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ABSTRACT 

Stromgren, Tor. 1974. Zooplankton and hydrography i n  Trond- 

heimsfjorden on t h e  west c o a s t  of Norway. K. norske Vidensk. 

SeZsk. Mus. MisceZZanea (17) :  1-35. 

An a n a l y s i s  of t h e  r e l a t i o n s h i p  between hydrography 

and t h e  zooplankton i n  Trondheimsfjorden i s  presented on a  

b a s i s  of zooplankton samples and hydrographic d a t a  c o l l e c t e d  

during 1963-1966 and 1968- 1972. 

A highly s i g n i f i c a n t  c o r r e l a t i o n  was found between 

t h e  s i z e  of t h e  s p r i n g  genera t ion  of  t h e  most important  cope- 

pod spec ies  p r e s e n t ,  CaZmus finmarchicus, and t h e  discharge 

of r i v e r i n e  freshwater  i n t o  t h e  f j o r d  p r i o r  t o  the  main s p r i n g  

f lood.  The brackish water run-off i s  assumed t o  t r a n s p o r t  t h e  

juveni le  s t a g e s  of C. finmarchicus o u t  of t h e  f j o r d .  

During t h e  l a t e  summer and autumn, a  highly s i g n i f i -  

c a n t  c o r r e l a t i o n  was found between t h e  numbers of C. finmarchi- 

c u s ,  copepodite s t a g e  V ,  and t h e  s a l i n i t y  below threshold  l e v e l s .  

The increased s a l i n i t y  a t  t h i s  season i s  assumed t o  i n d i c a t e  an 

inflow of deep water ,  which c a r r i e s  wi th  it f r e s h  s tocks  of 

C. f inmarchicus, thus  compensating f o r  t h e  verna1 l o s s  of t h e  

juveni le  s tages .  

Several  autochthonous temperate spec ies  show a decrease  

i n  abundance from t h e  mouth t o  t h e  i n n e r  p a r t s  of the  f j o r d  du- 

r i n g  summer and autumn, which is c o r r e l a t e d  with warm water  in-  

f l u x e s .  The immigrants c a r r i e d  i n  by these  i n f l u x e s  c o n t r i b u t e  

s i g n i f i c a n t l y  t o  t h e  l o c a l  s tocks .  

A number of allochthonous spec ies  a r e  i n d i c a t o r s  of sur -  

face  o r  deep-water inf lows i n  t h e  autumn. 

The c lose  r e l a t i o n s h i p  found between zooplankton and 

hydrography, demonstrates t h a t  establ ishment  of  t h e  s t o c k s  of t h e  

various spec ies  i s  a f f e c t e d  by t h e  complex i n t e r a c t i o n  of s e v e r a l  

independent b i o l o g i c a l  and p h y s i c a l  f a c t o r s .  This  probably expla ins  

t h e  l a r g e  tempora1 and s p a t i a 1  v a r i a t i o n s  of the  zooplankton found 

i n  .Trondheimsfjorden. 

A comparison with d a t a  from Hardangerfjorden i n d i c a t e s  

s i m i l a r  r e l a t i o n s h i p s  between zooplankton and hydrography. 

Tor Stramgren, Universi ty  o f  Trondheim, The Royal Norwegian Society  

o f  Sciences and Le t t e r s ,  ZooZogicaZ Department, 

N-7000 Trondheim. 
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INTRODUCTION 

I n  Trondheimsf jorden marked annua1 v a r i a t i o n s  o c c u r  i n  t h e  

composi t ion o f  t h e  zooplankton and t h e  abundance o f  t h e  d i f f e r e n t  

s p e c i e s .  The c a u s e  o r  c a u s e s  of  t h e s e  v a r i a t i o n s  a r e  n o t  y e t  f u l l y  

unders tood .  S e v e r a l  e v e n t s  may d e t e r m i n e  s u c c e s s  o r  f a i l u r e ,  s u c h  a s  

food s u p p l i e s ,  p r e d a t i o n ,  t h e  r e p r o d u c t i v e  dynamics o f  t h e  v a r i o u s  

s p e c i e s  and c e r t a i n  a b i o t i c  f a c t o r s ,  e . g .  c u r r e n t s .  The long-term 

i n v e s t i g a t i o n s  made i n  Trondhe imsf jo rden ,  p e r m i t  an  a n a l i s i s  o f  t h e  

r e l a t i o n s h i p  between hydrography and t h e  o c c u r r e n c e  and abundance o f  

many zooplankton s p e c i e s .  

T h i s  p a p e r  i s  a d i s c u s s i o n  o f  t h e  r e s u l t s  of  p r e v i o u s  i n -  

v e s t i g a t i o n s  i n  Trondheimsf jorden made d u r i n g  1963-1966 and 1968-1972 

(Stromgren 1973a,  b ,  c ;  Wendelbo 1 9 7 0 ) .  Comparisons a r e  made w i t h  

s i m i l a r  i n v e s t i g a t i o n s  i n  Hardanger f jo rden  i n  1950-1951 (Gundersen 

1953) and 1955-1956 ( L i e  1967,  S a e l e n  1 9 6 2 ) .  The sampl ing s t a t i o n s  

f o r  Trondheimsf jorden a r e  shown i n  F i g .  1, and t h e  sampl ing d a t e s  

d u r i n g  t h e  i n v e s t i g a t i o n  p e r i o d  a r e  shown i n  Tab le  1. 

The methods used i n  sampl ing t h e  zoop lank ton ,  t o g e t h e r  w i t h  

t h e i r  l i m i t a t i o n s ,  have been d i s c u s s e d  p r e v i o u s l y  (Stromgren 1973a) .  

TRONDHEIMSFJORDEN 

SAMPLING STATION 

F i g .  1. The p o s i t i o n s  of  t h e  f o u r  sampl ing s t a t i o n s  i n  Trondheims- 

f j o r d e n .  



Table 1. Sampling dates  throughout the  invest igat ion period 

I I I l  I I I I I  I I I I I  I l  I I I I l  I 

THE INFLUENCE OF BRACKISH WATER RUN-OFF I N  SPRING 

* 

In Trondheimsfjorden, the copepod CaZanus finmarchicus 

Gunnerus comprises 60-80%, on average, of the  zooplankton biomass 

(Stromgren 1973a). The main spawning period of t h i s  specis  i n  Trond- 

heimsfjorden i s  i n  April.  Spawning i s  preceded by a v e r t i c a l  migra- 

t ion  of mature adu l t s ,  o r  maturing s tage  V copepodites, t o  the sur- 

face. The development from nauplius t o  copepodite s tage  I11 takes 

approximately two weeks and takes place i n  the uppermost water layers .  

The fur ther  development t o  copepodite s tage  V ,  takes a fu r the r  two 

weeks and these stages a re  d i s t r ibu ted  a t  s ign i f i can t ly  deeper levels  

(Stromgren 1973a, b ,  c ) .  

During the  March-May period i n  1963-1966 and 1968-1972 the 

annua1 f luctuat ion i n  numbers of the spring generation of C. f i n m a ~  

chicus normally showed one of two a l t e rna t ive  pa t t e rns  a t  a l l  the 

s t a t ions  sampled (Fig. 2 ) .  In 1963, 1966, and 1972 the  spring spaw- 

ning resulted in  re la t ive ly  large  stocks of copepodite stages 1 1 1 - I V ,  

while i n  1964, 1965, 1968, and 1970 markedly smaller stocks of these 

copepodite stages were found. In 1969 an intermediate s i tua t ion  oc- 

curred. The data f o r  Stn 15 i n  1970 and 1971 a r e  insuf f i c ien t  t o  

give a r e l i ab l e  estimate of the  s i z e  of the spring generation. 

Food re la t ionships  do not seem t o  explain these di f ferences .  

Sakshaug (1973) has shown tha t  diatoms a re  always abundant i n  Trond- 

heimsfjorden during spring and no ab io t i c  ba r r i e r s  a re  found which 

might cut  off C. finmarchicus from the  food sources. Other possible 

fac to rs ,  such as sea  temperature, wave exposure, o r  predation were 

not found t o  be correlated with the var ia t ion i n  numbers e i t he r .  In 

Table 2 the  average nwber  of a l l  the copepodite stages and naupli i  



Fig.  2 .  The average numbers of n a u p l i i  and copepodite s t a g e s  I-IV 

of Calanus finmarchicus found during March-May 1963-1966 

and 1968-1972 i n  t h e  0-100 m water l a y e r  a t  t h e  var ious  

s t a t i o n s .  River d ischarge  during March-April t o  t h e  whole 
6  3  

f j o r d  ( A )  and t o  t h e  inne r  f j o r d  (B)  i n  10 m . (Below) 

of t h e  sp r ing  genera t ion  of C. finmarchicus dur ing  the  var ious  years  

is  compared with t h e  r e l a t i v e  s t r e n g t h  of  t he  f reshwater  d i scharge  

i n t o  t h e  f j o r d  dur ing  March and Apr i l  i n  t h e  same yea r s ,  t h a t  is i n  

t he  per iod  when t h e  formation of t h e  s p r i n g  genera t ion  of C .  f inrar-  

chicus is  a t  a  c r i t i c a l  phase,  bu t  before  t h e  rnain s p r i n g  f lood .  

Zooplankton sarnples from t h e  beginning of March t o  t h e  f i r s t  t h i r d  

of May a r e  included. The numerical o rde r  of years  a t  S tns  1 and 6  

i s  compared t o  t h e  d ischarge  i n t o  t h e  inne r  f j o r d  bas in ,  a t  S tns  15 

and 18 t o  t h e  t o t a l  d i scharge  t o  t h e  f j o r d .  The e s t ima te  of t h e  

freshwater  d i scharge  is based p a r t l y  on d i r e c t  measurements, p a r t l y  

on p r e c i p i t a t i o n  d a t a  (Wendelbo 1970) .  The primary d a t a  has been 

furnished by Norges Vassdrags- og E l e k t r i s i t e t s v e s e n ,  Hydrologisk 
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avdel ing.  A rank c o r r e l a t i o n  between t h e  average number of  C. f in- 

marchicus and t h e  f reshwater  d i scharge  f o r  a l l  s t a t i o n s  combined 

shows a h igh ly  s i g n i f i c a n t  i n v e r s e  c o r r e l a t i o n  a t  t h e  0.005 l e v e l .  

