \17e 
look forward to using additional sampling methods for the next 
cruise since several pieces of long awaited equipment have 
finally arrived.. 'rhese ne\" sampling methods will give us a 
further idea of the diversity and numbers of ciliates in the 
plankton, a component which we have found to be important. 

Additional samples for other investigations were also taken 
during the cruise. A deep water sample to be used as sub
standard water for salinity determinations was taken at sta
tion 92 for Robert Reid, Sandy Hook Laboratory. Nine sediment 
cores (one each from stations 1, 2, 3, 29, 30, 31, 71, 72 and 
103) were removed from the Smith-McIntyre grab (bottom) sample 
and frozen for Drs. Duedall, Araktingi, O'Connor and Miloski 
at the State University of New York, Stony Brook~ 

Three stations (16, 32, and 35) were sampled by Cady Soukup 
for Dr. 'rhomas Sa~vyer f l1ACFC/Oxford I Nd. His report £ollo\AIS: 

Preliminary observations have becn made on surface water and 
wa-ler imJrtediately above the sediment (grab sample water) f a.nd 
cultures have been prepared for further work with pure strains 
of amoebae., 

Direct observations on' material from water collected on Milli
pore fil ters have been made and are sumrnarized belo\\J: 

#16 SUJ.:face 
Tintinni.ds -
Euplotes spo 
Hypotrich (KahIia?) 
Flagellates (colorless) 
Asterionella 
Coscinodiscus 
Thalassiothrix 
Skeletcnerna 
Chaet,oceros 
Core'thron 
Gyrosignum 
Guinardia (?) 

#32 Surface 
'J.'intinnid-s 
Euplotcs sp. 

Flagellates (colorless) 
Asterionella 
Coscinodiscus 
rrhalas s iothrix 
Skeletonema 

Corethron 

Guinardia 
I\1eIosira 
'l'hallasiosira 
Rhizosclcnia 
Navicula 
Silicoflagellate 
Ceratium 
Gyrosi.SSDum 

#35 Surface 
i;rot Done -



#16 Bott~om t~32 Bottcm ,#35 Bottan 
Scuticc>c:rria'te Scutic&3.1iate ScutJcociliate 
Flagellutcs (Colorless) Flagellates (Colorless) Flage11Cltes (Colorless) 
Asterionc:l1a 
Coscinoc1iscus 
Ske 1 e ·ton(-;ma 
Gyrosignum 
1'-1e105ira 
Bidclulphia 
Nematode 

Comments: 

Coscincx1iscus 
Skele tone:lU 
Gyrosignum 
IY"181osira 
11hizoselenia 

coscincd.iscus 

Gyrosignum 
Clams (Tiny) 

a. Surface water had a high diversity of phyto- and zooplankton 
\Ali th .§1<.:eletone~~, Tt1a 1<':8 S i~~hr i2£, C~laetoceros; and 
AsJ:eri_one~l~ making up mos·t of the biomass. 

h. Bottqrn water had less species diversity than surface water 
and biomass was sparse~ 

c. Station #16 (control) was peculiar in that bottom water sample 
contained numerous fibers in matted clusters (possibly paper) 
Biddulpl~ia was found for the first time in this [3ample .. 

d. Grab water and sediment from station #32 and 35 were black 
mu.ck. ancl dif f icul t to exa.rnine. A colorless dia tOlrt r prot/dely 
Gyros ign1..u:L , \'las present in moderate numbers in ~35, a species 
\~hich-h2s--been found in other samples 0 A second 1arsrer 
Gyrosignuffi, golden yellow-brown has been found in all stations. 

Identifications of marine aDoebae will be reported later. Growth 
studies and the preparation of pure strains require about 30 days 
to complete .. 



Date 

To 

2/19/74 

u.~~. r.H~pl'\rpfr!1t:~n" or.:: cnt}1f'}1r:HCE 
r"'!~!tjorml Cc:eanic ~md Administration 
i\l{\ T10NAL Iv1AilllJE FISHERiES SERVICE 

Middle Atlantic Coastal Fisheries Center 
Pathobiology Investigations 
Oxford, Maryland 21654 

f-ieply to Attn. of: FNE14 

Dr. J. Thomas I .HACFC I Highland, N. J. 
THROUGH: Officer in Charge, Oxford, Hd. 

From Dr. T. K. Savryer I Fishery Biology (Research) 

Sdbject: Appendix to Albatross Cruise Report f 1/31/7 4-~~ (l'linoebae) 

1. Culture stu.dies on ma.rine arnoebae from stations 16, 32 f 35 have been 
completed and a~ce sum.marized on attached sheet. 

2~ Twenty-four species of amoebae 1,\7ere recognized from the 'dater column 
and sediment, 11 from surface Hater f 18 frorn g-rab wash Hater rand 16 from 
sediment cores. Srna11 bClcti verous CLr"'1loebae were numerous in sediments. 
Sewage and dredge spoil sediments had a remarkably large species diversity. 

3. Preliminary studies indicate t.ha.·t sui table food microorganisms are 
present in the compacted rauck of sO\vage and dredge spoil areas and support 
the gro'vltJl of about a dozen speci es of marine amoebae. In contrast l' a narrow 
diversi ty of algae and diatoms occnr in the saIne substrate; primarily 
Coscinodiscus and Gryrosic~a. 

Enclosure 



E'label1ula sp. 
Dactylosphaerium Spti 

Pararnocba pcmiquadensis 
Paramocba aesturina 
Vexi11ifera sp. #1 
Vexil1ifera sp. #2 
Triainamoeba sp. 
Unda maris 
Unda sp. 
Hyalodiscus sp. 
Rugipes vivax 
Rugipes sp. #1 
Rugipes spo #2 
Rugipes sp. #3 
Vanne11a sPi' 
Plat.yamoeba sp. #1 
Platyamoeba sp. #2 
Platyamoeba sp. #3 
Plat.yamoeba sp. #4 
Linguala:l1oeba sp. 
Styxamoeba sp. 
COC:l1J_iopodil..1Ia sp 6 

Lima.."{ 
Sa.ccamoeba 

*station 35 not sampled. 



Cruise Report R. V. Albatross IV - February 1974 

INTRODJCTION 

Phase 3, the groundfish assessment segment of the cruise, began 

on February 1, Cl,t 1400 hours. The last station \,Jas made at 0700 hours 

on February 5. Because of weather conditions the vessel did not dock 

at sandy Hook but steamed for ~"oods Hole. Sandy Book personnel disembarked 

at Woods Hole the morning of February 6. 

Scientific Personnel: 

Phase III --

A. pacheco - Party Chief 
R. Murchelano ~ Oxford 
V. Anderson 
J. Moore - Salem College 
W. Keese - Chesapeake Bio1 0 Lab. 

Nal. Silverman - r·h'lte:h Chief 
J. 2i sko~vski 
E. Steady 
SQ Roberts 



Cr~lis e Ob j ec t i vas 

Groundfish tnnvl stations \vcre msde on the ,\lb0.!-ro::;s IV from 

February 1 through February 5 for the purpose of assessing groundfish 

resources, collecting finfish tissues for heavy metals and pesticide 

analyses, and observing the" catch for the incidence of fin rot. Hydrographic 

determinations of surface and bottom salinity and temperature were m3de 

at each station. 

Operations 

The ~oastal area covered is between Shinnec0ck Inlet, N.Y. to 

8 miles south of Barnegat Inlet, N.J. Trawl station locations were selected 

prior to the cruise by a random selection in eight strata with depths 

ranging from 10to 50 meters. The MESA apex bounddTY (within the 

dashed lines) and the location of stations are shown in FIgure 1. 

A standard station consisted of temperature and salinity samples 

taken at the surface and bottom; an3 a ~ hour tow with a 3/4 Yankee trawl 

with a 541 sweep. The catch was sorted by species, weighed and m~asured, 

all fish were examined ~y perso~nel from Pathobiology Investigations for 

incidence of rin rot. 

Resul ts 

Fifty tra~l hauls were made during p~ase III of the cruise, of these 

27 \,lere in the NESA 8p~X area \-lith 13 ond 10 made in control areas" .. ec1st,·, 

8:ld s 0".1 th, res p2cti"vc;ly of the apex. The Cel tcll [or a 11 areAS is summrlt'ized 

by catch wt., catch per tow (CIT) and frequency of occurrence (% occur) in 

Table 10 



The most dominLlnt species by \veight \~1ere little skate, 753 lbs.; cod, 

722 ibs; and yello~tail flounder, 330 Ibs. Cod, yellowtail, silver hake 

and \vinter flounder all of corru'11ercial and rEcreational value comprised 

63% of the bony fish catch. A difference in the frequency of Occurrence 

of cod between the MESA area (56%) and the control areas (87%) was observed: 

Station positions and hydrographic data are presented in Table II. 

Bottom temperaturesranged from 4.1 to 7.8°C and bottom salinities from 

27.1 to 33.4 %0. 

Special collections of hake, flounders and mackerel were made for 

pesticide and heavy metal studies. These samples were forwarded to the 

NHFS laboratory at College Park~ Haryland and th.e Environmental Protection 

Agency laboratory at Gulf Breeze, Florida. 

$ubmi. t ted by: 

U' I J/ !:.r-I /1 ; /' / .I / ,.' 
~ . . . . 'J' ,., 
~ . t'l1' .-'" '., t ", ... ' .::.::/_:~(jt, /.' '!-<2 j~'L ~/ r;", (/Y 'c> (, 

T. Fr. Azarovi tz /') .// 
Coastal Resource A~sessmeht Investigations 

Approved by: 
~~--) 

~/.-' / / I ~ --., I/; . 
C· C / i ~. ~ / rt ( .A • (: 

c/ i c: (' 1·"\ { ( ~ I v I." A .... \ / ( : 
___ "_' ~ ,: '."': .i (/ (' .......... , l _ V '- I ,I" :..>-z_.:..... 

Arthur S. Merrill, Director 
l, 

Resource Assessment Investigations 
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:'ablc 1. Spc~c ics cunq);Jsi t:j on and \vl' 19h t ( in 1 bs) Albatross IV 1··74· 
-~------.-

~rea HESA East South _._-
Ql;JS 27 13 10 Tot,~·. 

Catch % Catch % Catch % (N 

/v 

ics w~ CIT Occu~t. CIT Occur. \Yt. CIT Occur Oce L. --------_.- -----
:piny dog 13 .5 7 38 2.9 23 116 11.6 LIO 18 
itt10. skate 502.5 18.6 96 129 9.9 92 121.5 12.2 90 9 L. 
'inter skate 31 1.1 11 ....?~ 4.1 46 -~ SJ..J 10 20 ---

Elasmobranch Total 546.5 20.2 220 16.9 2lr4.5 2 i t.5 

lueback herring 0.3 11 0.1 8 1 0.1 10 10 
le'i.Jife 20.9 0.8 56 0.4 31 19.1 1.9 80 54 
merican shad 6 0.2 7 15 1.5 20 S 
t. herring 1.3 Oel 31 2.1 .2 30 14 
oosefi.sh 83.5 3. 1 15 90 6.9 38 25 2.5 30 24 
~- cod 305 11.3 56 

1
215 16.5 .. 85 202 20.2 90 70 I,..~ 

ilver hake 91.7 3.4 85 23.1 1.8 77 57 5.7 100 86 
0.d hake 70.7 2.6 7t} 0.5 38 '10.2 1. LtD 58 
:::ean pout 3L~. 3 1.3 48 21 1 .. 6 [1·6 43~1 Lt .3 70 52 
,- silverside 0.3 11 0.4 31 l~· -. 
1reespine stickleback 0.1 8 2 
, pipefish . 3 11 0.1 8 0.1 10 10 
Inner 4.2 0.2 15 8 
1. Sand lance 0 .. 2 7 0.1 8 0.3 -30 1.2 
- 0 fnackerel 31 3.1 10 2 
~a raVen 6.5 0.2 7 1 8 5 .5 10 (.") 

(,) 

mghorn sC't] Ipin 21.5 0.8 67 3.5 0.3 Lr6 1,,5 .2 30 5/+ 
=asn~1il 0.1 10 2 
)UI'spot fldr. 0.4 15 8 
.nd m'Jpane 1!~3 5.3 93 56 4*3 77 54 5. [~ 100 90 
.TOpUS sp_ O. L~ 15 0.3 23 0.4 40 22 
tch fldr. 3 0.1. l.} 2. 
11 o';'ltai 1 180 6.7 85 8~·. 5 6.5 100 65 6.5 100 92 
nter fldr. 61. 5 2.3 85 4/+.5 3, if 100 15.5 1.6 70 86 

Total ---- --- ----
Fish 1033.7 38.3 541. 9 ~1.7 547. 1+ 54.7 

uid 1.2 23 3. 1 . 3 20 10 
bster 37 1. If 33 18 
neer crabs 48.5 1 0 8 89 5 ~4 62 5 .5 50 711 
ue crab 0.5 8 2 
lico crab 0.2 7 4 
Invert. Total 85.7 3.2 6.7 .5 8. 1. .8 

------ -----

-~ tal for 
f 

61.7 768.6 are.a 11665.9 59. 1 80 

~al for all arc8;s \<It .. 3234.5 CIT 64.7 



l1e II. Station data and hydrographic results - Albatross IV 1:74 
Locat ion 

EST rfESA SQ H.. Temp °C Salinity 
~" ___ ~at~_.T:Lme __ . _~ Lat" ____ Long. Depth Sur. Bot. Sur."; Bot. 

2/1 
2/1 
2/1 
2/1 
2/1 
2/1 
2/1 
2/2 
2/2 
2/2 
2/2 
2/2 
2/2 
2/2 
212 
2/2 
2/2 
2/2 
2/2 
2/2 
2/2 
2/3 
2/3 
2/3 
2/3 
2/3 
2/3 
2/3 
2/3 
2/3 
2/3 
2/3 
2/3 
2/3 
2/3 
2/3 
2/4 
21 L~ 
21 !.~ 
21 ll, 
2/4 
2/ lj. 
2/4 
2/4 
2/4 
2/4 
2/ [I-
2/5 
'1 f C. 
L.I J 

2/5 

11.102 
1517 
1644 
1844 
2010 
2137 
2255 
0003 
01.25 
0230 
0358 
0539 
0714 
0833 
1007 
1318 ~ 

1521 
1745 
19 3L~ 
2049 
2203 
0010 
0128 
0241 
Olf23 
0537 
0655 
0936 
1120 
1253 
ll~lj6 

1650 
1825 
1 9 !.~lj. 
2126 
2320 
011.1·9 
0353 
0606 
0800 
lllLf 

1258 
1412 
1650 
1918 
2105 
22[fB 
001.12 
C:~07 
r, l.·) c.: 
V-,;,L~ 

401.) 29 1 

40 0 31' 
Lioo26 f 

40 0 23 1 

40 c 22 1 

Lf0 0 24! 
LI-0026 1 

40 0 28 1 

40 0 31' 
40 0 29 1 

L+Oo 31' 
!t0 0 31' 
40 0 33' 
,~00331 

40 0 36' 
LtOOLtO: 

4OoL~31 

1-+0 0 45' 
~·oo431 

!+Oo 38' 
. 1.;.00 37' 

40 0 31 1 

40°28; 
L+0026 I 

[f0028 I 
40 0 27 1 

L+Oo 26 I 

40 0 23' 
40 0 21 1 

40 0 21 ! 

LtOo 17 I 

40 0 16' 
40 0 13 1 

40 0 14' 
40 0 13' 
40 J 06' 
39 0 58 I 

39 ° 53' 
39 0 53 1 

39 0 48 ' 
39 ° 38 I 

39 c 33' 
39 0 43 1 

3905 J I 
Ll0 00:3 ! 

!, 0 () 1 ~2 I 

40')lS' 
!tO O 19 

73° 53' 
7]0 52 I 
730 .:'1-9 ! 

73 0 47 I 
7 3°4L~1 
7 ]041' 
7 30L~ 3' 
730 42 I 
730 39 I 

730 36' 
730 36 1 

730 29 I 

730 25 I 
730 21' 
730 19 ! 

72 0 58' 
72 0 49' 
72 0 38' 
72 0 41' 
72°52' 
72 0 54' 
730 15 I 

730 27 ! 

730 35 ! 
730 39 I 

730 37' 
730 35' 
730 38 I 

730 45' 
730 !+3' 
730 39 I 

73 0 /+4 I 

73 0 46 I 

73 0 52 ' 
74°51' 
73°53 1 

730 47 : 
73 0 53' 
73 0 49 I 

7L.f OOl t 

74°03 1 

7 Lt oOl l 

74 0 01' 
73 0 57' 

73 0 57' 
7 ~P50' 

11 
11 
28 
35 
24 
2L~ 

27 
22 
15 
20 
18 
18 
15 
16 
15 
18 
22 
26 
10 
29 
10 
24 

24 
20 
21 
19 
20 
22 
27 
29 
27 
35 
50 
18 
26 
22 
27 
24 
27 
20 
15 
13 
16 
20 
17 
12 

1. (1 

6.2 
5~5 

5. 1 
505 
5.0 
L~. 8 
5.0 
5.0 
5.0 
5.2 
5;0 
If.5 

ito 0 
4.5 
3 0 8 
1+.0 
4.5 
Lj·.5 

5.0 
5.0 
5.0 
L~~ 5 

Lt .2 
!f.O 
4.0 
3.8 
It. 6 
4.2 
4.7 
L~. 0 
4.5 
4.5 
4.0 
4.5 
/}.5 

502 
6.0 
L~. 8 

5.8 
i1-. 5 
If.5 

!1'~ 2 
4.:5 
ij..5 

3.6 
/ ') 
~~" ,-

Lf.2 

3. Cl 
I: • 1. 

7.0 
6.7 
5.5 
7.8 
7.0 
7.2 
7.5 
6.5 
6.2 
5.7 
6.0 
5.0 
Lj..2 
L}.5 

3.8 
4.2 
4,,5 
5.0 
5.0 
5.0 
5.1 
L~~ 5 
4.5 
4.5 
4~1 

5.5 
4.4 
5.5 
6.7 
7~2 

6.7 
5.2 
6.5 
6.2 
4.8 
Lt .7 
5.5 
6.5 
5. if 
6.0 
5.0 
4~7 

4.5 
!+.8 
L~. 7 

i t .6 
&,,~) 

29.94 
28.69 
27 ~ 93 
28.22 
29.61 
29.2 Lt 

29.38 
31.05 
30.99 
30.00 
31. 83 
30.9 L+ 
31.37 
31.06 
31.53 
31. 90 
32.00 
32019 
32.21 
32.23 
32.32 
32.26 
31. 95 
32.00 
31. 37 
31. 25 
31. :31+ 
31.61 
31..50 
31. L-Is 

31. tfl 
31. 66 
31. 76 
31. 3() 

30. 7 L+ 

31. 57 
31. 99 
32. C) 1 
3] .90 
32.52 
3J .90 
31. 9 5 
31. J () 
31.37 
31.06 

JLt\J 
,':U, (,;) 

32.73 
32.89 
33.34 
33.37 
32.89 
33.0Lt 

33.33 
32.89 
32.70 
32.33 
32.68 
31. 92 
31. 35 
31.81 
31. 51 
31.92 
32.05 
32.13 
32.19 
32 Q 23 
32.32 
32.34 

32.0Ll. 

31. 38 
31.27 
31.36 
31. 5') 

31.6B 
31.55 
310 tVt 

31. G5 
3.1. BO 
32.90 
]0.77 
]1. 55 
32.01 
3~.~.91 

31.B5 
:tZ.5(j 
31. W) 
:n .H7 
31 , !11 
:51. :-t! 
:11.03 
'il. l.~.i 

:'/ • ();j 

_ \ 1. /i q 

\1.U.' 



Date 

To 

From 

Subject: 

U.s. O:.sPJ.H1T'f/JENT OF CO;J1f.,1Ef1CE 
r~btiDn;:l~ Or.:r:Zlnic Dnd J~dministf'atiDo 
NATIONAL MARINE FISHEHIES SERVICE 
Middle Atlantic Coastal F.lshcrics Center 
Pathobiology Investigatiol1S 
Oxford, Maryland 21654 

2/28/74 Reply to Attn. of: 

Dr. L7. Thomas 

Fin rot disease prevalence, RV Albatross IV, Feb. 1-6, 1974 

The preva1.ence of fin rot disease in demersal fish ~vas dete~'mincd by the 
Pathobio1ogy Investiqations during a groundfish assessment cruise 
conducted on the RV illbatross .IV from February 1-6, }974. All fish 
collected by otter tral'll (particularly f}ounaers) rlere examined Lor the 
presence of fin rot disease and other g.-cass anatom.ic anolnalies. /LltogethcL' 
51 trawl stations were occupied during the 5-day cruise period. The area 
samp.led ,included the MESA New York Bight apex and immediately adjacent 
wa L0J:'-'=; to the south aD,d east ~ 

Tn a.11, 1227 flounders vleTe examined," only 8 (O.006?6) exhibited Iin rot. 
f'!inter floundeT accounted f01: 5/1227 (0.004?'0) of the flouncle1:s ... "ith fin 
rot and yeLlor·!tail Flounder f01: 3/1227 (0. D02'};). Of 560 \Alindm"fpane flounder 
examined, none displayed any evidence of fin 1:ot; 5/215 (0. 02J~) w,into1: 
flounder and 3/452 (0. OD6?{') yelloyvtail flounder exhibi ted fin rot. F.loundoEs 
with fin rot were obtained at trar~71 stations ,1 (40 0 29 ' x 73° 53') r 

4 (40 0 23' x 73° 46'), 11 (40 0 31' x 73° 35'),12 (40 0 32' x 73° 30') and 36 (40 0 

06' x 73 0 51'). The avera.Il prevalence of fin rot disease rias very 1mv 1:11 the 
fish examined .. 



Submitted by: 

i '\~)~~ V), \2,'t-c,(~ __ 
John BJ Pearce, Director 
Ecosystems Investigations 

: I 
1\ I 
IJ 

~,s~ t c1L"W'c1-;;::;:<J =--__ _ 

Jafuks P. Thomas, Chief 
Bidlogical bceanography 

; /) 'l:i (" __ 
l'-rr~"~l J ·f-t.;-L·) ~/'v'\'-

/'" ~ - c:. - -:, '.~ -."--~""----"-:::l-'--'~--' -.:;:,-r-' .-.. -.-
,f,"\/ car J. J $ lJ 1. net CJ.. malJ.n ! Cen-ce.L DlrL ....... tOt 
~ Middle Atlantic Coastal Fisheries Center 
It. J 

Ma.rch 11, 1974 
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CRUiSE REPORT 

r'-!Ol~A Ship .s:~~t:Sjon II 

21 tv\orch ~ 4 Apri f 1974 

u ~ S .. Department of Commerce 
National OC8cmic and Atmospheric AdminislTotion 

National lv10rine Fisheries Service 

Middle Atlantic Coastal Fisheries Ceni"er 

Ecosystems Inves-rigCitions 
Sandy Hook Laboratory 

Highlands I New Jersey 07732 

(Funded by NOAA~·tv1ESA ,Appropriations) 



INTRODUCTION: 

The NO/\/\ Ship Orcqon II arrived at' Sandy Hook (SH) at 1140 on 21 Iv\arch 1974. 
RAYD1ST hod bee-n pr(;viously installed at PascoDoula, Mississippi. Discussion 
ensued \vI1"h Copt. Adams concerning riggirgfor Srnit'h-lv\c!ntyre and multiple cores. 
Laboratory space was assigned 1'0 each subtask. Loading commenced or 1300. 
Electricol requirements (75 amps) for seabed oxygen consumption studies were a 
maior problem. Loadins; 'NOS completed by 0300 on 22 March~ Due i'o weather 
ship!s departure was delayed uni'il v900 on 22 l'Aarch 0 Following cbporture I 
RAYDiST was calibrated oj' An:Lrose Lisht Tower by two t~()S officers, part of 
our scienl-if\c compbrnent. Scmpling began at 1200 on 22 !V\orch at stat.ion 1 near 
Long Island. Sompl ing was slavl because of the Clwkwordness of riggi ng and the 
additional manpower required to handle the geClr~ Sampling continued unevent
fully until a powerful cold front come through the Cirea on 24 lv\arch causing 
additional deloys becCluse of slowrl8ss of personnel due 1'0 ice on deck and I!nes 
and addiHonal bulk of clothing which hampered their act'ions .. 

On 27-tvtorch at 1647 we received a new stainless steel Smith-·tvicinryre grab 

built af' Rhode Island and brought to us via R/V Shanq vVheeler c The new grab 
--- -------y-

worked extremely well c:md much better than our previous groDs" .:. 

On 29 fAarch we were forced to suspend sompl ing due to weather (sno'll f wi nds 
p-. r· - k •. ! , r, n 41"'. t \ " , . I!"') I '/D! c-l' ! -I f.' 'I . tat Lj JIS vlIth gusts o·r.jV _. U ,([lS) 8 Adernpteci f\.f\'J· l~) COllOratlOn near I'-.;ew 

Jersey coast r but visibil itf was too poor. Thus f went to p,mbrose Light Tovver and 
cc~libfated t-here" Thence i'o S:!ndy Hook by 2135 to escape weather ~ Docked at 

SH ot 0830 on 30 lv1arch to wait out gole force winds. 

