
O P H E L IA , 12: 79-116 (D ecem ber 1973)

S E T T L I N G ,  G R O W T H  A N D  MO R T A L I T Y 
O F  Y O U N G  BI VALVES I N  T H E  0 R E S U N D

K i r s t e n  M u u s  f f  

M a rin e  B iological L a b o ra to ry , D K -3000  H els in g o r, D e n m a rk

A B S T R A C T

T h e  q u a n tita tiv e  aspects o f  th e  se ttling  o f  11 b iv a lv e  species w ere  reg istered  in th e  O resund , 
based  on  b o tto m  sa m p le s  fro m  tw o localities. T h e  tim e o f  sp a tfa ll and  the num b ers o f  se ttlin g  
specim ens w ere re la te d  to  existing  d a ta  on  occu rren ce  o f  la rv ae  in  th e  p la n k to n . T h e  n u m b er 
p e r  m 2 o f  se ttlin g  specim ens, th e  decrease o f  th is n u m b e r  a n d  th e  g ro w th  o f  th e  b ivalves d u rin g  
th e  firs t m o n th s  a f te r  sp a tfa ll w ere ca lcu la ted . T h e  g ro w th  ra te  in  th e  0 r e s u n d  seem s to  be 
sm a lle r th a n  in  m o s t o th e r  tem p era te  areas. T h e  p o ss ib le  reaso n s  fo r  th is d isc repancy  a re  dis­
cussed  an d  it  is suggested  th a t  som e o f  th e  resu lts p rev io u sly  reco rd ed  in  th e  li te ra tu re  on  
g ro w th  o f  new ly  se ttled  bivalves are  in accu ra te  o n  a c c o u n t o f  in a d e q u a te  sam pling-siev ing  
techn iques.

B y c o m p a rin g  th e  n u m b er o f  se ttling  specim ens o f  th e  sam e species in the tw o  loca lities  it 
w as con firm ed  th a t  bivalve larvae  are  ab le  to m a k e  a  cho ice  o f  se ttlin g  p lace  in  na tu re .

C au ses o f  th e  h eav y  decrease in  n u m b er o f  sp a t  d u rin g  th e  first m o n th s  a f te r  sp a tfa ll a re  
d iscussed .

In  1962 a  quan tita tive  investigation  o f  the  m eio fauna was s ta rted  in  the  0 re su n d . 
T h e  m eio fauna -  an im als w ith a  body-length  o f  0.2-2.0 m m  (M are, 1942) -  con­
sists o f tw o com ponen ts , i.e . the p e rm an en t m em bers such as harpactico ids, 
o stracods a n d  nem atodes and  the tem porary  ones, i.e . young  stages o f  m acro ­
fa u n a  anim als.

T h e  m ain  p o in t o f in terest was the tem p o rary  m em bers, as d a ta  on  early life 
o f m a c ro fa u n a  species w ere very scanty  co m p ared  w ith  o u r know ledge on  the 
la te r p a r t  o f  the ir life-cycles.

T h e  iden tity  o f  a  g reat m any o f  the p lan k to n ic  larvae in the a re a  w as already 
; es tab lished , an d  d a ta  o n  their occurrence a n d  abundance  were also  available
f

(T h o rso n , 1946). T he m acro -fauna itself is w ell-know n in D an ish  w aters b o th  
q ualita tive ly  an d  quantita tively . T he stages in  betw een -  the newly settled an d  
y ou n g  ind iv iduals -  have been ra th e r neglected qualita tively  and  a lm o st to tally  
neglected in  the quan tita tive  aspect. T h a t m eans th a t we lack  in fo rm atio n  on 
tim e o f settling, the  num bers o f settling specim ens, the ir ra te  o f  g row th  and  
th e ir  ra te  o f  m orta lity . T herefore, we s ta rted  an  investigation  consisting o f quan-
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tita tive  bottom -sam pling , quan tita tive  p lank ton -sam pling  and  hydrograph ica l 
m easurem ents.

I t  was our hope th a t by  sam pling the la rvae in th e  p la n k to n  sim ultaneously  
w ith  the newly settled specim ens in  the b o tto m  we cou ld  establish  the  re la tion  
between num ber o f  la rvae an d  num ber o f new ly se ttled  anim als. I t  was proved, 
how ever, during the  investigation  th a t the 0 re su n d  is unsu ited  fo r this pu rpose 
on account o f the  hydrograph ica l conditions.

T he p lan k to n  investigation  an d  the hyd rograph ica l m easurem ents w ere ca r­
ried o u t by D r. A .F o ssh ag en  and  the results w ere used  in  a  thesis a t the U n i­
versity o f  Bergen (Fosshagen, 1965).

M aterial from  the bo ttom -sam pling  has been used  in  tw o pub lications until 
now : M . H o rik o sh ii R ep roduc tion , larval fea tu res an d  life-history o f  Philine den­
ticulata  (J .A dam s) (M ollusca -  T ectib ranchia). O phelia, 4: 43-89 (1967) and  
J. V an der L an d : System atics, zoogeography, an d  ecology o f  the  P riapulida . 
Z ool. Verh. Leiden. N o. 112 (1970).

I  am  indeb ted  to  th e  la te  p ro fesso r G u n n a r  T h o rso n , w ho  s ta rte d  th e  investiga tion  an d  p laced  
a  considerab le  a m o u n t o f  techn ica l assistance  a t  m y  disposal. M y th an k s  a re  d ue  to  D r. 
K . W . O ckelm ann  fo r  th e  use o f  his u n p u b lish ed  iden tifica tions o f  new ly  se ttled  bivalves, fo r 
in fo rm a tio n  on th e  size a t  m etam o rp h o sis  o f  the sam e bivalves, an d  fo r  critical co m m en ts on 
th e  m anuscrip t.

M A T E R I A L  A N D  M E T H O D S

T he m ethods have been described earlier (K . M uus, 1966) b u t a  sho rt review will 
be given here. T h e  tw o localities chosen fo r bo tto m  sam pling in the  O resund  
are ra th e r close to  each o ther, ab o u t 1 km  in d istance (Fig. 1), b u t different as 
to  substra te  and  hydrog raphy  and , therefore, faunal com position . In  th e  follow ­
ing  they are called “ 18 m ” an d  “27 m ” accord ing  to  depth.

F rom  N ovem ber 1962 to  O ctober 1965 b o tto m  sam ples w ere taken  every fo rt­
n igh t except during  the p e rio d  7 th  January  to  21st M arch  1963 w hen the  b o a t 
was unable to  leave the  h a rb o u r  because o f ice. Every sam pling day we took  
five quantita tive b o tto m  sam ples on  each o f the tw o localities. W e tried  to  hit 
the  sam e spot every tim e an d  accord ing  to  the  cap ta in  the m axim um  deviation 
was less than  100 m. T his gave a  to ta l num ber o f  300 18 m  an d  225 27 m  sam ples 
(the sm aller num ber o f 27 m  sam ples is due to  a  change o f locality  after the 
first year, in O ctober 1963).