This supply of f reshwater  t o  t h e  f j o r d  g ives  r i s e  t o  a 

brackish  top- layer ,  and t h e  s a l i n i t y  i n  t h e  upper 10 m du r ing  s p r i n g  

i s  c l o s e l y  c o r r e l a t e d  wi th  t h e  f reshwater  supply ( p o s i t i v e  co r r e l a -  

t i o n ,  s i g n i f i c a n t  a t  t h e  0.005 l e v e l ) .  The depths  of t h e  b rack i sh  

l a y e r  i nc reased  toward t h e  mouth of t h e  f j o r d ,  a t  which p o i n t  it may 

reach t o  a depth  of 15 m (Wendelbo 1970) .  Since t h e  j u v e n i l e  s t a g e s  

of C. finmarchicus t end  t o  keep t o  t h e  uppermost l a y e r s ,  lowered s a l i -  

n i t y  might a f f e c t  t h e  development i n t o  o l d e r  s t a g e s .  This  view may 

f i n d  suppor t  i n  t h e  h igh ly  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  found be t -  

ween t h e  numbers of C. finmarchicus and t h e  s a l i n i t y  a t  5 m depth re-  

corded a t  t h e  t u r n  of t h e  months March-April and April-May ( s e e  

Table 3 ) .  The s a l i n i t y  a t  5 m dep th  i s  s i g n i f i c a n t l y  c o r r e l a t e d  wi th  

t h e  s a l i n i t y  a t  both t he  O m and 10 m l e v e l s  (P < 0.001) and may in-  

d i c a t e  t h e  cond i t i ons  found i n  t h e  b rack i sh  water  l a y e r .  

However, t h e  s a l i n i t i e s  recorded a r e  wel l  w i th in  t h e  l i m i t s  

which a r e  known t o  be s u i t a b l e  f o r  t h e  s u c c e s s f u l  development of  

C. f inmrchicus  (Marshal l  & O r r  1955) ,  and s a l i n i t y  i n  i t s e l f  i s  n o t  

considered d e c i s i v e  f o r  t h e  success  of  t h e  s p r i n g  gene ra t i on  of  

C. finmarchicus i n  Trondheimsfjorden. 

The d ischarge  of f reshwater  by t h e  r i v e r s  g ives  r i s e  t o  an 

e s t u a r i n e  c i r c u l a t i o n  i n  t h e  f j o r d  (Wendelbo 19701, and it is  assumed 

t h a t  t h e  d i scharge  may be used a s  an i n d i c a t o r  of  t h e  degree of  brack- 

i s h  water  run-off.  The v e l o c i t y  of t h i s  outf low has no t  been measured 

d i r e c t l y  i n  Trondheimsfjorden, b u t  dur ing  t h e  s p r i n g  f l ood  t h e  outf low 

probably exceeds 50 cm/sec (Wendelbo 1970) .  Before t h i s ,  i n  March and 

Apr i l ,  a speed of 10 cm/sec i s  l i k e l y  when t h e  run-off i s  high.  I n  

t h i s  case  s u r f a c e  water  may t h e o r e t i c a l l y  be t r anspo r t ed  from t h e  

i n n e n o s t  ba s in  and o u t  of t h e  f j o r d  w i th in  16 days.  

The n a u p l i i  and younger copepodi te  s t a g e s  of  C. finmarchicus 

a r e  f r equen t ly  found i n  t h e  uppermost l a y e r s ,  and it i s  comrnonly accep- 

t e d  t h a t  t he se  copepodi te  s t a g e s  p r e f e r  t h e  near -sur face  l a y e r  (Mar- 

s h a l l ,  Nichol l s  & O r r  1934, and o t h e r s ) .  This  p r e f e r r e d  v e r t i c a l  d i s -  

t r i b u t i o n  b r ings  t h e s e  s t a g e s  t o  t h e  s u r f a c e  where they a r e  s u b j e c t  t o  

t h e  outgoing c u r r e n t ,  and a t r a n s p o r t  of t he se  j uven i l e s  o u t  of  t h e  

f j o r d  i s  l i k e l y .  This  washout e f f e c t  i s  assumed t o  be d e c i s i v e  f o r  t he  
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s u c c e s s  of t h e  s p r i n g  g e n e r a t i o n  of C. f inmarchicus .  

T r a n s p o r t  o f  t h e  j u v e n i l e  s t a g e s  o f  C. f inmarch icus  away 

from t h e  b r e e d i n g  a r e a s  by t h e  s u r f a c e  c u r r e n t  has  been r e p o r t e d  by 

many workers  (Bigelow 1926, F i s h  1936, Sherman 1965, Ussing 1 9 3 8 ) .  

S i m i l a r  r e l a t i o n s h i p s  between t h e  s i z e  o f  l a r v a l  f i s h  s t o c k s  and 

run-off  a r e  d i s c u s s e d  by s e v e r a l  o t h e r  workers  (Dahl 1899, Sund 1924, 

L i l l e l u n d  1965, Dons u n p u b l i s h e d ) .  I n  t h e  i n n e r  p a r t  o f  Trondheims- 

f j o r d e n ,  n e a r  S t n  6  D e n s t a d l i  (1972) recorded  t h a t  s t r o n g  y e a r  c l a s -  

s e s  o f  cod (Gadus morhua) corresponded t o  y e a r s  r i c h  i n  C. f inmarchi-  

cus .  T h i s  may be due t o  food r e l a t i o n s ,  a l though  t r a n s p o r t  may b e  

t a k e n  i n t o  account .  

The e s t u a r i n e  c i r c u l a t i o n  i n  t h e  f j o r d  may r e i n t r o d u c e  

C. f inmarchicus by t h e  in-going c o u n t e r - c u r r e n t .  Gran (1900) sugges- 

t e d  t h a t  a  p r o p o r t i o n  o f  t h e  l a r g e  s t o c k s  o f  C. f inmarch icus  found i n  

t h e  f j o r d s  o f  Northern Norway d u r i n g  June and J u l y  were d e r i v e d  from 

an i n f l u x  i n  May. T h i s  t y p e  o f  c i r c u l a t i o n  seems t o  b e  o f  minor i m -  

p o r t a n c e  f o r  t h e  s t o c k s  of C. f inmarchicus  i n  Trondheimsf jorden.  

The d e s c r i b e d  l o s s  o f  C. ;'inmarchicus d u r i n g  s p r i n g  and 

summer would make d i f f i c u l t  t h e  main ta inance  o f  a  f j o r d  p o p u l a t i o n ,  

were it n o t  f o r  t h e  f a c t ,  shown l a t e r ,  t h a t  deep i n f l o w s  i n  l a t e  sum- 

mer and autumn b r i n g  wi th  them new s t o c k s  o f  t h e  o l d e r  copepodi te  

s t a g e s ,  p a r t i c u l a r l y  copepodi te  s t a g e  V. 

A comparison w i t h  t h e  o b s e r v a t i o n s  from Hardangerf jorden 

d u r i n g  1956-1957 (L ie  1967) and 1950-1951 (Gundersen 1953) a l s o  i n d i -  

c a t e  t h a t  i n  s p r i n g  t h e  h i g h e s t  s u r f a c e  s a l i n i t i e s  recorded  a r e  as-  

s o c i a t e d  w i t h  t h e  l a r g e s t  numbers o f  C. f inmarchicus  p r e s e n t ,  and i f  

s u r f a c e  s a l i n i t y  i s  i n d i c a t i v e  o f  f r e s h w a t e r  d i s c h a r g e  and run-of f ,  

a  s i m i l a r i t y  t o  Trondheimsf jorden i s  t h u s  i n d i c a t e d .  

Data from Skjomen, a  f j o r d  i n  Northern Norway, a l s 0  i n d i c a -  

t e  t h a t  r i v e r  d i s c h a r g e  may i n f l u e n c e  C. finmczrchicus i n  a  s i m i l a r  

way (Stromgren 1974) .  However, i n  b o t h  t h e s e  c a s e s  t h e  m a t e r i a l  

is t o  s c a n t y  t o  a l low c l o s e r  i n t e r p r e t a t i o n .  

I n  Trondheimsf jorden a  numher o f  t h e  more t empera te ,  s m a l l -  

e r  copepod s p e c i e s ,  which r e a c h  t h e i r  main maxima d u r i n g  t h e  summer 

and autumn (e .g .  Pseudocalanus  e l o n g a t u s ,  Temora l o n g i c o r n i s ,  Centro- 

pages  hamatus, Limacina r e t r o v e r s a ,  Podon poZyphemoides, Evadne nord- 

manni ) ,  u s u a l l y  show a s m a l l e r  secondary peak i n  s p r i n g .  The low, 

a b s o l u t e  numbers o f  t h e s e  s p e c i e s  i n  s p r i n g  i s  probab ly  r e l a t e d  t o  



t h e  low wate r  t e m p e r a t u r e r  b u t  a s  t h e y  t e n d  t o  keep n e a r  t o  t h e  s u r -  

f a c e ,  l i k e  t h e  j u v e n i l e  s t a g e s  o f  C. f i n m a r c h i c u s ,  t h e y  must a l s o  be 

s u b j e c t  t o  t h e  same outward d r i f t ,  which w i l l  c o n t r i b u t e  t o  a reduc-  

t i o n  of  t h e  s p r i n g  s t o c k .  

