
FIRST ANNUAL REPORT 

NORTHEAST MONITORING PROGRAM 

Baseline studies on the d i s t r i b u t i o n  of phytoplankton 
biomass, organic production, seawater nut r ients  and t race 

metals i n  coastal water between Cape Hatteras and Nova Scotia 

Environmental Chemistry Invest igat ion 
Div is ion o f  Envi ronmnta l  Assessment 

Sandy Hook Laboratory 
Northeast Fisheries Center 

National Marine Fisheries Service 
National Oceanic and Atmospheric Administration 

Report No. SHL 80-24 



TABLE OF CONTENTS 
PAGE . 

Administrative Information .......................................... 1 

Objectives ............................................................ 3 

.......................... Sumnary of Activities . Rationale and Methods 3 ....................................................... 3.1 Activities 3 ........................................................ 3.2 Rationale 4 ........... 3.2.1 Nutrients. phytoplankton biomass and production 4 
3.2.2 Trace metals .............................................. 5 

3.3 Methods .......................................................... 5 ..................... 3.3.1 Phytoplankton biomass (chlorophyll - a )  5 ........................... 3.3.2 Phytoplankton carbon production 6 ................................................. 3.3.3 Nutrients 7 
3.3.4 Trace metals ............................................. 8 

................................ Summary and Interpretation of Findings 9 
4.1 Phytoplankton biomass ............................................ 9 .......................... 4.2 ~hjtoplankton organic carbon production 13 .............................................. 4.3 Inorganic nutrients 17 
4.4 Trace metals ..................................................... 24 

............................................ Inventory of Data Acquired 27 

Statement of Problems ................................................. 28 

Figures 

Tables 

Literature Cited 



1. Administrative Information 

1.1 Principal Investigators: 

J. E. OIReilly, C. Evans, V. Zdanowicz, A. Draxler, R. Waldhauer 
and A. Matte. 

1.2 Organization Receiving Fundinq: 

National b r i n e  Fisheries Service, NOW 

1.3 Present (FY 80) Funding Level : 

1.4 T i t l e  o f  Work Uni t  o r  Investiqation: 

Environmental Chemistry Invest igat ion : Base1 ine studies on the 
d i s t r i bu t i on  o f  phytoplankton biomass, organic production, 
seawater nutr ients and trace metals i n  coastal water between 
Cape Hatteras and Nova Scotia. 

1.5 Major NEMP Cruises part ic ipated i n :  

The major NEMP surveys as well as other cruises wi th in the NEMP 
survey area are 1 is ted i n  Table 1. 

1.6 Reports o r  Publications Produced under t h i s  Funding and Related 
Reports : 

Esser, S., J. O'Reilly, D. Busch. 1980. Monitoring o f  
Ceratium t r ipos  continues between Nova Scotia and 

.Cape Hatteras. Coastal Oceanography and Climatology 
News 2(3), spring 1980. 

Evans, C. A., J. E. OIReil ly and J. P. Thomas. 1979. Report on 
chlorophyll measurements made on MARMAP surveys between 
October 1977-December 1978. Sandy Hook Laboratory, Report 
NO. SHL 79-10. 

Evans, C. A. and J. E. OIReilly. 1980. Report on ch lokphy l l  
measurements made between June 1979-June 1980 during 
surveys AL-79-06, BE-79-01, EV-80-02, and DE-80-03104. 
Sandy Hook Laboratory, Report No. SHL 80-14. 

Evans, C. A. and J. E. OIReilly. 1980. A manual f o r  the measurement 
o f  chlorophyll a i n  netphytoplankton and nannophytoplankton. 
Ocean Pulse ~ e c h i c a l  Manual No. 3, Sandy Hook Laboratory, 
Report No. SHL 80-1 7. 

Draxler, A. F. J., R. Waldhauer and A. Matte. 1979. Nutr ient 
data from Belogorsk cruise 78-04, 16-29 November 1978. 
Sandy Hook Laboratory, Report No. SHL 79-07. 



Matte, A., R. Waldhauer and A. F. J. Draxler. 1979. Nutr ient  
data f r o m  the cruise o f  the Whit in3 FRC-05-06, 29-31 May 
1979. Sandy Hook Laboratory, Report No. SHL 79-39. 

OIReilly, J. E. and J. P. Thomas. 1979. A manual f o r  the 
measuremnt o f  t o t a l  d a i l y  primary product iv i ty  on MARMAP 
and Ocean Pulse cruises using 14C simulated i n  s i t u  sunl ight  
incubation. Ocean Pulse Technical Manual No. 1, Sandy Hook 
Laboratory, Report No. SHL 79-06. 

O'Reilly, J. E. and D. A. Busch. 1980. Sumnary o f  measurements 
o f  primary product iv i ty  made during MARMAP surveys (Belogorsk 
79-01 , 79-03, 79-05), Sandy Hook Laboratory, Report No. 
SHL 80-15. 

Steimle, F. W., J. E. OIReilly,. D. J. Radosh, and R. Waldhauer. 
1980. Hydrographic data, Ocean Pulse environmental 
monitoring surveys Apr i l  1978 through Apr i l  1980. 
Sandy Hook Laboratory, Report No. SHL 80-25. 

Waldhauer, R., A. Matte and J. E. OIReilly. 1980. Sumnary o f  
amnonium-nitrogen measurements made during s ix  cooperative 
US-USSR MARMAP surveys. Sandy Hook Laboratory, Report No. 
SHL 80-16. 

Waldhauer, R., A. Matte, A. F. J. Draxler and J. E. O'Reil ly. 
1980. Seasonal amnium-nitrogen d is t r ibut ions across 
the New York Bight shelf .  Proc. Ramapo Water Conference, 
1 980. 

1.7 NEMP Work Unit  Monitor: 

Merton C. Ingham 

1.8 Duration tha t  Hork Unit  has Covered: 

This report  discusses monitoring , a c t i v i t y  f r o m  the Operational 
Test Phase o f  Ocean Pulse (spring 1978) to present. Baseline 
data on chlorophyll 2 col lected w i th in  the NEMP region i n  l a t e  
1977 i s  also included. 



2. Objectives 

The Environmental Chemistry Invest igat ion 's main objectives i n  re la t ion  
t o  NEMP are t o  1) establ ish baseline data concerning the spatial  and 
temporal d is t r ibu t ion  and abundance o f  inorganic and organic materials 
(nutrients, heavy metals, phytoplankton biomass/chlorophyll a, and 
phytoplankton organic carbon production) which a f f ec t  habitaFs, l i v i n g  
resources and associated food webs i n  coastal/shelf  water between Cape 
Hatteras and Nova Scotia; 2) to develop and b u i l d  su f f i c i en t l y  compre- 
hensive baselines f o r  these target  variables such tha t  trends and 
departures from trends, induced e i t he r  na tu ra l l y  o r  by man's influence, 
may be determined. 

A considerable amunt o f  baseline data on concentrations o f  inorganic 
nutr ients, heavy metals (water, sediment, organisms) phytoplankton 
biomass/chlorophyll a, and phytoplankton organic carbon production 
already exists f o r  a-few heavily-polluted areas o f  h is to r i ca l  monitoring 
importance such as the New York sludge and dredge-spoil dump sites, the 
sewage-polluted highly eutrophic Raritan-Lower Bay estuarine complex, 
the New York Bight apex, and the 1976 anoxic area o f f  the coast o f  New 
Jersey. However, u n t i l  recently (FY 78, 79, Operational Test Phase o f  
Ocean Pulse) these pol lutants ( t race metals), stimulants (nutr ients)  and 
p r i m  ecosystem components (phytoplankton biomass and organic production) 
have not been systematically described and frequently monitored throughout 
coastal-shelf environments between Cape Hatteras and Nova Scotia, the 
focal area o f  the Northeast Monitoring Program. 

3. S u m r y  o f  Act iv i t ies ,  Rationale and Methods 

3.1 Ac t i v i t i es :  

Since t h i s  work u n i t  report w i l l  be par t  o f  the F i r s t  Annual NEMP 
Report, i t  i s  appropriate no t  t o  l i m i t  the report t o  a c t i v i t i e s  
ongoing t h i s  past year, but instead, to provide t o  NEMP managers 
a time frame i n  which t h i s  invest igat ion has systematically surveyed 
concentrations o f  nutrients, heavy metals, chlorophyl l  a, and rates 
o f  organic carbon production by phytoplankton i n  NEMP c fasta l /she l f  
water. Table 1 chronologically s u m r i z e s  (by survey and measurement 
type) t h i s  invest igat ion's par t i c ipa t ion  i n  surveys conducted w i th in  
the NEMP region o f  interest.  Figures 1 through 11 depict cruise 
tracks and sampling stat ions occupied during the surveys l i s t e d  i n  
Table 1. Usually, measurements o f  chlorophyl l  a are made a t  >95% 
o f  the stations depicted i n  Figures 1-11. The Fate o f  phytoplankton 
production o f  organic carbon i s  measured a t  two stat ions (sunrise, 
noon) each day a t  sea throughout each o f  the  surveys l i s t e d  i n  
Table 1. Seawater samples f o r  nu t r ien t  analyses are taken a t  
approximately 50% o f  the standard MARMAP stat ions andat nearly a l l  
Ocean Pulse stat ions occupied. Measurements o f  trace metals i n  
seabed sediments and i n  t issue o f  f i sh  and invertebrates are made 
a t  the same stat ions sampled f o r  benthic comnunity a t t r ibutes (Reid), 



the same stations and organisms used in physiological assays 
(Calabrese, Thurburg) . Figures 46-87 depict locations of stations 
sampled for heavy metals in sediments during Ocean Pulse surveys. 

Currently, survey frequency for chlorophyll a-biomass, phytoplankton 
production, and water column nutrients is 1071 surveys/year. Survey 
frequency for trace metal morritoring is four Ocean pulse surveys/year. 
Additionally, fish, invertebrate, and sediment samples were collected 
for trace metal analyses during an intensive NEMP survey of the New 
York Bight apex in August 1980. 

In May 1980, the construction of a new trace metals analysis labora- 
tory at Sandy Hook (designed to ultimately become an ultra-clean 
facility) was completed. While the lab was being constructed, 
sampling for metals continued and samples were frozen. The pro- 
tracted construction delayed analyses. However, since early September, 
over 700 samples of sediment have been analyzed for concentrations 
of cadmium, chromium, copper, lead, nickel , and zinc. Mercury wi 1 1  
be analyzed in all sediments and tissues collected during the NEMP 
(KE-80-07/08) New York Bight apex survey as well as in selected 
sediments and tissues collected during Ocean Pulse surveys 1 i sted 
in Table 1. 

3.2 Rationale: 

3.2.1 Nutrients, phytoplankton biomass, and production 

Our approach to monitor phytoplankton biomass, primary productivity, 
and nutrient levels is highly predicted upon frequent surveys 
so that we may develop temporally and spatially re1 iable base- 
lines, to quantify the extent of coastal eutrophication, and to 
further our understanding of the interrelationships between in- 
organic/organic contaminants, phytoplankton quantity and quality, 
and altered and degraded habitats (anoxia, shifts in. fishing 
comnunities, etc.). 

During monitoring surveys, particular emphasis is placed on 
delineating the relative amounts of netphytoplankton (<20 um) 
and nannophytoplankton (>20 um) biomass and production throughout 
the shelf over an annual cycle. Changes in the structure (size 
composition, species composition) of the phytoplankton comrmnity 
may result from nutrient pollution stress and these structural 
changes may lead to major alterations in the structure and 
function of adjacent links in the marine food chain (Steele 
and Frost, 1976), and altered and degraded habitats. 

Parsons and Lebrasseur (1970) advanced the concept that net- 
phytoplankton dominated plankton comnunities ma lead to greater 
energy and matter input to higher (fish) trap # IC levels since 
the netplankton-macrozooplankton-fis h grazin scheme has fewer 
trophic transfers (and smaller energy losses 4 than the nanno- 
plankton-microzooplankton-macrozooplankton-fish grazing scheme. 



From our f isher ies  o r  ecosystem product iv i ty  perspective, 
it i s  important t o  develop baselines on the t o t a l  organic 
production by phytoplankton as wel l  as baselines on the 
size-composition o f  the  primary producing comnunity and 
standing stocks o f  phytoplankton. 