T he in strum en t used w as the  m ouse-trap  constructed  especially fo r q u an ­
tita tive  m eiofauna sam pling  (B. J. M uus, 1964). E ach  sam ple represen ted  189 cm 2 
dow n to  a t least 2 cm ’s digging depth . T he sam ples were b ro u g h t up  enclosed 
in  a  nylon bag w ith  m esh-size 265 p. Still in  the bag  they w ere gently  washed 
w ith  w ater from  a  hose. T h is p roved  less dam aging  to  the  an im als th a n  w ashing 
in  a  trad itiona l sieve.
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F ig . 1. M a p  o f  th e  area.

In  th e  lab o ra to ry  the  sam ples w ere w ashed once m ore, th is tim e in  distilled 
w ater an d  then  preserved in  70 % alcohol. T he d istilled w ater w as used to  rem ove 
th e  sa lt to  p reserve the tiny  m ollusc shells as well as possible. A fter so rting  the 
m olluscs w ere p laced in  96 % alcohol.

T h e  sam ples w ere so rted  in  sm all frac tions u n d er a  m icroscope. All anim als 
w ere picked o u t except the  F o ram in ifera , w hich were sam pled  separate ly  w ith 
th e  chandelier sam pler (H ansen , 1965), an d  th e  nem atodes.

I f  the  nem atodes should  have been so rted  o u t th e  so rting  tim e w ould  have 
been  p ro lo n g ed  considerab ly  and , fu rth erm o re , i t  w as un likely  th a t g rea t n u m ­
bers o f  p reserved  nem atodes w ould  ever be identified.

T o  have a  reserve o f an im als fo r size analyses etc. a  non -q u an tita tiv e  detritus 
sam ple was ta k e n  w ith  the  O ckelm ann d redge (O ckelm ann, 1964) each sam pling 
day.

S im ultaneously  w ith  the b o tto m  sam pling a n d  in  th e  sam e area  an  investiga­
tio n  o f  the  sedim ents and  the  d istribu tion  o f  the  F o ram in ifera  w as ca rried  o u t 
(H ansen , 1965). H ansen  fo u n d  th ree zones o f  sed im ent in  the  d ep th  in te rval 
fro m  6 to  27 m. T he b o tto m  sam pling localities a re  p laced  in  zone II  (18 nr)
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an d  zone III (27 m). In  zone I I  the  sedim ents are well so rted  a n d  dom inated  
by the  tw o finest sand  fractions (250-64 ¡a). T h e  silt con ten t is less th a n  1 %. 
T he sedim ents in  zone I II  a re  dom ina ted  by the  finest sand  fraction  (125-64 p) 
and  con tain  ab o u t 5 %  silt an d  clay.

Sam ples from  the tw o localities differed conspicuously  to  the  n ak ed  eye as 
regards b o th  sedim ent and  fauna . C haracteristic  species in  18 m  sam ples were 
the an th o zo an  Edwardsia longicornis, th e  polychaete Pectinaria koreni, th e  bivalve 
Venus striatula  and the  b rittles ta r Ophiura albida, an d  in  27 m ’s it w ere the an­
thozoan  Virgularia mirabilis, th e  bivalve Nuculom a tenuis an d  the  b rittlesta r 
Am phiura filiform is. A lth o u g h  n o t dom inating  num erically  these species were 
a lm ost exclusively fo und  in  sam ples from  only one o f the  tw o localities.

This pap e r deals only  w ith the  bivalves. T he d a ta  fo r presence o f  bivalve 
larvae in  the p lan k to n  h a \e  been com bined from  th ree investigations in  the 0 re -  
sund. T he first by Jo rgensen  (in : T horson , 1946), the second by Schram  1959-60 
(Schram , 1962) an d  the  th ird  by F osshagen 1 .10 .63-16 .9 .64  (Fosshagen , 1965) 
sim ultaneously w ith the  first year o f  bo tto m  sam pling.

Fosshagen  collected his p la n k to n  sam ples every fo rtn ig h t by pum ping  1000 1 
o f w ater from  the  layer im m ediately  above the b o tto m  a t the  18 m  locality. 
T he w ater was filtered th ro u g h  a  p lan k to n -n e t w ith  m esh-size 180 p, and the 
larvae w ere then identified an d  coun ted  while the  sam ple was still fresh.

T he hydrography  o f  the  0 re su n d  has been described earlier (e.g. Brattstromi, 
1941). T h e  0 re su n d  has ra th e r  unstab le  hydrograph ica l conditions, b u t the  m ain 
characteristics a re  as fo llow s: I t  is placed between the brack ish  B altic Sea and 
the m ore m arine K a tte g a t-N o rth  Sea area , an d  p a r t o f the w ater-exchange be­
tween these tw o areas takes place th rough  the 0 re su n d . T hus the salter w ater 
com ing from  the  N o rth  follow s the  b o tto m  and  the ou tgoing  b rack ish  w ater from  
the B altic runs in  th e  surface. N orm ally  the d iscontinuity  layer is found  a t a 
dep th  o f 10-15 m.

O n the  18 m  locality  hydrograph ica l da ta  were collected in the  period  Sep­
tem ber 1963-August 1965 (H orikosh i, 1967). T he collecting included  m easure­
m ents o f tem peratu re , salinity, oxygen co n ten t and  cu rren t (velocity an d  direc­
tion) a t 0, 5 ,10 , 15 an d  18 m ’s depth . Fig. 2 shows th e  tem pera tu re  an d  salinity 
values. Brattstrom i (1941) has published the m onth ly  m ean values o f  tem peratu re 
and  salinity a t th e  L ap p eg ru n d  ligh tsh ip  (see Fig. 1) from  th e  period 1923-1939. 
T he tem peratu re  a t 20 m ’s dep th  can be seen in  Fig. 21.

T he oxygen con ten t o f  the  w ater a t 18 m ’s dep th  was 4-8 m l 0 2/ l .
G enerally  the cu rren t in  all dep ths is either directed  tow ards W N W  or ESE, 

i.e . follow ing the coast line. A t a  dep th  o f  0.5 m  there w ere equal num bers o f 
days w ith ingoing an d  ou tgo ing  curren ts (24 observations during one year (Foss­
hagen, 1965)). In  18 m ’s d ep th  the cu rren t was ingoing on 71 % o f  th e  observa­
tion  days during  a year. T h e  cu rren t velocity m easured in  the surface varied be­
tw een 10 and 122 cm /sec. an d  in  18 m ’s dep th  between 7 and  48 cm /sec.
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F ig . 2. Salinity  an d  tem p era tu re , m easu red  a t  the 18 m  loca lity  1963-1965.

