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ABSTRACT 

Smxth,  G, J ,  D,, C. L, J o v e l l a n o s ,  and D.  E, Gask in .  1994.  Nea r - su r f ace  b io -oceanograph ic  
phenomena r n  t h e  Quoddy r e g i o n ,  Bay o f  Fundy,  Can, Teck,  Rep. F i s h ,  Aquat ,  S c i ,  1280: 
i v  + 124  p .  

Tne Quoddy r e g l o n  1s a n  e c o l o g i c a l l y  unrque  a r e a  n o t e d  f o r  l ts complex o c e a n o g r a p h l e  
and b i o l o g ~ c a l  e v e n t s .  The l n t e r a c t r o n  o f  l a r g e  a m p l r t u d e ,  s e rn r -d iu rna l  t i d e s  and t h e  
complex p h y s r o g r a p h y  o f  t h e  r e q l o n  c a u s e s  a n o m a l r e s  I n  t h e  t l d a l  c u r r e n t  r eg ime  t h a t  a f f e c t  
l o c a l  concentration and d ~ s t r r b u t r o n  o f  zoop lank to r l a  These  l o c a l  c o n c e n t r a t i o n s  a r e  
xmpor t an t  f e e d r ~ g  s i t e s  f o r  f r s h ,  s e a b r r d s  and marxne a a n m a l s ,  This r e p o r t  p r o v i d e s  
sumrnarres o f  d a t a  c o n e e r n l n g  c u r r e n r s ,  w a t e r  t e m p e r a t u r e s ,  z o o p l a n k t o n  and schooling 
p e l a q l c  f r s h  w l t h  a f x n e r  s p a t i o - t e m p o r a l  r e s o l u t r o n  t h a n  any  p r e v l o u s  r e c o r d s  f o r  t h e  
Ouoddy r e g l o n ,  The d a t a  were  c o l l e c t e d  d u r l n g  a n  ex t ended  s t u d y  o f  uppe r  t r o p h i e  l e v e l  
s p e c l e s  t h a t  a r e  F r e s e n t  r o  l a r g e  numbers d u r r n g  t h e  s l m n e r  months ,  I n  a n  e f f o r t  t o  
u n d e r s t a n d  t h e  f e e d  i n g  and d r s t r l b u t i o n a l  e c o l o g y  o f  s u c h  s p e c l e s .  

S m i t h ,  6.  J ,  D., C. t, J o v e l l a n o s ,  and D, E, G a s k i n ,  1984.  Nea r - su r f ace  b io -oceanograph ic  
phenomena r n  t h e  Quoddy r e g i o n ,  Bay of Fundy. Can, Tech,  Rep, F i s h ,  Aquat ,  S c i ,  1280: 
i v  + 124 p .  

Ecologrquernent ,  l a  r P g r o n  d e  Quoddy e s t  un rqae  e t  e s t  renommee p o u r  l e s  ph&nomPnes 
ocEaoographrques  e t  b i o i o g l q u e s  complexes  q u r  s" p r o d u r s e n t ,  L s m t e r a c t i o n  e n t r e  l e s  
rnarees  s e n l - d i u r n e s  d e  f o r t e  amplitude e t  l a  p b y s r o g r a p h r e  eornpllquee d e  l a  r g g r o n  c a u s e  
d e s  anomalies d a n s  i e  rPglme d e s  c o u r a n c s  d e  maree  q u l ,  a l e u r  t o u r ,  r n f l u e n t  s u r  les 
c o n c e n t r a t r o n s  l o c a l e s  e t  l a  d i s t r r b u t l o n  du z o o p l a n e t o n .  Ces c o n c e n t r a t i o n s  l o c a l e s  s o n t  
d  Q m p o r t a n t ~ . ;  a l r e s  d ' a l r m e n t a t r o n  pour  les p o l s s o n s ,  i e s  o i s e a u x  d e  m e r  e t  les  mammlf8res 
m a r i n s .  i e  p r e s e n t  r a p p o r t  c o n t i e n t  un rEsumE d e s  donnees  s u r  l e s  c o u r a n t s ,  l e s  
t e m p e r a t u r e s  d e  l%aau, l e  z o o p l a n c t o n  e t  les  p o r s s o n s  p e l a g l q u e s  f o r m a n t  d e s  b a n e s  avec  uric 

r P s o l * ~ t r o n  s p a t r o - t e m p o r e l l e  p l u s  f r n e  que  t o u t  c e  q u i  a v a l t  PtP f a l t  3 ce l o u r  d a n s  l a  
r e g r o n  d e  Quoddy. k s  d o n l e e s  o n t  P t e  r e c u e r l l r e s  a u  c o u r s  d%ne  E tude  l n t e n s l v e  d e s  
e s p e c e s  d e  n r v e a u  t r o p h l q u e  s u p e r l e u r  p r e s e n t e s  e n  g r a n d  nomhre d o r a n t  l es  n o l s  d '  €?tea Le 
b u t  d e  l 8 @ t u d e  e t a l t  d e  mreux comprendre  I V c o l o g ~ e  d e  l ' a a l l m e n t a t r o n  e t  d e  l a  d i s t r r b u t l o n  
d e  c e s  e s p P c e s .  



INTRODUCTION 

C o n s i d e r a b l e  a t t e n t i o n  h a s  b e e n  f o c u s e d  
i n  r e c e n c  y e a r s  o n  t n e  i n t e r r e l a t i o n s h i p s  
o f  p h y s i c a l  a n d  b i o l o g i c a l  f a c t o r s  I n  
m a r i n e  e c o s y s t e m s .  Tie r m p o r t a n c e  of  l s r g e  
u p w e l l i n g s  w i t h  t h e r r  a s s o c i a t e d  b l o l o g r c a l  
a c t l v r t y  i n  t h e  o p e n  o c e a n  r s  now w r d e l y  
a s p r z c i a t e d  ( L a e v a s t u  a n d  B e l a  1970;  B o j e  
a n d  T o n c z a k  1 9 7 8 ) .  A t  t h e  l o c a l  l e v e l  
( o v e r  d i s t a n c e s  o f  t e n s  o f  m e t e r s  t o  a  few 
k r l o m e t e r s )  , much e m p h a s i s  h a s  b e e n  f o c u s e d  
o n  t h e  phenomenon o f  p a t c h i n e s s  o f  p l a n k t o n  
a n d  i t s  e f f e c t s  o n  p r o d u c t i o n  c y c l e s  ( s e e  
Fasham ( 1 9 7 8 )  f o r  a  reliew o f  h y p o t h e s e s  
a n d  a  d e t a i l e d  s u r v e y  o f  e a r l l e r  s t u d l e s ) .  

The  Quoddy r e g i o n  o f f  t h e  s o u t h w e s t e r n  
c o a s t  o f  N e w  B r u n s w l c k  p r o v l d e s  a  s u l t a b l e  
e n v r r o n m e n t  f o r  s t u d i e s  o f  l o c a l i z e d  
b i o - o c e a n o q r a p h i c a l  e v e n t s ,  The d o i n i n a n t  
f e a t u r e  r s  t h e  l a r g e  s e m i - d i u r n a l  t i d e s  
( r a n g e :  5 . 6 - 8 , 3  m; F o r g e r o r  1 9 5 9 )  t h a t  
g e n e r a t e  s t r o n g  c d r r e l t s  ( l . 5 - 2 - 5  m/sec ;  
F o r r e s t e r  1 9 5 9  3 a Topographic r e s i s t a n c e  t o  
t h e s e  t i d a l  f l o w s  r e s d l t s  r n  s m a l l - s c a l e  
l o c a l  u p w e l l  l n g s  , v i g o s o u s  ~ e r t ~ c a l  m i x i n g  , 
a n d  h o r i z o n t a l  c o n v e r g e n c e s  ( G a s k l n  and  
Smith 1 9 7 9 )  w h r c h  s e r v e  a s  l o c i  f o r  I n t e n s e  - 
b i o l o g r c a l  a c t r v l t y .  Hamner and  B a u r ~  
( 1 9 7 7 )  d e m o n s t r a t e d  how s i r p l e  t e c b n r q u e s  
e m p l o y e d  i n t e n s i v e l y  i n  a  s m a l l  a r e a  c a n  
r e v e a l  s u r f a c e  and  s u b s u r f a c e  s t r u c t u r e  i n  
l o c a l  w a t e r  m a s s e s  w h i c h  o t h e r w r s e  m r g h t  b e  
a s s u m e d  t o  b e  wel l -mixed  and  r e l a t i i e l y  
h o v o g e n e o u s ,  D u r i n g  a n  e x t e n d e d  s t u d y  o f  
s e a b i r d s  a n d  m a r i n e  mal rna i s  I n  t h e  Ray o f  
F u n d y ,  w e  h a v e  u s e d  a n a l o g o u s  techniques r n  
a n  e f f o r t  t o  u n d e r s t a n d  t h e  f r e q u e n t  
o c c u r r e n c e  o f  s h a r p l y  d e l  r n e a t e d ,  m o b i l e  
a n d  transitory f n c d i n g  a g g r e 3 a t i a n s  i? t h e  
a p p r o a c n e s  t o  Passamaquoddy  Bay. 

The s t u d y  a r e a ,  d e m a r c a t e d  by l a t l t a d e s  
44°54"5"-45004255"N a n d  i o n g l t u d e s  
66"50'40"-60°00Z220"Wr e n c o m p a s s e s  t h e  W e s t  
I s les  d r s t r r c t  o f  s o u t h v ~ e s t e r n  New 
B r u n s w i c k  ( F i g .  l j ,  Deer  I s l a n d ,  a n d  more 
t h a n  4 0  s m a l l e r  l s l a n d s  and  numerous 
l e d g e s ,  s t r a d d l e  t h e  mouth o f  Passamaquoddy  
B a y ,  f u n n e l l i n g  t h e  t r d a l l y  d r i v e n  w a t e r s  
t h r o u g h  two m a i n  p a s s a g e s ,  L e t l t e  P a s s a g e  
a n d  W e s t e r n  P a s s a g e ,  C a m p o b ~ i  lo T s l  and 
a c t s  a s  a  b a r r i e r  t o  t h e  o u t f l o w  f r o n  
W e s t e r n  P a s s a g e ,  d e f l e c t i n g  t r d a l  w a t e r s  
a r o u n d  b o t h  i t s  e x t r e m i t i e s  t h r o u g h  Bead 
H a r b o u r  P a s s a g e  ~ o  t h e  n o r t h ~ e s t  and  Lubec 
N a r r o w s  t o  t h e  w e s t .  

T k r s  r e g l o n  h a s  b e e n  s t u d r e d  f o r  n e a r l y  
8 6  y e a r s ,  s l n c e  Moore ( 1 8 9 8 )  f r r s t  
p a b l l s h e d  h r s  r e p o r t  o n   he h e r r l n g  f i s h e r y  
o f  t h e  r e g  i o n .  Some o f  t h e  most intensive 
work  was  undertaken r n  i 9 5 7 - 5 8  to  
i n v e s t i g a t e  t h e  i m p a c t  o f  a  p r o p o s e d  t i d a l  
h y d r o e l e c t r i c  power d e \ r e l o p e n t  o n  t h e  
Quoddy r e g r o n .  l b e s e  s t u d l e s  r e s u l t e d  i n  
r e p o r t s  o n  t e m p e r a t u r e  and  s a l r n i t y  
( F o r g e r o i l  19591 a +  c u r r e n t s  ( C h e v r r e r  
1 9 5 9 ;  F o r r e s t e r  1 9 5 9 )  -. More r e c e n t w o r k  

f o c u s e d  o n  t h e  l n p a c t  o f  a  p r o p o s e d  oil 
r e f i n e r y  a t  E a s t p o r t ,  Maine ( E n v  i ronrnen t  
Canada  1 9 7 4 ;  S c a r r a t t  19791 .  None o f  t h e s e  
~ n v e s r i g a t i o n s ,  h o w e v e r ,  h a s  p r o v i d e d  
o c e a n o g r a p h i c a l  and b i o l o g i c a l  d a t a  on  a  
s p a t i o - t e m p o r a l  s c a l e  ( A a u r y  e t  a i .  1 9 7 8 )  
f r n e  e n o u g h  t o  b e  u s e f u l  i n  i n t e r p r e t i n g  
t e e d i n g  a c t i v i t y  by u p p e r  t r o p h i c  l e v e l  
s p e c i e s  w h i c h  is i n t e n s i v e  and  p a t c h y  
( G a s k i n  e t  a l ,  1 9 7 9 ;  B r a u n e  and  G a s k i n  
( 1 9 8 2 ) .  

I n  t h l s  r e p o r t  we p r o v i d e  summaries o f  
d a t a  c o n c e r n i n g  c u r r e n t s ,  t e m p e r a t u r e s ,  
z o o p l a n k t o n ,  and s c h o o l  l n g  p e l a g  lc  f  z s h  , 
i n  a l l  c a s e s ,  t h e  r e c o r d s  w e r e  c o l l e c t e d  I n  
b o t h  t r m e  and s p a c e  o n  a  much f i n e r  s c a l e  
t h a n  p r e v r o u s i y  a t t e m p t e d  l n  t h e  Ouoddy 
r e g r o n .  Sample s l tes  w e r e  o f t e n  less t h a n  
l Km a p a r t  and  were v l s l t e d  s e v e r a l  t i m e s  
p e r  month .  The d a t a  a r e  r e s t r i c t e d ,  
h o d e v e r ,  t o  t h e  6-mo p e r i o d ,  J u n e  to 
November, w l t h  t h e  m o s t  i n t e n s i v e  s a m p l i n g  
d o 7 e  d u r l n g  J u l y ,  A u g u s t ,  a n d  S e p t e m b e r ,  
T h i s  s a m p l r n g  p e r i o d  c o r r e s p o n d s  t o  t h e  
t i m e  o f  p e a k  a b u n d a n c e  o f  p o r p o i s e s ,  
w h a l e s ,  and  s e a b i r d s  r n  t h e  a r e a .  D a t a  
c o l l e c t i o n  was a l s o  restricted t o  t h e  u p p e r  
p o r t l o p  o f  t h e  w a t e r  c o l u m n ,  s i n c e  we were 
i n t e r e s t e d  i~ t h e  f e e d i n g  e c o l o g y  o f  t h e s e  
u p e r  t r o p h r c  l e v e l  s p e c i e s .  W e  p r e s e n t  
t h e  d a t a  h e r e  b e c a u s e  t h e y  h a v e  a  h i g h  
s p a t i o -  t e m p o r a l  r e s o l u t i o n  and t h e y  p r o v  i d e  
a  much n e e d e d  b a s e l i n e  f o r  f u r t h e r  s t u d r e s  
r n  a  c o a s t a l  r e g i o n  o f  g r e a t  oceanographic 
c o n p l e x l t y  and b l o l o g  r c a l  d r v e r s i t y .  

