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A B ST R A C T

T h e  ch lo ro p h y ll an d  p h aeo p ig m en t co n ten t o f  th e  sed im ent, and  in A b ra  n itida , N u c u lo m a  tenuis, 
C h la m y s opercu laris  (M ollusca , B ivalvia) and  A n o b o th ru s gracilis (A nnelida, P o lychaeta) from  a 
d e p th  o f  30  m  in th e  0 r e s u n d , D en m a rk , w as m easured  to g e th er w ith  seasonal changes in w eigh t and 
re p ro d u c tio n  o f  th e  an im als. S ed im en ta tion  from  th e  spring  p h y to p lan k to n  b loom  w as the m ain  
reg u la tin g  fa c to r  fo r  w eigh t increases and  developm ent o f  reproduc tive tissue o f th e  b o tto m  inverte­
b ra te s , inc lu d in g  d ep o sit feeders, and  th e  im p o rtan ce  o f  b ac te ria /d e tr itu s  fo r these is questioned . The 
sed im en tin g  p h y to p la n k to n  w as successively exp lo ited  by species feeding from  th e  w a te r , from  the 
sed im en t su rface, an d  from  below  th e  sed im ent surface. C om pared  to  deposit feeders, suspension 
feeders h a d  only  a sh o rt p e rio d  availab le  fo r ex p lo iting  the sed im enting  m aterial. T h e  results are 
co m p ared  w ith  sim ilar resu lts from  th e  C lyde Sea, G reat B ritain, and seem to  be valid in those neritic 
sed im en t com m unities o f  th e  tem p era te  zone, w hich  are  n o t exposed  to  light.

IN T R O D U C T IO N

In boreal w aters the seasonal variations in light and tem perature im pose changes 
on  the quan tita tive  relationsh ip  betw een phy toplankton  and  grazing Zooplankton 
(Franz &  Gieskes 1984), w ith  considerable effects on the quality  and quantity  of 
sedim enting organic m ateria l. Rates o f sedim entation, norm ally are m easured in 
fixed collectors (e.g. W ebster et al. 1975, Smetacek et al. 1978) and provide 
valuable in fo rm ation  on the average supply to  the bottom  for larger areas. But, for 
obvious reasons, organic m aterial sam pled in collectors, cannot represent the 
supply  to  organism s, th a t actively catch and  sort food m aterial. N o r does it re­
presen t very well the supply to  a particular area o f the sedim ent surface, as sedimen­
tation  depends on  the local surface structure and topography. Estim ates based on 
collectors, therefore, m ay be o f little value fo r estim ates of the im portance of 
sed im entation  fo r individual species of the benthos, a t least in areas dom inated by 
strong  ho rizon ta l w a te r m ovem ents, as in the 0 re su n d , betw een D enm ark and 
Sweden.

R ecent investigations have focused on the im portance for the benthic system of 
sed im entation  events. G ra f et al. (1982, 1983 and 1984) observed in the Kiel Bight
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an im m ediate increase in bacterial activity follow ing sedim entation, and a delayed 
increase in m eiofauna biom ass, bu t they found the ir results inconclusive regarding 
the m acrofauna. Earlier results from the Clyde Sea, G reat Britain, suggested m arked 
m acro fau n al responses to  the sedim entation of p h y top lank ton  (Ansell 1974a, b, 
and  c).

In the  p resen t w ork  we have avoided the use o f indirect m onitoring (collectors) 
in an  evaluation  o f  the im portance of sedim enting phy toplankton  for the benthic 
m acro fauna. Instead, we have used the sedim ent, and the  m acrofauna itself as 
m on ito rs . W e have analysed the seasonal changes in phytogenous m aterial in the 
sed im ent, and  in the food o f  selected suspension and  deposit feeding species o f the 
m acro fau n a, and w e relate these changes to varia tions in grow th and  reproduction 
o f  the  invertebrates.

O u r  w o rk  is p a r t  o f a larger research project, describing the prim ary production, 
and  the  fate o f  the prim ary produced m aterial in the O resund.

W e w ish  to  exp ress o u r  th an k s to  th e  crew o f  th e  vessel O PH ELIA , an d  to  th e  technical s ta ff  o f the 
M a rin e  B iological L ab ora to ry  in H elsingor, fo r their assistance and  fo r the interest they to o k  in o u r w ork.

M E T H O D S

Sam ples o f N u cu lo m a  tenuis, Abra nitida, C hlam ys opercularis (M ollusca, Bi­
valvia) and  o f  A nobo th ru s gracilis (Annelida, Polychaeta) were dredged w ith time 
in tervals o f  10-40  days, betw een February '1983 and  January  1984 at a station  in 
the O resu n d , ab o u t 8 km  SE of H elsingor, and  w ith  a w ater depth  o f 30 m. The 
sam pling  s ta tio n  (12°42 .5 'E , 55°58 .9 'N ) w as situated  in the bo ttom  current of 
N o r th  Sea w a te r  flow ing tow ards the Baltic area, and  having a salinity o f 30-34  %o. 
T he  m axim um  light com pensation depth a t the sta tion  is 19-20 m. N o  attem pts 
w ere m ade to  collect the anim als quantitatively , n o r to collect quantitatively all 
size groups o f the p opu la tion . Since large individuals alone w ere used in the m eas­
u rem ents, the  results are representative only for these. The species sam pled were 
trea ted  in slightly d ifferent ways:

N u cu lo m a  tenuis. Follow ing collection, the anim als w ere left overnight in run­
n ing  sea w a te r  to  a llow  the m antle cavity to  be cleared o f sedim ent. A sam ple o f 30 
an im als, ab o u t 8 to  11 m m  in length, w ere used fo r the determ ination  o f length and 
o f  ‘to ta l w e t w e igh t’, w hich w as the w eight o f the w ashed and  d ry-b lo tted  bivalve, 
includ ing  the  w a te r re ta ined  betw een the valves. A few individuals opened their 
valves du ring  the w eighing procedure, w ith  a resulting loss o f intervalve w ater. 
T hese w ere discarded and replaced by new  specim ens. The m axim um  shell length 
w as m easured  using an eye piece m icrom eter.

O f the 30 N . tenuis , 20 anim als w ere used for the determ ination o f dry weight. 
T he so ft tissues w ere rem oved under a dissection m icroscope, weighed on alum i­
n ium  foil dishes, and  rew eighed after drying overnight. The soft tissues of the 
rem ain ing  10 anim als w ere placed in 10 ml o f 9 0 %  acetone for the extraction  of



P H Y T O P L A N K T O N  AS FOO D FOR M A C R O B E N T H O S 2 2 5

p lan t p igm ents. The shells o f all the 30 N . tenuis were dried and weighed. The sex 
o f each an im al w as recorded w hen possible under a dissection m icroscope, and the 
num ber o f sexable anim als w as used as an estim ate o f the degree of developm ent of 
the gonads in the  p opu la tion . N o  significant differences w ere found between males 
and  fem ales in the to ta l w et w eight, dry weight o r  pigm ent content, so the values 
fo r the tw o  sexes w ere com bined in the calculations.

