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ABSTRACT: The general deterioration of coastal water quality and physical despoliation of 
habitats along the eastern United States coastline has had a major impact on estuarine and coastal 
fisheries. To understand the full extent of these effects, and to provide data on the rate at which they 
are spreading geographically, a new monitoring program called Ocean Pulse has been implemen- 
ted. Ambient levels of contaminants in waters and sediments of the coastal zone are documented, 
and biological effects are monitored in habitats over the continental shelf as far seaward as high 
levels of contaminants can be measured. Samples and experimental measurements are taken at 
contaminated and uncontaminated sites between the Canadian boundary and Cape Hatteras. The 
primary aim of the Ocean Pulse program is to use changes in physiological/biochemical responses 
as indicators of biological change due to contaminant loading. Physiological, behavioral, ecological 
and other responses are measured so as to relate, ultimately, change in community structure, 
population responses and pathology to variation in the quality of habitat. 

INTRODUCTION 

Historical perspective 

The current  env i ronmenta l  status of the major  east  coast es tuar ies  of the Uni ted  
States was r ev i ewed  in papers  (Larsen & Dogget t ,  1979; Lippson & Lippson, 1979; 

Maurer,  1979; Pearce, 1979; Reid, 1979) p resen ted  at the 1979 Statutory Me e t i n g  of the 
Internat ional  Counci l  for the Explorat ion of the Sea (ICES). With cer ta in  except ions  the 

waters  off Maine,  N e w  Hampshire ,  and nor thern  Massachuset ts  were  cons idered  to be of 
high quality, with little ev idence  of de ter iora t ion  due to specific pollutants.  However ,  

the waters  and sed iments  in e m b a y m e n t s  and sounds, such as Long Island Sound, 
Raritan Bay, De laware  Bay and C h e s a p e a k e  Bay, which  are near  major  urban  areas  and 

industr ial  zones, were  often found to be h igh ly  pol lu ted  by a w ide  range  of industr ia l  and 
domest ic  contaminants .  High  heavy  meta l  levels  were  f requent ly  found, and organic  

substances such as pe t ro leum hydrocarbons  and PCBs occurred at much  h ighe r  leve ls  in 
the physical  env i ronment  and in biota than was the case in es tuar ine  waters  known to be 
relat ively unpol luted.  

The es tuar ine  portions of major  east  coast rivers, as we l l  as many  bays, have  b e e n  

pol luted for decades.  Goode (1887) repor ted  N e w a r k  Bay as be ing  so con tamina ted  by 
pet ro leum products  that oysters and shad could not be sold at the t ime of the Civil  War 

because  they were  ta in ted  with  coal oil. In 1912, records of the N e w  York Zoologica l  

Society indica ted  that  the N e w  York Aquar ium,  located at the Battery, Manhat tan ,  had  to 

be closed because  the water  qual i ty  of the estuary supply system was so poor that fish 
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could  not  survive  in it. By World  War  I, Ne l son  (1916) no ted  that  the  indus t r ia l  wastes  
b e i n g  d i s cha rged  into Rar i tan  Bay t h r e a t e n e d  the  very  ex i s tence  of the  commerc ia l  
oys ter  resources  in the bay.  

In spi te  of the  ex i s tence  of these  condi t ions ,  for over  a century  l i t t le  scientif ic  s tudy 
was  conduc ted  in heav i l y  po l lu t ed  waters  unt i l  the  ea r ly  1960s w h e n  s tudents  at  Rutgers 
Univers i ty  i nves t i ga t ed  phyto-  and  zoop lank ton  and  ben thos  (Dean & Haskin,  1964). 
Few data,  however ,  were  co l lec ted  on the d e g r e e  of po l lu t ion  unt i l  the mid  to late  1970s, 
often because  suff ic ient ly  accura te  ins t ruments  were  not  gene ra l l y  ava i lab le .  Moreover,  
l i t t le  thought  was  g iven  to the  poss ib le  s ign i f i cance  of con taminan t  r e s idues  in shel lf ish 
and  finfish unt i l  mercu ry  was  found in tuna  in the  la te  1960s. Therefore  there  a re  few 
da ta  to demons t r a t e  changes  in the  quan t i ty  of con taminan t s  in the  waters  and  sed iments  
of es tuar ies  and  coasta l  zones  or the ra te  at which  they  have  affected the  w e l l - be ing  of 
l iv ing  resources  at  the  p o p u l a t i o n  a n d  communi ty  levels .  

Wha t  we  do know,  however ,  is that  popu la t ions  and  communi t i e s  from pol lu ted  
es tuar ies  such as Rar i tan  Bay are  r e d u c e d  in n u m b e r  and are  less d iverse  than  those in 
s imi la r  but  r e l a t ive ly  unpo l l u t ed  habi ta ts .  This seems  to be  the case in most o ther  
p o l l u t e d  e s tua r ine  sys tems a long  the eas t  coast  of the  Uni ted  Sta tes  and,  to some extent,  
in the  h igh ly  p o l l u t e d  a reas  of San  Francisco  Bay, Puge t  Sound  and  Los Ange le s -Long  
Beach Harbor  areas.  

