
AN EXAMINATION OF NUTRIEXTS 

ON AND OFF GEORGES B A N K  IN 1979 

A.  F. J. Draxler, A .  Matte and R. Waldhauer 

U. S. Departmnt o f  Commerce 
National Oceanic and Atmospheric Administration 

National Marine Fisheries Service 
Northeast Fisheries Center 

Sandy Hook Laboratory 
High1 an&, N e w  Jersey 07732 

Report No. SHL 82-1 2 (May 1982) 
NEMP-11-82-A-0007 
MARMAP Contr ibut ion No. 82-43 



Phytoplankton primary p r o d u c t i v i t y  i n  the  cen t ra l  reg ion o f  Georges Bank 
i s  the h ighest  on the con t inen ta l  she l f  between Cape Hatteras and Nova 
Scot ia  ( O ' R e i l l y  and Busch, 1982). The leve l  o f  t h i s  product ion i s ,  
i n  par t ,  dependent on the  a v a i l a b i l i t y  o f  n u t r i e n t s  (n i t rogen,  phosphorus, 
s i l i c o n ) .  The regime o f  inorganic  n u t r i e n t s  i n  t h i s  region has been 
found t o  be d i s t i n c t  f rom others on the  she l f  (Drax ler  and Waldhauer, 
1982). 

2. METHODS 

2.1 Data Set on which Study i s  Based 

Inorganic  n u t r i e n t  concentrat ions ( n i t r i t e ,  n i t r a t e ,  ammoni um, 
orthophosphorus, d isso lved  s i  1  i con)  were determined on f i l t e r e d  
seawater samples on 11 cru ises between May 1979 and March 1980, 
which covered the  area between Cape Hatteras and Nova Scotia. 

2.2 B r i e f  Descr ip t ion  o f  Methodology o f  Data Analysis 

Regions o f  the  con t i nen ta l  s h e l f  used by the  Environmental Chemistry 
I n v e s t i g a t i o n  (F igure  1 )  were determined on the  basis o f  recur ren t  
pa t te rns  o f  phytoplankton biomass d i s t r i b u t i o n ,  hydrography and 
bathymetry. The f r a c t i o n  o f  t he  inorganic  n i t rogen pool cont r ibuted 
by ammonium was ca l cu la ted  and p l o t t e d  f o r  the  surface and bottom 
layers  by reg ion over  a  syn the t i c  year  (F igure  2).  Region 682 
(ou te r  Georges Bank) was d i v i ded  i n t o  subareas represent ing t he  
nor thern f l a n k  and southern f lank .  Data f o r  a l l  f i v e  n u t r i e n t s  
f r o m  these two areas p lus  GB1 ( c e n t r a l  Georges Bank) were p l o t -  
t e d  over a  year  f o r  t he  surface and bottom layers  (F igure 3). 
N i t r a t e  concentrat ions along three t ransec ts  which cross the Gulf 
o f  Maine, Georges Bank and extend i n t o  the  s lope water south of 
Georges Bank (F igure 4)  were contoured as v e r t i c a l  sect ions f o r  
f i v e  c ru ises  which represent March, May, August, October and 
December (November on Transect 7 )  condi t ions.  

3. . RESULTS 

The f r a c t i o n  o f  t he  i no rgan i c  n i t r ogen  pool con t r i bu ted  by ammonium (from 
i n  s i t u  regenerat ion) i n  reg ion  GB1 has a d i f f e r e n t  seasonal pa t te rn  than -- 
other  regions; most no tab le  i s  the near congruence o f  the  surface and 
bottom layers  (Drax le r  and Waldhauer, 1982). I n  Figure 3 (cen te r ) ,  i t  
can be seen t h a t  t h i s  s t r u c t u r e  r e s u l t s  f r o m  r e l a t i v e l y  constant amnonium 
CNHJ) concentrat ions throughout the year  associated w i t h  h igh n i t r a t e  
concentrat ions i n  w i n t e r  fo l lowed low n i t r a t e  concentrat ions i n  sumer .  
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Figure 4 shows the  p o s i t i o n s  o f  t ransects  which cross three d i s t i n c t  
geographic regions; the  G u l f  o f  Maine, Georges Bank and the  deeper 
oceanicwaters south o f  Georges Bank. I n  winter ,  n i t r a t e  concentrat ions 
i n  a l l  three areas are h igh  (5-10 11M) and v e r t i c a l l y  un i form (F igure 5 )  