Departed SH on 31 March at 0830 1"0 return to op ex of BighL, Accompi i shed 
RAYDIST calibration off No J .. coast and then ron 1·0 station 92 to commence 

sampling again. RAYDiST continued to be trouble-free~ 

By 1 April at 1300 vIe hod completed the standard grid of stations .. Addidona I 
stations were l"hen added for Smi th -i\'~C fnl'yre boHom grab sompli ng for seabed 
oxygen consumption mcosurernents r and for sampling ciliated protozoa. With cores 

for seabed oxygen consumption measurements sJ-i 11 ;unning f the vessel ret'urncd i"o 

SH on 3 Apri I at 1800 0 These cores were processed through i-he night, and the sea Me 

bed oxygen consumption equipment Vias offlocdecl i-he follovying morning. Equipment 

for macrofauno, ciliared proi'ozoo, and RAYDIST operations V/OS offloadcd during 
the evening after arriving at' SH .. Offloading of the vessel was completed by 1130 
on 4 ;\pri I 1974 c The vesse I departed SH oj' 1600 bound for "Aiami .. 



SCfENTIFfC PERSON L: 
Smith-IV\clntyre grob (bottom) sampling ond mulHple core operations. 
James Thomes - Party Chief Bruce Arnold 
William Piloci Ken Holden 
Frank S1-eirnle John Shortheff 
Clyde IvbcKenzie Phillip Fallon 
Leslie Rogers Jim Iv\ochaitis 
Cady -Soukup Rob Hi Ilrflon 
Ken Dewire 

CRUISE OBJECTIVES: 

Smjjoh·mMclntyre grab (bot-tom sampling and mult-iple core operations) ~ 

Object-ive of this cruise Vias to provide basei ine daj-o necessar ,' f-o the accornpiishment 
of MESA Task No.4: Benthic lv\acrorauna rind No .. 5: Benthic tv\eiofouna (N\ACFC,. 
fnforma I Report 1'10. 13) & Sarnples were collected for examination and ana lyses for 
macrofauna, rneiofclUno (amoeboid and ciliated protozoans, nematodes and foraminiferaL 
heovyrneta! burdens in sediments, and rnechanical properties in sediments (gran size 

distribution t etc~)" {y\uIUplc coring operations for beni"hic respiration were conrinued 
duri ng i-h is cru i S8 (Task No" 3 i n IVii~\C Fe f Informed Repoft No ~ 1 3) ~ 

() P ERA T I C) 1'.1 S : 

Stations were selected on a grid (l min. latitude x 1 min" longitude) overlying the 
apex of the New York Bighl- (see Fig" I and Tobie 1)., Five Srnith-l\/lcinj'yre bottom 

, grab samples were taken at" each station ~ 

Each grab '~Cimple was brough1" aboard and three cores vvere removed from near t-he 
center of the sample e T,<vo or the cores were taken 'Vvith 38 mm (1 .5 inch) diameter 
plasH c core Ii ners. Th esc cores were lobe! ed clnd froze n for fuf'ure aned yses for 
heavy metals ond the mechanical properties of sedIment. The lo hird core was ITlken 
\vi t-h a .25. mm (1 ,,0 inch) diameter p lasti c tube to C1. depl-h of approxi mate! y 5 ern. 
The sample wos placed in a labeled jar cont-aining buffered formalin, rose bengol, 
and clam shell chIp as addii"ionol buffer ond ~-:;-cd 70r rneiofauna! (nematodes and 
foraminfera) examination ~ The remainder of the Srnith-·tvklntyre grob sample was 
removed from the grab and 'Noshed through -51-andare! goolog i co I screens ( 4 rnm I 2 mm f 

1 mm) .. 1ho material i-rappcd on screens (Jorger than 1 rnrn) was ploced in labe!ed 
jars and seawater and n~oanc$ium chloride were Gelded to narcotize j-he organisms. 
I- f- riO' r f" , fiG d'd I I I d r f-\ 'l-er') ITHnutcs ou tored -orma in was Ci de uno tne sarnp es werc storc ror rnocro-
founai examination. 

At eoch star-ion somplcs were j'oken usinq a Niskin water bo!-rlc with. reversing 
therrnornctTT for bol-Iorn cli~;c:olvC'd OXY':':'F'n t solin!!)' end lure. TilL: r.:-»:-VClcn 

SOfllplC3 \'vC;-l; rilroj'cd on rei u~;nJ a ;/H:ip!C vCJlllfi': of ~t)] ml onc! i-iilC;;inl v!ith 
0 .. 02.') !-J P:\() \,/;111 1icluld sfc:-ch CiS th2indicc;i-(:;r. rhe.' :.r:dinily :.Glnplc~, '//(;\"o slcd-cd 



t;t\ulHple core costs to obtain undisturbed bottom sediment" with overlying batt-om 
wet'er were mode or every other station plus additional stations (Fig 4 1) to measure 
seabed o~<ygcn consumption .. Twelve cores were taken ot stations 32 and 108 to 
test for variability. Certain stations cculd nor bc sornpled with j'he multiple corer 
due to the coarseness of I-he bottom .. These shJtions were abandoned after five 
unsuccessful mu lriple core casj"s .. Ideall Y I Q minimum of four cores per station were 
used fO measure toto! oxygen consumption by the seobed Clccording 1'0 the methods 
of Pornotmat (1971). The cores were equi I ibratcd for 1 hour ina wa/'cr bath regu
ioted to within one degree or in situ' temperal'ure" following equilibration! the 
oxygen consurnpHon was monitored-for approximately 12 hours" Initial and final 
dissolved oXYgen sampies \vere i'oken end processed (lecor-ding 1'0 the azide rnodifi
cotion of i'he iodornetric mel'hod using 0.025 N PAO instead of sodium t·hiosu!fate. 
Reagenl's were added to the sample with a 1 ml insulin syringe" A 2 rnl gilmont 
microburet with needie vIas used in the titrat'ion of the 26 rn! samples af!-er 12 hours. 
Concentrated formalin \V(]$ added to several of the samples ai' each stGtion and the 
oxygen decrease was again monitored for 12 hours. 'One of i~he cores was stored 
frozen for later carbon analysis .. Usually! at staf"ions where ,the multiple corer was 
used, a Niskin bottle with reversing thermometer was attached to the multiple corer 
to col teet bottom "voter for salinit"y and dissolved oxygen determinations and to 
record bottom temperature 0 

RESULTS: 

Each of 103 s\'ondord stations in the New York Bight apex are now represented by 
five Smith-Mcln1'yre samples and aS$ociai"ed cores collected during the subject cruise 
(TobIe 1 Clnd Fig~ 1). in all, a j'ota\ of 515 bottom grcb samples were tokenc 
Additional samples (one each) were taken at sl'ations 104,105,106 and ]07& 

'Five hundred fifteen frozen core samples for heavy metal anCJlyses ore awaiHng dish'i
bution a Five hundred fifteen core samples for geologico! analyses ond five hundred 
fifl'een samples for meiot'auna! (nemaj'odes one! forominifero) examination ore Q'v'loiling 
distribution. Additional core somples (1'wo from an additional grab sarnple) were 
taken at selected st'otions (sta" 1, 2, 3, 5 F 29 r 31, 32, 33, 34, 35, 71, 72) for 
Dr" Duedall end frozen (Fig" 1)~ These cores have since been disi-ributed to Dr. 
Duedall.. ~Aacrefaunal samples have been transferred to olchohol (mel glycerin Clnd 
wii I be sorted f cou nted I i denti fi cd and recorded on si'ondard forms by contract 
perSOll!lc\ (Trenton Sf'ote 'College)" 

Fifl-Y·-S.3ven staf-ions (245 cores) (Fig. 1) were sampl cd to mCClsure toto! oxygen 
consumption by the seabed. The dei"a from lhese samples are now being processed. 
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40 0 34'N, 73°43'W 
40 0 3':±'N, 73°·:G 1 \·1 
40° 3 ~1 'N f 73 0 ~ ~ '\-.; 

40° 34 ' N f 73 0 "12 I ~\l 
40°34 tN, 73°L~O '~'l 

40 0 34'N, 73°33'H 

South & then \','cst 

-

40;J 311-2\T~--;'TJ~)-3 3 I~-l 
40°31 tl'J, 73°~10 (~'l 

40 0 31 1 rJ, 73°421~'1 
40 0 31 l N, 73°441~'1 

40 0 31 1 tJ, 73°.:-:6 t~'7 
40 0 31 ' N, 73 ° .. ;8 t~'l 
4.0 0 31 t N, 73° 50 t~'l 
40 0 31 t N, 73°S2t~41 

40 0 31'N, 73° 54 '\-1 
40 0 31 t N, 73°56 f~'l 

South. fl_ th2n e~c:-l-~ _'-' L-

40028 1N, 73° 56 '1,'] 

40° 28 1 :.J t 73 0 5.:i f ~~l 

40°28 1 1'-1 1 7]° 52 '\'7 

40 0 28'N, 73°50 1
\,] 

40028'?:!, 73 0 i~ 3 I~'l 
40 0 28'N j 73°4.61~v 

40028 1 N, 73°~4!H 

40028"'N, 73°42'\,/ 
40028=N, 73°40 1 \'J 

40°28 (1'J f 73 0 33 1i;'7 

SoUti1 £( th::;n '1:2St 
------:dO 0-2;::' I '\ i-;::;:-/ -i'O ") 3- 'i .. 7 

:g _ -')., f -,..J ., 

ilOo25'N, 73°~~OI\'1 

40 0 25'N, 73c421~'l 

40 0 25 IN, 73 ° -~ ~ I ~ 'J 
40025 T L'J, 7J O !Jjf\-., 

40 0 25'N , 73°48!~'l 
40 0 25'N, 73°50'T,'] 
40025't\ 73°521~'l 

. f 

40°2::>11'1, 73°5·~f\'l 

40 0 25'N,73'):(;'\'1 
40 0 25 ' N I 73 0 57 I \-1 

;:-



South 51 D~ -:n C,J S t 
, ~-~··-:Hf5-XX1'~J~-~·3G\ 57 I H 

40022 1 U, 73° SG ''\'l 
4 0 0 2 2 I N f 7 3 c 5 ~ I \ 'j 

-40 0 22 ' N f 73 0 52! ~ '1 
40 0 22 I N 1 73 0 50 i ~ ': 
40022'N, 73°~3'~'l 
40022 1N, 73°4G!~'7 

40022 1 07[ 73°44f~'l 
40 0 22'N, 73°42','7 
4 0 ° 22 ! i.J ! 7 3 0 .~ 0 I ~ '1 
40° 22 I N f -; 3 0 38 ! t '7 

&')uth & G,,:c:l1 \·;c::st 
-------"'10°19 I iJ f 73 J 38 I \'j 

40019 1 N, 73°~O!W 

40019'N, 73°42'\'] 
40 0 19 1N, 73°~~41\1 

40c'19 f N, 73°i~61~'l 

40°19 'H, 73°48'\'1 
40 0 19 1 N r 73 0 50 f~,] 
40° 19 'N f 73° 52 l~'l 
40 0 19 f [,J I 73 0 5,1 ! ~ '7 

40 D19 1N, 73°56'W 
40"19 IN~ 73° S3 l~\J 

South [, D1en C:2st 
40 0 1G 1N, 73)53 1 \"1 
40°16'1'1, 73°56!\1 
40°16 'N l 73° 5-1 I\,'7 

40016'N, 73°52'\'-7 
40016'U, 73°501~1 

40016 t N, 73°~3IH 
40016 f N, 73°46'"\'7 
40°16 IN f 73° L14 '\'] 
40016 1N, 73°421~'l 

40°16 'N r 73° ,~o 'H ' 
40°16 IN, 73°.38 'T,\[ 

South t< \':2~3t 
---46-:-D I~Jf 73°33'\'1 

-40° 13 IN, 73°·~ 0 I ~'l 
40 0 13 t N I 73 0 ~ 2 I ~ 'I 
40 0 13 I t J f 7 J 0 -1:1 f ~ ,] 

400 13 1 N 1 72° .~(j '~'l 
40°13'[;, IJ;)·~·~I~"l 
~(~'):.]f:~! 72'J~r-"~'t~ 

.:~C)'l,:)!:,:, ~-=:_~:~'~: 

t: OJ 13 I ~ ; 1 7 3:; ~.,; ",; 
'1 0 0 1 j S ~ ; f -7:, ;:. ~.~. G I ~.y 

lJT".'r "";,!,:;.:- \~r.i 
J ~J .. t ! I -.J _' __ , • 'I' 

, ,-



South C" then east' 
----40o-n)T}'-J ~-'73 ° 59' \V 

40° I 0 1 ["'"I, 73 0 58 1 VI 
40° 1 Of I"-J f 7:1 0 56 'V! 
40Cl 1 01 t~ f 73 0 54!'yV 
40°101 N( 73°521\'1 
40° 101 N l 73°50!\V 
400 10 f N, 73°48 1 \N 
40° J 01 !"'~ r 73 0 46 'VI 
40° 'I O! i"l, 73°~:;'41\V 
40° 1 0 1 N r 73°.:t2' \V 
40° 101 N f 73°40 1\"1 
40010't~, 73°38'VV 

And north 
--~-Wl O! Nt 73°36 1 "1'1 

40° 131 i'J, 73°36! \;V 
40° 161 i"\J 1 73°36 1W 
40 0 19 1 N, 73°36!\\/ 
40022! t'~, 73°36 1 \;V 
40°25' t"-il 73°36'\V 
40°23 1 N f 73°36!VI 
40031! Nt 73°36 1

\// 

400 34( N I 73°36 1'yV 

}.\ddHiona I st'otions 
---46°3.-1:73~~ f 73 0 44 i W 

40° 33 1 f'J f 73°44 1 Vv' 
40032i t~1 73°44 1 \'\1 
40°31 1 N { 73°50!VI 
40°26 ~51 N f 73°52'VI./ 

Samples for examining ciliated p'rotozoa were collected by Cody Soukup and Ken 
Dewire for Dr" Eugene Small (University of fvbryland) ai- seiected stations (Fige 1) .. 
Sediments only vv'ere sampled aj' stof-ions 21,22, 23, 29,30,32,33,43, 44,45 1 

and 90 e Sediments and water were sornpl,ed ai- stations 7,16,31,34,51 f 82 and 
92. Tvvo additional sj-ctions (sta .. 57 and 99) \tvere sampled usin9 the multiple corer 
to collect protozoan scmpies G 

Their Cruise Report follows: 

Several ncw sites and fechniques for protozoological sampling \vcre added to those 
previously used durinn :hc recent cruiJc clJOCI-cJ ihc R.jV Orcqcn a from 21 N,orch to 

3 April 1~<''74" Gol-h scclimcni' and Vio!'cr sornplc::' were iok~-:'n u~)inC1 the :Janc!ord me/hods; 



Smith-.f\Aclntyre bottom sampler for the sedirnenr and 30 1. Nisken \vater sampler 
for the water column. Seven sites strategicoily placed in both the impacted and 
(assumed) control orCG:; were fully sampled in this manner I an eight'h site was 
sampled for the Si;:dirncnj' only (Lackey jars to check for possib!e encysted forms, 
Uhlig ext'raction to find interstitialiy living forms) due to its proximity to another 

fully sampled site. 

Ten sites proxima! to the sewage sludge dump site were also sClmplcd, sediment onlyo 
Aliquots of sediment,were placed in Lackey jars for laboratory monitoring over a 
period of or least' 6-8 weeks" Stained and identified ciliates from j'hcse sit'es will 
give us some indication of the extent' of lhe sewage sludge effects in I-his area. 

A new peristaltic pu.~npi recently (finallyl) acquired, proved successful in obtaining 
surface w(li'cr sa !TIp I es" Th is pump wi II be used in con juncti on wi th a Foerst cent i fuge 

for su mmer sa rnp Ii 11g ~ 

Two sites, chosen in order to extend the scope of our samplir:g in the fut'ure I were 
sampled for sediment using the mulHple corer. The cores obtclined were either placed 
into a jar or an Uh! 19 extraction yves done e The extracti ons were successfu! f resu Its 

from the jars will be forthcoming c 

Overall results, given non-quantitotively and in a very ldirt/ foshion r seem to 
" !" I . ,.. 'f ! t I." 'h i I d Inoicai'e (1 eSSenlng ol me weter co UD"iil . ()l"fns o'r tnls po!nt !n ll.e !ScusonOI cyc,e on 
o slow increase in the sedimeni' forms .. ruri-her lob work remains to be done In both 

creClS before a certified statement can be made c 

Samples for exarning onloeba were collected at selected stations (Fig. 1) by Cad}' 
Soukup and Ken Dewire for Dr _ T fJ K. Sovlyer (Nt'v~FS/lv\!\CFC/Oxford) 0 His 

cruise report follows: 
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bj2ct: 
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u.s. DEPJ"!H1Tr/'Ef'l.rr OF COrtlT\'EnCE 
rJ:.Jtinnrd Oceanic <)nd Atrnt1~;pher'ic Ado1inistration 
N;\ T10i'4AL MARINE FlSHERI.ES SERVICE 

Middle Atlill1tic Coastal Fisheries Center 
Pathobiology Investigations 
Oxford, Naryland 21654 

4/8/74 Reply to Attn. of; 

Dr.. J" rThomas, ~,:;\.C.2C f Highlands, N. J. 
THROUGH: Officer in Charge, H2\CFC r Oxford. # Hd. 

/'" ~-\ 

T. X. 
~ .' ./ 

S::",<j"i <..':r, Fishe:::-y Biolegis t (RSSe2rch) 

\ 

A. I.. Three stations were sampled for marine amoebae: (1) 51 (aci.d was·te) I 

{2) 34 (dredge spoil), (3) 31 (sewage spoil). Direct observations were 
made on marine orga.T1isms in surface water and sedirnent cores from #51, 
grab 'HateJ..' and sediment from station 31 .. and grab \'later only from #34 . 

. 2", PreliIl1.Lt'1.ary resul ts from t.~e cruise samples cohfinn several important 
observa.t.ions from 6 previous cruises: 

a., Par2.r:1oeb~ occurs throughout the "ldater colwltn and may be recovered 
from all stations ·throughout the year .. 

b., Small rounded bactiverous amoebae occur in sedimcnts at all 
stations,. 

c.. Small bacti verou.s alnoebae in the sedimen·ts also" are present 
throughout the water colurm except for CochlioDodiuffi4 

d.. Large aJnoebae that feed on algae; diatoms f etco t have never 
. beeI1 fOW1d in scdir;'.ents e 

e G Acid \>7astc and con-trol s·tations yj.eld a_bout 50% rnore meiofaunal 
species (including diatoms, ciliates l dinoflagellates, tintinnids, 
sarcodina) t1lan do sewage and dl-edge stations .. 

f.. Sedirnents from se\'lClge and dredge spoil areas ar'e dense comp.:1cted 
mucks \-lhieh are probably biologically active only Cl.t the scdirncnt: 
"'later int.erface. :·1o.rine "sedir;:ent ll amoebae do not apIJcar to be 
spatially or tcri1~_)oral1y li::1i ted in the N'2i,v Yo:d~ Biqi1t, and possibly 
are mnong the r;',os t active biodegr.J.c1el-s of bacteria and nicro
detritus .. 



g" Bar ine a::locbae t11a. t revert to a rayed or floating form probably 
move vel' ti cally and hor.izon t.::11ly Hi b~ Ii ttle effort t and this 
transformation probably accounts t in part, for thei.r univeral 
distribution. 

3. Tentative identifications are as follows: 

Surface l'iaJcer 

Ni tzsc;-;ia 
Leptocylindrus (?) 
Cl12~'::: .:. ::--_::~os 
PJ-li::():: :)l~:nj_a 
Coscin':)si.ra 
l>..sterioJ),ella 
Tint.innid 
Coleps (?) 

Dinophysis 
CeratiUS1 tripos 
C" longipes 
Peridiniu::a sp ~ 
p.,. ova "tW,l 
Dinoflagellates (small) 
Heliozoan 
Paramoeba aesturina 
Platya~oeba sp. #1 
Platyamoeba sp. #2 

Diat:oms 
Tintinnid 

6 
1 

Ciliates 1 
Dinoflag

ellates 5 
Heliozoa 
Amoebae 

1 
3 

17 species 

Station 51 - Acid 

. - ~. "." . 

Sediment Core 

FlcL'Jcllula sp. 
Vc::il1ifera sp. 

LingulaTiocba sp .. 

Hugipes vivax 
Plat.yalt10eba #1 
Platyamoeba 

Amoebae 7 

7 species 

Total Species - 11 
8 

22 



Grab ¥later 

Coscinodiscus 
Skeletoncr.1a 
Nelosira 
Scuticociliates 
Zoospores 
Ne..-:-:a todE~ 
Rugipcs sp. 
Va..nnella. sp. 

Coscinoc1iscus 
Scuticociliates 
Zoospores 
Flabellula 
Cochliopodil2..TTI 
Rugipes vivax 

Diatoms 
Ciiiates 
l\.moebae 

B 0 Conclusion.s: 

1 
1 
7 

9 species 

Surface YJater -------------
Not done 

Diato:::ts 
Ciliates 

3 
1 
3 

Sediment 

Not done 

7 species 

S e ·:1 L .. ::::.:-' :: en:. '} --.. -~-------

Par&:-::'cc;"'a p-.::.:' :iquaden:::;i .. s 
Rugipc.:s viva>': 
Ruglpes sp~ 

Pl~ tya:--::ocba sp _ #1 
PlitY2..c:\oeba sp. #2 
Zo?spores 

1. Field sam91ing for qualitative and distrj~utional data is almost 
compleb:~ e r.~'O future collections (J-une and Septe:T'ber 197:1) \·;ill 
complete a one year seasonal stl.:dy and termination of thi:::,; study will 
occur in Septenber 1974 'unless othCY'dise directedh 

2. Quantitative studies are needed in the future to dctcrminl3 whether 
differences occur at different sites. 

3" In si tu benthic sanl~)ling is needed to detcIT.1inc \·,.hcthcr active 
-----

feeding 2~','.Je;J2.e are present in the scdimc:nts t 0.1: ',,<'hC'tl1'~;l' tll(:'Y tIre i.n 
an arrested. or resting st2l.se. Large populations \·:hic!l .-:pr:C'~ll: in 
labor a tory cuI tures are not neceSSJr ill' in the Zlctive f ccJ i n~r ~-; t:.1gc 
at the tice of collection. 

4. Hicrobioloqic0'1 studies arc necdl.:d to dctcl:l,lillC Uv: t:n: c ::.; Q[ 

orgzmisl:,:"; ',;hi.ch ~;c:::ve J.S rcal cr Fot • ..::nL.i..:l [00J for ;::_~r5_:li_\ !,l":')U}~:oc1. 



-
;--- ----,--- -----~~-'---------------------

Jte 

om 

4/26/74 

u.s. DEprtdlTI~.'ErUT OF CGf'/Jr\lr::nCE 
fJ:J tiDll.l! !l,J c e~1r; ic ;)rJ d 1\ tmo ':; p he~~ie t~dministc"ation 
N/'!, nCI'U'IL rJ~/~q!f\JE FI~)HERIES St:f~\jICE: 

Hid:::llc Atlo.ntic Coastal Fishories CenU:!r 
Pathobiology Investigations 
Oxford I Ha,ry land 21654 

Rep!y to Attn. of: 

Dr. J. Thomas I :'-~~C?C, High lands, :.;. J. 
THROUGH :,.. __ OfEi CC:l" in Churge, O;·:fol.-d r :·ld,. 

~~- ''\ 
l.' 1\,. " ,. 

Dr . .i'. I<: Sa\<,ycr I Fishery Biologist (Research) 

::;ject: A?~e:ldix to OP-=:'·,-:;~:; II Cruise Report, 4/8/74 - (.Amoebae) 

II --, , 

2.. Sixteen species \Vere recognized from sur face water I grab \<la ter I and 
sediment cores. Six \'lere in the surface water of station 51 r four in 
grab water of station 34, seven in' the sediment of station 31, and 
eleven in sedi~ent of station 51. 

:Resu1ts fran the OREGOn cruise shoHed again that acid \\Tast.e sediments 
to control station sediments, and 

se\vage and dredge sediIllents have about half of the total. species recovered. 

Enclosure 
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:amoeba 
!l1~ocba aes t.urina 
,e::aaquidens i s 
:eomyxan sp. 
11ifera Spa #1 

,el1ula sp. #1 
ellu1a sp. #2 
amoeba spo 
1io.;?odiufn sp. 
pes vivax 
pes sp. #1. 
yamoeba spo #1 
yamoeba sp. #2 
u1amoeba sp. 
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NAllONAL Mf.\R1NE FISHEFliES SERVICE 

; 
\~.~-;- U I 

Middle Atlantic Coastal Fisheries Center 
Sandy flook Laboratory 
Highlands, New Jersey 07732 

Ito April 11, 1974 Fler.yto Attn. of: FNE18 

Distribution List 

a··J) e·, 0) .r:IJr!J (J( I~ iJ:: ~V-:~·~~~)e 

om John B. Pearce, Officer-in-Charge and Director, Ecosystems InvI2stigations 

bject: Use of RAWlST 

The attached memo from Dr. Thomas indicates '\vhat appears tCf be an order of 
magnitude improvement in our navigational capabilities. I gather from 
Dr. Thomas I memo that all personnel involved in the recent .Q~~1l9E! II 
cruise should be congratulated on their cooperation in making the. most 
effecti:ve use" of this sophisticated navigational system. 