MATERIALS AND METHODS 

TEl4PERATURE PROFILES 

T e m p e r a t u r e s  w e r e  m o n i t o r e d  a t  6 5  
s t a t i o n s  i n  t h e  Quoddy r e g i o n  f r o m  J u n e  to 
O c t o b e r  1 9 7 7  ( F i g .  2 ) .  The s t a t i o n s  w e r e  
d i s t r i b u t e d  a s  e v e n l y  a s  p o s s i b l e  
t h r o u g h o u t  t h e  a r e a  a t  i n t e r v a l s  o f  a b o u t  
0 . 8  kin. Each s t a t i o n  was m o n i t o r e d  from 
o n e  to s i x  t i m e s  p e r  month o n  b o t h  t h e  
f l o o d  and e b b  p h a s e s  o f  t h e  t i d e ,  A t o t a l  
o f  9 1 1  p r o f i l e s  were  o b t a i n e d  i n  1977 .  
T e m p e r a t u r e s  were  m e a s u r e d  a t  0 ,  1 - 5 ,  3 . 0 ,  
6 . 0 ,  9 . 0 ,  a n d  12-43 m, u s i n g  t h e  t h e r m i s t o r  
c i r c u i t r y  o f  a  Beckman RS-5 s a l  i n o m e t e r  
t h a t  had b e e n  c a l i b r a t e d  w i t h  a h i g h  
p r e c i s i o n  m e r c u r y  t h e r m o m e t e r .  I n  1 9 7 8 ,  
t h e  number o f  s t a t i o n s  was i n c r e a s e d  to 7 9  
(Fig. 3 ) ;  t h e  s t a t i o n s  w e r e  m o n i t o r e d  f r o m  
J u n e  t o  S e p t e m b e r  and i n  November, A t o t a l  
o f  1 2 8 9  p r o f i l e s  w e r e  o b t a i n e d ,  I n  1 9 7 9 ,  
t h e  same 7 9  s t a t i o n s  w e r e  m a i n t a i n e d  b u t  
w e r e  v i s i t e d  on  a  more r e s t r i c t e d  b a s i s  
f r o m  J u l y  t o  S e p t e m b e r  t o  y i e l d  324  
p r o f i l e s .  

By m o n t h ,  t h e  mean t e m p e r a t u r e  f o r  e a c h  
d e p t h  a t  e a c h  s t a t i o n  was c a l c u l a t e d  f o r  
b o t h  f l o o d  and e b b ,  Mean s u r f a c e  



temperatures were plotted on maps of the 
area and isotherms drawn for three major 
temperature intervals, In addition, the 
readings from all depths were averaged to 
yield a mean value which we considered 
representative of the upper 12 m of the 
water column, The means were then 
clustered, asing the Clustan package 
(Wishart 1975). Hierarchic, optimizat~on, 
and density techniques were used, and only 
clusters detected by at least two of the 
three methods were accepted (Everitt 1974; 
Wishart 1975). 

One Tidal Cycle 

Thirteen stations were selected within 
the central part of the study area from the 
79 stations monitored in 1979 (Fig. 32). 
3ach of these stations was visited 
consecutively on 16 August 1959 from 
0727-2008 h in order to monitor water 
temperatures throughout one complete tidal 
cycle. Each station was visited at 
approximately 90-min intervals and the 
temperature read at 0, 1-5, 3.0, 6.0, 9.0, 
and 12.0 m, dsing the thermistor circuitry 
of a deckman RS-5 salinometer . 

Current Meter 

Current speeds and directions were 
obtained for each of the eight stations 
shown in Fig, 46. An Ekman current meter 
feahlsico Corp, Ca.) was repeatedly lowered 
from an anchored vessel to zn average depth 
of 10 m {relative to the surface) and 
individual readings recorded at 
approximately 15-min intervals. Each 
station was monitored for one full tidal 
cycle (flood plus ebb) and complete time 
series profiles were obtained except at 
stations CJl and C32, At station CJl, the 
lack of slack high warer readings was 
filled by assuming that velocities were 
equivalent to those at slack low. At 
station CJ2, the lack of data for the late 
flood was compensated for by assuming that 
both speed and direction values during the 
peak of the flood tide graded linearly into 
rhe slack high water values. 

The current speed and direction readings 
reflect only average tidal conditions. Time 
and manpower constrainrs precluded the 
recording of separate velocity profiles for 
the spring and neap tides. 

Current meters utilizing recording 
propellers often measure velocity 
components not associated with current 
flows per se, Tne divergence between 
actual and recorded values is a function of 
propeller design, the angle of attack of 
the propeller (as a result of instrument 
and wire drag) and the extent of mooring 
mocion [Weller and Davis 1980)- To 
tetermine tae extent of this 
non-cosinusoidal behavior, tne Ekman 

current neter *,as subjected, In a swim mill 
(Flyght Corp,, Sweden), co the current 
speeds (0-150 cm/s), angle of attack (1531, 
and rhykhxcal vert~cal motron (0.5 m/ 
10 S) observed In the field, Plgure 47, 
showing the actual speeds generated by the 
swin mill versus the values recorded by the 
current meter, ~ndicates divergence only at 
speeds in excess of 110 cm/s (2.2 knors) . 
Since speeds within the sites monitored did 
not exceed this value (except at station 
CJ3), the data obtained for stations C J 1  to 
CJBI using the Ekman current meter, were 
considered reasonably accurate. 

For each of the time series profiles, 
current speed and direction readings were 
recorded relacive to a standardized 12-50 h 
tidal cycle, Velocities corresponding to 
the reported times of slack low and slack 
high water (Fisheries and Oceans Canada 
1980) were respectively assigned to 3 - 0  h 
and 6.25 h of the standardized tide cycle, 

Surface Drogues- 

The speed ard direction of surface 
currents were obtained by using methods 
derived fruiii Baluner arid Bai l r  i (1957) . 
Drogues were released in sets of 5-10 in 
selected areas and their positions 
monitored from small boats, using hand-held 
compasses to triangulate from visible 
landmarks. The drogdes consisted of two 
paper plates glued together (concave faces 
inward), painted fluorescent orange, and 
numbered accordingly, Drogues were never 
released when wind speeds exceeded 9 km/h, 
Wamner and Bauri (9977) reported that this 
type of drogue tracked water movements 
accurately (cheeked against dye dispersal) 
when the dind speed was <ll km/h. 

ECEO SOUNDINGS 

From 3dne to September 1980, surveys for 
pelagic fish schools were conducted with a 
200 kHz SiTex RE-32 sounder ( S i T e x  Corp., 
Pla,) equipped with a dry paper stylus 
recorder, Soundings were conducted along 
three tracks, each consisting of a fixed 
number of straight-line transects of known 
compass bearing (Fig, 64). Maximum 
deviation from che expected transect path, 
as a result of lateral drifr and 
navigational error, was visually estimated 
co 3e aboxi 150 XI, Letite Passage proper 
Mas not surveyed since previous scans had 
shovn that the intense upwellings produce 
spurious traces which confounded analysis 
of the paper record. 

Echo surveys were performed at sunrise, 
mid-day, and sanset, At an average boat 
speed of 100 cm/s (2 knots), completion 
tine per track was approximately I h ,  
Sinze only a maximum of two tracks could be 
scanned within any one of the three 
samplrng periods, the specific tracks to be 
surveyed in a given session were selected 
at random, Soundings were not conducted if 
sea-state was raced above Beaufort 3 (winds 



g r e a t e r  t h a n  1 0  k n o t s  o r  5 0 0  cm/s) s i n c e  
s u r f a c e  t u r b u l e n c e  would g e n e r a t e  f a l s e  
t r a c e s .  

For  e a c h  t r a n s e c t ,  t h e  p a p e r  r e c o r d  was 
s c a n n e d  f o r  p e l a g i c  t r a c e s ,  The modal  
d e p t h ,  maximum l e n g t h ,  and maximum h e i g h t  
of e a c h  d i s t i n c :  t r a c e  w e r e  m e a s u r e d  and  a  
y u d i i t a t i v e  d e n s i t y  r a n k i n g  (1 = l o w ,  2 = 
h i g h )  a s s i g n e d  t o  t h e  t r a c e ,  A r e l a t i v e  
a b u n d a n c e  i n d e x  f o r  e a c h  t r a n s e c t  was t h e n  
c a l c u l a t e d  a s   he p r o d u c t  o f  t r a c e  l e n g t h ,  
t r a c e  w i d t h ,  and  t r a c e  d e n s i t y  summed o v e r  
a i l  t h e  p e l a g i c  t r a c e s  r e c o r d e d  i n  t h a t  
t r a n s e c t ,  B e c a u s e  q u a l i t a t i v e  o b s e r v a t i o n s  
d u r i n g  t h e  1 9 8 0  f i e l d  s e a s o n  i n d i c a t e d  t h a t  
t h e  t o t a l  summer p e l a g i c  b i o m a s s  was 
d i v i d e d  e q u a l l y  b e  t w e e n  h e r r i n g  and  
l m m a t u r e  p o l l o c k ,  t h e  s t a t i s t i c a l  
p r o b a b i l i t y  t h a t  a n y  g i v e n  t r a c e  r e p r e s e n t s  
h e r r i n g  i s  assumed t o  b e  0 - 5  ( J o v e l l a n o s  
1 9 8 1 ) .  

An a n a l y s i s  o k  v a r l a q c e  Mas p e r f o r m e d  
u s i n g  t h e  S t a t z s t l c a l  A n a i y s l s  S y s t e m  
(S,A,S.) Anova p r o q r a m  ( B a r r  e t  a x ,  19791 
o n  t h e  l o g - t r a n s f o r m e d i  r e l a t i v e  a b u n d a n c e  
v a l u e s ,  b l o c k e d  by month ,  to tes t  f o r  
d r f f e r e n c e s  b e t ~ e e n  t r a n s e c t s  w i t h i n  a  
t r a c k  a n 3  b e t w e e n  t r a n s e c t s  i r r e s p e c t i v e  o f  
t r a c k ,  The r e l a t i v e  a b u n d a n c e  v a l u e s  w e r e  
a l s o  ~ n s p e c t e d  f o r  d i f  f e r e n c e s  w i t h  r e s p e c t  
to s a m p l i n g  p e r i o d .  I n  a d d i t i o n ,  t h e  
s t andard ized%og- t r ans fo rmed  means o f  t h e  
r e l a t r v e  a b u n d a n c e  v a l u e s  p e r  t r a n s e e t  
( r r r e s p e c t l v e  o f  t r a c k )  w e r e  c l u s t e r e d  t o  
d e t e c t  s p a t i a l  p a t t e r n s  i n  t h e  p e l a g i c  
t a r g e t s ,  H i e r a r c h i c ,  o p t i m i z a t i o n ,  and 
d e n s i t y  t e c h n i q u e s  w e r e  i m p l e m e n t e d ,  u s i n g  
t h e  C l u s t a n  p r o g r a m s  ( W i s h a r t  1 9 7 5 )  and  
o n l y  c l u s t e r s  d e t e c t e d  by  a t  l e a s t  t w o  o f  
t h e  t h r e e  m e t h o d s  w e r e  a c c e p t e d  ( E v e r i t t  
1 9 7 4 ;  W i s h a r t  1 9 7 5 ) -  

PLANKTON S.LYPLI>JG 

V e r t i c a l  H a u l s  

V e r t i c a l  h a u l s  w e r e  c o n d u c t e d  
s y s t e m a t i c a l l y  t h r o u g h  a  1 4  s t a t i o n  g r i d  
( F i g ,  6 8 )  w i t h  s a m p l i n g  p e r i o d s  a s s i g n e d  a t  
random,  S a m p l e s  w e r e  c o l l e c t e d  w i t h  a  
0-5-m (mouth diameter) 400-y mesh n e t  
h a u l e d  u p w a r d s  a t  7 5  c m / s .  N e t  d e s i g n  was 
s i m i l a r  t o  t h e  LCES-SGO?. WP-2 n e t  (Anon. 
1 9 6 8 1 ,  

W i t h  t h e  e x c e p t i o n  o f  s t a t i o n s  2 ,  7 ,  and  
8 ,  two d e p t h  s t r a t a  w e r e  s a m p l e d  p e r  
s t a t i o n :  ( i )  20  m t o  0 m ,  and  ( i i )  b o t t o m  
to 0 m ,  Due t o  t h e  s h a l l o w  d e p t h s  a t  

W e  p e r f o r m e d  l o g  t r a n s f o r m a t i o n  o n  t h e s e  
and  o t h e r  d a t a  i n  t h i s  r e p o r t  t o  s a t i s f y  
t h e  a s s u m p t i o n s  f o r  a n  a n a l y s i s  o f  
v a r  i a n e e  , 

s t a t i o n s  2 ,  7 ,  and 8 ,  o n l y  t h e  20-m t o  0-m 
h a u l s  w e r e  c o n d u c t e d  a t  these s i t e s ,  From 
1 6  A u g u s t  1 3 8 0  t o  7  S e p t e m b e r  1 9 8 0 ,  f i v e  
r e p l i c a t e s  w e r e  o b t a i n e d  f o r  e a c h  s t a t i o n  
and  d e p t h  c o m b i n a t i o n .  A l l  s a m p l e s  w e r e  
p r e s e r v e d  i n  4 %  f o r m a l d e h y d e  ( S t e e d m a n  
1 9 7 6 ) .  

S u b s a m p l e s  f o r  i d e n t i f i c a t i o n  a n d  
c o u n t i n g  w e r e  w i t h d r a w n  w i t h  a  l a r g e  b o r e  
( 5  mm) p i p e t t e  a f t e r  b u b b l i n g  a i r  t h r o u g h  
t h e  s a m p l e  to  i n s u r e  u n i f o r m  d i s t r i b a t i o n  
o f  t h e  o r g a n i s m s  (McCallum 1 9 7 9 ) -  The 
s u S s a m p l e s  were  c l a s s i f i e d  a t  m o s t  t o  
g e n u s ,  u s i n g  t h e  t a x o n o m i c  k e y s  o f  G o s n e r  
( 1 9 7 1 ) ,  Murphy and  *:ohen ( 1 9 7 9 )  and  Roff  
( 1 9 7 8 ) .  The i n d i v i d u a l s  i n  e a c h  t a x o n  w e r e  
t h e n  s o r t e d ,  w i t h  t h e  a i d  o f  a n  e y e p i e c e  
m i c r o m e t e r ,  i n t o  f o u r  s i z e  o c t a v e s :  0.5-0.9 
mm;  1 .0-1.9 mm; 2 - 0 - 3 . 9  mm; and  4 . 0  mm a n d  
o v e r .  M e t a s o m a l  l e n g t h s  w e r e  m e a s u r e d  f o r  
c o p e p o d s  a n d  t o t a l  l e n g t h  f o r  a l l  o t h e r  
o r g a n i s m s .  P r e s e r v a t i o n  o f  c r u s t a c e a n  
z o o p l a n k t o n  i n  4 %  f o r m a l d e h y d e  r e s u l t s  o n l y  
i n  m i n i m a l  s h r i n k a g e  (S teedman 1 9 7 6 ) -  

The number o f  i n d i v i d u a l s  i n  e a c h  s i z e  
c l a s s  was e x p r e s s e d  p e r  c u b i c  m e t e r .  I f  
l e s s  t h a n  1 0 0  o f  t h e  m o s t  a b u n d a n t  oopepod  
g e n u s  w e r e  c o u n t e d  i n  a  g i v e n  s u b s a m p l e ,  a n  
a d d i t i o n a l  s u b s a m p l e  was t a k e n  t o  s t a b i l i z e  
t h e  c o e f  f  i c i e n t  o f  v a r i a t i o n  ( W i n s o r  a n d  
W a l f o r d  1 9 3 6 ;  Winsor  a n d  C l a r k e  1 9 4 0 ) .  A l l  
s u b s a m p l i n g  was p e r f o r m e d  w i t h  r e p l a c e m e n t .  
F o r  l a r g e r  o r g a n i s m s  ( s u c h  a s  c h a e t o g n a t h s  
and e u p h a u s i i d s ) ,  a l l  t h e  i n d i v i d u a l s  i n  a  
s a m p l e  w e r e  c o u n t e d .  