Since nitrogen may be the " c r i t i c a l  l i m i t i n g  fac tor  t o  a lgal  
growth and eutrophication i n  coastal marine waters" (Ryther, 
1971 ) , our surveys o f  macro-nutrient d is t r ibu t ions  emphasize 
both dissolved inorganic N and dissolved organic N. Dissolved 
organic N (WN) may represent a s i gn i f i can t  port ion o f  the 
t o ta l  nitrogen i n  sewage e f f luen ts  discharged i n t o  coastal 
water (Eppley e t  al., 1972; Thomas e t  al., 1979). Ratios o f  
NHq:nitrite:nitrate:DON w i l l  also provide an addit ional 
" f ingerpr in t "  on water masses (estuarine, slope water) and 
provide ins igh t  i n t o  the re la t i ve  ro les  played by nut r ient  
sources f r o m  estuaries, slope water and i n  s i t u  nitrogen 
recycl ing i n  supplying nitrogen t o  primary producers. 

3.2.2 Trace metals 

From the beginning o f  the Operational Test Phase o f  Ocean 
Pulse (Researcher, 1978) t o  the present, members of t h i s  
invest igat ion have part ic ipated i n  13 Ocean Pulse/NEMP 
surveys f o r  the purpose o f  co l lec t ing  samples o f  seabed 
sediment and t issue from f ish  and invertebrates f o r  analyses 
o f  trace elements. The emphasis here i s  i n  establishing 
trace metal baselines i n  areas o f  the  shelf  not previously 
systematically sampled, monitoring the levels o f  tox ic trace 
metals i n  t issues o f  comnercially important species used as 
food, def in ing t issue and sediment metal burdens i n  pol luted 
areas o f  the New York Bight and surveying the apex area t o  

. determine if these contaminants are "spreading1' t o  contiguous 
benthic habitats (KE-80-07/08). 

3.3 Methods: 

3.3.1 Phytoplankton biomass (chlorophyll a) 

Concentrations o f  chlorophyll a pigment are considered to  be 
a useful index o f  autotrophic P y t o p l  ankton biomass. During 
a1 1 surveys l i s t e d  i n  Table 1, seawater f o r  chlorophyll a 
analyses was col lected throughout the  water column t o  75-m 
(or bottom if less than 75 m). Standard sampling depths are 
surface, 5, 10, 15, 20, 25, 30, 35, 50, 75 meters. -PVC 
5 - l i t e r  Niskin sampling bot t les  are used. A t  stations on the 
shelf less than 75 m deep, a "bottom t r i p '  Niskin bo t t l e  
(rigged t o  close when a weight contacts the seabed) i s  used 
t o  co l l ec t  seawater near the sediment-water column interface. 
These "bottom t r i p "  samples have provided us wi th  a bet ter  



characterization of near bottom phytoplankton stocks, nutrient 
levels, and dissolved oxygen concentrations in water within a 
meter of benthic comnunities. 

Chlorophyll a is measured fluorometrically. Filtration of 
phytoplankton, grinding, acetone extraction of pigments, 
and fluorescence readings are performed at sea, shortly 
after seawater samples are collected. Phytoplankton are 
size-fractionated into netphytoplankton (>20 um) and nanno- 
phytoplankton ( ~ 2 0  un) by serial filtration through 20 urn 
mesh nylon and%0.7 um mesh Whatman GF/F filters. All 
relevant data are recorded at sea on computer entry coding 
f o m .  The entire procedure used to measure 
chlorophyll a, fran seawater coll ection, filtration, extrac- 
tion, fluore?cence readings, calibration, through calculation 
and computerization of data is fully described in "A manual 
for the measurement of chlorophyll a in netphytoplankton and 
nannophytoplankton" (Evans and 0' Re- 1 y, 1980). 

3.3.2 Phytoplankton carbon production 

The rate of production of organic carbon by phytoplankton is 
measured throughout the euphotic layer at depths corresponding 
to loo%, 69, 46, 25, 10, 3, and 1% of subsurface photosyn- 
thetically active radiation (PAR). Assimilation of inorganic 
radiocarbon-14 is measured during simulated -- in situ sunlight 
incubations lasting approximately 5 hours. 

Following sunlight incubation, the photoassimilated organic 
carbon is size-fractionated by serial filtration through a 
20 urn mesh nylon filter and a 0.45 urn mesh Millipore filter 
to determine the relative production by netphytoplankton 
(>20 urn), nannophytoplankton (<20 urn) as well as the organic 
carbon released by the phytoplankton comnity as dissolved 
organic carbon (<.45 um). This filter fractionation procedure 
is similar to that used for chlorophyll. Consequently, photo- 
synthetic efficiency (productivity/chlorophyll a/PAR) of net- 
plankton and nannoplankton production may be compared and 
evaluated in light of nutrient, temperature, turbidity, and 
other environmental conditions. 

Integral daily primary production is measured twice each day 
at sea, at stations occupied at sunrise and local noon. 
Our procedure is highly standardized. The mthodological 
details of our procedure frcm sample collection through in- 
cubation, filtration, liquid scintillation counting, calibration, 
calculation and computerization of data are full y described in 
"A manual for the measurement of total daily primary productivity 
on MAWAP and Ocean Pulse cruises using 14C simulated in situ -- 
sun1 ight incubation (0' Reil ly and Thomas, 1979). 



3.3.3 Nutrients 

Methods employed f o r  the measurement o f  nut r ient  concentrations 
are as follows: 

Seawater samples are col lected throughout the water column, 
a t  four  t o  12 depths determined from Table 9. Imnediately 
after.  collection, seawater i s  pressure-f i l  tered through 
precanbusted, sanrple-rinsed glass f i b e r  f i l t e r s  (Whatman 
GF/F, retent ion 0.7 un). The seawater f i l t r a t e  i s  col lected 
i n  polycarbonate screw cap t e s t  tubes and stored frozen u n t i l  
i t  i s  analyzed a t  the laboratory f o r  n i t rate,  n i t r i t e ,  phos- 
phate, and s i l i c a t e  concentrations. A four channel Technicon 
Autoanalyzer I1 system i s  used. N i t r i t e  and n i t r a t e  are 
measured using the napthylethyl enediamine-sul fani  lamide system 
w i th  cadmium reduction o f  n i t r a t e  a f t e r  Wood e t  a l .  (1964). 
Phosphorus i s  analyzed using the molybdate-ascorbic acid 
procedure a f t e r  Murphy and Ri ley (1962). The react ive 
dissolved s i l i con  procedure i s  based on the use o f  oxalate 
t o  reduce s i l i comlybdate  complex and a t  the same time decompose 
any phospho- or  arseno-molybdates (Mul l in  and Riley, 1965). 

Seawater f i l t r a t e s  f o r  amnonium analyses are preserved a t  sea 
by the addit ion o f  phenol-alcohol (Degobbis, 1973) and freezing. 
Amnonium analyses are completed i n  the laboratory wi th in a week 
o r  two o f  cruise termination, fo l lowingthe procedure o f  
Liddicoat e t  a1 . (1975). 

I n  addit ion t o  the above analyses f o r  inorganic nutrients, 
a1 iquots o f  seawater and seawater f i l t r a t e s  (GF/F f i l t e r s )  
are prepared a t  sea and frozen f o r  subsequent analyses o f  
t o ta l  N. P and dissolved organic N + P, respectively. These 
analyses o f  organic nitrogen and phosphorus have not ye t  been 
made. Instead, our e f f o r t s  have been directed a t  completing 

inorganic analyses. We expect t o  perform the organic N + P 
analyses using a continuous f low u l t r a v i o l e t  photooxidation 
reactor system developed by members o f  the Environmental 
Chemistry Investigation. The digester i s  s t i l l  being tested. 

, Using t h i s  system, we have achieved nearly 100% mineralization 
o f  urea to  n i t ra te -n i t r i t e .  Urea i s  r e l a t i ve l y  highly 
refractory t o  photooxidation. 

To evaluate the methods and techniques o f  both shipboard 
co l lec t ion as well as analyt ical  procedures i n  the labora- 
tory, an in terca l ib ra t ion study was made wi th Brookhaven 

. National Laboratory. During the AL-80-07 survey, Sandy 
Hook personnel sampled the water column a t  s tat ion 28 
(3g037'N, 72O03'W) f i l t e r i n g  and preserving f o r  analysis 
la ter .  

Brookhaven personnel aboard the Kelez sampled nearby (3g037'N, 
7Z003.5'W) and using t he i r  onboard toana lyzer  processed 
the i r  samples immediately. Table 2 l i s t s  the results.  
Although winds causing a wire angle o f  15' made f i e l d  work 
d i f f i cu l  t, agreement i s  good. 



3.3.4 Trace metals 

Samples o f  seabed sediment f o r  trace metal analyses are 
col lected using a Smith-McIntyre grab sampler. Acid- 
cleaned p las t i c  core tubes are used t o  subsample the 
grab. Cores are capped and frozen u n t i l  analysis. The 
upper 5 an o f  the core i s  dried, weighed, pulverized, 
digested, and analyzed f o r  t race metals (lead, zinc, 
copper, chromium, nickel, cadmium) using a Perkin-Elmer 
5000 Atanic Absorption Spectrophotometer. 

Tissue samples are excised from animals captured i n  trawls, 
dredges, rakes, etc., stored i n  acid-cleaned p las t i c  v ia ls,  
and frozen u n t i l  analysis. Species analyzed f o r  metal 
burdens are pr imar i ly  winter flounder, ye l lowta i l  flounder, 
windowpane flounder, sea scal lop, sur f  clam, hard, clam, 
blue mussel, rock crab, and lobster.  Other species are 
also sampled. The species comnercial importance as wel l  
as i t s  ubiquity throughout pol luted and unpolluted target  
areas are two o f  the major c r i t e r i a  used i n  species 
col lect ion. 

I n  addit ion t o  Cu, Pb, Zn, C r ,  Cd, N i ,  and A9 concentmtions of 
mercury w i l l  be measured i n  a l l  sediments and tissues 
col 1 ected during the NEllP KE-80-07/08 sumner survey o f  
the New York Bight and i n  sediments and tissues from 
selected Ocean Pulse stat ions sampled during surveys 
l i s t e d  i n  Table 1. 

An oyster t issue standard (NBS 1566) i s  used t o  determine 
metal recovery and analy t ica l  accuracy o f  our t issue 
analyses. A sediment sample #7460 from the New York 
Bight i s  used as an in terna l  standard f o r  metal analyses 
i n  sediments. 



4. Sumnary and Interpretat ion o f  Findings 

4.1 Phytoplankton Biomass (chlorophyl l  a) : 

The shelf-wide d is t r ibu t ion  o f  average water column concentrations 
o f  phytoplankton biomass i s  presented f o r  18 surveys i n  Figures 14 
throu h 31. The weighted average chlorophyll a concentrations 
(mg/m!) were calculated f o r  each sampling statron by i n teg ra t i  ng 
chlorophyll a concentration over the sampling depths t o  75 m (o r  
bottom i f  <75 m) and d iv id ing the in tegra l  by the depth o f  the 
water colulm. integrated. This average chlorophyll a concentration 
f o r  each s ta t ion was used t o  construct the c o n t o u r d  depictions 
presented i n  Figures 14-31. In dealing w i t h  averaged s ta t ion data, 
the ver t ica l  p r o f i l e  o f  phytoplankton abundance i s  obscured. 
Nevertheless: the averaged s ta t ion chlorophyll 3 concentrations 
can be used t o  describe the spat ia l  and temporal d is t r ibu t ions  o f  
phytoplankton biomass on the shel f .  

Throughout the shel f  over the annual cycle, recurrent patterns 
o f  phytoplankton abundance are evident f r o m  Figures 14-31. The 
highest phytoplankton biomass concentrations are consistent ly 
observed i n  the Middle A t lan t i c  Bight inshore water o f f  New 
Jersey, Delaware, and Vi rg in ia  (Figures 14, 16, 18, 19, 20, 22, 
23, 24, 25, 26, 27, 28, 29, 31). Phytoplankton are generally 
leas t  concentrated i n  the deeper water near the shel f  break i n  
the Mid-Atlantic Bight, a t  the periphery o f  Georges Bank and i n  
the Gulf o f  Maine. 