Attachment: 

DISTRIBUTION: 
Cdr @ 8';.]o.n8 on 
J. ThomcJs 
Dr. O! Connor 
Capt. Adams 
H~ Phoal 
Cdr. Austin 
Center 
Dre NcNulty V 
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April 8r; 1971.1-

Nt\TIOf'"JAL iv1.l\RINE FISHERIES SERViI::E 

MACFC> Sandy Hook 

Her. :y to Attn. of: 

John B. Pearce, Officer-in-Charge a.nd Director, Ecosystems Investiga.tions 

(\ . ./1 -1 () 
"/1,/V',J'\',..fi-.-· , I ,::l-r/I.....C'-.·v\'~ 

J;~i::;;le6 p" Thomas, Chief, Biological Oceanography Investigat~on8 
V 

Greatly Improved AccuracY; and Precision in MESA Biological Sampling during 
CrUifJ8 on NOAA Ship Qre&..<2.12 II, 21 f1arch - 4 April 1974 

Sampling \'laS mo:ce accurate and precise than ever before fo:t a majoc cruise 
in the apex of the New York Bight concerned ~vith biologica~ samplinge Host 
samples were taken \vithln one-eighth of a nautical mile of the trli3 station .. 
All but seve"tal samples 'Vlere taken 't'7lthin one-quarter of a nautical mile 
of the true station" 

The operation of RAYDIST during this cruise 'i,,;ras a complete success. THO 

NOAA-NOS officers> Lt8 ~ Bru.ce Arnold and Ken Holden, are to be co:mnended 
for their most Sl.1cc:essful HAYDIST opera.tions. RAY'DIST cal:;j)rations \Vere 
fast, efficient, and precise taking little cl-uise time. It:'~Y'0IST c.::quipnlent. 
functioned superbly and without difficultYd Cdre Austin1s efforts along 
these lines are most appreciated. The two NOS officers not only assisted 
in guiding the vessel to station, but once ther~ they monitored all swnpling 
to insure that it occurred within one-quarter of a nautic:al mile of the 
true station point. They also recorded and plotted the location of each 
Niskin, grab~ and multiple corer cast" Such plots amd data logs are 
available for inspection~ 

Other factors that: contributed to such precise sampl ing in(:lucled 1) the 
use of a lighted temporary buoy set at each station, 2) the positioning 
of the sampling gear- forward where the bridge could observe it, and 3) 
the use of the main engine throughout the entire station ~o maintain 
vessel heading and location" Captain Adams of the O~eg~~ II I;vas most 
cooperative in this effort" MI'~ Hilliam Phoel is to be cO','Jmended for 
the successful use of a temporary buoy at each station e 

9 

JO!I?;..' n I 'i R f1 r. -i r. ,'"' ,... 
- . _. if \'.it. 
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INTRODUCTION 

The composition and qDantity of suspended organic and inorganic 

material in the water column will have a pronounced effect on energy 

flow through pelagic and benthic food chains. The purpose of our re

search contribution to the MESA Project is to determine the relative 

importance of organic detritus and phytoplankton as food sources in 

,planktonic food chains on a seasonal basis in the New York Bight. In 

this context), th.e dumping of se~Jage sludge and dredge spoils) the Hud-

son and Raritan River Estuaries, and the benthos represent major sources 

of detritus and di$solved nutrients which infl~enc~ the g~owth and stand

ing crop of planktonic organisms of th€ Bight ecosystem. Phytoplankton 

standing crop will be a function of growth within the system and advec

tion of phytoplankton into or out of the system. Evaluation of the ef-

we understand the importance of estuarine related inputs which vary in 

proportion to river flow • 

. The objectives of our first years research are, to document temporal and 

spatial vnriations in suspended sediments, organic detritus, inorganic nutrients, 

and phytoplanJ~ton and to determine the environmental processes responsible for 

these variations 0 The distributions of these var'iables Hill be evaluated in 

terms of location, time of year, fresh. water volume floH of the Hudson Rivp.r) 

water column stratification, zooplankton abundance- and phytoplankton productivity. 

This report presents the results of our first six months .of '\-lork (September 73 

through February 74) with the exception of the February zooplDnkton data. a.nd 

the data for phytoplankton cell density and taxonomic composition~ The report is 

intended to be a presentation of dElta and includp.s little data analysis. 

We "lOuld like to thank Dro Chris Garside for kindly pp.rforming the nutrient 

analyses" 
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RESULTS 

Sampling Program 

The station positions and designated HSSA Are~s are listed in Table A. 

Of tbe 16 stations occupied each month, four are currently in the loi.·rer Hudson 

Hiver Estuary [md h:elve" are in the apex or' the New York BiGht (Fig. 1). The 

stations are located along four transect designated by letters 0 'rhe HAl! transect 

includes station in the lmver Estuary from Spyten Dyv.il to the LO\ver Bay. The 

·three remaining transects radie.te out into the Bight from a common station near 

the mouth of the Estua.ry (Station PI). The lIB" transect run east para.llel to the 

wng Island coastline. The "C" transect run southeast across the sludge dumpine 

area, and the "DlI transect runs south across the dredge spoil dumping arE:;a .. 

The reference stations (B4, CS, DS) are located far enough from the dump:i.ng 

grounds to be free of the direct effects of dumping but close enough so that 

water depths are similar to the dumping ground stations (C2, C3, C4, D2, D3, DJ.+). 

Data Pre'sentation -_. ----.... \---~--

The data. available to date elre tabulated in Tables I - X by cruise., The 

units for the tabulated variables are given in Table B. He have expanded the 

phytoplankton fractionation vlOrk (Tables V, VI and VII) so that vIe are now 

measuring nptplcnkton (> 20 p) and nanoplankton « 20 V) photosynth(~tic capacity, 

primary product.ivity Clnd chlorophyll §:. a.t 7 stations (A3, PI J Bh, C3, cS, D3 and 

DS) .. An Eppley pyranometer Has installed on the RV COHHOW,JEALTH prior to our 

December cruise so that vIe have continuous records of incident light energy for 

all crLlises from December 1973 one Data on phytoplankton cell densities and 

taxonomic composition (T·able VIII) will not be available until this sum.mer. 

We; . contacted Mr. Kenneth Darmer of the vJater Resources' Division of the 

U. So Geological Survey for data on the fresh Hate l' discharee of the Hudson 

River, but. it Hill be several months before the 1973 dElta is available 0 

. f 
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TABLE A. Position, Hesa~Area identi~icatiQn and location of 
stations. 

STATION POSITION MESA AREA. LOCATION ----- -----
Al (Ml) 40 0 52'53''N, midchannel Spy ten Dyvil 

A2 (M2 ) 40049!31 1l N', midchannel Manhattan 

A3 (1'13 ) 40 0 40'18 11 N, 74°02'18 tl W 40407402 ,Upper Bay 

(M4) * 40 0 38'30 1l N, 74°02'18"W 40387402 Upper Bay 

A4 (M5) 40 035'18"N, 74°02'39"W 40357402 Lower Bay 

Pl (M6 ) 40°28.6' N, 73°54.0' W 40287354 Sandy Hook 

B2** 40°29.1' N, 73°46.8' W 40297346 Long Island Transect 

B3'k * 40°29.4' Nt 73°40.5' W 40297340 II \I \I 

B4 (M16 ) 40°30.0' N, 73°30.0' W 40307330 1\ II 11 

C2 (M7) '40°25.4' N, 73°48.0' W 40257348 Sludge Transect 

C3 (t·18 ) 40°24.0' N; 73°45,.5' W 40247345 ;~ It 

C4 (JV19) 40°22.4' N, 73°42.0' W 40227342 II " 

'C5 (HIO) 40°16.7' Nt 73°32.4' W 40167332 II 11 

_ D2 (Mll) 40°24.0' N, 73°53.0' W 40247353 Dredge Spo.i1 1'ranscc',' 

D3 (M12) 40°22.0' 1'1, 73°52.5' W 40227352 11 Ii I( 

D4 (M13) 40°20.0' N, 73°52.11 W 40207352 II " " 

D5 (M14) 40°10.0' N/ 73°50.0' W 40107350 II It \I 

(M15)* 40°23.0' Nt 73°49.0' V~ 40237349 " II II 

* Occupied during Sept. - Dec" 1973 and Jan. f 1974 only. 

** Oc~upied from Feb. , 1974 on. 



TABLE 13. Description of variables list8d in Tabler I through X .. 

II 

III 

IV 

V,VI 

VII 

VIII 

IX 

x 

Z 
TUlU3. 
TBS 
% mrs 
poe 
CEL 
7~ p}rYTO~C 
PHAEO 

Z1rlC 

Kd 
Kp 
THS 
% Q}~S 
POC 
CHI, 
PlIYTO-0 
PROD 

% LIGHT 
PI-laI'O ClIP 
ASSIH NO. 
r 
% LD 
PHOD 
ASSIE RATIO 

% LIGHT 
NAHO 
NET 
% LD 

Pm3X 
AS:-311-1 l~O 
CHL H~2 
PHOD 1-1-2 

UNITS ---------.--
]Tlet-':!rs 
cr:~ntigraclc 
ppt 
ppm 
J1 }.~ 
~--

)1H 
pJ.i 
}lH 

none 

Tf1et~rs 

FTU 
IT!O' lit", .. ,~<l 

~l-:> ....... J. 