An a n a l y s i s  o f  v a r i a n c e  u s i n g  t h e  S , A , S .  
Anova p r o g r a m  [ B a r r  e t  a l ,  1 9 7 9 )  was  
p e r f o r m e d  o v e l  t h e  l o g - t r a n s f o r m e d  c o u n t s  
o f  e a c h  s i z e  c l a s s ,  The Anova was  b a s e d  o n  
a  s p l i t - p l o t  d e s i g n  ( m a i n  p l o t :  s t a t i o n ,  
s u u p l o t :  d e p t h )  a n d  s i g n i f i c a n t  d i f f e r e n c e s  
i n  t h e  c o u n t s  p e r  s i z e  c l a s s ,  b e t w e e n  
s t a t i o n s  a n d  d e p t h s ,  w e r e  t e s t e d .  

To d e t e c t  s p a t i a l  p a t t e r n s  i n  
z o o p l a n k t o n  d e n s i t i e s ,  t h e  s t a n d a r d i z e d  
l o g - t r a n s f o r m e d  mean c o u n t s  p e r  s i z e  c l a s s  
by s t a t i o n  and d e p t h  were  c l u s t e r e d ,  u s i n g  
h i e r a r c h i c ,  o p t i m i z a t i o n ,  a n d  d e n s i t y  
t e c h n i q u e s  a v a i l a b l e  t h r o u g h  t h e  C l u s t a n  
p a c k a g e  ( W i s h a r t  1 9 7 5 ) .  Only  c l u s t e r s  
d e t e c t e d  by a t  l e a s t  two o f  t h e  t h r e e  
m e t h o d s  w e r e  a c c e p t e d  ( E v e r i t t  1 9 7 4 ;  
W i s h a r t  1 9 7 5 ) .  

H o r i z o n t a l  Tows 

H o r i z o n t a l  s u b s u r f a c e  tows w e r e  
c o n d u c t e d  o n  b o t h  t h e  f l o o d  a n d  e b b  a l o n g  
t r a n s e c t s  o f  known b e a r i n g  ( P i g .  6 9 - 7 0 ) .  
The n e t  was h a u l e d  a t  a  d e p t h  o f  
a p p r o x i m a t e l y  1 m. N e t  d e s i g n  a n d  s a m p i e  
p r e s e r v a t i o n  p r o c e d u r e s  w e r e  i d e n t i c a l  t o  
t h o s e  u s e d  i n  t h e  v e r t i c a l  h a u l s .  The t a x a  
however  w e r e  n o t  c l a s s i f i e d  i n t o  s i z e  
g r o u p s .  

D a t a  x e r e  s t a n d a r d i z e d  s o  t h a t  
o b s e r v a t i o n s  o n  e a c h  v a r l a b l e  had  z e r o  
mean and  u n i t  s t a n d a r d  d e v i a t i o n ,  



E U P l i A U S I I D  POPULATION SURVEYS 

The spatial and temporal occurrences (by 
month, time of day, and tide phase) of 
euphausiid suriace swarms were recorded in 
the course of odontocete and avian surveys 
conducted in 1973 and 1976-78, Euphausiid 
samples from surfaee plankton tows taken in 
1977 and 1978 (using a 0.5-rn diameter, 
646-u mesh net) were analyzed to determine 
the length frequency of the eu2hausiid 
populations in the study area. 
Measurements were taken with an eyepiece 
micrometer (precision +0,05 m) mounted on 
a Hild M4A stereomicroscope. Carapace 
length was measured from the posterior edge 
of the midlateral side to the base of the 
eye notch in the carapace, True carapace 
length is not affected by preservation in 
formalin (Steedman 19761, In samples 
containing nose than 250 individuals, only 
a subsample, consisting of approximately 5% 
of the total number of individuals, was 
analyzed, 

RESULTS 

TEMPERATURE PROFILES 

The mean temperature for each depth and 
station by tide phase and month is shown in 
Tables 1-3. Mean surface temperatures, 
grouped into equal intervals, are plotted 
in Fig. 4-29. 

The upper l2 m of the study area were 
generally well-mlxed, Temperatures were at 
a minimum for the months examined in June, 
reached a maximum in late August and early 
September, and by November returned to the 
June values, The mean, maximum, minimum, 
and range by year, month, and tidephase for 
the surface temperatures are given in Table 
4, Sariace temperatures in 1978 were 
between 0,0l and 0 , 6 7 0 ~  colder than in 
1977, Temperatures in 1979 were warmer 
than in the prevlous two years although in 
July and September this observation may 
have neen biased by the limited number of 
stations monitored, There were also soae 
minor fluctuations i f i  mean surface 
temperature between fioo2 and ebb tides, 
The differences ranged from 0-01 to 0.5L°C 
jE=0,21°6), and the ebb values were usually 
Lower than xhe flood (except in August), 
The results of the cluster analysis are 
shown in Fig, 30-31 and the descriptive 
statistics for each cluster are contained 
in Tables 5-5- 

One Tidal Cycl? 

Eight temperature profiles were obtained 
at each station and are presented in Pig, 
33-45, The temperatures varied from 
9,8-lI,C06, At nost stations, the range 
was less than l.Oo~ but, at station 68, the 

range was L.~"C, Stations in high velocity 
areas (42, 43, $4, 45, 54) showed rhe 
greatest range of ternperatdres with cold 
water being brought to the surface on the 
ebb, and warm (>11°~) water flowing inshore 
at the surface on the flood tide, 

CURRENT W Z Q C  IT1 ES 

Current Meter 

The time series records of current speed 
and direction for each of the 8 stations 
are shown in Fig, 48-55 . The curves were 
obtained through linear interpolation of 
the data points, using the AFGEN function 
of the C.S.M,P, package (Anon. 19721, 

Surf ace Drogues 

The data for 28 sets of drogue releases 
(totaling 233 drogues) are presented in 
Fig. 56-63, The speed of movement of the 
drogues, calculated from straight-line 
distances between successive fixes, is 
given in Table 15. In most cases, the 
direction of movement corresponded to that 
expected for a given tidal phase. However, 
runs 8, 9, 16, 21, and 24 displayed 
interesting features, 

Run 8 :  Drogues 1-7 were deflected in a 
eLockwise direction as the tidal 
stream encountered the shallow 
ledges SE ot Bean Is, and St. Helena 
Is. (Pig, 57)- 

Run 9: Many of the drogues started moving 
north bur then swunq around 1 8 0 ~  and 
began to head south (Fig. 58) , This 
suggests that the ebb tide begins to 
ran in Simpsonss Passage before the 
predicted time (see also run 24). 

Ran 16: Drogoes 3-10 moved straight inshore 
rather than SW [Pig, 10) as might 
have been assumed from run 15 [Fig, 
5 9 ) .  However, the drogues in run 15 
were released later in the flood and 
on a tide that was 1-7 rn greater in 
amplitude. Both these factors 
caused the tidal stream to be 
deflected to the ST{ away from Deer 
Is, 

Run 21: Although these drogues were 
released 3 h and 49 min after the 
predicted time of high water, the 
drogues closer to Deer Is, (5-13) 
initially moved S W ,  i.e, as with the 
flood tide, before swinging 
counterclockwise (Pig. 61). 
Concei~aS1.y~ a,gyre is created in 
this area by trda1 streams to the NE 
and SW which flow in opposing 
direc~ions {e,g, runs 22, 27; Pig. 
61, 6 3 )  before moving offshore 
through the island channels, 

Run 24: Although drogue 5 moved SW, drogues 
1-4 circled clockwise before heading 
NE (Pig, 621 ,  This is opposite to 



r u n  9 ( P i g ,  58) which  w a s  d o n e  a t  
t h e  e n d  o f  t h e  f l o o d .  T i d a l  s t r e a m s  
i n  S i m p s o n ' s  P a s s a g e  a p p a r e n t l y  
u n d e r g o  s e v e r a l  r e v e r s a l s  i n  
d i r e c t i o n  n e a r  h i g h  w a t e r ,  

ECHO SOUNDINGS 

The a n a l y s i s  o f  v a r i a n c e  o f  t h e  
l o g - t r a n s f o r m e d  v a l u e s  o f  r e l a  t i v e  
a b u n d a n c e  o f  f i s h  t r a c e s  p e r  t r a n s e c t  
w i t h i n  a  t r a c k  showed n o  s i g n i f i c a n t  
d i f f e r e n c e s  ( T a b l e s  21-23] , However,  when 
t h e  t r a n s e c  t d a t a  w e r e  t e s t e d  i r r e s p e c t i v e  
o f  t r a c k  ( T a b l e  2 4 3 ,  s i g n i f  i c a n t  
d i f f e r e n c e s  e x i s t e d ,  F u r t h e r m o r e ,  r e l a t i v e  
a b a n d a n c e s  a t  e a c h  t r a n s e c t  were a l w a y s  
s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  m o n t h s  
w h e t h e r  t h e  t r a n s e c t  d a t a  w e r e  a n a l y z e d  
w i t h  or w i t h o a t  r e f e r e n c e  t o  t r a c k ,  
I n s p e c t i o n  of t h e  mean m o n t h l y  
l o g - t r a n s f o r m e d  r e l a t i v e  a b u n d a n c e s  p e r  
e r a n s e c t  ( T a b l e s  16-19)  c l e a r l y  showed 
maximum v a l u e s  i n  A u g u s t ,  w i t h  S e p t e m b e r  
v a l u e s  g r e a t e r  t h a n  t h e  J u n e  or J u l y  
v a l u e s ,  Mean r e l a t i v e  a b u n d a n c e s  p e r  
t r a n s e c r ,  i r r e s p e c t i v e  o f  m o n t h ,  a r e  
summar ized  i n  T a b l e  20,  

R e l a t i v e  a b u n d a n c e  v a l u e s ,  t o t a l e d  o v e r  
a l l  t r a n s e c t s ,  i r r e s p e c t i v e  o f  t r a c k ,  w e r e  
e x a m i n e d  i n  r e l a t i o n  to  s a m p l i n g  p e r i o d .  
T o t a l  r e l a t i v e  a b u n d a n c e  v a l u e s  w e r e  lowest 
d u r i n g  s u n r i s e ,  p e a k e d  a t  n o o n ,  and  
d e c r e a s e d  s l i g h t l y  d u r r n g  s u n s e t  ( F i g .  6 5 ) .  
However ,  n o  s i g n i f i c a n t  d i f f e r e n c e s  ( a t  p  < 
0 .05)  b e t w e e n  t h e  r e l a t i v e  a b u n d a n c e  v a l u e s  
d u r i n g  e a c h  s a m p l i n g  p e r i o d  w e r e  f o u n d .  

The a v e r a g e  d e p t h  o f  e c h o  t a r g e t s  
r e c o r d e d  i n  a l l  t r a n s e c t s  ( i r r e s p e c t i v e  o f  
t r a c k )  was SO m (SD +- I 4  m, n = l 3 4 J m  
S e p a r a t e  a n a l y s i s  o f  T r a c k  3 which  l l e s  
o v e r  d e e p e r  w a t e r  showed a n  a v e r a g e  t a r g e t  
d e p t h  o f  4 1  m {SD 2 2 3 ,  n  = 26), F o r  
t r a c k s  l a n d  2 s i t u a t e d  i n  s h a l l o w e r  
w a t e r s ,  a v e r a g e  t a r g e t  d e p t h  w a s  27 m (SD 2 
15 m, n = 1 0 8 ) .  

The a v e r a g e  d i m e n s i o n s  o f  p e l a g i c  
s c h o o l s  r e c o r d e d  were 1 0 2  + 1 2 4  rn ( l e n g t h :  
Z and  SD) and  1 5  2 8 n ( h e i g h t :  x and  SD) . 
The s m a l - l e s t  s c h o o l  e n c o u n t e r e d  was  9 m i n  
l e n g t h  and  3  rn i n  h e i g h t  w h i l e  t h e  l a r g e s t  
was  1 2 1 5  In l u n g  a n d  6 1  n h ~ y h ,  Zxamples  o f  
l a r g e  and  s m a l l  s c h o o l s  a r e  shown i n  F i g ,  
6 6 .  

The c l u s t e r  map o f  mean r e l a t i v e  
a b u n d a n c e  v a l u e s  p e r  t r a n s e c t  ( P i g ,  67 )  
r e v e a l e d  t w o  p a r t i c u l a r  a r e a s  o f  h i g h  
d e n s i t y :  t h e  c h a n n e l  b o r d e r e d  by B a r n e s  
I s l a n d ,  S impson  I s l a n d  a n d  Bean I s l a n d ,  and  
t h e  mouth o f  Head H a r b o u r  P a s s a g e .  

PLANKTON SAMPLING 

V e r t i c a l  H a u l s  

The mean c o u n t s  p e r  s i z e  g r o u p ,  a v e r a g e d  
o v e r  a l l .  s t a t i o n s  and  d e p t h s  ( T a b l e  261, 

show a ~ p r o x i m a t e l y  e q u a l  n u z b e r s  o f  
i n d i v i d u a l s  i n  t h e  1-0-1.9 mrn a n d  2 - 0 - 3 - 9  
m l e n g t h  c l a s s e s ,  T h o s e  t a x a  c o n t r i b u t i n g  
t o  t h e  s m a l l e s t  s i z e  c l a s s  ( 0 . 5 -0 -9  mm9 seem 
t a  b e  p o o r l y  r e p r e s e n t e d  d u e  c o  c o n s i s t e n t  
u n d e r s a m p l i n g  by t h e  408-P mesh n e t  a n d  
were  t h u s  o m i t t e d  f r o m  f u r t h e r  a n a l y s i s .  
Of t h e  t h r e e  l e n g t h  g r o u p s  c o n s i d e r e d  t o  b e  
a d e q u a t e l y  s a n p l e d ,  o r g a n i s m s  b e l o n g i n g  t o  
t h e  l a r g e s t  s i z e  c l a s s  a r e  t h e  l e a s t  
n u a e r o u s ,  

A n a l y s i s  o f  v a r i a n c e  o f  t h e  mean c o u n t s  
p e r  s i z e  c l a s s  by s t a t i o n  a n d  d e p t h  ( T a b l e  
2 5 )  shows  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  
b e t w e e n  s t a t i o n s  e x i s t  o n l y  f o r  t h e  1 - 0 - 1 . 9  
xm l e n g t h  c l a s s  ( T a b l e  2 7 )  w h i l e  
d i f  f e r e n c e s  b e t w e e n  d e p t h s  a r e  s i g n i f i c a n t  
f o r  b o t h  t h e  1.0-1.9 m a n d  2.0-3.9 nun s i z e  
g r o u p s  ( T a b l e  2 8 ) .  F o r  t h e  4 . 0  mm and  o v e r  
L e n g t h  c l a s s ,  n o  s i g n i f  i e a n t  d i f f e r e n c e s  
b e t w e e n  s t a t i o n s  or d e p t h s  w e r e  d e t e c t e d  
( T a b l e  2 9 ) .  

