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I n  t he  temperate con t i nen ta l  s h e l f  water  of t he  Midd le  A t l a n t i c  B igh t ,  

two extremes occur i n  t h e  phys ica l  and b i o l o g i c a l  regimes. Dur ing  w i n t e r  

months, when s t rong  winds and t i d e s  f r e q u e n t l y  mix t h e  water column, biomass 

( ch lo rophy l l  - a mg/m3) and n u t r i e n t s  are gene ra l l y  d i s t r i b u t e d  u n i f o r m l y  

throughout t h e  water column ( t o  approx imate ly  100 m). Dur ing  t h e  l e s s  windy 

summer months over t h e  s h e l f ,  t he  water  becomes t h e r m a l l y  s t r a t i f i e d ;  t h e r e  i s  

a  r e l a t i o n s h i p  between t h e  thermal s t r u c t u r e  and v e r t i c a l  d i s t r i b u t i o n  o f  

ch lo rophy l l  - a and n u t r i e n t s  i n  t he  water column. I n  nearshore waters, t h e r e  

i s  an a d d i t i o n a l  re1 a t i o n s h i p  between n u t r i e n t - r i  ch f reshwater  i n p u t  f rom l a n d  

runo f f  ( f r e s h e t t e s )  and increases i n  c h l o r o p h y l l  - a concent ra t ion .  Based on 

extensive 5-year study o f  t h e  she l f ,  f rom Cape Ha t te ras  t o  Nova Scot ia ,  t h e  

h ighest  concent ra t ions  o f  c h l o r o p h y l l  - a are found i n  shal low, inshore  waters, 

where hypoxia i s  experienced du r i ng  summer m n t h s  (Evans-Zet l in  and O ' R e i l l y ,  

1983; O 'Re i l l y ,  e t  al., i n  press; Drax le r ,  t h i s  r e p o r t ) .  Over t h e  5-year 

study per iod,  r e l a t i v e l y  few s t a t i o n s  were sampled inshore.  To b e t t e r  

understand the  r e l a t i o n s h i p  o f  phytoplankton t o  t h e  dynamics o f  oxygen 

dep le t i on  i n  an inshore  coas ta l  area, a  s e r i e s  o f  weekly c ru i ses  t o  examine 

b i o l o g i c a l ,  chemical, and phys ica l  p r o p e r t i e s  o f  t h e  water  column was 

i n i t i a t e d  i n  May 1983 d u r i n g  t h e  onset of s t r a t i f i c a t i o n  a long a  t ransec t  o f f  

Long Branch, New Jersey. Data c o l l e c t e d  between May and September 1983 w i l l  

be discussed. Sampling l o c a t i o n s  are presented i n  F i g u r e  1. The f o l l o w i n g  

d iscussion descr ibes data found i n  F i g u r e  2. 

Phytoplankton Biomass D i s t r i b u t i o n  

Dur ing  t h e  p e r i o d  o f  water  column s t r a t i f i c a t i o n  i n  r e l a t i v e l y  s t a b l e  

o f fshore  areas, t h e  v e r t i c a l  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 w i t h i n  t he  water 

column i s  determined by t h e  p o s i t i o n  o f  t he  the rmoc l i ne  w i t h  l i g h t  and/or 



n u t r i e n t s  l i m i t i n g .  General ly  i n  sur face waters above the  thermocl ine,  l i g h t  

i s  s u f f i c i e n t  f o r  p r o d u c t i v i t y  but  n u t r i e n t s  are l i m i t i n g  and a v a i l a b l e  most ly  

through -- i n  s i t u  recyc l i ng .  I n  waters below t h e  thermocl ine,  n u t r i e n t s  are 

genera l l y  abundant bu t  l i g h t  i s  l i m i t i n g .  I n  bo th  of t h e  above areas o f  t h e  

water column, c h l o r o p h y l l  - a concentrat ions are  r e l a t i v e l y  low. The h ighes t  

ch lo rophy l l  - a concent ra t ions  are genera l l y  found i n  t h e  thermoc l ine /  

pycnocl ine, where l i g h t  from above and n u t r i e n t s  d i f f u s i n g  i n t o  t h e  