percent 
;r:g liter-I 

. -L't -1 }lg . 1 er 
porcent 1 
pg 1iter-

meters 
meters-I 
Jll..eters~l. 
g I1l:;ter-2 

percent 
g meter,«2 

~~~,~~:1~~~~;2 
~;GC~ d;~-l m-2 

perccnt 
pgC hr-l liter-I 
pgC hr'~l ugChl 
g-cal cm-2 day-I 
meters 
1.10'C d",y-l 11' "'p~-l 
14 0 .G., 1 . l'~.l. 

p.gC day~ ugChl 

percent 

meters 

Don3 
none 
none. 
none 

ASSIH RATIO nODe 

TAXONOlUC 
GIWUP 

Tf,XO:JClHC 
Gl10UP 

HT 
i'lf/Ol~G 

numbers liter~l 

Inc m-3 
m.s org!1niElln-1 

DESCRIPTION ------
salllpl('~ depth 
temperature 
salinity 
dis sol ,rcd oX}r[':en 
nitratc-nitroesn 
ammonia~nitroc;en . 
phosphnto -phosphorus 
silicato-sj~icon-

atomic ratio (NOyl-NH3)!POh 

sample depth 
turbidity 
total microseston 
proportion of 'rES Hhich is organic 
pDrticulate oreanic carbon 
chlorophyll a 
proportion of poc Hhich is phytoplankton 
phaeopigm.?nts 

water column depth 
Se cchi disc extinction coefficient 
photometer extinction coefficient. 
tota.l m:i.crose.:;ton 
proportion of TllS Hhich is or,~8nic 
particulate orGanic cR.roon 
chl()1.~op1-lyl1 Q. 
:p}!.J~t.GrJ.·~·f~](t.n:: hn:;nd c.~nrh011 

prim;iry productivity 

% incident light 
photosynthetic capacity 
as silnila t io n n1.1111be r 
incident sunlight energy 
dept.hs corresponding to ~ LIGHT 
primary productivity 
assimilation rD.tio 

% incident light 
nanoplankton « 20 u) 
netpLmkwn (> 20 u). 
deptl] S COTl'csponain:} to % LI311T 

nr.:;t: nDno retio of mnximuln PHOTO 
net:n8.no ratio of rnaXiJllUlTI AS3IJ·; 

CAP 
NO. 

nr;t:nano l'2t:i.O of HHt8I' column CHI, 
Dr:;t:nano ra.tio of \-later col1.1mn PROD 
net: nano ratio of viater column ASSDl 

density of cells 

density of incl:Lvidu,'Jls 

dry \';0 :i.,r:ht 
He iell i./ inJ ivid.uul 

10\T10 



--~--- ---~---- ----------~------~------------------

- 3 -

Envir'omnentRl Variab18s 

A. 'l'emp8ra~ure and Salinity (Table Ij Fie. 2) 

Du.ring the Sept.-Feb" pAriod, the Bight Has characterized by high salinities 

(29 -.33% 0), a steady decline in Hater temperature from 19°C to 30e, and a v1811 

mixed 'dater column \-lith little or no vertical stratification .. 

Increased estuarine'; runoff caused the sharp decline in surface salinities 

o bse rved in J anUaI-Y .. 

Be> Turbidity nnd Light Penetration (Tables II and III; Fig .. 3, 4, 5, 6) 

Spatia.l variations in surface turbidity Here inversely related to the 

salinity ratio (Fig. 3) and reflected concurrent va.riations in total microseston 

(Fig ~ u).. The relationship bet~'!8en light extinction and turbidity is complex 

(Fig ~ 5), but does indicate tha.t most of the extinction observed Ha.S due to 

suspended p8~rticlJ.late matter (microse;ston) transported into the Bight by 

estuarine runoff (Fig. 3) c 

The amount of inorganic microseston in the i.J8ter column sho'lded a pronounced' 

decrr'!8Se bet'(.Ieen November and December observations folJ_Ol'red by a gradual ~eclille 

through February (Fig" 6) 0 Phytoplankton standing crop, expressed as percent 

·part.iculRte orgpnic carbon (poe), shoHed the opposite trend (Fig. 6)~ 

Organic microseston~ as a proportion of total microseston, ",ras 101,]' in the 

Estuary « 2S% \-lith most values betvleen S% aJ1d IS%) and 11d.gh in the Bight 

(5% to 85% Hith most values bet1,reen 15% and 30%)'" The proportion of organic 

microsGston in the Hater column follo,.,red the same pattern, ranging between 6% 

and tL% at station A3 in the Estuary and bet~1een 8% and 30% .i.n the Bight 

(Table 111)$ Phytoplankton made up less than 1% of the microseston in the 

Estuary Hnd bet1-lGen 2% and 13% in the Bight by Height.l The chlorophyll 2. 

content of the water column HDS generally higher in the sludGe dumpini:' n n,'la 

then elsewhere in the Bight. 

\\~1il€ stntistical analysr;s of the data hB.ve yet to bG done, the dUJTlplng of 

. sewa~e sludge tmd dn~df,e spoils does not appear to have had a mpasurable effect 

. Oll turbidity durinc thn ppriod of our obsnrvnt.lons ~ The tlb~;erlCC of H pnrsistcnt 
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impact fnay reflect the well mixed nature of the BiGht as well as the spati.al and 

'temporal samplingpatt,erns uS0~d. 

1 The proportion of rdcroseston \·J-hich is phytoplnnJ,:ton (by \-might) _ can be 
estimated fron % orf~[mic microseston and PCC data assuming a C:Chl ratio 
of 25, 35 or (j) and-organic matter of constant carbon contento The C:Chl 
ratio used depended on the observed assimilation number. Eatios of 25, J~ 
or f:J) Her~ used Hhen the assimilation nUl'1ber Has greater than 5, J to 5, or 
less than 3, respectivelyo 

- C o Dissol ved Inorganic Nutrients (Table I; Fies. 7 and 8) 

Spatial variations in the concentrations of nutrients are shmm in Fig. 7. 

Nutrient concefltrations Here generally high and variable in the Estuary and 10Vl 

and uniform in the Bight at any one time (Table I) e ,N: P ratios follovJed the 
\ 

same trend, Hith values above 15 characteristic of the estu2.ry and values beloH 

10 characteristic of the Bight. 

lfutrirmt concentrations often decreased as a linear function of the salinity 

ratio (Figc 7). This was especially true of nitrate and occasionally of 

tlilicate., Ammonia2 and the N: P ratio remained high in the Estuary out to 

station Pl and declined rapidly to 10H levels over a short distance during 

tpe Sept.-Dec. period. By January and February, hOHever,. their distributions 

also appeared to be conseY'vative 0 

Monthly variations in the concentrations of nutrients at the surface in 

the Bight are shown in Fig .. 80 Nitrate concentrations Here less than leO ug-at/l 

at most stations through November and increased to a semi-alIDu8.l maximum in 

i1 anuary. SiJ.icate, phosphate and ammonia concentrations followed the salT'€ 

basic trends, Hith the January peak coinciding Hith decreased salinities in 

the Bight (Fig. 2). 

TheSe data strongly support the "IT._:'lTnf~nt that phytopLulkton productivity 

in the apex of the Bight is supported by nutrients transported into the region 

by estuarine runoff ~ Also, based on concentrations alone, it is unlikely thtlt 

phytoplankton gn")Hth Has nutriAntlimitcd, i08. VJhj~e phytoplankton groHth 

appears to have had an impnct on nutrient concentrations during the Sept. -Dec. 
I 



period (especially on silicate and amraonio.), it appears that nutrient supply Has 

in excess of demand at all stations excp.pt station C5 throughout the period of 

'observation 0 

- _Ehytoplankton Productivity 

The production of part.iculate organic carbon (C-·IL~) by phytoplaf1Jcton was 

measured by tvo methods 0 The first involves 24-hr incuba,tions under natural 

sunlight at sea surface temperature and v:ill be referred to a "pr.imary produc .. 

-tion" (mg C day-1 m-2 ) 0 The second involves 2-hr incubations under artificial 

light (cool-I.;hite fluorescent light .-vlith a.n incident intensity of about 0.08 

g-cal cm-2 min.:..l) "and will be referred to as !lphotosynthetic capacity!! (ug C hr-l 

liter-l ) <> The primary production values given in Table II~ ax:-e estimates of 

in situ production and reflect local (in both time and space) variations in 

cloud cover" The v8~ues of ph.tosynthetic capacity given in Table IV do not 

reflect local variations in cloud COver but are affected by light adaptation 

and groHth inhibiting agents) 0 

A" Phytoplankton Production (Tables III and IV; Figs .. 9 and 10) 

Primary pro'ductivity Has higher at station C3 than at either station 

A3 Cc' (F" 9) Pd' th B d f day-l m-2 to or:J 19 e ,; ro uctlon in . Leight varie . rom 001 g C 

6 I 2 -1 -'"' Ie g C da.y-· m
O

- compared to 0.,01 to 0 0 27 g C do.y 111 c.. in the Upper Bay. 

Productivity per unit chlorophyll §:. vJaS light limited 8.t daily light 

fluxes less than 20 x 103 g-cal cmo

•
1 day~l (surface· to 1% light depth) and 

saturated at fluxes above about 25 (Fig. 10). 

Bo Photosynthetic Cap2city (Table IV; Figse 11 and -12) 

Photosynthetic capacity per unit chlorophyll §. at 1ieht saturation 

(ass·imilation number) raneer1 behleen 4 and 10, ,,"lith high values observed 

in Sept.-Oct. and Jnn.-Feb. and lOii values in Nov.-Dec. (Fig. 11)0 

Photosynthesis at light saturation Has inversely -related to the assimilation 

number in Septc and Oct,. B.nd positivcly n:lated in l;OVf!I:1bor, December, January 

and FebruD.ry 0 The slopes of tht~ Se relationships de cTeasr:d to a minimum in 
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November and increased in Dccembero It Hould appeal', therefore, that cropping 

:factors limited production in September and October Vlhile resourCe factors and/or 

temperature limited production from l~ovember on. Since temperature was 1m-lest 

in January and Febru,a.ry and dissolved inorganic nutrient pools Were neVer 

depleted and, in fact, incl'f;ased to a maximum in January, light-limitation is 

a likely candidate. 

~Vhen assimilation numbers Here high (September, October, J anuanr, February), 

station C3 in the sludge dumping area alHays exhibited the highest assimilation 

numbers. Assimilation numbers Here lOVlest at stations Pl) D3 and D5 (dredge 

spoil transect). 
'-~\ 

Nanoplankton photosynthetic capacity and chlorophyll §-. eXCf~eded that of 

the netplanJdon in November and December, but by J anuar-y the netplankton fraction 

dominated (Tables y, VI, and VII). Nanoplankton assimilation numbers ir18re 

consistently higher than netplnn..l(ton assimjJ_ation numbers (Fig $ 12) and Here 

highest at st.ations 03 and 05 and Im·rest at D5 ~ Netpla:nkton assimilation 

nu,mbers i·Jere highest at station C3 and 1m-lest at stations cS, D3 and DSQ 

The num('~rical abundances of major taxa are given in Table IX. Copepods 

accounted for 20% to SO% of the zooplankton by number in late September and 

October D.nd for OVer 90~1 th("!reafter in the Bighto 'The cladocerans fenilia sp., 

Rvande Spe and Podon sp~ accounted for hS% to 5S% in September a.nd October. 

Zooplcmkton numbers decreased from a September-November high .(most values bethreen 

3~OOO and 10,000 individu,ds/m3 with occassional blooms to 20,000 individu~ls!m3) 

to a Deeember-JclDUar.f 10H (most values Ip,ss than 1,000 inclividuals/m3 ) (Fig. 13). 

Particle grazers dominated the zooplankton, a.nd predators, such as chaetognnths, 

ctenopbores and polycb.aetes rernain8d rare except in November when chaetognatt~ 

abundance. peaked. 

Variations in zooplnnkton biomass are shmm in TClble Xc Variations in 

~isplllcement volume l'to;flcct changes in'the abund3.nce of tunicates (Doliolum sPt> 
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and Oikop1cura spo) and meduso.r:. to a great extent. Displacement volumns in 

'the Bight Here hiGh in Septcnihcr and decl'easpcl in· October and NOV(~f.lber as the 

abundance of tunicates declined o Variations in displacement volumE; parctl\ cled 

variations in numbC'rs from NovcF!ber on. 

Copepod dry ueiEht~ (mg m-J) decreaspd from September to Octob.'~r and increased 

to maximum values in NOvembeI'$ The Octobf)r-November increase HClS due to an 

increasp. in number and size of the individuals (mg orga,nism-l ) 0 . Copepod 

biomass decre:8.sed fron the Hoveli1ber maximum (65 to 350 mg In -3) to a December

Janucry minimum (less than 50 Ing m-3) 0 

Zooplankton biomass and numberical abundance Has higher in the Bight than 

in the Estuary, but a consistent pattern vJ8.S not observed bet1;.vcen stations in 

the Bight. 
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! CRUISE NO. I DNl'E 28-30 Sept. 73 

l 
---

HYDHOGPillPHIC DATA 

] 'l'ABLE I. 
I 

I S'1'1\. 

I 
Z TOC SO/OO DO N03 NH3 P04 Si04 N:P 

1 Al 0 20.2' 13.71 3.4 44.7 52.5 5.88 30.9 16.5 
i 2 20.2 13.69 

I 6 20.1 13.81 3.1 42.4 55.0 5.88 30.6 16.6 

! 1\2 0 20.2 17.39 2.8 31.5 67.5 5.25 29.1 18.8 

1 3 20.2 18.83 
I 8 20.2 20.09 1.7 20.0 64.4 5.37 21.6 15.7 I 
! A3 0 20.2 23.95 2.6 17.8 46.9 3.84 12.0 16.8 
I 

1 3 20.0 24.29 2.4 17.0 78.1 5.52 23.1 
j 10 19.6 26.02 3.1 14.4 68.1 4.50 18.9 18.3 
1 
1 
1 M4 0 20.3 23.86 2.5 17.5 78.1 5.22 24.2 18.3 
I 
1 5 20.1 24.55 
1 10 19.9 25.44 2.6 11.3 65.6 4.08 17.0 18.8 
! 
1 
J A4 0 20.2 23.97 2.5 10.9 55.0 3.66 12.B 18.0 
I 
1 5 19.B 25.32 
i 8 19.B 25.81 3.4 10.7 6B.B 3.69 16.4 21.5 
1 

PI 0 19.1 2B.13 5.2 9. B 48.1 2.88 12.3 20,1 
6 ' 0 

() ')(\ r'1 6.2 1.8 11.8 1.05 3.9 -1.0.0 ...) u. Vf ... 

12 17.2 31.08 3.9 2.1 10.0 1.50 11.2 B.l 

C2 0 18.6 30.66 7.8 0.0 0.9 0.45 9.0 2.0 
2 IB.6 30.66 
6 18.6 30.68 

14 1B.4 30.90 
20 17.0 31.04 4.6 1.9 5.7 1.35 6.3 5.6 

C3 0 19.1 29.61 7.3 0.3 2.2 0.4B 1.4 5.4 
2 19.1 30.72 7.7 0.1 5.7 0.69 .0. B 
6 19.0 30.76 7.4 0.4 1.4 0.81 O.B 

13 31.40 6.7 0.3 1.B 0.66 2.4 
20 IB.O 31.60 5.4 0.5 4.4 0.96 3.9 5.1 

C4 0 1B.7 30.55 7.4 0.7 1.6 0.72 1.B 3.2 
2 1B.B 30.56 
6 IB.7 30.56 

14 IB.4 30.96 
20 18.0 31.57 5.6 0.4 6.1 0.63 3.0 10.3 

C5 0 19.1 30.94 6.9 0.1 i.8 0.54 2.0 3.6 
2 19.1 30.91 7.1 0.2 1.6 0.57 1.5 
4 IB.9 30.97 7.4 0.2 4.0 0.69 1.B 
7 IB.7 31.23 7.0 0.2 1.6 0.63 1.5 

18 18.3 31.86 6.6 0.6 2.7 0.60 3.3 
25 18.3 31.91 6.2 0.1 2.9 0.60 3.4 S.O 
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CRUISE NO. I DATE ._~8-3Q~.c~pt . 73 ---
HYDROGPJ\PHIC DA~I'A 

TABLE I. 

---------
STA. Z TOe SO/oo DO N0 3 NIl3 P04 Si0 4 N:P' 

D2 0 18.6 30.48 7.6 0.4 1.6 0.66 1.S 3.0 
2 1S.6 30.59 
6 18.6 30.53 

14 lS.5 30.60 
22 lS.6 30.34 4.0 3.2 7.1 1.14 11.2 9.0 

D3 0 19.6 29.48 0.7 7.4 0.78 2.4 10.4 
2 19.3 . 30.07 2.6 6.4 1.0S 2.0 
4 19.2 30.30 1.7 6.1 0.93 1.8 
8 18.9 30.75 0.4 4.1 0.81 1.8 

18 16.1 31.5S 1.6 8.1 1.26 9.9 7.7 

D4 0 30.25 7.2 2.9 3.6 1.11 2.2 5.8 
2 18.6 30.25 
6 18.7 30.25 

14 18.6 30.50 
18 30.91 4.9 1.6 6.8 1.20 11.0 7.0 

D5 0 20.4 30.24 7.8 0.0 1.5 0.45 1.2 3.3 
1 19.9 30.41 7~7 0.1 1.2 0.51 O~6 
J 19.6 30.89 6.9 0.1 5.2 1.02 0.9 
5 19.6 30.94 7.1 0.0 1.6 0.54 0.9 

12 19.3 30.96 6,3 0.2 3.0 0.60 1.4 
20 16.9 31.58 5.2 1.1 3.4 0.87 5.4 5.2 

M15 0 18.6 30.72 7.5 0'.0 o ., 8 0.39 0.6 2.0 
2 18.6 30.73 
4 IB.6 30.75 

11 IB.4 30.92 
18 16.1 31.21 
28 11.9 31.93 5.2 4.1 2.6 0.93 10.B 7.2 

B4 0 19.0 30.37 6.8 1.5 . 4.6 0.90 6.9 6. 8 
2 19.0 30.38 
5 lS.6 30.36 

13 17.5 31.08 
17 17.4 31.12 4.9 1.3 6.0 1.05 6.8 7.0 
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CEUISE NO. II DATE 27-28 Oct. 73 

HYDROGRAPHIC DATA 
rrABLE I. 

-------- ---------
STA. Z 'r'Oc sO/oo DO N0 3 NH3 P04 Si0 4 N:P 

Al 0 15.3 14.74 5.0 19.5 35.0 2.45 10.7 22.2 
3 15.4 15.66 
8 15.5 16.96 . 5.1 

A2· 0 15.4 19.65 5.1 22.1 43.1 3.41 13.9 19.1 
3 15.5 20.36 
7 15.5 23.84 3.8 14.3 42.5 3.19 11.2 17.8 

A3 0 15.1 26.35 4.9 13.0 46.9 2.86 12.3 20.9 
4 14.8 27.05 5.0 13.9 60.6 2.48 14.3 
9 14.5 28.43 5.6 9.4 33.1 2.26 9.6 18.8 

M4 0 15.1 26.22 4.7 15.8 56.9 3.19 16.5 22.8 
5 14.8 26.94 

10 14.5 28.08 5.6 9.2 34.4 2.86 8.8 15.2 

A4 0 15.2 26.25 5.3 10.6 41.2 10.7 
5 14.8 27.39 
8 14.6 27.76 6.0 7.9 22.8 2.53 6.9 12.1 

PI 0 14.4 29.64 7.5 14.3 18.7 2.09 10.2 15.8 
r. ",!,~ "') ')(\ .-,n 0 1 .-, () ,- .-, V .. ~l J~ 2~S u -L ... .r. J JV. I U U.-L ~ ... U _1 ~ I 

13 14.8 30.96 8.2 2.4 6.1 0.58 1.9 14.6 

C3 0 15.7 32.10 7.2 0.3 2.5 0.72 0.9 4.0 
.] 15.7 32.12 6~9 0.3 1.9 0.52 0.9 
6 15.6 32.14 7.0 0.4 2.0 0.74 0.8 
9 15.6 32.14 7.0 0.2 1.3 0.60 0.9 

21 15.6 32.17 6.9 0.6 4.2 0.78 1.6 6.2 

CS 0 15.8 31.75 6.9 0.3 5.5 0.72 1.1 8.0 
2 15.8 31.77 7.1 0.0 3.8 0.38 0.9 
4 15.8 31.79 6.9 0.3 2.6 0.69 0.8 
7 15.8 31.81 7.0 0.2 2.3 0.91 0.9 

16 15.8 31.82 7.0 0.2 6.0 0.77 1.1 
24 15.8 31.84 7.0 0.3 1.2 7.97? 2.5. 

D3 0 31.68 7.4 0.9 4.6 0.60 0.6 9.0 
2 31.70 7.5 0.8 2.9 0.44 2.2 
6 31.71 7.5 0.8 1.9 0.63 0.8 
9 32.50 7.6 0.6 3.5 0.55 0.6 

21 32.09 4.8 2.9 4.9 0.77 4.7 10.1 

D5 0 15:8 32.14 7.2 0.1 le6 0.88 1.7 1.9 
3 15.8 32.14 7.1 0.3 1.2 0.66 0.9 
6 15.6 32.15 7.·1 0.0 1.0 0.69 0.8 

11 15,6 32.17 7.2' 0.1 2.0 0.55 0.9 
21 15.6 32.19 7.2 0.2 1.9 0.60 2.0 3.5 
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CRUISE NO. III DATE 17-19 Nov. 73 ---- ---_. 
HYDROGHl\PHIC DATA 

rrA13LE I. 

STA. Z 'roc SO/0O DO N03 NH3 " P04 Si0 4 N:P 

Al 0 9.4" 9.70 8.7 16.1 16.1 2.62 6.5 12.3 
2 9.4 9.80 
6 9.5 10.36 8.2 21.6 19.4 2.50 10.1 16.4 

A2 0 9.8 12.64 7.7 10.6 14.2 2.14 5.2 11.6 
2 9.8 12.65 
7 10.0 14.06 7.3 :33.2 41.2 2.67 17.5 27.9 

A3 0 10.5 22.08 6.9 16.9 39.4 2.92 11.7 19.3 
3 10.5 22.22 6.4 9.5 22.3 0.66 6.3 

10 10.7 24.52 5.8 9.7 25.5 1.18 7.6 29.8 

M4 0 10.4 23.55 6.8 17.4 41.9 1.10 12.3 53.9 
5 10.4 26.48 

10 10<4 27.10 7.0 7.9 22.5 6.8 

A4 0 10.3 27.42 7.0 9.6 21.5 2.04 7.4 15.2 
5" 10.4 27.88 

10 10.4 29.19 7.3 8.5 19.2 2.06 8.0 13.4 

"","I 0 11.2 31.67 8.1 3.3 6. <1 0.:::) 4.1 9.8 
L"".L 

5 11.3 31.71 7.8 3.8 6.8 1.16 4.2 
15 12.1 32.96 6.6 4.0 1.15 5.7' 

C2 0 11.4 32.04 8.0 0.3 5.0 0.52 1.4 10.2 
3 11.4 32.04 

"8 11.4 32.05 
19 11._ 8 32.46 
30 12.5 34.61 4.8 10.2 2.7 1.32 14.0 9.8 

C3 0 11.5 32.33 8.0 0.6 3.2 0.60 1.7 6.4 
2 11.5 32.32 7.8 0.5 1.7 2.20 1.4 
4 11.5 32.32 7.9 0.4 1.8 0.63 "1.4 
8 11.5 32.34 7.8 0.6 4.1 0.82 2.0 

15 11.5 32.36 7.7 0.3 1.8 3.80 1.2 0.6 

C4 0 11.6 32.09 7.9 0.4 1.0 1.2 
4 11.6 32.11 
8 11.6 32.14 

21 12.1 32.63 
30 12.5 34.65 5.0 10.1 1.9 0.74 16.2 16.2 

C5 0 11.2 32.06 8.2 0.6 1.0 0.77 1.1 2.1 
2 11.2 32.05 8.0 0.4 1.4 0.66 1.2 
4 11.2 32.05 8.0 O. G 2.0 0.55 J. • J. 
8 11.2 32.05 7.9" 0.4 2.2 o . ~) 5 ] . 7 

15 11.2 32.05 8.0 0.5 1.2 0.72 1.4 
22 11.3 32.07 7.8 0.6 1.3 1.04 1.2 1.B 
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CRUISE NO. III DATE 17-19 Nov. 73 --------
HYDEOGRl\PlIIC DATA 

TABLE I. 

srrA. Z TOC SO/OO DO N03 NH3 P04 Si04 N:P 

D2 0 11.1 31.80 8.2 0.5 3.4 0.38 1.2 10.2 
3 11.1 31.81 
7 11.1 31.80 

12 11.3 31.96 
20 12.3 34.36 5.2 7.9 3.4 1.21 9.0 9.3 

03 0 11.4 32.17 7.8 0.8 1.8 0.77 2.4 3.4 
2 11.4 32.18 7.8 0.7 4.4 1.13 2.0 
4 11.5 32.18 7.9 1.0 5.l 0.74 2.0 
7 11.4 32.19 7.8 Oe9 5.3 0.55 2.0 

18 11.5 32.22 7.5 0.7 4.3 0.55 1.4 9.1 

04 0 11.0 31.74 8.2 0.4 1.0 0.77 1.4 1.8 
3 11.0 31.74 
7 11.0 31.76 

11 11.4 31.96 
18 12.1 33.67 6.2 6.6 2.1 1.04 8.0 8.6 

05 0 11.8 32.28 8.1 0.2 3.9 0.60 0.9 6.8-
3 11.8 32.29 8.0 0.3 4.4 0.9 
8 11.8 32.29 7.9 0.1 1.8 0.66 0.8 

12 11.9 32.33 7.9 0.2 2.7 .t.: G JU 1 0' 
,.L III .L 

20 11.9 32.34 8.0 0.2 3.2 0.63 0.9 5.4 

t~15 0 11.3 32.08 8.0 0.2 2.6 0.72 7.4 3.9 
2- 11.3 32.04 
6 11.3 32.04 

10 11.4 32.08 
14 11.4 32.12 
19 11.6 32.20 7.8 0.2 2.5 0.55 2.2 4.9 

B4 0 10.8 31.64 6.9 3.5 8.1 3.G8 5.0 3.2 
4 10.8 31.66 

14 11.9 32.87 
18 12.0 33.01 7.7 2.8 1.8 0.66 4.2 7.0 



CRUI SE NO. IV 

srrA. Z TOC SO/oo 

Al 0 6.4 2.38 ., 
6.4 2.46 oJ 

6 6;4 2.58 

A2 0 6.8 5.08 
3 6.9 5.83 
7 7.0 9.46 

A3 0 8.2 16.50 
4 8.4 20.21 

11 8.6 24.52 

~4 0 8.3 17.44 
4 8.2 21.33 

12 8.4 24.16 

A4 0 8.1 19.75 
4 8.1 22.95 
9 8.6 26.51 

Pl 0 8.8 /.8.74 
G 8.7 23.89 

12 9.8 31.98 

C3 0 9.6 32.36 
3 9.6 32.37 
6 9.6 32.37 

13 9.6 32.37 
20 10.0" 32.44 

C5 0 9.4 32.24 
3 9.4 32.24 
7 9.4 32.23 

15 9.4 32.23 
21 9.4 32.23 