One s p e c i e s ,  Acartia l o n g i r e m i s ,  however, seems t o  show a 

d i f f e r e n t  behav iour .  A .  l ong i remis  seems t o  b e  i n v e r s e l y  c o r r e l a t e d  

w i t h  C. f inrnarchicus d u r i n g  t h e  main r i v e r  f l o o d  p e r i o d  i n  May-June 

(Stromgren 1973 a ,  b ,  c ) .  T h i s  may be  due t o  a d i f f e r e n t  responbe 

t o  f r e s h w a t e r  d i s c h a r g e ;  A .  l ong i remis  p robab ly  keeps  below t h e  b rack-  

i s h  l a y e r .  I n  t h e  S t r a i t  o f  Georg ia ,  Legare (1957) a l s o  foiind t h a t  

t h e  main peaks  of  A .  longirernis  c o i n c i d e d  w i t h  f l o o d  p e r i o d s .  

THE INFLUENCE OF DEEP INFLOWS I N  SUMMER AND AUTUMN 

I n  Trondheimsf jorden,  t h e  summer and autumn maxima o f  

C a l m u s  f inmarch icus ,  below 100 m w a t e r  d e p t h ,  a r e  dominated by cope- 

p o d i t e  s t a g e  V. The deep l a y e r s  were campled d u r i n g  autumn on ly  i n  

1963, 1964, 1969, 1970,  and 1972 (Table  1). F i g .  3 shows t h e  l a r g e  

annua1 f l u c t u a t i o n s  which o c c u r r e d ,  a s  w e l l  a s  t h e  marked d i f f e r e n -  

c e s  found between s t a t i o n s ,  t h e  l a r g e s t  numbers o c c u r r i n g  i n  t h e  

o u t e r  r e g i o n s  o f  t h e  f j o r d  ( S t n s  18  and 1 5 ) .  The a n n u a l r a n d  p a r t i -  

c u l a r l y  t h e  h o r i z o n t a l ,  d i f f e r e n c e s  i n  abundance c o i n c i d e d  w i t h  s i-  

m i l a r  v a r i a t i o n  p a t t e r n s  o f  t h e  s a l i n i t y .  

S a l i n i t y  i n  t h e  f j o r d  b a s i n s  i s  dependent  on i n f l o w s .  I n  

t h e  deeper  l a y e r s  o f  Trondheimsf jorden r e p e a t e d  deep i n f l o w s  t a k e  

p l a c e  th roughout  t h e  y e a r  (Wendelbo 1970) .  The summer and autumn 

in f lows  a r e  c h a r a c t e r i z e d  by w a t e r  o f  a h i g h  s a l i n i t y .  Both t h e  

f requency and s t r e n g t h  of  t h e  i n f l o w s  a r e  s u c c e s s i v e l y  reduced  by 

t h e  s i l l s  s e p a r a t i n g  t h e  v a r i o u s  b a s i n s .  I n  Norwegian f j o r d s  w a t e r  
O 

w i t h  a s a l i n i t y  above 35 /oo i s  regarded  a s  be ing  o f  A t l a n t i c  o r i -  

g i n .  A t  t h e  o u t e r  s t a t i o n s  18  and 1 5 ,  i n f l u x  o f  o c e a n i c  o r  deep 

c o a s t a l  wa te r  i s  r e v e a l e d  by t h e  occur rence  o f  s a l i n i t i e s  c l o s e  t o  

35O/00. Within  t h e  T a u t r a  t h e s h o l d  (F ig .  1) s a l i n i t y  i s  g e n e r a l l y  

lower and a t  S t n s  6 and 1 an i n f l o w  o f  w a t e r  i s  i n d i c a t e d  by r e c o r d s  
o 

of  s a l i n i t i e s  above 34.6O/00 and 34.2 /oo r e s p e c t i v e l y  . 
I n  t h e  summer o f  1963 a deep i n f l o w  o f  s a l i n e  wa te r  f i r s t  

o c c u r r e d  a t  S t n  18  i n  J u l y  and p r o g r e s s i v e l y  l a t e r  f u r t h e r  i n ,  



Fig. 3. The number of  copepodi te  s t a g e  V of  Ca~anus finmarchicus 

found below t h e  100 m l e v e l  a t  t he  f o u r  s t a t i o n s  i n  Trond- 

heimsfjorden during June-November 1963, 1964, 1969, 1970, 

and 1972 ( r igh t -hand  s c a l e )  , and t h e  s a l i n i t y  i s o p l e t h s  f o r  

t h e  same p e r i o d  ( l e f t -hand  s c a l e )  . 



culminat ing a t  t h e  innermost  s t a t i o n  i n  August-September ( F i g .  3 ) .  
O 

Th i s  in f low was very  s t r o n g  and produced s a l i n i t i e s  above 35.2 /o0 

even a t  S t n  1 5  i n  August. i n  t h e  o u t e r  p a r t  of t h e  f j o r d ,  t h e  d i -  

r e c t i o n  o f  f low was r e v e r s e d  d u r i n g  t h e  i n t e r v a l  between t h e  samp- 

l i n g  d a t e s  of August 1 4 t h  and September 1 9 t h ,  b u t  a t  t h e  beginning 

o f  October t h e  o u t e r  b a s i n s  were once a g a i n  s u b j e c t  t o  w a t e r  i n f l u x .  

i n  1964 t h e  in f low a t  S t n s  1 8  and 15 i n  J u l y  seemed f a i r l y  
o 

s t r o n g  and a s a l i n i t y  o f  35 /oo was recorded  i n  August a t  S t n  18. A t  

t h e  two innermost  s t a t i o n s  o n l y  a ve ry  weak in f low was i n d i c a t e d .  

A f t e r  a temporary r e v e r s a l  i n  July-August,  a second i n f l o w  took p l a c e  

i n  September a t  t h e  two o u t e r  s t a t i o n s .  

I n  1969 i n f l u x e s  o c c u r r e d  i n  J u l y  and September a t  S t n  15 ,  

of approximately  t h e  same o r d e r  a s  i n  1964. A t  S t n  6 t h e  p o s i t i o n  

of t h e  34.4 i s o p l e t h  i n d i c a t e s  i n f l o w s  d u r i n g  June-Ju ly  and i n  Octo- 

b e r ,  i n t e r r u p t e d  by a temporary,  b u t  s i g n i f i c a n t ,  ou t f low d u r i n g  

August-September. The second in f low o c c u r r e d  l a t e r  a t  S t n  6 t h a n  a t  

S t n  15. 

I n  1970 a very weak inf low o c c u r r e d  a t  S t n  1 5  i n  August; 

an in f low which can a l s 0  be  t r a c e d  a t  S t n  6. 

I n  1972 q u i t e  a s t r o n g  in f low was recorded  a t  a l l  s t a t i o n s .  

I n  Fig .  3 ,  t h e  comparison between v a r i a t i o n s  i n  numbers o f  

C. f inrnarchicus,  s t a g e  V ,  and t h e  s a l i n i t y  changes seems t o  i n d i c a t e  

a d i r e c t  r e l a t i o n s h i p  between i n f l o w s  and i n c r e a s e d  numbers o f  

C. f inrnarchicus.  The s t r o n g  in f low i n  t h e  autumn of  1963, which 

reached a l l  t h e  f j o r d  b a s i n s ,  corresponded w i t h  marked maxima of 

C. f inrnarchicus.  i n  1964, when a s i g n i f i c a n t  i n f l o w  took p l a c e  i n  

t h e  o u t e r  f j o r d  w h i l s t  t h e  b a s i n s  w i t h i n  t h e  T a u t r a  t h r e s h o l d  were 

l i t t l e  a f f e c t e d ,  t h e  CaZanus s t o c k  showed a corresponding d i s t r i b u -  

t i o n ,  w i t h  c o n s i d e r a b l e  numbers i n  t h e  o u t e r  f j o r d  and a ve ry  s m a l l  

s t o c k  i n  t h e  i n n e r  p a r t .  During t h e  c~u t f low i n  August a t  t h e  o u t e r  

s t a t i o n s ,  minima of  C. f inrnarchicus o c c u r r e d  s imul taneous ly .  i n  

1969 in f lows  were moderate and t h e  numbers of C. f inrnarchicus were 

a l s 0  moderate a t  S t n  15. Both were i n s i g n i f i c a n t  a t  S t n  6. Th i s  

may have been r e l a t e d  t o  t h e  August-September ou t f low,  which c o i n c i -  

ded w i t h  a minimum of C. f inrnarchicus.  Although no d a t a  e x i s t  f o r  

C. finrnarchicus a f t e r  August 1070 a t  S t n  15,  a weak in f low t h a t  y e a r  

corresponded w i t h  smal l  s t o c k s  of C. f inrnarchicus,  w h i l e  t h e  s t r o n g  

in f low i n  1372 was accompanied by l a r g e  numbers of C. fhzrnarchicus 



Table 4. Average s a l i n i t i e s  a t  a given l eve1  below t h e  t h r e sho ld  
- 

d e ~ t h s  (Sdepth ) during August-October i n  t he  va r ious  years ,  

ranked according t o  t h e  corresponding average nurnbers of 

copepodi te  s t a g e  V of  CaZanus finmarchicus p r e s e n t  below 

100 m depth  (N). Standardized v a r i a b l e  ( W )  and s i g n i f i -  

cance l e v e l s  a r e  shown f o r  a l l  d a t a  combined 

X Average f o r  August-September 
XX 

S i n g l e  v a l u e  f o r  August 

a t  a l l  s t a t i o n s .  

The s a l i n i t y  below th re sho ld  depth  dur ing  t h e  autumn may 

be used a s  an i n d i c a t o r  of  t h e  s t r e n g t h  and t h e  course of  t h e  deep 

inf lows.  Table  4 shows t h e  average number of  C. f inmarchicus,  cope- 

p o d i t e  s t a g e  V ,  below t h e  100 m l eve1  dur ing  t h e  p e r i o d  August- 

October and t h e  average s a l i n i t y  recorded a t  a g iven  depth below t h e  

t h r e sho ld  during t h e  same months. A rank t e s t  f o r  a l l  s t a t i o n s  com- 

bined,  shows a h igh ly  s i g n i f i c a n t  c o r r e l a t i o n  between t h e s e  two va- 

r i a b l e ~  (P < 0.003) . This  may i n d i c a t e  t h a t  much o f  t h e  autumn s tock  

of  C. f inmarchicus,  s t a g e  V ,  i s  apparen t ly  c a r r i e d  i n  t oge the r  wi th  

t h e  deep inf lows.  This  supply may compensate f o r  t h e  l o s s  of t h e  

younger s t a g e s  of C. finmarchicus wi th  t h e  s p r i n g  run-of f ,  d i s cus sed  

e a r l i e r  i n  t h i s  paper .  