Recent  s tudies  sugges t  that  po l lu t ion  l oad in g  and  concomi tan t  changes  in popula -  
t ions can  be  r eve r sed  wi th  p rope r  t r ea tmen t  of was tes  (Reish et  al., 1980). Unfortunately,  
it is diff icult  to prove  the  effects of i nd iv idua l  con taminan t s  much  less  those of gross 
po l lu tan ts  such as domes t i c  and  indus t r i a l  s ewage .  Wi thout  demons t r a t ing  cause  and 
effect, it is u sua l ly  imposs ib le  to ob ta in  funds  for the  mass ive  p rograms  of pol lu tant  
control  r e q u i r e d  to a l l ev i a t e  the adver se  condi t ions  and  stresses.  It is therefore  impor tant  
to conduc t  r e sea rch  and  moni to r ing  efforts tha t  wi l l  a l low mar ine  scient is ts  and  environ-  
men ta l  m a n a g e r s  to es tab l i sh  env i ronmen ta l  ba se l i ne s  for demons t r a t ing  acute  and 
chronic  c h a n g e  as wel l  as s i gna l i ng  the poin t  at wh ich  po l lu tan ts  affect the life cycles  of 
mar ine  o rgan i sms  impor t an t  in  e s tua r ine  and  shelf  product iv i ty .  

From recent  work  done  by  pe r sonne l  of the  Nor theas t  F isher ies  Center  (NEFC) it is 
a p p a r e n t  that  the  con taminan t  l oad ing  of Rar i tan  Bay and  Long Is land Sound is exten-  
sive (Gre ig  & McGra th ,  1977; Gre ig  et  al., 1977). Moreover ,  it is k n o w n  that  the effects of 
po l lu t ion  have  b e e n  e x t e n d e d  offshore due  to ocean  d u m p i n g  and  t e r r igenous  expor t  of 
contaminants .  H igh  leve ls  of h e a v y  meta l s  and  pe t ro l eum hydroca rbons  have  been  
found r e p e a t e d l y  in s ed imen t s  of the  N e w  York Bight  and  s igni f icant  changes  in ben th ic  
communi t i e s  have  b e e n  no ted  (Pearce0 1972; S te imle  et  al., in press;  Swanson  et al., 
1979). Pe rhaps  most  impor tan t ,  i nc reases  in h e a v y  meta l s  have  b e e n  found in the  body  
t issues  of surf c lams (Spisula solidissima] co l l ec ted  at  s ampl ing  stat ions at  the  northern,  
more  pol lu ted ,  end  of a t ransec t  from Vi rg in ia  to Long Is land Sound,  New York (Fig. 1) 
(Wenzloff  et  al., 1979). Such recent  m e a s u r e m e n t s  form p re l imina ry  base l ines  for 
r e sea rch  and  moni to r ing  programs .  

T h e  p l a n  for  e n v i r o n m e n t a l  m o n i t o r i n g  a n d  r e s e a r c h  

To d e t e r m i n e  the  effects of l ong - t e rm env i ronme n ta l  c ha nge s  on mar ine  and  es tua-  
f ine organisms,  it is neces sa ry  to conduct  a s ses smen t  and  moni tor ing  programs  over 
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Fig. 1. Concentrations of heavy metals (Ag, As, Cu, Zn) in two species of clams, the surf clam 
(Spisula solidissima) and ocean quahog (Arctica islandica), distributed at latitudes between Cape 
Hatteras and Long Island. With increasing latitude, and closer proximity to major urban areas and 

industrial dumping, the body burdens of these metals increased significantly 

decades. International organizations and national  agencies  have begun planning such 
acitivities. For instance, ICES held  planning workshops (ICES, 1976) which resulted in 
ICES Cooperative Research Report No. 75 (ICES, 1978). In February 1979, a subsequent  
international workshop under the aegis of ICES at Duke University Marine Laboratory 
brought together scientists from 14 nations. Scientists were organized into panels  
representing behavior, bioassay techniques, biochemistry, ecology, genetics, pathobio- 
logy and physiology. The panel  reports and individual  papers  included recommenda-  
tions for the use of specific disciplines as part of a biological  effects monitoring program. 
They are published as part of the overall proceedings of the second ICES workshop on 
biological effects monitoring (McIntyre & Pearce, 1980). 

More recently, a United States Interagency Committee on Ocean Pollution, Research 
and Development, and Monitoring prepared  a draft "Federa l  p lan for ocean pollution 
research, development,  and monitoring, 1979-83". Other units such as the National  
Oceanic and Atmospheric Administrat ion (NOAA), Marine Ecosystems Analysis (MESA) 
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Program have also proposed moni tor ing  p lans  for part icular  areas (Swanson et al., 1979). 
In 1977, the Nat ional  Mar ine  Fisheries Service (NMFS), NEFC, be ga n  to des ign  and  

imp lemen t  an  env i ronmen ta l  assessment  and  moni tor ing  program called Ocean  Pulse. 
Descr ibed by Pearce (1977) and  Calabrese  et al. (1978) dur ing  the ICES Statutory 
Meet ings  in  1977 and  1978, this new  program is des igned  to assess and  monitor  the 
relat ive hea l th  of the ocean 's  l iv ing  resources on the cont inenta l  shelf of the Northwest 
Atlant ic  from Cape Hatteras to the C a n a d i a n  border. Program part icipants  collect and 
analyze  data on the effects of pol lutants  and  na tura l  f luctuations on the survival, growth, 
metabol i sm and  product ivi ty  of important  mar ine  species. 