D3 0 31.02 
3 9.2 31.03 
6 9.3 31.03 

14 9.5 32.07 
17 9.8 32.25 

D5~ 0 9.4 32.40 
3 9.6 32.10 
7 9.6 32.40 

i3 9.6 32.10 
22 9. 6 32.10 

DATE 

HYDHOG};APHIC DATA 
TABLE I. 

DO N03 NH3 

9.7 39.1 10.7 

9.7 39.7 11.2 

9.8 29.3 13.8 

8.2 26.4 19.6 

6.9 15.6 25.3 
6.6 19.9 29.9 
7.1 12.0 19.3 

6.6 14.2 33.9 

7.4 12.0 18.9 

6.5 21.0 31.0 

7.0 12.5 18.3 

7.9 11.2 14.8 
8.1 s.s 12.1 
7.8 3.5 4.5 

8.3 4~0 4.0 
8.2 3.2 3.2 
8.0 3.4 2.6 
7.9 3 .. 3 2.6 
7.9 2.9 4.2 

8.3 3,,1 3.0 
8.1 2 .. 6 2.1 
8.1 2 .. 8 2.4 
8.2 
8.2 3 .. 3 2.6 

8.2 ,4.1 4.9 
8 r-. :) ,t}.,O 3.7 
8.3 3.9 3. G 
7.9 3 t O 3.9 
8.1 3.' 5 3.8 

7.9 2.7 2. G 
7.9 ,2.6 3.7 
7.9 :3 G 

') r' 
L. 011 _) 

7.9 2.7 2.2 
'7.9 2. H 7..3 

15-16 Dec. 73 

P04 Si04 N:P 

1.65 10.0 30.2 

1.50 10.5 33.9 

1.95 8.6 22.1 

1.95' 10.8 23.6 

1.92 8.8 21.3 
2.00 13.0 
1.67 2.8 18.7 

' 2.70 9.0 17.8 

1.60 8.1 19.3 

2.07 12.6 25.1 

1.58 9.3 19.5 

1.32 B.O ~. ("\ ., 
1..,;). I 

1. 3~; £;.0 
0.90 2.7 8.9 

0.80 2.2 10.0 
0.80 2.0 
0.80 3.G 
0.88 2.2 
0.62 1.5 ) 1 . ;1 

0.G8 C.n :3. 0 
0.60 O.n 
0.G8 O.G 

0.60 1. t1 9.B 

.D.BO 7. J J ] • 2 
o.nn ~>. • 0 
0.0:) ~~ . (, 
O."!::! 1 . fi 
0.82 J '/ • .J n . ~) 

O. G:~ 7.0 ;} ,. 
o •. ) 

O. c,~) ] . ') 
0.70 1. " 
O. C i~ 1. !: 
O. (, r) 1 . :! '}. ): 
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CRUISE NO. V Dl\TE 26-28 ,January J 974 ---
IIYDROGRl,,-P III C DATA 

Tl\BLE I. 

STA. Z '110 C SO /00. DO N03 NH3 P04 Si0 4 N::P 

Al 0 1.2 3.93 11.5 34.1 24.9' 1.47 51.10 40.1 
2 1.2 3.99 
6 1.2 4.26 12.0 36.8 24.6 2.25 50.75 27.3 

A2 0 1.7 7.63 10.1 27.0 19.8 1.80 46.55 26.0 
3 1.8 10.20 
7 3.2 15.67 8.4 17.9 19.6 1.83 18.90 20.5 

A3 0 3.7 17.88 8.2 17.4 19.8 2.07 18.20 lS.0 
5 3.9 20.13 8.2 13.9 1S.0 1.89 13.51 
9 4.2 22.76 8.7 11.9 16.0 1.86 12.04 15.0 

N4 0 3.9 17.78 7.4 15.7 21.0 2.25 16.59 16.3 
4 3.9 19.71 
8 4.3 23.01 7 . 8 21.6 24.4 2.61 21.07 17.6 

A4 0 4.0 17.39 7.6 13.2 17.9 1.80 14.07 17.3 
2 4.5 23.50 
5 4.6 24.87 S.l 10.6 14.5 1.98 10.01 12.7 

PJ 0 5.2 27.36 8,5 14.2 15~2 1 .. 71 11.90 ]_·70:2 
5 5.4 .28.89 8.5 7.1 6.9 1.53 5.46 

12 6.4 32.66 8.5 4.8 3.0 1.62 2~24 4.8 

C2 0 5.6 28.15 10.0 8.7 15.4 1.35 5.25 17.8 
4 5.6 29.66 

12 6.1 32.05 
20 6.7 32.58 
27 7.2 32.73 9.0 4.5 2.6 1.95 2.87 3.6 

C3 0 5.1 29.71 10.1 10.8 7.1 1.44 4.06 12.4 
2 5.1 29.71 9.8 7.8 5.2 1.11 2.73 
4 5.1 29.73 10.6 9.2 6.6 1.41 3.36 

10 5.1 30.13 10.2 6.9 4.8 1.62 2.38 
20 5.3 31.73 10.0 3.3 2.4 1.05 0.35- 5.4 

C4 0 5.9 29.00 10.5 11.2 20.5 '2.61 4.55 12.1 
4 5.6 29.75 
9 5.6 30.64 

15 6.3 32.28 
29 7.9 32.91 9.0 3.9 3.7 1.20 3.36 6.3 

C5 0 5.5 31.46 9.9 5.9 5.8 1.29 0.77 9.1 
4 5.5 31.46 10.0 5.1 2.0 1.29 0.63 
8 5.4 31.69 10.0 5.0 1.8 1.11 o. tj 7-

15 5.3 31.77 9.8 6.0 3.7 1.29 3.99 
23 5.1 31.96 9.5 5.0 4.6 1.38 1.26 7.0 



el~UI SE NO. V DATE 26-28 ,-Tanr~_~.E:.L.197_.4 ___ _ 

HYDHOGHAPHIC DATi". 
TABLE I. (cant.) 

STA Z Toe 5%0 DO N03 NH3 P04 Si0 4 N:P 

D2 0 6.0 30.90 9.4 5.9 4.3 1.14 1.89 8.9 
3 6.0 30.62 
8 6.4 32.14 

15 6.2 32.18 
20 6.6 32.43 9.0 5.1 4.8 1.62 2.03 6.1 

D3 0 5.7 30.31 9.4 7.1 4.5 1.29 2.17 9.0 
2 5.7 30.32 10.0 6.0 4.8 1.26 2.17 
6 5.6 30.53 9.7 7. 6 5.4 1.32 2.66 

12 6.8 32.67 8.9 4.3 1.9 1.32 2 ~? .UJ 

17 7.0 32.74 8.7 4.9 2.5 1.44 2.66 5.1 

D4 0 5.7 30.35 9.3 10.4 5.4 1.29 3.92 12.2 
5 5.7 30.40 

10 5.7 31.22 
15 5.7 32.26 
25 6.9 32.78 8.7 3.7 3.5 1.23 1.82 5.8 

DS 0 5.6 30.76 10.0 4.8 2.1 1.17 2.17 5.9 
3 5.6 30.77 10.1 6.9 3.1 0.96 0.63 
8 5.7 31.30 9.9 5.7 '"' .. L..-L 1.08 0.63 

15 6e7 32.51 9.2 .3.8 3.1 1.S2 1.05 
21 7.5 32.81 8.2 4.3 1.23 2.94 
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CRUISE NO. VI DATE 16-18 Februarv 1971J 
---~'- ----------~-~.-

lIYDROGPJ\PHIC DATA 
TABLE I. 

STA. Z Toe SO/oo DO N03 NH3 P04 Si0 4 N:P 

A'-I" 0 0.9 6.90 13.3 31.7 21.5 1.50 61.6 35.5 
2 1.4 9.39 
5 2.9 20.94 10.9 16.2 17.4 1.43 16.9 23.5 

A-2 0 0.6 .7.92 13.4 23.6 19.0 1.35 39.2 31.6 
3 2.0 18.75 
7 3.2 22.55 11.6 15.0 15.8 1.61 15.0 19.1 

A-3 0 1.9 15.77 12.2 18.7 18.0 1.40 23.0 26.2 
2 2.2 17.48 12.0 13.9 14.9 1.30 16.4 

12 3.2 27.26 12.0 B.2 6"4 1.04 5.5 14.0 

A-4 0 2.5 IB.32 12.0 180R 19.0 1.53 21.7 24.7 
4 3.6 25.65 
9 3.9 27.B2 12.5 9.B 5.9 1.17 5.7 13.4 

P-l 0 4.2 30.30 11.5 3.4 2.2 0.83 1.1 6.7 
4 4.2 30.33 11.6 3.6 2.9 0.84 1.2 

10 4.4 30.98 11.4 2.1 2.2 0.80 0.3 5.4 

B-2 0 4.0 30.86 11.8 2.6 1.4 0.81 0.7 4.9 
5 4.0 30.74 

15 4.0 30.44 
20 6.1 32.03 9.7 4.1 2.0 1.17 2.6 5.2 

B-3 0 4.9 31.43 11.0 3.0 1.8 0.88 0.9 5.4 
4 4.9 31.43 

10 4.9 31.42 
17 5.0 31.38 11.4 2.6 1.4 0.80 0.9 5.0 

B-4 0 2.4 31.04 11.0 3.7 2.0 0.B3 0.6 6.9 
4 2.4 30.98 11.8 5.B 2.2 1.06 1.8 

11 2.4 30.87 11.5 4.9 1.4 1.06 1.3 
15 2.5 31.05 11.0 6.7 1.6 1.30 1.7 6.4 

C-2 0 3.6 30.62 11.2 4.1 4 . .0 0.96 0.8 8.4 
3 3.6 30.67 
8 3.6 30.65 

15 3.6 30.53 
25 6.3 32.0B 9.7 3.1 l~B 0.B4 2.7 5.8 

C-3 0 3.3 31.44 12.3 4.4 2.2 O.BO 1.0 B.2 
2 3.2 31.43 11.8 4. 0 1.6 0.86 0.8 
4 3.2 31.42 11.2 4.0 1.9 0.68 0.4 

12 3.6 31.71 11.0 tl • :5 3.2 0.86 0.8 
23 5.9 32.98 9.8 3.3 1.4 . 0.91 2.2 5.0 
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CRUISE NO. VI DJ\'I'E16-1B F'cbryary 1974 

HYDROGRAPHIC Dl\'TlI. 
'I'l\BLE I. (can t. .) 

srrA. Z TOC SO/oo DO N0 3 NH') P0 4 Si0 4 N:P 
J 

C-4 0 4.3 31.41 11.6 3.5 3.0 0.88 0.8 7.4 
3 4.3 31.44 
7 4.3 31.37 

12 4.4 31.42 
20 4.5 31.24 11.3 3.6 2.8 0.94 1.1 6.8 

C-5 0 3.7 32.09 12.5 3.0 1.4 0.86 0.4 5.1 
3 3.7 32.14 11.1 2.7 1.2 0.81 0.6 
8 3.7 32.13 10.7 3.3 2.4 0.91 0.4 

21 4.0 32.17 10.2 3.8 1.5 0.78 0.9 
25 4.0 32.17 10.2 3.7 1.3 0.83 C.7 6.0 

D-2 0 3.6 31.22 12.6 3.7 3.8 0.91 1.3 8.2 
3 3.7 31.30 
6 3.6 31.53 

15 3.9 31.64 
20 5.8 32.51 10.6 3.8 2.6 0.91 1.9 7.0 

D-3 0 3.8 31.58 12,-3 2.3 2.2 0.70 0.4 6.4 
3 3.9 31.57 12.0 2.1 1.1 0.83 0.5 
7 3.9 31.51 11.8 1.9 1.1 o ~10 

• 10 
() II v . .. x 

12 4.0 31.67 11.5 2.5 2.5 0.76 0.5 
20 6.3 32.73 9 .. 5 3.0 1.7 0.9l 1.9 5.2 

D-4 0 4.0 31.66 12.8 2.7 1.0 0.80 1.4 4.6 
3 4.0 31.55 
7 4.0 31.62 

12 4.1 31.80 
18 6.0 32.70 10.3 3.8 3.3 0.94 2.0 7.6 

D-5 0 3.8 31.72 13.2 2.3 1.1 0.81 0.5 4. 2 
3 3.7 31.63 12.6 4.0 1.7 0.88 1.0 
6 3.7 31.60 12.2 3.3 1.B 0.84 0.6 

16 5.B 32.65 9.7 3.4 1.8 0.96 1.5 
22 6.0 32.77 9.6 3.8 3.0 0.99 1.9 6.9 



C110ISE NO. I 

S'1'A. Z 

A1 0 
2 
6 

A2 0 
3 
8 

A3 0 
3 

10 

M4 0 
5 

10 

A4 0 

PI 

C2 

C3 

C4 

C5 

5 
8 

o 
6 

12 

o 
2 
6 

14 
20 

o 
2 
6 

13 
20 

o 
2 
6 

14 
20 

o 
2 
4 
7 

18 
25 

----

TURB., 

8.0 
8.0 

12.0 

3.7 
4.4 

10.0 

3.1 
3.4 
3.7 

3.5 
13.0 
7.0 

3.0 
4.2 
5.8 

1.8 
1.4 
3.6 

1.4 
1.3 
1.4 
1.2 
0.8 

1.2 
0.8 
1.1 
1.1 
1.1 

1.1 
1.1 
1.1 
1.1 
1.0 

0.7 
1.2 
1.2 
1.0 
1.0 
1.1 

DA'TE_28-?0 Scpt._,~ .. 97_3 __ _ 

SUSPENDED PAHTICDLNI'E MATTEH (VOLUt-m- 1 ) 

51.58 

41.60 

27.76 

37.87 
38.47 
35.46 

32.84 

49.66 

31.63 

41.84 

9.76 
9.60 

18.95 

9.91 

8.80 

5.60 
10.28 

9.46 
6.92 
9.61 

9.36 

8.68 

4.35 
, 6.42 
7.58 

11.04 
10.23 

9.69 

TABLE II. 

% 01>1S 

6.8 

10.5 

18.6 

8.4 
7.5 
9.3 

7.5 

7.8 

8.9 

8.8 

12.4 
12.2 
11.9 

23.1 

16.1 

31.2 
16.7 
27.8 
15.5 
12.7 

27.7 

21.9 

45.5 
31.3 
23.4 
12.1 
14.0 
15.0 

POC 

1.24 

1.49 

1.12 

1.79 

0.80 
1.03 

1.10 

1.45 

0.94 

0.49 
0.44 
0.82 

0.72 

0.47 

0.54 
0.60 
0.63 
1.23 
0.36 

0.73 

0.58 

0.51 
0.36 
0.62 
0.64 
0.28 
O. ·11 

CHL 

0.76 
0.76 
0.80 

1.29 
0.93 
1.05 

1.75 
1.63 
1.40 

1.75 
1.63 
1.28 

1.7.5 
1.40 
1.75 

1.98 
0.89 
1.16 

4.42 
3.96 
3.9G 
2.68 
0.62 

4.66 
6.66 
7.55 
1.21 
1.10 

4.08 
4.42 
4.31 
1.98 
1.38 

1.98 
2.10 
2.10 
1.98 
1.G9 
1.21 

% 
PHYTO-C 

1.5 

2.9 

4.0 

4.6 

10.1 

15.3 

21.6 

14.0 

9.2 

PHAEO 

1.51 
1.77 
2.18 

0.75 
0.80 
1.92 

0.83 
0.84 
1.08 

0.93 
2.13 
1.89 

0.93 
1.97 
2.41 

0.79 
1.15 
3.59 

0.52 
0.79 
O. 5~) 
0.29 
o. :) 5 

0.59 
'1.2G 
2. Gil 
0.3<'1 
O. ,18 

1.17 
1.)/ 

1.33 
0.'10 
O. [3~) 

o . t1 () 
o. :'1' 
o ')" 
() • Ii l} 

O. ,1 r, 

() • t I i 
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CRUISE NO. I DlI.rrE 28-30 Sept. 1973 --
SUSPENDED Pl\.R'l'ICULATE ~JAT'l'ER ( VOLUNE- l ) 

TABLE II. (cont.) 

STA. Z TURB. TMS % OMS pac eHL % PHAEO 
PHYTO-C 

D2 ·0 1.0 11.95 20.7 0.64 4.89 19.1 0.95 

2 1.2 5.01 0.83 
6 0.9 4.66 0.79 

14 0.9- 3.14 0.72 
22 1.5 8.05 15.5 0.51 0.34 0.37 

D3 0 2.0 11.13 27.4 1.15 11.54 25.1 1.29 
2 1.8 8.50 28.6 0.76 7.10 0.82 
4 1.5 7.00 26.8 0.67 4.08 1.57 
8 1.4 7.21 16.7 0.54 0.71 1.33 

·18 2.0 10.45 13.6 0.59 0.58 1.16 

D4 0 0.8 8.17 . 22.9 0.57 2.68 11.8 0.88 
2 0.9 2.79 1.1G 
6 0.7 3.14 0.91 

14 1.4 0.89 1.15 
18 .2.2 7.68 26.7 0.51 0.80 1..92 

D5 0 1.4 13.52 26.5 1.14 9.32 20.4 . 3.13 
1 1.1 12.74 16.9 0.92 3.96 O.S9 

3 1.1 11.24 16.7 0.62 1.38 0.G2 
5 1.2 7.65 18.6 0.59 0.98 0.53 

12 1.3 9.56 10.5 0.42 0.93 0.G5 
20 1.5 5.71 15.4 0.29 0:80 0.56 

!viIS 0 2.5 8.86 36.1 0.73 3.03 10.4 0.54 

2 2.5 2.56 O.GO 
4 2.5 2.68 O.ns 

11 0.9 1.98 0.30 

18 0.9 0.37 0.40 

28 2.0 8.51 16.9 0.50 0.58 0.67 

B4 0 1.4 9.50 25.0 0.70 3.61 12.9 1.11 

2 1.3 4.08 0.87 

5 1.3 3.84 1.BO 
13 1.5 0·.93 ] . () 3 

17 1.6 9.94 14.5 0.59 0.53 1. (V) 
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1 
! CRUISE NO. II DATE 27-28 Oc-t. 1973 

t 
-------

J SUSPENDED PAE'I'ICUI,J\'l'E Hl';TTEH (VOLUHE- 1 ) 
1 'fABLE II. 
I 
I % 

I STA Z TUHB. T1'1S % OMS POC CEL P llY'l'O-C PlIAtO 

~ 
1~84 I Al 0 3.6 48.46 6.7 0.82 5.6 0.60 

j 3 4.4 1.20 0.92 
1 8 6.3 43.67 7.3 1.10 1.20 1.10 I 
1 

A2 0 3.7 29.74 10.1 1.05 2.53 6.0 0.60 
3 3.8 1.16 0.70 

J 7 3.6 35.12 10.8 1.47 0.98 1.67 
f 
1 
j 

A3 0 2.6 36.74 6.9 0.77 2.07 6.7 0.47 j 
'I 4 2.6 36.84 7~2 1.09 2.18 0.84 1 
j 9 3.5 40.37 7.2 1.15 2.30 1.61 

i M4 0 2.4 33.88 7.6 1.28 1.38 2.7 0.77 .j 
i 5 2.6 1.26 0.9B 

1 
10 6.6 46.11 7.1 1.61 2.53 3.62 

"j A4 0 3.2 1.25 1.95 3.9 0.88 

I 5 7.1 4.44 C.13 
8 9.9 24.98 10.5 2.39 4.89 ]0.7.2 

PI 0 4.6 39.96 6.5 1.20 5.78 12.0 2.1G 
6 4.6 38.78 7.0 1.24 6.67 2.07-

13 2.9 39.81 8.7 1.19 4.36 1.40 

C3 ' 0 1.5 10.36 13.5 0.57 1.61 7.1 0.311 
3 1.6 9.42 11.4 0.70 1.61 0.31) 
6 1.9 8.75 13.9 0.67 1.84 0.31 
9 1.4 10.36 15.8 0.43 1.84 0.31 

21 1.4 8.47 14.5 0.53 1.61 0.311 

C5 0 1.4 9.58 9_1 0.49 1.29 G.G 0.30 
2 1.4 10.33 7.2 0.53 1.07 o.tjlJ 

4 1.4 9.27 10.0 0.57 1.20 O.J~ 

7 1.4 10.55 8.5 0.56 1.16 0.32 
16 1.5 29.74 5.7 0.48 1.20 CloY.; 

24 1.6 8.24 9.6 0.54 1.211 O.3U 

D3 0 0.8 10.78 15.7 0078 6.G7 :: 1. (1 o. r) 'J 

2 1.1 11.70, 14.8 0.76 G.G7 0. 1 ,1 

6 0.8 10.49 17.6 0.88 6.22 O. (lH 

9 0.9 10.04 16.3 0.87 5.7B -I • ():) 

21 4.4 16.38 15.1 0.88 8.G7 ~: . 1 () 

D5 0 0.6 6.07 15.8 0.43 o . ~ :~ 'L ·1 o. :' r) 

3 0.4 6.56 16.7 0.50 0, ·1 ~l (). :'\ 

6 0.4 7.55 16.7. o . :; () n. ·1 (, (). ",I 

11 0.4 6.83 10.5 0.76 O. rj} lJ •• . ' ) 

21 0.4 3.77 20.4 O.!JO () • ,1 Ij (). :':' 
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CRUISE NO. III Dl\'I'E 17-19 Nov. 1973 --- --------~.-

SUSPENDED PAH'I'ICULATE !,'1li.TTEP. (VOLUl'm- 1 ) 
rr'ABLE II. 

% 
STA. Z TURB. TMS % OMS POC CHL PHYTO-C PHAEO 

Al 0 8.7 46.82 6.6 1.30 4.51 12.1 1.19 
2 8.9 4.51 1.19 
6 8.4 43.02 6.9 1.22 3.93 1.28 

A2 0 7.3 39.44 6.8 1.25 3.00 8.4 1.02 
2 7.1 2.77 1.16 
"7 8.6 43.21 7.6 1.39 2.08 1.55 

A3 0 3.6 35.29 6.4 1.12 1.94 6.1 0.39 
3 3.6 35.56 6.7 1.05 1.76 0.45 

10 6.6 44.14 6.5 1.43 1.59 0.90 

M4 0 2.7 33.26 7.6 1.06 1.73 5.7 0.43 
5 3.6 1.39 0.77 

10 5.2 45.67 8.6 1.49 1.39 1.46 

A4 0 2.6 0.70 1.62 8.1 0.54 
5 2.6 1.62 0.64 

10 3.6 12.31 15.6 0.80 1.62 1.33 

Pl 0 1.6 0.31 1.63 18.4 0.62 
5 1.6 0.35 1.68 0.61 

15 1.4 11.61 12.0 0.38 1.59 0.59 

C2 0 1.3 10.11 22" 2' 0.64 2.20 12.0 0.65 
3 1.4 2.20 0.65 
8 1.3 2.20 0.65 

19 1.5 1.50 0.46 
30 1.6 12.22 10.6 0.65 0.24 0.32 

C3 0 1.7 7.14 13.4 0.38 2.55 23.5 0.45 
2 1.4 2.33 83.9 0.66 2.60 0.35 
4 1.1 9.41 13.1 0.49 2.62 0.35 
8 1.1 7.67 21.0 0.50, 2.31 0.53 " 

15 1.4 8.69 14.7 0.52 1.58 0.71 

C4 0 1.4 9.58 17.6 0.57 2.08 12.8 0.47 
4 1.3 1.96 0.69 
8 1.4 1.96 0.69 

21 1.1 1.23 0.41 
30 1.3 13.15 10.0 0.58 0.16 0.24 

CS 0 1.6 8.87 17.4 0.68 2.55 13.1 0.70 
2 1.2 10.05 13.4 0.55 2.51 0.63 
4 1.4 5.11 30.8 0.56 2.60 0.66 
8 1.4 5.24 36.0 O. G3 2.62 O. 8~) 

15 1.4 10.10 20.2 0.57 2.60 O.GO 
22 1.11 7.13 19.9 0.55 2.47 0.50 
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1 , CRUISE NO. III DA'rE 17-19 Nov. 1973 ---,--- -_._----_ ..... --, SUSPENDED PARTICULNJ'E MA'TTER (VOLUME-I) 

l TABLE II. (cont.) 

I 
I 

! 0, 
,I '0 

1 
STA. Z TURB. °'I'HS % OMS POC CEL PHYTO-C PIlAtO 

; 

1 
D2 0 1.6 6.09 37.6 0.63 1.68 9.3 0.54 

3 2.1 1.62 0.44 
,j 

7 2.2 1.59 0.55 i 

I 
12 1.6 0.32 0.30 
20 2.4 11.51 10.7 0,'62 1.23 0.41 

I 

l D3 0 1.9 7.13 19.6 0.46 1.23 9.4 0.26 
j 2 1.4 6.51 26.4 0.53 1.41 0.35 

I 
IJ 1.5 7.32 18.8 0.51 1.45 0.38 
7 1.6 5.76 22.8 0.54 1.19 0.38 

18 1.6 9.11 16.6 0.48 1.68 0.39 
J 

:1 D4 0 1.6 10.94 28.4 0.75 2.20 10.3 0.65 1 
j 3 1.6 2.66 0.68 
I 7 1.4 2.43 0.72 
l 11 1.3 1.50 0.46 i 
'j 18 1.4 7.74 14.2 0.55 0.97 0.42 

f D5 0 1.4 4.23 40.2 0.53 2.16 14.3 0.69 I 3 1,5 11.07 12.6 0.48 2" J h 0.5:1 
8 1.5 9.58 26.3 0.61 2.25 0.64 

12 1.2 7.10 23.9 0.55 1.96 0.39 
20 1.5 8.62 18.4 0.52 1.96 0.49 

MIS 0 1.5 6.29 41.3 0 .. 57 2.31 14.2 0.73 
2 0.6 2.20 0.56 
6 0.9 2.31 0.64 

10 1.1 2.08 0.57 
14 1.1 1.85 0.51 
19 1.1 11.00 12.2 0.57 1.39 0.58 

B4 0 2.1 7.08 29.3 0.68 1.73 .8.9 0.43 
4 2.1 1.85 0.51 

J.4 1.6 1.50 0.41 
18 1.6 7.10 19.8 0.71 1.06 0.37 
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CRUISE NO. IV DA'I'E 15--16 Dec. 1973 ----
SUSPENDED PARTICULATE Iv1l':.'rTEH (VOLU\1E- 1 ) 

TABLE II. 

% 
STA. Z TURB. TMS % OMS POC CUI, PHY'TO-C PIIAEO 

1\1 0 12.0 25.57. 7.1 0.93 2.66 10.0 1.96 
3 15.0 2 .. 66 2.25 
6 21.0 47.18 7.7 1.75 3.00 3.48 

A2 0 10.0 18.37 8.3 0.83 1.62 6.8 1.33 
3 11.0 1.39 1.46 
7 26.0 76.35 8.4 3.16 1.50 3.70 

A3 0 5.6 11.14 20.8 0.82 1.13 4u8 0.92 
4 5.6 16.86 13".2 1.03 0.71 0.97 

11 9.1 32.52 13.4 1.81 1.41 2.64 

M4 0 6.1 13.01 12.5 1.06 0.84 2.8 0.85 
4 5.3 1.06 0.96 

12 6.2 14.46 11.3 1.09 1.16 1.20 

A4 0 5.2 11.23 15.3 0.90 1.19 4.6 0 .. 83 
4 4.6 1.15 0.88 
9 6.2 19.45 12.2 1.08 1.62 1.72 

P). 0 3.6 9.27 17.3 1.14 1.98 6.1 0.90 
6 3.5 9.07 17.7 1.17 2.07 0.93 

12 4.7 11.56 13.7 1.15 2.56 1.01 

C3 0 3.4 3.95 20.9 0.67 3.76 19.6 0.42 
3 2.9 7.04 19.3 0.54 4.29 0.38 
6 3.3 4.48 23.7 0.81 3.93 0.51 

13 3.4 5.38 23.5 0.73 3.55 0.33 
20 5.6 7.65 24.6 0.81 3.19 0.65 

C5 0 4.4 3.42 24.2 0.49 4.29 30.6 0.86 
3 3.3 4.89 26.1 0.53 4.26 1".04 
7 2.9 4.53 26.7 0.53 4.44 0.94 

15 2.7 7.13 22.9 0.56 4.07 0.80 "' 
21 3.2 5.36 25.2 0.61 3.91 0.85 

D3 0 0.8 5.86 19.6 0.63 2.68 14.9 0.52 
3 1.3 4.08 24.4 0.60 3.18 0.61 
6 1.1 4.72 2202 0.53 2.98 0.66 

14 1.1 5.26 22.0 0.61 2.72 0.48 
17 1.3" 5.59 18.50 0.57 2.50 0.71 

D5 0 3.4 4.42 26.0 ·0.59 3.11 18.4 0.63 
3 2.9 7.52 21.G 0.55 2.95 0.85 
7 3.1 4.47 24.5 0.56 2.98 0.68 

13 2.2 3.49 23.8 0.52· 2.61 0.71 
22 2.1 5.31 22.5 0.49 2.8G 0.63 
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CRUISE NO. V DATE 26-28 J'u.nuar,/ J974 --- --_.----------
SUSPENDED Pl\H'I'ICULA'l'E Ivlt"'lTTEH (VOLOIv£ -1) 

TABLE II. 

-
STA. Z TURTS. .1'MS % OMS poe CHI, % PHAEO 

PHYTO-C 

Al 0 18.0 33.31 10.3 1.30 0.57 1.1 1.94 
2 17.0 0.57 2.20 
8 41.0 88.88 10.3 3.22 0.49 5.02 

A2 0 10.1 17.18 14.5 0.85 0.31 0.9 1.04 
3 10.3 0.35 1.22 
7 60.0 158.47 12.0 6.44 1.73 6.81 

A3 0 34.0 7.78 26.4 0.86 0.72 2.1 0.64 
5 5.0 13.40 21.9 1.00 0.93 0.69 
9 5.0 13.55 20.5 1.02 1.76 0.96 

M4 0 6.1 9~57 23.2 0.86 0.84 2.4 0.57 
4 5.4 0.97 0.64 
8 8.1 14.73 19.6 1.15 1.39 1.86 

A4 O. 4.6 9.12 23.7 0.76 0.84 2.8 0.51 
2 5.4 1.50 0.95 
5 5.8 16.34 17.4 1.06 1.73 . 1.51 

1)1 0 3.6 6.25 23.0 0.52 2.20 10.6 0.64 
5 3.1 8.34 20.6 0.48 2.64 0.65 

12 2.4 7.63 22.6 0.35 1.54 0.48 

C2 0 3.6 4.71 29.2 0.54 4.74 21.9 0.57 
4 3.4 6.24 0.24 

12 3.0 1.72 0.19 
20 1.9 0.66 0.31 
27 2.1 5.83 19.4 0.27 0.62 0.36 

C3 0 3.1 4.93 27.0 0.60 4.01 16.7 0.56 
2 3.9 6.61 26.1 0.42 3.87 0.62 
4 3.4 4.90 28.0 0.42 3.83 0.78 

10 3.1 4.77 27.4 0.44 4.16 0.28 
20 1.4 4.74 21.4 0.24 1.13 0.33 

e4 0 4.9 5.39 42.4 0.92 3.93 10.7 1.08 
4 3.8 6.01 0.47 
9 2.7 4.28 0.73 

15 2.5 1.28 0.~2 
29 2.6 6.86 18.6 0.27 0.49 0.23 

C5 0 1.7 2.66 27.4- 0.40 1.72 10.8 0.3L1 
4 2.4 5.14 22.6 0.14 1.73 O. ·10 
8 1.9 2.81 26.4 0.33 1.83 0.37 

1S 2.1 5.00 23.9 0.34 2.32 0.:18 
23 2 ,- 4.42 22.5 0.31 1.80 0.79 • J 



-
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cnUISE NO. VI 

SUSPENDED PARTICULATE ~mTTER (VOLUME-I) 
TABLE II. 

------------._-------
STA. 

A--l 

A-2 

A-3 

A-4 

P-l 

B-2 

B-3 

B-4 

C-2 

C-3 

z 

o 
2 
5 

o 
3 
7 

o 
2 

12 

o 
4 
9 

o· 
4 

10 

o 
5 

15 
20 

o 
4 

10 
17 

o 
4 

11 
15 

o 
3 
8 

15 
25 

o 
2 
4 

12 
23 

TUPJ3. 

7.9 
7.0 
9.9 

8.6 
4.3 
3.7 

4.9 
4.9 
3.4 

4.1 
4.1 
3.7 

2.3 
2.4 
3.4 

1.5 
1.6 

·1.6 
1.1 

2.5 
2.6 
2.5 
2.5 

3.1 
3.1 
3.2 
2.5 

2.1 
2.4 
2.4 
2.3 
1.4 

1.6 
1.9 
1.7 
1.7 
0.9 

TI-1S 

10.03 

30.15 

12.47 

17.74 

9.98 
15.49 
16.85 

9.95 

17.31 

6.61 
7.57 

10.10 

5.04 

4.97 

7.65 

6.53 

6.82 
6.38 
6.87 
7.03 

4.93 

5.17 

4.96 
4.91 
2.82 
4.27 
4.32 

% 01'1S POC CHL % 

14.0 

14.2 

13.6 

19.5 

19.9 
18.8 
17.1 

21.6 

18.5 

24.8 
24.0 
19 ~ 6 

29.6 

19.3 

22.6 

22.4 

17.80 
18.07 
16.71 
17.42 

18.2 

29.6 
30.8 
32.2 
27:6 
23.7 

0.64 

1.69 

0.91 

1.13 

0.99 
1.08 
1.10 

0.87 

0.97 

0.93 
1.50 
4.39 

1.19 
3.47 
4.51 

2.88 
3.66 
7.49 

3.24 
6.47 
8.79 

PHYTO-C 

3.6 

3.3 

7.3 

9.3 

0.60 8.66 3601 
0.65 8.57 
0.80 10068 

0.52 

0.28 

0.48 

0.56 

0.45 
0.43 
0.40 
0.40 

0.66 

0.28 

0.55 
0.44 
0.51 
O.~B 

0.31 

9.25 
9.25 
9.71 
1.32 

5.32 
5.09 
6.24 
5.32 

2.07 
1.94 
2.69 
2.07 

6. '94 
7.40 
8.09 
8.32 
1.63 

5.51 
6.48 
4.76 
3.18 
1.41 

27.7 

11.5 . 

26.3 

25.0 

PHAEO 

0.76 
0.56 
1.50 

0.87 
0.95 
1.29 

1.01 
1.12 
2.16 

1.18 
1.78 
2.02 

1.21 
1.42 

. 2« 37 

1.17 
2.15 
1.30 
0.74 

1.95 
2.18 
1.62 
1.76 

1.56 
2.07 
2.24 
2.01 

0.92 
1.44 
1.34 
0.32 
0.50 

1.50 
1.72 
4.37 
0.72 
0.70 



1 
j CRUISE NO. VI DATE --..!_6-18 February 1974 __ ._ ----
,j SUSPENDED PAR1'ICULATE Jv1J\.'r'.L'E H (VOLUJ\m- 1 ) 
1 
,I 

rrABLE II .. (cont. ) 
j 

I 
1 STA. Z 'I'UHB. TMS % OMS POC CHL % PHAEO 

I PHYTO-C 

J C-4 0 1.9 6.15 24.4 0.46 6.70 36.4 1.16 
J 

1 
3 2.7 5.78 1.49 
7 2.2 7.17 0.89 

j 12 2.0 6.70 0.76 
i 20 2.9 7.64 20.9 0.64. 6.24 1.62 

I C-5 0 1.5 4.40 26.9 0.47 2.68 14.2 1.22 
1 3 1.6 4.59 28.8 0.35 2.54 0.97 

j 2 1.3 4.49 26.2 0.37 2.54 1.24 
21 1.3 7.58 20.4 0.46 2.48 1.46 

1 25 1.4 5.12 22.7 0.41 2.82 1.40 
1 
1 

f 
D-2 0 1.9 4.81 29.5 ND 2.08 0.87 

:J 
3 1.5 5.78 1.10 

.J 6 1.9 6.70 0.76 
j 15 1.7 5.32 1.17 

1 20 1.5 5.15 20.4 6.94 1.51 
i 
1 D-3 0 1.6 4.89 28.1 0.58 5.28 22.8 1.06 

3 1.5 4.63 27.2 ND 5.52 0.95 
'/ 1.S ~I • 0 (5 24.:J O.~6 6.44 0.85 

12 1.8 7.81 29.0 0.41 6.35 1.38 
20 1.5 5.56 18.2 0.31 2.07 0.65 

D--4 0 2.2 5.00 29.6 0.61 7.17 29.4 0.69 
3 1.4 8.09 1.14 