I n  c h e  1-0-1.9 rnm l e n g t h  c l a s s ,  t h e  mean 
c o u n t s  of C e n t r o p a g e s  s p ,  e x c e e d e d  ~ 0 0 / r n 3  
a t  a l l  s t a t i o n s  a n d  d e p t h s  e x c e p t  f o r  t h e  
d e e p  h a u l s  f r o m  s t a t i o n s  5 ,  I l ,  a n d  12. 
A c a r t i a  sp. a l s o  r e c o r d e d  c o u n t s  i n  e x c e s s  
b m m 3  a t  8 o f  t h e  s a m p l i n q  s i tes  w h i l e  
G u r y t e m o r a  s p , ,  P s u e d o c a l a n u s  s p m r  Temora 
sp,, and Evadnae  s a t t a i n e d  mean c o u n t s  
i n  e x c e s s  o f  l o a / n ? ' b u t  o n l y  a t  t w o  s i tes 
a t  m o s t .  F o r  t h e  2.0-3.9 m l e n g t h  c lass ,  
C a l a n u s  s p ,  c o n s i s t e n t l y  o c c u r r e d  i n  
numbers  g r e a t e r  t h a n  100/m3at  a l l  s t a t i o n s  
and  d e p t h s ,  Of t h e  r a x a  c o m p r i s i n g  t h e  
l a r g e s t  s i z e  g r o u p  (4 .0  nun a n d  o v e r ) ,  
S a g i t t a  s p ,  and  T h y s a n o e s s a  s p ,  w e r e  
p r e s e n t  a t  a l l  s t a t i o n s  and  d e p t h s .  I n  
t o t a l ,  25  t a x a  were i d e n t i f i e d  a n d  t h e  mean 
nunber /m3 a t  e a c h  s t a t i o c  a n d  d e p t h  is 
r e p o r t e d  i n  T a b l e  3 0 .  

The c l u s t e r  n a p  d i s p l a y i n g  t h e  s p a t i a l  
p a t t e r n s  o f  h i g h ,  medium, a n d  l o w  d e n s i t i e s  
f o r  t h e  1 - 0 - 1 - 9  mm l e n g t h  c l a s s  ( F i g ,  7 1 )  
r e s e a l s  t h a t  a t  1 2  o f  1 4  s t a t i o n s  t h e  u p p e r  
20 rn o f  e h e  w a t e r  co lumn h a d  t h e  highest 
a v e r a g e  p l a n k t o n  d e n s i t i e s .  I n  'The  R i v e r "  
a r e a  [ s e e  F i g ,  1) ,  h i g h  d e n s i t i e s  w e r e  a l s o  
n o t e d  i n  t h e  d e e p e r  s t r a t a  s a m p l e d ,  The 
c l u s t e r  map f o r  t h e  2 .0 -3 ,9  m s i z e  g r o u p  
( P i g ,  7 2 )  r e v e a l e d  a  more homogenous 
p a t t e r n  w i t h  d e n s i t i e s  l a r g e l y  l o w  t o  
medium i r r e s p e c t i v e  af s t a t i o n  o r  d e p t h ,  
a l t h o u g h  d e n s r  t ies  a r e  a l w a y s  r e l a t i v e l y  
h i g h e r  i n  t h e  u p p e r  s t r a t a ,  F o r  t h e  
l a r g e s t  L e n g t h  c l a s s ,  t h e  c o r r e s p o n d i n g  
c l u s t e r  map ( P i g ,  73) i n d i c a t e s  t h a t  
d e n s i t i e s  t e n d  t o  b e  h i g h e r  i n  d e e p e r  
o f f s h o r e  w a t e r s  { s t a t i o n s  11, 1 2 ,  and  1 3 ) -  
C o n v e r s e l y ,  low t o  medium d e n s i t i e s  a r e  
a s s o c i a t e d  l a r g e l y  w i t h  t h e  s h a l l o w e r  
n e a r s h o r e  a r e a s  ( s t a t i o n s  1, 2 ,  3 ,  4, 5 ,  6 ,  
7 ,  9 ,  a n d  1 0 ) ,  

£%or i z o n t a l  Tows 

N e a r - s u r f a c e  p l a n k t o n  d e n s i t i e s  [ T a b l e  
31)  w e r e  r e l a t i v e l y  l o w e r  t h a n  t h e  
d e n s i t i e s  r e c o r d e d  f r o m  t h e  v e r t i c a l  h a u l s ,  
However ,  t h e  p a t t e r n s  o f  d o m i n a n t  t a x a  w e r e  



similar, Calanus and Centrogages also 
occurred in the highest numbers with 
Acartia, Evadnae and Fsuedocalanus in 
sliqhtlv lower densities, There were no - a 

marked differences in the abundance of the 
dominant tax? on either the flood or ebb, 

EUPBAUSIID POTJLATION SURVEYS 

The ~esulcs of the euphausiid swarming 
surveys are shown in Trg, 74-75. The 
greatest number of swarms Mere sighted ,n 
july and Augbst with the malorlty of these 
swarms occurrrng before 12 noon, The data 
show no clear evidence of swarms occurring 
predominantly either on the flood or ebb, 
The length frequency analysls of euphauslid 
samples (Table 32) indicated that g.  
norvegica year class I and T, inermls year -- 
class 0 were the dominant co~stituen~s of 
the ~up'iiarrsz rci population. 

The under lying factor that aakes che 
Quaddy region ecclogically unique is the 
large amplitude, semi-diurnal tides. The 
maximum tidal streams that we measured for 
example were 239 crn/sec (surface drogues) 
and 154 cm/sec (current meter), both within 
the range of 150-250 cm/sec measured by 
Forgeron jl959), then these strong tidal 
currents encounter topographic resistance 
inshore, plankton is forced to the surface 
and concentrated in localized patches 
through a variety of mechanisms. 

Banner and dauri (1977) demonstrated 
ihai local concentracion and d istr lburion 
of zooplankton can be affected by shear 
zones, upwelllngs, convergences and 
davergenees which in turn are generated by 
anomalies in the current regime. These 
local concentrations, wnen high enough, 
become preferential feedlng srtes for fish 
and seabirds, S ~ c h  patches have been 
reported in the Bay of Fundy near Brier 
Island by Brown et al, (1979) and Srown 
(I9eOj who showed that cool subsurface 
water 1s forced to rhe surface along wrch 
aasocldted copepod5 as the flood t l d e  
encounters a serres of underwater ledges 
off Brrer Island, Eupha~slrd shrrmp also 
swarm at the surface in these areas. These 
zooplankters are concentrated rn upwelllngs 
and converqence streaks and then preyed on 
by mackerel (Scornber scombrus) , herring 
(Clupea nareni;usi, squid ( Illex sp,), 
berrinq qulls anS qreac black-backed gulls 
(~arus-a;.;ent~s an; t. marinus), greater 
and sooty shearwaters (Puffinus gravis and 
I), gr iseus) , rnd phalaropes jEa_laropus - 
fulicarius), and humpback and fin whales 
IMegaptera sae-angiiae and Balaenoptera 
physalus), The birds and whales also feed 
on the Fish and sqaid, A similar food 
chain exists in the present study area off 
Deer Island but the shearwaters are 

re;~laced by comaon and arczlc terns (Sterna 
hirundo and 5, parad i ~ a z )  and 3onaparte -7 
gulls (L, - phzladelphia), and the red 
pnaiaropes by n3r thern phalaropes (Zoblpes 
lobar~?s) , -- 

Sden feedincj a g y  regations are rig"~ 
visl~le and easy to %onitor due to the 
presence oi relairveiy lasge upper trogh~c 
level species, On the other hand, tne 
assocsated oceanography a ~ d  sts rnfluence 
on local food patches ale more diff icult to 
assess. Since these prey patches are the 
result of tidal action, they must be 
establlsbed in six hours or less, but then 
are often dis~ersed on the next hal f  of the 
tidal cycle, Tney can also be hlghly 
mobsle, aoving within the range of the 
crdal excursron, and thuo causrng 
sequentral predator d~splacemeni (Braune 
and Gaskin 19821, Further complexrty 1s 
~mpused by the spring-neap trdal cycle, 
when current velocltres can double auring 
spring tides. Even waLhrn one half of the 
tadal cycle current speeds can fluctuate 
widely, as ae cdrzeni neter station C33 
(Tlg, 50) where we neasdred two maxica 
durlng tae f lood tide. 

Xearly ail the data presented in this 
report (including cluster analyses of water 
temperatures, plankton and pelagic echo 
target densities, and current speeds 
measured by surface drogues and current 
meterj emphasize the spatio-temporal 
variabilit~i fourid witihin the giloddy region, 
This variability is due mainly to the 
intense vertical mixing that takes place, 
using turbulent kinetic energy imparted by 
the tidal streams, Garret; et al, (19781 
showed the entire Quoddy reg ion, and indeed 
most of the Bay of Fundy, to be stratified 
in summer, hut the mesh size of their grid 
(7.047 km)  taken froa the numerical nodel 
of Greenberg (1979) was no? fine enough to 
resolve the area in question, The 
trarsi tion zone f rum stratified to 
well-mixed water masses is marked by 
small-scale frontal diseon;inuities that 
are biologically important, These have been 
qua~tified by Simpson and Hunter jl374), 
Simpson and Pingree (19?8), and Pingree et 
al, (1978) on the European continental 
shelf, Garrett et al, 11978) in the Bay of 
Fundy, and Denman and Herman (l878) in the 
eastern Gulf of Maine, 

A preliminary study by Smith et al, 
(19El) showed that such frontal 
discontinuities separating areas of 
stretified and well-mixed water can exist 
in the central part of the study area 
between Deer Island and the chain of 
smaller islands offshore; associated 
horizontal currents accumulate weak 
swimming planktonic organism in local 
patches. The other major physical 
ghe~omenon that we believe to be 
biologically important in the Qnoddy region 
(Jovellanos and Gaskin, unpubl,) is the 
"island massi effectfirst named by Doty 
and Oguri (1.956), Asymmetric tidal streams 
around islands result in eddies, gyres, 



s e s a r a c l o n  z o n e s ,  d r v e r g e n c e s ,  a n d  
c o n v n r g P n c P s  t h a t  c a u s e  d o w n s t r e a m  
d e p l e  t l o a  o r  e n r i c h m e n t  of z o o p l a n k t o n  and  
consequently t h e r r  p r e d a t o r s  ( H a n n e r  and  
Haurz  1 9 8 1 1 ,  

17 SQe s a n n e r  m o n t b s  t h e  Quoddy r e g r o n  
s u p p o r t s  s e v e r a l  b ~ n d r e d  % a r b o u r  p o r p o r s e s  
( G d s k i ?  19771, a s  many a s  1 0  f i n  w h a l c s  
jarid o c c a s i o n a l l y  o t h e r  c e t a c e a n s )  ( G a s k r n  
a n d  S ~ i t h  1979), a p p r o x l m a t e i y  1 7 , 0 0 0  
r e r n s ,  g u l l s ,  and  o t h e r  s e a b r r d s ,  a n d  
4 0 0 , 0 0 0  $ h a l a r o p e s  { G a s k ~ n ,  B r a u n e ,  and 
M e r c l e r ,  d j i p u b l , ) .  O b v i o i i s l y  s u h s t a n t r a l  
f o o d  r e s o u r c e s  a r e  p r e s e n t  I n  t h e  w a t e r  
o o l u n n ,  T h i s  zn I t s e l f  is zoc e n o u g h  
novlever ,  F o r a g  rng seabirds m u s t  d e p e n d  
e x t e n s i v e l y  oc p r e y  c o n c e n t r a t e d  c l o s e  t o  
t n e  s u r i a c e ,  ~ o e h  f o r  a c c e c s r b i l l t y  and t o  
r e d u c e  t h e  e n e r g e t r c  c o s t s  o f  f o r a g i n g  
[ B r o ~ r ,  l 9 8 0 )  , W h i l e  s u r f a c e  a c c e s s  ~ b r l r t g  
is  ~ o t  a s  crucial t o  f o r a g i n g  c e t a c e a n s ,  
p r e y  c o n c e n c r a t r o n  1s r m p o r t a n t ,  e s 2 e c i a l l y  
I P  :be c a s e  of t h e  L a r g e r  b a l e e n  w h a l e s .  
~ ~ o d ~ e  e t  al, ( 1 9 7 8 )  p r o v r d e d  c a l c u l a t r o n s  
t n n t  ssha~,~cd fin w h a l e s  reqr- re e t i p h a u s r i d s  
to ae . in_concen: razrons  175x t h e  a v e r a g e  
j0,P g/mi) f o u n d  in Nova S c o t l a n  w a t e r s  f o r  
feeding t o  b e  e e o n o r n l c a l ,  W e  w e r e  u n a b l e  
t o  e a l c a l a c e  r e i r a b l e  e u p h a ~ s l z d  d e n s i t r e s  
i n  t b e  sqlsrms n e a r  Deer  I s l a n d  ( F i g .  753 
d u e  La u n d e r s a ~ p l l n g  a s  a  r e s u l t  o f  n e t  
avoidance; however  Brawn e t  a l .  11979)  
e s t ~ m a t e d  e u p l i a u s r l d  swarm densities t o  b e  
2 0 0  g/m30ff D r ~ e r  I s l a n d ,  N,S. 

S z n c e  the da:s in t h i s  r e p o r t  w e r e  
c o l l e c t e d  t o  s e r v e  a s  backc;round t o  t h e  
kind of s t u d i e s  d e s c r i b e d  a b o v e ,  i t  i s  
d i f f  i c u l t t o  e x t r a c t  s p e c i f  i z  c a s e s  o f  
d y n a m i c  b i o - o c e a n o g r a p h i c  e v e n t s  w i t h o u t  
go in?  i n t o  g r e a t  d e t a i l ,  We c a n ,  h o w e v e r ,  
p r s v l d e  a few e x a m p l e s  t o  s u m m a r i z e  
e n v i r o n m e n t a l .  c o n d i t i o n s  and  b i o m a s s  
d i s t r i b u t i o n  n e a r  Deer  I s l a n d .  I n c r e a s e d  
t i d a l  s t r e a m i n g  i n  t h e  o f f s h o r e  i s l a n d  
c h a n n e l s  f o l l o w e d  by r e d u c e d  v e l o c i t y  
i n s h o r e  i s  d e m o n s t r a t e d  by many of t h e  
s u r f a c e  d r o g u e s ,  S i m i l a r l y ,  t h e  maxinun  
s p e e d  m e a s u r e d  a t  c u r r e n t  m e t e r  s t a t i o n  C J 3  
i n  t h e  c h a n n e l  b e t w e e n  Adarns a n d  B a r n e s  
I s l a n d s  was 154 cm/sec ,  i n  c o n t r a s t  t o  a  
rnaxirnum o f  55 cm/sec  m e a s u r e d  i n s h o r e  a t  
C J l 3 ,  I n  a d d i t i o n ,  some d r o g u e s  i n d i c a t e d  
t h e  p r e s e n c e  of v a r i o u s  c u r r e n t  a n o m a l i e s ,  
s u c h  a s  g y r e s  and  a b r u p t  c h a n g e s  i n  
d i r e c t i o n  ( e g ,  r u n s  2 1  and  2 4 ,  P i g .  62 a n d  
621, F r i c t i o n a l  r e s i s t a n c e  by t h e  b o t t o m  
t o  t i d a l  s t r e a m s  and  u p w e l l i n g  i n i t i a t e d  by 
r e l i e f  f e a t u r e s ,  b o t h  r e s u i t i n g  i n  i n t e n s e  
v e r t i c a l  m i x i n g  ( P i g ,  3 1 - 4 3 j ,  a r e  most 
p r o n o u n c e d  i n  t h e  v i c i n i t y  o f  t h e  h i g h  
v e ; o c i t y  c h a n n e l s ,  The r e s u l t s  a r e  
m a n i f e s t e d  a t  t h e  s u r f a c e  a s  r e g i o n s  o f  
c o l d e r  w a t e r ,  o f  t e n  w i t h  s t e e p  h o r i z o n t a l  
g r a d i e n t s  ( T a b l e s  1-31,  S u c h  a r e a s  a r e  
e s p e c i a l l y  n o t k - e a b l e  i n  J u l y  and  Augus t  i n  
L e t i t e  P a s s a g e ,  i n  t h e  l e e  ofi t h e  o f f s h o r e  
i s l a n d s ,  and i n  Head Harbour  P a s s a g e ;  i n  
a l l  t h r e e  p l a c e s  t h e  c o l d  w a t e r  i s  
s u r r o u n d e d  by  w a t e r  0,5O& to 3 .0% w a r a e r  
( F i g .  4-29] . 