thermocl ine/pycnocl ine f rom below, are s u f f i c e n t  f o r  s i g n i f i c a n t  growth t o  

occur. This l a y e r  o f  h igh  ch lo rophy l l  - a concent ra t ion ,  a t  t imes, can be 

re la ted  t o  oxygen dep le t ion .  I f  t h e  compensation depth f a l l s  above t h e  

ch lo rophy l l  mximum, the  phytoplankton community w i l l  be i n  a  r e s p i r i n g  mode, 

take up oxygen, and c o n t r i b u t e  t o  t h e  decrease o f  oxygen content  i n  t h e  

water. The p o s i t i o n  of t h e  thermocl ine and subsurface ch lo rophy l l  - a -maximum 

deepens as the  season progresses. The concen t ra t i on  of c h l o r o p h y l l  - a found 

i n  the  subsurface maximum can be 7-10 t imes t h a t  found i n  waters above and 

below (O 'Re i l l y ,  e t .  a l .  i n  press) .  This genera l i zed p a t t e r n  o f  r e l a t i v e l y  

low ch lo rophy l l  - a concent ra t ions  above and below t h e  thermocl ine, w i t h  

ch lo rophy l l  - a concent ra t ions  s i g n i f i c a n t l y  h igher  i n  t h e  thermocl ine, p e r s i s t s  

throughout the  s t r a t i f i e d  season u n t i l  f a l l  ove r tu rn  when t h e  system again 

becomes m i  xed. 

The above d i s t r i b u t i o n a l  p a t t e r n  was observed i n  t h e  r e l a t i v e l y  shal low 

waters over t h e  Long Branch t ransect ,  but not c o n s i s t e n t l y  throughout t h e  warm 

season. However, when compared w i t h  deeper, of fshore water, t h e  water over 

the t ransec t  was r e l a t i v e l y  unstable w i t h  regard t o  t h e  physical ,  b i o l o g i c a l ,  

and chemical s t ruc tu res .  At any one time, es tuar ine  and coas ta l  runo f f ,  wind- 

mixing, n u t r i e n t  regenera t ion  i n  bottom waters, upwe l l i ng  or  downwell ing might 

act  upon the  system causing it t o  vary from t h e  genera l i zed v e r t i c a l  p a t t e r n  



described above. Because o f  t h e  shal low nature and p r o x i m i t y  t o  l a n d  and t h e  

Hudson-Raritan estuary,  t h e  water over t h e  t r a n s e c t  f requen t l y  was a f f e c t e d  by 

events t h a t  in t roduced f reshwater  and made n u t r i e n t s  mare a v a i l a b l e  t o  t h e  

system. N u t r i e n t  " inputs" ,  such as those found i n  f r e s h e t t e s  i n  May and June 

(Draxler  e t  a1 .. t h i s  r e p o r t ) ,  can increase p r o d u c t i v i t y  and change t h e  

pa t te rns  o f  c h l o r o p h y l l  - a d i s t r i b u t i o n .  

Waters o f  reduced s a l i n i t y ,  w i t h  accompanying e levated n u t r i e n t  

concentrat ions, were seen inshore as a  wedge (May 18) and as a  reduced 

s a l i n i t y  l a y e r  over p a r t  o f  o r  the  e n t i r e  t r a n s e c t  (June and August 8). When 

t h i s  occurred, h ighes t  ch lo rophy l l  - a concent ra t ions  were genera l l y  assoc ia ted  

w i t h  reduced s a l i n i t i e s ,  and decreased w i t h  depth as s a l i n i t i e s  increased t o  

reach a  minimum i n  bottom waters. 

When n u t r i e n t  concentrat ions were e levated i n  bottom water and l i g h t  was 

s u f f i c i e n t ,  the  h ighes t  ch lo rophy l l  - a concent ra t ions  were found i n  bottom 

waters, and c h l o r o p h y l l  - a concentrat ions genera l l y  increased w i t h  depth, t h e  

lowest concentrat ions found a t  the sur face (Ju ly  11 and 18, mid- t ransect) .  I f  

the  compensation depth was s i g n i f i c a n t l y  above bottom, the  phytoplankton i n  

the ch lo rophy l l  a  maximum cou ld  c o n t r i b u t e  t o  oxygen dep le t ion .  R e l a t i v e l y  

high concentrat ions o f  ch lo rophy l l  - a were found i n  bottom waters j u s t  below 

the 1% l i g h t  depth a t  s t a t i o n  3 on J u l y  5 and s t a t i o n s  4 and 5 on J u l y  11. 