T h e bivalves were w ith  a  few exceptions identified to  species. T h e  com plete 
list o f the  47 bivalve species ta k en  in  th e  b o tto m  sam ples is given in  T able 1. 
O nly  11 species occurred  in  such num bers th a t it was possib le to  calculate their 
g ro w th  an d  m orta lity . O f these, fo u r species w ere stud ied  in  b o th  localities.

T h e  m esh-size o f the  bag  in  w hich th e  b o tto m  sam ples w ere ta k en  (265 p) 
ensured  th a t few if  any new ly se ttled  bivalves escaped. T hus it was possible to  
fix th e  beg inn ing  o f the  spatfall w ith in  14 days (betw een the  last sam ple w ith ­
o u t a n d  the  first contain ing  newly se ttled  specim ens). D r. K .W . O ckelm ann (pers. 
com m .) has fo u n d  lately  th a t som e o f  the  bivalves in  question  have a  sm aller 
size a t  m etam orphosis th a n  believed w hen  th e  m esh-size was chosen. T his m eans 
th a t the  da te  fo r s ta rt o f  spatfa ll fo r som e o f  the  species (four) will n o t be co r­
rect. T h e  size a t m etam orphosis, acco rd ing  to  D r. O ckelm ann’s results, is given 
fo r each  species.

F o r  m o st species th e  spatfa ll will go on  continuously  fo r som e tim e w ith 
decreasing num bers o f  new  spa t appearing  on the bo ttom . I t was n o t possible 
to  single o u t size groups w ithin the spa tfa ll o f  a  season  an d  it was, therefore, 
trea ted  as one g roup  in  fu rth e r  calcu lations. T h e  age o f  the 0-group was recorded 
co u n tin g  from  the s ta rt o f the  spatfa ll, as th is was the  only da te  possible to  
estim ate.

T h e  leng th  o f the bivalves was m easured  by m eans o f an  ocularm icrom eter ; 
fo r specim ens sm aller th a n  2.0 m m  to  the  n ea rest 0.025 m m , fo r those bigger

6*
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T a b l e  1. List o f bivalve species found as spat in the bottom  samples. Encircled cross 
indicates that only one specimen was taken. Thyasira found at 18 m  were not identified

to species.

18 m  27 m

N ucula  nitidosa  W in c k w o rth  (N . nitida  Sow erby) .....................................................................  +  +
N uculom a tenuis ( M o n ta g u )     +  +
N uculana pernula  (M ü lle r ) .................................................................................................................  +  +
N uculana m inuta  ( M ü l le r ) .................................................................................................................  +  +
M ytilu s  edulis  L ......................................................................................................................................  +  +
M odiolus m odiolus  (L .) .........................................................................................................................  +  +
M odiolus phaseolinus  (P h ilipp i) ......................................................................................................... +
M odiolus adriaticus  (L a m a rc k ) ...........................................................................................................  +
M usculus discors ( L . ) ..............................................................................................................................  0
M usculus niger ( G r a y ) ...........................................................................................................................  +  +
M usculus tum idus (H anley) (M odiolaria  m arm orata  (F o rbes)) ...........................................  +  +
A equipecten opercularis ( L . ) ............................................................................................................. 0
P alliolum  fu r tivu m  ( L o v é n ) ............................................................................................................... 0
L im a  (L im aria) loscom bi G . B. S o w e r b y .....................................................................................  +
Thyasira sarsi (Ph ilipp i) .......................................................................................................................  ? +
Thyasira flexu o sa  (M o n tag u ) ..............................................................................................................  ? +
Thyasira (P ara thyasira) equalis (V errili & B ush) ......................................................................  ? +
Lucina (Lucinom a) borealis  (L.) ...................................................................................................  0
Kellia suborbicularis (M o n ta g u ) ......................................................................................................... 0
M ontacuta  ferrug inosa  ( M o n ta g u ) ..............................................................................      +  +
M ysella  b identata  ( M o n ta g u ) .............................................................................................................  +  +
Cardium ( Cerastoderm a) s p .................................................................................................................. 4- +
A rctica  islandica  ( L . ) .............................................................................................................................. +  +
D osinia lincta  (P u lte n e y ) ....................................................................................................................... 0
Venus ( Cham elea) s tr ia tu la  (d a  C o s t a ) ..........................................................................................  +  +
M acom a calcarea  (G m e lin ) ..................................................................................................................  T  +
Tellina tenuis da  C o s ta ...........................................................................................................................  +
Tellina (Fabulina) fa b u la  G m e lin ......................................................................................................  +  +
A bra  alba  (W .W o o d ) .............................................................................................................................. +  +
A bra  n itida  (M ü lle r ) ................................................................................................................................  +  +
Psam m obia  ferven sis  ( G m e l in ) ...........................................................................................................  T  +
E nsis sp. (p ro b ab ly  E . arcuatus  (Jeffreys)) ...................................................................................  +
Cultellus pellucidus  (P e n n an t)  ........................................................................................................... +  +
M actra  corallina  ( L . ) .............................................................................................................................. +  +
Spisu la  elliptica  ( B r o w n ) ......................................................................................................................  +  +
Spisu la  subtruncata  (d a  C o s t a ) ...........................................................................................................  +  fi-
M y a  truncata  L ..........................................................................................................................................  +  +
M y a  arenaria  L ..........................................................................................................................................  0
Corbula gibba  ( O l iv i) .............................................................................................................................. +  +
H ia te lla  arctica  ( L . ) ................................................................................................................................  +  +
H iatella  stria ta  ( F le u r ia u ) ....................................................................................................................  +  +
P anom ya  arctica  ( L a m a r c k ) ............................................................................................................. +
Saxicavella  je ffrey s i  W in ck w o rth  .................................................................................................... +  +
B arnea candida (L .) ................................................................................................................    +
Z ir fa ea  crispata  (L.) .............................................................................................................................. +  +
Thracia phaseolina  (L am arck ) ........................................................................................................... +  +
Cuspidaria cuspidata  (O livi) ................................................................................................................ 0
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th a n  2.0 m m  to the  n earest 0.100 m m . T he greatest length  was chosen  as p a ra ­
m eter as it  is the easiest m easure  to  ob ta in  and , therefore, th e  m o st com m only  
used  in  o th e r bivalve g row th  studies. T hus it w ill b e  possib le to  com pare  the 
resu lts w ith those from  o th e r investigations. T he bivalves con tained  in  the  five 
sam ples fro m  the sam e d ay  an d  sam e locality  w ere trea ted  together. T he m easure­
m en ts from  one da te  w ere p laced in  leng th-frequency diagram s. A  typical exam ple 
can  be seen in  Fig. 16.

B ased o n  the  length-frequency  diagram s th e  m ean  leng th  o f a  certain  group 
w as calcu lated  fo r each date. T h e  m ean  lengths toge ther w ith  the  length  o f the 
sm allest an d  biggest specim en in  the  g roup  can  be seen in  Figs 3, 5-15, an d  17-19.