Recurrent gradients o f  phytoplankton concentrations are found i n  
the Mid-Atlantic Bight and over Georges Bank. I n  these two areas, 
average water column concentration o f  chlorophyll a decreases as 
the depth o f  the water column increases. Chloroph~l l  a i s  often 
5-10 times more concentrated i n  inshore water (<40 m) Tn the Mid- 
At lant ic  Bight than i n  water adjacent t o  the she l f  break. This 
i s  par t i cu la r l y  evident i n  Figures 14, 16, 19, 20, 22, 23, 24, 25, 
27, and 29. Likewise, chlorophyll a concentrations of ten progressively 
decrease 5-10 f o l d  from the centraT and shoal areas (<40 m) on 
Georges Bank to the perimeter o f  the bank (Figures 14, 15, 20, 21, 
24, 28, 29, 30). The inshore band o f  high chlorophyll a concentration 
o f f  New Jersey, Delaware, and Vi rg in ia  i s  usually not ciintinuous 
f r o m  north t o  south, but instead, interrupted by bands o f  lesser 
concentrations o f  phytoplankton (Figures 14, 16, 19, 20, 22, 23, 
24, 27, 29, 31). I n  several chlorophyl l  maps we observed very high 
(>4 mg/m3) concentrations adjacent t o  o r  s l i g h t l y  south o f  the 
Raritan-Hudson, Delaware, and Chesapeake estuaries (Figures 19, 20, 
24, 25, 26, 27, 28, 31). However, i n  several d is t r ibut iona l  maps, 
these patches o f  r e l a t i ve l y  high phytoplankton biomass ex i s t  s l i g h t l y  
north o f  the mouths o f  one o r  more of these three estuaries (Figures 
14, 16, 29). 

Patterns o f  phytoplankton abundance are not as obvious i n  the Gulf 
o f  Maine, pa r t l y  because sampling i n  the Gulf o f  Maine i s  not as 
thorough as sampling i n  southern areas o f  the shelf. However, 



during most surveys, the lowest average water.column concentrations 
o f  chlorophyll a are found i n  the Gulf  o f  Maine. When r e l a t i v e l y  
high levels of Ehlorophyll a (>3 mg/m3) are observed i n  the Gulf 
o f  Maine, they are usual ly found a t  stat ions less than 70 m deep 
near Penobscot, Bay, Casco Bay, Cape Anne, Massachusetts Bay, and 
Cape Cod Bay. 

Phytoplankton biomass concentrations o f f  Long Island, as i n  the 
rCt o f  the Mid-Atlantic Bight, also generally decrease from the 
shore1 ine t o  the shel f  break. This onshore-offshore banding o f f  
Long Island i s  seen i n  Figures 16, 20, 23, and 25. This banding i s  
not  evident i n  Figures 19, 22, 24, and 31 where the biomass gradients 
are aligned more west-east than north-south/onshore-offshore. 
Generally, biomass concentrations i n  seawater adjacent t o  Long 
Island are closer i n  magnitude t o  mid-shelf levels, and not inshore 
leve ls  found next t o  the coast o f  New Jersey. Often, the mid-shelf 
area o f f  Long Island has biomass levels comparable t o  those seen i n  
the outer shel f  o f f  New Jersey. The inner t h i r d  o f  the shel f  
adjacent t o  Long Island has a deeper water column (60 m) than the 
inner t h i r d  o f  the shel f  o f f  New Jersey (40 m). This and associated 
mixing processes and estuarine runof f  may p a r t i a l l y  explain the 
differences i n  phytoplankton concentrations north and south o f  the 
Hudson Canyon. 

Based on the above mentioned recurrent pat terns-of  phytoplankton 
biomass concentration, the she l f  has been par t i t ioned i n to  regions 
(Figure 12). This was done t o  s impl i fy  temporal analyses o f  the 
data and t o  f a c i l i t a t e  comparisons among areas o f  the shel f  so that  
we may begin to understand the ecological mechanisms responsible 
f o r  the d is t r ibut iona l  patterns. It should be stressed tha t  the 
shel f  regions depicted i n  Figure 12 represent a f i r s t  approximation 
i n  generalizing the chlorophyl l  data. As the data base accrues, 
the part ioning w i l l  change t o  r e f l e c t  .the most representative 
shel f-wide generalized pattern. Already, over the past two months, 
it has become evident to US t h a t  chlorophyl l  abundance may correlate 
wi th bathymetry t o  a higher degree than we previously thought. 
Figure 13 re f lec ts  t h i s  and other refinements i n  the locat ion o f  
regional boundaries. Addit ional ly,  it has been suggested t o  us 
tha t  we subdivide those coastal areas adjacent t o  estuarine outflows. 
However, throughout t h i s  report,  discussion o f  trends i n  phyto- 
plankton concentrations w i l l  be re la ted t o  the shel f areas presented 
i n  Figure 12. 

The frequency-percent histogram o f  average chlorophyll a concentration 
(mg ~hlaJm3/station) f o r  each o f  the 15 she l f  regions (Figure 12) i s  
presented i n  Figure 32. Data col lected between October 1977 and 
June 1980 was used t o  construct the histograms. I n  the Gulf o f  
Maine (GM), a l l  offshore areas i n  the Mid-Atlantic Bight (LI3, NJ3, 
DE3, CH3), deeper waters on Georges Bank (682) and mid-shelf o f f  
Long Island (LIZ), greater than 50% o f  the station-averaged chloro- 
phy l l  a concentrations are less than 1 mg Chla/m3. I n  offshore 
water Tn the Middle A t lan t i c  Bight, the perceiit o f  observations 



l e s s  than 1 mg ~hla/m3 decreases from north t o  south. In LI3, 
NJ3, DE3, C H 3  area: 82, 70, 60 and 56%, respectively, of the 
observations f a l l  below 1 mglmf. The percent of values greater 
than 1 mg/m3 progressively increases from north t o  south. 

A t  inshore and mid-shelf regions of the Mid-Atlantic Bight (LII, 
LI2, NJ1, NJ2, DE1, DE2, CHI, CH2) the majority of station-averaged 
chlorophyll a concentrations f a l l  i n  the 0-2 mg ChlaJm3 interval 
(Figure 32). In mid-shelf regions (LI2, NJ2, DE2, CH2) and i n  
the LII region approximately 80% of the  observations l ie i n  the  
0-2 mg Chla m3 interval.  The percent-frequency distr tbution fo r  
average ch f' orophyll a concentrations over the central area of 
Georges Bank (GB1) i: greatly d i f fe ren t  from the distr ibution of 
values measured i n  deeper waters (60-200 m) on Georges Bank (682). 
Regions NJ1 and DEl stand apart  from the remaining 13 regions. 
In these two nearshore regions a high percent of the to ta l  obser- 
vations f a l l s  between 4 and 10 mg ChlaJm3 (Figure 32). An onshore- 
offshore trend of decreasing modal chlorophyll a concentrations 
is seen in the LIT-LIZ-L13 se r ies ,  NJ1 -NJ2-NJ3 ,-DE~ -DE2-DE3, and 
the CHI-CH2-CH3 onshore-offshore series.  

Using the histograms i n  Figure 32, we have calculated an average 
chlorophyll a concentration fo r  each of the 15 regions of the 
shelf.  Even-though the histograms and average may be biased 
(sample s i ze  varies greatly among regions, inherent sampling time 
biases, e t c . ) ,  we thought t ha t  i t  might be  interest ing to  construct 
a preliminary rank of the 15 regions, in order of decreasing average 
water column average chlorophyll a concentrations. The order i s  
NJ1, DEI, GB1, CHI, NJ2, LI1, D E ~ ,  C H ~ ,  CH2, L12, DE3, 682, GM, 
NJ3, and L13. 

The annual cycle of phytoplankton abundance by month and year fo r  
each of the 15 shelf regions is presented i n  Figure 33. Data on 
average water column chlorophyll a concentrations (mg/m3) was used 
t o  develop Figure 33. Since a r e a r  coverage and sampling frequency 
were greatest  in 1979 (1980 calculations a r e  incomplete) data 
collected in 1979 will be used t o  describe the  annual cycle of 
phytoplankton abundance. In inshore regions of the Mid-Atlantic 
Bight (LI1, NJ1, DE1, CHI) phytoplankton biomass is abundant 
throughout most of the year and is  re la t ive ly  more concentrated 
during early spring and l a t e  f a l l .  Relatively high average water 
column concentrations of chlorophyll a were observed i n  December 
in several of these inshore regions iii 1979 (Figure 33). The low 
abundance period of the annual cycle appears t o  occur i n  MayIJune. 
Data gathered i n  1980 support this. However, i n  inshore regions 
of the Middle Atlantic Bight, chlorophyll concentrations i n  June 
are  s t i l l  re la t ively  high (2 mg/m3). 

In offshore regions of the Middle Atlantic Bight (LI3, NJ3, DE3, 
CH3), intra-annual variation in biomass is  re la t ively  smaller than 
that  observed i n  inshore regions. Offshore, phytoplankton biomass 



averages 0.5 mg/m3 throughout most of the year. There i s  some 
indicat ion o f  a peak i n  phytoplankton biomass i n  November-December 
i n  these offshore regions, and a peak i n  March i n  some o f  these 
regions. It appears from Figure 33 tha t  elevated leve ls  o f  
phytoplankton biomass were maintained f o r  longer periods o f  time 
i n  spring and f a l l  i n  coastal water than i n  mid-shelf and 
offshore water. 

The annual cycle o f  phytoplankton. abundance i s  less c lear  i n  the 
Gulf o f  Mai ne and on Georges Bank (Figure 33). Sampling during 
the ear ly  part  o f  the year i s  scanty. On Georges Bank, considerable 
inter-annual var iat ion i n  biomass was seen i n  the August 1978, 
1979 samples (Figures 19 and 27). 



4.2 Phytoplankton Organic Carbon Production: 

We present here the f i r s t  shelf-wide, Cape Hatteras t o  Nova Scotia, 
estimates of annual phytoplankton carbon production. Measured 
d a i l y  in tegra l  rates o f  phytoplankton carbon production have been 
grouped according t o  areas defined p r imar i l y  on the basis o f  
recurrent patterns o f  average water column concentration o f  
phytoplankton (chlorophyll aJ and on the basis o f  hydrographic 
and bathymetric considerations. The approach here i s  t o  begin 
t o  define df fferences i n  rates o f  primary production i n  geograph- 
i c a l l y  and ecological ly d iss im i la r  areas o f  the Cape Hatteras t o  
Nova Scotia shel f  so that  we may begin t o  define the extent o f  
cu l tu ra l  eutrophication o f  coastal waters and the re la t i ve  ro les 
which natural forcing events and man's wastes play i n  st imulat ing 
production of carbon a t  the base o f  the food chain. 

Most annual primary product iv i ty  estimates are derived f r o m  d a i l y  
measurements made frequently a t  the same s i t e  over an annual cycle. 
Since the product iv i ty  data presented here were gathered during 
mu1 t i d i s c i p l  inary intensive Ocean Pulse/MARMAP surveys, i t  was not 
feasib le to reoccupy the same "stat ion" from survey t o  survey and 
perform simulated i n  s i t u  sunl ight  incubations. Instead, primary 
product iv i ty  was mxe s s  a t  s ta t ions occupied a t  sunrise and a t  
noon. 

Phytoplankton product iv i ty  data are grouped according t o  the regions 
or  sections o f  the shelf  depicted i n  Figure 12. This i s  done pr imar i ly  
so tha t  primary product iv i ty  measurements can be re lated t o  phyto- 
plankton biomass measurements, but a1 so so tha t  a su f f i c ien t  number 
o f  pooled d a i l y  observations occur w i th in  a region per month t o  
al low us t o  define the skeletal features o f  the annual cycle o f  
production. 

Another approach, underway a t  present, i s  the derivat ion o f  annual 
production estimates f o r  areas smaller i n  s ize than the regions i n  
Figures 12 and 13 approaching the scale o f  a "stat ion" by grouping 
s ta t ion data over the smallest possible area having a t  least  one 
observation per sampling in terva l .  