The d i s t r i b u t i o n a l  r e l a t i o n s h i p  o f  
z o o p l a n k t o n  and p e l a g i c  f i s h  is somewhat  
more  a m b i g u o u s .  F o r  e x a m p l e ,  p l a n k t o n  i n  
t h e  s i z e  c l a s s  1 . 0 - 1 - 9  mm m a i n l y  
C e n t r o p a g e s  s p .  1 was f o u n d  i n  h i g h  
c o n c e n t r a t i o n s  a t  1 2  o f  t h e  1 4  s t a t i o n s  i n  
t h e  u p p e r  2 0  m o f  t h e  w a t e r  c o l u m n ,  
S p e c i e s  i n  t h e  2.0-3.9 mrn s i z e  c l a s s  
( m o s t l y  C a l a n u s  s p . )  h o ~ e ~ e r  w e r e  f o u n d  i n  
h i g h  c o n c e n t r a t i o n  i n  t h e  d e e p e r  s t r a t a  
o f f s h o r e  b u t  i n  h i g h  c o n c e n t r a t i o n  i n s h o r e  
n e a r  t h e  s u r f a c e  o n l y  i n  t h e  v i c i n i t y  o f  
Nubble ,  W h i t e ,  and  H o s p i t a l  I s l a n d s  and 
a l s o  n e a r  Deer  i s l a n d  s o u t h  o f  Bar  I s l a n d ,  
D i s t r i b u t i o n  o f  t h e  l a r g e s t  z o o p l a n k t o n  
( S a g i t t a  s p ,  and  T h y s a n o e s s a  s p , )  was 
s i m i l a r  e x c e p t  f o r  i n c r e a s e d  d e n s i t y  i n  t h e  
a p p r o a c h e s  t o  Head H a r b o u r  P a s s a g e .  
i n t e r e s t i n g l y ,  a r e a s  w i t h  t h e  h i g h e s t  
c o n c e n t r a t i o n  o f  p e l a g i c  f i s h  s c h o o l s  w e r e  
a l s o  a r e a s  w i t h  r e l a t i v e l y  h i g h  p l a n k t o n  
d e n s i t i e s :  i n  t h e  v i c i n i t y  o f  B a r n e s ,  
S i n p s o n ,  a n d  Bean I s l a n d s ,  a n d  t h e  e n t r a n c e  
t o  Head Harbour  P a s s a g e  ( J o v e l l a n o s  and  
G a s k i n  1 9 8 3 ) .  The t u r b u l e n t  w a t e r  i n  t h e  
e n t r a n c e  t o  Head H a r b o u r  P a s s a g e  i s  a n  
i r n i j o r t a n t  f e e d i n g  a r e a  f o r  b o t h  h a r b o u r  
p o r p o i s e s  a n d  f i n  w h a l e s  ( G a s k i n  a n d  S m i t h  
1 9 7 9 ) ,  w h i l e  S i m p s o n i s  P a s s a g e  h a s  
s i g n i f i c a n t  numbers  o f  f e n a l e  p o r p o i s e s  
w i t h  c a l v e s  ( S m i t h  and  G a s k i n  1 9 8 3 ) .  T h e s e  
few e x a m p l e s  s u g g e s t  a c l o s e  r e l a t i o n s h i 2  
b e t w e e n  t i d a l  c u r r e n t s ,  t o p o g r a p h i c a l  
f e a t u r e s ,  and  t h e  a t t e n d a n t  b i o l o g i c a l  
r e g i m e  o f  t h e  Quoddy r e g i o n .  
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T a b l e  4. D e s c r i p t i v e  s t a t i s t i c s  f o r  s u r f a c e  t e m p e r a t u r e s  
b l a c k e d  by y e a r ,  month, and t i d e  phase ,  

June 77 f lood:  nax - 9-5 J u n e  77 ebb: max - 8-4 
min - 5-6 min - 6.0 
r ange  - 3.9 r a n g e  - 2.4 - 
x,SD - 7.57 + 0.80 ~ , S D  - 7.07 _?: 0.48 
n  - 57 n  - 61 

July 77 f l o o d :  nax - 11.4 ju1y 77 ebb: max - 11.4 
min - 8-2 n i n  - 8.0 
r a n g e  - 3-2 f ange  - 3.4 
E,SD - 9.26 2 0.68 X ,  sd  - 8.93 + 0.79 
n - 50 n  - 60 

~ u g  77 f l o o d :  nax - 12-8 Aug 77 ebb :  max - 12.7 
min - 10.1 iain - 9.5 
r a n g e  - 2 -7 r a n g e  - 3.2 
2,SD - 10.86 2 0.51 E,SD - 10.88 0-56 
n  - 59 n  - SE 

S e p t  77 f l o o d :  max - 12.1 S e p t  77 ebb:  max - 1 2 . 8  
n i n  - 10.2 n i n  - 10-6 
r a n g e  - 1.9 ~ a n q e  - 2.2 
% , S D  - 11-24 + 0-44 X , S D  - 11-23 2 0-50 
n  - 36 n - 43 

Oct  7 7  f l o o d :  max - 11.4 3ct 77 ebb:  max - 11 .0  
min - 10-1 n i n  - 10, 1 
r a n g e  - 1.3 r a n g e  - 0.9 
%,SD - 10.64 2 0-32 Z,SD - 10.48 2 0,22 
n  - 39 n - 38 

J u n e  78 f1ood: max - 9.3 
min - 5-8 
rancie - 3.5 

J u n e  78 ebb: =ax - 11.2 
n i n  - 6.1 
rancje - 5.1 



T a b l e  4 ( c o n t i n u e d )  . 

J u l y  78 f l o o d :  max - 1 0 . 7  
mfn - 8 - 1  
r a n g e  - 2 - 6  - 
x,SD - 8 .98  2 0-56 
n - 79 

Aug 7 8  f l o o d :  nax - 1 2 - 4  
inin - 9.8 
r a n g e  - 2 * 6  
Z,SD - 10.62 0 .50  
n - 7 3  

S e p t  78  flood: nax - 11.1 
rnin - 9 , s  
rancie - 1 . 6  

Nov 78 f l o o d :  max - 7.9 
min  - 6 . 5  
Kanije - 1 . 4  
X,SD - 7 . 3 8  2 0 - 3 5  
n - 39 

J u l y  79  f l o o d :  max - 1 2 . 0  
rnin - 1 0 . 1  
ranqe - 1 . 9  

Aug 73  f l o o d :  max - 1 2 . 8  
rnin - 1 0 . 5  
r_ange - 2 - 3  
x,SD - 1 1 , I O  5 0.42 
n - 5 5  

Sept 79 f l o o d :  nax - 1 2 - 0  
min - 10.8 
r a n g e  - 1 . 2  
2,SD - 1 1 , 4 3  2 0-24 
n - 1 9  

July 78 ebb: n a x  - 1 0 - 5  
xin - 8 - 0  
r a n g e  - 2 - 5  
Z,SD - 8 .92  2 0 - 5 9  
n - 79  

Aug 7 8  ebb: max - 1 3 - 4  
rnin - 9 , 7  
range - 3 - 7  
~ , S D  - 1 0 - 7 5  4- 3.78 
n - 79 

S e p t  7 8  e b b :  max - l 1 , 4  
rnin - 1 0 . 2  
r a n g e  - 1 . 2  
2,SD - 1 0 - 7 2  5 0.28 
n - 7 8  

Nov 7 8  e b b :  max - 7 , 8  
nzin - 6 -1 
range - 1 . 7  
~ , S D  - 7 , 1 4  2 0.44 
n - 77  

J u l y  79 ebb: max - 1 1 . 4  
n i n  - 9,5 
r a n g e  - 1 . 8  
x,SD - 1 0 . 3 4  L 0 .47  
n - 3 9  

Aug 79  ebb: max - 1 3 . 0  
m i n  - 1 0 . 6  
r a n g e  - 2 - 4  
E,SD - 1 1 , 1 3  4- 0 . 5 0  
n - 60 

S e p t  7 9  ebb: max - 1 2 , 6  
m i n  - 11,4 
r a n g e  - 1- 2 
%,SD - l 1 , 9 4  2 0 - 3 6  
n - 2 5  



T a b l e  5. D e s c r i > t i v e  s t a t i s t i c s  f o r  t e m p e r a t u r e  s t a t i o n s  
c l u s t e r e d  r e l a t i v e  t o  e b b  t i d e  r e a d i n g s .  

- 
C l u s t e r  x 5 0 l l i n  Max 

T a b l e  6 .  D e s c r i p t i v e  s t a t i s t i c s  f o r  t e m p e r a t u r e  s t a t i o n s  
c l u s t e r e d  r e l a t i v e  t o  f l o o d  t i d e  r e a d i n g s .  

- 
C l u s t e r  x S D Min &:ax 



- 28 - 
Table 7 ,  In t e rpo l a t ed  c u r r e n t  v e l o c i t ?  read ings  fo r  s t a t i o n  C J 1 .  

Di rec t ion  i n d i c a t e s  source  of flow ( r e l a t i v e  t o  t r u e  
n o r  t l r )  , 

Time Speed Direc t ion  
( m i n )  (c~/s) 



- 2 9  - 
T a b l e  7 ( c o n t i n u e d )  . 

Time  S p e e d  D i r e c t i o n  
( m i n )  ( c m / s  1 
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Table  6. Interpolated current velocity readings for 

station C J 2 ,  Direction indicates source of flow 
(relative to true north). 

Time Speed Direction 
(min) (cm/s 1 



- 31 - 
Table 8 (continued) . 

Time Speed Direction 
(min) (av"s 1 



- 32. - 
Table 9. Interpolated current veloelty readings for 

station C J 3 .  Direction indicates source of flow 
(relative to true north), 

Time Speed Direction 
(min) ( cm/s ) 



'2ilne Speed Direction 
(min) { cm/s) 
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Table 10 (continued). 

Time Speed Direction 
f i n i n )  t cm/s 
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Table 11, I n t e r p o l a t e d  c u r r e n t  v e l o c i t y  r e a d i n g s  f o r  

s t a t i o n  G J S ,  D i r e c t i o n  i n d i c a t e s  s o u r c e  o f  f l o w  
( r e l a t i v e  to  c r u e  n o r t h ) .  

T i m e  Speed  D i r e c t i o n  
( n i n  j ( c m / 3  1 



T i m e  Speed Direction 
( m i n )  (cm/s 



- 3 8  - 
T a b l e  1 2 .  i n t e r p o l a t e d  c u r r e n t  v e l o c i t y  r e a d i n g s  f o r  

s t a t i o n  C J 8 .  D i r e c t i o n  i n d i c a t e s  s o u r c e  o f  flow 
( r e l a t i v e  t o  t r u e  n o r t h ) .  

Time Speed D i r e c t i o n  
(rnin) ( c n / s )  
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Table 12 (continued), 

Time Speed Direction 
(min) (cm/s 1 



- 4 0  - 
Table 13. Interpolated current velocity readings for 

station CJ11, Direction indicates source of 
tlow (relative to true north). 

Time Speed Direction 
( m i n  j ( c ~ / s  1 



- 41 - 
Table 13 (continued) . 

Time Speed Direction 
[rnin) (cm/s 1 



- 4 2  - 
Table 14. interpolated current velocity readings for 

station CJ13, Direction indicates source of 
flow (relative to true ncrth) . 

Time Speed Direction 
( m i n )  I cm/s 1 



- 4 3  - 
Table 14 (continued) . 

r?: 
i irne Speed Direction 
(nin) ( c d s  ) 



T a b l e  1 5 ,  S u r f a c e  d r o g u e  v e l o c i t i e s  ( c m / s )  c a l c u l a t e d  from 
s t r a i g h t - l i n e  d i s t a n c e s  between s u c c e s s i v e  p o s i t i o n a l  
f i x e s .  The lower c a s e  l e t t e r s  c o r r e s p o n d  t o  t h e  
p o s i t i o n s  i n d i c a t e d  by d o t s  i n  F i g .  56-53. 

Run Drogue Speed Run Drogue Specd Run Drogue Speed 
no. p o s i t i o n  (em/s) no. p o s i t i o n  (cm/s) no. p o s i t i o n  (cm/s) 

1 l a - 1 b  
1 b - l c  
2a-2b 
2b-2c 
2c-2d 
2d-2e 
3a-3b 
3b-3c 
3c-3d 
3d-3e 
4a-4b 
4b-4c 
4c-4d 
4d-4e 
5a-5b 
5b- 5c 
5c-5d 
5d-5e 
6a-6b 
6b-6c 
6c-6d 
6d - 6e 
7a-7b 
7b-7c 
7c-7d 
7d-7e 
8a-8b 
8b-8c 
8c-82 
8d-8e 
9a- 9b 
9b-9c 
9c-96 

1Oa-10b 
lob-10c 
10c-10d 

2 l a - l b  
l b - l c  
2a-2b 
2b-2c 
3a-3b 
3b-3c 
3c-3d 
4a-4b 
4b-4c 
4c-4d 
Sa-C!- ii 
5b- 5c 
5c- 5d 
6a-6b 
Gb-6c 
6c-6d 

2 7a- 7b 
7b-7c 
7c- 7d 
8a-8b 
8b- 8c 
8c-8d 
9a-9b 
9b-9c 
9c-9d 

10a-10b 
lob-10c 
1Oc-1 0d 

3 l a - l b  
l b - l c  
l c - l d  
l d - l e  
l e - l f  
I f  -19 
1g- lh  
2a-2b 
2b-2c 
2c-2d 
2d-2e 
2e-2f 
2f-2g 
29-2h 
3a-3b 
3b-3c 
3c-3d 
3d-3e 
3e-3f 
3f-3g 
35-3h 
4a-4b 
4b-4c 
4c-4d 
4d-4e 
4e-4f 
4f-4h 
5a-5b 
5b- 5c 
5c-5d 
5d-5e 
5e-Sf 
6a-6b 
6b-6c 
6c-6d 
6d-6e 
6e-611 
7a-7b 
7b- 7c 
7c-7d 
7d-7e 
7e-7f 
7f-7g 
79-7h 

4 l a - l b  
I b - l c  
2a-2b 
2b-2c 
3a-3b 
3b-3c 
4a-4b 
4b-4c 
5a-5b 
5b- 5c 
6a-6b 
6b-6c 
7a-7b 
7b- 7c 

5 l a - l b  
1 b - l c  
l c - l d  
l d - l e  
l e -1 f  
I f - l g  
23-2 b 
2b-2c 
2c-2d 
2d-2e 
2e-2f 
2f -29 
3a-3b 
3b-3c 
3c-3d 
3d-3e 
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T a b l e  1 5  ( c o n t i n u e d ) .  