The con t inen ta l  shelf waters  to be  s tudied are among  the most productive in the 
world. Primary product ion  averages  150 grams of carbon/m2/yr, and supports an annua l  
catch of approximate ly  one mil l ion metric  tons of fish. Moni tor ing  the condi t ion of these 
fisheries and  their  env i ronmen t  is impor tant  for m a n y  reasons: (1) pol lut ion and  other 
env i ronmen ta l  al terat ions of mar ine  waters can have signif icant  effects on l iving marine  
resources and  result  in i rreversible losses of habitat ;  (2) pol lutants  tend to become 
concentra ted  in  mar ine  organisms,  which  thus serve as useful  indicators of the distribu- 
t ion of the pollutants;  (3) in addi t ion  to ind ica t ing  the existence of pollution, marine  
organisms are themselves  an  important  transport  m e d i u m  for pollutants;  and  (4) many of 
the species to be  moni tored  are va luab le  food resources, and  their contaminat ion  by 
pol lu tants  may  be a pub l ic  hea l th  hazard.  

Fish and  shellfish resources off the northeast  coast of the Uni ted  States are subjected 
to inc reas ing ly  heavy con tamina t ion  by d u m p e d  and  discharged industr ia l  and domestic 
wastes (Mueller  et al., 1976) as well  as by oil from spills and  leaks. These pol lutants  have 
destroyed or greatly reduced the value of some fish populat ions,  and  have caused more 
subtle but  cumula t ive  damage  to others. Results from studies of env i ronmenta l  impact, 
most of which  are be ing  conducted  in l imi ted areas and  for relat ively short t ime spans, 
suggest  that  po l lu t ion- re la ted  changes  in  mar ine  popula t ions  gradual ly  take place over 
longer  periods of t ime and  in  larger  areas than  are now be i ng  studied. To separate the 
complexi t ies  of the effects of pol lu t ion on fish popula t ions  and  d is t inguish  them from the 
effects of na tura l  env i ronmen ta l  changes,  it is necessary to obta in  data from broad 
geographic  areas over ex tended  periods of time, s tudying both pol luted and relatively 
c lean  control areas. It is f requent ly  poin ted  out that whi le  many  contaminants  can be 
shown to have specific effects on mar ine  organisms in the laboratory, it is far more 
difficult to de te rmine  the actual  effects of comparable  levels of contaminants  or pol lut ion 
in  the field. Moreover, there is a lways the possibi l i ty that con taminan ts  act in a 
synergist ic  fashion. 

RESULTS TO DATE 

To unde r s t and  the in tegra ted  and  specific effects of various levels of contaminants  in 
the field requires  that exper iments  be  performed in situ, us ing  waters and sediments  
from a par t icular  site or stratum to cha l lenge  indicator  and  ind igenous  fauna. Moreover, 
synoptic  measu remen t  of changes  over thousands  of ki lometers  of the shelf requires the 
appl ica t ion  of remote sens ing  techn iques  which ei ther  directly measure  a pol lutant  or a 
subs tance  representa t ive  of pollut ion.  

Dur ing  the past 18 months  cons iderable  progress has b e e n  made  by the NEFC using 
several  new  techniques  and  methodologies,  i nc lud ing  remote sensing.  
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P h y s i o l o g y  a n d  b i o c h e m i s t r y  

During recent Ocean  Pulse cruises selected species of an imals  have b e e n  subjec ted  
to in situ exper iments  to de te rmine  their physiological  and  b iochemica l  responses to 
waters and sediments  of differing env i ronmen ta l  quality.  

Over 700 blood and  gil l- t issue samples  have b e e n  taken  for blood studies and  
oxygen-consumpt ion  measurements ,  respectively. These two parameters  are among  the 
physiological measurement s  sugges ted  by the ICES Biological Effects Workshop (Bayne 
et al., 1980). More than  600 t issue samples  were s imilar ly collected for b iochemica l  
examinat ion:  f lounder  kidney,  b iva lve  adductor  muscle,  a nd  crus tacean heart, primari ly.  
These were examined  fo~ enzymes  involved in  carbohydrate  and  n i t rogen  metabol ism;  
exper imenta t ion  with the tissues of metal-s t ressed mar ine  an imals  has led to the 
selection of five enzymes  for moni tor ing  possible  stress effects at locations affected by 
contaminat ion.  Enzymes can be used as subcel lu lar  indicators  of the rates of energy  
mobilization,  of reductive biosynthesis ,  and  of amino  acid pool activity. Al though this 
method of measur ing  biological  effects was not s ingled  out for discussion in  the ICES 
workshop report (Lee et al., 1980), it has proven to be a rapid, inexpensive ,  sensi t ive 
indicator of sublethal  stress in all an imals  examined  thus far (reviewed in  Calabrese  et 
al., 1977 and in press). 

Ocean Pulse cruises to date, as wel l  as collaborat ive work with NEFC resource- 
assessment cruises, have provided the base  for a data  b a n k  for seasonal  base l ine  
information on the metabol i sm of four target  species: Cancer irroratus (rock crab), 
Placopecten magellanicus (sea scallop), Pseudopleuronectes americanus (winter  f loun- 
der), and  Scophthalmus aquosus (windowpane  flounder). Physiological  parameters  show 
relat ively consistent  values  from stat ion to station for each species, with na tura l  varia-  
tions expected with season and  temperature .  In scallop adductor  muscle,  there seems to 
be a general  t rend of lower mala te  dehydrogenase  activity wi th  increas ing  bot tom 
temperature,  and of lower malate  and  lactate dehydrogenase  activities with increas ing  
depth. Baseline information,  therefore, must  inc lude  not only  the physiological  var iables  
of sex, size, and reproductive stage, but  also the hydrographic  var iables  of temperature ,  
depth, and dissolved oxygen. 