These h igh concent ra t ions  coinc ided w i t h  decreasing oxygen concentrat ions and 

could have c o n t r i b u t e d  t o  the  oxygen dep le t ion .  

I n  both o f  t h e  above cases, c h l o r o p h y l l  - a concent ra t ions  around t h e  

thermocl ine were i n te rmed ia te  i n  the  range o f  concent ra t ions  observed. When 

nu t r i en ts  were abundant i n  both sur face and bot tom waters, ch lo rophy l l  - a 

concentrat ions were genera l l y  h ighest  i n  sur face water,  in te rmed ia te  i n  bottom 

waters, and lowest i n  t h e  mid-water column (June 1 and 13, mid- t ransect) .  



I n  a l l  o f  t h e  above cases, c h l o r o p h y l l  - a concen t ra t i ons  around t h e  

thermocl ine/pycnocl ine~,  which under s t a t i c  cond i t i ons ,  would c o n s t i t u t e  a  peak 

i n  c h l o r o p h y l l  - a f o r  t h e  water column, are found t o  be low o r  i n te rmed ia te  i n  

the range o f  values observed. 

Pycnocl i ne 

The pycnoc l ine  was w e l l  es tab l i shed  i n  June and gene ra l l y  found between 

5-10 m, a l though i t  was sometimes deeper a t  seaward s ta t i ons .  I t  remained i n  

the same r e l a t i v e  p o s i t i o n  u n t i l  August when t h e  system was thorough ly  mixed 

f o l l o w i n g  a  major downwel l ing event. When i t  was rees tab l i shed,  i t  was lower  

i n  t he  water column (between 10-20 m) and remained a t  t h i s  depth u n t i l  

September when t h e  pycnoc l ine  began t o  break down. 

I n  t h e  beginning o f  t h e  s t r a t i f i e d  season, s a l i n i t y  p layed a  major r o l e  

i n  determin ing t h e  pycnoc l ine  s t r u c t u r e  and steepness, w h i l e  temperature 

played a  minor ro le .  As t h e  season progressed, t h e  e f f e c t  o f  s a l i n i t y  

decreased and t h a t  o f  temperature increased, u n t i l  a t  t h e  end o f  t h e  season, 

temperature p layed t h e  major r o l e  i n  de termin ing  pycnoc l ine  s t r u c t u r e  and 

loca t ion ;  When t h e  m ix ing  event between August 8 and 15 passed, t h e  e f f e c t  o f  

s a l i n i t y  was n e g l i g i b l e .  

S a l i n i t y  

The lowest  s a l i n i t i e s  were observed i n  spr ing .  I n  May and June t h e r e  

was a  d e f i n i t e  f reshwater  i n f l u e n c e  on t h e  t ransec t ,  probably  from t h e  

HudsonIRaritan es tuary  ou t f low.  Reduced s a l i n i t y  waters were observed: 

1) inshore  w i t h  s a l i n i t i e s  i nc reas ing  seaward (May), and 2) as a  l a y e r  o f  low 

s a l i n i t y  water  over e i t h e r  p a r t  o f  o r  t he  e n t i r e  t r a n s e c t  w i t h  s a l i n i t y  

inc reas ing  w i t h  depth (June and August). 



I n  June t h e  f reshwater  l a y e r  was most no t i ceab le  i n  the  upper 5 m o f  t h e  

water column and t h e  t i a loc l i ne  was genera l l y  found between 5-10 m. As t h e  

months progressed and t h e  l a y e r  became more s a l i n e ,  the  range of s a l i n i t i e s  

observed i n  t h e  water  column was reduced and t h e  h a l o c l i n e  weakened. 

The ha loc l  i n e  was broken up du r ing  t h e  downwell i ng event between 

August 8-15, and, when reestabl ished,  was much weaker; by September it was 

nonexistent.  