A ssum ing the  m antle cavity cleared o f sedim ent, the space betw een the tw o 
valves is occupied by ex- and  in ternal w ater, and  by body organic m aterial and  
m inerals. D uring  grow th o f the soft parts , particularly  o f the gonads, th a t fraction 
o f  the  in tervalve space w hich is occupied by w ater w ill decrease. Therefore, the 
ra tio  o f the body  dry w eight to  the to ta l w et weight o r to the length, may be used as 
an  estim ate o f the general condition  o f the anim al. We calculated the seasonal 
v aria tion  in  the  general condition  o f a ‘stan d ard ’ N . tenuis, having a to ta l w et 
w eight o f  150 m g, as well as in a stan d ard  anim al defined by length (9 mm). Both 
gave sim ilar results. T he calculations w ere based on regressions, m ade for every 
sam ple, o f 1) to ta l w et w eight, o f 2) dry weight, and o f 3) shell w eight, on length, 
all fo llow ing double  logarithm ic transfo rm ations (Table 1).

Table 1. N u c u lo m a  tenuis. E stim ates w ith  9 5 %  confidence lim its o f  to ta l w et w eight, body 
d ry  w eigh t, shell w eight and  p haeop igm en t con ten t o f  a 9 m m  long anim al. (Confidence limits 
based on  logarithm ic  regressions result in different confidence intervals above and below  the 

estim ates. O nly  th e  larger (upper) intervals are given.)

D ate

T o ta l 
w et w eight, 

m g

Body 
d ry  weight, 

mg

Shell
w eight,

mg

Pigment
content,

/¿g

2 1 .0 2 .1 9 8 3 1 4 2 .9 +  8.6 12.1 ± 0 .8 53 .6  ± 6.5 4.9 ±  1.0
0 3 .0 3 .1 9 8 3 142.5  ±  10.9 10.7 ±  1.5 53 .9  ± 6.5 3.5 ± 0 .7
1 4 .03 .1983 146.6  ±  10.1 10.7 ± 0 .9 59 .1  ± 8.1 4 .9  ± 0 .9
2 3 .0 3 .1 9 8 3 145.6  ±  8.4 11.8 ± 0 .7 51 .8  ± 4.6 6.5 ±  1.4
2 8 .0 3 .1 9 8 3 153 .5  ±  9.4 13.7 ± 0 .8 58 .3  ± 7.7 9.9 ± 2 .4
0 6 .0 4 .1 9 8 3 132.9  ±  10.1 12.8 ± 0 .5 4 8 .4  ± 5.3 18.3 ± 2 .4
13 .04 .1983 157.5  ±  8.8 14.7 ± 0 .7 63 .7  ± 7.5 23 .9  ± 5 .4
2 5 .0 4 .1 9 8 3 138.1 ±  8.0 14.2 ± 0 .7 53 .0  ± 5.6 20 .8  ± 4 .4
1 6 .05 .1983 153.8 ±  10.0 16.9 ±  1.0 59 .4  ± 7.8 15.4 ± 4 .9
1 3 .06 .1983 137.4  ±  12.5 15.7 ± 0 .6 58 .0  ± 8.0 13.7 ± 3 .1
2 8 .0 6 .1 9 8 3 172.1 ±  10.8 19.6 ± 0 .8 67.1 ± 8.2 10.0 ± 3 .2
1 7 .08 .1983 148.8 ± 1 0 .7 17.4 ±  1.1 55 .3  ± 7.0 6.9 ±  1.3
2 9 .0 9 .1 9 8 3 139 .5  ±  7.2 15.2 ± 0 .7 5 4 .2  ± 5.2 3.8 ± 0 .3
1 3 .10 .1983 147.4  ±  13.1 14.9 ±  1.5 59 .5  ±  11.3 2 .4  ± 0 .4
0 7 .1 1 .1 9 8 3 135.0  ±  7.2 13.8 ± 0 .7 5 4 .2  ± 7.1 2 .6  ± 0 .7
1 4 .11 .1983 159 .7  ±  10.8 17.0 ±  1.3 62.8 ± 9.4 2.1 ± 0 .4
2 9 .1 1 .1 9 8 3 128.1 ±  9.4 13.4 ±  1.0 48 .8  ± 8.1 3.1 ± 0 .8
19.12 .1983 147.6  ±  9.9 12.8 ± 1 .2 5 6 .7  ± 7.4 4.5 ±  1.4
2 5 .0 1 .1 9 8 4 145 .7  ±  8.4 12.2 ± 0 .9 5 8 .9  ± 8.9 3.9 ±  1.1



2 2 6 H ANS  C H R I S T E N S E N  & EBBE K A NN E W O R F F

Pigm ent con ten t w as related to  length (Table 1) as well as to to ta l w et weight, 
bo th  giving sim ilar results. In presenting the results the weight and pigm ent content 
o f  a s tan d ard  anim al o f 150 mg to tal w et weight w as used. The standard anim al was 
defined by total weight, and not by length, in order to  reduce the effect of any seasonal 
v a ria tio n  in shell length and  -weight on the dry w eight, and the pigm ent content 
estim ates.

A bra  n itida  w as trea ted  in the sam e w ay as N . tenuis , bu t the shell w eight of this 
species w as n o t determ ined (Table 2), as the fragile shells often w ere destroyed 
d u rin g  handling . The anim als used w ere from  10 to  14 mm in length. D ry weight 
and  p igm ent con ten t o f a standard  A . nitida  o f  150 m g to ta l w et w eight, were 
calculated .

T he relatively  clear grow th rings on the shells o f A. nitida  offered the possibility 
to  s tudy  seasonality  in the rate o f shell grow th . It w as necessary, how ever, to 
estab lish  w hich  rings w ere true annual rings, and  w hich were d isturbance rings, 
assum ed to  be connected w ith  spaw ning. T o  do th is, the to ta l length o f the shell, as 
w ell as the  lengths a t all the grow th rings, were m easured on all anim als collected 
betw een A pril 1983 and  January  1984 (N  =  245 ). T he m easurem ents w ere made

T ab le  2 . A b ra  nitida. Estim ates w ith  95 %  confidence lim its o f  to tal w et 
w eigh t, body  dry  w eight and  phaeopigm ent con ten t o f a 12 mm long 

anim al. C onfidence lim its: See T ab le  1.