Investigators with the program are also researching the use of RNA-DNA ratios as a 
monitor ing tool. Working with winter  f lounder  and  haddock (Melanogrammus aeglefi- 
nus) larvae, they have found that whi le  tempera tures  near  or be low the opt imal  levels 
markedly affect growth rates, the RNA-DNA ratio is not s imilar ly affected. Field 
specimens have b e e n  found to have high ratios (4.1 to 5.6). Previous laboratory studies 
found a range  of 3.5 to 6.0 for well-fed larvae; larvae starved for two days had a range  of 
3.5 to 1.8 (Buckley & Laurence, 1980). These studies are con t inu ing  to de te rmine  how 
natura l  var iables  and m a n - i n d u c e d  stresses affect RNA-DNA ratios and  how these can  
be used to monitor  the heal th  of coastal and  shelf waters. 

M i c r o b i a l  e c o l o g i c a l  s t u d i e s  

During 1979 and 1980, the Pathobiology Division, NEFC, s tudied the foul ing 
organisms on gills of the rock crab, Cancerirroratus, collected in  Rari tan Bay, an inshore 
Ocean Pulse site s tudied in  conjunct ion  with the New Jersey Sea Grant  Program/U. S. 
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Env i ronmen ta l  Protection Agency.  Small  p rede te rmined  samples  of 12 animals  were 
collected to test a hypothesis  that adult  crabs present  in the Bay dur ing  summer  months 
are "stragglers" that fail to migrate  seaward dur ing  the spring months.  Previous studies 
showed that adul t  rock crabs genera l ly  were absent  or caught  in small  numbers  in the 
summer.  Crabs that were collected dur ing  the summer  usual ly  had shell  erosion, 
b l a c k e n e d  art iculat ions and  bryozoan growth on the carapace. Microscopically, they had 
discolored or b l ackened  gills, heavy gill  foul ing by bacteria  and  diatoms, and  dense  
popula t ions  of a t tached and  free cil iate protozoans. Of the crabs examined  dur ing  the 
summer  of 1979, only  one had  c lean  gills. The gills of the other an imals  were either 
discolored or black;  six had  dense  bacter ia l  foul ing and  one had  heavy  diatom infesta- 
tion. On one sect ion of a gill, there were over 300 cil iated protozoans. Gross and  
microscopic observat ions on the samples  supported the hypothesis  that the residual  
summer  popula t ion  is ideal  for con t inued  Ocean  Pulse studies on the effects of environ-  
menta l  con tamina t ion  and  microbial  fouling. Similar observat ions are be ing  made of 
macrocrustaceans  found in  the New York Bight apex d u m p i n g  areas and at relatively 
u n c o n t a m i n a t e d  control stations. 

In addi t ion  to studies of disease and  microbial  parasites, NEFC personnel  at the 
Milford Laboratory are inves t iga t ing  various microbial  indicators of env i ronmenta l  
deterioration.  Dur ing  recent  cruises (March-Apri l  1980) bacter ia l  subcultures,  both by 
direct cul ture and  p re -enr i chment  procedures,  were made  from 33 bottom sediments  and 
16 water  samples  and  from 15 scallops. Some 434 isolates were  obta ined  from our 
select ive and  differential  media  for ident i f icat ion after quant i ta t ive  enumera t ion  of the 
bacteria.  

Clostridium perfringens counts in  sediments  varied from less than  50 (lowest 
detectable  l imit by the procedure used) to 19,250 per gram of sed iment  (sewage disposal 
site). As observed previously,  bacter ia l  counts dur ing  the win te r  sampl ing  period were 
less than  those observed dur ing  the warm summer  months. 

Of 74 isolates tested for perf r ingens  type, 69 % were C. perfringens. The bacteriolo- 
gical  procedures  used  were specific for C. perfringens, but  other clostridial types can 
also be detected with this technique .  Addi t ional  procedural  deve lopmen t  and  identifica- 
t ion of the isolates are war ran ted  before f inal  adapta t ion  of this methodology for 
moni tor ing.  

Prom 360 isolates ob ta ined  on vibrio media,  125 were Gram nega t ive  rods (90 % of 
the microorganisms in  the mar ine  environs  are such), of which 46 were biochemical ly  
ident i f ied to species by the API system. The remainder  did not fit any  ident i f iable  group 
in  the scheme employed.  This is in l ine with earl ier  results. However,  those bacteria  
ident i f ied are of interest  to the fisheries and  are grouped in Table  1. 

Of 15 cultures isolated from scallops (anaerobic pre-enrichments) ,  none  of the 
superna tan t s  were toxic to mice on the first screening.  However, on t rea tment  with 
trypsin, 7 of the 15 superna tan t s  (46.6 %) were toxic to mice. Further characterizat ions 
are cont inuing .  

As previously  noted,  C. perfringens, an  indicator  of persis tent  fecal pollut ion,  is most 
numerous  in sed iments  from the sewage  disposal  areas of the New York Bight but  also 
has b e e n  found in  sed iments  from the nor thern  edge of Georges Bank, a l though 
sediments  at most offshore stations had no detectable  numbers  of this organism. In the 
water  column, surface waters had  a greater  concentra t ion  of C. perfringens than the 
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Species % 

Pseudomonas fluorescens 
Aeromonas hydrophila 
Pseudomonas putrefaciens 
Vibrio alginolflicus 
Vibrio species (lactose & halophitic) 
Vibrio cholerae (NA) 
Vibrio parahaemolyticus 
Chroma bacterium 

12/125 - 9.6 
9/125 - 7.2 
6/125 - 4.8 
6/125 - 4.8 
6/125 - 4.8 
4/125 - 3.2 
2/125 - 1.6 
1/125 - 0.8 

bottom waters, with the greatest  numbe r s  in surface microlayers.  Sul fa te- reducing  
anaerobes  were found only in the sed iments  ob ta ined  from the h ighly  pol lu ted  New 
York Bight. 