P e r i o d i c a l l y  throughout t h e  season, f reshwater  i npu ts  were observed w i t h  

t h e i r  accompanying increases i n  n u t r i e n t  and c h l o r o p h y l l  - a concentrat ions.  

Highest c h l o r o p h y l l  - a concentrat ions were associated w i t h  these i n p u t s  and 

were genera l l y  found i n  the  upper 5 m o f  t h e  water  column. 

w 
I n  May, s t r a t i f i c a t i o n  was seen i n  c h l o r o p h y l l  - a, n u t r i e n t ,  and s a l i n i t y  

concentrat ions seaward o f  t h e  23 m isobath.  A weak pycnocl ine was present  

w i t h  a  ch lo rophy l l  - a maximum d i r e c t l y  above it. Shoreward o f  t h e  23 m i sobath  

the v e r t i c a l  s t r a t i f i c a t i o n  was absent, a1 though grad ien ts  i n  n u t r i e n t s ,  

ch lo rophy l l  - a, and s a l i n i t y  were present  extending from shore seaward t o  t h e  

23 m isobath. 

Inshore o f  t h e  23 m isobath, c h l o r o p h y l l  - a and n u t r i e n t  concent ra t ions  

p a r a l l e l e d  f reshwater  input .  They decreased seaward as s a l i n i t i e s  increased. 

June - 
I n  June, lower s a l i n i t y  water was not i s o l a t e d  inshore  as i n  May but  was 

found over t h e  e n t i r e  t ransec t  i n  t h e  upper 10 m o f  t h e  water column. I n  

t h i s  low s a l i n i t y  l a y e r  i n  ea r l y  June, n u t r i e n t  and c h l o r o p h y l l  - a 

concentrat ions decreased w i t h  depth w h i l e  s a l i n i t i e s  increased. S a l i n i t i e s  



ranged from -22-27 ppt ,  n i t r a t e  (NO3) from -1-10 uM, ammonium (NH4) 

from -2-5 pM, and ch ld rophy l l  - a from -8-15 mg/m3. The n i t r o c l i n e ,  h a l o c l i n e  

and pycnoc l ine  occurred around 10 m. The c h l o r o c l i n e  var ied  around 10 m and 

was present a t  t h e  bottom o f  and j u s t  below t h e  pycnocl ine. Below 10 m 

s a l i n i t i e s  were r e l a t i v e l y  uni form; c h l o r o p h y l l  - a and n u t r i e n t  concent ra t ions  

were r e l a t i v e l y  low except along t h e  bottom where patches o f  e leva ted 

concentrat ions were found. Ch lorophy l l  - a and n u t r i e n t  concent ra t ions  i n  these 

patches never reached concentrat ions found i n  t h e  f reshwater  layer .  

The f reshwater  l a y e r  became more s a l i n e  as June progressed; by the  end o f  

the  month i t  became less  pronounced cover ing  on l y  p a r t  ra the r  than t h e  e n t i r e  

t ransec t  as it had du r ing  the  beginning and middle o f  t h e  month. By t h e  end 

o f  t h e  month s a l i n i t i e s  i n  t h e  l aye rs  ranged f rom -28-30 ppt .  Al though 

changes i n  t h e  range o f  s a l i n i t i e s  ( p p t )  occurred d u r i n g  June, t h e  o v e r a l l  

d i s t r i b u t i o n a l  p a t t e r n  remained constant  throughout  the  month. The range o f  

ch lo rophy l l  - a and n i t r a t e  concent ra t ions  decreased from t h e  beginning t o  t h e  

middle o f  t h e  month, then remained the  same t o  the  end o f  the  month. The 

range o f  NH4 remained the  same throughout June. 