P ( X s a )  

0.003 

x-Ex a=- 

- 2.825 

S t n  18 

S t n  15  

S t n  6 

S t n 1  

- 
'400 
i 
Year 

- 
'400 

Year 

- 
s300 
N 

Year 

- 
S200 
N 

Year 

3 4 . 9 5 0 ~  34.930 34.880 

1885ox 6120 6100 

1972 1964 1963 

35.010 3 4 . 9 1 0 ~  34.907 34.890 34.86oxX 

5130 1200ox 2300 4800 60oxX 

1963 1972 1969 1964 1970 

34.573 34.495X 34.493 34.435 34.387 

5230 311ox 270 680 500 

1963 1972 1969 1970 1964 

34.283 34.270 34.137 

3470 1940 470 

1963 1972 1964 



A comparison of t h e  hydrographic d a t a  (Saelen 1962) and t h e  

v a r i a t i o n s  i n  the  quan t i t y  of zooplankton a t  t h e  100-300 m and 300- 

800 m l e v e l s  f o r  Hardangerfjorden (Lie  1967) ,  i n d i c a t e s  t h a t  a  s i m i -  

l a r  r e l a t i o n s h i p  a l s o  e x i s t s  t he re .  

S a l i n i t y  i s o p l e t h s ,  based on some unpublished m a t e r i a l  and 

on d a t a  given by Saelen,  a r e  presented  f o r  Stn A during 1950-1951 

(Fig. 4) and f o r  S tns  H5, H6, and H7 during 1955-1956 (Fig.  5 ) .  A s  

mentioned e a r l i e r ,  Stn 117 i s  almost i d e n t i c a l  with S tn  A ,  while  S tns  

H6 and H5 a r e  s i t u a t e d  f u r t h e r  i n s i d e  the  f j o r d .  

Fig. 4. S a l i n i t y  i s o p l e t h s  f o r  Stn A i n  Hardangerfjorden, during 

1950-1951. Based on unpublished d a t a  ( I n s t i t u t e  of Marine 

Research, Bergen) . 

Fig. 5. S a l i n i t y  i s o p l e t h s  f o r  Stns  H5, H6, and H7 i n  Hardanger- 

f j o rden ,  during 1955-1956. Based on d a t a  from Saelen 

(1962).  



In  Hardangerfjorden an exchange of deep water  occurs  i n  a 

s i m i l a r  manner t o  t h a t  found i n  Trondheimsfjorden. Deep inf lows of  

A t l a n t i c  water occur red  i n  March, May, June ,  August, and dur ing  

November-December i n  1950, and dur ing  June-July i n  1951. The inf lows  

i n  August and November-December i n  1950 were c h a r a c t e r i z e d  by high 
O 

s a l i n i t i e s  ( > 35.1 / o o ) ,  b u t  no such inf low had s t a r t e d  by the  end 

of August 1951. A s i g n i f i c a n t  d i f f e r e n c e  between t h e s e  two yea r s  is 

thus  i nd i ca t ed .  

Deep inf lows  a l s 0  seem t o  have taken  p l a c e  dur ing  Septem- 

ber-October and i n  December i n  1955 and i n  February,  June ,  J u l y l  and 

September i n  1956. I n  1955, t h e  inf lows seemed t o  become p rog re s s i -  

ve ly  reduced towards t h e  i n n e r  p a r t s  of  t h e  f j o r d .  The s a l i n i t y  sec- 

t i o n s  given by Sae len  (1962) i n d i c a t e  t h a t  t h e  s a l i n e  water  is found 

a t  deeper  l e v e l s  a t  t h e  i nne r  s t a t i o n s ,  b u t  t h e  water  i s  t o o  homoge- 

neous t o  a l low f u r t h e r  i n t e r p r e t a t i o n .  I n  1956, however, t h e  inf low 

seems t o  have l e d  t o  t h e  formation of an i n t e rmed ia t e  l a y e r  o f  s a l i n e  

water ,  which was e a s i l y  recognizable  f a r  i n t o  t h e  f j o r d .  The f r o n t a l  

border  of t h i s  i n f l u x  was s i t u a t e d  a t  S t n s  H7 i n  J u l y ,  H6 i n  August, 

and H5 i n  August-September. 

L ie  (1967) d i d  n o t  s e p a r a t e  t h e  va r ious  s p e c i e s  of plankton 

found below t h e  100 m l e v e l ,  b u t  according t o  h i s  obse rva t ions  and 

those  of Gundersen (19531, t h e  f l u c t u a t i o n s  i n  volume of t h e  zooplank- 

ton  during t h e  autumn a r e  mainly due t o  C. f inmarchicus,  copepodi tes  

s t a g e  V. Zooplankton volumes were l a r g e  i n  t h e  100-300 m l a y e r  a t  

S tn  H7 i n  September and dur ing  November-December 1955 (Lie  1967, f i g .  

6 ) .  A l e s s e r ,  b u t  s t i l l  d i s t i n c t ,  maximum was recorded a t  S tn  H6 

during November-December, a l i t t l e  l a t e r  then  t h a t  recorded a t  t h e  

o u t e r  s t a t i o n s ,  whi le  no corresponding maximurn was found a t  S t n  H5. 

This  sequence of  maxima corresponded t o  t h e  na tu re  of  t h e  inf low i n  

1955, which f i r s t  occurred a t  H7, l a t e r  a t  H6, and was perhaps de- 

p r e s sed  below the  sampling depth a t  H5. I n  1956, a p rog re s s ive  t ime 

l a g  i n  t h e  maximal zooplankton volumes was found, from J u l y  a t  H7 t o  

August a t  H6 and a f t e r  September a t  H5, corresponding t o  a s imulta-  

neous. in te rmedia te  i n f  low. 

A t  t h e  300-800 m l eve1  a t  H5, where deep samples were t a -  

ken only dur ing  1955-1956, C. f inmarchicus was l e s s  dominant, but  

the  smal l  peak during October-November 1955 and t h e  l a r g e  peak i n  

September 1956 corresponded wi th  t h e  weak i n f l u x  recorded below t h e  



300 ni l e v e l  d u r i n g  October-November i n  1955 and w i t h  t h e  more pro-  

nounced i n f l u x  i n  September 1956. A t  S t n  A ,  Gundersen (1953) r e c o r -  

ded s m z l l  maxima below 400 m i n  e a r l y  August and d u r i n g  October-  

November 1950. The August s t o c k  rnay have been d e r i v e d  from t h e  

autochthonous  maximum a t  0-50 n i n  e a r l y  J u l y ,  b u t  deep i n f l o w s  i n  

July-August rnay a l s o  have b r o u g h t  i n  more. Another s m a l l  maximum 

i n  l a t e  October  rnay a l s o  have been r e l a t e d  t o  t h e  s i m u l t a n e o u s  deep 

in f low.  The s t o c k s  o f  C. finmarchicus i n  Hardanger f jo rden  were ge- 

n e r a l l y  s m a l l e r  t h a n  t h o s e  i n  Trondheimsf jorden.  

Large q u a n t i t i e s  of  C. finmarchicus have been r e c o r d e d  

a long  t h e  edge o f  t h e  c o a s t a l  banks ( S a r s  1886, Ruud 1929) .  Wiborg 

(1954) s u g g e s t e d  t h a t  t h e  p l a n k t o n  i n  t h e  c o a s t a l  edge are-a c o u l d  

o r i g i n a t e  from 1) t h e  d e e p e r  w a t e r s  immediate ly  o f f s h o r e ,  2 )  from 

t h e  Norwegian Sea  and t h e  s t o c k s  i n  t h e  North A t l a n t i c  c u r r e n t ,  o r  

3) from t h e  c o a s t a l  a r e a s  f u r t h e r  s o u t h .  The p r e s e n c e  o f  t h e s e  l a r g e  

pre-spawning accumula t ions  a l o n g  t h e  c o n t i n e n t a l  s i o p e  must be  i m -  

p o r t a n t  f o r  t h e  development of t h e  huge masses of  C. finmizrchicus 

found i n  summer on t h e  c o a s t a l  banks o f  Nor the rn  Norway. 

I n  t h e  More a r e a ,  b o t h  Ruud (1929) and Wiborg (1955) r e c o r -  

ded an abundance o f  C. finmarchicus. ~ u u d  assumed t h a t  C. finmarchi- 

cuS might spawn o f f  S h e t l a n d ,  and even f u r t h e r  westward,  and complete  

t h e i r  development t o  c o p e p o d i t e  s t a g e s  IV-V and a d u l t s  on t h e i r  way 

t o  More, where they  accumulate.  Wiborg (1954) found summer maxima 

of copepod i te  s t a g e s  ( I V - V )  a t  Ona, which he c o u l d  n o t  e a s i l y  t r a c e  

back t o  l o c a l  s t o c k s ;  t h e i r  l e n g t h  f r e q u e n c i e s  i n d i c a t e d  t h a t  t h e  

n o r t h e r n  s t o c k  might be  r e c r u i t e d  t o  come e x t e n t  from t h e  s o u t h e r n  

c o a s t a l  o r  o f f s h o r e  a r e a s  and b e  c a r r i e d  i n  w i t h  t h e  c o a s t a l  c u r r e n t .  

Copepodite s t a g e s  IV-V which e n t e r  Trondheimsf jorden i n  

summer rnay t h e r e f o r e  o r i g i n a t e  from s e v e r a l  s o u r c e s ,  b u t  t h e  r i c h  

c o a s t a l  c o n c e n t r a t i o n s  p r e s e n t  t o  t h e  south-west  o f  t h e  f j o r d  rnay 

form an impor tan t  s o u r c e  o f  supply .  