P a t h o b i o l o g i c a l  m o n i t o r i n g  of p l a n k t o n  

Other investigators have b e g u n  the study of the possible impact  of deep  water  
disposal of industr ia l  wastes on p lank ton ic  and  pe lag ic  organisms at the 106-mile site. 
This area is located beyond  the shelf-slope b reak  off Atlant ic  City, New Jersey. Ini t ia l ly 
the external  gills of euphaus ids  are be ing  examined  to de te rmine  if d u m p i n g  activities 
are resul t ing in  dist inct ive disease syndromes  invo lv ing  gil l  tissues. Very p re l iminary  
data indicate  da rkened  gills in  spec imens  collected from the offshore sites in  the 
dumping  area, relat ive to spec imens  t aken  closer inshore over the shelf. Further  monitor-  
ing and  research is requi red  to de te rmine  if this is an  interspecif ic difference or the result  
of anthropogenic  activities. 

P a r a s i t e  i n v e s t i g a t i o n s  

Winter  f lounder  are an important  commercia l  resource and, because  of their  wide  
distr ibution and  sedentary  nature,  are a useful  genera l  model  to study the effects of 
pol lut ion on parasi t ism in  mar ine  fish. Seasonal  and  geographic  f luctuat ions in  parasi te  
occurrence, diversity, and  pa thogenic i ty  are be ing  observed as part  of O c e a n  Pulse and,  
ult imately,  may he correlated to specific env i ronmen ta l  factors i nc lud ing  m i n i m a l  and  
gross levels of pollution.  

Samples have b e e n  collected in termi t tent ly  at several  Ocean  Pulse sampl ing  strata 
for approximately 18 months;  marked  f luctuat ions in parasi t ism have b e e n  observed. 
The level of parasi t ism was very low in  the heavi ly  pol luted New York Bight, possibly 
due to a reduct ion of ava i lab le  in te rmedia te  hosts in  this area. C leaner  inshore  habi ta ts  
displayed greater number s  of parasites,  par t icular ly the acanthocephalan ,  Hchinorhyn- 

chus gadi. Offshore on Georges Bank, parasi te  a b u n d a n c e  was reduced despite ostensib-  
ly unpol lu ted  conditions. The reasons for this "na tura l"  low level  of parasi t ism are not 
known. The occurrence of most parasi tes  has b e e n  found to be lower dur ing  the winter  
months. 

The diversity of the parasi te  communi ty  was  lower in  k n o w n  (New York Bight) and  
potent ial ly (Argo Merchant  site) impacted  areas than  in  other habitats.  This may be 
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r e l a t ed  to a s imi la r  pa t t e rn  in  the  d ivers i ty  of the  f ree- l iv ing  biota,  but  such da ta  are not  
ye t  ava i l ab le .  Since  the  d ivers i ty  of f ree - l iv ing  communi t i e s  is cons ide red  to be  a useful  
ind ica tor  of changes  in env i ronmen ta l  qual i ty ,  such a re la t ionsh ip  of po l lu t ion  to 
pa ra s i t i sm  w o u l d  have  impl ica t ions  bo th  for fish hea l t h  and  the po ten t i a l  use  of paras i te  
da t a  for env i ronmen ta l  moni tor ing .  Paras i te  d ivers i ty  is conven ien t  be c a use  it is b a s e d  
on a smal l  and  eas i ly  de f ined  communi ty ,  and  thus is eas i ly  ca lcula ted .  

P h y t o p l a n k t o n  a b u n d a n c e  a n d  d i v e r s i t y  

One  of the most  s igni f icant  componen t s  of the  mar ine  sys tem is the phy top lank ton ,  
w h i c h  inc ludes  the  ma jo r  au to t rophic  forms wi th in  mar ine  waters  r e spons ib le  for carbon 
f ixat ion and  oxygen  product ion.  The  d e p e n d e n c e  and  in te rac t ion  b e t w e e n  the phyto-  
p l ank t e r s  and  var ious  fauna  have  b e e n  we l l  documen ted .  Due to the i r  br ief  life span, 
h igh  repoduc t ive  potent ia l ,  and  the i r  r e spons iveness  to ex is t ing  eco log ica l  condit ions,  
p h y t o p l a n k t e r s  r ep re sen t  an  exce l l en t  communi ty  i n d e x  to var ious  changes  wi th in  the 
ecosys tem.  

A coopera t ive  s tudy of p h y t o p l a n k t o n  in waters  off the nor theas te rn  Uni ted  States 
was  i n i t i a t ed  this  summer  by  pe r sonne l  of Old Domin ion  Univers i ty  (Norfolk, Virginia)  
and  the  NEFC S a n d y  Hook  Laboratory.  Phy top lank ton  is iden t i f i ed  from a b road  range  of 
O c e a n  Pulse s t ra ta  on the  con t inen ta l  shelf. Dur ing  the pas t  18 months  a b u n d a n c e  va lues  
and  d i s t r ibu t ion  pa t t e rns  have  b e e n  d e t e r m i n e d  for surface waters  and  a ser ies  of depths  
at s e l ec t ed  stations.  The d o m i n a n t  phy top l ank t e r s  are  ident i f ied ,  and  the total  spec ies  
compos i t ion  c o m p a r e d  wi th  da ta  ava i l ab l e  from the last  e igh t  years .  One  of the major  
a d v a n t a g e s  of the  p resen t  s tudy is that  it  beg in s  the  ana lyses  of da t a  from long- te rm 
seasona l  s tudies  invo lv ing  col lec t ions  from severa l  cruises  m a d e  over  one to two 
decades .  Results  of these  s tudies  wi l l  l e a d  to the e s t ab l i shmen t  of a phy top lank ton  
compos i t ion  ba se  for these  waters .  Cr i t ica l  s t ra ta  have  b e e n  iden t i f i ed  which  represen t  
loca t ions  of co l lec t ion  s i tes  for use  in the O c e a n  Pulse  moni to r ing  p rog ram for ident i fy-  
ing  and  p red i c t i ng  the  popu la t i on  dynamics  of p h y t o p l a n k t o n  in coasta l  and  oceanic  
waters  off the  nor theas t  and  mid -At l an t i c  coasts. 