Run Drogue Speed Run Drogue Speed Run Drogue Speed 
no, p o s i t i o n  (crn/s) no.  p o s i t i o n  (cm/s) no, p o s i t i o n  (crn/s) 

6 l a - l b  
1b - l c  
l c - l d  
2a-2b 
2b-2c 
2c-2d 
2d-2e 
3a-3b 
3b-3c 
3c-3d 
3d-3e 
4a-4b 
4b-4c 
4e-4d 
4d-4e 
5a-5b 
5b- 5c 
5c-5d 
5d-5e 
6a-6b 
6b-Sc 
6e-6d 
6d-6e 
7a-7b 
7b- 7c 
7c-7d 
7d-7e 
8a-Sb 
8b-8c 
8c-8d 
8d-Be 
9a-9b 
9b-9c 
9c-9d 

7 l a - l b  
1b - l c  
l e - l d  
2a-2b 
2b-2e 
2c-2d 
2d-2e 

7 3a-3b 
3b-3c 
3c-3d 
3d-3e 
4a-4b 
413- 4c 
4c-4d 
4d-4e 
5a-5b 
5b- 5c 
5c-5d 
5d- 5e 
6a-6b 
6b-6c 
6c-6d 
6d- 6e 
72-75 
7b-7c 
7c-7d 
73-7P 
8a-8b 
8b-8c 
8c- 8d 
8d-8e 
9a-9b 
95-9c 
9c-9d 
9d-9e 

1Oa-10b 
IOb-10c 
lOc-1Od 
10d-1Oe 

8 l a - l b  
1 b - i c  
2a-2b 
2b-2c 
2c-2d 
3a-3b 
3b- 3c 
3c-3d 
4a-4b 
45-4c 
4c-4d 
4d- 4e 
4e-4f 
5a- 5b 
5b- 5c 
5c-5d 
5d-5e 
5e-5f 
6a-6b 
6b-6c 
6c - 6d 

9 l a - l b  
I b - i c  
1c - ld  
2a-2b 
2b-2c 
3a-3b 
3b- 3c 
4a-4b 
4b-4c 
4c-4d 
5a-5b 
55-5c 
5c - 5d 
6a-6b 
6b-6c 
?a-7b 
7b-7e 
7e-7d 

1 0  l a - i b  
1 b - i c  
1c - ld  
2a-2b 
2b-2c 
2c-2d 
3a-3b 
3b-3c 
3c-3d 
4a-4b 
4b-4c 
4c-4d 
5a- 5b 
5b- i c  
5c- 5d 
Ga-6b 
6b-6c 
6c-6d 
7a-7b 
7b-7c 
7c-7d 





Tab le  1 5  ( c o n t i n u e d )  . 

Run Drogue Speed Run Drogue Speed Run Drogue Speed 
no,  p o s i t i o n  (cm/s) no. p o s i t i o n  ( c m / s )  no. p o s i t i o n  ( c m / s )  

1 6  l a -1b  
l b - l d  
I d - l e  
2a-2b 
2b-2c 
2c-2e 
2e-2f 
3a-3c 
4a-4c 
42-4d 
4d-4e 
5a-5b 
55- 5c 
5c- 5d 
5d- 5e 
6a- 6c 
6c-6d 
6d-6e 
7a- 7c 
7c-7e 
8a-8b 
8b-8d 
8d-8e 
9a-9b 
9b-9d 
9d-9e 

10a-10b 
lob-10c  
10c-10d 
10d-10e 

1 7  l a - l b  
1b - l c  
12- ld  
I d - l e  
l e - l f  
I f  -19 
2a-2b 
2b-2c 
2c-2e 
2e-2f 
2f -29 
3a-3b 
3b-3c 
32-3d 
3d-3e 
3e-3f 
3f -3g 
4a-4b 
4b-4c 
4c-4d 
4d-4e 
4e-4f 
4f-4cj 
5a- 5b 
5b- 5c 
5c-5d 
5d-5e 
5a-6b 
6b-6c 
6c-6d 

18 i a -1c  
l c - l e  
l e - l f  
21-2d 
2d-2e 
3a-3d 
4a-4d 
4d-4e 
4e-4f 
5a-5f 
5f -59 
6a-6g 

19 l a - l b  
l b - l c  
1 c  - l d  
I d - l e  
l e - l f  
2a-2b 
2b-2c 
2c-2d 
2d-2e 
2e-2f 
3a-3b 
3b-3c 
3c-3d 
3d-3e 
4a-4b 
4b-4c 
4c-4d 
4d-4e 
5a- 5b 
5b- 5c 
5c-5d 
5d- 5e 
6a-6b 
6b-6c 
6c-6d 
6d-6e 

20 l a - l b  
l b - l c  
2a-2b 
2b-2c 
3a-35 
3b-3c 
4a-4b 
4b-4c 
5a-55 
5b-5c 
6a-6b 
6b-6c 
7a-7b 
7b-7c 
8a-8b 
8b-8c 
9a-9b 
9b-9c 

10a-10b 
10b-10c 

21  l a - l b  
l b - l c  
l c - l d  
I d - l e  
2a-2b 
2b-2c 
2c-2d 
2d-2e 
3a-3b 
3b- 3c 
3c-3d 
3d-3e 
4a-4b 
4b-4c 
4c-4d 
4d - 4e 
5a-5b 
5b- 5c 
5c- 5d 
5d- 5e 
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T a b l e  1 5  ( c o n t i n u e d ) ,  

Bun Drogue Speed  Run Drogue Speed  Run D r o g u e  Speed  
no. p o s i t i o n  (cm/s j n o ,  p o s i t i o n  (em/s)  n o ,  p o s i t i o n  (crn/s) 

22 l a - l b  
2a-2b 
3a-3b 
4a-4b 
4b-4c 
5a-55 
6a-6b 
6b-6c 
6c-6d 
7a-7b 
7b-7c 
7c-7d 
8a-85 
8b-8c 
8c-8d 
9a-9c 
9c-9d 

10a-10b 
1Ob- l0c  
10c-10d 

23 l a - 1 b  
l b - l c  
2a-2b 
2b-2c 
3a-3b 
3b-3c 
3c-3d 
3d-3e 
4a-4b 
4b-4c 
4c-4d 
4d-4e 
4e-4f  
5a-5b 
55- 5c 
5c-5f 
6a-6b 

6b-6c 
6c-6e 

2 5  l a - l b  
Ib -1c  
I c - l d  
l d - 1 e  
2a-2b 
2b-2c 
2c-2d 
2d-2e 
3a-3b 
3b- 3c 
3c-3d 
3d-3e 
42-4b 
4b-4c 
4c-4d 
4d-4e 
5a-5b 
50- 5c  
5c-5d 
5d-5e 
6a-6b 
6b- 6c 
6c-6d 
6d-6e 
7a-7b 
75-7c 
7c-7d 
7d-7e 
8a-8b  
Bb-8c 
8c-8d 
86 - Be 

26 l a - l c  
1 c - l d  
2a-25  
2b-2c 
3a-3c 
3c-3d 
4a-4b 
4b- 4c 
4c-4d 
Sa-5b 
5b- 5c  

28  l a - l b  
2a-2b 
25-2c 
2c-2d 
3a-3b 
4a-4b 
4b-4c 



T a L l e  1G. J u n e  echo  s u r v e y  r e c o r d s .  &an and s t a n d a r d  d e v i a t i o n s  
of t h e  l o g g e d  r e l a t i v e  abundance i n d i c e s  a r e  shown f o r  
each t r a c k  and  i ts c o r r e s p o n d i n g  t r a n s e c t s ;  n  i n d i c a t e s  
number of t i n e s  t r a c k  su rveyed  i n  g i v e n  month. 

Track 
Tr a n s e c  t 



T a b l e  1 7 .  J u l y  e c h o  s u r v e y  r e c o r d s .  Hean and  s t a n d a r d  d e v i a t i o n s  
o f  t h e  l o g g e d  r e l a t i v e  a b u n d a n c e  i n d i c e s  a r e  shown f o r  
e a c h  t r a c k  and its c o r r e s p o n d i n g  t r a n s e c t s ;  n i n d i c a t e s  
n u r b e r  o f  t i m e s  t r a c k  s u r v e y e z  i n  g i v e n  rconth. 

T r a c k  



T a b l e  1 8 .  A u 5 u s t  echo s u r v e y  r e c o r d s .  W a n  a n d  s t a n d a r d  
d e v i a t i o n s  of the l o g g e d  r e l a t i v e  a b u n z a n c e  i n d i c e s  a r e  
shown f o r  e a c h  t r a c k  and  i t s  c o r r e s p o n d i n s  t r a n s e c t s ;  n  
i n d i c a t e s  number of t i n e s  t r a c k  s u r v e y e d  i n  g i v e n  
month.  

T r a c k  
Tr  a n s e c  t 



ir ~d3I . e  - 3 ;9. deptexi5cr echo survey records. Ilean and standarci 

ievratior,; of the logged relative abundance inzices are 
show*? for each irlck and its corres~~onding transects; n 
lndlcates nuaber of times track surveyed in ~ i v e n  
ii,ont:l. 

Track 



- - I  ~ a i i l e  20. Echo s u r v e y  r e c o r i r ;  shov:ing ,aean anG s t a ~ d a r i ?  l e v i d t i o r ,  
of t h e  l o ~ s e d  r e l a t i v c  iibunCance 1nc2lces f o r  e a c h  t r a c k  
and  ~ t s  c o r r e s p o n J i n $  t r a n s e c t s  a v e r a ' j c 2  o v e r  J u r ~ e  t o  
; e p t e n ; b e r ;  n  i n d i c a t e s  n - t , t e r  of t i m e s  t r a c k  s u r v e y e d  
d ~ r  incj s t u d y  LJer 102. 

- -- 

';rack 
T r a n s e c  t 



T a b l e  21 .  A n a l y s i s  o f  v a r i a n c e  t a b l e  f o r  l o g g e d  r e l a t i v e  
a b u n d a n c e  i n d i c e s  o f  T r a c k  l e c h o  s o u n d i n g  
t r a n s e c t s  b l o c k e d  by  month I ? = 0.62 , SD = 
0 . 3 6 ) .  S i g n i f i c a n t  d i f f e r e n c e s  [ a t  p < 0.01) 
e x i s t  o n l y  b e t w e e n  m o n t h l y  v a l u e s  of t h e  r e l a t i v e  
a b u n d a n c e  i n d e x  a t  e a c h  t r a n s e c t .  

T r a n s e c t  8 1 - 0 8  0-13 

Piionth 2 2 0 , 6 6  1 0 - 3 3  76-09 a 

E r r o r  1 6  2 .17  0-13 

TOTAL 26 2 3 - 8 1  

T a b l e  2 2 .  A n a l y s i s  of v a r i a n c e  t a b l e  f o r  l o g g e d  r e l a t i v e  
a b u n d a n c e  i n d i c e s  of Track 2 echo s o u n d i n g  
t r a n s e c t s  b l o c k e d  by month  i x = 0 .51 ,  SD = 0 - 4 0 ) .  
S i g n i f i c a n t  d i f f e r e n c e s  ( a t  p < 0,01) e x i s t  o n l y  
be tween  m o n t h l y  v a l u e s  o f  t h e  r e l a t i v e  a b u n d a n c e  
i n d e x  a t  e a c h  t r a n s e c t .  

Source d f SS MS F 

Tr a n s e c  t 1 l 2 .56  

:.lonth 3 1 3 - 3 0  

Br ror 3 3 5 - 3 6  

TOTAL 4 7 21-22 



T a b l e  2 3 .  A n a l y s i s  o f  v a r i a n c e  t a b l e  f o r  l o g g e d  r e l a t i v e  
a b u n d a n c e  i n d i c e s  o f  T r a c k  3  e c h o  s o u n d i n g  
t r a n s e c t s  b l o c k e d  b y  m o n t h  ( x = 0 . 9 7 ,  SD = 0 . 6 7 ) .  
S i g n i f i c a n t  d i f f e r e n c e s  [ a t  p < 0 . 0 1 )  e x i s t  o n l y  
b e t w e e n  m o n t h l y  v a l u e s  o f  t h e  r e l a t i v e  a b u n d a n c e  
i n d e x  a t  e a c h  t r a n s e c t .  

S o u r c e  d f  3s XS F 

T r a n s e c t  1 0  3 .47  

: ;on th  2 2 5 - 4 8  

Lr r o r  2 0 3 . 1 3  

T a b l e  24 .  A n a l y s i s  o f  v a r l a n c e  t a b l e  f o r  l o g g e d  r e l a t i v e  
a b u n d a n c e  I n d i c e s  o f  echo s o u n d i n g  t r a n s e c t s ,  
i r r e s p e c t i v e  o f  t r a c k ,  b l o c k e d  by month  ( x  = 
0 . 7 3 ,  SD = 0-58). S i g n i f i c a n t  d i f f e r e n c e s  e x i s t  
b e t t i e e n  m o n t h l y  v a l u e s  o f  t h e  r e l a t i v e  a b u n d a n c e  
i n d e x  at e a c h  t r a n s e c t  ( a t  2 < 0 . 0 1 )  a n d  b e t w e e n  
r e l a t i v e  a b u n d a n c e  i n d i c e s  f o r  a l l  t r a n s e c t s  ( a t  p 
< 0 . 0 5 ) .  

S o u r c e  d f  SS 11s F 

Tr  a n s e c  t 3 4 

:.lonth 3 

~ i r r o r  1 C 2  

TOTAL 1 3 9  9 1 . 9 9  
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3  T a b l e  2 6 .  Mean z o o p l a n k t o n  d e n s i t i e s  ( i n d i v i d a l s / m  ) i n  t h e  
s t u d y  a r e a  c a t e g o r i z e d  b y  l e n g t h  c l a s s .  
C a l c u l a t e d  f r o m  1 2 5  s a ~ p l e s  i r r e s p e c t i v e  o f  
s t a t i o n  o r  i e s t h  o b t a i n e d .  U n e x p e c t e d l y  low 
c o u n t s  f o r  0 .5 -0 .9  rnm g r o u p  s u g s e s t  c o n s i s t e n t  
u n d e r s a m p l i n g  by 400-p mesh n e t ,  

L e n g t h  c l a s s  (rnn) 
S t a t i s t i c  

0 .5-0.9 1 .0 -1 .9  2.C-3.3 4 .0  & o v e r  

3  T a b l e  2 7 .  A n a l y s i s  o f  v a r i a n c e  t a b l e  f o r  l o g g e d  d e n s i t i e s  ( n o / c  ) 
of z o o 2 l a n x t o n  1 . 0  - 1 . 9  c n  i n  l e n y t h  ( x = 2.5G, SD = 
C . 2 6 ) .  S 2 l i t - p l o t  d e s i g n  u t i l i z e d  s t a t i o n  ss m a i n  p l o t  
and  d e p t h  a s  s u b - p l o t .  S i g n i f i c a n t  d i f f e r e n c e s  
e x n l b i t e d  f o r  c o u n t s  b e t w e e n  s t a t i o n s  ( a t  2 < 0 . 0 1 )  a n d  
d e p t h s  ( a t  p < 0 . 0 5 ) .  

S o u r c e  Ci f SS XS F 

S t a t i o n  1 3  

Dep tl-i 1 3 . 1 1  3 . 1 1  45.30 b 

S t a t i o n  a n 2  
D e p t h  1 3  1 . 9 5  0 . 1 5  2 . 1 3  a 

R e p l i c a t e s  
b y  S t a t i o n  5  6 11. 06 0 . 2 0  2 .87  b 

E r r o r  5 6 3.85 0 .06  

TOTAL 1 3 9  25 .13  



3  'L'able 2 8 .  A n a l y s i s  o f  v a r i a n c e  t a b l e  f o r  l o g g e 2  densities f n o / n  ) 
o f  z o o p l a n k t o n  2 .0-3 .9  mm i n  l e n g t h  ( x = 2 .55 ,  SD = 
0 . 3 1 ) .  S p l i t - p l o t  d e s i g n  u t i l i z e d  s t a t i o n  a s  m a i n  p l o t  
and  d e p t h  a s  s u b - p l o t .  S i g n i f i c a n t  d i f f e r e n c e s  
e x h b i t e d  f o r  c o u n t s  b e t w e e n  d e p t h s  ( a t  p < 0 . 0 5 ) .  