In  a  few cases m ateria l fro m  the  detritu s-d redge sam ples m entioned  above 
has been  used to  fill o u t gaps in  the  quan tita tive  m aterial. These cases a re  m arked  
differently  in  the figures.

In  som e cases m em bers o f m ore  th a n  one year-class w ere fo und  in  th e  sam ples. 
T he m ean  lengths were th en  ca lcu lated  fo r each  g roup  an d  the  num ber o f spec­
im ens in  each g roup  is given, converted  to  n u m b er p e r m 2.

T h e  m axim um  lengths o f the  species, ob ta ined  in  D an ish  w aters, a re  given 
in  th e  text. These m easures w ere ta k en  fro m  “ D an m ark s F a u n a ”  (Jensen & 
S pärck , 1934).

R E S U L T S

M ontacuta  ferruginosa  (Figs 3 & 4)

Jo rgensen  fo und  the larvae o f  th is  species in  th e  p la n k to n  d u ring  July-O ctober 
an d  S chram  during Ju ly -F ebruary . F osshagen  fo u n d  them  in  Ju ly -O ctober w ith  
the  m ax im um , 20 specim ens p er m 3, in  A ugust 1964.

T h e  first sp a t o f the  season settled  on  the  b o tto m  in  A ugust fo r th ree years 
consecutively  in  b o th  localities, an d  un til the end  o f Ja n u ary  the re  w ere still a  
few  new ly settled  specim ens in  th e  sam ples. T hus fo r this species th e re  is good  
ag reem ent betw een p la n k to n  finds a n d  presence o f  sp a t in  th e  bo ttom .

A t 27 m  the d istribu tion  o f  b o th  sp a t a n d  older individuals w as uneven  and  
the length-frequency diagram s are  com plex an d  to ta lly  unfit as base fo r fu rth e r 
ca lcu lations. A n explanation  cou ld  be fo u n d  in  the  associa tion  w ith  Echinocar­
dium  m en tioned  below.

A t 18 m  the  1964 sp a t w ere a b u n d a n t an d  it was possib le to  estim ate the 
g ro w th  an d  abundance fo r the  first year afte r settlem ent. In  the  beginning o f 
the  season , a t  th e  end o f  A ugust, there w ere 250 sp a t per m 2 w hich  num ber in ­
creased  to  1000/m 2 a t th e  end  o f  N ovem ber (Fig. 3). By Ju ly  1965 the  num ber 
h a d  decreased to  ab o u t 100/m 2 (based on  five 189 cm 2 sam ples). T he grow th  
w as therefo re calculated  fo r the  first year only. T h e  length a t  m etam orphosis is 
0.35-0.41 m m ; a t first appearance in  the sam ples it was 0.4-0.7 m m  (m ean  0.5),
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M o n ta c u ta  fe r r u g in o s a  1 8  m
1 0 0

- Number  o f  la r v a e / m ’ S a m p l in g  period
50

1000
N u m b er /  m 2

5 0 0

- Length , mm2 .0

0.5

0 .3

1 9 6 3 1 9 6 4 1 9 6 5

F i g . 3. M ontacu ta  ferrug inosa , 18 m . U p p e r  p a r t :  N u m b e r o f  la rv ae  fo u n d  in  b im o n th ly  
p la n k to n  sam ples in O c to b e r 1963-Septem ber 1964 (no  sam ples in D ec. 1963) by F osshagen  
(1965). A  cross in d ica tes  less th a n  10 larvae  per m 3. H ack e d  b ars  show p erio d s o f  th e  y ear in 
w hich  larvae  have been  fo u n d  by  earlie r investigato rs. M iddle p a r t :  N u m b e r o f  specim ens per 
m 2 in b o tto m  fo r  each year-c lass . L o w er p a r t :  M ean  len g th  an d  size v aria tio n  fo r  each  year-class.

an d  after 11 m o n th s  in th e  b o tto m  it was 0.8-2.3 m m  (m ean  1.4). T he m axim um  
length  is 8 mm.

M .ferruginosa  is generally  considered as com m ensal w ith  the  spatangoids 
Spatangus purpureus  an d  Echinocardium cordatum, m ain ly  the last one. Spatangus 
is qu ite  ra re  in  the  0 re su n d , b u t Echinocardium  was com m on in  th e  samples. 
T his association  p ro b ab ly  affects the  d istribu tion  o f M ontacuta. G age (1966, 
a, b, c) has described the  re la tion  betw een M . ferruginosa  an d  E. cordatum  very 
thoroughly .

I have never fo und  M ontacuta  a ttach ed  to  Echinocardium, n o r have I  seen 
aggregations o f  it  from  the  burrow s o f  the urchin . M o st o f  the M ontacuta’s found  
w ere quite sm all (1 m m  o r less), b u t G age (1966c) fo und  th a t the bivalve may 
a ttach  to  an  u rch in  very early  in  life a t a  size o f only  0.33 m m . Possibly the 
w ashing o f  the  sam ples in  distilled  w ater and  alcohol had  an  effect sim ilar to 
the anaes the tiza tion  w hich G age used to  rem ove the  bivalves from  the urchins 
(1966c, p. 500).

Since the  sam ples yielded no  d irect evidence o f the  m en tioned  associa tion  I 
looked fo r som e ind irec t evidence. H ence I  tried  to  rela te  num ber o f  M ontacuta
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F ig . 4. A \e ra g e  n u m b er per sam p le  o f  M o n ta cu ta  ferrug inosa  re la ted  to  n u m b er o f  Echinocardium  
cordatum  ( leng th  5: 10 m m ) p e r  sam ple .

p er sam ple to  num ber o f  Echinocardium  o f  a suitable size, i.e. 10 m m  o r m ore 
in  length. F ro m  each locality  225 sam ples were exam ined. 94 o u t o f  the  18 m 
an d  80 o f the 27 m sam ples held neither o f the species. T he figures fo r the re ­
m ain ing  sam ples can be seen in  Fig. 4.

T he d istribu tion  o f  M ontacu ta  ferruginosa  in  rela tion  to  num ber o f  Echino­
cardium  was different fo r the  tw o localities. In  the 18 m  sam ples there was o b ­
viously no  relation , w hereas the  27 m  sam ples clearly  show ed h igher num bers 
o f  M ontacuta  w ith  increasing num bers o f Echinocardium. I  will n o t ven tu re  to  
explain  this difference betw een th e  sam ples from  the tw o kinds o f  bo ttom . G age 
(1966a) has ascertained th a t M . ferruginosa  can rem ain  free-living in  the  sub­
s tra te  fo r long  periods.