In ea r ly  1980 there  was  an  ind ica t ion  that  the  d inof lage l la te ,  Ceratium tripos, 
t hough t  to cont r ibu te  to the  ex tens ive  and  pe rs i s t en t  anox ia  off the  N e w  Je r sey  coast  in 
1976, was  inc reas ing  in N e w  E n g l a n d  waters  in a m a n n e r  which  might  ind ica te  another  
r e d u c e d  d i s so lved  o x y g e n  event .  However ,  the resul ts  of ana lyses  done dur ing  our 
month ly  O c e a n  Pulse  cruise  i nd i ca t ed  that  C. tripos dens i t i es  at  shelf  s ta t ions in the New 
York Bight  r a n g e d  b e t w e e n  177 and  257 cel ls / l ,  we l l  b e l o w  the  leve ls  found in ear ly  1976 
w h e n  the last  major  anox ia  occurred.  

R e m o t e  s e n s i n g  

A Large Area  Mar ine  Product iv i ty-Pol lu t ion  Expe r imen t  (LAMPEX) to test  the 
feas ib i l i ty  of m e a s u r i n g  and  m a p p i n g  ch lo rophy l l  a and  total  s u s p e n d e d  sol ids concen-  
trat ions,  and  poss ib le  a s soc ia t ed  pol lu tants ,  in surface waters  of the  cont inenta l  shelf 
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from Cape Hatteras to the C a n a d i a n  border, was conducted  joint ly by the Nat ional  
Aeronautics and Space Adminis t ra t ion  (NASA), Langley Research Center,  Mar ine  Envi-  
ronments Branch and  the NMFS, NEFC, Division of Env i ronmen ta l  Assessment  dur ing  
the period of 17-21 April  1979 as part  of the Ocean  Pulse program; 111 people  from 25 
federal, state and  private research facilities on 19 research vessels and  3 aircraft 
part icipated in the experiment .  NASA was responsib le  for the remote sens ing  systems, 
data collection, and  reduction. The NMFS, with the cooperat ion of other federal, state 
and  private research facilities, was responsible  for the organizat ion,  collect ion and  
reduct ion of sea-truth data to cal ibrate  the remote sensors. 

During the exper iment  NASA accomplished remote sens ing  us ing  two aircraft, a U-2 
flown at 19.7 km (65,000 ft) with an Ocean  Color Scanner  (OCS) and  Mitchell-Vinton* 
cameras us ing aerial  color and  mult ispectral  film and  a NASA C-130 at 3.0 km (10,000 ft) 
with a mult ispectral  scanner  (Modular Mult ispectrai  Scanner  M2S) a nd  Zeiss* m a p p i n g  
camera us ing  aerial  color film. The sea-truth data were collected at locations b e t w e e n  
Cape Hatteras and the C a n a d i a n  border. Addit ional ly ,  Landsat  imagery  for these same 
locations and approximate t imes is be ing  examined  by personne l  at the Univers i ty  of 
Delaware.  

The U-2 infl ight  observat ions sugges ted  successful, cloud-free coverage of a 14-mile 
wide swath a long the coast b e t w e e n  19 and  21 April  from Oregon Inlet, North Carolina,  
to the Canad i an  border  inc lud ing  Long Island Sound, but  not Georges Bank. Inflight 
observations by the C-130 on 17 and  19 April  indica ted  successful coverage where  
concurrent  sea-truth was ava i lab le  from Chesapeake  Bay to Cape  Cod, except  for the 
coastal zone of New Jersey off Barnegat  Inlet  and  Long Is land of Fire Island Inlet  where  
cloud cover prevented  data collection. Cloud and  l ight  condit ions h inde red  data collec- 
tion north of Cape Cod and  over Georges Bank. 

A report p resen t ing  the sea-truth data  collected in  conjunc t ion  with the NASA C-130 
overflights on 17 and  19 April  1979 was recent ly  prepared  (July 1979) for review and  
distr ibution to par t ic ipants  and  users (Thomas et al., 1979). 

We have found that remote sens ing  has the capabi l i ty  of ex tend ing  a " lone"  ship 's  
observations outward, spatially, and  both forward and  backward  temporally.  While  it 
does not have the same degree  of precis ion as sea surface measurements ,  remote sens ing  
can allow us to de te rmine  how representa t ive  our ship data are both in t ime and  in  space. 
Only via remote sens ing  can we respond to certain env i ronmen ta l  quest ions such as 
those involv ing  phytop lank ton  with genera t ion  t imes of 1 to 3 days or seaward move- 
ments  of es tuar ine  fronts and  en t ra ined  pol lutants  (Klemas & Polis, 1977). In April  and  
June  1980 we conducted two studies to de te rmine  if remote sens ing  can be used  to 
estimate the seaward movements  of en t r a ined  suspended  matter  and  associated conta- 
minants  in  p lumes  emana t ing  from Chesapeake  and Delaware Bays. Synoptic with data 
collected from aircraft, Ocean  Pulse personne l  collected samples  for con taminan t  and  
bacterial  analyses  from stations located a long  the dis tance covered by p lumes  of 
outflowing waters. Resul t ing data from these and  two future cruises wil l  be  correlated 
with remotely sensed imagery  to de te rmine  the efficacy of remote sens ing  in measur ing  
the seaward extent of pol lut ion and  possible impacts on fisheries ecosystems. 