7 1.4 7.86 0.98 

12 1.3 8.79 0.00 
18 1.6 4.80 18.5 0.39 2.08 0.67 

D-5 0 1.3 4.00 29.9 0.58 4.62 19.9 1.21 
3 1.3 4.82 28.7 0.49 4.73 0.99 
6 1.4 4.83 29.3 0.52 4.97 1.03 

16 1.1 7.07 18.9 0.33 2.26 0.52 
22 0.9 4.23 20.4 0.30 1.81 0.63 



CEUISE NO. I --

STA. Z'dC 

Al 8 

11.2 10 

A3 12 

M4 12 

A4 9 

PI 13 

C2 33 

C3 23 

C4 24 

C5 28 

D2 25 

D3 22 

D4 22 

D5 24 

MIS 32 

B4 20 

DATE28-30 Sept. 1973 

SUSPENDED PAR'l'I CUL1\TE t·1ATTER ( AREA -1) 
'fABLE III. 

Kd Kp 'rMS % OMS POC eEL 

1.7 3.84 

1.1 8.28 

1.0 1.21 373.3 8.3 R.80 15.66 

0.8 15.72 

0.8 12.57 

0.6 0.22 143.7 12.2 6.57 14.76 

0.7 60.66 

0.4 0.25 170.6 19.4 15.69 78.74 

0.4 61.17 

0.3 0.17 239.4 17.2 11.36 44.eo 

0.3 ., .1 ")r 
('"1:.J") 

0.5 0.26 151.9 19.4 11.44 45.83 

0.3 36.84 

0.4 0.19 177.3 14.8 10.14 27.93 

0.5 40.07 

0.4 41.59 

---

PHYTO-C PE.O 

0.39 21LL 

0.37 

1.97 1630., 

1.12 1601. 

1.14 

0.70 
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CRUISE NO. II DNfE 27-28 Oct. 1973 

SUSPENDED Pl\ 1:']'IC1JLl\'I'E t·1]\T'EEP. (AREl!. -1) 
r~el\J3LE III. 

........---

S'rA. Z\VC I<d Kp 1'MS % 01-18 POC eHL PIlYTO-C PROD 

Al 16 1.0 10.56 

A2 9 1.0 9.79 

A3 11 0.6 0.88 340.2 7.1 9.33 19.69 0.49 214.7 

M4 13 0.6 16.08 

A4 10 0.6 29.99 

PI 1"6 1.0 1.45 511.3 7.3 15.84 75.94 1.90 

C3 24 0.2 0.24 198.6 14.4 11.37 36.16 0.90 354.8 

C5 28 0.3 0.27 402.5 7.8 12.55 28.54 0.71 107.3 

D3 23 0.2 0.21 256.2 15.9 17.91 143.78 3.60. 

DS 24 0.2 0.16 129.1 16.2 12.71 9.39 0.33 



- -

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

CHUISE NO. III DNfE 17-19 Nov. 1973 

s'rA. 

hI 9 

A2 10 

A3 12 

H4 15 

A4 13 

PI 18 

C2 34 

C3 18 

C4 37 

C5 28 

D2 24 

D3 26 

D4 23 

D5 25 

MIS 23 

B4 23 

SOSPENDED PlIRTICULNJ'E I'-1ATTER (AREl\ -1) 
'l'ABLE III. 

,------

======~==============================-

2.3 

2.3 

0.8 

0.8 

0.7 

0.4 

0.3 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.2 

0.3 

0.4 

K 
P 

0.7 

0.3 

0.1 

0.2 

0.2 

0.2 

TMS % OMS 

385.3 6.5 

112.6- 2.5.8 

128. -9 20. 6 

170.8 22.3 

POC CIIL PHYTO·-C PHOD 

25.89 

17.91 

11.92 17.28 0.60 225.7 

14.74 

16.18 

5.30 24.58 0.86 

47.48 

7.73 33.86 1.18 959. 

42.98 

22.36 

9.17 25.23 0.88 

33.96 

10.83 41.63 1.46 

38.25 

29.01 
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1 CRUISE NO. V DATU: 26-28 LTtinunry 1974 
j ----, 

SUSPEl\JDED PAF:''.L'ICULNl'E MA'I'rrER (AREA-I) ~ 

I 'l'J\BLE III. 

1 
i 

I STA. Zwc Kd Kp TMS 0_ OHS POC CHL PHYTO--C PHOD. '0 

,I 

Al 8 3.4 3.3 
.1 

A2 9 1.7 5.2 

A3 11 1.0 0.40 106.8 22.4 8.7 9.5 0.24 84.12 

A4 6 1.0 7.2 

PI 15 0.4 0.20 92.4 21.5 5.4 26.8 0.67 

B2 

B3 

B4 

C2 30 0.4 67.8 

C3 23 0.6 0.22 99.6 2r:.: 0 J • ./ 7.8 66.0 1.65 963.G8 

C4 32 0.6 74.6 

C5 27 0.2 0.10 96.3 24.0 8.1 45.0 1.12 

D2 23 0.4 36.8 

D3 21 0.3 0.15 86.7 29.6 6.7 40.8 1.02 

D4 39 0.3 74.6 

D5 26 0.3 0.18 91.7 23.5 6.2 69.1 1.73 



.' ·._i_._~_ ........ '-"_. __ .............. ~_._~ .~ ..... ~._.'-...... ~ •. ,,,>-.... ..:.,,~.,..,.,,-.... ......:., ....... ,_,'- ... ~" ............ '-.~ ,.::....,_" .• ~ ..... :.O.;..?_......, ..... ______ ~; .. , ._~ 

CHUISE NO. VI DATE 16 -!.~J:~'l:!:_1}~ r;L.!:.J 7 4 ____ --

SUSPENDED PAI~TICULh'l'B Ivli\'l'TEE (AREA-I) 
TABLE III .. 

STA. ZWC Kd K P TIvlS %OMS poe ClUJ' PHYTO-C PHOD. 

-----
Al 7 1.1 11.3 

A2 9 1.7 23.0 

A3 16 1.1 1.01 187.2 18.1 12.96 62!3 1.56 269.26 

A4 13 0.8 57.6 

PI 13 0.5 0.31 81.3 22.5 6.86 92.2 2.30 

':"132 24 0.3 168.6 

B3 20 0.4 95.3 

B4 18 0.5 0.30 100.6 17.4 6.26 33.7 0.84 

C2 31 0.7 167.4 

C3 24 0.4 0.51 93.2 28.8 10.54 80.2 2.00 1160.64 

C4 24 0.4 131.1 

C5 28 0.2 0.24 140.0 23.3 10.14 63.8 1.60 1023.16 

D2 25 0.4 115.2 

D3 23 0.3 0.32 128.4 25.8 9."36 105.8 2.64 

D4 21 0.3 129.0 

D5 25 0.3 0.29 121.1 23.5 9.22 76.9 1.92 
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J CRUISE NO. I DA'I'E ~ - 3.2.- S r:p t . 73 i 
t 
l PHIHl\RY PHODUCTIVITY 
1 

IV. ; 'lll\13LE 

1 
1 

% PHOTO ASSI:[\L l\SSIM. I STA. LIGHT Cl\P NO. I %LD PHOD. MTIO 

1 , 
A3 100 17.35 9.94 0.0 178.1 102.0 

i 60 14.04 8.04 0.4 169.0 96.7 

I 30 5.89 3.37 1.0 76.8 43.9 

I 
15 2.76 1.58 1.6 34.6 19.7 

1 1.45 0.83 3.8 0.0 0.0 

j 
100 19.72 9.96 0.0 1 PI 

,I 
60 15.73 7.95 2.3 
30 6.33 3.20 5.4 

! 15 2.72 1.37 8.6 1 

I 1 0.46 0.23 20.9 

I C3 100 43.82 9.41 0.0 192.2 41.3 

l 60 26.46 5.68 2.0 168.5 25.2 
1 30 9.48 2.04 4.8 160.8 21.4 
1 15 2.79 0.60 7.6 82.8 66.7 
~ 1 0.49 0.10 18.4 3.8 3.4 

1 
C5 100 18.31 9.25 0.0 130.3 65.8 

1 
1 

60 13.08 6.61 3.0 160.15 76.8 
30 6.26 3.16 7.0 94.6 45.1 
15 1.52 0,,77 11.1 49.4 25.0 

1 0.05 0.02 27.1 2.9 1.7 

D3 100 76.82 6.65 0.0 
60 69.05 5.98 2.0 
30 28.54 2.47 4.6 
15 7.44 0.64 7.3 

1 0.74 0.06 17.7 

D5 100 71.43 7.66 0.0 
60 56.43 6.05 2.7 
30 19.04 2.04 6.3 
15 7.48 0.80 9.9 

1 0.05 0.00 24'.2 



CRUISE NO. II DATE 27-28 Oct. 73 ------------
PIUi-1AHY PRODUCTIVITY 

TI\13LE IV. 

% PHOTO ASSn,1. ASSIM. 
S~rA . LIGHT CAP NO. I %LD ·PROD. RATIO 

A3 100 13.63 6.59 0.0 120.7 58.3 
60 11.89 5.75 0.6 110.6 53.5 
30 4.79 2.32 1.4 53.8 25.9 
15 1.09 0.53 2.1 30.0 14.4 

1 0.09 0.04 5.2 2.4 1.2 

PI 100 32.28 5.59 0.0 
60 25.72 4.45 0.3 
30 10,19 1.76 0.8 
15 3.66 0.63 1.3 

i 0.58 0.10 3.2 

C3 100 12.66 7.88 0.0 61.4 38.2 
60 10.97 6.83 2.1 52.6 32.6 
30 5.58 3.47 5.0 26.9 14.6 
15 2.14 1.33 7.9 9.6 5.3 

1 0.24 0.15 19.2 1.4 1.0 

C5 100 10.07 7.81 o. a 24.2 18.7 
60 7.29 5.66 1.9 17.5 16 .. 3 
30 3.41 2.64 4.4 B.2 G.7 
15 1.72 1.33 7.0 3.4 2.9 

1 0.31 0.24 17.0 0.7 0.5 

D3 100 36.51 5.48 0'. a 
60 30.98 4.65 2.4 
30 14.30 2.14 5.7 
15 6.51 0.98 9.0 

1· 0.94 0.14 21.9 

D5 100 2.06 4.88 0.0 
60 2.01 4.76 3.2 
30 1.22 2.89 7.5 
15 0.48 1.11 11.8 

1 0.08 0.19 28.8 
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CRUISE NO. III DATE 17-19 l'Jov. 73 ------
:PHlfliARY Pl\ODUCTIVITY 

TABLE IV. 

-----------
% PHOTO ASSIH. l\SSIM. 

STh. LICHtI' CAP NO. I %LD PROD. RATIO 

A3 100 9.79 5.05 0.0 81.8 43.7 
60 10.49 5.41 0.7 99.4 51.3 
30 6.30 3.25 1.7 63.3 32.7 
15 2.65 1.37 2.7 15.2 7.8 

1 0.55 0.28 6.6 0.5 0.2 

PI 100 5.20 3.19 0.0 
60 6.82 4.18 1.7 
30 5.37 3.29 4.0 
15 2.09 1.28 6.3 
.1 0.64 0.39 15.3 

C3 100 10.05 3.94 0.0 61.9 24.2 
60 11.73 4.59 5.1 63.9 24.6 
30 9.52 3.73 12.0 43.0 16.4 
15 3.95 1.55 18.9 18.0 7.8 

1 0.88 0.34 46.0 2.2 1.4 

CS' 100 16.97 6.64 0.0 88.7 34.7 
60 17.50 6.85 2.6 106,0 42.2 
30 12.17 4.76 6.0 69.7 26<8 
15 t1.27 1 C. rl 9.4 --,,, n .." ,-., 

..4... V I -,)0.0 _L ~l ~ 0 

1 0.40 0.16 23.0 1.6 0.6 

ro 100 7.91 6.41 0.0 
60 7.72 6.26 2.6 
30 6.75 5.47 6.0 
15 2.91 2.36 9.4 

;L 0.45 0.36 23.0 

DS 100 9.45 4.38 0.0 
60 11.93 5.52 2.6 
30 10.51 4.87 6.0 
15 4.11 1.90 9.4 

1 1.00 0.46 23.0 



l 
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CRUISE l~O. IV. DA'l'E 15-1G Dec. 73 --,-, 

1 
PHIJ!i]\HY PHODUCTIVITY 

TABLE IV. 

1 

I ----~-.~--. 

% PHOTO ASSIH. ASSlt·1. 1 * 
1 

STA. LIGIIT CIlP NO. r %1.D PROD. RATIO 

i 
100 4.16 hS06 14.2 ,! A3 4.70 0.0 16.1 

~ 60 4.84' 4.28 2704 0.5 9.5 8.4 
30 3.16 2.BO 1307 1.1 3.7 3.3 

1 15 1,96 1.73 6 0 8 1.B 1.7 1.5 
J 1. 0.22 0.19 Os4 4.3 0.0 0.0 

J Pl 100 8.82 4.45 0.0 

I 
60 9.64 4.87 0.8 
30 7.98 4.03 1.8 
15 2.61 1.32 2.8 

,1 1 0.70 0.35 6.8 
,1 

! C3 100 17.19 4.57 3107 0.0 74.7 19.9 l 60 - 19.61 5.22 19 0 0 1.6 56.2 13.1 
,\ 30 13.49 3.59 90S 3.6 20.8 4.8 
J 15 4.20 1.12 ho8 5.7 9.4 2.4 t 1 1.15 0.31 0 03 13.9 1.4 0.4 
J 

C5 100 20.71 4.83 21 0 8 0.0 78.9 18.4 
GO 23.93 5~58 J_·S~? r; (: ~) 0 • :; 11.:: 
30 17.L1B 4.07 803 4.6 IB.9 4.4 
15 5.99 1.40 402 7.3 9.2 2.1 

]. 1.38 0.32 0 0 3 1).7 2.2 0.6 

D3 100 9.40 3.5J: 0.0 
60 14.01 5.23 2.1 
30. 11.50 4.29 5.0 
15 4.79 1.79 7.9 

1 0.93 0.35 19.2 

D5 100 13.64 4.38 0.0 
60 14.46 4.65 2.2 
30 12.65 4.07 5.2 
15 4.91 1.58 8,< 2 

1 1.27 0.41 20.0 

:r,- . 
, All values Sh01,ud be reduced by 50~s to estim.:i.tc pbotosynthcticDl1y 

active li:~ht 8n~rGYo 
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1 
j 
I 
1 
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i 
I 
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CRUISE NO. V DA1'E 2(i-28 ,Ja.nuary 1974 

P1UNAHY PI\ODUC'l~IVI'I'Y 

··'l'J\BLE IV. 

-------.-----------------
" "6 PllO'.L'O l.;,.SSIM. PHIN. ASS II,1. 

S'I'lL LIGHT CAP NO. I ~~ % LD pnOD. Ri\'1'IO 

]~3 100 7.13 9.90 185.0 0.0 39.25 54.82 
60 .7.6iJ: 10.61 111.0 0.6 35.83 50.04 
30 4.88 6.78 55.5 1.3 30.72 42.90 
15 1.76 2.44 27.8 2.1 12.92 18.04 

1 0.54 0.75 1.8 5.0 1.46 2.04 

PI 100 17.60 8.00 0.0 
60 18.08 8.22 1.2 
30 11.42 5.19 2.8 
15 3.36 1.53 4.4 

1 0.35 0.16 10.7 

C3 100 32.22 8.03 260.2 0.0 331.40 82.64 
60 36.05 8.99 156.1 0.9 276.02 71.32 
30 21.87 5.45 78.1 2.1 165.39 42.74 
15 7.95 1.98 39.0 3.3 101.53 26.51 

1 1.07 0.27 2.6 8.1 9.03 2.17 

C5 100 13.10 7.62 0.0 
6'0 13.16 7.65 2.2 
30 7.47 4.34 5.2 
15 3.62 2.10 0 ') 

u • ..::. 
., to r (~ () 

" fl 
'"If) n 

.1. v .. u.:/ v ... .tv c...v .. v 

D3 100 29.15 7.67 0.0 
60 34.90 9.18 1.5 
30 26.07 6.86 3.5 
15 8.62 2.27 5.6 

1 1.19 0.31 13.5 

D5 100 29.25 5.59 0.0 
60 31.31 5.99 1.6 
30 23.92 4.57 3.9 
15 8.84 1.69 6.1 

1 0.88 0.17 14.8 

i\-A11 VEilUGS should be n;duced by SO~~ to estimate photosynthetically 
. e.ctive light cn8rgy. 



CEUISE NO. VI 

PHIHll.HY PPODUCTIVI'l'Y 
Tl\I3LE IV. 

============:::==------_._--------- ===================:::;:::: --C-----PHO'FC)-j\SSTM. p}~II·l. 

STA. 

A3 . 

Pl 

£4 

C3 

C.5 

D3 

D5 

LIGHT CAP. NO. 1* %LD PROD. 

100 
60 
30 
15 

1 

100 
60 
30 
15 

1 

100 
60 
20 
15 

1 

100 
60 
30 
J5 

1 

100 
60 
30 
15 

1 

100 
60 
30 
l5 

1 

100 
60 
30 
15 

1 

35.22 
27.53 
17.23 

5.52 
0.77 

62.09 
61.95 
48.09 
15.65 
1.99 

11.17 
11.54 

7.58 
2.36 
0.20 

51.71 
54.18 
38.70 
13.29 

2.00 

22~42 
23.24 
15.67 

6.65 
0.84 

33.58 
36.20 
24.00 

7.52 
1.06 

38.52 
36.40 
25-.84 

9.98 
1.46 

8.8 
9,6 
·6.0 
1.9 
0.3 

7.2 
7.2 
5.6 
1.8 
0.2 

5.4 
5.6 
3.7 
1.1 
0.1 

9.4 
9,8 
7.0 
2.4 
0.4 

8.4 
8.7· 
5.8 
2.5 
0.3 

6.4 
6.8 
4.5 
1.4 
0.2 

8.3 
7.9 
5.6 
2.2 
0.3 

411.0 
246.6 
123.3 

61.6 
4.1 

199.5 
119.7 

59.8 
29.9 

2.0 

213.2 
127.9 

64.0 
32.0 

2.1 

0.0 
0.4 
1.1 
1.7 
4.1 

0.0 
1.0 
2.4 
3.8 
9.4 

0.0 
1.0 
2.4 
3.8 
9.4 

0.0 
1.2 
2.8 
4.4 

10.7 

0.0 
2.2 
5.2 
8.2 

20.0 

0.0 
1.7 
4.0 
6.3 

15.3 

0.0 
1.7 
4.0 
6.3 

15.3 

109.76 
147.29 

75.82 
68.19 
12.28 

254.76 
27/1.69 
1G5.37 

86,94 
4.83 

122.03 
129.92 

75.62 
39.54 

5.37 

AS~lrn1.-

R!'lTIO 

38.1 
51.1 
26.3 
23.7 

4.3 

46.2 
42.4 
25.5 
1 (). 3 
1.5 

45.5 
51.1 
29.8 
15.6 

2.2 

.. ~ AG ycl1:.c:s ~;h0'Jlcl 1);c rcd1.1C(~d by SO;: to C[)tir:nt..(~ l'hot..os:.,rldh:Lic'U/ 

8ctivc li.-:;ht. en~I"i.:Y" 



1 
1 
1 
.l 

I 
I 

I 
j 

CRUISE NO. III DATE 17-19 Nov. 1973 ----

PHYTOPLANKTON FRliCTIONJ\TJON: PHO'l'OSYNTIIETIC CAPACI1'Y 
rrliBLE V. 

__________ ._ +--I __ P_H_O_TO CA._P ___ +---- CHL A' ~~;}I\1. NO. 

% LIGllT .1 NANO NET NANO NET -[NANO NE~' STA. 

A.3 

C3 

C5 

100 
60 
30 
15 

1 

100 
60 
30 
15 

1 

100 
60 
30 
15 

1 

5.70 
6.50 
3.93 
1.90 
0.40 

7.58 
9.36 
7.81 
3.22 
0.78 

13.99 
14.43 
10.40 

3.78 
0.40 

4.09 
3.99 
2.37 
0.75 
0.15 

2.47 
2.37 
1.71 
0.73 
0.10 

2.98 
3.07 
1.77 
0.49 
0.00 

1.19 

1.85 

1.85 

0.75 

0.70 

0.70 

4.79 
5.46 
3.30 
1.60 
0.34 

4.10 
5.06 
4.22 
1.74 
0.42 

7.57 
7.80 
5.62 
2.04 
0.22 

5.46 
5.33 
3.16 
1.00 
0.20 

3.50 
3.36 
2.42 
1.03 
0.14 

4.23 
4.35 

.2.51 
0.70 
0.·00 
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CIZUISE NO. IV DA'rE 15-1G D(~c • 1973 ---
PHY1'OPL1\NK'rON FRi\C'TIONA'I'ION: . PIIO'l'OSYN1'HE1'IC CJ~PACITY 

'fABLE V. 

PllOTO chiP CHL A ASSIM. NO. 

STA-. " LIGHT NANO NET NANO NET NAN 0 NET ·u 

A3 100 4.04 '0.66 0.97 0.16 4.16 4.10 
60 4.11 0.73 4.24 4.53 
30 2.78 0.38 2.86 2.36 
15 1.76 0.20 1.81 1.24 

1 0.20 0.02 0.21 0.12 

PI 100 6.28 2.54 1.28 0.70 4.91 3.60 
60 '; .18 2.46 5.62 3.49 
30 5.59 2.39. 4.37 3.39 
15 1.93 0.68 1.51 0.96 

1 0.56 0.14 0.44 0.20 

C3 100 11.98 5.21 2.08 1.68 5.76 3.11 
60 13"075 6.36 6.37 3.80 
30 9.78 3.71 4.70 2.21 
15 "3 ~ 02 1.18" 1.45 0.70 

1 0.79 0.36 0.38 0.21· 

C5 100 17.25 3.46 2.66 1.63 6.49 2.12 
60 10_95 3.98 7.:30 2.44 
30 14.60 2.88 5.49 1.76 
15 4.80 1.19 1.80 0.73 

1 1.16 0.22 0.44 0.13 

D3 100 6.87 2.53 1.62 1.06 4.24 2.39 
60 10.99 3.02 6.79 2.85 
30 9.16 2.34 5.66 2.21 
15 3.66 1.13 2.26 1.07 

1 0.73 0.20 0.45 0.19 

D5 100 9.93 3.71 1.96 1.15 5.06 3.24 
60 10.52 3.94 5.36 3.44 
30 9.54 3.11 4.86 2.71 
15 3.70 1.21 1.88 1006 

1 1.01 0.26 0.51 0.23 



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

CRUISE NO. V ---

PI1Y1'OPLANKTON rRl\CTJONl'.'I'ION: PHOTOSYNTlIETIC CAPACrI'Y 
TABLE V. 

A3 

PI 

C3 

C5 

D3 

D5 

100 
60 
30 
15 

1 

100 
60 
30 
15 

1 

100 
60 
30 
15 

1 

100 
60 
30 
15 

1 

100 
60 
30 
15 

1 

100 
60 
30 
15 

1 

3.82 
4.23 
2.88 
1.16 
0.30 

7.12 
7.01 
4.86 
1.58 
0.14 

8.67 
10.61 

7.53 
2.87 
0.36 

6.30 
7.00 
3.28 
1.56 
0.38 

11.03 
16.26 

9.04 
3.62 
0.69 

7.51 
7.90 
4.80 
2.24 
0.16 

3.31 0.31 
3.41 
2.00 
0.60 
0.14 

10.48 0.70 
11.07 

6.56 
1.78 
0.21 

23.55 0.66 
25e44 
14.34 

5.08 
0.71 

6.80 0.57 
6.16 
4.19 
2.06 
0.31 

18.12 0.79 
18.64 
17.03 

5.00 
0.50 

21.74 0.84 
23.41 
19.12 

6.60 
0.72 

0.41 12.4 
13.7 

9.4 
3.8 
1.0 

1.50 10.1 
9.9 
6.9 
2.2 
0.2 

3.35 13.12 
16.05 
11.39 

4.34 
0.54 

1.15 11.0 
12.2 

5.7 
2.7 
0.7 

3.00 13.91 
20.50 
11.40 

4.56 
0.87 

4.39 9.0 
9.4 
5.7 
2.7 
0.2 

8.1 
8.4 
4.9 
1.5 
0.3 

7.0 
7.4 
4.4 
1.2 
0.1 

7.0 
7.6 
4.3 
1.5 
0.2 

5.9 
5.4 
3.7 
1.8 
0.3 

6.0 
6.2 
5.7 
1.7 
0.2 

5.0 
5.3 
4.4 
1.5 
0.2 
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CRUISE NO. VI DATE IG-18 F8bruarv 1974 ----- ~ ______ .--....A 

PIlYTOPL]\NlZ'l'ON FR.l\CTIONl~TION : PH()TOSYN'1'Ju~rl'I C CAPACITY 
TABLE V. 

~. PIlOTO Cl\P. CHI. A. ASSn·1. NO. 

serA % LIGHT Nl\NO NET NhNO NWr NANO NET 

A3 100 8.00 17.22 0.79 2.08 10.1 8.3 
60 9.46 18.07 11.9 8.7 
30 6.13 11.10 7.7 5.3 
15 2.29 3.23 2.9 1.6 

1 0.23 0.54 0.3 0.3 

I:l 100 8.23 53.86 0.79 7.86 10.4 6.8 
60 8.82 53.13 11,1 6.8 
30 7.86 40.23 9.9 S.l 
15 2.20 13.45 2.8 1.7 

1 0.41 1.58 0.5 0.2 

B4 100 7.27 3.90 1.10 0.97 6.6 4.0 
60 7.30 4.24 6.6 4.4 
30 4.89 2.69 4.4 2.8 
15 1.36 1.00 1.2 1.0 

1 0.01 0.19 0.0 0.2 

C3 100 11.17 40.54 0.88 4.62 12.7 8.B 
60 11.37 t± 2.81 1L.~ ~.3 

30 9.77 28.93 11.1 6.3 
IS 3.S0 9.79 4.0 2.1 

1 0.70 1.30 0.8 0.3 

C5 100 S.OO 17.42 0.48 2.20 10.4 7.9 
60 S.29 17.95 11.0 8.2 
30 3.58 12.09 7.5 5.5 
15 1.70 4.95 3.S 2.2 

1 0.20 0.64 0.4 0.3 

D3 100 5.56 28.02 0.88 4.39 6.3 G.4 
60 6.44 29.76 7.3 (). [l 

30 5.19 18.81 5.9 4.3 
15 1.81 r.: r'l 

:). I .J.. 2.1 1.3 
1 0.34 0.72 0.4 O. :~ 

DS 100 6.1<1 .32.38 0.S7 4.0S 10.n is.O 

60 6.19 30.21 10.9 7.5 
30 4.80 21.04 8. I) ~). 2 

15 ·1.96 8.02 3. It :~ . 0 

1 0.53 0.93 0.9 0.) 



CHUISE NO. IJI 

Pl1y rrOPLl\NIZ rrON FRl\C'l'IONl\TION: PRIMl\.RY 
'fABLE VI. 

C3 0 1.85 0.70 

2 1.85 0.75 

4 1.96 0.66 

8 1.73 0.57 

15 1.50 0.08 

0 1.85 0.70 

2 1.85 0.66 

4 1.85 0.75 

8 1.96 0.66 

15 1.85 0.75 

22 1.85 0.62 

C5 



_._._------_._------------------------- ._---------

CRUISE NO. V DATE 26-28 January 1974 

-- . 
. -

STA. 

A3 

PI 

B4 

C3 

C5 

D3 

D5 

---
PHYTOPLANKTON FRz\CTIONATION: PRIMARY PRODUCTIVITY 

TABLE VI. 

- .. 
. - -. - . 

_ . CH+.. A I PRIH PROD I ASSIM. RATIO . . . .. . . 
I I 

Z NAND NET % LD I NAND NET I NAND NET 

0 0.31 0.41 
5 0.44 0.49 
9 0.44 1.32 

0 0.70 1.50 
5 0.88 1.76 

12 0.48 1.06 

0 0.66 3.35 
2 0.75 3.12 
4 0.71 3.12 

10 0.93 3.24 
20 0.34 0.79 

0 0.57 1.15 
4 0.41 1.32 
8 0.38 1.45 

15 0.42 1.90 
23 . 0.39 1.41 

0 0.79 3.00 
2 0.97 3.12 
6 0.84 2.77 

12 0.12 0.66 
l7 0.31 0.66 

0 0.84 4.39 
3 0.88 4.74 
8 0.79 3.70 

l5 0.34 0.93 
21 0.34 0.88 



CRUISE NO. VI DATE 16-18 February 1974 

STA. 

A3 

PI 

B4 

C~ 

C5 

D3 

D5 

PHYTOPLANKTON FRACTIONATION: PRIMARY PRODUCTIVITY 
TABLE VI. 

CHL A I ., PRIM PROD ASSIM. 

Z NANO NET %LD NAN 0 NET NAN 0 

0 0.79 2.08 0.0 33.02 76.74 41.8 
2 0.88 2.77 0.4 40.02 107.27 50.7 

12 1.01 6.47 1.1 21.98 53.84 27.8 
1.7. 18.24 49.95 23.1 
4,.1 2.80 9.48 3.5 

0 0.79 7.86 0.0 
4 0.71 7.86 1.0 

10 0.97 9.71 2.4 
3.8 
9.4 

0 1.10 0.97 0.0 
·4 1.01 0.93 1.0 

11 1.19 1.50 2.4 
15 0.97 ·1.10 3.8 

9.4 

O· 0.88 4.62 0.0 54.48 200.28 61.9 
.2 0.93 5.55' 1~ 58.79 215.90 63.2 
4 1.06 3.70 2.8 35.14 130.23 37.8 

12 0.41 2.77 4.4 13.94 73.00 13.2 
23 0.31 1.10 10.7 1.14 3.69 2.8 

0 0.48 2.20 0.0 28.78 93.25 60.0 
3 0.57 1.96 2.2 29.01 100.9l 50.9 
8 0~57 1.96 5.2 12.16 63.46 21.3 

21 0.40 2.08 8.2 7.98 31.56 14.0 
25 0.40 2.43 20.0 2.40 2.97 6.0 

0 0.88 4.39 0.0 
3 0.66 4.86 1.7 
7 0.66 5.78 4.0 

12 0.57 5.78 6.3 
20 0.34 1.73 15.3 

0 0.57 4.05 0.0 
3 0.57 4.16 1.7 
6 ·0.57 4.39 4.0 

16 0.30 1.96 6.3 
22 0.31 1.50 15.3 

RATIO 

NET 

36.9 
51.6 
25.9 
24.0 
4.6 

43.~ 
38.9 
23.5 
19.7 
1.3 

42.4 
51.5 
32.4 
J.6.1 
1.4 



CRUISE NO. III DATE 13-19 Nov. 1973' 

STA. 

A3 

C3 

C5 

, , 

PHYTOPLANKTON FRACTIONATION: NET/Nl'INO RATIOS 
TABLE VII. 

ASSIM. ASSIM 
Prnax NO. CHL M- 2 PROD M-2 RATIO 

0.63 1.0 0.·7 

0.26 0.7 0.3 

0.21 '0.6 0.4 

/' 



CRUISE NO. IV DATE 15-16 Dec. 1973 

PHYTOPLANKTON FRACTIONATION: NET/NANO RATIOS 
TABLE VII. 

ASSIM. 
CHL M- 2 ASSIH. STA. Pmax NO. PROD. M-2 RATIO 

A3 0.2 1.1 0.4 

PI 0.4 0.6 0.7 

C3 0.5 0.6 0.4 

CS 0.2 0.3 0.5 

D3 0.3 0.4 . 0.6 

DS 0.4 0.6 0.5 



CRUISE NO. V DATE 26-28 Janu8r;'{ 1974 --- -----

STA. Pmax 

A3 0.8 

PI 1.6 

C3 2.4 

C5 1.0 

D3 1".2 

D5 3.0 

. , 

PHYTOPLANKTON FRACTIONATION: NET/NANO RATIOS 
TABLE VII'. 

ASSIM. 
M- 2 PROD M- 2 ASSIM. 

NO. CHL RATIO 

0.6 1.6 

0.7 2.1 

0.5 3.7 

0.5 3.7 

0.3 3.4 

0.6 4.4 



CRUISE NO. VI . DATE 16-18 February 1974 

PHYTOPLANKTON FRACTIONATION: NET/NANO RATIOS 
TABLE VII .. 

ASSIM. 
CHL M- 2 -2 ASSIM. 

STA. Pmax NO. PROD M RATIO 

A3 1.9 0.7 4.6 2.6 0.6 

PI 6.1 0.6 10·.5 

B4 0.6 0.7 0.9 

C3 3.8 0.7 4.9 4.0 0.8 

C5 3.4 0.7 4.2 3.7 0.9 

D3 4.6 0.9 8.1 

D5 5.2 0.7 7.0 



CRUISE NO. I --- DATE 28-30 Sept. 1973 

TAXONOMIC GROUP Al* 

COPEPOIJA 672 
( 
j3LADOCERA 

OSTRACODA 2 

MIPHIPODA 

MYSIDACEA 4 

CHAETO GNATHA 

POLYCHAETA 

CillJ..ACEA 

TUNICATA 

MEDUSAE 41 

CTENOPHORA 

LARVAE 
GASTROPODA 
POLYCHAETA 
LAMELLIBFANCH 
ECHNIODERMATA 
FISH 
BRACHYURAN ZOEA 
NAUPLII 

BALANUS 
COPEPOD 15 

FISH EGGS 6 

LARVAE 

TOTAL 740 

*Net clogged. 

NUMERICAL ABUNDANCE OF ZOOPLANKTON 
TABLE IX. 

A3 A4 PI C3 C5 

6239 6494 3108 4815 1039 

14 259 10427 2827 

10 8 1.37 

34 

8 11 9 

8 4 4953 1140 

,..-
J 

7 25 41 

15 41 28 

8. 1 
>.~ 

8 1 14 
10 80 

10 8 69 9 

6290 6647 3398 20138 5086 

D3 D5 

3969 2696 

4662 3116.0 

18 

3 

9 3 

45 5 

95 85 

3 
351 54 

9 

69 

9140 6325 

\. 

B4 

2741 

272: 

2E 

2 

B 

22 

9 

260 

19 

5812 



CRUISE NO. II 