I n  Table 3 i s  presented a sample of "section E" computer output 
(OIReilly and Thomas, 1979) which l i s t s  according to sampling 
s ta t ion and date, da i l y  in tegra l  rates of phytoplankton production 
as wel l  as nannoplankton/netplankton production; euphotic rates o f  
phytoplankton release o f  dissolved organic carbon, eu hot ic  depth, ! and photosynthetically act ive rad ia t ion (Einstein8s/m /d) f o r  one 
o f  the 20 surveys used t o  construct the annual p lots o f  regional 
production depicted i n  Figure 34. It should be emphasized tha t  
these annual baselines are preliminary. Few measurements were 
made i n  December, January, and February. Considerable var iab i l  i t y  



i n  rates of production e x i s t  w i t h i n  sampling periods. Additional 1 y, 
it should be pointed out t ha t  the annual p lo ts  presented by region 
i n  Figure 34 are constructed by pooling data (August 1978 through 
March 1980, plus a spring and sumner survey i n  1977) to made a 
"c~mposi te '~  year f o r  the purpose o f  bet ter  defining the average 
annual features of the phytoplankton product iv i ty  cycle. Annual 
estimates w i l l  be more precise when we include 1980 monitoring 
data which w i l l  f i l l  i n  and round out the features o f  the curves 
i n  Figure 34. Data col lected i n  1980, when processed, w i l l  a lso 
provide an indicat ion o f  Interannual va r ia t ion  i n  shel f  production 
base1 ines. Wulff provides some data on v a r i a b i l i t y  o f  annual 
estimates i n  a paper e n t i t l e d  "The e f fec ts  o f  sampling frequency 
on estimates o f  the annual pelagic primary production i n  the 
Bal t ic" .  The author v i s i t ed  a s ta t ion i n  the North B a l t i c  38 
times i n  one year t o  generate what he believed t o  be a re l i ab le  
"true" f igure f o r  annual production (127 g~/m2/yr). Using port ions 
o f  the avai lable yearly data base (38 surveys), Wulff examined the 
discrepancy between "actual" and estimated annual production based 
on simulated reduced f i e l d  sampl ing  frequency. A t  sampl ing f re-  
quencies o f  4-6 surveys/year, 10-1 2/year, and 17-%/year, the 
discrepancy can amount t o  50%, 30, and lo%, respective1 y. 

Despite these inherent l im i t a t i ons  i n  the data base, several in te r -  
est ing patterns emerge: 

Annual phytoplankton carbon production (par t icu la te  and dissolved) 
f o r  the period surveyed ranges between 405 and 726 g~/rn2/yr 
(Figure 35). These estimates o f  production place the Cape Hatteras 
t o  Nova Scotia shel f  among the most productive shel f  areas i n  the 
world. Using comparable methods based on phytoplankton assimilat ion 
o f  inorganic 1 4 ,  annual phytoplankton production has been estimated 
a t  90-100 gc/mZ/yr i n  the North Sea ( Steele, 1974); 
Japan (Hogetsu, 1979) a t  90 gc/m2/yr i n  coastal water; 102-128 g~/m2/yr 
on the eastern Scotian Shelf (M i l l s  and Fournier, 1979); 127 gc/mZ/~r 
i n  the northern Ba l t i c  (Wulff, 1979), 250-250 along the Shinnecock 
transect of the shel f  o f f  Long Island, New York (Fa1 kowski, pers. comn. ); 
300 g~/rn2/yr i n  Block Island Sound (Smayda, 1973), 370-480 g~/m2/yr 
i n  the New York Bight apex (Malone and Chervin, 1979), 434 g~/m2/yr 
i n  India 's coastal water 4 0  m (Quasim, 1979 , 547 gc/mZ/yr along 
the coast o f  Georgia o f f  the Altamaha River Thomas, 1966) and 

complex (O'Reilly, e t  al., 1975). 
750-1 053 gC/m2/yr i n  the sewage-pol 1 uted Rari tan-Lower Bay estuarine 

It should be mentioned t h a t  the major i ty  o f  the above c i t ed  studies 
measured and reported par t icu la te  carbon assimilat ion while our 
resu l ts  include both par t icu la te  and dissolved organic carbon pro- 
duction by phytoplankton. We have not, a t  t h i s  time, computed 
annual percent extracel lu lar  release o f  carbon by phytoplankton 
f o r  each region o f  the shelf. However, an inspection o f  computer 
1 i s t ings  reveals that  about 16% (average) o f  the to ta l  carbon 
photoassimilated by phytoplankton i s  released as dissolved oroanic 
matter <0.45 um and :&%is retained i n  nannoplankton and netpiankton 
(part iculate).  



Annual phytoplankton production of carbon i n  the section of  the 
shelf adjacent t o  New Jersey is estimated t o  be 726 g~/mz/yr f o r  
the period surveyed. T h i s  value is higher than values f o r  a l l  
other regions of the  Cape Hatteras-Nova Scotia shelf .  The shoal 
area of Georges Bank (GB1, Figure 12) is probably the second most 
productive region of the shelf.  Annual production is  estimated 
a t  665 gC/m2/yr (Figure 35). The histogram depicted i n  Figure 36 
provides an additional erspective of the NJ1 region. Twenty-six 
percent (11 dai ly  ra tes  ! of t h e  42 dai ly  productivity in tegrals  
measured i n  the NJ1 area exceeded 3 gC/mZ/d. Eight of these 11 
high values were measured outside the New York Bight apex i n  the 
NJ1 region. 

Other regions have proportionately fewer observations greater  than 
3 g~/m2/d (Figure 36). Additionally, the highest ra tes  of dai ly  
phytoplankton production, measured during this survey, (7.5, 8.3 
g~/m2/d) occurred w i t h i n  the NJ1 region. 

In an ea r l i e r  stud , Thomas e t  a l .  (1979) measured a dai ly  production 5 ra te  of 12.74 gC/m /d in the vic ini ty  of the  sludge dumping area i n  
the N e w  York Bight apex. T h i s  value i s  among the highest recorded 
in the sc ien t i f i c  l i t e r a tu re  fo r  phytoplanktonic systems. 

The histogram i n  Figure 36 a l so  reveal some interest ing regional 
differences i n  modal levels of organic production. Many of F-% 
distr ibutions for  the 13 regions have modes e i ther  centered a t  
1.25 gC/rnz/d (GM, 682, Li l ,  L i z )  o r  two modes roughly symnetric 
about 1.25 g~/m2/d (Li3, DE3). 

Production histograms fo r  NJ1, NJ2, NJ3, DEl a re  a lso  bimodal, 
w i t h  a high percent of to ta l  observations a t  2.25 gC/m2/d. 
Distributions for  the  DEZ region and CH1,2,3 region have a strong 
mode a t  0.75 gc/mZ/d, lowest among the  13 regions considered. 
Also apparent from Figure 36 is the difference i n  modal production 
values between the shallow area of Georges Bank (GB1, mode = 
1.75 gC/mZ/d) and the re la t ive ly  deeper water, greater than 50 m, 
over Georges Bank (682, mode = 1.26 g~/mZ/d). 

We have not yet  applied rigorous s t a t i s t i c a l  analyses o r  confidence 
belts  to the annual production curves given i n  Figure 34. 

However, some trends appear which will be evaluated i n  
the near future. In the mid-shelf region off Long Island (LIZ) 
and i n  the mid-shelf region between Cape Henlopen and Cape Charles 
(DE2) annual production estimates are  lower than inshore and off -  
shore regions bordering these two mid-shelf areas (Figures 35 and 
12 ). This  trend of h igh  production inshore, lower production a t  
mid-shelf and re la t ively  higher annual production again i n  regions 
adjacent t o  the shelf break, i s  not seen in the NJl , NJ2, NJ3 
se r ies  off the coast of N e w  Jersey. 



The three regions ranking lowest i n  annual carbon assimilation a re  
DE2 (402 g~/mZ/yr), LIZ (405 gc/mZ/yr), and the Gulf  of Maine 
(GM, 415 gC/mZ/yr). Even though annual production i n  these three 
areas i s  re la t ively  lower than production i n  other areas of the 
Cape Hatteras-Nova Scotia shel f ,  i t  should be stressed t h a t  pro- 
duction i n  these three areas is still greater  than tha t  recorded 
for  most shelf ecosystems. 

A t  first inspection, the very high levels of annual production i n  
regions adjacent t o  the  shelf  break (LI3, NJ3, DE3) seems a t  odds 
with the  recurrent pattern of decreasing water colum average 
phytoplankton biomass (chlorophyll g) concentration from the shore 
to the shelf break (Figures 32 and Section 4.1 ). Euphotic 
depth increases two t o  fourfold from the shore t o  the shelf  break. 
Phytoplankton a re  considerably more d i l u t e  offshore than inshore, 
however re la t ively  deeper l i g h t  penetration offshore establishes 
a deep productive euphotic layer,  comparable i n  integral (m2) 
production t o  inshore areas. 

Seasonal trends i n  phytoplankton production parallel the seasonal 
trends in phytoplankton abundance described in Section 4.1 of 
this report. High daily ra tes  of phytoplankton production a re  
observed during most of the  months sampled and a re  not limited t o  
"spring bloom" period. Rates measured i n  February a re  generally 
lower, a t  about .5-1 g~/m2/d (Figure 34). A vigorous October 
"fa l l  bloom1' appears t o  be a main event i n  the annual cycle in 
several regions. Throughout the  she l f ,  production i s  sustained 
a t  h i g h  levels (1-2 g~/m2/d) throughout the sumner period. This 
pattern i s  contrary to  the "c lass ical"  description of annual cycles 
of production on continental shelves a t  temperate la t i tudes  
(Ryther, 1958). 



4.3 Inorganic Nutrients: 

To date, approximate1 y 18,000 samples o f  seawater have been c o i l  ected 
f o r  nut r ient  analyses (Tab1 e 1 ) . Approximately 19,000 separate 
analyses have been completed. Amnonium, n i t r i t e ,  n i t ra te ,  phosphate, 
and s i l i c a t e  are rout ine ly  analyzed. Table 5 gives the status of 
our nut r ient  analyses by survey. Rate o f  analysis i s  lagging con- 
siderably behind co l lec t ion ra te  due la rge ly  to lack o f  laboratory 
technical support p r i o r  t o  FY 81. Nevertheless, our e f f o r t s  have 
been directed a t  obtaining geographically extensive and frequent 
col lect ions of seawater throughout the Cape Hatteras-Nova Scotia 
she l f  so t ha t  spa t ia l l y  and temporally re1 i a b l e  nu t r i en t  baselines 
may be developed para1 1 e l  t o  the development o f  c h l  orophyll 
(biomass) and phytoplankton production baselines. I n  t h i s  report 
we discuss three pieces o f  information on nutr ients:  cross-shelf 
Hudson Canyon ver t i ca l  sections depicting amnonium-nitrogen (NH4-N) 
concentrations f o r  seven surveys made during 1979; descript ion o f  
the d is t r ibu t ion  o f  n i t ra te ,  n i t r i t e ,  amnoniun, and phosphate 
throughout the shel f  area during a survey i n  May 1979 (DE-79-05); 
resu l ts  o f  a study conducted i n  September 1980 (AL-80-09) on the 
f l u x  o f  nutr ients a t  the seabed. 

Presented i n  Figures 38 through 44 are cross-shelf p ro f i l es  o f  
amnonia measured along the Hudson Canyon transect during seven 
surveys. Ammonium nitrogen i s  the dominant form o f  inorganic 
nitrogen i n  sewage ef f luents  discharged i n t o  the New York Bight 
apex (0 '  Connors and Duedal 1 , 1975). 

Annnonium i s  also considered t o  represent recent ly  regenerated 
nitrogen (Dugdale and Goering , 1967). 