• Mention of these trade names does not constitute endorsement 
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C o n t a m i n a n t  l e v e l s  i n  b i o t a  a n d  t h e i r  h a b i t a t  

While  cons iderable  informat ion exists on the dis t r ibut ion and  a b u n d a n c e  of metals 
and  organic  con taminan t s  in  es tuar ine  and  shelf sed iments  off the northeast  and  middle  
Atlant ic  states, re lat ively little informat ion exists on con taminan ts  in water, part icularly 
from the less pol lu ted  offshore areas. Recently, Dr. L. V. Sick, Universi ty of Delaware, 
and  the NMFS Char les ton Laboratory, measured  dissolved and  part iculate  trace metal 
concentra t ions  at water  co lumn stations in  the Gulf  of Maine.  These measurement s  serve 
as a p re l iminary  Ocean  Pulse base l ine  for unpo l lu t ed  waters for assessing future trends 
in trace metal  concentra t ions  and  to further unde r s t and  na tura l  variat ions and fluxes of 
metals.  Dur ing  the autumn,  1978, typical  nearshore  maxima  were found for dissolved 
cadmium,  copper, lead, manganese ,  nickel ,  silver and  zinc. With in  the water  column, 
subsurface max ima  values  at approximate ly  10 m were found for all trace metals 
measured,  except manganese .  M a n g a n e s e  was  uniformly dis t r ibuted throughout  the 
water  co lumn at all stations. Copper  and  zinc to m a n g a n e s e  ratios indica ted  enhanced  
par t iculate  copper and  zinc concentra t ions  approximate ly  23 km from shore. Such 
enhancemen t ,  in te rmedia te  be tween  coastal and  far offshore environments ,  was possibly 
associated with physical  hydrographic  features and  the locat ion of a phytoplankton  
bloom. 

Results from this study in  the Gulf of Maine  were coupled with studies of trace metal  
par t i t ioning b e t w e e n  selected abiotic and  biotic components  of the Georges Bank 
ecosystem. Hydrographic  spatial  dis t r ibut ions of trace metals  on Georges Bank were 
s imilar  to those found in  the Gulf  of Maine.  However,  physical  oceanographic  features 
were  found to have a s ignif icant  forcing funct ion in  trace metal  dynamics  on Georges 
Bank. For example,  dur ing  the win te r  season most suspended  part iculate  trace metals 
had a m a x i m u m  concent ra t ion  wi th in  the water  co lumn associated with the shelf-slope 
break" front. In contrast, dur ing  late summer,  w h e n  the shelf-slope break front was 
largely dissipated,  highest  par t iculate  trace meta l  concentra t ions  were found at mid- 
shelf and  nearshore  stations. This seasonal  geographic  t rend in  par t iculate  trace metal  
concentra t ions  was reflected in  t issue concentra t ions  of selected pe lag ic /p lank ton ic  and 
benth ic  organisms.  

In addi t ion  to our concern for the dynamics  and  impacts of metals in  coastal and 
offshore habitats,  the Ocean  Pulse program is also moni tor ing  the levels of organic 
contaminants ,  such as PCBs and  pe t ro leum hydrocarbons,  in  biota, sediments  and  waters 
a long the eas tern  seaboard  of the Uni ted  States. Figure  2 shows the biological  effects of 
certain forms of pe t ro leum hydrocarbons;  at levels wel l  be low those reported for New 
York Bight coastal (252 M/l} and  es tuar ine  waters (2300 ~g/1; Searl et al., 1977) and 
es tuar ine  and  coastal sed iments  {6530 ppm; Koons & Thomas, 1979}, mar ine  organisms 
are shown to be affected by pe t ro leum hydrocarbons  in  various ways, r ang ing  from 
behaviora l  responses  such as overt displays el ici ted in  detection, to mortality. A recent  
series of analyses  of finfish collected from the Middle  Atlant ic  Bight, following the 
s ink ing  of the tanker  "Argo Merchant" ,  showed that even  fish collected from areas not 
affected by this s ink ing  conta ined  what  appeared  to be e levated  levels of pet roleum 
hydrocarbons.  In February  1980, collections of fish were made  along transects off major 
estuaries  and  rivers b e t w e e n  the C a n a d i a n  and  Mexican  borders know n  to be heavily 
pol lu ted  by oil, as well  as at control sites thought  not to be heavi ly  polluted. The analyses 
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of these  s amp le s  are  just  b e g i n n i n g  but  wi l l  form an  impor tan t  part  of the Ocean  Pulse 
po l lu tan t  base l ine .  