TAXONOHIC GROUP Al 

COPEPODA '1260 

CLADOCERA 

OSTRACODA 

AMPHIPODA 

MYSIDACEA 2 

CHAETOGNATHA 

POLYCHAETA 

CUMACEA 

TUNlCA'I'A 29 

ME DUS.Itt: 

CTENOPHORA 

LARVAE 
GASTROPODA, 3 
POLYCHllliTA 1 
LA.~LLIBRANCH 

ECHNIODE&"1ATA 
FISH 
BRACHYURAN ZOEA 
NAUPLII 

BALANUS 
COPEPOD 2 

FISH EGGS 12 

UNKNOWN Ll~RVAE 

TOTAL 1309 

DATE 27-28 Oct. 1973 -------------------------
NUMERICAN ABUNDANCE Of ZOOJ;lLANKTON 

TABLE IX. 

A3 A4 PI C3 C5 

9125 1935 850 988 1440 

266 49 320 1718 706 

3 2 

''-,. 12 4 42 15 

6 4 5 

4 11 

1 3 16 2 

113 34 41 

/ 

18 92 7 
2 2 

17 9 76 126 88 
4 57 

36 
"'-, 

85 19 100 
6 

9 12 

9512 2024 1505 3079 3162 

D3 D5 B4 

433 7993 

502 6848 

3 10 

2 

3 

53 

2 1 
5 

57 2318 

10 

21 

1081 17,170 



CRUI.SE NO. III DATE 17-19 Nov. 1973 ----

GROUP Al 

105 

1 

CHAETOGNATHA 

POLYCHAETA 

LARVAE 
GASTROPODA 
POLYCHAETA 88 
LAHELLIBRANCH 3 
ECHNIODERMATA 
FISH 
BRACHYURAN ZOEA 
NAUPLII 

BALANUS 
COPEPOD 

FISH EGGS 1 

. UNKNOWN LARVAE 

TOTAL .1~7 

NUMERICAL ABUNDANCE OF ZOOPLANKTON 
TABLE IX.. 

A3 A4 PI C3 C5 

43 2426 2600 4510 3502 

1 6 13 35 163 

5 2 

D3 

4516 

36 

7 

5----" 7 

6 4 11 

8 5 88 '40 18 

27 2 

\ 

3 

2 2 .. / 

8 33 40 7 
1 8 6 17 

51, 261 291 259 

27 

2 

23 12 105 

45 2564 2897 5804 3762 4972 

\. 

D5 

7385 

38 

38 

17 

34 
26 

350 

42 

.7930 

B4 

332':: 

3C 

-
-

1] 

IE 

-------~ 

43J 

383' 



-------_._---_._- ------------------------------

CRUISE NO. IV DATE 15-16 Dec. 1973 ----

GROUP Al A3 

87.86 35.70 

0.05 

0.16 

0.10 

0.30 

GASTROPODA 0.25 
POLYCHAETA 1.15 0.10 
LAMELLIBRANCH 0.20 0.35 
ECHNIODERMATA 
FISH 0.05 
BRACHYURAN ZOEA 
NAUPLII 

BALANUS 
COPEPOD 

89.81 36.40 

NUMERICAL ABUNDANCE OF ZOO~LANKTON 
TABLE IX. 

A4 PI C3 C5 

319.68 258.70 949.43 1622.85 

0.48 

0.50 1.16 ' 

0.75 11.97 

1.92 

\ 
\ 

/ '- ( 

1.08 
0.57 

17.75 40.57 653.66 
0.25 

1.71 1.16 

0.24 18.6 4.06 

340.82 278.05 1604.35 2283.97 

D3 D5 

685.88 266.51 

0.48 

0.85 0.24 

0.24 

12.20 4.21 

0.30 0.24 

2.00 

33.30 14.05-' 

6.20 ' 0.97 

723.73 286.94 

\. 

B4 



CRUISE NO. V DATE 26-28 January 1974 

NUMERICAL ,ABUNDANCE O;F ZOOPLANKTON 
......................... TABLE IX .. 

GROUP Al A3 A4 PI C3 C5 D3 D5 B~ 

49.95 54.52 117.30 395.0 251.32 293 .. 78 599.61 2309.00 

0.32 0.08 

0.32 0.16 0.13 0.23 0.16 "5.96 

0.08 0.12 0.16 0.67 1.25 0.32 1 .. 11 

0.25 0.31 

~O. 04 

'. 
\ 

0.08 

,/ 
;' 

1.11 
0.66 0.47 0.13 

LAMELLIBRANCH 0.31 0.34 0.32 98.34~ 

ECHNIODERMATA 
FISH 2.92 .0.16 .+.49 
BRACHYURAN ZOEA 
NAUPLII 

BALANUS 0.45 2.74 20.50 0.11 0.65 5.53 
COPEPOD 0.12 0.67 1 .. 94 0.97 1.11 7.45 

UNIDENTIFIED LARVAE .3.62 1.49 5.21 11.92 

JTOTAL . 52.75 56.36 121.45 420.72 256.68 298.96 614.00 2434.16 

;1 ~. " 

d 
5\~ 

.~ 
~;t: 

\ 



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

CRUISE NO. I DATE 28-30 Sept. 1973 

ZOOPLANKTON BIOMASS 
TABLE X. 

. ....... , . . . . . . , . . . , ... 

DRY WEIGHT DISPLACEMENT 
VOLUME 

\~T WT/M ML/M3 

Al 34.9 7.735* 

A3 106.7 .0171 2.150 

97.4 .0150 1.040 

43.5 .0133 3.9 .0150 0.915 

C3 139.7 .0290 198.1 .0190 5.360 

C5 19.2 .0185 38.5 .0136 2.990 

D3 57.2 .0144 36.4 .0078 3.520 

D5 136.7 .0507 102.9 .0330 1.540 
/' 

B4 69.4 .0252 48.3 .0227 3.040 

* Net clogged. 

1 1\ 



CRUISE NO. II DATE 27-28 October 1973 

ZOOPLANKTON BIOMASS 
TABLE X. 

. . ,', ... . , . . . . 

STA. DRY WEIGHT DISPLACEMENT 

COPEPODA CLADOCERA ~vHOLE SAMPLE VOLUME 
ML/M3 

WT/M3 WT/ORG. WT/M3 WT/ORG. WT!M3 

. Al 18.2 .0144 0.560 

A3 50.2 .0055 4.0 .0151 0.885 

A4 21.7 .0112 0.370 

PI 10.6 .0125 3.2 .0100 0.695 

C3 11.9 .0121 24.2 .0145 0.640 

C5 25.8 .0179 8.5 .0122 0.595 

D3 7.9 .0183 3.6 .0083 0.810 
.-

D5 184.6 .0231 130.5 .0193 5.700 

B4 ND 

" 



STA. 

Al 

A3 

A4 

PI 

C3 

C5 

D3 

D5 

B4 

---,--- -------------------------------

CRUISE III 

COPEPODA 
WT/M WT/ORG. 

1.5 .0144 

69.9 -' .0288 

89.2 .0343 

65.0 .0144 

194.0 .0554 

303.0 .0671 

347.1 .0470 

92.4 .0278 

DATE 17-19 Nov. 1973 

ZOOPLANKTON BIOMASS 
TABLE X .. 

DRY 'WEIGHT 

CLADOCERA vlHOLE SA.~PLE 

WT/M WT/ORG. WT/M 

2.6 

17.5 .0301 

8.5 .0260 

30.2 .0350 
~ 

" 

DISPLACEHENT 
VOLUME 

ML/M3 

0.085 

0.250 

0.604 

0.605 

0.990 

0.725 

0.520 

1.640 

0.525 

\. 



STA. 

Al 

A3 

A4 

PI 

C3 

C5 

D3 

D5 

B4 

CRUI SE NO. IV 

Wt/M3 

-- 0.76 

0.80 

12.94 

2.74 

16.10 

?51.93 

16.46 

8.41 

ND 

----
ZOOPLANKTON BIOMASS 

TABLE X. 

DRY WEIGHT 

COPEPODA WHOLE SAMPLE 

Wt/ORG. Wt/M3 

0.00868 1.32 
, 

0.0225 2.63 

0.0092 2.15 

0.0106 3.80 

0.0170 27.50 

0.0320 36.20 

0.0240 21.20 

0.0315 9.20 

DATE 15-16 Dec. 1973 

DISPLACEMENT 
VOLUME 

OTHERS ML/M3 

Wt/M3 
-

0.56 0.028 

0.18 0.016 

0.019 

0.11 0.058 

11.40 0.200 

- 0.185 

4.74 0.159 

0.79 0.171 

\, 



STA. 

A1* 

A3* 

A4 

PI 

C3 

C5 

D3 

D5 

B4 

CRUISE NO. V ----
ZOOPLANKTON BIOMASS 

TABLE X. 

DRY w"'EIGHT 

COPEPODA WHOLE SAMPLE 

Wt/M3 . Wt/ORG. Wt/M3 

15.40 

- 3.82 .0702 9.60 

2.12 .0181 4.51 

4.70 .0118 5.20 

0.69 .0028 3.35 

? 6.20 .0211 5.60 

14.50 .0243 .23.50 

69.27 .. 0300 74.00 

ND 

* Large amount of debris present. 

DATE 26-28 Jan. 1974 

DISPLACEMENT 
VOLUME 

OTHERS ML/M3 

Wt/M3 

0.333 

5.78 0.013 

2~39 0.058 

0.50 0.104 

2.66 0.085 

0.101 

9.00 0.187 

4.73 0.088 
, 

, 



Figure 1. Station Locations in .the 
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------------------- ---------------------------------------

Figure 2. ]1onthly variations in surface temperature and sa.linity at 

station C3. 
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Figure 3 • . Surface turbidity as a function of the salinity ratio (Sx. 

salinity of the sample, So=.salinity of the source sea wat~r). 
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Figure 4. Surface turbidity as a function of the weight of total micro

seston. 
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Figure 5.- Extinction coefficients as a function of surface turbidity 

(pooled data for all cruises). 
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Figure 60 Monthly variations in the weight of suspended inorganic matter 

and the proportion of POC which is phytoplankton-bouud at 

station C3 (verticai bars represent the range of values observed 

at all Bight Stations) 0 
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Figure 7.. Surface nutrient concentrations (ug-gt/liter) and the N: P ratio 

as a function of the salinity ratio 0 
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Figure 8. Monthly variations in surface nutrient concentrations and the 

N:P ratio at station C3 (vertical bars represent thp. range of 

values observed at all Bight stations). 
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Figure 9. Honthly variations in water colunm chlorophyll a at station 

C3 (vertical bars represent the range of values observ8dat 

all Bight stations) 'and primary productivity at stations 

A3, C3 and cS. 
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Figure 10. Primary production per unit water c91umn chlorophyll a as a 

. function of light energy flux in the photic zone. 
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Figure 11. Monthly variations in the assimilation number at station C3 

(vertical bars represent the ,range of values observed at all 

Bight stations) 0 
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Figure 12. Monthly variations in netplankton and nanoplankton assimilation 

numbers (vertical bars represent the range of values obServed 

at all Bight stations). 
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Figure 13-. Honth1y variations in the density of zooplankton in the photic 

zone (vertical bars repres~nt the range of values observed al 

all Bight stations). 
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Figure 14". }ionthly variations in copepod dry weight (vertical bars 

represent the range of values obsprved at all Bight stations). 
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INTRODUCTION 

The initial purpose of this investigation is to survey the quanti

tative and qualitative distribution of plankt6nic and benthic foraminifera 

in the lower Hudson River and New York Bight. To this end, benthic 

collections were begun in June 1973 and have continued on a seasonal 

basis. Laboratory analyses started on 1 January 1974 and are ongoing. 

Monthly sampling for,-planktonic foraminifera were initiated in January 

1974. Methods and results of the research to date are presented in this 

report. 

METHODS 

Collections for benthic foraminifera in the New York Bight were 

taken in June 1973 at stations listed in Table 1 under the auspices of 

personnel of the National Oceanographic and Atmospheric Administration 

(NOAA) at the Sandy Hook Laboratory of the National Marine Fisheries 

Service. The samples were analyzed a-t the City College of -the City 

University of Ne'l;"; York (CUNY) concomitantly with analyses of other meio

fauna conducted under the auspices of Dr. John Tietjen. The samples 

were taken with a Smith-McIntyre grab and subsampled with a 1.0 inch 

plastic tube to a depth of 2 inches. The resulting samples was placed 

in a jar with buffered formalin and rose bengal. Twenty replicate 

samples for each of the eight stations were obtained. Laboratory 

analysis of the samples was accomplished by microscopic examination of 

the entire sample after it was washed through a 500 ~ mesh sieve and 

onto a 74 ~ mesh sieve with tap water. Living (stained red) foraminifera 

were enumerated in all samples. The organisms were picked by micro

pipette and placed in small vials for future identification. In some 

samples dead organisms have also been counted. Identific~tions have 

been made using classical methods. Dry specimens are mounted on micro

paleontological slides and studied using epi-illumination. 

Collections of planktonic foraminifera in the lower Hudson River 

and New York Bight are made on a monthly basis in collaboration with 
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Dr. T. Malone on the R/v Common\.Jealth of CUNY Institute of Oceanography. 

Three types of samples are obtained at each of 16 stations (weather and 

other factors permitting) (Table 2 and Fig. 1). Twenty-five liter ali

quots of surface water collected in a bucket is filtered through a 20 ~ 

mesh piece of netting and the resultant sample placed in a jar with 

borax buffered formalin to a concentration of 10 %. Five minute surface 

net tows with a 1/2 meter 80 ~ mesh plankton net are made and the volume 

filtered estimated using a TSK flo~~eter. The sample collected in the 

cod end is also placed in a jar and similarly formalinized. Oblique 

net tows to a depth of 5 meters in the river and 10 in the bight with a 

1/2 M 200 ~ mesh plankton net are made at selected stations for zoo

plankton analysis by Ms. Mira Chervin, a graduate student working with 

Dr. Malone. The samples are then placed in jars and properly formalin

ized. Aliquots of these samples are used for foraminiferan analysis. 

Treatment of the samples in the .laboratory has presented unantici

pated problems and thus initial, rather standard, methods for separating 

the foraminifera from the other plankton have been abandoned. ;\t first, 

the samples were burned at 500 0 C ac~ording to the method described by 

Cifelli and Smith (1970). However, the presence of large amounts of 

chain-form diatoms formed compact chunks on drying and remained so 

even after burning (the silicon frustules would be expected to remnin) 

entrapping the foraminifera. Separation of the foraminifera became: too 

difficult to be practical. The tedious, but more accurate, method of 

hand separation by microscopic investigation of whole plankton sfimplcR 

ha~ been adopted. The burning or any other suitable method may be 

employed for the 200 ~ zooplankton samples whe~ they are annlyzcd in 

the future. Planktonic foraminifera are counted and micropipcttcd [rom 

the samples and saved ".Jet in plastic petri dishes for indenttficntioll 

and future reference. 
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RESULTS 

Data for the benthic samples analyzed is presented in Table 3. 

Fourteen separate species of benthic foraminifera have been recognized, 

five of which have been found only as dead specimens. About five species 

were most common in the samples, but the Elphidium clavatum/incertum 

complex was found in the greatest abundance. It is too early in the 

study to identify patterns of distribution in the area of interest. 

However, the benthic foraminifera are patchy, and some have been found 

in the sludge dumping sites. 

Planktonic foraminifera found in samples analyzed to date are 

presented as number/M3 in Table 4. These specimens have been tentatively 

identified as juveniles of Globigerina bulloides. They are extremely 

delicate. Specimens initially identified as the progeny of adult forms 

and previously undescribed (Lee ~~. 1965) are under further investi

gation. The planktonic foraminifera collected although not stained 

lvith rose bengal at the time of collection took qp the stain in 

the laboratory and thus can be assumed to have been alive at the time 

of collection. 

DISCUSSION 

Despite the early stage ~f this research, the presence of live 

planktonic and benthic foraminifera in the river and bight is assured. 

The variable nature of the abundance of benthic foraminifera is noted 

and continuing analysis will hopefully reveal possible explanations. 

The presence of "planktonic foraminifera is treated cautiously since 

they have been found previously in inshore waters only spasmodically 

and mainly as a result of inward movement of oceanic water (Phleger, 

1960). However, the presence of juveniles is interesting. 

Conclusions would be premature at this early stage. Comparisons 

wlth other research findings yet unavailable are necessary for a 

COmp~ehensive analysis. 
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FIG. 1 .Collecting sites of pl~Dktonic foraminifera in the 
New York Bight 
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TABLE 1 

Benthic stations sampled in New York Bight during June, 1973. 

Station Latitude Longitude Connnents 

1 40°24.9' 73°48' sludge dump, fringe 

2 40°22.3' 73°47.1' sludge dump, fringe 

3 40°19.5' 73°43.65' south of sludge dump 

4 40°25.15' 73°43.3' sludge dump, fringe 

5 40°28.6' 73°fi:5.5' north of sludge dump 

6 40°24.2' 73°52.6' near dredge dump 

7 40°27.8' 73°38.1' north ea~ of sludge dump 

8 40°31.1' 73°46.9' towards N. Y. shore 



TABLE 2 

Stations sampled for plankton in Hudson River and 
the New York Bight. 

Station Latitude Longitude Connnents 

1 40°52'53" mid channel river, above G. w. Bridge 

2 40°49'31" mid. channel river, below G. w. Bridge 

3 40°40'18" 74 ° 02' 18" upper bay 

4 40°38'30" 74 ° 02 ' 18" upper bay, above v. B. 

5 40°35'18" 74°02'39" lower bay, below v. B. 

6 40°28.6' 73°54.0' Sandy Hook 

7 40°25.4' 73°48.0' sludge dump, fringe 

8 40°24.0' 73°45.5' sludge dump, center 

9 40°22.4' 73°42.0' sludge dump, fringe 

10 40°16.7' 73°32.4' reference 

11 40°24.0' 73°53.0' dredge dump, fringe 

12 40.22.0' 73°52.5' dredge dump, center 

13 40°20 .. 0' 73°52.1' dredge dump, fringe 

lLr 40"10.0' 73°50.0' reference 

15 40°23 .. 0' 73°49.0' acid waste dump 

16 40°30.0' 73°30.0' reference 



TABLE 3 

Numbers of benthic foraminifera found per unit volume 
In samples taken from New York Bight during June 1973. 

G") G") 
Ii 11 
III 3 tll 

3 0- rr' 
if/100 Station #/100 em Station em 

1 4 46 6 2 19 
14 289 3 406 

4 13 
2 4 22 5 11 

11 4,824 6 17 
7- 17 

3 7 90 8 281 
9 57 

4 2 5 10 26 
3 10 11 40 
4 0 12 166 
5 21 13 137 
6 14 14 26 
7 16 15 17 
8 16 24 
9 8 17 9 

10 18 65 
11 14 19 79 
12 5 20 40 
13 13 
14 4 7 3 7 
15 51 
16 17 8 2 50 
17 21 3 5 
18 48 4 30 
19 8 5 
20 4 6 - 76 

7 32 
5 9 3,890 8 25 

23 234 9 19 
10 63 
11 57 
12 34 
1.1 " 22 
14 
15 22 
16 47 
17 11 
18 112 
19 45 
20 19 



TABLE 4 

Number of planktonic foraminifera found in the Hudson 
River estuary and Nevl York Bight (January 1974). 

20~ samples estimated 

Station iJ:/sample #/m3 

5 12 472 

6 6 236 

7 26 1,024 

8 24 954 

10 18 709 

11 29 1,142 



APPENDIX G 



· . 

Marine Fisheries of New Jersey 

A progress report oh studies : 
supported by the 

.5 .. March 1974 

Marine Ecosystems Analysis Progran 
of NOAA, U.8. Department of COrnm€lr,.:!e 

J. L. McHugh 

This preliminary review of the history of N(~w Jersey fisheries 
is based on statistics on landings published annually by the 
federal government in fiFishery Statistics OJ: the united 
States" and jointly with the New Jersey Division of Fish 
Gatlle and Shellfisheries in lINew Jersey Landings .. II The 
earliest records are for 1880, but surveys ';'lere made only 
occasionally until 1929, when regular annu.al surveys began. 

Total landinqs. - Total landings of fish and shellfish in 
New Jersey (fig. 1) were relatively small until the early 
1930s, fluctuating about an annual average of about 40;000 
metric tons. Landings then rose rapidly to a maximum of 
over 240,000 metric tons in 1956., then fell even more 
abruptly to a low of about 41,000 metric to:ns in 1969. 
Total landings, however, do not reflect adequately the 
history of the fisheries of the state, for indus-trial species, 
especially menhaden (fig. 1), have always made up a large 
part of the catch. From the middle 1930s to the middle 1960s 

- menhaden dominated I producing over 220,000 metric tons in 
1956. Other industrial species were horseshoe crab, sea 
herring, and mixed trawl-caught fishes. 

Food fishes and shellfish. - Landings of finfishes for human 
food in New Jersey (fig. 2) rose from about 7,500 metric 
tons to nearly 24, 000 metric tons in the last -two 'decades 
of the 19th century. Records were sparse in the following 
quarter-century, but from 1929 ,to 1949 landings fluctuated 
bebveen about 15,000 and 23~000 metric tons~ The subsequent 
decline in the 1950s and 1960s has brought l.andings in the 
last few years dovm to 7,000 to 9,000 metric tons. Changes 
in the importance of individual species have been much greater 
than this. The first six species by weight in the period 
1880-1901, which accounted for more than 80 percent of the 
landings of food finfish, are no\v of minor importance in the 
catch. Some species, like weakfish, scup, and butterfish, 
which were important in la-ter years, also have declined to 
minor rank o As in New York, the decline probably would have 
been much greater if the industry had not s-::eadi1y shifted 
to ot~er species as historic resources declined. 