Althouqh deep i n f l o w s  r e g u l a r l y  o c c u r  i n  Hardanger f jo rden ,  

t h e  autumn s t o c k  o f  C. finmarchicus found t h e r e  g e n e r a l l y  seems t o  

be  s m a l l e r  t h a n  i n  Trondheimsf jorden.  The r e c o r d s  o f  Wiborg (1954, 

1955) and L i e  (1965,  1966) i n d i c a t e  t h a t  C. finmarchicus is  l e s s  

abundant i n  t h e  s o u t h e r n  p a r t s  o f  t h e  wes t  c o a s t ,  and t h u s  b o t h  sum- 

mer and autumn i n f l o w s  rnay c o n t a i n  lower  c o n c e n t r a t i o n s  o f  C. f in-  

marchi cus . 



The mechanisms t h a t  r e g u l a t e  t h e  s t o c k  of  C. finmarchicus 

i n  a f j o r d  a r e  dependent  on s e v e r a l  p a r a m e t e r s ,  i n v o l v i n g  t h e  b i o l o -  

gy o f  t h e  s p e c i e s ,  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  a p a r t i c u l a r  f j o r d ,  

a s  w e l l  a s  t h e  h i s t o r y  of  t h e  w a t e r  masses on t h e  c o a s t .  The combi- 

n a t i o n  of  t h e s e  v a r i a b l e s  must  be e x p e c t e d  t o  g i v e  r i s e  t o  l a r g e  an- 

n u a l  v a r i a t i o n s  w i t h i n  t h e  f j o r d s ,  a s  w e l l  a s  t o  d i f f e r e n c e s  i n  abun- 

dance between f j o r d s .  

TEMPERATE AUTOCHTHONOUS SPECIES AND THE 

HYDROGRAPY I N  SUMMER AND AUTUMN 

A number o f  t empera te  autochthonous  s p e c i e s  (PseudocaZanus 

elongatus, Temora Zongicornis, Centropages hamatus, Acartia Zongi- 

remis, Acartia cZausi, Oithona simi Zis, Limacina re troversa, Podon 

poZyphe~oides, Evadne nordmanni) have t h e i r  main maxima i n  Trond- 

heimsf j o r d e n  d u r i n g  t h e  summer and autumn (Stromgren 1973 a ,  b ) .  

Such specimens a r e  t a k e n  i n  t h e  upper  100 m w a t e r  l a y e r ,  and t h e  

bu lk  o f  them probab ly  keeps  q u i t e  c l o s e  t o  t h e  s u r f a c e .  These spe- 

c i e s  a l s o  show c o n s i d e r a b l e  annua1 v a r i a t i o n s  i n  abundance,  a s  w e l l  

a s  s i g n i f i c a n t  d i f f e r e n c e s  i n  number between t h e  o u t e r  and t h e  i n n e r  

f j o r d .  

S e v e r a l  s p e c i e s  show a s i g n i f i c a n t  d e c r e a s e  i n  number t o -  

wards t h e  i n n e r  p a r t  o f  t h e  f j o r d .  I n  Tab le  5 t h e  average  numbers 

o f  d i f f e r e n t  s p e c i e s  found d u r i n g  June-October a r e  r anked  accord ing  

t o  t h e  p o s i t i o n  o f  t h e  s t a t i o n s  w i t h i n  t h e  f j o r d  and t h e  r e s p e c t i v e  

rank c o r r e l a t i o n s  a r e  t a b u l a t e d .  The c o r r e l a t i o n  between abundance 

and t h e  h o r i z o n t a l  d i s t r i b u t i o n  o f  s t a t i o n s  is h i g h l y  s i g n i f i c a n t  f o r  

E. nordmanni, T .  Zongicornis, L. retroversa, and 0. simi Zis (P < 0.007).  

For P. elongatus, C. hamatus, and A. elausi  t h e  c o r r e l a t i o n  i s  s i g n i -  

f i c a n t  a t  t h e  0.03 l e v e l .  For  P. polyphemoides and p a r t i c u l a r l y  f o r  

A. longiremis no s s u h  r e l a t i o n s h i p  was found.  

The mean t e m p e r a t u r e  f o r  t h e  0-100 m ( t  
0-100 

and 0-5 m 
- 

w a t e r  l a y e r s  have been i n t e r p o l a t e d  by means o f  second degree  

polynomians.  Tab le  5 shows t h e  o v e r a l l  mean w a t e r  t e m p e r a t u r e  f o r  

t h e  0-100 m ( r  and 0-5 m (T l a y e r s  d u r i n g  June-October.  
0-100 o- 5 

O v e r a l l  mean t e m p e r a t u r e  f o r  0-100 m d e c r e a s e s  towards t h e  i n n e r  

p a r t  o f  t h e  f j o r d ,  w h i l e  t h a t  f o r  t h e  0-5 m l a y e r  shows a lmos t  t h e  

o p p o s i t e  t r e n d .  S i n c e  complete  agreement e x i s t s  between t h e  h o r i z o n t a l  
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- 
d i s t r i b u t i o n  o f  t h e  s t a t i o n s .  then  t h e  ahundance ~ O - l O O - c o r r e l a t i o n  

w i l l  be  e q u a l  t o  t h e  a b u n d a n c e / s t a t i o n  - c o r r e l a t i o n  shown i n  Tab le  5. 

On t h e  o t h e r  hand,  t h e  n ~ e r / E ~ - ~  - c o r r e l a t i o n  f o r  t h e  same p e r i o d  

was n o t  s i g n i f i c a n t .  T h i s  may i n d i c a t e  t h a t  t e m p e r a t u r e  l e v e l  i t s e l f  

i s  n o t  d e c i s i v e  f o r  t h e  number o f  specimens o f  t h o s e  s p e c i e s  which 

p r e f e r  t h e  uppermost l a y e r s .  

The r a p i d  i n c r e a s e  i n  mean t e m p e r a t u r e  i n  0-100 m found 

s e v e r a l  y e a r s  from August and onwards (F ig .  61,  may n o t  be  e x p l a i n e d  

by s o l a r  r a d i a t i o n  o n l y ,  and an a d v e c t i v e  supp ly  o f  h e a t  must b e  as-  

s m e d .  A s i m i l a r  t e m p e r a t u r e  e f f e c t  i n  Hardanger f jo rden  (F ig .  7 )  was 

e x p l a i n e d  by S a e l e n  (1967) t o  be  due t o  i n f l u x e s  o f  warm c o a s t a l  

wa te r .  

The o r d e r  o f  s i z e  of t h e  i n c r e a s e  i n  mean t e m p e r a t u r e  i n  

t h e  0-100 m l a y e r  and o f  t h e  cor respond ing  h o r i z o n t a l  g r a d i e n t  t o -  

wards t h e  i n n e r  p a r t  of  t h e  f j o r d  may rough ly  g i v e  an i d e a  abou t  t h e  

r e l a t i v e  s t r e n g t h  and t h e  t iming  o f  t h e  August and September i n f l u x e s .  

F ig .  6. Mean t e m p e r a t u r e  of  t h e  upper  100 m (t  
0-100 

) a t  t h e  v a r i o u s  

s t a t i o n s  i n  Trondheimsf jorden d u r i n g  1963-1966 and 1967-1969. 



Fig. 7. Mean temperature of t he  upper 100 m (f O- 100 ) a t  t h e  var ious  

s t a t i o n s  i n  Hardangerfjorden during 1950-1951 and 1955-1956. 

Based on unpublished d a t a  ( I n s t i t u t e  of Marine Research, 

Bergen) and d a t a  from Saelen (1962).  

1963 seems t o  have been a year  i n  which a very s t rong  i n f l u x  i n t o  

Trondheimsfjorden occurred (Fig.  6 ) ,  while  i n  1968 very low mean tem- 

pe ra tu re s  were recorded a t  0-100 m ,  i n d i c a t i n g  a much smal le r  supply 

of warm water. I n  Hardangerfjorden a s t ronge r  i n f l u x  was i n d i c a t e d  

i n  1950 than i n  1956 (Fig. 7 ) .  

Most of t h e  spec ies  mentioned above a r e  known t o  be abun- 

dan t  on the  coas t  (Wiborg 1954) and t h e  warm water  i n f l u x e s  may b r ing  

with them immigrants which con t r ibu te  t o  t h e  l o c a l  s tocks .  The high- 

l y  s i g n i f i c a n t  c o r r e l a t i o n  found i n  Trondheimsfjorden between s t a t i o n  

and abundance may thus  be explained by i m i g r a t i o n .  A .  Zongiremis 

i n  f a c t ,  which is r e l a t i v e l y  sca rce  i n  c o a s t a l  waters ,  showed no 

g rad ien t  along the  f j o r d .  Var ia t ions  i n  t h e  c o a s t a l  s tocks  may i n -  

f luence the  immigration e f f e c t .  

Large s tocks  of s e v e r a l  temperate spec i e s  may develop i n  

landlocked a reas  wi th in  t h e  f j o r d ,  probably induced by the  high tem- 

pe ra tu re s  t h e r e ,  and these ,  t oo ,  may r ep resen t  l o c a l  sources  of supp- 

l y  (Stromgren 1973 b ) ,  b u t  a r e  probably of minor importance f o r  t h e  



f j o r d s  a s  a whole. 