Figure 37 and Figures 1 t o  11 depict the locat ion o f  transects 
and stations occupied during the seven surveys discussed here. 
I n  Apri.1 1979 a well-mixed water column existed. hnonium-nitrogen 
isopleths were generally ve r t i ca l  (Figure 38). Concentrations o f  
NH4-N progressively decreased tenfo ld  from the month o f  the 
Raritan-Hudson estuary (4.0 uM/L) t o  mid-shelf (0.4 uM/L). Low 
(<.2 uM/L) amnonium levels were measured i n  the deep water 
(400-1000 m) o f  the Hudson Canyon. I n  May 1979 low concentrations 
o f  NH -N were observed i n  surface Water throughout the transect 
area 4 Figure 39). Amnonium isopleths are horizontal, and r e f l e c t  
ver t ica l  s t ra t i f i ca t ion .  I n  May, the highest concentrations o f  
NH4-N were observed i n  subpycnocline water %TOO-140 km from the 
coast. The overal l  pattern observed i n  June (Figure 40) i s  s imi lar  
to the pattern i n  May, except tha t  very high concentrations 
(4-9 uM/L) were measured near the seabed a t  the inshore apex 
station. These high standing stocks are probably the r e s u l t  o f  
estuarine input combined w i t h  an accumulation o f  NHq resu l t ing 
from benthic and subpycnocl ine  nut r ient  mineralization. I n  the 
May and June p ro f i l es  there i s  no ind icat ion o f  strong estuarine- 
offshore gradients i n  concentrations o f  NHq i n  apex surface water 



as i s  seen i n  the March and Ju ly  p ro f i l es  (Figures 38, 41). The 
low concentrations o f  NH observed i n  surface water w i th in  100 km 
o f  the shore i n  May and 4 une i s  probably the net  r esu l t  o f  r e l a t i v e l y  
high nu t r ien t  removal by phytoplankton r e l a t i v e  t o  addit ions o f  
NH4-N f r o m  the estuary and i n  s i t u  mineralization. I n  the May, 
June, and Ju ly  p ro f i l es  ( F i c r s g ,  40, 41) NH4 concentrations 
increased w i th  depth a t  mid-shelf stations. These r e l a t i v e l y  high 
NHq levels a t  depths o f  50-60 m are probably the resu l t  o f  very 
act ive -- i n  s i t u  mineral izat ion o f  organic matter and resu l tant  
accumulation o f  NHq i n  subpycnocline mid-shelf water, since the  
high values observed are bounded on the seaward and shoreward side 
and above pycnocline by loner concentrations. 

Very low concentrations (c.2 uM/L) o f  NHq were measured i n  offshore 
water a t  the shel f  break i n  July. This pat tern contrasts wi th the 
re la t i ve l y  high (2-4 uM/L) levels o f  NHq observed a t  ,the shel f  
break i n  June and August. 

I n  August, the concentrations o f  NH4-N increased wi th  depth along 
the en t i re  transect (Figure 42). Again, as was observed i n  June, 
low concentrations were found i n  the surface euphotic layer and 
high concentrations o f  NH4-N were found i n  subpycnocline water i n  
the New York Bight apex. 

The lowest levels o f  NH4-N were measured during the September 
survey (Figure 43). The only appreciable amount o f  NH4 ( 2  uM/L) 
was found below the pycnocline near the seabed a t  stations i n  the 
apex. 

The p r o f i l e  i n  October reveals high leve ls  o f  NHq-N (8 uM/L) i n  
surface water near the estuary. I n  October, isopleths o f  NH4 
concentration are generally less horizontal a t  mid-shelf compared 
t o  the strong layering seen i n  July and August, when the water 
column was strong1 y s t ra t i f i ed .  

The above series o f  observations as wel l  as those made by Garside 
e t  al. (1976) and Thomas e t  a l .  (1979) demonstrate that  concen- 
t ra t ions o f  sewage-derived amnonium nitrogen decrease steeply 
f r o m  the mouth o f  the Raritan-Hudson estuary t o  the perimeter o f  
the New York Bight apex, about 50 km seaward o f  the estuary. 
This does not mean tha t  the f u l l  seaward extent o f  nut r ient  
enrichment i s  defined by the perimeter o f  the apex. Amnonium 
nitrogen may represent the preferred and the  predominant form 
o f  nitrogen used by phytoplankton i n  coastal water enriched w i th  
sewage [Eppley e t  a1 . , 1979). Amnonium nitrogen i s  b io log ica l ly  
very l a b i l e  and consequently not a conservative property, useful 
i n  t racing the actual seaward extent o f  nu t r ien t  enrichment o f  
coastal water. Dissolved organic forms o f  nitrogen discharged 
i n to  the Bight apex may be as abundant as the combined concen- 
t ra t ions o f  inorganic nitrogen (amnium, n i t ra te ,  n i t r i t e )  



entering the  apex from the estuary (Thomas e t  a l . ,  1979). According 
to the "Expanded Apex Hypothesis1' o f  Thomas e t  al .  (1979), the 

I' in i t ial  effects of sewage-derived inorganic nitrogen is the 
stimulation of autotrophy i n  the Bight apex. The "unused1' apex 
DON compounds plus the organic compounds photosynthesized in the 
apex stimulate heterotrophy. However, the full  effect of t h i s  
heterotrophic stimulation (P/R<< I ,  and reduced oxygen concentra- 
tions) is delayed i n  time and occurs domr the plume of the estuary, 
seaward of the apex along the New Jersey coast". I t  should be 
pointed out that. t h i s  "heterotrophic stimulation" will generate 
inorganic nitrogen which is readily assimilated by phytoplankton 
outside the apex. We need a aleaGr understanding o f  the "back- 
ground" nutrient processes (shoreward and seaward transport, 
assimilation, excretion, mineralization) and of the distribution 
of the various forms of nitrogen nutrients before we can evaluate 
the extent o f  the role which man's wastes play i n  stimulating 
organic carbon production t o  the high levels reported here for 
coastal water off New Jersey outside the apex (see section 4.2 ). 

Estuarine nerit ic sources of nutrients are superimposed on nutrient. 
stocks actively supplied by benthic and water column organic min- 
eralization processes and from i n p u t s  to  the shelf. This i s  evident 
i n  Figures 38 through 44. 

Rates of ammonium flux from sediments of the continental shelf 
were measured in cores collected on the September 1980 Ocean 
Pulse survey, (AL-80-09) to quantify the potential role which the 
seabed plays as a source of nutrients. Other nutrients were 
measured (nitrate,  ni t r i te ,  phosphate, s i l ica te)  b u t  are not 
discussed here. The shelf-wide distribution of rates of amnonium 
nitrogen flux a t  the seabed is presented i n  Figure 45. Rates 
(average of rates measured 2-4 seabed cores) of anrmnium flux 
ranged from a maximum of 494 umole-N/m2/h) i n  the sewage sludge 
dumping area to -47 urmle-N/d/h) a t  the m o u t h  of the Raritan- 
Hudson estuary. Measured fluxes o f  NH4-N from the sediment into 
the overlying interface water i n  cores taken i n  September near 
the mouth of the Delaware estuary were almost equal to rates 
measured a t  the New York dump si te .  Measurements made a t  the 
mouths  of the Chesapeake and Raritan-Hudson estuaries were lower 
by a t  least an order of magnitude (33 and -47 umole/m2/h, 
respectively). Generally, rates of amnonium flux were relative1 y 
higher a t  inshore stations than a t  stations offshore (Figure 45). 
Generally, excluding estuaries and dump s i tes ,  rates were higher 
on the shelf between Cape Cod and Delaware (22 + 13 umole-~~q/m2/h, 
95% confidence limits) than areas of the shelf To the north 
(5 - + 1 umole-NH4/m2/h) o r  south (-3 - + 4 umole-~~q/m2/h). 

Several factors influence the rate of amnonium release from the 
sediment. These include the amount and nature of oxidizable or- 
ganic matter, bacterial populations, temperature, ambient oxygen 
concentration and distribution and condition of macrobenthic and 
meiobenthic fauna. 



The amount o f  organic matter i n  the sediment i s  a funct ion o f  the 
resuspension o f  par t icu la te  f a l l o u t  (Hartwig, 1976). Reworking 
w i l l  generally be higher i n  shallow water than i n  deeper water. 
Low energy depressions w i l l  tend t o  accumulate material. The 
amount o f  f a l l o u t  reaching the sediment, on the other hand, w i l l  
decrease as the depth o f  the water column increases, p a r t i a l l y  
as a resu l t  o f  s l i g h t l y  lower in tegra l  production on the outer 
she1 f ,. but  also because water column regeneration w i l l  generally 
have longer to operate on a descending part ic le.  Mineralization 
i s  considered to be essent ia l ly  complete (ca 95%) i n  200-500 m 
(Menzel , 1974). 

The source o f  the organic matter w i l l  a f f e c t  the r a t e  o f  mineral- 
izat ion. Phytoplankton, f o r  example, are broken down more rap id ly  
than zooplankton (I turr iaga, 1979). The formation o f  fecal pe l le ts  
by zooplankton and f i l t e r  feeders accelerates depos+tion although 
these materials degrade slowly (Carlucci e t  a1 . , 1970) probably 
because easi ly  mobilized nutr ients are released during digestion. 
Studies o f  14 freshwater algae (Gunnison and Alexander, 1975) and 
two marine diatoms (Kamutani and Riley, 1979) showed marked 
differences i n  c e l l  wall structure. Exogenous material i s  
probably most resistent  t o  degradation having been exposed t o  
extended periods o f  oxidat ion during transport. This does not 
apply to sewage o r  dredge spoi l  material which i s  dumped on the 
shelf. 

The number and species o f  bacteria present i n  a sediment w i l l  
a f f e c t  the type o f  conversions which take place and the rates 
a t  which they proceed (Carlucci e t  al., 1970); that  i s  whether 
amnonium, N N 0, n i t r i t e ,  n i t r a t e  i s  formed from organic 
nitrogen. %e i acter ia l  a c t i v i t y  is ,  o f  course, temperature 
dependent (Terry and Nelson, 1975; Nedwell and noodgate, 1972). 
Thus,. i t  i s  no t  surprising tha t  our most negative amnonium f l u x  
(-47 ugat/mZ/hr) was found a t  the mouth o f  the Hudson estuary 
which has a large and continuous outflow o f  amnonium r i c h  water 
and presumably an inoculum o f  amnoniun oxid iz ing bacteria. 
Samples were col lected f o r  n i t r a t e  and n i t r i t e  but have not  ye t  
been analyzed. We expect tha t  these f luxes may have been high 
a t  t h i s  station, o f f se t t ing  the amnonium consumption. 

The high v a r i a b i l i t y  among rates o f  NH4 f l u x  measured i n  rep l ica te  
cores w i th in  a stat ion (c.v. = %180%) may be reduced when the 
combined f lux  o f  three forms of inorganic nitrogen i s  considered. 
This was the case i n  three b e l l  j a r  experiments off the northwest 
coast o f  Africa (Rowe e t  al., 1977). They found amnonium f luxes 
o f  110, 235, and 360 ugat/mZ/hr, whi le the sums o f  inorganic 
nitrogen f luxes were 460, 410, and 360 ugat/mZ/hr respectively. 
The release o f  other forms o f  nitrogen (e-g. N2 and soluble organic 
nitrogen) may fur ther  ameliorate the d ispar i t i es  between cores a t  
a stat ion. Final ly,  on the question o f  in t ras ta t ion  va r i ab i l i t y ,  
a t  t h i s  point  we have made no attempt t o  exclude cores i n  which a 
few macroinvertebrates were found. Their contr ibut ion may be 
considered a part  o f  the mineral izat ion process, however; i n  a t  
leas t  one core, fragments of an asteroid were found. As t h i s  



animal i s  amnonotelic, dismemberment can be expected t o  g rea t l y  
increase the observed amnonium f lux .  

The amn ium f lux  values we found over most o f  the she l f  (except 
areas o f  high estuarine and waste dumping influences and the low 
energy, high sedimentation area o f  the Hudson Shelf Valley adjacent 
t o  both o f  these) ranged from -8 t~ 30 ugat/m2~hr. This i s  considerably 
below the rates measured by Row e t  a1 . (1977) o f f  northwest 
Afr ica (ca 400 ugat/mz/hr) o r  those estimated by Rowe e t  a l .  (1975) 
f o r  the Mew York Bight (144 uga t /d /h r )  from the water column 
gradients. On the other hand, our val w s  f o r  September 1980 i n  
Buzzards Bay (56 ugat/m2/hr) i s  f a i r l y  close t o  the 69 uga t /d /h r  
reparhed f o r  November 1973 (Rowe e t  a1 . , 1975) ; especial ly i n  view 
o f  the fac t  tha t  whi le the  rates o f  oxygen consumption were 23 and 
22 ml/mZ/hr, the temperatures were 7.7 and 20.2OC respectively. 
It i s  l i k e l y  tha t  most of our she l f  values represent an intermediate 
state o f  m n i u m  f l u x  i n  a seasonal cycle which has i t s  minimum 
i n  l a t e  winter, when f a l l o u t  and temperature are lowest, and i t s  
maximum fol lowing plankton population collapses (March-June) and 
sediment waning (July-August) . 
The signif icance o f  mineral izat ion i n  the sediment as a nut r ient  
source f o r  plankton product iv i ty  has been suggested t o  range from 
over 30% o f  t h e i r  requirements inshore, t o  less than 20% a t  the 
shel f  break (Harrison, 1980). I n  September, rates o f  d a i l y  
phytoplankton carbon production i n  the she1 f are about 1.4 g~/m2/d. 
I f  one assumes that  phytoplankton assimilate nitrogen and carbon 
a t  an atomic r a t i o  of 6.63C:lN, then the d a i l y  N requirements o f  
phytoplankton are 17,610 umoles/m2/d. 