except for  concentrations greater  than 15  LM in the Northeast Channel 
bottom water rwhich i s  a major nutr ient  source for  the system via the 
Gulf of Maine bottom water (Hopkins and Garfield, 1979). Thermal 
s t r a t i f i c a t i on  in spring in the Gulf of Maine and the slope waters 
south of Georges Bank retards vert ical  mixing of the water which 
resul ts  in depletion of n i t ra te  from the surface layer by phyto- 
plankton assimilation (Figure 6 ) .  This process appears t o  be most 
intense above the deeper areas (e.g. Transect 5 ,  Figure 6 ) .  The 
depleted layer deepens and becomes further reduced in n i t ra te  in the 
summer (Figure 7 ) .  A t  the same time, a reservoir of high n i t ra te  
water i s  present in deep areas of the Gulf of Maine. Cooling of the 
water column in ' the  f a l l  and early winter allows reestablishment of 
s ignif icant  vert ical  mixing which replenishes n i t r a t e  in the surface 
layer (Figures 8 and 9 ) .  The nutr ient  regime over Georges Bank can 
be seen in these f igures (5-9) t o  be d i s t i nc t  from the Gulf of Maine 
and the slope .waters. In winter, re la t ively  low and ver t ica l ly  uniform 
n i t r a t e  values are  found over the western and central sections of Georges 
Bank (Transects 5 and 6, Figure 5 )  compared t o  areas to the nor th  and 
south. In spring, vert ical  mixing i s  maintained over the Bank. In 
the shallower areas (Transect 6 ,  Figure 6 ) ,  th i s  promotes depletion 
of n i t r a t e  by phytoplankton ac t i v i t y ,  while in the deeper water of 
Transect7,surface concentrations are  higher than in the Gulf of 
Maine or the slope waters. 

The nitrate-depleted conditions continue over central Georges Bank into 
1 a te  October, while areas on a1 1 s ides experience some repleni shment. 
The resupply appears t o  be most e f f i c i en t  from the intermediate water 
of the Gulf of Maine onto the western portion of the Bank, while over 
the eastern end, slope water may play a more important role.  This 
n i t r a t e  i s  mixed ver t i ca l ly  and resu l t s  in generally higher concentra- 
tions over the en t i re  Bank a t  t h i s  time of year than in surface waters 
north and south of i t .  

While the dominant observed inorganic nitrogen species on Georges Bank 
in June through September i s  ammonium produced by water column regeneration, 
based on the distr ibution of phytoplankton biomass (Evans-Zetlin e t  a l . ,  
1982), dissipation of t ida l  energy along the northern flank of Georges 
Bank may be introducing s ignif icant  quanti t ies  of n i t r a t e  from the Gulf 
of Maine intermediate water o n t o  the Bank where i t  i s  rapidly assimilated. 

4. SUMMARY 

A seasonal cycle of inorganic nutr ient  avai labi l i ty  i s  observed on Georges 
Bank which i s  d i s t i nc t  from areas t o  the north (Gulf of haine) and south 
(slope water). Following ver t i ca l ly  uniform and Pigh winter n i t ra te  levels ,  
intense depletion of n i t r a t e  produces low concentbations t h r o u g h o u t  the 
water column over the shallow areas of the Bank. - 