The summer-autumn immigra t ion  and t h e  maintenance  o f  t h e  

s t o c k s  o f  copepod s p e c i e s  which normal ly  keep t o  t h e  uppermost  w a t e r  

l a y e r s  i s  a l s o  i n f l u e n c e d  by t h e  run-o f f  i n  summer and autumn. I n  

Trondheimsf jorden t h e  s p r i n g  run-o f f  i s  mainly  due  t o  t h e  snow-melt; 

it r e a c h e s  i t s  maximum i n  May and d e c r e a s e s  g r a d u a l l y  t h r o u g h o u t  

June .  During s u r n e r  s u p p l i e s  o f  f r e s h w a t e r  and t h e  consequen t  brack-  

i s h  w a t e r  run-o f f  a r e  s m a l l .  The r i v e r s  f l o w i n g  i n t o  Hardanger f jo r -  

d e n ,  however, a r e  £ed by l a r g e  g l a c i e r s  and t h e r e  t h e  w a t e r  s u p p l y  

r e a c h e s  i ts  maximum d u r i n g  J u n e  and J u l y  and may s t i l l  b e  a t  a  h i g h  

l e v e l  d u r i n g  August-October ( J o r d e  & K l a v e s t a d  1 9 6 3 ) .  T h i s  i n d i c a -  

tes t h a t  t h e  b r a c k i s h  w a t e r  run-off  may remain  i m p o r t a n t  i n  Hardan- 

g e r f j o r d e n  u n t i l  t h e  l a t e  summer. Temporary changes  o f  d i s c h a r g e  

may a l s o  b e  o f  some s i g n i f i c a n c e .  I n  Trondhe imsf jo rden  t h e  l a r g e  

volume o f  f r e s h w a t e r  d i s c h a r g e  r e c o r d e d  i n  September 1964 and  Octo- 

b e r  1965 p r o b a b l y  r educed  t h e  i n f l u x e s  t o  some e x t e n t .  The tempora- 

ry d r o p  i n  mean t e m p e r a t u r e  i n  Hardanger f jo rden  d u r i n g  June- Ju ly  

1965 c o i n c i d e d  w i t h  a maximum d i s c h a r g e  o f  f r e s h w a t e r  ( J o r d e  & Kla- 

v e s t a d  1 9 6 3 ) .  

The wind e f f e c t  on t r a n s p o r t  i s  more o b s c u r e ,  b u t ,  however, 

i n  September 1963 a s t r o n g  w e s t e r n l y  wind improved t h e  inward t r a n -  

s p o r t  o f  s u r f a c e  w a t e r .  

E. nordmanni, P. polyphemoides,  and L. retroversa a l l  show- 

e d  r a p i d  i n c r e a s e s  i n  a l l  y e a r s  i n  Trondhe imsf jo rden  d u r i n g  June- 

Ju ly .  F o r  E. nordmanni and L. retroversa, t h e  h o r i z o n t a l  g r a d i e n t s  

i n  Trondheimsf jorden i n d i c a t e  t h a t  immigra t ion  p l a y s  an  i m p o r t a n t  

r o l e  d u r i n g  t h e  e a r l y  summer. P. polyphemoides showed a more irre- 

g u l a r  h o r i z o n t a l  d i s t r i b u t i o n  p a t t e r n  and is known t o  b e  v a r i a b l e  i n  

i t s  o c c u r r e n c e  on t h e  c o a s t  (Wiborg 1 9 5 4 ) .  A l l  t h r e e  s p e c i e s  a c h i e v e  

t h e i r  main maxima on t h e  c o a s t  d u r i n g  June- Ju ly .  L. r e t r o v e r s a  show- 

e d  a second maximum i n  t h e  autumn, p a r t i c u l a r l y  i n  t h e  o u t e r  f j o r d ,  

c o i n c i d i n g  w i t h  t h e  warm w a t e r  i n f l u x e s .  I n  Hardanger f jo rden  t h e  re- 

corded  s t o c k s  o f  E. nordmanni were s m a l l  (Gundersen 1953,  L i e  19671, 

a l t h o u g h  l a r g e  s t o c k s  were normal ly  p r e s e n t  i n  J u n e  i n  t h e  sou th -  

w e s t e r n  c o a s t a l  a r e a s  (Wiborg 1 9 5 4 ) .  L. r e t r o v e r s a  w a s  a b s e n t  from 

Hardanger f jo rden  i n  1955 and 1956 ( L i e  1967) .  Gundersen (1953) ex- 

p l a i n e d  a sudden o c c u r r e n c e  o f  t h i s  s p e c i e s  i n  J u l y  1950 as a r e s u l t  

of immigra t ion .  The g e n e r a l  p a t t e r n  f o r  t h e s e  t h r e e  s p e c i e s  may 



i n d i c a t e  t h a t  t h e  prolonged b r a c k i s h  wate r  o u t f l o w  from Hardanger- 

f j o r d e n  reduces  t h e  chances o f  immigrat ion fo l lowing  t h e i r  e a r l y  sum- 

mer maxima on t h e  c o a s t .  

0. s i m i l i s ,  P. e longa tus ,  T. l o n g i c o r n i s ,  and C. hamatus 

a r e  f r e q u e n t  i n  Trondheimsf jorden,  b u t  t h e  h o r i z o n t a l  g r a d i e n t s  shown 

i n  Table  4 i n d i c a t e  a supply  o f  t h e s e  copepods from c o a s t a l  w a t e r s .  

Large s t o c k s  of 0. similis, P. e longa tus ,  and T. l o n y i c o m i s ,  i n  pa r -  

t i c u l a r ,  rnay b e  p r e s e n t  e a r l y  on i n  t h e  summer, which may b e  r e l a t e d  

t o  p reced ing  wate r  i n f l u x e s .  The maxima l a t e r  on i n  t h e  summer a l s 0  

seem t o  c o i n c i d e  c l o s e l y w i t h s u c h i n f l u x e s a n d a r e d ~ e t ~ b ~ t h t h e ~ ~ ~ a ~  

and t h e  i n t r o d u c e d  p o p u l a t i o n s .  C. hamatus o c c u r s  i n  s m a l l e r  numbers 

i n  t h e  main f j o r d ,  a l though  it i s  very  abundant i n  Borgenf jo rden ,  a 

landlocked b a s i n  i n  t h e  i n n e r  Trondheimsf jord  (Stromgren 1973 b ) .  

T h i s  s p e c i e s  i s  g e n e r a l l y  known t o  a t t a i n  i t s  l a r g e s t  numbers i n  such 

b a s i n s  (Colebrook e t  a l .  1961) o r  n e a r  t h e  s h o r e  (Bigelow 1 9 2 6 ) .  

Shallow w a t e r s  i n  t h e  a r c h i p e l a g o  b o r d e r i n g  t h e  c o a s t  might form 

f a v o u r a b l e  b reed ing  p l a c e s ,  a l though  Wiborg (1954) r e p o r t e d  C. hama- 

t u s  t o  be r e l a t i v e l y  s c a r c e  a t  s t a t i o n s  on t h e  open c o a s t .  Large 

numbers of P. eiiongatus a r e  r e p o r t e d  t o  occur  on t h e  c o a s t  o f  More, 

a l i t t l e  s o u t h  o f  Trondheimsfjorden (Ruud 1929, Wiborg 1954) and 

T .  l o n g i c o m i s  rnay be  very numerous i n  t h e  same a r e a ,  a l t h o u g h  i t s  

occur rence  i s  v a r i a b l e  and rnay be  dependent  on renewed supp ly  from 

t h e  s o u t h  (Ruud 1929) .  

I n  Hardangerf jorden 0.  s i m i l i s  and P. e l o n g a t u s  were nume- 

r o u s ,  b u t  decreased  towards t h e  i n n e r  p a r t  of t h e  f j o r d  ( L i e  1967) .  

T. Zongicomis  was more v a r i a b l e ,  b u t  t h e  l a r g e  maximum recorded  i n  

Ju ly  1950 rnay have been r e l a t e d  t o  b e t t e r  c o n d i t i o n s  f o r  immigrat ion 

a t  t h a t  t ime than i n  1956. C. hamatus was n o t  obse rved  i n  Hardanger- 

f j o r d e n  by e i t h e r  Gundersen o r  L i e  ( o p . c i t . ) .  A l l  t h e s e  f o u r  s p e c i e s  

rnay s u f f e r  from t h e  e f f e c t s  of s u r f a c e  d r i f t  o u t  o f  t h e  f j o r d .  The 

absence of C. hamatus, i n  p a r t i c u l a r ,  rnay be supposed t o  be  due t o  

t h e  b r a c k i s h  wate r  r u n - o f f ,  a s  t h i s  s p e c i e s  i s  known t o  s t a y  i n  o r  

above t h e  d i s c o n t i n u i t y  l a y e r  (Hansen 1951, Stromgren 1973 c ) .  

A.  c l a u s i  showed no c l e a r  c o r r e l a t i o n  wi th  t h e  warm w a t e r  

i n f l u x e s ,  a l though  t h e  h o r i z o n t a l  g r a d i e n t s  f o r  t h i s  s p e c i e s  i n  

Trondheimsfjorden i n d i c a t e d  come r e l a t i o n s h i p  between immigrat ion 

and such i n f l u x e s .  I n  Hardangerf jorden t h e  occur rence  of A. c l a u s i  

i n  1950 co inc ided  wi th  a s t r o n g  i n f l u x  o f  warm wate r .  Wiborg (1940) 



assurned t h a t  i n   slof fjorden A .  e l a u s i  was dependen t  upon s t o c k  re- 

c r u i t m e n t  from t h e  Skagerak and a l o n g  t h e  w e s t  c o a s t  t h e  s t o c k s  were 

p robab ly  dependen t  on renewed s u p p l y  from t h e  s o u t h  (Wiborg 1 9 5 4 ) .  

The l a c k  o f  c o i n c i d e n c e  w i t h  t h e  i n f l u x e s  i n  Trondhe imsf jo rden  may 

t h e r e f o r e  b e  due  t o  independen t  v a r i a t i o n s  i n  t h e  p o t e n t i a l  s u p p l y  

from t h e  c o a s t a l  a r e a s .  