M ysella  bidentata  (Figs 5 & 6)

T his species was the m ost nu m ero u s an d  constan tly  occurring  bivalve species in  
b o th  localities. T he larvae have been fo und  in  th e  p la n k to n  during  all m onths 
except M arch , A pril an d  D ecem ber. Jo rgensen  fo und  them  from  Ju ly  to  N ovem ­
ber and  also in January , Schram  fro m  June  to  N ovem ber and  also in  F ebruary . 
F osshagen  found  them  from  Ju ly  to  N ovem ber and  one specim en in  M ay. The 
m axim um  occurrence, 70 /m 3, w as found  in  Ju ly  1964, and  shortly  afte r (also in  
July) a m axim um  spat n u m b e r/m 2 occurred  in  b o th  localities. T he m ain  spatfall 
in  b o th  localities always s ta rted  in  July , a fact w hich agrees well w ith  the above 
p la n k to n  data . Sm all num bers o f  new ly settled specim ens w ere p resen t until 
a b o u t D ecem ber.

A t 18 m  four year classes could  be follow ed fo r som e tim e (Fig. 5). T he “ best” 
class, i.e . the  m ost num erous, was the  1964 - t h e  “ w orst” the  1965 class which 
was few in num ber a n d  d isappeared  already  in  O ctober 1965.

T he leng th  a t  m etam orphosis  is 0.40-0.55 m m ; a t first appearance in  the
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F ig . 5. M yse lla  bidentata, 18 m . F o r  ex p lan a tio n  o f  sym bols see F ig . 3.

1965

sam ples it was 0.3-0.5 m m  (m ean 0.4) an d  a fte r a b o u t one year in  the bo ttom  
(A ugust 1965) 1.0-2.0 m m  (m ean 1.5).

A p paren tly  there w as a  w in ter stagnation  o f g row th  in  1963 an d  -  m ore 
clearly seen -  in  1965. H ow ever, the  n u m b er per m 2 rose in  the  early  sum m er 
o f 1963 a n d  in  th e  la te  w in ter o f  1965. T hus it  m igh t be im plied  th a t this 
“stag n a tio n ” was caused by  a  new  spatfall. T he length-frequency  diagram s, 
how ever, show  th e  sam e d istribu tion  th ro u g h  th e  p e rio d  and  i t  m ust, therefore, 
have been  a  tru e  stagnation .

T here  w as a  single find  in  A pril 1965 o f  63 specim ens show ing th a t the length 
after 20 m o n th s  w as 1.6-3.7 m m  (m ean 2.8). I t  is possible, how ever, th a t this 
g roup  com prised  tw o  inseparab le  classes (cf. Fig. 6, 27 m).

A t 27 m  (Fig. 6) i t  w as possible to  calculate the  g row th  un til M ysella  was 
th ree years o ld  (July  1964). A s a t 18 m  the  1964 year class w as very  num erous 
w hereas the  nex t w as few in  num ber.

T he leng th  a t  spa tfa ll, the  tim e o f the m ain  spatfa ll, and  the g row th  during 
the first y ea r in  th e  b o tto m  w ere very m uch  the  sam e as a t 18 m.
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F ig . 6. M ysella  b iden ta ta , 27 m . F o r  ex p lan a tio n  o f  sym bols see F ig . 3.
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T w o years afte r spatfall (Septem ber 1964) the length  was 2.0-2.8 m m  (m ean
2.5). T he length after three years, based o n  the 1961 y ear class in  th e  sam ples 
fro m  Ju ly  1964, can w ith som e hesita tion  b e  estim ated to  be 2.5-3.4 m m  (m ean 
2.95). I  hesita te  because the  specim ens go t few er an d  year class sep ara tio n  m ore 
difficult as tim e passed. In  the period  A pril-S ep tem ber 1965 it is thus likely 
th a t the  o ldest g roup  in  the figure consists o f  b o th  th e  1962 a n d  1963 year classes.

I f  th is ra te  o f  g row th  continues the  an im als will be a t  least fo u r years old 
w hen they reach  the ir m axim um  length  -  a b o u t 5 mm.

A lso  a t  27 m  there was a  w in ter s tag n atio n  in  1965.

Arctica  islandica (F igs 7 & 8)

T he la rvae  o f  this species have been fo und  in  the  0 re su n d  p la n k to n  during  all 
m on ths o f  the year. Jorgensen  had the  g rea test num bers in  O ctober an d  N ovem ­
ber, b u t found  n o n e  in  M arch-July . (His Venus gallina  was in  fac t A.islandica, 
O ckelm ann, personal com m unication). S chram  found  the  sam e period  o f  m ax­
im um  occurrence an d  he found  la rvae in  June-Ju ly  also. F osshagen  found  m ax­
im um  num bers in  O ctober (100/m 3) and  F eb ru ary  (80/m 3), an d  he fo und  them  
in M arch -M ay  also.

I t  is rem arkab le  th a t the larvae fo und  in  the  p la n k to n  fro m  the  beginning 
o f  O ctober to  the  end  o f N ovem ber 1963 d id  n o t cause a  spa tfa ll in  any o f  the 
localities.

A t 18 m the  first spatfall o f  the year to o k  place in  F eb ru ary  an d  un til A ugust 
there w ere still a  few sp a t in  the sam ples. In  Ju ly  1963 a  new  sm aller spatfall 
to o k  p lace a n d  this was p robab ly  also the  case in  1964 b u t n o t in  1965.

A r c tic a  is la n d ica  18 m
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1.0

0.5 

0.3

F ig . 7. A rctica  islandica, 18 m . F o r  ex p lan a tio n  o f  sym bo ls see F ig . 3.
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F ig . 8. A rc tica  islandica, 27 m . F o r  ex p lan a tio n  o f  sym bols see F ig. 3.

19651964

T h e species was never very num erous in  the  b o tto m , only once d id  it  reach  
1000/m 2 (M arch  1964). T h e  n u m b er also d im in ished  ra th e r  fast, so it was only 
possible to  calculate g row th  fo r  ab o u t six m onths. T he length  a t  m etam orphosis 
is 0.23-0.30 m m ; a t  first ap pearance  in  the  sam ples it was 0.3-0.6 m m  (m ean 0.4) 
a n d  after ab o u t six m on ths (O ctober 1963) 0.6-1.4 m m  (m ean 0.9).

T h e  d a ta  from  27 m  are  a  b it different. T he spatfall o f  F eb ru ary  1964 was 
successful an d  during  a b o u t seven m on ths the  sp a t grew from  0.4-0.5 m m  (m ean 
0.4) to  0.9-1.9 m m  (m ean 1.3) w hich is a  som ew hat faster g row th  th a n  a t 18 m. 
In  early  S eptem ber there was a  new  successful an d  clearly d iscernible spatfall. 
T he specim ens o f this g ro u p  grew even faste r, reach ing  a  size o f 1.0-1.9 m m  
(m ean  1.5) in  five m onths. I t  is possible though  th a t this g roup  inc luded  a  few 
specim ens w hich s ta rted  to  settle in  F eb ruary . T he m axim um  leng th  o f th e  species 
is 120 mm.