The d i s t r i b u t i o n a l  p a t t e r n  o f  n i t r a t e  i n  mid-June was s i m i l a r  t o  the  

pa t te rn  observed i n  e a r l y  June; but  t h e  range o f  observed values was narrower 

and decreased from -1.0 pM a t  sur face t o  -0.1 uM i n  t h e  middle o f  t h e  water 

column. Again, e leva ted patches o f  NO3 were found a long t h e  bottom; lowest  - 
values were found i n  t h e  mid-water column. By t h e  end o f  June, t h e  

d i s t r i b u t i o n a l  t rend  reversed and n i t r a t e  concent ra t ions  increased w i t h  depth, 

the  lowest NO3 concent ra t ions  loca ted i n  t h e  upper waters and t h e  h ighes t  i n  

bottom waters. 

The range o f  amnonium concentrat ions found du r ing  a l l  sampling i n  June 

was between 1-5 uM bu t  the  d i s t r i b u t i o n a l  p a t t e r n  varied. I n  e a r l y  June t h e  



d i s t r i b u t i o n a l  p a t t e r n  was s i m i l a r  t o  t h a t  of NO3 and ch lo rophy l l  - r e l a t i v e l y  

h igh values i n  sur face and bottom waters, lowest  i n  t h e  midwater column. By 

mid-June t h e  p a t t e r n  had changed; NH4 concent ra t ions  genera l l y  increased w i t h  

depth except mid- t ransect  where t h e  p a t t e r n  s i m i l a r  t o  t h a t  observed i n  e a r l y  

June pers is ted .  By t h e  end o f  June ammonium concent ra t ions  increased w i t h  

depth over t h e  e n t i r e  t ransec t .  This  genera l i zed d i s t r i b u t i o n a l  p a t t e r n  was 

observed through t h e  beginning o f  August. 

The d i s t r i b u t i o n  o f  ch lo rophy l l  - a i n  mid-June va r ied  over t h e  t ransec t .  

Inshore o f  t h e  17 m isobath,  ch lo rophy l l  - a concent ra t ions  peaked d i r e c t l y  

above t h e  1% l i g h t  l e v e l  i n  t h e  middle of t h e  pycnocl ine.  I n  t h e  middle o f  

the  t ransec t ,  c h l o r o p h y l l  - a concentrat ions were low i n  mid-water and s l i g h t l y  

h igher  i n  sur face and bottom waters. Ch lo rophy l l  - a concentrat ions a l t e r n a t e d  

between h igh  and low values i n  waters on t h e  seaward s ide o f  t h e  t ransec t .  

Low concentrat ions i n  t h e  mid-water column i n  t h e  middle o f  t h e  t r a n s e c t  were 

i n  t h e  same range as t h e  beginning of t h e  m n t h .  By the  end o f  June 

ch lo rophy l l  - a d i s t r i b u t i o n  was the  reverse of n u t r i e n t s .  Concentrat ions 

decreased w i t h  i nc reas ing  depth; e leva ted  c h l o r o p h y l l  - a concent ra t ions  on t h e  

surface, and low concentrat ions i n  bottom waters except inshore  where h ighes t  

concentrat ions were found along t h e  bottom. 

Jul  y-September 

From July  t o  t h e  beginning of August, t h e  pycnoc l ine  was s t i l l  w e l l  

es tab l ished and was genera l l y  steepe,st between 5-10 m, and def ined by 

temperature r a t h e r  than s a l i n i t y .  The water  o v e r l y i n g  t h e  t ransec t  became 

more s a l i n e  as t ime progressed. S t r a t i f i c a t i o n  was present but  no steep 

h a l o c l i n e  was observed. Both NO3 and NH4 concent ra t ions  were lowest  i n  

surface waters and increased w i t h  depth, reaching t h e  h ighest  concent ra t ions  



on the  bottom. The range of values observed i n  NO3 was s i m i l a r  t o  t h a t  i n  

June but  h igher  concentrat ions o f  NH4 (-10 pM/1) were observed i n  bot tom 

waters where concentrat ions averaging -5 uM/1 were seen i n  June. 

Concentrat ions greater  than -10 uM/T were genera l l y  below t h e  1% l i g h t  l e v e l .  

Chlorophyl!  - a concentrat ions were genera l l y  h ighes t  i n  t h e  mid-water 

column and lower i n  sur face and bot tom waters. The h ighes t  concen t ra t i ons  

were u s u a l l y  above t h e  1% l i g h t  depth and between e i t h e r  t h e  midd le  and bottom 

or  j u s t  below the  bottom o f  t h e  pycnocl ine.  