Rates of amn ium f lux f r o m  sediments i n  September (roughly equal 
t o  10 umole/m2/h) i s  equivalent t o  about 1.4% o f  the nitrogen 
required by phytoplankton. If amnonium f l u x  represents a t h i r d  
o f  th'e t o ta l  dissolved inorganic nitrogen f lux ,  than th i s  percentage 
i s  elevated t o  4%. The h i  hest amnonium f l u x  rates observed i n  1 September (300-500 umole/m /hr) are equivalent t o  40 t o  68% o f  
the da i l y  assimilat ion o f  nitrogen by phytoplankton. Walsh (1980) 
estimated tha t  approximately 46% o f  the annual nitrogen demand o f  
phytoplankton i n  the N e w  York Bight  i s  supplied by recycl ing 
mineralization processes. 

Studies o f  the New York Bight and Georges Bank (Thomas e t  a1 . , 
1978, 1979) have pointed out tha t  organic mineral izat ion i n  the 
water column may represent a major source o f  recycled nutr ients. 
More shelf-wide baseline studies o f  heterotrophic metabolism and 
of nut r ient  mineralization are needed t o  quant i fy  the re la t i ve  
importance of,the seabed, and overlying water column as sources 
o f  nutr ients capable o f  sustaining the high levels o f  organic 
production performed by phytoplankton throughout the shel f  over 
most o f  the year. Though we have no t  y e t  determined the concen- 
t ra t ions o f  n i t r i t e ,  n i t ra te ,  phosphate, and s i l i c a t e  i n  seabed 



cores from the AL-80-09 survey, i n  the near fu ture  we w i l l  be 
evaluating the usefulness o f  seabed nu t r ien t  f l u x  data as a 
sensi:tiv@.indicatorof'changes i n  the magnitude ( f l u x  ra te)  as 
well as changes i n  the type ( r a t i o  o f  NH4:N03, DIN:DON, etc.) 
o f  benthic metabolism. 

The fol lowing section discusses the d i s t r i bu t i on  o f  n i t ra te ,  
phosphate and amnonium measured during a survey o f  Cape Hatteras 
to  Nova Scotia she l f  water i n  Play 1979. On the DE-79-05 survey 
the largest  o f  dissolved fnorganic nitrogen (DIN) observed was 
i n  the form g f  ni t rate.  This was i n  water near the edge o f  the 
continental she l f  generally a t  depths greater than 100 m. The 
approximate ranges were 8-15, 15-25 and 20-50 umole/l a t  100, 
200 and 300 m respectively, along the en t i r e  she l f  from Cape 
Hatteras t o  the Northwest Channel including the Gulf of Maine. 
A t  deep water stat ions (bottom >300 m) n i t r a t e  occasionally was 
found i n  quanti ty (8 umole/l) t o  a depth o f  35 m while shoreward, 
i n  75 m o f  water, concentrations were 3-5 u m l e / l  a t  30 m. Above 
t h i s  depth, i n  the euphotic zone, concentrations o f  n i t r a t e  were 
generally low. To the south o f  Cape Cod, n i t r a t e  depletion was 
generally throughout the water column a t  stat ions having bottom 
4 0  m. Although occasional concentrations o f  0.5-2 umole/l were 
found a t  the bottom i n  association w i th  m n i u m  (perhaps as the 
resu l t  o f  benthic regeneration). 

On Georges Bank the s i tuat ion was qu i te  d i f fe ren t .  I n  May 1979, 
upper water column n i t r a t e  values were generally 0.8 t o  3 umole/l 
a t  shallow stations. N i t ra te  increased t o  6-8 umole/l lower i n  
the water column and, a t  some stations, decreased below the 
detection l i m i t  near the bottom. An exception t o  t h i s  generalized 
n i t r a t e  p r o f i l e  was seen a t  s ta t ion 122 a t  the center o f  Georges 
Bank (Figure 5). There, n i t r a t e  leve ls  were near zero throughout 
the water column. 

Concentrations of n i t r a t e  i n  the upper water column i n  the Gulf 
o f  Maine (0-4 umole/l) i n  May 1979 were generally higher than 
upper water column levels of n i t r a t e  i n  the Mid-Atlantic Bight. 
Relat ively high concentrations o f  n i t r a t e  were measured below 
50 m i n  the Gulf o f  Maine. Water i n  the Southwest Channel was 
d i s t i n c t l y  d i f f e ren t  from surrounding water i n  May. It contained 
less than 1 umole n i t r a t e / l  , uniformly, f r o m  surface t o  bottom, 
i n  waters up t o  100 m depth. One in terpreta t ion o f  t h i s  d i s t r i -  
butional pattern i s  that  no large port ion o f  the large n i t r a t e  
pool i n  the Gulf o f  Maine was passing through the Southwest 
Channel a t  the time o f  the May - 1979 survey. 

South o f  Chesapeake Bay, amnonium was r e l a t i v e l y  concentrated i n  
the upper water column (1-4 umole/l), decreased through the middle 
and tended t o  increase again toward the bottom. I n  the upper 
water column, over the remainder o f  the survey area, amnonium 
concentrations were below 1 umole/l . 



In bottom water a t  stations of less than 100 m depth, amnium 
concentrations generally increased from south to north,from 
Virginia to Long Island, then decreased from there northward. 
The highest concentration was found a t  station 67 (6.2 umole/l) 
near the bottom. Throughout the shelf, during the May survey, 
amnonium concentrations generally were much greater below than 
above the developing pycnocline. I t  is clear from the discussion 
of the cross-shelf armnium sections that t h i s  pattern reflects 
the onset o f  extensive subpycnocline anmnium production. A t  
t h e  shelf edge, the amnium maxilnum was located in mid-water 
column, typically near the upper extent of the deep water 
nitrate intrusion. 

The most notable feature of t h e  phosphorus data for this survey 
is the pausity of inorganic phosphorus south of Delaware Bay. 
A t  six stations no phosphorus was detected and was detected only 
a t  the bottom depth a t  four additional stations sampled i n  this 
area. 

Inorganic phosphorus values i n  the remainder of the study area 
were generally higher. Water on Georges Bank contained 0.2 t o  
0.4 umole/l a t  the surface. 

The highest values (up to 1.5 umole/l ) were found in the deeper 
water a t  the shelf edge and i n  the Gulf of Maine i n  association 
w i t h  the h i g h  nitrate concentrations. 



4.4 Trace Metals: 

I n  t h i s  section o f  the report we discuss the shelf-wide d is t r ibu t ion  
o f  trace metals i n  sediments col lected during seven NEMP surveys 
(see Table 1 and Section 5). Over 800 samples of sediment were 
analyzed f o r  s i x  metals, cadmium, chromiwn, copper, nickel, lead, 
and zinc. I n  Figures 46 through 87 we present d is t r ibut iona l  maps 
o f  these metals i n  sediments. The data are i n  uni ts o f  ppm dry 
weight. Data are plotted a t  the sampling location. Subscripts are 
the nunber o f  repl icate Smith-McIntyre grabs taken a t  a stat ion 
(one metal core/grab). Superscripts indicate the coef f fc ient  of 
var iat ion among repl icate grab samples. We are interested i n  var i -  
a b i l i t y  and sampling error  a t  a l l  stages o f  sampling and analysis. 
During the AL-80-09 survey, three rep l ica te  cores were taken (middle 
and opposite ends o f  the grab) frpm each grab sample t o  bet ter  
define small spatial  scales o f  va r i ab i l i t y .  Superscripts i n  f igures 
f o r  the AL-80-09 survey represent C. V. percent among repl icates taken 
wi th in a grab. 

To simp1 i f y  discussion o f  d is t r ibut iona l  patterns o f  metal concen- 
t rat ions i n  sediments, we have part i t ioned the observed range fo r  
each metal i n to  "low", "medium1' and re la t i ve l y  "high" levels 
(Table 6). Below we sumnarize data i n  Figures 46-87 f o r  each o f  
several areas o f  the shelf. 

Along the Chesapeake Bay transect (4  surveys) re lat ive1 y 'llow" 
levels have been observed f o r  a l l  s i x  metals analyzed. No read i ly  
discernible onshore-offshore patterns are evident from the data. 

Along the Delaware Bay, onshore-offshore transect (7 surveys) 
re l a t i ve l y  low levels are also observed f o r  a l l  s i x  metals. Again, 
no strong recurrent pattern emerges. There is ,  however, some 
indicat ion I n  the data of hlgher leve ls  a t  stations near the shelf  
break and mid-shelf than a t  inshore stat ions away f r o m  the mouth 
o f '  the estuary. This trend i s  seen f o r  chromium i n  Figures 53, 54, 
55, 57, 59; f o r  copper i n  Figures 60, 61; f o r  nickel i n  Figures 67, 
68, 69, 71; f o r  lead i n  Figures 74, 75, 76, 78; and f o r  zinc i n  
Figures 81, 82, 83. Harr is e t  a1 . (1977) reported a west t o  east 
increase i n  metal concentration i n  an area j u s t  north o f  our Delaware 
Bay cross shel f  transect. 

Along the cross shelf transect o f f  Block Island, "medium" concen- 
t rat ions have been found f o r  a l l  s i x  metals analyzed. I n  t h i s  
area we f i nd  a recurrent pattern. Highest concentrations usually 
ex is t  inshore. Relatively low concentrations ex is t  a t  mid-shelf 
and ,high levels are again seen i n  outer shel f  sediments. The 
coef f ic ient  o f  variat ion among rep1 i ca te  grabs i s  high but variable 
inshore, high a t  mid-shelf, and low a t  the outer shelf  station. 
The re la t i ve l y  high sediment metal concentrations inshore near 
Block Island may be at t r ibuted t o  that  area's proximity t o  shore 
and the mouth o f  Long Island Sound. Sediment collected i n  Long 
Island Sound during the KE-79-10 survey had re la t i ve ly  high 
concentrations o f  a l l  s i x  metals (Figures 49, 56, 63, 70, 77, 84). 



One would expect the mid-shelf s tat ion to exh ib i t  lower, more 
h igh ly  variable metal concentrations since i t i s  furhter  off- 
shore and the area should be swept by westerly and/or south- 
westerly currents or ig inat ing i n  the Georges Bank area (Warsh, 
1975). But that  leaves unexplained the re la t i ve l y  high levels 
found i n  the outer shelf  station, levels comparable t o  those 
found a t  the sludge dumping s i t e  i n  the New York Bight apex. 
Bumpus (1972) describes surface c i rcu la t ion  i n  the Mid-Atlantic 
Bight region as a two par t  system, separated by the Hudson Canyon. 
The area northeast o f  the Hudson Canyon receives indraf ts from 
below Nantucket. These move westward, and f i n a l l y  southward off 
the shel f  i n to  slope water northeast o f  the Hudson Canyon. Meade 
(1969) indicates that  bottom waters moving toward the mouths o f  
estuaries transport sediments that  are s imi lar  to those found 
offshore. Examination o f  our sediment data from stations along the 
Hudson Canyon reveal high metal levels from the Bight apex t o  the 
edge o f  the shelf. Sediments i n  Great South Channel have elevated 
levels o f  metals. Great South Channel may be the source o f  contam- 
inants found a t  the Block Island transect stations, but t h i s  i s  not 
ref lected i n  our data from the mid-shelf area. With these obser- 
vations i n  mind, perhaps sediments are transported by slope water 
from the Hudson Val ley  area t o  the Block Island outer she1 f area, 
although Reid (1981, personal comrmnication) indicates that  the 
source o f  the fine-size sediment a t  the Block Island outer shelf  
I s  thought t o  be Georges Bank. This s i l t - c l a y  i s  deposited a t  
the outer shelf rather than the mid-shelf because the l a t t e r  i s  
too shallow and mixing energy i s  too great t o  allow the sediment 
to  set t le.  This seems t o  contradict Wigley (1961 ) , however, who 
found that the sediments o f  Georges Bank are comprised mostly o f  
medium sand. 