T o ta l B ody Pigment
w et w eight, d ry  w eight, content,

D ate  m g m g /xg

10 .02 .1983 154.2 ± 7.8 0.55 ± 0.25
2 1 .0 2 .1 9 8 3 166.6 ± 8.4 10.4 ± 0.9 0.41 ± 0.12
0 3 .0 3 .1 9 8 3 159.3 ± 5.8 10.1 ± 0 .7 0.33 ± 0.08
14 .03 .1983 157.1 + 7.4 10.1 + 0.5 1.29 ± 0.61
2 3 .0 3 .1 9 8 3 10.9 ± 1.0 4.14 ± 1.33
2 8 .0 3 .1 9 8 3 11.8 ± 1.1 5.67 ± 1.80
0 6 .0 4 .1 9 8 3 160.4 ± 6.8 13.2 ± 1.2 8.02 ± 2.46
13 .04 .1983 161.8 ± 8.5 13.6 ± 1.3 5.59 + 1.45
2 5 .04 .1983 161.3 ± 6.8 14.3 ± 1.3 6.83 ± 2.63
16 .05 .1983 173.3 + 8.5 16.5 + 0.8 2 .17 ± 0.63
13 .06 .1983 168.3 ± 9.1 17.8 ± 2.9 2.15 ± 0.92
2 8 .0 6 .1 9 8 3 186.8 ± 7.2 18.2 ± 1.3 2 .17 + 0 .26
17 .08 .1983 138.2 ± 8.1 11.9 ± 1.5 1.04 ± 0.19
2 9 .0 9 .1 9 8 3 158.4 ± 5.3 14.0 ± 0 .7 1.26 ± 0 .27
13 .10 .1983 151.4 ± 7.8 13.1 ± 0.9 0.95 ± 0.20
0 7 .1 1 .1 9 8 3 147.0 ± 6.7 12.6 ± 1.2 0.70 ± 0 .17
14.11 .1983 160.2 + 5.5 13.6 ± 1.9 0.63 ± 0.13
2 9 .1 1 .1 9 8 3 147.9 + 4 .7 13.1 ± 1.2 1.13 ± 0.18
1 9 .12 .1983 165.4 ± 7.3 13.5 ± 0 .7 0.41 ± 0.08
2 5 .0 1 .1 9 8 4 171.6 ± 7.1 14.2 ± 0 .7 0.45 ± 0.12



P H Y T O P L A N K T O N  AS FOO D FOR M A C R O B E N T H O S 2 2 7

T ab le  3 . C hlam ys opercularis. E stim ates w ith  9 5 %  confidence lim its o f 
b ody  dry  w eigh t, gonad  dry w eigh t and stom ach phaeopigm ent c o n ten t o f 

a  60  m m  long  anim al. Confidence lim its: See T able 1.

D ate

Body 
dry  w eight, 

m g

G onad 
dry w eight, 

m g

Pigm ent
con ten t,

/¿g

2 1 .0 2 .1 9 8 3 8 2 9 ±  70 47 .9  ± 1 7 .0 16.4 ±  2.3
0 3 .0 3 .1 9 8 3 8 5 9 +  47 40.8 ± 1 3 .8 2 1 .2  ±  1.7
14 .03 .1983 8 9 4 ±  61 30 .5  ±  7.3 2 2 .3  ±  3.0
2 3 .0 3 .1 9 8 3 9 3 9 ±  74 37 .4  ±  7.2 228 .3  ± 5 2 .5
2 8 .0 3 .1 9 8 3 963  ±  68 38 .9  ±  8.2 2 0 7 .0  ± 8 4 .1
0 6 .0 4 .1 9 8 3 1012  ±  102 32.3 ±  3.8 139.5 ± 1 6 .9
1 3 .04 .1983 1 0 0 9 ±  77 33 .9  ±  5.6 105.7  ±  12.9
2 5 .0 4 .1 9 8 3 9 6 5 ±  87 38 .4  ±  8.0 98.5 ±  17.4
1 6 .05 .1983 8 6 2 ±  66 36.5 ±  6.2 5 5 .2  ±  7.2
1 3 .06 .1983 1 0 1 7 ±  64 60.0 ±  10.3 150.8 ±  10.8
2 8 .0 6 .1 9 8 3 9 6 7 ±  80 4 5 .7  ±  14.7 117.6  ±  14.7
1 7 .08 .1983 9 3 9 ±  74 50 .7  ±  11.3 9 9 .7  ±  8.8
2 9 .0 9 .1 9 8 3 9 4 8 ±  60 102.6 ±  18.5 188.8 ±  11.0
13 .10 .1983 9 1 3 ±  57 96.4 ± 2 2 .0 53.8 ±  6.1
0 1 .1 1 .1 9 8 3 9 3 4 ±  54 93.9 ±  9.8 204 .9  ± 3 3 .4
0 7 .11 .1983 1 0 4 1 ±  62 125.6 ±  15.3 182.8 ±  11.8
14 .11 .1983 1 0 6 5 ±  87 104.8 ± 1 0 .6 103.1 ±  13.8
2 9 .1 1 .1 9 8 3 1049 ±  59 104.4 ± 2 1 .5 156.0  ±  15.7
19 .12 .1983 1 0 9 1 ±  54 5 8 .7  ±  9.2 57 .0  ±  6.8
2 5 .0 1 .1 9 8 4 1 1 3 8 ±  81 67 .9  ± 2 3 .5 57 .0  ±  14.1

under a dissection m icroscope, using an eye piece m icrom eter. In the period before 
the onset o f  spaw ning, the shell increm ent w as calculated as the m ean difference 
betw een the to ta l length  o f the shell, and  the length at the last grow th ring. A fter 
spaw ning  had  com m enced an increasing num ber o f anim als becam e spent, and a 
new  ring w as la id  dow n in their shells. In these individuals the difference betw een 
the  to ta l length and the  length a t the nex t to  the last grow th ring, w as used for the 
calcu lation  o f  m ean  shell increm ent.