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Food shellfish landings in New Jersey (fig. 2) have risen 
substantially over the period oE record Q :H'rom 1880 to 1931 
reported landings fluctuated betvleen about 5 a.nd 10 thousand 
metric tons. In the 1930s and early 1940s the trend was 
downward, but production rose sharply after 1949 as the surf 
Clatll fishery developed and reached its peak. ami tting the 
surf clam, total landings of other shellfish used as human 
food have trended do\vnwards over the recorded history of 
the fishery_ The oyster industry, which dcminated shell
fish landings in New Jersey until the early 1930s, declined 
thereafter, but remained at a relatively steady level of 
production at an average· of about 3,000 met.ric tons of meats 
per year from 1935 to 1953, then fell shaJ:ply to very low 
levels in the 19505 and 1960s, from which it has recovered 
only partially. The hard clatl.1 and blue cJ:a.b fisheries have 
fluctuated over L~e years, bu·t the downward trends in weight 
landed have not been great. Lobster landings in New Jersey, 
as in New York, have been rising for the la.st 15 years. The 
principal features of the history of Nevl ~re:rsey shellfish 
landings in the last 90 years or so have be:en the decline 
of the oyster industry and the relatively recent development 
of a major fishery for surf clams. 

Present status of study. - Illus.trations shovling the history 
of landings in New dersey, species by species, have been 
drawn for some 42 species once important or presently 
important in New Jersey landings With some major and 
interesting differences, the patterns are similar to those 
already demonstrated for New York (McHugh I 1972, reprint 
attached). The descriptive section of a draft manuscript 
is about half complete. The manuscrip·t should be ready for 
publication in about 6 mon~~s. 

Tentative conclusions. - The preliminary study described above 
will be a companion paper to the study of New York marine 
fisheries already cited (McHug-h, 1972). Together the two 
papers will describe briefly the history of the fisheries 
of New York Bight. The conclusions from the New Jersey study 
will not be greatly different from those arrived at in the 
review of the marine fisheries of New York, namely, that the 
fisheries have risen to a maximum in the 1950s and early 
1960s and subsequently declined to pre-war levels in terms 
of weight landed. The food fisheries maintained fairly 
steady levels of production until after the second world war, 
then declined steadily_ The decline would have been much 
sharper had it not been for -che amazing developmen-t of the 
surf clam fishery after the war. Historic levels of food 
fish and shellfish production have been maintained only by 
shifting from one species to another as the principal species 
of earlier times reached mCl.ximum levels of production, then 
declined. The industrial fisheries, based mainly on menhaden, 
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reached their peak later I in the period 19~;6-1962, and now 
have dropped to about 10 percen-t of the rn.a}~~imum leve 1. In
tensive fishing in the Chesapeake Bay regi(ln has been 
responsible for the decline of the menhaderl: industry in the 
New York Bight area. :1 

!i : 

Data on saltwater sport fishing in the art8c~ are much less 
complete, but it appears that the total ca.t,ch has been 
rising -in the decade 1960-1970. Fluctuatic,ns in recreational 
catches species by species have. been similc.r to fluctuations 
in domestic commercial catches. Recreatior.al catches of 
some species, particularly bluefish and s-triped bass I appear 
to have been much larger than commercial cc~tches, which 
casts doubt on prevailing views that conun~~rcial fishing 
for these species should be curtailed. 

The causes of declining marine fisheries in the New York 
Bight area are complex, and they are mainly social-political. 
Economic conditions during and after the second world war 
certainly must have played an important role. Some of the 
declines clearly were L~e result of bad mar.,agement or no 
effective management at all. Both states have accumulated 
substantial bodies of laws and regulations relating to fish 
and game but these have not been effective in maintaining 
the yield of the marine fisheries. 

It is popular' in both states to blame foreign fishing for 
the real and imagined ills of the coastal fisheries. Foreign 
fishing certainly has been an added aggrava.tion, but it is 
a comparatively recent development, and not a root cause. 

Subsequent studies will examine the history of New Jersey 
marine fisheries in greater detail and will attempt to 
identify and assess the causes of the changes observed. 

Literature cited 

McHugh, J. L. 1972. Marine fisheries of New York state. 
U. S. Dept. Commerce, Natl. Marine Fish. Serv., Fish. Bull. 
70(3) :585-610. (Reprint attached). 
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Graduate School of Oceanography· Narragansett Bay Campus 

Dr. John B. Pearce 
Officer-in-Charge 

-'National Marine Fisheries Service 
Sandy Hook Marine Laboratory 
Highlands, New Jersey 07732 

Oea r Jack: 

7 January 1974 

We have briefly examined the first samples of heavy metal data 
you sent to us. They are remarkably consistent as far as the replicate 
ana 1 yses are cOnce rned . 

We- bel ieve that the heavy metal data wi 11 be extremely useful to 
fiR f .;: d"" d 1 "f" .. d . 'Jus or purposes 0, erlnJng an ClaSSI ylng communities an envIronments. 
;~ :JTherefore \',e urge you to piovide heavy metal data for as many stations as 
a J pas sib 1 e • 

We are especially desirous of obtaining data on the following 
1= elements, whi~h seem to be the most useful to us on the basis of these 
,1! preliminary analysis. They include Cu, Ni, Pb and In. 
i' "I 

Our plans for developing methods to classify environments are pro
gressing, but we have not as yet made any final commitments to methodology. 

Sincerely, 

Sau 1 B. Sa j 1 a 
r rofes so r of Oceanog raphy , 

SBS:bg 

--, -, .. ---.--~--.----... -----.-
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Coliforrn and .f-IcD.vy N[ct2.1 Concentr.J.tions in Sedi.ments from Atlantic 
and Long Beach .4£\rea -Ne\v York Bight. 

INTRODUCTIO~'\ 

The follo\ving account represents the information obtained on 

c,?liform counts and hea\.)T metal burdens in sediments by the Environ-

mental }'1icrobiology and Chemistry Investigation of the .i\1iddle i\tlantic 
'. 

Coastal Fisheries Center (NNIFS). The study \vas a collab orative effort 

of several agencies to assess the status of water and sediment quality 

near the shores of ·l~.tlantic and Long Beach (Long Island) Ne\v York on 

January 15, 16, 17, 1974. A maj or obj ective of this study \vas to deter-

. mine if se\ver sludge was indeed migrating from the existing dumping site 

in the New York Bight. -

MATERIALS ... ~l'~D lvLET}IODS: 

The bottorn sediments \vere obtained using a Smith-McIntyre dredge. 

depress or and placed in a sterile 8 oz. French square bottle. The sample 

represented approximately 100 crnZ of the surface area of the sediment. 

!=~~-:--:- ~-: ~ ---- -- ;<-.:... : .. _== .. 
The samples \vere refrigerated and examined \vithin 24 hours for this study. 

However, some previous studies sho\ved that sediments for coliform counts 

could be refrigerated for several days at 4°C \vithout any appreciable effect 

on the C olii orm count. 

For the chemical analysis a core \Vas extruded f~.om an undistributed 

portion of the grab bY' means of a 35-"'~'n1'di~mctcr polyethylene pl::l_stic tube~ 

capped t -refriger3.ted and then frozen until time for chcn1ical an~lysis. 



Sediment sampi(;.5 \vere obtain~d iron" ... all stations for chemical 

analysis. Samples \vere not obtained at all stations for bacterial analysis 

because of limitations on the number of samples that could be effectively 

analyzed in this short period of time by the 1vIicrobiology team. 

II. Analysis for Coliform Bacteria 

The procedure used for determining total coliform (confirmed) and 

fecal coliform 1vlPN follo\vs the procedures as outlined in Standard Methods 

of the Examination of \Vater and \Vaste \Vater J 13th edition, except for 

changes to make them applicable to the examination of bottom sediments. 

The initial dilution of s edirnent is made by adding the sample to 

100 nil of o. ,50/0 sterile peptone contained in an 8 oz. French square bottle 

until it reaches a ~recal,ibration mark of ZOO ml. The bottle is \veighed 

in order to approxim.ate the specific gravity of the sediment as a reference 

point in identifying the sediment type. After thoroug4ly shaking, appropriate 

dilutions are made for inoculation of the media. For this study the 5 tube 

MPN technique \vas employ'ed. The results by this procedure are expressed 

as the nutnber of coliforms per 100 Illl of sediment. 

lli. Analysis for Metals in Sediments 

The analysis of m.etals in sediments' \Vas a procedure developed and 

eInployed by the Environmental Protection Agency (Great Lake Region, 

Committee on Analytical 1;lethods). The rnetqod is briefly outlined as follo\vs: 

A 1-1/2 inch section is obtained from the top of the core. The sediment is 

dr-ied at bOoc fo:- 43 hours. Nitric acid and hydrogen peroxide are ,added to .. .,. - ~ . 

the s~mplc fol1()'.~:ed by hcatin~ at 200-2S0oC until a dry residue is obtained. 



Tre residue is then ta.ken up \vith a mixture of nitric and hydrochloric 

acid, ammOniUD"l chloride and ca lciurn nitrate. The s oluti on is filtered, 

diluted to the desired volume and analyzed by means of a Perkin Elmer 

403 atomic absorption spectrophotoITIeter. The results are expressed 

as ppTI1 of the metal per dry \veight of sediment. 

RESULTS 

Sediment Types 

The station numbers sampled for this study appear in Figure I and 

the coordinates are listed in Table 1. Samplings \vere obtained by a 

member of the Investigation aboard the R/V RORQUAL. 

Except for the samples from station 24, 25, and ,19 the bottom sedi-

, ments \vere' of a sandy type. Sedim.ents from station 24 and 25 \vere of a 

sandy type \vith a sTI1al1 amount of black sediment intermL~ed. The sediment 

from station 19 \vas uniformly black but did not appear to be sewage sludge. 

Coliform Counts 

The data, both on the total and fecal MPN counts in the top layer of 

the sediments ,are tabulated in Table 2 .. The distribution as related to 

station nUITlbers for total coliform counts and fecal coliform counts are 

present in Figures 2 and 3, respectively. 

As can be seen, the distribution of total coliform. counts does not 

correlate \vith the fecal coliform count, \vith one possible exception at 

station 19. Here both the total and fecal coliform count~ \vcre high. The 

total coliform count increased in the 'sediments obtain~d on the transects 

aV'Jay from the b22.ch 2.re::l. I-Iowever, the fcc2.1 coliform l\'lP~J count did 



~~!;W5i1j'i~-1HiWTta¥t~~>Q~~sae-m R*' ... ··'U"[-""~#t'~~~~ 
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not sho\v a similar tendency. The fecal coliform count in the sediments 

from both the in-shore and off-shore stations \vcre quite similar. The 

significance of the total coliform count in the sediments is unkno\vn. The 

relationship behveen total coliform and fecal contamination in marine 

. sediments has not been established. 

The distribution 6f the fecal c oliforD1s in the sediments as presented 

in Figure 3 does' not indicate that the \Vastes from the se\vage sludge disposal 

site are causing fecal contamination of the area surveyed. Previous studies 

have sho\vn the specificity- of the fecal coliform MPN procedure for detecting 

coliforms of fecal origin in marine sediments. 

Metal Concentrations in the Sediments 

- . 
-~ _ .. 

. - Th-e results of the analysis for the seven heavy metals, silver, cad-

nickel, lead, and zinc, in 5 edilnents from. the 

- -

- '31 stations are presented in Table 3. The concentrations of zinc and chro-

miurn in sediments from each station are presented as isopleths in Figures 

4 ancT3;-re-s"pectively. The concentrations of the other heavy metals were. 

not of sufficient magnitude or \vere belo\v our levels of ~etectian for this 
.-

~ _ -= : ~ - :. :".t':~. ~ -." .. :.-: =- -= : ~ -* -- - ~ - ... --- -- :. - - ~ -- ..:.. == 

.type of presentation. 
c -.. _.: -, _4 .. _. ___ -....--- - .... - -:r---
...,::--.;:----..... -- ---- .. --. ~-- ~ - -- ------

The highest levels of metals \vere found in the sediment from station 

19. Copper, chromium, lead,. and zin~ concentrations in the sediments 
~, Cc':':' :.:-=: :::. ==:'-..:.;: ~:::: C-.:.:: ~_~:":-=.:..",c-.:-i.- C~.: :'::2 __ ~ :::-~~c."::-:--'- =r~_~'_~ ...... ~ ,. 

from this' station ranged fr'om 100-155 pprn. The lev~l of nickel was 27 ppm .. 

Silver and cadm.iurn \verc at 3-4 pprn. The next highest level of metal con--- .- ." ,,--- ,.... ... -.--- - '. 
\.... .~ .. __ ~ .. ' J,. !. ... JI --. t....L _ .... ~ _ "!' .-..,:... I. 

centration \vas in the sediment obtained from station 24. Ho\vever, the 
............ - - - . 
... L" _ ._'" ', .. ;. _! 

concentr<ltions '.';,2rc rr,uch lower; being one-fourth to one-si;·::th that observed 



The distribution of zinc and chromium in the scdim(;nt3 from all 

stations as evident from the figures, \Vas similar. The lowest concentration 

of the metals a?pears to be in sediments from station sampled nearest the 

coast. The concentrations of the other heavy metals \vere in most cases 

belo\v detectable levels b)r our techniques so distribution pa.tterns could not 

be attempted. 

For comparative purposes of a proximate geographical area, the 

levels of metals found in the sediments from all stations \vith the exception 

of station 19, \vere' of the same order of magnitude as \ve observed in sedi-

nients obtained in a previous study from Gardner's Bay, Long Island. 

The d.a:ta, both on coliform nUITlbers and metal concentrations" were 

-
observed to' be highest from station 19 .. The sediITlent \vas unique in that 

it-differed from that obtained from the -other stations. Unfortunately, other 

stations \vere not sam.pled peripheral to this station so that a distribution 

pattern of calif orms and hea \r"l metals for this s edirrlent type c' ould not be 

-es tao Ii she:d- for this area. 

/ 
FUTURE -CONS~DER_t\ TIO~S 

~-:: ~ The- limited inforITlation demonstrates the·need·for a more cOITlpr.e-

- --
hensive sur-i."ey to definitely locate the sources of fecal contamination and 

heavy metal concentrations especially on radial transects to peripheral 

a~re-dS from-the center of durn.ping and in-share-bay areas. It \vould again 

need tn be--a~ cooperative effort to examine bot~ the \-vater colurnn and sedi-

merlf~-forcoliforrns and for select he~,'0' rn.etals. 

5 
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Tab Ie I. Stat ion CO:Jrd inates 

Station 
~"".....-r'1:er 

1. 
2. 
3 • 
4. 
5: 
6. 

." 7. 

8. 
9. 

10 .. 
ll. 
12. 
13. 
14. 

.15. 
016. 
17. 
18. 
19. 

23. 
22. 
21. 
20. 

24. 
~-_.:>. 
26. 
27. 

31. 
30 .. 
29. 
28. 

t':est to E~lst 
40"'34.7j'U, 13°46.00':} 
40°34.75'2,;, 73c45_GOf~'1 

40 ° 3 4 .. 75 '(.J, 73 0 ~ 4 • cor ~,r 
40° 34 .. 75 f i.\~, 73° 43 .. GO f~.] 
40°34. 751~Jf 73°~2.00'\': 
40° 34 .. 75 '~;;, 73° 41 .. 00 'r'T 
40°34. 75'~r, 73°40.00 'u 

Sout.h 2!:.:J. ttS'L \' ;est 
4: 0 034 .. 50 I (.; , J 3 u L~ 0 .. 00 ,~,: . 
40 0 34.50 In, 73°41 .. 00J~\1 
40°34.50 rL\!, 73° 42. 00 'H 
40°34:.50 'N! 73°4:3.00 f t·; 
40 0 34.50'fT,. 73°4~.oor:·1 
40 0 34.50'N, 73°~5.00!~·1 
40 0 34.50'N, 73°45.GO:~ 

. South 2T:i the...Y1 East 
40;J34.00 12\;, 
40" 3 -4 • CO! I~ I 
40 0 34.00'N, 73°42.00'N 
40° 34.00 t~'1, 73 0 t;O .. 00 f~} 
40°34 .. 00 'f,J I 73 ° 38 .. GO t~'l 

Sout...'t1 2-l"~od t'--:c:..:'l. ~':~st 
40033 .. 001~~, 73<.J(O.COt~.! 

.40 0 33.00 J :\J, 73°':;2.00:0 
40 0 33 • 00 I ~'J I 7.3 0 4'; • 00 1 ~ '1 
40 0 33.00'N, 73°45.00'U 

Sou.t.h ~d t.~-en East 
40 0 3 2 • 0 () r J:'I f 73 0 ..; 6 • 0 0 f ~ '7 . 
40 0 32.C·O'E, 7Jo4~.cor~1 
40 0 32 • 00 f 1,J, 7 .3 ~ 42 • CO' tIl 
40 0 32.00'N, 73°40.CO ' H 

SoLrLh ar:d the!1 Fest 
40 0 31.GU'U, 7.3'::~O.OO'H 

. 40 0 31. 00 ' ~.; I 7 J 0 4.2 .. 00 'n 
~ 0 0 31. 00 ' l:!, 7.3 0 ~.,1 .. 00 I ~'1 

40 0 31.00'l.'r, 73°45.00'~'1 " 
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Tobie 2. D~strjbu~jon of coljforms in top layer of sediments - l::>ng Beach Area, 
New York Bight . 

Coliforms/IOOml Sediment 

Stations Total Fecal 

I 460 79 
3 240 8 
5 240 2 .. 
8 330 79 
9 330 33 

-
10 330 17 ---

12 270 33 
- ~.15 130 13 -

:~-16 490 16 
---17 790 17 

19 3,330 330 
20 790 II' 
21 . 790 II 
22 -. ·790_ 13 -- I t ~ - - .-
24 330 13 
25 4 / 900 8 
26 1,090 7 

-:28 4,900 79 
29 ~ 

7,900 33 .-

-- - 30 1,,090 13 

.', 
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Tobie' 3 .. Trace ~lletal C:>ncentrati-ons in Top Layer of Sediments 
from Long Beach Area--New York Bight 

Concentration of Meta I * 
ppm dry vie ight 

Station Ag Cd Cr Cu Ni Pb Zn 

I <I <I 4.1 <4 <2 <6 7.6 

2 < 1- <1 7.0 <4 <2 7.0 15.1 

3 <1 <I 2.7 <4 <2 <6 10.2 .. 
4 II .. 5.8 II fl. 8.0 16.0 

5 11 II 6.5 II It 6.0 14.0 

6 II II 2.9 II " <6 9.7 

7 II .. 1.0 II . .. <6 3.2 

8 II II 2.8 II .. <6 9.8 

9 II II 16.1 12.1 405 17.3 29.3 V-

10 II II 3.1 <4 <2 <6 13.8 

II ·11 It 2.2 <4 2.9 <6 7.5 

12 It " 6.9 <4 3.7 8.0 19.6 

13 .. II 6.0 II 2.4 <6 14.3 

14 l! II 
., ..., " <2 <6 6.7 
..J.f 

15 .,. 11 6.7 II 3.4 8.0 19.3 

16 . II " 3.9 II <- 2 <6 12.7 

17 " II 4.3 II 2.8 <7 18 .. 0 

18 II It 4.7 u 2 .. 6 <6 15.6 

'19 3.7 3.0 102. 108. 26.7 '130 .. 155. ./ 
20 <I <I 7.7 <4 3.0 II~O 28 .. 7 

21 <I <I 4.9 <4 2.0 <6 11.2 
~. 

22 <J <1 11.8 <4 4.5 . 1700 32.0 ~/-

~l 

23 " II 8.2 II 2.9 11.0 27.0 

24 II II 17.1 8;5 4.9 25.0 43.5 
./ 
v 

25 II " 1102 4.9 4.0 12.0 3000 

26 II II 7.5 <4 3 .. 3 8 .. 0 2500 

27 II II 4.0 <4 <2 600 13,,0 

28 .. .. 14 .. 0 9" I 5 0 7 1500 29 05 

29 .. .. 10.7 4.6 2,,8 14',,0 2807 

30 If II 9.5 <4 3.4 13 00 27 .. 0 

31 - II II 4.6 <4 3.2 <7 20.0 

10 
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COLLECTED FROM THE NEW YORK BIGHT 

.. 

James S. Young and John B. Pearce l 

IU. S. Department of Commerce 
, National Harine Fisheries Service 
Middle Atlantic Coastal Fisheries Center 
Sandy Hook Laboratory 
Highlands, New Jersey 07732 
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Individuals of Homarus Clffi2ricanus and Cancer irroratus with the 

shell disease syndrorre were collected from the N~ York Bight. 

Histopathology of the disease, causative agents, its effects on 

respiration, and its p:>ssible association wi ~~ the disp::>sal of 

solid waste in the ocean are discussed. 
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