Vgon d e s t r a t i f i c a t i o n ,  the cont inued v e r t i c a l  mixing over the Bank appears 
to  ?remote the i n t roduc t i on  o f  n i t r a t e  from the Gu l f  o f  Maine intermediate 
water,  making the  Sank r e l a t i v e l y  h igh  i n  n i t r a t e .  This su.ccession of 
events i s  a t t r i b u t a b l e  t o  the  unique bathymetry and c i r c u l a t i o n  o f  Georges 
Sank and has d i r e c t  imp l i ca t i ons  f o r  the p r o d u c t i v i t y  and d i s t r i b u t i o n  
of phytoplankton i n  the reg ion ( c . f .  O ' R e i l l y  and Evans, 1982). 
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FIGURE 2 .  FRACTION AMMONIUM NITROGEN ( N H ~ / N O ~  + No? + NH;) 

IN THE SURFACE LAYER (SOLID LINE) AND BOTTOM 

(DASHED LINE) BY REGION FOR 1979 AND ONE C R U I S E  
(AL 80-02) I N  1980. 
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During the period January 1 - May 15, 1982 MURT personnel f inished 

the  analysis  of over 10,000 ocean f loo r  photographs from the  Georges Bank 

and submarine canyon monitoring s t a t i ons .  Species dens i t i es  were com- 

puted by habi ta t  type f o r  each monitoring s i t e .  Body burdens of t r ace  

metals and petrogenic hydrocarbons were determined f o r  the  "key indicator" 

species ( lobsters ,  Jonah c rabs ,  sea scallops,  and t i l e f i s h )  a s  well a s  

for  s u r f i c i a l  sediment samples. The annual report  (FY1982) was prepared, 

summarizing two years of monitoring data.  

Several technical  conferences were attended and t a l k s  given on 

various aspects of t he  Georges Bank and submarine canyon monitoring program. 

Considerable exchange of information occurred with representatives from 

(1) o i l  companies, (2) Canadian oil-impact research groups, (3)  research 

personnel from the North Sea o i l  f i e l d s ,  and (4) academia (U.S and 

Canadian). 

The f i r s t  d r a f t  of "Pre-dr i l l ing Baselines of Megabenthic Fauna, 

Habitats and Contaminants a t  S i t e  Specif ic  Monitoring Stat ions  on Georges 

Bank and Submarine Canyons" is  nearly finished and scheduled t o  be 

published as  a NOAA Technical Memorandum. An addit ional manuscript en- 

t i t l e d  "Oceanographer Canyon--Submarine Topography, Su r f i c i a l  Geology, 

and Fauna of the  Northern Part" has been completed and i s  scheduled for  

publication as  a U.S.G.S. Open F i l e  Report. A t h i r d  manuscript en t i t l ed  

"Biology and Geology of Veatch Submarine Canyon" i s  nearly completed; 

upon completion i t  w i l l  be submitted t o  the journal, Marine Geology. Two 

pos i t ion  papers (Submarine Canyons and Deep Water Lobsters; Herring 

Spawning i n  the Northwest Atlantic) were prepared f o r  the  Center Director- 

a t e ,  per ta ining t o  t h e  U.S.A. posi t ion paper being prepared for  t he  World 

Court on the U.S.A.-Canadian boundary dispute. 



The FYI983 Georges Bank-Canyon/Submersible proposal was submitt'ed, 

reviewed, and accepted by NOAA's Undersea Research Program Office f o r  

funding support. A c ru i se  plan was subsequently prepared and submitted. 

The Johnson-Sea-Link submersible and mother vessel R. V. Johnson a re  

scheduled t o  a r r ive  Woods Hole Ju ly  10 f o r  a 12-day cruise .  A c ru i se  plan 

was a l so  submitted f o r  t h e  Alvin-Lulu submersible c ru ise  t o  Oceanographer -- 

Canyon, scheduled f o r  August 25 through September 3; diver  s c i e n t i s t s  from 

the University of Connecticut and the Massachusetts Division of Marine 

Fisheries w i l l  be pa r t i c ipa t ing  i n  t h i s  program. 