T he lengths o f  the C hlam ys opercularis used were between 50 and 70 mm, w hich 
is close to  the m axim um  size in the 0 re su n d . Since C. opercularis can no t com ­
pletely seal the shells, variable am ounts o f w ater drained o ff from  the anim als, 
w hen  they w ere rem oved from  the w ater, and therefore length alone was used in 
defining the s tan d ard  anim al. The lengths (i.e. the longest dim ension o f the shell 
paralle l to  the  hinge line) o f  20  individuals w ere m easured w ith  a slide caliper, and 
the  anim als w ere opened  by cutting  the adducto r muscle close to  the valve. Anim als 
w ith  sedim ent in  the m antle cavity w ere discarded. The gonad w as rem oved by 
cu tting  close to the foo t, and w eighed separately. The stom ach w as rem oved and 
cleared o f  all ex ternal, non -stom ach  tissue, weighed and transferred  to  25 ml of
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9 0 %  acetone, after being cut into sm all pieces. C om parisons of the efficiency of 
p igm en t ex traction  in cut stom achs and  in hom ogenized stom ach tissue, revealed 
no sign ifican t difference. T he rem aining body (hereafter referred to  as ‘body’) was 
w eighed , and  the dry w eights o f gonad and  body w ere determ ined after drying for 
48 hours. T he shell w eight was no t determ ined due to  varying am ounts of epifauna 
g ro w th  on  the  upper valve.

M ean  w eights o f  the gonad and body were calculated fo r each sam ple, and re­
gressions w ere m ade o f  gonad dry weight, body dry w eight and stom ach pigm ent 
co n ten t on length after double logarithm ic transfo rm ations (Table 3). The weight 
and  p igm en t conten t of a standard  anim al (60 m m ) were calculated.

A nob o th ru s gracilis. 20 large individuals were removed from their tubes, washed 
and  im m ediately  p laced  in 5 ml 90 % acetone. A fter the extraction  of pigm ents, the 
polychaetes w ere transferred  to  prew eighed alum inium  foil dishes, dried overnight 
and  w eighed. For each sam ple, the m ean pigm ent conten t per gram  dry weight of 
the  acetone trea ted  anim als w as calculated.

B o ttom  cores w ere taken  from  the sam e sta tion  w ith  a HAPS sam pler (Kanne- 
w o rff  &  N icolaisen 1973), norm ally on the sam e day as the dredging of the 
anim als. T o  reduce the  effect o f any d isturbance o f the bo ttom  surface by the 
sam pler, only  cores covered by com pletely clear w ater were used. From  each of 6 
cores, 2  subsam ples o f sedim ent were scraped from  the surface 1-2 m m , and 
an o th e r 2  from  ab o u t 10 mm dow n in the sedim ent. The dry weight and pigm ent 
co n ten t w ere m easured on the sedim ent subsam ples. Sedim ent surface tem perature 
w as m easured  o n b o ard , in newly collected cores.

All d ry ing  for dry w eight determ inations took  place in an oven at 105 °C. Plant 
p igm en t con ten t w as determ ined fluorom etrically (H olm -H ansen  et al. 1965). 
Less th a n  10%  o f  the pigm ents in the anim als w as chlorophyll-#, and as the 
fluc tua tions in the chlorophyll conten t paralleled those o f the phaeopigm ents, only 
the  la s t m entioned  w as used in the calculations.

R ESU LTS

Sedim ent

Fresh p la n t m ateria l w as found in the surface o f the sedim ent, in M arch and April 
(Fig. 1A). The surface concentration o f chlorophyll-#  increased during M arch to  7 
tim es, an d  w as in April still abou t 3 tim es the w in ter level. D uring the rest o f the 
year the  concen tra tion  rem ained at abou t 5 /¿g chlorophyll-#  per g dry weight of 
sedim ent. 10 m m  dow n  in the sedim ent the chlorophyll conten t w as about 2  fxg/g, 
and  show ed  only m ino r variations, w hich paralleled the variations at the surface.

D ead  p lan t m ateria l, m easured as phaeopigm ent concentration, was present at 
the sed im ent surface (20-50  ¡xg/g) during the w hole year (Fig. IB ). Increased 
values occurred  sim ultaneously w ith the spring m axim a in chlorophyll-#, bu t high
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yt/g ch lo r o p h y l l -a
g dry w e ig h t  3 0 0 - 2  mm
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P h a e o p ig m e n t  Q 4 0 - 2  mm
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Fig. 1. S easonal v a ria tio n  in p igm en t con ten t o f the sedim ent. A, ¡xg chlo rophyll -12 per g dry 
w eigh t o f  sedim ent. B, /xg phaeop igm en t per g dry w eight o f  sedim ent. C , ratio  o f chloro­
phyll to  p h a e o p ig m e n t. deno tes th e  top  2  mm o f  the se d im e n t. a depth o f  10 mm

in the sedim ent.

values w ere observed also in June  and in Septem ber-O ctober. At a depth  o f 10 mm 
in the  sedim ent the phaeop igm ent concentration  w as 10-20 /xg/g, and  the varia­
tions w ere dam ped com pared  to  the surface.

T he difference in com position  o f the p lan t m aterial in the m ain periods o f high 
p igm ent co n ten t in the sedim ent, is evident from  the ratio  o f chlorophyll to  phaeo-
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p igm en t (Fig. 1C). T his ra tio  clearly dem onstrates the living or fresh natu re  of the 
p la n t m ateria l in M arch  (0.7), com pared to  the  degraded m aterial in June and 
S ep tem ber-O ctober (0.1).

The animals

N u cu lo m a  tenuis. T he seasonal varia tion  in phaeopigm ent and body w eight is 
sum m arized  in Fig. 2 and  T able 1. In the period  3 M arch  to  23 M arch the phaeo­
p igm en t con ten t o f  the  stan d ard  N . tenuis increased slowly from  4 to  6 /xg. A very 
rap id  increase follow ed, leading to  a m axim um  o f  24 /xg on 13 April. A slow and 
s teady  decrease to o k  place during the late spring and sum m er, and minim um  
values o f  2 -3  /xg w ere found  in O ctober-N ovem ber.

From  m id -M arch  to  early June the dry w eight of the soft tissues o f the standard  
N . tenuis  increased from  11 mg to a m axim um  o f  abou t 17 mg, and it rem ained at 
this level th rough  A ugust. T he building up o f gonadal tissue took  place in M ay and 
June. Spaw ning s ta rted  in O ctober, bu t the m ain  spaw ning period occurred in 
D ecem ber. The dry w eight decreased in a p a tte rn  parallel to  the spawning.

%
1 00

M a t u r e  N u c u lo m a  
(N = 30) ,

50

P h a e o p i g m e n t
22 mg

Dry w e ig h t

14

1 9 8 41 9 8 3

Fig. 2 . N u c u lo m a  tenu is. S easonal changes in p ercen tage  o f sexually  m atu re  
in d iv id u a ls , in tissue d ry  w eigh t and  in p h aeo p ig m en t co n ten t o f  a s ta n d a rd

anim al.
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T he shell w eigh t varied betw een 48 and 67 mg for the standard  anim al, showing 
no  seasonal trend . Erosion of, and  deposits on the shells bo th  con tribu ted  to  this 
v a ria tion . T he shells are heavily eroded at the um bones and  extensively covered by 
a yellow ish m etal deposit, w hich despite careful cleaning could only be partly  
rem oved.