Venus striatula  (Fig. 9)

Q uan tita tive  records o f  Venus la rvae in  the  0 re su n d  are a lm o st non-existent. 
B o th  Jorgensen an d  S chram  reco rd  it, b u t the ir specim ens belong  in  reality  to 
A rctica  (see p. 90). I t  is p robab le , how ever, th a t som e Venus w ere h idden  am ong  
th e  ArcticaA . W hen F osshagen  to o k  his sam ples the  iden tification  p rob lem  had 
been  solved, and  ye t he fo und  only  one larva in June during one year o f  sam pling.



92 K I R S T E N  M U U S

V en u s s tr ia tu la  18 m

S a m p l in g  per iod

.  N u m b e r /  m50
25

2.0
Length ,  mm

N um ber of s p e c i m e n s — >22

Detritus dredge

0.5

0.3

1963 1964

F ig . 9. Venus stria tu la , 18 m . F o r  ex p lan a tio n  o f  sym bo ls see F ig. 3.

1965

T he sp a t also  occurred  sparingly a t all tim es in  the  bo ttom . A t 27 m only 
a  few sp a t w ere found  an d  even a t the  18 m  locality , w hich generally  is con­
sidered as inhab ited  by a  Venus com m unity , 500/m 2 was the  abso lu te  m axim um  
(A ugust 1964) an d  th is  num ber dim inished rapidly .

In  th e  detritu s dredge sam ples Venus w as qu ite  num erous, a n d  the  d a ta  from  
these w ere used  as a  supplem ent in  the  g ro w th  calculations. Even w ith  this sup­
p lem en t th e  g row th  d a ta  are som ew hat scanty.

T h e  ap pearance  in  the sam ples a t 18 m  s ta rted  in  A ugust, b o th  in  1964 and 
1965. Seem ingly settling  was delayed in  1963, p robab ly  due to  the  preceding 
severe w inter. In  1964 an d  1965 the  spatfa ll w as m ore concen tra ted  in  tim e than  
fo r o th e r bivalve species i.e . no  new  sp a t occurred  in  the  sam ples after August- 
Septem ber.

T h e  leng th  a t m etam orphosis is 0.23-0.33 m m . I f  one considers the grow th 
o f th e  sp a t fro m  A ugust 1964 one finds th a t the  length  a t  first appearance in 
the  sam ples was 0.35-0.5 m m  (m ean 0.4) an d  after a b o u t tw o m on th s (middle 
o f  O ctober) it  was 0.9-1.6 m m  (m ean 1.3) i.e . a  m ean g row th  o f  0.9 m m . The 
tw o values from  detritu s sam ples taken  in  A pril 1965 are based  o n  ten  an d  six 
ind iv iduals only. T hey  indicate th a t th e  leng th  was 1.5-2.5 m m  (m ean 1.85) after 
a b o u t eigh t m on ths in  the  bo ttom .

C o m pared  w ith  o th er bivalves in  the O resund  Venus seem s to  grow  ra the r 
fast. T h e  m ore restric ted  settling  period  o f  Venus m ay, how ever, p a rtly  explain 
th is phenom enon .

T h e  m axim um  length  is 34 m m .
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M acom a  calcarea (Figs 10 & 11)

L arvae o f M . calcarea w ere fo rm erly  considered non-pelag ic (T horson , 1936), 
b u t O ckelm ann (1958) fo und  th a t they are pelagic a fte r all. C onsequently , there 
are  no  la rvae identified to  th is species in  Jo rgensen’s paper. Schram  d id  n o t find 
the larva, b u t F osshagen  fo u n d  it in  sm all num bers in  M ay-A ugust.

T he m ain  spatfa ll accord ing ly  to o k  place in  June, an d  u n til S eptem ber there 
w ere still som e new  sp a t in  the  sam ples. T he num ber o f  spa t was g rea t in  1963 
(m ax. 4000/m 2 in July, 18 m ,) a n d  in  1964 there w as a  m axim um  in  b o th  local­
ities o f ab o u t 1500/m2. Y e t th e  sp a t d isappeared  very rap id ly . A t 18 m  the  m ax­
i m u m  d u ra tio n  in  the  b o tto m  was 4^ m onths -  a t 27 m  six m onths.

D u rin g  s tu d en t courses in  the  last few years core sam ples have been taken  
w here the  p resen t investigation  was carried  out. A d u lt M . calcarea  w ere found  
frequently  in  a  dep th  o f  a b o u t 20 cm , i.e . m uch deeper th a n  h ith e rto  believed. 
T hus it is possible th a t even the  0-group is situated  below  the  tw o cm ’s digging 
dep th  o f  the m ouse-trap , an d  th is m ay explain the rap id  d isappearance f ro m  the 
sam ples.

T h e  length  a t m etam orphosis  is 0.29-0.37 m m ; a t  first appearance in  the  
sam ples it  w as 0.3-0.5 m m  (m ean  0.4), a n d  afte r a b o u t five m onths in  th e  b o t­
to m  (27 m , N ovem ber 1964) 0.5-1.0 m m  (m ean 0.75).

M a co m a  calcarea  18 m
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F ig . 10. M a com a calcarea, 18 m . F o r  ex p lan a tio n  o f  sym bols see F ig . 3.

1965
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F ig . 11. M acom a calcarea, 27 m . F o r  ex p lan a tio n  o f  sym bo ls see F ig . 3.

1965

A  w inter g row th  stagnation  is ind icated  fo r  1963-64 an d  1964, b u t since the 
m ateria l was scanty  th is m ay n o t be true.

T he m axim um  length  is ab o u t 50 m m .

Tellina fa b u la  (Fig. 12)

Jo rgensen  did n o t find the la rva a t all an d  S ch ram  fo und  i t  only in  July. Foss­
hagen  fo und  one specim en in  January , b u t several to  m any in  July-O ctober, 
w ith  a  m axim um  o f 140/m 3 in  July.

T h e  m ain  spatfa ll to o k  place in  A ugust an d  un til F eb ru ary  there could still 
be a  few  new ly settled specim ens in  the  sam ples.

T h e  n u m b er o f  spa t was never very great. T h e  m axim um  occurred  in  A ugust 
1965 (1250/m 2). T he p la n k to n  m axim um  in Ju ly  1964 only resu lted  in  250 spat 
p e r m 2 (A ugust 1964). O nly a t the 18 m  locality  was the  sp a t sufficiently num er­
ous fo r g row th  calculations.

T he length  a t  m etam orphosis is 0.29-0.40 m m ; a t  first appearance in  the 
sam ples i t  was 0.3-0.6 m m  (m ean 0.4) an d  afte r one year the  m ean  length was 
approx im ate ly  1.5 m m . T he length  after a b o u t 17 m onths (Jan u ary  1964) was 
2.0-3.6 m m  (m ean 2.9) an d  after a b o u t 21 m on ths (June 1963) it w as 3.0-4.5 mm 
(m ean  3.7).