IMMIGRATION OF ALLOCHTHONOUS SPECIES I N  AUTUMN 

The t h r e e  a l l o c h t h o n o u s  s u r f a c e  s p e c i e s ,  Centropages t y p i -  

eus, Candacea armata, and AnomaZocera patersoni (Tab le  6 ) ,  a r e  c a r -  

r i e d  t o  t h e  West Coas t  o f  Norway i n  e i t h e r  t h e  Nor th  A t l a n t i c  C u r r e n t  

o r  t h e  C o a s t a l  C u r r e n t , o r  b o t h  (Wiborg 1954,  Rae 1951,  O s t v e d t  19551,  

b u t  an  irnmigration i n t o  Trondhe imsf jo rden  r e q u i r e s  s p e c i a l  hydrogra-  

p h i c  c o n d i t i o n s .  I n  1963 a l l  t h r e e  s p e c i e s  were r e c o r d e d  i n  t h e  

f j o r d  p r o p e r  i n  September and Oc tober .  W i t h t h e e x c e p t i o n  o f  a  s i n g l e  

r e c o r d  f o r  C .  t yp icus  a t  S t n  1 8  i n  August  1964,  none o f  t h e s e  spe-  

c i e s  h a s  been o b s e r v e d  s i n c e  t h e n .  The 1963 imrnigra t ion  seems t o  be  

r e l a t e d  t o  t h e  v e r y  s t r o n g  i n f l u x  o f  warm w a t e r  i n  t h a t  y e a r  and 

t r a n s p o r t  inwards  a l o n g  t h e  f j o r d  was a i d e d  by minimal b r a c k i s h  

w a t e r  run-off  and a  s t r o n g  w e s t e r l y  wind. These t h r e e  s p e c i e s , t h e r e -  

f o r e ,  may be  used  a s  i n d i c a t o r s  o f  s u r f a c e  d r i f t  i n t o  Trondhe imsf jo r -  

den i n  t h e  autumn. 

e 

T a b l e  6 .  P r e s e n c e  o r  absence  o f  Centropages t yp icus ,  Candacia arma- 

t a ,  AnomaZocera patersoni ,  and SaZpa fus i formis  i n  t h e  an- 

n u a l  p l a n k t o n  h a u l s .  No sampl ing i n d i c a t e d  by - 

Centropages Candacia Anomalocera SaZpa 
S t n  t yp icus  armat a patersoni  fus i formis  

1963 1964 1963 1964 1963 1964 1963 1964 1970 



The l a r g e  numbers o f  Salpa fusi formis (Table  6)  recorded  

dur ing August and September 1963 a l s o  i n d i c a t e  a warm wate r  i n f l u  

a t  t h a t  time. 

The i s o l a t e d  occur rence  of C. typ icus  i n  1964 may i n d i c a t e  

t h a t  t h i s  s p e c i e s  i s  b e t t e r  a b l e  t o  p e n e t r a t e  i n t o  t h e  f j o r d ,  pe r -  

haps due t o  i t s  s l i g h t l y  deeper  v e r t i c a l  d i s t r i b u t i o n  than  C. arma- 

t a  and A. patersoni.  Immigration of C.  t yp icus  may t h u s  be l e s s  de- 

pendent on run-off and wind c o n d i t i o n s .  Th i s  assumption i s  suppor- 

t e d  by t h e  f a c t  t h a t  n e i t h e r  Gundersen (1953) nor  L ie  (1967) r e co r -  

ded C. armata o r  A.  patersoni i n  Hardangerf jorden,  perhaps  connected 

wi th  t h e  marked run-off which occu r s  t h e r e  throughout  t h e  summer and 

autumn. C. t y p i c u s ,  on t h e  o t h e r  hand, was found i n  Hardangerf jorden 

i n  autumn by bo th  Gundersen and L i e  ( o p . c i t . ) ;  Gundersen recorded  a 

smal l  s t ock  from June  t o  September 1950, s imul taneous ly  w i th  a s t r o n g  

warm water  i n f l u x .  L ie  found C. t y p i c u s ,  i n  t h e  f j o r d  p r o p e r ,  on ly  

i n  September 1956. 

Table  7. Occurrence of ParacaZanus parvus i n  t h e  annua1 p lank ton  

hau l s  made dru ing  t h e  autumn p e r i o d  

S t n  
Paraca Zanus parvus 

1963 1964 1965 1968 1969 1970 1972 

ParacaZanus parvus (Table  7 )  suddenly occurs  i n  Trondheims- 

f j o r d e n  sometime i n  September n e a r l y  every yea r ,  b u t  d e c l i n e s  a f t e r  

October. Its d i s t r i b u t i o n  i n  t ime and space  seems t o  be w e l l  co r r e -  

l a t e d  w i th  t h e  warm water  i n f l u x e s .  For Os lo f j o rden ,  Wiborg (1940) 

suggested t h a t  P.  parvus was t r a n s p o r t e d  i n  t h e  s u r f a c e  by wind 

d r i f t .  Its d i s t r i b u t i o n  i n  Trondheimsfjorden, however, i n d i c a t e s  

t h a t  t h e  cond i t i ons  i n  t h e  s u r f a c e  l a y e r  a r e  less impor tan t  f o r  

P. parvus than  f o r  t h e  more e x c l u s i v e l y  s u r f a c e  s p e c i e s ,  C. armata 

and A. patersoni.  Thi s  may be due t o  t h e  r e l a t i v e l y  deeper  v e r t i c a l  

d i s t r i b u t i o n  o f  P.  parvus (Stromgren 1973 c )  . Thi s  may f avou r  t h e  



more o r  less permanent  o c c u r r e n c e  o f  P. p a r v u s  i n  Hardanger f jo rden  

s i n c e  i t s  maxima t h e r e  c o i n c i d e  w i t h  t h e  maxima f o r  t h e  c o a s t a l  

s t o c k s  i n  September (Gundersen1953,Wiborg 1 9 5 4 ) ,  by which t i m e  s u r -  

f a c e  run-off  h a s  d e c l i n e d .  

The nurnber o f  P. p a r v u s  i n  Norwegian c o a s t a l  a r e a s  v a r i e s  

g r e a t l y  from y e a r  t o  y e a r  (Wiborg 1 9 5 4 ) .  The r e l a t i v e l y  l a r g e  s t o c k  

found i n  Hardanger f jo rden  i n  1954,  compared w i t h  1955 and 1956,  may 

have been r e l a t e d  t o  t h e  l a r g e r  s i z e  o f  t h e  c o a s t a l  s t o c k  i n  August 

1950,  obse rved  by Wiborg (19541,  a s  w e l l  a s  t o  a s t r o n g e r  warm w a t e r  

i n f l u x .  

Two o t h e r  a l l o c h t h o n o u s  s p e c i e s ,  M e t r i d i a  Zucens (Tab le  8 )  

and RhincaZanus n a s u t u s ,  a r e  mainly  found below t h e  50 m l e v e l  i n  

Trondheimsf jorden (Stromgren 1973 a ) .  Both s p e c i e s  a r e  found i n  re-  

l a t i v e l y  d e e p  l a y e r s  i n  A t l a n t i c  w a t e r s  ( O s t v e d t  1955,  Rees 1957) 

and a r e  p r o b a b l y  b r o u g h t  i n t o  t h e  f j o r d  by deep  i n f l o w s ,  a l t h o u g h  

l o c a l  s t o c k s  f r o n  t h e  s o u t h e r n  p a r t  o f  t h e  c o a s t  may form a f u r t h e r  

s o u r c e  o f  s u p p l y  (Wiborg 1 9 5 4 ) .  R. n a s u t u s  h a s  o n l y  been r e c o r d e d  

t w i c e ,  a t  S t n  1 5  i n  Decernber 1963 and i n  Februa ry  1964. M. Z U C ~ ~ S  

was more numerous d u r i n g  t h e  autumn and s m a l l  s t o c k s  p e r s i s t e d  through-  

o u t  t h e  w i n t e r .  Both t h e  s p a t i a l  and tempora1 d i s t r i b u t i o n  o f  M. zu- 

c e n s ,  a s  w e l l  i t s  abundance,  may b e  r e l a t e d  t o  i n f l o w s  o f  A t l a n t i c  

wa te r .  

T a b l e  8. P r e s e n c e  o r  a b s e n c e  o f  M e t r i d i a  Zucens i n  t h e  annua1 

p l a n k t o n  h a u l s  made d u r i n g  t h e  autumn p e r i o d  

M e t r i d i a  Zucens 
S t n  

1963 1964 1965 1969 1972 



ASPECTS OF THE DYNAMICS OF THE ZOOPLANKTON 

I N  TRONDHEIMSFJORDEN 

A s  d i s c u s s e d  i n  t h e  p reced ing  c h a p t e r s ,  c u r r e n t  t r a n s p o r t  

i n  bo th  s u r f a c e  and deep l a y e r s  is  probab ly  o f  major  importance f o r  

t h e  e s t a b l i s h m e n t  and s u c c e s s  o f  s e v e r a l  zooplankton s p e c i e s  i n  

Trondheimsfjorden.  The t r a n s p o r t  e f f e c t ,  f u r t h e r m o r e ,  i s  i n f l u e n c e d  

by bo th  b i o l o g i c a l  ( r e p r o d u c t i o n ,  v e r t i c a l  m i g r a t i o n )  and hydro log i -  

c a l - c l i m a t o l o g i c a l  f a c t o r s .  S e v e r a l  o f  t h e s e  pa ramete rs  v a r y  inde-  

penden t ly ,  s o  a d e s c r i p t i o n  o f  t h e  s p e c i e s  dynamics i n  t h e  f j o r d  i s  

n e c e s s a r i l y  ve ry  complicated.  Some of  t h e  main f e a t u r e s ,  however, 

may be o u t l i n e d  on a b a s i s  of t h e  i n v e s t i g a t i o n s  c a r r i e d - o u t  i n  

Trondheimsfjorden (Stromgren 1973 a ,  b ,  c ) .  

For t h o s e  autochthonous s p e c i e s  which show s p r i n g  maxima, 

spawning i n  Trondheimsfjorden t a k e s  p l a c e  dur ing  March and A p r i l .  