A b ra  nitida. F rom  3 M arch  to  6 April 1983 the phaeopigm ent content increased 
from  a w in ter value o f 0.3 /xg to  a m axim um  o f 8.0 /xg (Fig. 3, Table 2). The spring 
m axim um  w as follow ed by an abrup t decline in M ay, and by a slow and  steady 
decrease during  the  sum m er and  autum n, to  reach the w in ter level in D ecem ber.

T he dry w eigh t o f the stan d ard  anim al increased from  10 mg in M arch  to 16.5 
m g in the m iddle o f M ay. T he m axim um  dry w eight (18 mg) occurred in June 
sim ultaneously  w ith  the m axim um  in gonadal developm ent of the population .
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M a t u r e  A b ra  (N =  30 )
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mg
8 P h a e o ­

p i g m e n t
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Dr y  w e i g h t
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1

t0

1 9 8 41 9 8 3

Fig. 3 . A b ra  n itida . S easonal changes in percen tage  o f sexually  m atu re  ind iv id­
u als , in tissu e  d ry  w eig h t an d  in phaeo p ig m en t con ten t o f  a s ta n d a rd  anim al.
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Spaw ning  sta rted  slowly in July, and by the end  o f O ctober m ost of the animals 
w ere  spent. The shell grow th also show ed a seasonal p a tte rn  w ith  m axim um  rate 
in O cto b er. T he yearly  increm ent in shell length w as abou t 2.5 mm in a 12 mm 
long A . n itida  (Fig. 7A), w hich is in agreem ent w ith  Josefson’s (1982) results.

C hlam ys opercularis. A ten-fold  increase, to a m axim um  o f 225 /¿g, w as observed 
in the  phaeop igm ent content of the stom ach betw een 14 and 23 M arch (Fig. 4, 
T ab le  3 ). T his m axim um  w as follow ed by a rap id  decrease, creating a narrow  
spring  peak. C om pared  to  the regular decline during the sum m er and autum n in 
the  p igm ent con ten t of N . tenuis and  A . n itida , th a t o f C. opercularis varied 
irregu larly , and  particu larly  high values occurred in June, Septem ber and N ovem ­
ber. A w in te r m inim um  w as com m on to  all 3 bivalves.

mg
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6 0
G o n a d  d r y  w e i g h t

mg
1 2 0 04 0

Dry w e i g h t  of 
b o d y  + g o n a d

P h a e o ­
p i g m e n t 1100

1 8 0

100 014 0
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9 0 0
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8 0 020
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Fig. 4 . C h la m y s opercularis. S easonal changes in d ry  w eight o f the g o n ad , dry 
w e ig h t o f  b o d y  p lus g o n ad , an d  in p h aeo p ig m en t c o n ten t o f th e  s tom ach  o f  a

s ta n d a rd  an im al.
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Fig. 5 . C h lam ys opercu laris . S easonal changes in body dry  w eigh t an d  w ater 
c o n ten t o f  th e  g o n ad  and body  o f  a s ta n d a rd  anim al.

T h e  dry  w eigh t o f the  body  plus gonad increased from  900 m g in M arch  to 1200 
m g in D ecem ber-January  (Fig. 4), and during th a t period w eight variations pa ra l­
leled varia tions in the levels o f pigm ent content. The gonad dry w eight increased 
very slowly from  M arch  to  A ugust, bu t m ore than  doubled, from  50 to 120 mg, 
from  Septem ber to N ovem ber. A decrease followed im m ediately in N ovem ber- 
D ecem ber. T he ripe gonads w ere brilliantly  red and w hite, and had  a w a te r content 
o f  84 -8 5  %  (Fig. 5), com pared  to  the alm ost colourless gonads in M arch-A ugust 
w ith  m ore th an  9 0 %  o f w ate r. The body w ater content (Fig. 5) varied betw een 87 
an d  8 9 % , w ith  the low est values in N ovem ber-January , w hen the dry w eight was 
highest.

A n o b o th ru s  gracilis. T he  w eight-specific phaeopigm ent content is sum m arized in 
Fig. 6. A w in te r level o f 10 /xg per g dry w eight w as found in D ecem ber-February. 
From  14 to  23 M arch  the phaeopigm ent conten t increased from  18 to  58 /xg/g, and
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Fig. 6 . A n o b o th r u s  gracilis. S easonal changes in th e  w eight-specific  p h aeo ­
p ig m en t con ten t.

w as fo llow ed by an ab ru p t decrease, to 24  /¿g/g on 6 April, in a pattern  like the one 
seen in C hlam ys opercularis. From  April the p igm ent conten t decreased slowly to 
th e  w in te r  level.

T he ra tio  o f  chlorophyll-« phaeopigm ent in the animals fluctuated irregularly 
betw een  0 .05 and 0 .12 , w ith  the highest values in A nobothrus gracilis and Abra  
nitida .

D IS C U S S IO N  

Pigm ent conten t

T h e  pigm ents extracted  from  the animals derived from their food, and were present 
in the  s tom ach  o f C hlam ys opercularis, and p robably  in all o f the digestive system 
o f  the o th e r species. The concentration  o f p igm ent thus reflects the am ount of 
phy togenous food taken  in by the anim als.

T he phaeopigm ent content of the invertebrates increased in M arch-A pril to 5-20 
tim es the  w in te r values. Such large increases canno t be explained by increased 
feeding activity  due to  tem perature  changes, as the increase in tem perature at the 
sam pling  sta tion  w as only 1°C (Fig. 9). Instead, they result from  increased con­
cen tra tio n s o f  pigm ent in the sedim ent and  in the bo ttom -near w ater. T he m axi­
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m um  depth  o f  the  com pensation  light intensity a t the sam pling sta tion  is 18-20 m, 
so prim ary production  at the bottom  (30 m) must be negligible, and the large amounts 
o f  p lan t pigm ents in the spring w as the result of sedim entation from  the w ater.

The spring p h y to p lan k to n  bloom  in the 0 re su n d  typically shows 2 peaks, one in 
M arch  and  a n o th e r in April (N icolaisen &  Christensen, unpublished), in a pattern  
very sim ilar to  the  one observed in the sedim ent (Fig. 1). D uring this period the 
concen tra tion  o f  chlorophyll-#  in the w ater increases to  10-50 tim es the w inter 
level, w hile the herb ivore biom ass rem ains low  until M ay (N icolaisen &  C hristen ­
sen, op . cit.). So in M arch  and  A pril, sedim entation o f phy toplankton  from  the 
spring b loom  has a m ajo r effect on the pigm ent content o f the sedim ent and  on the 
food o f  the b o tto m  invertebrates a t a depth  o f 30 m in the 0 re su n d .