B e n t h i c  p o p u l a t i o n s  

Whi le  prev ious  s tudies  have  resu l ted  in s ign i f ican t  ben th ic  base l ines  for the Midd le  
At lan t ic  Bight,  N e w  York Bight  and  Geo rges  Bank, there  have  b e e n  few da ta  ava i l ab le  
for the Gulf  of Maine ,  e spec i a l l y  the  p roduc t ive  seamounts  such as P igeon  Hill. The Gulf 
is i nc r ea s ing ly  b e i n g  d e v e l o p e d  and  subjec t  to an th ropogen ic  inputs  of a var ie ty  of 
wastes .  Div ing  b io logis t s  from the  Univers i ty  of N e w  Hampsh i re ,  work ing  wi th  N O A A /  
NMFS scient is ts  have  recen t ly  c o m p l e t e d  the  e s t ab l i shmen t  of ba se l i ne s  for P igeon  Hill.  
Fo l lowing  the pub l i ca t i on  of thei r  first repor t  (Witman et al., 1980) they  have b e g u n  a 
ser ies  of moni to r ing  d ives  to b e g i n  to documen t  long- te rm changes  in popula t ions  and 
communi ty  structures,  as  wel l  as  to col lec t  t i ssue  and  s e d i m e n t  s amples  to de tec t  
poss ib le  changes  in con taminan t  l oad ing  in key  b io ta  and  thei r  phys ica l  environment .  

In add i t i on  to the  ben th ic  b a s e l i n e s  d e v e l o p e d  for P igeon  Hill,  pe r sonne l  from 
Bige low Laboratory,  Maine ,  have  c o m p l e t e d  a census  of ben th ic  communi t i e s  at 56 
s ta t ions  in the  Por t land  (Maine)  Harbor  and  Casco  Bay. In add i t i on  to es tab l i sh ing  the 
b a s e l i n e s  for the  m e g a b e n t h i c  o rgan i sms  they  have  co l lec ted  sed imen t s  for ana lyses  for 
C : H : N ratios. 

The  a fo remen t ioned  ben th i c  s tudies ,  p lus  the  ea r l i e r  and  ongo ing  moni tor ing  and 
r e sea rch  in the  M i d d l e  At lan t ic  Bight, form the first cont inuous  set of ben th ic  base l ine  
da ta  for the a rea  b e t w e e n  the C a n a d i a n  borde r  and  Cape  Hat teras .  

CONCLUSIONS 

Of necess i ty ,  the  fo rego ing  repor t  is br ief  and  does  not inc lude  al l  d isc ip l ines  or 
ac t iv i t ies  conduc ted  wi th in  the  O c e a n  Pulse program.  For  ins tance,  many  add i t iona l  
efforts a re  b e i n g  m a d e  in the  a reas  of ben th i c  ecology,  phy top l a nk ton  product ivi ty ,  and  
gene t ics  (chromosomal  aberra t ions)  to es tab l i sh  base l ines  for popula t ions ,  communi ty  
s t ructure  and  ch romosome  s tab i l i ty  to d e t e r m i n e  how m a n - i n d u c e d  pol lu t ion  and  
na tu ra l  var ia t ions  affect l iv ing  resources .  Moreover ,  far more  ex tens ive  work  is ca r r ied  
out  by  Ocean  Pulse in the  gene ra l  a reas  of behaviour ,  pa thobio logy ,  and  phys io logy  than  
is r epo r t ed  here.  

Dur ing  the first two years  of the  p rogram,  inves t iga tors  work ing  in over  30 different  
tasks  or inves t iga t ions ,  a re  e s t ab l i sh ing  the d e g r e e  of va r i ab i l i t y  in specif ic  b iochemica l ,  
eco log ica l  and  phys io log ica l  responses  of key  or ind ica tor  o rgan isms  in severa l  habi ta t s  
which  are  c o n t a m i n a t e d  to var ious  degrees .  

The  a r eas  of r e sea rch  d e s i g n a t e d  as  moni to r ing  mus t  be  done  concurrent ly  wi th  
l abora to ry  re sea rch  d e s i g n e d  to de t e rmine  the sub le tha l  effects of var ious  con taminants  
on key  or ind ica tor  species .  The  recent  summary  by  S i n d e r m a n n  (1979, p. 448) on this 
ma t t e r  shou ld  be  h e e d e d :  "Phys io log ica l  s tudies  of po l lu tan ts  in the  coas ta l / es tuar ine  
env i ronmen t  - h e a v y  meta ls ,  pe t ro l eum components ,  and  h a l o g e n a t e d  hydrocarbons  - 
have  p r o v i d e d  much  informat ion  about  effects on the  biota.  Data  from labora tory  
exper iments ,  c o m b i n e d  wi th  f ie ld observa t ions  and  resul ts  of f ie ld exper iments ,  reduce  
in tu i t ive  conclus ions  a n d  e x p a n d  a reas  of g e n u i n e  unde r s t and ing .  There  is still, how- 
ever,  a l a rge  a rea  of unce r t a in ty  abou t  mu l t i p l e  po l lu tan t  effects on mar ine  organisms,  
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a n d  the  cr i t ica l  p r o b l e m  of r e s i s t a n c e  to c o n t a m i n a n t  tox ic i ty  is o n l y  n o w  b e g i n n i n g  to be  

e l u c i d a t e d .  A sa t i s fy ing  shi f t  of e m p h a s i s  t o w a r d  u n d e r s t a n d i n g  s u b l e t h a l  e f fec t s  of 

l o n g - t e r m  e x p o s u r e  to c o n t a m i n a n t s  a n d  a w a y  f rom ar t i f ic ia l  s h o r t - t e r m  a c u t e  e x p o s u r e s  

h a s  t a k e n  p l ace .  A d d i t i o n a l l y ,  g r e a t e r  a t t e n t i o n  h a s  b e e n  f o c u s e d  on  m e t a b o l i c  p a t h -  

ways ,  i n d u c t i o n  of r e s i s t a n c e  m e c h a n i s m s ,  a n d  p o s s i b i l i t i e s  for m o n i t o r i n g  u s i n g  p h y s i o -  

l o g i c a l / b i o c h e m i c a l  c r i t e r i a . "  
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