Except ions t o  t h i s  p a t t e r n  occurred when h igh c h l o r o p h y l l  - a 

concentrat ions were found a t  the  bottom o f  t h e  water  column. When t h i s  

occurred, ch lo rophy l l  - a concentrat ions genera l l y  increased w i t h  depth. 

A s t rong  pycnocl ine p e r s i s t e d  through August 8. Between August 8 and 15 

t h e  system was mixed by a  downwell ing event;  t h e  s t rong  thermoc l ine  and 

h a l o c l i  ne broke up. A weak ha loc l  i n e  was rees tab l i shed  and p e r s i s t e d  through 

September 5, a f t e r  which s a l i n i t i e s  i n  t h e  water column genera l l y  ranged 

between -30.5 and -31.5 ppt  and were f a i r l y  un i fo rm over t h e  t ransec t .  A f t e r  

t h e  mixing, the  pycnocl ine was rees tab l i shed  but  lower  i n  the  water  column, 

genera l l y  between 10-20 m. It was w e l l  de f ined from August 22 through 

September 13 when it began t o  breakdown inshore. 

From August 8 through September 19, c h l o r o p h y l l  - a concent ra t ions  were 

genera l l y  s t r a t i f i e d  i n  t h e  inner  one- o r  two - th i rds  o f  t h e  t ransec t ,  w i t h  t h e  

except ion o f  August 22 when t h e  e n t i r e  t r a n s e c t  was s t r a t i f i e d .  The 

d i s t r i b u t i o n a l  p a t t e r n  var ied  over t h e  t ransec t  and among sampling t imes. As 

i n  May and June, ch lo rophy l l  - a concent ra t ions  were e levated when r e l a t i v e l y  

low s a l i n i t y  water  was in t roduced t o  t h e  system (August 8, 22, and 29) e i t h e r  

forming a  grad ien t  from land  seaward as i n  May or  decreasing w i t h  depth as i n  

June. Cor re la t i ons  between low s a l i n i t y  water and increased c h l o r o p h y l l  - a 



concent ra t ions  were i s o l a t e d  t o  nearshore waters. E lzva ted patches o f  

ch lo rophy l l  - a were seen i n  bottom waters on August 22 and 29 and 

September 13. I n  general, ch lo rophy l l  - a.concent ra t ions  on t h e  seaward s ide  

o f  t h e  t ransec t  were r e l a t i v e l y  low and somewhat homogeneously d i s t r i b u t e d  

w i t h i n  t h e  water column. By September 19 c h l o r o p h y l l  - a concent ra t ions  were 

low over t h e  e n t i r e  t ransec t  except i n  bottom and mid- t ransec t  water  where 

they were s l i g h t l y  elevated. 

Sumnary 

The d i s t r i b u t i o n a l  p a t t e r n  o f  ch lo rophy l l  - a i s  v a r i a b l e  i n  shallow, unstable 

inshore waters. As bottom depth and d is tance from shore increase, the  water  

column becomes more s t a b l e  and t h e  d i s t r i b u t i o n  p a t t e r n  o f  c h l o r o p h y l l  - a i s  

more cons is ten t  over t i n e .  General ly,  t h e  h ighes t  concent ra t ions  o f  

c h l o r o p h y l l  - a are found where l i g h t  and n u t r i e n t s  a re  s u f f i c i e n t  f o r  growth. 

The h ighest  concentrat ions can be found a t  t h e  surface, o r  bottom o f  t h e  water  

column genera l l y  i n  or around the  bottom o f  t h e  thermocl ine/pycnocl ine.  The 

compensation depth, a t  t imes, i s  above t h e  thermoc l ine /pycnoc l i  ne. Dur ing  

these times, the  phytoplankton community i s  r e s p i r i n g ,  d e p l e t i n g  oxygen from 

the  water column, thus can c o n t r i b u t e  t o  hypoxic cond i t ions .  
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FIGURE 2 

CROSS SECTION OF LONG BRANCH TRANSECT 

sigma T, salinity, nitrate, 
ammonium and total chlorophyll a 
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