T he four species o f bo ttom  invertebrates exam ined ob tain  their food from  verti­
cally d ifferen t levels, above and  below  the sedim ent surface: C. opercularis is a 
suspension feeder, capable o f  pum ping large am ounts o f w ater (V ahl 1972) from  
just above the surface o f  the sedim ent. A. gracilis inhabits a m ucus-lined tube 
w hich p ro jects obliquely  som e 5-10 mm above the substrate. Little is know n about 
the biology o f  th is species, bu t Fauchald &  Jum ars (1979) include it in a general 
descrip tion o f the  feeding biology o f am pharetid  polychaetes. They stretch the 
feeding ten tacles over the substra te , and  presum ably take their food from  the 
sedim ent surface. C onsidering the delicate structure o f the tentacles, these are no t 
likely to pene tra te  in to  the sedim ent in search for food, and we never observed any 
feeding traces a ro u n d  the  tubes, nor did we see the tentacles in contact w ith  the 
sedim ent. A bra  nitida  takes up particles from  the sedim ent surface by m eans o f the 
inhalen t siphon  (H ughes 1975, W ikander 1980). This species is capable o f pene­
tra tin g  a few m m  into  the sedim ent w ith  the m uscular siphon, p roducing clear 
feeding traces (W ikander 1980). The N uculidae norm ally lie beneath the surface of 
the  su bstra te  and  use the  extensible pa lp  proboscides to collect deposits from  
below  the sed im ent surface (Younge 1939, Young 1971, O wen 1956). This de­
scrip tion  also applies to N ucu lom a  tenuis.

The peaks in p igm ent con ten t o f the anim als and the sedim ent did no t appear a t 
the  sam e tim e (Fig. 7). M axim um  pigm ent content first appeared in Chlamys 
opercularis and  A n o b o th ru s gracilis on 23 M arch, then in the sedim ent surface on 
28 M arch , (85 yu.g ch lorophyll-#  plus phaeopigm ent #) in Abra nitida  on 6 April, 
and  in N u cu lo m a  tenuis  on 13 A pril. These observations clearly dem onstrate  the 
effects o f feeding m icrohab ita ts am ong the m acrofauna species: The suspension 
feeding C. opercularis exploits a sedim enting food source before it appears on the 
sedim ent surface. W hen this happens, the surface deposit feeding A. nitida  ex­
periences increased availability o f food. It took 3 weeks of incorporation into the 
sedim ent, p ro b ab ly  by w ay o f b io tu rbation , before the subsurface deposit feeder 
N . tenuis o b ta in ed  a m axim um  in food intake. The pigm ent variations in A. gracilis 
closely fo llow ed those o f  C. opercularis during the spring, bu t no t in June and  in 
the au tu m n  m onths. T he reason  for this is no t clear. But the sim ilarity of the
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Fig. 7. P igm ent c o n te n t in s ta n d a rd  an im als o f  A bra  n itida , N u c u lo m a  tenuis,
C h la m y s opercularis, A n o b o th ru s  gracilis, and  in  th e  sed im ent surface, to  show  
tim e  lags in th e  increases o f  p ig m en t c o n te n t d u rin g  spring . V ertical axis, 
an im a ls : fxg p h aeo p ig m en t p e r  s ta n d a rd  an im al, sedim entr/xg to ta l p ig m en t per

g d ry  w eight.

p a tte rn s  an d  the tim ing  o f  the pigm ent varia tions in the 2 species during the spring, 
an d  the  po sitio n  o f  the tube  o f A . gracilis above the substrate , suggest th a t it may 
be possib le  fo r this species to  feed from  sedim enting phytoplankton , suspended 
in the  w ater.

T he p igm ent m axim a in the sedim ent in June and Septem ber-O ctober, were 
clearly reflected only  in the pigm ent con ten t o f C. opercularis. O bviously, the 
m ateria l sedim enting on  these occasions w as m uch less available to  the other 
m acro fau n a  species. It m ay relate to  the quality  o f the sedim enting m aterial, which 
w as d ifferen t from  the quality  o f the sedim enting phy top lank ton  in the spring (Fig. 
1C ). A lready  H u n t (1925) show ed th a t the com position of stom ach content of C. 
opercularis directly reflected the seasonal variations in the types o f particulate 
m ateria l p resen t in  the w ater. O u r results (Fig. 4B) imply th a t this may be true on a 
quan tita tive  basis also, and  a m ore intensive sam pling program m e may have shown 
several p igm ent peaks in C. opercularis betw een M arch and December.
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T he n a rro w  charac ter o f  the M arch  pigm ent peaks in C. opercularis and A. 
gracilis ind icates, th a t for suspension feeders, only a  short period o f tim e is avail­
able for explo iting  a sedim enting food source. O nce at the bottom , the m aterial is 
no  longer available fo r the suspension feeders. In contrast, the b road  pigm ent 
m ax im a found  in the  deposit feeders (Figs 2 &  3) show  th a t they experience 
ex tended  periods of increased food intake follow ing the sedim entation.

G row th

T he seasonal varia tions in dry w eight o f  the soft tissues of the standard  anim als 
reflect varia tions in the am o u n t o f organic m aterial stored in the soft body, and  is 
thus a m easure o f the general condition o f the species.

T he increased p igm ent conten t of the bivalves resulted in rap id  increm ents of 
the ir body  w eights. W hether this applies to  the polychaete also, is no t know n. The 
co rre la tion  betw een increased pigm ent conten t in the spring and the w eight incre­
m ents, is very clear in A bra  nitida  and  N uculom a tenuis. In both  o f these, the 
m axim um  w eight w as already a tta ined  when the pigm ent conten t dropped  to 
m uch low er sum m er levels, fo r A. nitida  in M ay, and  for N . tenuis in June. Further 
changes in the w eights o f  these tw o species did no t take place, until spaw ning 
reduced the ir w eights ab rup tly , and  all o f the yearly increm ent in dry w eight was 
directly connected  w ith  the increased intake of sedim enting phytoplankton , 
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Fig. 8. A b ra  n itid a . S easonal changes in : A , m ean increase in  shell length. 
B, t issu e  d ry  w eigh t o f  a s ta n d a rd  an im al, and  C, ca lcu lated  tissue d ry  w eigh t 
o f  an  an im al g ro w in g  from  12 m m  (M arch ) to  14.5 mm (D ecem ber) in length.