The a d u l t  C .  f imarchicus m i g r a t e  t o  t h e  s u r f a c e  d u r i n g  February and 

March and l a r g e  numbers o f  n a u p l i i  and young copepodi te  s t a g e s  a r e  

found i n  t h e  uppermost w a t e r  l a y e r s  d u r i n g  March-May. Numerous lar- 

vae o f  bottom i n v e r t e b r a t e s  a r e  a l s o  found n e a r  t h e  s u r f a c e  d u r i n g  

t h e  same p e r i o d  and s e v e r a l  autochthonous s p e c i e s  which have t h e i r  

main maxima i n  summer and autumn a l s o  p r o p a g a t e  t o  some degree  i n  

s p r i n g  and produce s m a l l  s t o c k s .  The s p r i n g  maxima f o r  a l l  t h e s e  

s p r i n g  spawners,  whose l a r v a e  s t a y  i n  t h e  uppermost l a y e r s ,  show 

g r e a t  annua1 v a r i a t i o n s  (Stromgren 1973 a ) .  

Any zooplankton s p e c i e s  which remains n e a r  t h e  s u r f a c e  

dur ing  t h e  e a r l y  s p r i n g ,  b e f o r e  t h e  s p r i n g  f l o o d  s e t s  i n ,  i s  expo- 

s e d  t o  a smal l  b u t  s i g n i f i c a n t  b r a c k i s h  wate r  run-off  and some of  

t h e  s t o c k  w i l l  be  c a r r i e d  away o u t  o f  t h e  f j o r d .  The g r e a t  annua1 

v a r i a t i o n  i n  numbers of t h e  s p r i n g  g e n e r a t i o n s  o f  C. finmarchicus 

were e v i d e n t l y  due t o  t h i s  e f f e c t .  

S e v e r a l  o t h e r  autochthonous s p e c i e s ,  which a l s 0  spawn du- 

r i n g  s p r i n g ,  show a f a r  g r e a t e r  s t a b i l i t y  from y e a r  t o  y e a r  (bletri- 

dia longa, Pareuchaeta norvegica, Chiridius armatus, Scolecithricel-  

la minor, Microca lanus pusi l lus, Heterohabdus norvegicus, Oncaea 

borealis, Oithona sp in i ros t r i s ,  Sagit ta elegans, Tomopteris helgo- 

landica).  These s p e c i e s  spawn i n  deeper  w a t e r  and t h e i r  j u v e n i l e  

s t a g e s  t end  t o  keep below t h e  d i s c o n t i n u i t y  l a y e r .  T h i s  v e r t i c a l  

d i s t r i b u t i o n  p r e v e n t s  s i g n i f i c a n t  l o s s e s  o c c u r r i n g  a t  t h e  s u r f a c e .  

Simul taneously ,  any tendency toward prolonged o r  con t inuous  spawning 



w i l l  a l s o  reduce  t h e  annua1 v a r i a t i o n  due t o  s h o r t - t e r m  environmen- 

t a l  i n f l u e n c e s .  

S p e c i e s  which have a ve ry  r e s t r i c t e d  r e p r o d u c t i v e  p e r i o d  

( e .  g .  CaZanus hyperboreus ) , o r  s p e c i e s  whose r e p r o d u c t i v e  c a p a c i  t y  

is reduced i n  c o l d  w a t e r  (e .g .  PseudocaZanus elongatus, Temora 

Zongicomis, Centropages hamatus, Oithona s i m i l i s ,  Evadne nordmanni, 

Podon po Zyphemoides, Limacina re troversa)  produce o n l y  s m a l l  s p r i n g  

s t o c k s .  T h i s  may be due t o  l o s s  by r u n - o f f ,  combined w i t h  t h e  l i m i -  

t e d  p o s s i b i l i t y  o f  r ep lacement  by l o c a l  p r o d u c t i o n .  

I n  May, r i v e r  d i s c h a r g e  is  g r e a t l y  i n c r e a s e d  by snow m e l t  

wa te r .  A t  t h i s  t i m e ,  however, t h e  l a r v a e  of C. finmarchicus have 

reached a developmental  s t a g e  a t  which t h e y  s t a y  d e e p e r  i n  t h e  s e a  

and f u r t h e r  d i s p e r s a l  is  t h e r e b y  reduced.  S e v e r a l  s p e c i e s ,  however, 

must be  expec ted  t o  l o s e  a s i g n i f i c a n t  p a r t  o f  t h e  s t o c k s  i n  t h e  an- 

n u a l  run-of f .  

During t h e  summer and autumn warm w a t e r  i s  i n t r o d u c e d  i n t o  

t h e  f j o r d .  T h i s  w a t e r  c a r r i e s  w i t h  it autochthonous summer and autumn 

s p e c i e s  from t h e  c o a s t ,  which complement o r  r e p l e n i s h  t h e  l o c a l  s t o c k s  

(e .g .  P.  elongatus, 0.  s i m i l i s ,  L .  retroversa,  C.  hamatus, T .  Zongi- 

c o m i s ,  A.  Zongiremis, A .  c l a u s i ,  E.  nordmanni, P .  po Zyphemoides ) . 
The s i z e  o f  t h e  i n t r o d u c e d  s t o c k s  depends upon t h e  b reed ing  s u c c e s s e s  

of t h e  c o a s t a l  ones ,  on t h e  p r e v i o u s  h i s t o r y  of t h e  c o a s t a l  w a t e r  

masses and on t h e  s t r e n g t h  o f  t h e  i n f l u x .  

High w a t e r  t empera tu res  a c c e l e r a t e  t h e  development of bo th  

t h e  l o c a l  p o p u l a t i o n s  and o f  t h e  immigrants.  Losses by run-off  pro-  ' 

bab ly  t a k e  p l a c e  th roughout  most o f  t h e  summer, b u t  irnmigration and 

r e p r o d u c t i o n  t o g e t h e r  g e n e r a l l y  r e s u l t  i n  a n e t  s w p l u s .  

During June  and J u l y  t h e  s p r i n g  g e n e r a t i o n  o f  C.  finmarchi- 

C M  h a s  developed i n t o  copepodi te  s t a g e s  I V  and V. The summer gene- 

r a t i o n  o f  C. finmarchicus t h e n  spawns and t h e s e  summer l a r v a e  a r e  

g e n e r a l l y  d i s t r i b u t e d  a t  d e e p e r  l e v e l s  t h a n  t h o s e  produced i n  sp r ing .  

Occas iona l ly ,  o l d e r  c o p e p o d i t e s  from t h e  s p r i n g  g e n e r a t i o n ,  o r  l a r v a e  

from t h e  summer g e n e r a t i o n ,  may be c a r r i e d  i n t o  t h e  f j o r d ,  b u t  nor- 

mal ly  b o t h  outward and inward t r a n s p o r t  t a k e s  p l a c e  i n  d i f f e r e n t  wa- 

t e r .  l a y e r s .  

L a t e r  on i n  t h e  autumn, a l l o c h t h o n o u s  warm-water s p e c i e s  

may be i n t r o d u c e d  i n t o  Trondheimsf jorden ( e - g .  Metridia Zucens, Para- 

ca Zanus parvus, Centropages typicus ,  Candacea armata, !?hinca Zanus 

nasutus, AnomaZocera patersoni,  SaZpa f usi formis ) . Thi  s irnrnigration 



mainly  depends  on t h e  s t r e n g t h  o f  t h e  i n f l u x e s  and  on  t h e  p r e v i o u s  

h i s t o r y  of t h e  c o a s t a l  w a t e r  n a s s e s .  

Deep i n f l o w s  o f  s a l i n e  w a t e r  t a k e  p l a c e  i n  autumn, when 

t h e  summer s t o c k  of  C. f i n m a r c h i c u s  o n  t h e  c o a s t  has  d e v e l o p e d  i n t o  

c o p e p o d i t e  s t a g e s  I V  and V .  These s t a g e s  are b r o u g h t  i n t o  t h e  f j o r d  

i n  t h e  d e e p  i n f l o w .  I n  t h e  f j o r d  t h e y  r ema in  i n  deep  w a t e r  and o v e r -  

w i n t e r  i n  t h e  f j o r d  b a s i n s .  T h i s  s u p p l y  i s  dependen t  upon b o t h  t h e  

s i z e  o f  t h e  summer and autumn s t o c k s  on  t h e  c o a s t  and on t h e  s t r e n g t h  

of  t h e  i n f l o w .  

T h i s  autumnal  n e t  s u p p l y  i n t o  t h e  f j o r d  c u n s e n s a t e s  f o r  t h e  

v e r n a 1  l o s s  o f  t h e  l a r v a e  o f  C. , f iwnarchicus .  The s t o c k  of C. hyper-  

b o r e u s ,  on  t h e  o t h e r  hand,  which may a l s o  s u f f e r  f rom l o s s e s  d u r i n g  

t h e  s p r i n g ,  is n o t  re--auqmented i n  t h i s  way, because  t h e  c o a s t a l  w a -  

ters are poor  i n  t h i s  s p e c i e s  and t h e  s t o c k  i n  t h e  f j o r d  t h e r e f o r e  

remains  a t  a low l e v e l .  

A s  d i s c u s s e d  above,  t h e  i n t e r c h a n g e  o f  z o o p l a n k t o n  between 

t h e  f j o r d  and t h e  c o a s t  seems t o  be  dependen t  o n  s e v e r a l  f a c t o r s :  

p r e c i p i t a t i o n  and r i v e r  d i s c h a r g e ,  w a t e r  i n f l u x e s  a t  d e e p  and  a t  

i n t e r m e d i a t e  l e v e l s  a t  a l l  s e a s o n s ,  t h e  h i s t o r y  o f  t h e  c o a s t a l  water 

masses, and t h e  v e r t i c a l  d i s t r i b u t i o n  and r e p r o d u c t i v e  c y c l e  o f  t h e  

d i f f e r e n t  s p e c i e s .  These  f a c t o r s  c a n  a l l  v a r y  more o r  less indepen-  

d e n t l y  and t h i s  complex s i t u a t i o n  n a t u r a l l y  c a u s e s  l a r g e  tempora1 and 

s p a t i a 1  v a r i a t i o n s  i n  t h e  r e c o r d e d  abundance o f  many o f  t h e  more i m -  

p o r t a n t  s p e c i e s .  
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