Sediments on Georges Bank contained re la t i ve l y  low concentrations 
o f  al l  s i x  metals during the four surveys o f  t h i s  region. During 
the September 1979 survey (AL-79-10), lowest metal concentrations 
on Georges Bank were observed near the northeast corner whereas 
highest levels were observed i n  the southern stat ion near the 200 m 
isobath (Figures 55, 62, 76, 83). Our observations on Georges Bank 
are consistent wi th the nature o f  t h i s  area - offshore, re la t i ve ly  
shallow, well mixed water, and a seabed generally o f  medium sand. 
High metal concentrations and high levels o f  organic contaminants 
(Boehm, 1980) are usually associated wi th sediments having f i ne  
part ic le-size composition and high organic carbon content (Harris . 
e t  a1 ., 1977). 

The Gulf o f  Maine has been sampled during three surveys. Areal 
and .temporal sampling has been sparse. Areas sampled include 
Jef f rey 's Ledge, a s i t e  off Portland, Maine, one east o f  Boston 
i n  Massachusetts Bay, and a stat ion i n  the deep area (260 m) o f  
the Gulf. I n  general, "medi um" concentrations o f  a1 1 metals 
(Table 6) have been observed i n  these sediments. Concentrations 
o f  metals i n  sediments a t  the Jef f rey 's Ledge s i t e  appear to  be 
lower than levels iil other sediment samples i n  the Gulf of 
Maine (Figures 55, 6 2  76, 83) during the AL-79-15 survey. 



The highest concentrations of metals are  found in sediments in the 
New York Bight apex and a t  s ta t ions  along the Hudson Shelf Valley. 
High contaminant levels ex i s t  throughout the Christiaensen Basin. 
The highest levels seen i n  t h i s  study a re  found a t  the sludge 
dumping s i t e  and a t  the sludge se t t l ing  site i n  the Christiaensen 
Basin. Data from selected s i t e s  in the New York Bight apex 
collected during shelf-wide surveys as  we1 1 as  data collected 
during an intensive sumner 1980 survey (KE-80-07/08) of the New 
York Bight are  compared with an ea r l i e r  1973-1974 apex study i n  
Table 7. Trace metal concentrations i n  these data sets a re  
canparable to concentrat<ons pub1 ished by Camdy e t  a1 . (1 973). 
In our 1979/1980 data and t h e  e a r l i e r  data o f  Camdy e t  a1 . , 
metals i n  sediments decrease from the Hudson Val ley area to the 
Hudson Canyon. Metal levels i n  sediments near the canyon are  
relat ively higher than adjacent areas. 

Sediment metal concentrations measured in the apex in August 1980 
(KE-80-07/08) are closer in magnitude to levels measured in 
August 1973 than i n  August 1974. I t  appears from the 1980 data 
s e t  that  the distributional pattern of sediment metals in the apex 
has not changed signif icantly over the past f i ve  years. Sediments 
a t  the sewage and dredge disposal s i t e s  having "medium" to  "high" 
levels of metal contaminants in 1973/1974 (SYMAP #33, 36, 35, 34) 
have similar levels in 1980 (KELEZ #6, 4, 40, 5) .  Sediments in 
the apex having "loww to  "medium" levels of metals i n  1973/1974 
(SYMAP #39, 40, 59) have similar levels in 1980 (KELEZ #41, 42, 
43) (Table 7 ) .  The correlation between high contaminant levels,  
high organic matter content, and f ine  par t ic le  size in sediments is 
widely accepted (Harris e t  a1 . , 1977), and unpublished data (Reid, pers 
appear to  support this relationship. The relationship apparently 
does not apply to sediments a t  t h e  sludge se t t l ing  area. Evidently, 
contaminant levels in t h i s  area are  associated w i t h  sewage treated 
sludge of larger part icle s ize ,  relat ively h i n h  organic content, 
b u t  metal concentrations an order of magniturie higher than expected 
from the sediment size-contaminant relationship (Table 8). 



5. Inventory o f  Data Acquired 

Table 1 l i s t s  data acquired by members o f  t h i s  investigation. I n  t h i s  
report  we present data on chlorophyll a d i s t r i bu t i on  col lected from 
October 1977 t o  December 1979, data onphytoplankton organic production 
col lected from August 1978 through March 1980, data on seawater nutr ients 
from a survey i n  May 1979, data on amnonium from s i x  transects o f  the 
Hudson Canyon (May 1979-October 1979), and data on t race metals i n  
sediments col lected on seven surveys conducted between spring 1978 
and September 1980. 
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6. Statement o f  Problems: 

A considerable quanti ty o f  data on chlorophyl l  a, phytoplankton production, 
nutr ients and trace metals has been col lected by members o f  t h i s  inves- 
t igat ion.  This i s  evident i n  Table 1. For - e f f i c i e n t  and t imely graphical 
and s t a t i s t i c a l  (univariate and mul t ivar ia te)  depictions and analyses, 
i t i s  necessary t o  establ ish a large data matr ix  (by date, locat ion, 
depth, survey, etc.) which can be accessed eas i l y  by s c i e n t i f i c  s ta f f .  
The ADP u n i t  a t  Sandy Hook has been understaffed. Only recently, 
w i th in  the l a s t  three months, through the h i r i n g  o f  an addit ional 
senior programner, have we been able t o  e f f ec t i ve l y  address the need 
t o  manipulate and ext ract  computer-calculated-archived f i e l d  data. 
Presently we are constructing a data matr ix  which couples chlorophyl l  
production and nu t r ien t  baseline data. We hope t o  be l1up and running1' 
by March 1981 . 
A s imi lar  matr ix i s  planned t o  un i f y  benthic re la ted data (trace metals, 
benthic species, physiological assays, seabed oxygen uptake, bottom 
water inorganic and organic chemical assays) col lected during NEMP 
surveys. The lack o f  these matrices and re la ted user programs has 
hampered the development o f  t h i s  annual report.  

A second problem concerns the very slow " turn around time" f o r  data on 
phytoplankton production. Presently there i s  a period o f  8-9 months 
delay between the end o f  a survey and the generation o f  data on 1 4 ~ -  
primary production. A t  least  s ix  months o f  the delay i s  the r e s u l t  
o f  a "bo t t le  neck" i n  l i q u i d  s c i n t i l l a t i o n  counting. Our counter i s  
operational f u l l  time, but cannot keep pace wi th co l lec t ion rate. 
The solut ion t o  t h i s  problem i s  t o  purchase an addit ional l i q u i d  
s c i n t i l l a t i o n  counter, and continue t o  make frequent measurements 
o f  phytoplankton production i n  the NEMP region. Furthermore, our 
present l i q u i d  s c i n t i l l a t i o n  counter i s  e igh t  years o ld  and according 
t o  Packard Instrument Company, approaching the end o f  i t s  expected 
" l i fet ime1' i n  terms o f  the functioning o f  the counter as well as i n  
terms o f  the company's a b i l i t y  t o  continue t o  supply parts f o r  t h i s  
model . 
A t h i r d  problem, technical i n  nature, i s  the analysis o f  dissolved 
organic forms o f  ni trogen and phosphorus i n  archived frozen samples 
o f  seawater f i l t r a t e s  col lected during most o f  the surveys from the 
Apr i l  1974 Advance cruise t o  present. These samples w i l l  be extremely 
useful i n  constructing budgets f o r  ni trogen and phosphorus and useful 
i n  mapping organical ly bound nitrogen i n  coastal water adjacent t o  
estuaries. I n  the Mid-Atlantic Bight, we expect t o  perform these 
determinations using a continuous u l t r a v i o l e t  digest ion module connected 
i n - l i ne  wi th  our Technicon Autoanalyzer. We fee l  that  analyt ical  
precision and sens i t i v i t y  are highest when using U.V. methods. I n  
ea r l i e r  tes ts  on the oxidation e f f ic iency o f  the photoreactor, we 
achieved 99% ef f ic iency i n  the mineral izat ion o f  urea t o  n i t r i t e /  
n i t ra te .  Urea represents a class of organics natura l ly  occurring i n  
seawater and par t i cu la r l y  re f rac tory  t o  digestion. A major technical 
problem, heat buildup i n  the U.V. reactor system, has hindered these 
analyses. Recent modifications i n  the cooling system resulted i n  our 



f i r s t  successful run a few weeks ago. More tes t ing i s  needed (residence 
time, f low rates, test ing oxidation e f f ic iency f o r  a variety o f  organic 
compounds natural ly  occurring i n  seawater, etc.) but we feel we are 
close t o  having a functional system. 

Another problem concerns the need t o  learn more about sho r t - t en  
v a r i a b i l i t y  i n  standing stocks o f  nutr ients i n  shel f  water. 
Most surveys during which water samples were col lected f o r  nut r ient  
analysis have been pr imar i ly  designed f o r  mar+ ne monitoring. The 
Evrika 80-02 survey departs fmm others i n  t h a t  it i s  more s i te-  
specific. Its experimental design provides f o r  a complete series 
o f  physical-biological observations a t  frequent intervals i n  waters 
on Georges Bank known t o  contain high nunhers o f  la rva l  gadids i n  
order to  study factors which contribute t o  larva l  survival and year 
class success. For nine days water samples were collected a t  the 
study locat ion (Figure 9). Thus far,  only the analyses f o r  amnonium 
have been accomplished. Differences between the 0600 and 1100 EST 
observations f o r  most days over the period sampled show substantial 
decrease i n  the amnonium present indicat ing uptake by phytoplankton. 
When analyses o f  the other nutr ients are complete correlations and 
associations wi th productivi ty and biomass w i l l  be explored. During 
the mul t id isc ip l inary monitoring surveys, it is not feasible t o  
remain on s i t e  t o  investigate temporal scale o f  va r i ab i l i t y  o f  sea- 
water parameters, since a large area o f  the shel f  must be surveyed 
i n  a re la t i ve l y  short period o f  time. Research vessel time i s  scarce. 
However, i f  other NEMP investigations have s imi lar  needs, perhaps a 
special survey might be designed which focuses on th is  dimension o f  
the baselines being developed by NEMP. 

It has been d i f f i c u l t  t o  consistently obtain seabed and tissue samples 
f o r  trace metal analyses in certa in areas o f  the shelf  sampled during 
the Ocean Pulse surveys. During the seven surveys o f  trace metals 
discussed i n  this-report,  the Chesapeake area has been sampled four 
times, the Gulf o f  Maine three times,and sampling on Georges Bank has 
been scanty. More ship time i s  needed f o r  the Ocean Pulse monitoring 
surveys t o  e f fec t ive ly  survey the NEMP region. 

Results of our worksl~rveying trace metal levels i n  sediments have 
pointed out the unexpected presence o f  shel f  areas (near the shelf 
break o f f  Block Island, see Figure 55) which have re la t i ve ly  high 
levels o f  metals. Further sampling i n  and around these areas i s  
needed t o  quantify the area encompassed by high trace metal concen- 
trations. Similar patches o r  even large areas having re la t i ve ly  
high trace metal levels may ex is t  elsewhere on the shelf but have 
gone undetected wi th the present Ocean Pulse stat ion pattern. We 
suggest that  a one-time survey be conducted, where sampling in tens i ty  
approaches 300-400 stationslshelf, an in tens i t y  s l i gh t l y  greater 
than the NEFC MARMAP I effor t .  I f  a survey s imi lar  to  the Gulf- 
At lant ic  Survey (.GAS I, Albatross 80-01) o f  hydrocarbon d is t r ibut ion 
i n  f i s h  t issue and sediments i s  planned, then we suggest that  para l le l  
intensive sampling o f  trace metals and hydrocarbons be conducted i n  
re l a t i on  t o  the sediments. 
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Fig. 1 .  Cruise tracks f o r  ADVANCE I 1  77-01, ALBATROSS I V  77-05, ARGUS 77-01, and 
KELEZ/MT. MITCHELL 77-1. 



Fig. 2. Cruise t racks for KYMA 78-01, DELAWARE 11 78-02, ARGUS 78-04, and RESEARCHER 
78-04. 



Fig. 3. Cruise tracks for  ALBATROSS IV 78-07, BELOGORSK 78-01, ALBATROSS IV 78-12, 
and BELOGORSK 78-03. 