T h e  m axim um  length  o f th e  species is a b o u t 20 mm.
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F ig . 12. Tellina fa b u la , 18 m . F o r  ex p lan a tio n  o f  sym bo ls see F ig. 3.
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A bra  alba  (Figs 13 & 14)

W hen Jo rgensen  a n d  S ch ram  to o k  the ir p lan k to n  sam ples it was n o t possib le 
to  d istinguish  the  la rvae o f  A . alba  from  those  o f A .n itida , so these records can ­
n o t be used. F osshagen  fo und  A .a lb a  larvae in  F eb ruary -M arch , in  M ay and  
in  A ugust-N ovem ber. M ax im um  in  the  p la n k to n  (294/m 3) occurred  in  A ugust 
1964.

T he m ain  spatfa ll o f  the year began  a t  varying dates from  the  m iddle o f 
A ugust to  th e  m iddle o f  O ctober, an d  new  sp a t w ere seen in  sm all num bers 
un til A pril.

A t 18 m the  num ber p er m 2 never exceeded 1000. I t  is som ew hat surp rising  
th a t the p la n k to n  m axim um  in A u g u st 1964 (294/m 3) -  by far th e  biggest reco rded
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F ig . 13. A bra  alba, 18 m . F o r  e x p la n a tio n  o f  sym bo ls see F ig . 3.

during  th e  p la n k to n  investigation  -  only  resu lted  in  750 sp a t p e r m 2 a t  18 m. 
A t 27 m  a  m ax im um  o f  3000/m 2 occurred  sho rtly  afte r th e  p la n k to n  m axim um .

A t b o th  localities the n u m b er no rm ally  decreased  g radua lly  tow ards 100/m2. 
T his was n o t so for the  1964 year class a t  18 m. H ere , in  Ja n u ary  1965, there 
was a  rise  in  num ber w hich con tinued  un til A pril w hen  th e  species disappeared 
ab rup tly . T he length-frequency d is trib u tio n  show s th a t b o th  in  Ja n u ary  and  in  
A pril som e new  sp a t w ere added . D u rin g  th e  sam e p erio d  the  p ic tu re  was dif­
feren t a t  27 m . T here  was a  slight rise in  Ja n u a ry  1965, b u t otherw ise th e  num ­
ber decreased gradually  un til July.

Few  larvae settled in  S eptem ber 1965 a n d  the  sp a t d isappeared  w ith in  two 
m on ths in  b o th  localities.

T h e  leng th  a t  m etam orphosis is 0.30-0.40 m m ; a t  first appearance in  the 
sam ples i t  w as 0.3-0.6 m m  (m ean  0.4). O nly  tw ice w as the  length  recorded  abou t 
one year afte r spatfall began, viz. in  S eptem ber 1963, 18 m  : 1.0-2.0 m m  (m ean
1.5) an d  O ctober 1963, 27 m : 1.2-1.9 m m  (m ean  1.4). A t 27 m  the  grow th  ac­
ce lera ted  considerab ly  afte r th e  first year. T h e  leng th  increased  from  th e  middle 
o f  O ctober to  the  m iddle o f N ovem ber fro m  1.2-1.9 m m  (m ean  1.4) to  1.9-2.6 
m m  (m ean  2.3). In  A ugust 1964, 27 m , th e re  was likew ise an  ind ica tion  o f  ac­
ce lera ted  grow th.

T h e  m axim um  length is 25 mm.



S E T T L I N G  O F  BIVALVES IN  T H E  0 R E S U N D

A b ra  a lba

97

2 7  m

N um ber o f  l a r v a e / m 3

300?

3000 -
N um b er/  m 2

2 0 0 0 -

1 0 0 0 -

• S a m p l in g  per iod-

+ + + +  +  +  +

Length, mm

2.0 -

1.5 -

1 .0  -

0.5
0.3

1963
O N D J  F M A M J  J A S O N D  

1964
J F M A M J  J A S O  

1965

F ig . 14. A b ra  alba, 27 m . F o r  ex p lan a tio n  o f  sym b o ls  see Fig. 3.

A bra  nitida  (F igs 15 & 16)

A s m en tioned  fo r A .a lb a  th e  la rvae o f  the genus co u ld  n o t be separated  w hen 
Jo rgensen  an d  S chram  m a d e  the ir respective investigations. F osshagen  fo und  
A .n itid a  la rvae  in  O ctober-N ovem ber 1963, w ith  a  m axim um  o f  26/m 3 on  31st 
O ctober, a n d  in  sm all n u m b ers  on  th ree  dates du ring  M ay-A ugust.

T here  w as n o  spatfa ll o f th is species a t 18 m.
A t 27 m  a  spa tfa ll ap p eared  in  Ja n u a ry  1964 and  aga in  in  O ctober. T h e  n u m ­

bers per m 2 w ere ra th e r  d ifferen t fo r the  tw o groups. F o r  the  g roup  w hich  began 
to  settle in  J a n u a ry  th e  n u m b er increased to  a b o u t 1000/m 2 du ring  th e  first 3\  
m on ths fo llow ed b y  a decline, b u t afte r th a t cam e a  rise to  1200 p er m 2 a t the  end 
o f  M ay  co incid ing  w ith  the  p la n k to n  finds o f th a t period . A fter th a t th e  dec­
line con tinued  a n d  in  m idd le  N ovem ber the spa t becam e to o  few to  b e  used  in 
any  calculations.
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F ig . 15. A b ra  nitida, 27 m . F o r  ex p lan a tio n  o f  sym bols see F ig. 3.

1 9 6 5

T he o th e r g roup  w hich was first fo u n d  in  O ctober w as never very num erous, 
b u t h a d  a  ra th e r  constan t density  o f  a  few  h u n d red  specim ens p er m 2 fo r 12 
m onths.

T h e  length a t m etam orphosis is 0.22-0.31 m m ; a t  first appearance in  the 
sam ples i t  was 0.4-0.6 m m  (m ean 0.5). T he length-frequency d istribu tion  is 
seen in  F ig. 16.

T he g row th  pattern s fo r th e  tw o g roups w ere ra th e r different. The group 
from  Ja n u ary  grew m uch  faster th a n  th e  o th e r  one. A lthough  there w ere new 
sp a t p resen t until a b o u t Ju ly  and  a  d is tinc t increase in  num ber in  M ay, the length- 
frequency  d istribu tion  rem ained  “n o rm a l” th ro u g h o u t the  period  (Fig. 16). So 
the  num erical increase can  only p a rtly  be due to  a  new  spatfall. A ccidental oscil­
la tions in  num bers due to  patch iness co u ld  be one reason. In  the period  from  
early  Ja n u ary  to  the m iddle o f  N ovem ber, i.e . 10 m onths, A bra  nitida  grew from
0.5 m m  to  1.5-4.2 m m  (m ean 3.25). T h is is qu ite  the  fastest sp a t g row th  observed 
am ong  bivalves in  the  0 re su n d .