S o u r c e  ii f  S S 

S t a t i o n  1 3  2 . 4 5  

S t t t i o n  and  
Ue, t k  1 3  0 . 8 9  

i i e l i l i c a t e s  
by S t a t i o n  5 G 1 1 . 6 5  

Zr r o r  i 6 5.29 

T a b l e  2 9 .  A n a l y s i s  of v a r i a n c e  t a b l e  f o r  l o g g e d  d e n s i t i e s  (no/m3) 
o f  z o o p l a n k t o n  4.0 mm a n 2  o v e r  i n  l e n g t h  ( x = 0.72 , 
SD = 0 . 4 1  1 .  S p l i t - p l o t  d e s i ~ n  utilized s t a t l o n  a s  
~ a i n  p l o t  and d e p t h  a s  s u b - p l o t .  G o  s i s n i f  i c a n t  
d i f f e r e n c e s  b e t w e e n  s t a t i o n s  o r  b e t v e e n  d e p t h s  w e r e  
d e t e c t e d .  

S o u r c e  d f a a M S  F ,> ,. 

S t a t i o n  1 3  4 . 7 1  0 .35  

S t a t i o n  and 
bep  t i> 1 3  1 . 5 5  0 .12  

; ; e p i i c a t e s  
by S t a t i o n  5  6 21 .05  0 . 3 8  

E r r o r  5 6 9 . 3 5  



- 59 - 
T a b l e  30. i i ean  and  s t a n d a r d  d e v i a t i o n  o f  z o o p l a n k t o n  

l e n s i t i e s  (no/m3) by t a x o n  f o r  e a c h  s t a t i o n  and  dept i- i  
s t r a t u m  s a m p l e d  ( A  = 20 - 3 n ,  I3 = b o t t o m  - 0 n ) .  
F o r  a l l  s t a t i o n s  a n d  d e p t h s ,  d e n s i t i e s  c a l c u l a t e d  
f r o m  5 r e p l i c a t e  h a u l s .  

S t a t i o n  - D e p t h  

Acar  t i a  
C a l a n u s  
C e n t r o p a g e s  
C y c l o p o d a  
C u r y  temor  a  
Z I a r 2 a c t i c o i d a  
M e t r  i d  ia 
P s u e d o c a l a n u s  
Yemora 
Tor t a n u s  

f s e g a n y c t i p h a n e s  0 .0  
T h y s s a n o e s s a  12.526.4 

Amph i p o d a  
T+pend i c u l a r  ia 
B a l a n u s  
C a r c i n u s  
Cr a n g o n  
C t e n o p h o r a  
L c h i c o d e r m a t a  
Z v a d n a e  
Inseeta 
Podon 
P o l y c h a e  t a  
S a g i t t z  
Scy;hozoa 



- 60 - 
? a b l e  3 3  (Con t inued)  . 

S t a t i o n  - Dezth 

Acar t i a  
Ca lanus  
Centro ,ages  
C j  c l o 2 o i a  
i u r y  t e ~ n o r a  
I i a r p a c t i c o i d a  
: i e t r i d ~ a  
Psuedoca lanus  
Tentora 
Tor t an i i s  

:.eyan;.ctiphanes 3 . 0  
Tliy s s s n o e s s a  5 .G+2 .5  

Ani,hikoda 
ArYendicular  i a  
L a l a n u s  
C a r c i n v s  
Cr angon 
C teno2hora  
C c h i n o d e r n a t a  
Cvadnde 
I n s e c  t a  
Podon 
P o l y c h a e t s  
S a s i t t a  
Scyijilozoa 



- 6 1  - 
T a b l e  30  ( C o n t  i n u e d l  . 

S t a t i o n  - D e p t h  
Taxon 

4 - 3  5 - A  5-I3 

COPEPODS 

Acar t i a  
C a l a n u s  
C e n t r o p a g e s  
Cvc lo i joda  - 3 . 0  
Gury t e n o r  a 49 .6+46 .1  
f i a r p a c t i c o i d a  0.0 
i i e t r i d i a  3.521.0 
P s u e d o c a l a n u s  4 4 . 3 k 2 2 . 7  
T e n o r  a 2 8 . 0 t 1 8 . 0  
f o r t a n u s  0 .0  

t * : e g a n > c t i p h a n e s  0 . 0  
Thy s s a n o e s s a  1 0 . 2 2 2 . 0  

Anphipoda  
R p p e n d i c u l a r  i a  
U a l a n u s  
C a r c i n u s  
Cr a n g o n  
C t e n o p h o r a  
Cchinoder i i t a ta  
Cvadnae  
I n s e c t a  
Podon  
P o l y e h a e t a  
S a g i t t a  
S c y 2 h o z o a  



- 62 - 
Tab le  3 0  (Con t inued)  . 

S t a t i o n  - Depth 
Taxon 

6-A 6-B 7-A 

COPEPODS 

Xcar t i a  
C a l a n u s  
C e n t r o p a g e s  
Cyclopoda 
Zuryternora 
H a r p a c t i c o i d a  
Ke t r  i d  i a  
Psuedoca lanus  
4ez1or a  
T o r t a n u s  

Mesanyc t iphanes  
Thy s s a n o e s s a  

k m ~ h  i poda  
Append icu la r  i a  
Ba lanus  
C a r c i n u s  
Cr angon 
Ctenophora  
Ceh i n o d e r n a  t a  
Evadnae 
i n s e c t a  
Podon 
P o l y e h a e t a  
S a g i t t a  
Scytjhozoa 



- 6 3  - 
T a b l e  3 0  ( C o n t i n u e d )  . 

S t a t i o n  - D e p t h  
Tax on  

8-A 3-A 9-B 

COPEPODS 

Acar  t i a  
C a l a n u s  
C e n t r o p a g e s  
Cyc l o p o d a  
C u r y  t e m o r a  
B a r p a c t  i c o i d a  
M e t r i d i a  
P s u e d o c a l a n u s  
Temor a  
Tor  t a n u s  

M e g a n y c t i p h a n e s  0.0 0.0 0.0 
Thy s s a n o e s s a  9 .525 .5  20.6+6.0 4.523.6 

h p h i p o d a  
Append i c u l a r  i a  
B a l a n u s  
C a r e  i n u s  
C r a n g o n  
C t e n o p h o r  a  
C c h i n o d e r m a t a  
Cvadnae  
I n s e c t a  
Podon 
P o l y c h a e  t a  
S a g i t t a  
S c y p h o z o a  



- 64 - 
T a b l e  30  ( C o n t i n u e d ) .  

S t a t i o n  - D e p t h  
T a x o n  

10-A 1 0 - 3  11-A 

& c a r  t i a  
C a l a n u s  
C e n t r o p a g e s  
C y c l o 2 o i d s  
E u r  j t e rno rn  
B a r ~ a c  t i c o i d a  
r i e t r i d i a  
P s u e i o c s l a n u s  
Tes ,or  a 
T o r  t a n u s  

: , e9anyc t iL ; .hanes  
Thy s s a n o e s s a  

h p h i p o d a  
a p p e n d  i c u l a r  i a  
E n l a n u s  
C a r c i n u s  
C r  i ingon 
C t e n o p h o r a  
E c h  i n o d e r m a  t a  
S v a d n a e  
I n s e c t s  
P o d o n  
P o l y c l ~ a e  t a  
Say i t t a  
S c y p k o z o a  



- 6 5  - 
T a b l e  30 ( C o n t i n u e d ) .  

S t a t i o n  - D e 2 t h  
Tax 0x1 

11-E 12-A 12-E 

Acar t i a  
C a l a n u s  
C e n t r v p a g e s  
C y c l o p o d a  
G u r y t e m o r a  
i I a r p a c  t i c o i d a  
r l e t r i d i a  
P s u e d o c a l a n u s  
Ternor a  
T o r  t a i l u s  

GUPI!AUSI I D S  

:iecjanyc t i 2 h a n e s  38 .5251 .6  (1.0 G.5t9 .  1 
Thy s s a n o e s s a  5 , 3 2 4 . 5  1 1 . 0 2 7 . 3  4 . 0 t 4 . 2  

kmph ipoi ia  
Append i c u l a r  i a  
B a l a n u s  
C a r c i n u s  
C r a n g o n  
C t e n o p h o r a  
C c t ~ i n o d e r m a t a  
Cvadnae  
I n s e c t a  
Podon 
P o l y c h a e t a  
S a g i t t a  
S c y 9 h o z o a  



- 66 - 
T a b l e  30 ( C o n t i n u e d )  . 

S t a t i o n  - Depth  

COPEPODS 

Acar  t i a  
C a l  a n u s  
C e n t r o p a g e s  
Cyc l o p o d a  
C u r y t e r n o r a  
~ ~ a r ~ a c t i c o i d s  
tie t r  i d  i a  
P s u e d o c a l a n u s  
Temor a  
Tor  t a n u s  

K e g a n y c t i p h a n e s  0  .0 < 1 . 0  
T h y s s a n o e s s a  1 5 . 0 2 5 - 0  3 , 0 2 6 . 5  

Aiaph i a o d a  
A2pend i c u l a r  i a  
E a l a n u s  
C a r c i n u s  
Crancjon 
C t e n o 9 h o r a  
Z c h i n o d e r m a t a  
Gvadnae  
I n s e c t a  
Podcn  
T o l y c h a e t a  
S a i j i t t a  
Scyghozoa 



- 67 - - 
t a b l e  31, i io r izonta l  tuw Gats surnniary, i k e r  I s l and ;  x and SD 

rcaor ted  a s  nu/m3 . >:oSs i e f e r s  t o  number of tows i n  
" ~ h i c h  a  given Genus occurred.  

- 
Tow Tide Genus x SD Nobs 

, bb 
>53 
, LL 
Ubb 
, bb ., Sb 
J.'bo 
,tb 
~ 3 b  
2bb 
i b b  
r lood  
Flood 
r 1 o o ~  
,"Loud 
Flood 
l l o o i  
r lood 
Flood 
Flood 
illood 
r lood  
Flood 
r lood  
Flood 
Flood 
Lbt 
Lbb 
C Sb 
C L b  
L'bb 
,bL 
Zbb 
,cb 
itb 
Lob 
LSb 
E St 
Ebb 
2 bb 
LSJ 
L 5L 
ziJ5 
r1ooc: 
r1ooi: 
r'lood 
r1oo2 
r ~ooc :  
1-iood 
Flood 
Flood 
r l o o i  
Floor! 
r l o o i  
r l o d  
Flood 
I lood 
riooc; 
illood 
Flood 
Ztb 

h e a r t  lei 

--,urelia 
~ c i a n u a  
Centro; a;es 
Lu2!~ausi idae 
iurytemora 
~ v a d n a e  
I;anon,ia 
Psoeiocalanus 
Ternora 
Zoca 
Xciir t l a  
Aurel ia  
Calanus 
Calanus 
C e n t r o p g e s  
z u ~ h a b s l  ldae 
Lurjtemora 
Evadnae 
Pocion 
101yehae t e  
l suedoca lanus  
Say i t t a  
Teaor a  
Tor tanus  
Zoca 
k c a r t  i d  

Append lcuLar l a  
Aurel ia  
l a l a n u s  
Ca lmus  
Centropages 
& u ~ ~ h a u s r  i J a e  
Zury teinora 
Zvadnae 
:die j a  lo, s 
: l e t r i d l a  
::anonla 
i20.Jon 
Isaedocalanus 
Tedor a  
Tor tanus 
Zoea 
, \ ca r t la  
Rp;ci!r31cular l a  
' iurelia 
i n l a n u s  
Calanus 
Centropages 
ZuphausiiGae 
Eliryteiaora 
Cvadnae 
::e t r  i d l a  
iranon,ia 
Podon 
Psuedocalanus 
S a g r t t a  
Tenora 
l o r  canus 
Zoea 
ircar t l a  
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T a b l e  3 1  ( c o n t i n u e d )  . 

Tow 
- 

T i d e  Genus  x S  C 

Ebb 
Ebb 
Cbb 
Ebb 
Ebb 
Ebb 
Ebb 
Ebb 
Cbb 
Ebb 
Ebb 
Ebb 
Ebb 
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
Cbb 
Ebb 
Ebb 
Ebb 
Cbb 
Ebb 
Ebb 
Ebb 
Ebb 
Ebb 
Cbb 
Ebb 
Z5b 
Ebb 
F l o o d  
F l o o 2  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
Flood 
Blood  

B a l a n u s  
C a l a n u s  
C e n t r o p a g e s  
E u p h a u s i i d a e  
E u r y  t e m o r a  
Evadnae  
:4e t r  i d  i a  
G I T H  
P s u e d o c a l a n u s  
S a g i t t a  
Temora 
T o r t a n u s  
Zoea 
A c a r t i a  
Append i c u l a r  i a  
A u r e l i a  
B a l a n u s  
C a l a n u s  
C e n t r o p a g e s  
C u p h a u s i  i d a e  
C u r y t e n o r a  
Evadnae  
Podon  
P s u e d o c a l a n u s  
Temora 
Tor  t a n u s  
Zoea 
A c a r t i a  
Append i c u l a r  i a  
A u r e l i a  
B a l a n u s  
C a l a n u s  
C e n t r o p a g e s  
Cy c l o p o d  a  
E u p h a u s i  i d a e  
E u r  y t e n o r  a  
Evadnae  
OITI i  
P s u e d o c a l a n u s  
Temora 
Tor t a n u s  
Zoea 
A c a r t i a  
A p p e n d i c u l a r  i a  
A u r e l i a  
B a l a n u s  
C a l a n u s  
C e n t r o p a g e s  
C u p h a u s i  i d a e  
G u r y t e n o r a  
L'vadnae 
P s u e d o c a l a n u s  
S a g i t t a  
Temora 
T o r  t a n u s  
Zoea 
A c a r t i a  
A p p e n d i c u l a r  i a  
A u r e l i a  
B a l a n u s  
C a l a n u s  
C e n t r o p a g e s  
C u p b a u s i i d a e  
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Tow T i d e  Genus  
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x S B Nebs 
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F l o o d  
r l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
Lbb 
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Ebb 
Ebb 
Ebb 
GbL 
Ebb 
Cbb 
Zbb 
Lbb 
C bb 
r i o w  
r l o o i ;  
F l o o a  
r l o o d  
F l o o d  
r l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
Ebb 
Cbb 
Ebb 
3bb 
Cbb 
C bb 
Zbb 
Ebb 
Ebb 
Lob 
Zbb 
Ebb 
F l o o d  
F l o o d  
F l o o d  
F l o o d  
F l o o d  
r 1ood  
F l o o d  
F l o o d  
I'iood 
F l o o d  
r l o o 6  
F l o o d  
F l o o d  
F l o o d  
Ebb 
Ebb 
Ebb 
ibb 
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L D ~  
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Ebb 

OITi l  
Podon 
P s u c d o c a l a n u s  
S a g l t t a  
Ternor a  
Tor t a n u s  
Zoea 
i i c a r  t l a  
A u r e l r a  
B a i a n u s  
C a l a n u s  
C e n r r o p a g e s  
E u p h a u s a  i d a e  
Z v a d n a e  
Podon 
P s u e d o e a l a n u s  
Temora 
Zoea 
Acar  t l a  
C a l a n u s  
C e n c r o ~ a g e s  
Z u p h a u s i i d a e  
Eury  t e m o r a  
Cvadnae  
M e t r i d i a  
OITH 
P a u e d o c a l a n u s  
Tcmor a  
T o r t a n u c  
ZOCd 

Acar  " c i a  

b a l a n u s  
C a l a n u s  
C e n t r o p a g e s  
E u p h a u s i i d a e  
Z u r y t e m o r a  
Cvadnae  
:lanomi a  
P s u e d o c a l a n u s  
Temor a  
Tor t a n u s  
Zoea 
Acar  t i a  
A a r e l i a  
C a l a n u s  
C a l a n u s  
C e n t r o p a g e s  
C u 2 h a u s i r d a e  
E u r y t e m o r a  
Evadnae  
::,etr i d i a  
P s u e d o c a l a n u s  
S a g i t t a  
T e a o r  a  
Tor  t a n u s  
Zoea 
Acar  t i a  
A p 2 e n d i c u l a r  i a  
A u r e l i a  
i 3 a l a n u s  
C a l a n u s  
C e n t r o e a 5 e s  
Z u p h a u s ~ a d a e  
Z v a d n a e  
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T a b l e  3 1  ( c o n t i n u e d )  . 