Fig. 4. Cruise tracks for BELOGORSK 78-04, DELAWARE 11 79-01, DELAWARE 79-02, and 
DELAWARE I 1  79-03. 
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Fig. 5.  Cruise tracks for ADVANCE I 1  79-01 , DELAWARE I I 79-05, ALBATROSS I V  79-06, 
and ALBATROSS I V  79-07. 



Fig .  6. Cruise tracks for BELOGORSK 79-01, BELOGORSK 79-03 Part I ,  BELOGORSK 79-03 
Part 11, and ALBATROSS IV 79-10. 



Fig. 7. Cruise tracks fo r  ALBATROSS I V  79-11, KELEZ 79-10, KELEZ 79-11, and 
ALBATROSS I V  79-13. 



Fig. 8. Cruise tracks for BELOGORSK 79-05, DELAWARE 11 79-11, WIECZNO 80-02, and 
ALBATROSS IV 80-02. 



Fig. 9. Cruise tracks for KELEZ 80-03/04, EVRIKA 80-01, EVRIKA 80-02, and DELAWARE 
80-03/EVRIKA 80-04. 
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Fig. 10. Cruise tracks f o r  ALBATROSS IV 80-07, EVRIKA 80-06, KELEZ 80-07/08, and 
EVERGREEN 80-11 



Fig.  10. Cruise tracks for ALBATROSS I V  80-07, EVRIKA 80-06, KELEZ 80-07/08, and 
EVERGREEN 80- I I 



Fig. 11 .  Cruise tracks for ALBATROSS I V  80-09, ALBATROSS I V  80-10, and KELEZ 80-11. 



Figure 12. Regions on the shel f  defined by recurrent  patterns o f  phyto- 
plankton biomass concentrations. 
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Figure 16 . Distribution of chlorophyll during klaware I1 78-02, February 16- - 
March 16, 1978. 
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Figure 18. Distribution of chlorophyll during Albatross IV 78-07, June 23-July 16, 19 - 



7-e 7 4 O  9 7b" $go . -2- 
MAINE , 

. 4  

TOIN. CHLOROPHYLL g 
mg Chl g/m3 m* -7-7 

, i 2%. ;, 

&F&aI;I.i> 

-- .- 
warned meal, surface 
to 7s ln8bw L - 7 y>,..,- -- 
' ~ l o b o t b m w h w e  I 

Iesa than 7sm MEW 
CaNN 

XXI( 

=./ 

Figure' 19. Distribution of chlorophyll 5 during Belogorsk 78-01, August 1 1  
-~eptember 4 ,  1978. 
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Figure 20,. Distribution of chlorophyll a .during Belogorsk 78-03, October 6- - 
November 1 ,  1978. 
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Figure 21.. Dist r ibut ion  of chlorophyll a during Be1 ogorsk 78-04, November 16-29, 1978. - 



rip 7 2  7i0 ee /,' - 
mg Chlorophyll a /m3 d 

C & 0-0.5. 

I 
. . . .  . . . .  i -  

I 440- 

.... 0.5-1.0 '*&.A& 
. , , . . , . I.' 

.. > 0 1.0-2.0 f -i ;-., . .-.-. ..... .,?: .,.,.-... ,; ~--:.*-.> 
NW / . . .*..> - . . ,- 

. .. 
-n+%' ',, -, -.,:, .,,,.:-. .. 

. . 
, -.. ..- ,. . . 

..<a:. :.. .= -- -... - , a 2.0-4.0 ..!,-. ., .. . ---.--- .-. ,. ._. -*. - - - _ _ _ _  1 



Lgure 23. Distribution of chlorophyll during Advance I1 79-01, April 18-27, 1979. 
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Figure 24. Distribution o f  chlorophyll during Delaware - I1 79-05, May 5-29, 1979. 
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' ~ i g u r e  26. D i s t r i b u t i o n  of chlorophyll a dur ing  A1 b a t r o s s  IV 79-07, J u l y  17-26, 1979. - 



Figure 2 7 .  Distribution of  chlorophyll a during Belogorsk 79-01, Aug. 11-Sept. 2 ,  1979. - 
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Figure 2 s .  Dist r ibut ion  o f  chlorophyll a during A1 batross I V  79-10, Sept. '12-27, 1979. - 
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Figure 29. Distribution of chlorophyll a during Albatross IV 79-11, Oct. 4-29, 1979. 
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g u r e  3 0 .  D i s t r i b u t i o n  o f  c h l o r o p h y l l  a during A l b a t r o s s  I V  79-13, Nov. 1 5 - ~ e c .  20, 1979 .  - 
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Figure 32. Frequency-percent histogram o f  ch lo rophy l l  a concent ra t i  

(weighted water column average f o r  each s t a r i o n )  by she1 
region. Ordinate = Percent o f  t o t a l  observations w i t h i n  
a region. 
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Figure 34. Da i l y  i n teg ra i  phytoplankton product ion p l o t t e d  against  t ime 
f o r  13 regions o f  the  Cape Matteras-Nova Scot ia  Shel f .  



Figure 35. Annual total (particulate and dissolved) primary production 
by region. 



ordinate = % of total observations within 
a region 

Number below Region Code (upper r t . )  
i s  total observations for region. 

Figure 36. Frequency-percent histogram o f  d a i l y  i n teg ra l  phytoplankton 
product ion by she1 f region. 



Figure 37. Map dep ic t ing  the l oca t i on  o f  t ransec ts  p r o f i l e d  f o r  ammonium 
n u t r i e n t  concentrations. 
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F i g u r e  38. Cross s h e l f  p r o f i l e  o f  ammonium i n  A p r i l  1979. 



STATION NUMBERS 

KILOMETERS 

Figure 39. Cross s h e l f  p r o f i l e  o f  a m n i u m  i n  May 1979. 
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Figure 41. Cross shelf profile of ammonium i n  Ju ly  1979. 
.. - -. 
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Figure 42. Cross shelf profile o f  amnoiiium i n  August 1979. 
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Figure 43. Cross she l f  p r o f i l e  of ammonium i n  September 1979. 
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Figure 44. Cross shelf profile of a m o n i u i  i n  October 1979 
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igure 45. Shelf-wide distribution o f  rates o f  amisi~lm f l u x  from t-he 
benthos. Negative values indicate f l u x  was from water to 
sediment. 
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Figure 46. D i s t r i b u t i o n  of cadmium (ppm, d r y  weight )  i n  sediments 
c o l l e c t e d  dur ing the Advance 79-01 survey. 





Figure 48. D i s t r i b u t i o n  o f  cadmium (ppm, dry weight )  i n  sediments 
co l l ec ted  during the Albatross 79-10 survey. 
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Figure 52. Distribution o f  cadmium (ppm, dry weight) in sediments 
collected during the Albatross 80-09 survey. 

I. 



Figure 53. D ist r ibut ion o f  chromium (ppm, dry weight) i n  sediments 
col lected during the Advance 79-01 survey. 



Figure 54. Distribution of chromium (ppn,  dry weight) in sediments 
collected during the Albatross 79-07 survey. 



Figure 55. Distribution of chromium (ppm, dry weight) in sediments 
collected during the Albatross 79-10 survey. 
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Figure 58. Distribution o f  chromium (ppm, dry weight) in sediments 

collected during the - Kelez 80-07/08 survey. 
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F igu re  6.3. D i s t r i b u t i o n  o f  copper (ppm, d r y  we igh t )  i n  sediments 
c o l l e c t e d  dur ing  t h e  Advance 79-01 survey. 
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Figure 6T. Distribution o f  copper (ppm, dry weight 
collected during the Albatross 79-07 survey. 
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Figure 62. Distribution of copper (ppm, dry weight) in sediments 
collected during the Albatross 79-10 survey. 
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Figure 66. Distribution of copper (ppm, dry weight) in sediments * , .  

collected during the Albatross 80-09 survey. 
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Figure 67. D i s t r i b u t i o n  of n icke l  (ppm, d ry  weight)  i n  sediments 
co l lec ted  dur ing the Advance 79-01 survey. 
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Figure 69. Distribution of nickel (ppm, dry weight) in sediments 
collected during the A1 batross 79-10 survey. 
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Figure 72. Jistribution of nickel (ppm, dry weight) in sediments 
collected during the Kelez 80-07/08 survey. - 







Figure 75. Distribution of lead (ppm, dry weight) in sediments . . 
collected during the Albatross 79-07 survey. 
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Figure 76. Distribution of lead (pprn, dry weight) in sediments 
collected during the Albatross 79-10 survey. 
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Figure 79. Distribution o f  lead (ppm, dry wight )  in sediments 
call ected during the Kelez 80-07/08 survey. - 
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Figure  80. D i s t r i b u t i o n  o f  l e a d  (ppm, d r y  w e i g h t )  i n  sed iments  fi.. 

c o l l e c t e d  d u r i n g  t h e  A1 b a t r o s s  80-09 s u r v e y .  
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Figure 81. Distribution of zinc (ppm, dry weight) in sediments 
collected during the Advance 79-01 survey. 
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Figure 53. Distribution of zinc (ppm, dry weight) in sediments 
collected during the Albatross 79-10 survey. 



Figure 84. Distribution o f  zinc (ppm, dry weight) i n  sediments 
collected during the Kelez 79-10 survey. - 
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Figure 87.  Dis t r i bu t i on  o f  zinc (ppm, dry weight) i n  sediments 
co l lec ted  during the A1 batross 80-09 survey. 



8. Tables 





Table 2 .  Resul'ts of nutr ient  f ie ld- intercal  ibrat ion.  . 

Depth + 
(m) PO4 Si04 NO3 NO2 NH4 

Brookhaven - Kelez - MESA s t a t i on  84 (3g037'N, 7Z003.5'W) 

Sandy Hook - Albatross 80-07 - s t a t i on  28 (3g037'N, 7Z003'W) 



calculations lor the A lbat ross  survey.  , - 
~ ~ ~ T ~ ~ w ~ r ~ ~ t e ~ b S 3 3  



Table 4. Frequency of dai ly  ra tes -of  phytoplankton production (g~/rnz/d) 
by region and by production in te rva ls . ]  

Frequency of da i ly  r a t e s  of phytoplankton production (g~/mz/d)  by region and by 
production interval  s l .  

Region 
Code2 0-.5 .5-1 1-1.5 1.5-2 2-2.5 2.5-3 3-3.5 3.5-4 4-4.5 4.5-5 >5 

GM 5 25 34 21 9 4 2 

CH1,2,3 1 10 3 1 2 1 0 0 1 

See Table 1 fo r  l i s t  of surveys used t o  generate t h i s  table .  

2 See Figure 12 for  region codes and region locations.  

'Number of observations. 



Tabl'e 5. . 

Cruise Month 

Amnonium Nitrogen Inorganic Nut r ien ts  
Samples Data ReportIData Samples Data Report/Data 

Analyzed Reduced Avai lable Analyzed Reduced Avai lable 

AD-77-01 March J J 
AL-77-05 June J J 
BE-78-04 November J J J J J J 
AD-79-01 A p r i l  J J J 
DE-79-05 May J J J 
FRC-05-06 May J J J J J J 
AL-79-06 June/Jul y J J J J 
AL-79-07 Ju ly  J J J J 
BE-79-01 August J J / 4 
AL-79-09 September / J J J 
BE-79-03 September/October J J 4 .  
AL-79-10 September J J 
AL-79-11 October J J 
BE-79-05 November J J 4 
AL-79-13 November/December J J 
DE-79-11 December J J 
AL-80-02 March J J 
AL-80-04 A p r i l  J J 
EV-80-01 May J J 
DE-80-03 May/ June J J 
EV-80-04 May/June J J 
AL-80-07 Ju ly  J J 
EV-80-06 Jul  y/August 4 J 
AL-80-09 September J J 
AL-80-10 October J J 



Table 6. Ranges of metal levels.  

Values i n  ppm, dry weight 

Low - 
<O. 25 

0-10 

0-5 

0-5 

0-10 

0-25 

Medi wn 

0.25-1 .OO 
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Table 8.  Comparison of metal l eve l s  and sediment composition. 

Metal Level % S i l t 1  % Clay1 Total Or anic 
Carbon 9 

< Fire Island 
Control 

Cent. Gulf 
o f  Maine 

( Block Island 
Outer Shelf 

Sludge Settl ing 
S i t e  

Low 

Med 

Med 

High 

S i l t  and clay values are % by weight. 

Organic carbon i s  in mg/g dry weight. 
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