(See text.)
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T hese results apply to standard  anim als, and  do no t include w eight increments 
due to  g row th  in length. In A . n itida , this som atic  w eight increm ent may be 
estim ated  from  the shell grow th rate, and the  length to dry w eight regressions 
o b ta in ed  from  each sam pling. The result o f this calculation is show n in Fig. 8: Shell 
g ro w th  s ta rted  in M arch  (Fig. 8A). A 12 mm long A . nitida  (10.1 m g dry weight) 
w o u ld  by 6 April have a length o f 12.25 mm, and  a dry w eight of 13.8 mg (Fig. 
8 C ), as calculated  from  the length to  dry w eight regression from  6 April. By the 
end  o f  the year the length w as 14.5 m m , and  the  dry weight w as 23 mg. In June- 
O c to b e r the  dry w eight decreased due to  spaw ning, and  increased due to som atic 
g ro w th . H ow ever, Fig. 8 C shows th a t ab o u t 2/3 o f the to ta l (som atic plus repro ­
ductive) g row th  in dry w eight during the  year w as connected w ith  feeding from  the 
se ttlem en t o f  p h y top lank ton  in the spring.

From  M ay-June to O ctober the p igm ent con ten t of N uculom a tenuis, Abra  
nitida  an d  A n o b o th ru s gracilis was low er than  in the spring, bu t it rem ained above 
the  w in te r level. The food  intake during these m onths probably  constitutes the 
basis fo r the som atic g row th , which in A. nitida  m ainly took place at high tem pera­
tu res  in Septem ber-O ctober. In bo th  N . tenuis  and  A. nitida  there are strong 
ind ica tions o f  w eight losses in February-early  M arch  (Figs 2  &  3).

A nsell described the seasonal changes in phaeopigm ent content and body weight 
o f  C hlam ys septem radiata  (1974b), N ucula  sulcata  (1974c) and Abra alba (1974a) 
from  the C lyde Sea area. It is o f in terest to  com pare his results for anim als from 
8 0 -1 0 0  m  depth  w ith  those o f the closely related 0 re su n d  species (30 m depth) 
because the general seasonal cycle in phy to p lan k to n  abundance in the 2 areas is 
s im ilar, w ith  spring and autum n bloom s and m inor peaks during the summer 
(N icolaisen  &C C hristensen, unpublished, M arshall &c O rr 1927). Ansell stated 
th a t  the  coupling betw een the increm ents in pigm ent content and  body weight 
fo u n d  in A b ra  alba  w as m uch less clear in N ucu la  sulcata. H ow ever it is obvious 
fro m  his figures th a t  in b o th  species the  increase in tissue dry w eight w as in i­
tia te d  by the  sp ring  increm ent in phaeop igm en t con ten t, and  th a t the  increases 
in d ry  w eight stopped  w hen the pigm ent concentrations dropped to lower summer 
levels.

In C hlam ys opercularis too , a close connexion exists between increased pigment 
co n ten t and  w eight increm ents (Fig. 4). But in this species several periods of 
increased pigm ent content and accumulation of reserves, alternated with periods of 
low  pigm ent content and  utilization o f the reserves. Ansell (1974b) found a similar 
p a tte rn  in C hlam ys septem radiata. Also w ork ing  in the Clyde Sea, T aylor &  Venn 
(1979) fo llow ed the dry w eight o f C. opercularis during 3 consecutive years. Their 
fig. 6 show s, th a t in 1976 all the seasonal w eight increm ent took  place from  July to 
Septem ber, in 1977 from  M arch  to  O ctober, and  in 1978 from  M arch  to  June.

T h e  above results show , th a t the sed im entation  of phytoplankton  is the m ajor 
fac to r regulating  the g row th  of both  suspension feeding species o f Chlam ys, and of 
d eposit feeding species o f N ucula  and  Abra. T he high sedim entation which takes
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place in the  spring , can only be exploited by suspension feeders during the short 
period  it rem ains suspended in the w ater. This m akes the suspension feeders less 
dependen t on th e  spring sedim entation  than the deposit feeding species.

Levinton (1972) developed a hypothesis o f trophically  unspecialized, infaunal 
suspension feeders, as opposed to deposit feeders w hich w ere trophically  special­
ized, due to  com petition  fo r food. Reviewing the literature he found, th a t sus­
pension  feeders live w ith  unpredictable and fluctuating food supplies, relying 
largely on sedim enting p h y top lank ton  for food. C. opercularis fits well into this 
general descrip tion , despite the m uddy and often resuspended substrate, w hich is 
un typical fo r a suspension feeder. Levinton fu rther argued, th a t deposit feeders 
utilize bacteria  as the ir m ain food source, and large seasonal changes may occur in 
the p lan k to n  o r  in deposition  ra te , w ith  little change in the am ount of food avail­
able to  deposit feeders. H e suggested th a t the rate-contro lling  process for the p ro ­
duction  o f  food  for these species is the bacterial conversion o f sedim ent organic 
m a tte r, w hich w ou ld  offer co nstan t food levels fo r the deposit feeders. In contrast 
to  this w e fou n d  large seasonal changes in the food intake and the grow th ra te  of 
the  deposit feeding species o f N uculom a  and  A bra , and essentially all of the tissue 
g row th  in these, w as connected w ith  feeding from  sedim enting phytoplankton.

L evin ton’s view  o f  deposit feeders as consum ers of bacteria  are in agreem ent 
w ith  the h istorical association  o f the nu tritional value of detritus w ith  microbes. 
Since N ew ell’s (1965) w ork  on H ydrobia  many studies have confirm ed th a t de tri­
tus partic les, o r  fecal pellets are stripped o f m icrobes in the gu t of deposit feeders 
and the detritu s particles are egested essentially unchanged (see e.g. Fenchel 1970, 
M a n n  1972, and  G erlach 1978).

M any  o f  these observations are based on laboratory  experim ents involving 
chem ical trea tm en t and sterilization  o f detritus, w hich m ay provide substrates 
unlike those  p resen t in n a tu ra l sedim ents. Even m ore im portan t, all the observa­
tions are based on d etrita l m aterial derived from  m acrophytes, either vascular 
p lan ts  like Spartina  o r Z o stera , o r seaweeds. In these, particularly  in the vascular 
p lan ts , and in de tritu s  derived from  them , carbohydrates predom inate o ther chem i­
cal constituents, in contrast to  phytoplankton, which show a general predom inance 
o f  p ro te in . A nd it is the p ro tein  enrichm ent o f m acrophyte detritus by m icrobial 
fixation  o f  n itrogen , th a t increases the nu tritional value o f the detritus for the 
deposit feeders.