- 
To& T i d e  G e n u s  r: 5 D Nobs 

G A F l o o d  h c a r  t i a  8 . 2 3 3  6 .004  3 
6A F l o o d  E a l a n u s  1 . 5 5 0  0 . 7 7 8  2 
6A r l o o d  C a l a n u s  1 1 3 . 5 3 3  7 7 . 2 0 5  3  
6 A Z l o o d  C e n t r o ~ a g e s  41 .000  47.376 2  
6 h F l o o d  E u 2 h a u s l i d a e  1 . 2 5 0  0 .354  2 
5 A r l o o d  C u r y t e m o r a  3 , 4 5 0  3 . 3 2 3  2 
6 A F l o o d  E v a d n a e  G . 900  6 . 7 8 8  2 
6A I ' l ood  IiARPACT 1 , 1 0 0  1 
5  A F l o o d  T s u e d o c a l a n u s  3 8 . 2 0 0  38 .360  3 
5A F l o o d  T e n o r a  4 . 2 3 0  4 .384  2 
I; A F l o o d  T o r  t a n u s  1 . 2 0 0  0 . 2 6 5  3  
Gh r l o o d  Z o e a  1 . 2 5 0  3 .354  2 
6 E tbb A c a r  t l a  2 0 , 4 0 0  22 .849  4  
G 3 Ebb  B a l a n u s  2 . 0 0 0  1 . 7 3 2  3 
5 i; L b b  C a l a n d s  9 5 . 6 0 0  79.9113 4  
6; L b b  C e n t r o p a g e s  1 7 . 8 0 0  2 0 . 1 9 1  3 
56 ZbL Z u p h a u s l  l a a e  1 . 4 5 7  0 . 8 0 8  3  
G 2 Zbt L u r y  t e v o r a  3 . 0 5 0  2 . 8 9 3  2  
i i3 Z b b  L v a d n a e  3 , 0 5 3  2 .869  4  
G ri - 3 , o b  : :e t r  l i ! la  1 , 3 0 0  1 
G r: L bL i l anomla  1 . 0 0 0  1 
SL , bL 3 I T h  1 . 0 0 0  1 
68.3 L 511 ?o;on 2 .550  2 . 1 3 2 0  2 
5 B , DS T s u c d o c a 1 a n u s  1 3 . 6 7 5  7 . 9 7 8 0  i? 
6 L ~ b b  a a s l t t a  1 . C O O  1 
Gi, Lbt Tei, o r a  5 . 2 0 0  7 . 2 7 4 6  3  
GL? .., b b  ' T o r t a n u s  3 . 1 0 0  1 
6s '., bL Z o e a  1 . 2 0 0  0 .3464 3  
63 I l o o d  R c a r  t l a  1 5 . 2 0 0  1 2 . 2 8 8 6  5  
G U  r l o o d  h $ ? e n d l c u l a r  l a  1 . 2 5 0  0.35336 2  
6 e r l o o d  A u r e i l a  3 . 3 3 0  1 . 2 0 2 1  2  
62 r l o o i  B a l a n u s  1 . 3 8 0  0 . 5 5 4 1  5  
6 13 r l o o d  C a l a n u s  1 5 8 . 4 5 0  6 2 . 0 5 1 6  5  
GL:  r l o o d  C e n t r o 2 a g e ~  2 8 . 4 0 0  41 .7166  C 
6C r l o o d  C y c l o 2 o J a  1 . 1 0 0  1 
GE r l o o d  G u p i i a ~ . s l  l d a e  1 . 3 3 0  0 . 9 3 5 4  5 
GE r l o o d  i u r y t e m o r d  2 . 4 2 0  1 . 4 3 0 7  5 
62 r l o a d  L v a d n a e  9 , 0 6 0  1 0 . 2 7 5 1  5 
6.E. r l o o d  t i e t r l d r a  1 . 0 0 3  1 
6  3 F l o o d  OITi! 1 . 1 0 3  1 
6 -, r loo l  ? o d o n  1 . 7 5 0  0 . 7 7 7 8  2  

r l o o d  P s u e d o c a l a n u s  1 4 . 9 4 3  6E 9 . 3 2 2 9  5 
61 r l o o d  S a , l t t a  1 . 0 0 0  1 
5 i  r looJ Yeitlor 4 4 . 1 2 5  4.C530 4 
6 5 T l o o d  T o r  t a n u s  1 . 7 6 7  1 . 0 0 1 7  3 
5 i i"1ooi  Zoea  3 . 3 0 0  3.451'3 4  
7  E. Lbb  :,car t l a  13 .G62  3 1 . 1 2 1 0  3  
7  1, L bL ~ u r e l l a  1. 0S0 1 
7  1, , h~ Z a l a n u s  1 . 0 3 0  5 .3330  2 
7 1; ~ b b  C a l s n u s  1 0 3 . 1 1 2  7 6 . 0 5 3 0  3  
7  A i D U  C e n t r o g d q e s  2 1 . 2 3 3  25.G080 6  
7A Lbo Z u , n a u s r l d a e  1 , 1 0 0  0 .1414  5  
7  1% , bb L u r y  te i ; ,ora  2 . 1 7 5  1 . 1 0 3 7  4 
7  1. , h b  C v a d n a e  5 . 9 6 7  3 .3225  5 
7 ;. ;bb t l e t r i i i ~ a  1 . 0 3 0  1 
7 h L bb ::anozir d I . 0 0 0  1 
?A Z b o  P A I G C a l a n u s  1 . 3 0 0  0 . 0 0 3 0  2 
711 Cbb i7odon 3 . 4 3 0  1 
7 1-. a b  P s u e d o c a Z a n u s  2 1 . 7 5 2  1 4 . 1 7 0 9  3 
7A Lbb  S a g i t t a  l. 1 5 0  0 . 2 1 2 1  2  
7  ii Ebb Temora  3 . 7 2 0  3 . 5 2 4 5  5  
7 - 
I i? 13 bb i,r t a n u s  2 . 3 6 7  " 3 6 7 1  3  r"- 

7 h  C bb Zoea  1 . 3 4 3  1 . 2 7 3 0  7  
7 1. r l o o r l  A c o r  t i d  1 3 . 3 4 3  1 4 , 6 9 0 7  7  
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Tow T i d e  G e n u s  x S D Xobs  

I'looi; 
F l o o d  
F l o o d  
F l o o d  
i.'lood 
F l o o d  
F l o o d  
F l o o d  
i'looc! 
F l o o O  
F l o o d  
F l o o d  
F l o o d  

A u r e l i a  
L a l a n u s  
C a l a n u s  
C e n t r o p a ~ e s  
C y c  lo,soda 
Z u p h a u s i  i d a e  
Z u r y t e n o r a  
Z v a i n a e  
T o d o n  
T s u e d o c a l a n u s  
T e a o r  a  
T o r  t a n u s  
Z o e a  



T a b l e  32 .  E u p h a u s i i d  l e n g t h  f r e q u e n c y  d a t a .  N u ~ z b e r s  p e r  y e a r  
c l a s s  f o r  e a c h  s p e c i e s  a r e  g i v e n ;  1 9 7 0  d a t a  c o u r t e s y  o f  
B .  D r a u n e .  

>I. n o r v e s i c a  - T. i n e r m i s  
Year Month Tow no.  T o t a l  

0 1 2 0 1 

1 9 7 7  J u n e  2 

J u l y  3 

k u g  6 

S e P  0 

O c t  6 

1 9 7 8  J u n e  4 

J u l y  4 

n u g  11 

Se? 3 

Mov 1 



F i g . 1 .  Map of t h e  Quoddy r e g i o n  s h o w i n g  p l a c e  names m e n t i o n e d  i n  t h e  t e x t .  





Fig. 2, Ma? showing the location of stations where temperatures were measured in 1977, 

Frg, 3 .  Map shawlng the locailon of statlons where temperatures were measured in 3.978 and 
1979. 





Fig .  4-29. Surface isotherm maps of the Inner Quoddy region by year,  month and t i d e  phase. 
The three  temperature ranges were se lec ted t o  keep the number of s ing le  s t a t i o n  
'pockets '  t o  a  minimum. Blank areas represent  a reas  for which no data were avai lable .  
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F i g . 3 0 ,  C l u s t e r  map of t e m p e r a t u r e  r e a d i n g s  f o r  t h e  ebb t i d e .  

C l u s t e r  I. - 

C l o s t e r  i - a 
C l u s t e r  3 - @ 
C l u s t e r  4 - 

C l u s t e r  5 - a 



Fig. 31. C l u s t e r  map o f  t e m p e r a t u r e  r e a d i n g s  f o r  t h e  f l o o d  t i d e .  

c l u s t e r  1 - c l u s t e r  5 - a 
C l u s t e r  2 - iIiri C l u s t e r  ti - 
C l u s t e r  3 - rn C l u s t e r  7 - f5J 

C l u s t e r  4 - 



Fig.32. Map showing cruise track and the location of stations monitored during one 
complete tidal cycle, Station nuabers correspond to those given in Fig, 3 ,  



Fig. 33-45. N e a r - s u r f a c e  t e m p e r a t u r e  p r o f i l e s  c o n s t r u c t e d  f r o m  r e a d i n g s  o b t a i n e d  a t  0, 
1 . 5 ,  3 . 0 ,  6,0 ,  9 . O r  a n d  1 2 . 0  m d u r i n g  o n e  c o m p l e t e  t i d a l  c y c l e .  T i n e  o f  d a y  a n d  t i d e  
p h a s e  shown o n  t h e  z - a x i s .  S t a t i o n  number is g i v e n  o n  t h e  l o w e r  l e f t  corner of  t h e  x- 
p l a n e .  

















r l g .  46. >jap showing positions of current meter stations. 



Reference Speed (cm/s) 

Fig,  $ 7 ,  P l o t  o f  c u r r e n t  s p e e d s  ( c m / s )  r e c o r d e d  by Ekman c u r r e n t  m e t e r  a g a i n s t  r e f e r e n c e  
v a l u e s  g e n e r a t e d  by s w i m  m i l l .  Dashed l i n e  shows  e x p e c t e d  c o r r e s p o n d e n c e  b e t w e e n  
r e c o r d e d  and t r u e  c u r r e n t  s p e e d s ,  N o t e  marked d i v e r g e n c e  f r o m  t h e  i d e a l  a t  s p e e d s  i n  
e x c e s s  o f  110 cm/s. 



F i g ,  48-55. T i m e - s e r i e s  p l o t  o f  c u r r e n t  s p e e d  a n d  d i r e c t i o n  f o r  s t a t i o n s  CJ1 - CJ13, D a t a  
p r e s e n t e d  r e l a t i v e  t o  a  s t a n d a r d i z e d  1 2 . 5  h t i d a l  c y c l e .  C u r v e s  o b t a i n e d  by l i n e a r  
i n t e r p o l a t i o n  o f  r e c o r d e d  v a l u e s .  











Fig .  56-63. Movement o f  s u r f a c e  d r o g u e s  r e l e a s e d  a t  v a r i o u s  t i m e s  t h r o u g h o u t  t h e  t i d a l  
c y c l e .  S o l i d  c i r c l e s  i n d i c a t e  t r i a n g u l a t e d  p o s i t i o n s .  The numbers  a n d  l e t t e r s  
i n d i c a t e  s t a r t i n g  p o s i t i o n s ;  s e e  T a b l e  1 5  f o r  v e l o c i t i e s .  The t i d a l  c u r v e s  a r e  
a c c u r a t e  b o t h  i n  a m p l i t u d e  ( y - a x i s ,  i n  m) a n d  t i m e  ( x - a x i s ,  i n  h )  a s  p r e d i c t e d  f r o m  
t i d e  t a b l e s .  H o r i z o n t a l  b a r  a b o v e  t h e  t i d a l  c u r v e  i n d i c a t e s  t h e  d u r a t i o n  o f  a  r u n .  



















Fiq, 64. Map showing posicicns of tracts (Roman nanierals) and transects (arabic numerals) 
in e c h o  surveys. 3 n i y  first and last transects per track are nunbered. 



sunrise noon sunset 

Sampling Period 

F i g . 6 5 ,  H i s tog ram o f  r e l a t i v e  abundances  of p e l a g i c  echo t a r g e t s  by sampl ing  p e r i o d .  N o  
s i g n i f i c a n t  d i f f e r e n c e s  e x i s t  be tween t a r g e t  abundances  a t  s u n r i s e  ( n = 1 2 ) ,  noon (n=18)  
o r  s u n s e t  ( n = 1 6 ) .  



Fig.66. Paper record example of large  and small herring schools. 



Pig. 67, Cluster map si~uwiny d i s t r i b ~ ~ i i o n  o f  high, medium and low relative abundances of 
pelagic echo targets, 

H i g h  - @ 
t4edi;rn - [m 
Low - 



Fig. 6 8 .  Ha? showing locat ions  of v e r t i c a l  haul s t a t i o n s .  Two s t r a t a  sampled per s t a t i o n  
( 2 0  ir - surface;  bottom - su r face ) .  



F i g ,  69. Map showing  l o c a t i o n s  o f  h o r i z o n t a l  tow t r a n s e c t s  o n  t h e  f l o o d  t i d e .  D i r e c t i o n  o f  
tow i n d i c a t e d  by a r r o ~ h e a d .  



Fig, 7 0 .  Hap showing locations of horizontal tow transects on the ebb tide. Direction of 
tow indicated by arrowhead. 



Fig ,  7 1 ,  C l u s t e r  map s h o w i n g  d i s t r i b u t i o n  o f  h i g h ,  medium a n d  low z o o p l a n k t o n  d e n s i t i e s  f o r  
t h e  1.0 - 1 . 5  mm l e n g t h  c l a s s .  A = 20 m t o  s u r f a c e  h a u l s ;  B = b o t t o m  t o  s u r f a c e  
h a u l s .  

- 549.5/& 

- 2 2 9 . 1 / ~ 3  

/EEJ - 11.2.2/m3 



Fig, 72. Cluster map shading distribution of high, medium and low zooplankton densities for 
 be 2.0 - 3.9 m, length class. A = 20 m to surface hauls; B = bottom to surface 
hauls. 



F i g ,  73 .  C l u s t e r  map s h o w i n g  d i s t r i b u t i o n  o f  h i g h ,  medium and  low z o o p l a n k t o n  d e n s i t i e s  for  
t h e  4 . 0  5 mm l e n g t h  c l a s s .  
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Fig. 74.  E i i s togram s h o w i n g  d i s t r i b u t i o n  o f  e u p h a u s i i d  swarms  by m o n t h ,  time of day  and t i d e  
p h a s e  f o r  t h e  y e a r s  1973 ,  1 9 7 6 ,  1 3 7 7  and 1 9 7 8 .  