O u r results, and  those of Ansell (1974), show  th a t this protein  enrichm ent may 
be less im p o rta n t ou tside laborato ries, because deposit feeders ob tain  the bulk  of 
th e ir  n o u rish m en t from  sedim enting phy toplankton  m aterial, rich in protein . 
Jensen &  Siegism und (1980) com pared  the am ount o f m icrobial biom ass ingested 
by species o f  H yd ro b ia  w ith  the am oun t o f  organic m atter required by the anim als 
and  found , th a t on na tu ra l sedim ents bacteria played only a m inor role in the diet 
o f  H ydrobia . S im ilar results w ere obtained  by Cam m en (1980) for the deposit 
feeding po lychaete N ereis succinea , and Tenore (1981) has show n, th a t higher
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biom asses o f the polychaete Capitella capitata  could be supported  by detritus 
derived from  seaw eeds th a t were relatively rich in nitrogen content than  by the 
m ore n itro g en -p o o r detritus from  vascular plants.

E vidently , m icrobial activity adds to  the nu tritional value o f n itrogen-poor 
d etritu s. B ut to o  m uch em phasis on this may obscure the fact, th a t m ost o f the 
p rim ary  p roduced  m aterial in the sea is p h y top lank ton , and this represents a high- 
p ro te in  food source w hich also becomes available to  the benthic deposit feeders 
th ro u g h  sed im entation . In neritic environm ents, even w ith  com paratively high 
loads o f  terrigenous m aterial like the 0 re su n d , m acrobenthic deposit feeders do 
n o t rely on  m icrobes fo r nourishm ent. R ather, like m any suspension feeders they 
take  advan tage  o f the favourable chem ical com position  o f the phytoplankton.

Reproduction

Seasonal w eight varia tions o f invertebrates often reflect reproductive cycles. This 
w as also the case w ith  the w eight changes w hich we observed in N uculom a tenuis 
(Fig. 2) and in A bra  nitida  (Fig. 3).

Spaw ning o f  N . tenuis  took  place in O ctober-January , sim ultaneously w ith  a 
w e igh t decrease. T he larvae of this species are p robably  lecitotrophic and fairly 
independen t o f  food availability in the p lankton .

T he w eigh t loss o f  A . nitida  connected w ith  spaw ning (Fig. 3) am ounted to  only 
h a lf  o f  the  w eight increase, w hich took  place in the spring. H ow ever, our m ethod 
o f  detecting  gonadal developm ent w as m uch less detailed than  th a t o f Brown 
(1982), w h o  m ade serial sectioning o f the foot. A considerable am ount of devel­
op ed  gam etes m ay have been presen t in  those specim ens th a t we characterized as 
being  w ith o u t ripe gonads. Farvae o f  A . nitida  are com m on in the plankton o f the 
0 re s u n d  in O ctober-N ovem ber, and  they appear in  sm all num bers in M ay-A ugust 
(Fosshagen 1965). M uus (1973) observed th a t settlem ent took  place in O ctober 
and  again  in January . W e found the m ain spaw ning period to be July-O ctober, but 
ind iv iduals w ith  ripe gonads appeared  again in January  (Fig. 3). These observa­
tions all agree w ith  the  results o f Brow n (1982), w ho  found an  extended, o r even 
co n tinuous rep roduc tion  o f A. nitida  in the Skagerrak, w ith spaw ning taking place 
m ainly  in the autum n.

A lso in C. opercularis the m ain w eight changes, in Septem ber-Decem ber, were 
connected  w ith  the developm ent o f reproductive tissue (Fig. 4), bu t from  M arch to 
A ugust the  w eight and  w ater conten t (Fig. 5) o f the gonad changed only little, 
despite  large varia tions in the stom ach pigm ent content. Further, Taylor Sc Venn 
(1979) found  a com pletely different cycle o f gonadal weight changes in C. oper­
cularis from  the Clyde Sea. In these, the w eight increased during w inter, and 
reached  a m axim um  in  February-June. In pectinids, however, glycogen reserves in 
the  a d d u c to r m uscle are used during gam etogenesis (Ansell 1974b, T aylor Sc Venn 
1979). T h is m etabolic transfer o f energy from  the  adductor to  the gonads m ust be
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tem p era tu re  dependent, and differences in tem perature may explain the different 
rep roductive  cycles in the Clyde Sea and  the 0 re su n d .

T he tem p era tu re  range to  w hich C. opercularis is exposed at the northern  
b o u n d ary  o f  its d istribu tion  is 5 -9°C  in no rthern  N orw ay, and  5-10°C  in Faroese 
w aters (U rsin 1956). B room  &  M ason (1978) found  a tem perature o f 5 -6°C  to be 
th e  low er lim it o f  shell g row th  in the Plym outh area. O n this basis we assume th a t 
below  a tem pera tu re  of ab o u t 6°C p ro liferation  o f gonads does n o t take place.

T he seasonal tem pera tu re  ranges in the O resund and the Clyde Sea are com ­
pared  in Fig. 9. In  the  Clyde Sea, C. opercularis is never exposed to  tem peratures 
below  6°C . G am etogenesis is controlled m ainly by the am oun t o f reserves in the 
ad d u c to r, and  can take place during the w in ter and spring. In the O resund p ro li­
fe ra tion  does n o t s ta r t un til the  tem perature increases to above 6°C in July.

°C Tem perature

C ly d e  S e a10

O r e s u n d  1 9 8 3  - 1

Fig. 9. A n n u a l cycles o f  tem p era tu re  o f  the b o tto m  w a te r  in the C lyde Sea
(fro m  T a y lo r  &C V enn 1 9 7 9 , fig. 10) and  o f  th e  sed im en t surface in th e  0 re su n d .

Spaw ning  to o k  place in  the Clyde Sea at abou t 9°C  and in P lym outh w aters a t 8- 
18°C , in b o th  places fo llow ing 5 m onths w ith  m axim um  gonad  dry weight. In the 
O resu n d  the  gonad  dry  w eight decreased in N ovem ber-D ecem ber, after only 2 
m o n ths w ith  h igh gonad w eight, and w hen the tem perature dropped  to below  9°C. 
T h is decrease occurred  sim ultaneously w ith, and corresponded in size to , an in­
crease in body  dry  w eight (Fig. 5), a t a time w hen food in take w as m inim al (Fig. 4) 
and  p rob ab ly  to o  low  to  allow  for any w eight increases. These observations are 
explained  by assum ing, th a t in the O resund C. opercularis does no t spaw n, bu t 
instead  it reab so rb s w h a t is bu ilt up o f gonadal tissue. The assum ption is in agree­
m en t w ith  observations on the occurrence o f the larvae: If the decrease in gonad 
w eigh t w as caused by spaw ning, larvae w ould be expected to  occur in Decem ber- 
F ebruary . In  several investigations (Jorgensen 1946, Schram m  1962, Fosshagen 
1965) larvae have been observed only in M ay and  in July-N ovem ber, w ith  the
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