T he g roup  w hich first ap p eared  o n  1 O ctober h a d  a  m uch  slower growth.
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F ig . 16. L en g th -freq u en cy  d is tr ib u tio n  o f  A b ra  n itida  specim ens ta k e n  a t th e  27 m  locality . 
T h e  d iag ram  fo r  each  d a te  inc ludes a ll A . n itida  f ro m  th e  five sam ples (945 cm 2).

In  one year it  grew  fro m  0.5 m m  to  0.9-2.4 m m  (m ean 1.5). T here  w ere new 
sp a t p resen t un til July, b u t n o t in  num bers in te rfering  w ith  the  length-frequency 
d is trib u tio n  p a tte rn  (Fig. 16).

T h e  m axim um  length is 17 m m .

Spisula subtruncata  (Fig. 17)

Jo rgensen  fo u n d  the  la rvae  in  D ecem ber-Ju ly  w ith  a  m axim um  occurrence in 
A pril. S chram  fo und  th e m  th ro u g h o u t the  year w ith  a  m axim um  in M ay. F oss­
hag en  fo u n d  larvae in  O ctober-N ovem ber, in  F eb ru a ry  an d  in  A pril-Ju ly , w ith 
a  m ax im um  o f  20/m 3 in the  m iddle o f Ju ly  1964. So th e  larvae have been  taken  
a t  all tim es o f  the year.

T h e  spatfalls a t 27 m  w ere scattered  an d  w ith  few specim ens; b u t in  Ju ly  
1965 a  n u m b er o f  a b o u t 700/m 2 occu rred  fo r a  very sh o rt period .

A t 18 m  the  spa t w as m ore num erous, b u t a lso  scattered  in  tim e as could 
be expected  from  the p la n k to n  data . In  Ju ly  1964 1500/m 2 was recorded , and  
in  th e  sam e m o n th  o f 1965 there w as as m any  as 8500/m 2. In  b o th  cases th e  spa t 
d isappeared  w ith in  tw o m onths.

7*
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Corbula gibba 1 8  m
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F ig . 19. C orbula g ibba, 18 m . F o r  ex p lan a tio n  o f  sym bo ls see F ig. 3.

C .gibba  in  O ctober, o n  one sam pling da te  only. Fosshagen  fo und  it in  July- 
A ugust, O ctober-N ovem ber an d  Jan u ary -F eb ru ary  w ith  a  m axim um  o f 46 /m 3 
in July.

A t 27 m Corbula  was few in num ber an d  h ad  a  scattered  occurrence.
D uring  all th ree years the  first spa t was fo und  in  th e  la tte r h a lf  o f  A ugust 

a t  18 m. In  1963 a few new ly settled specim ens occurred  to  th e  end o f  th e  year 
an d  in early Ja n u a ry  1964. In  1964 and  1965 th e re  w ere new  spat un til the  end 
o f  O ctober.

T h e  num ber p e r  m 2 reached  ab o u t 1000 (O ctober 1963, 1964) fo r a  short 
period . T he 1963 sp a t persisted  fo r the longest period  an d  was well-defined until 
M arch  1964. T h e  leng th  a t  m etam orphosis  is 0.25-0.33 m m ; a t first appearance 
in  the  sam ples it w as 0.3-0.6 m m  (m ean 0.4), an d  after seven m on th s it was 0.6-
1.6 m m  (m ean 1.1).

T he m axim um  length  is 12 mm.

D I S C U S S I O N

Choice o f  settling p lace

T he problem s concern ing  se ttling  o f  p lan k to n ic  bivalve la rvae have been dis­
cussed fo r m any years. A  sh o r t review o f  this discussion was given by  T horson  
(1966). In  the sam e p ap e r  T h o rso n  stressed the  im p o rtan ce  o f  observations 
from  n atu re  o f  a  possib le choice o f  su b stra tu m  by the larvae. Such observations
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have h ith e rto  been scarce. W ood  & H arg is (1971) also em phasized the  necessity 
to  p resen t “ unequivocal evidence fro m  n a tu re  th a t bivalve larvae sw im  selec­
tively” . T hey show ed, how ever, th a t  oyster larvae ( Crassostrea virginica) do  this 
in  the  Jam es R iver E stuary , V irginia.

T h e  p resen t investigation  gave an  o p p o rtu n ity  to  com pare  th e  num bers o f  
se ttling  specim ens in  tw o localities w hich, as fa r  as we know , w ere v isited  by 
sim ilar num bers o f  larvae.

T h e  tw o localities are s ituated  qu ite  close to  each  o th e r  (appr. d istance 1 km ) 
an d  b o th  a re  well below  th e  d iscon tinu ity  layer. T herefore, it  m ust be the  sam e 
w ater m asses an d  the  sam e larval sw arm s w hich pass the  tw o localities o n  their 
w ay th ro u g h  the  0 re su n d . I f  settling  w ere ran d o m  the tw o localities w ould  
receive approx im ate ly  the  sam e n u m b er o f  settling  larvae.

T ab le  2 show s the num ber o f  sp a t p er m 2 d u ring  th e  settling  periods o f  the 
11 bivalve species trea ted  in  th is paper.

F ro m  these d a ta  it  can  be concluded  th a t ra n d o m  settling  is n o t the  ruling  
principle. F o u r  species, i.e . Venus striatula, Tellina fabu la , Spisula subtruncata  
an d  Corbula gibba  settled in  h igher num bers a t the 1 8 m  th a n  a t  the  27 m  locali­
ty, a n d  th ree species, i.e . M yse lla  bidentata, A bra  alba an d  A .n itid a  p re fe r­
red  th e  27 m  to  the  18 m  locality . F o u r  species, i.e . M ontacuta  ferruginosa, 
A rctica  islandica, M acom a calcarea an d  M ya  truncata  d id  n o t show  preference 
fo r any  o f  the  localities. T he m ateria l only  perm its conclusions as to  w hich 
locality  the  la rvae preferred. T h ere  m igh t o f  course be o th e r  m ore a ttractive  
localities.

T h e  fac t th a t fo u r species p referred  one locality , th ree  species the  o th er an d  
th a t  fo u r species w ere equally  a b u n d a n t in  th e  tw o localities leads to  th e  con­
clusion th a t the  larvae can  d istinguish  betw een different substra tes an d  largely 
only  settle in  those w here they  can  th rive as adults.

I t  w ould  be n a tu ra l then , to  consider the  eventual app rop ria teness o f  th e  
choice o f  substra te  fo r the survival o f the  different species. A s m en tioned  be­
fore, th e  tw o substra tes differ to  som e ex ten t in  the only qualities w hich were 
registered . T h e  18 m : sand  64-250 p, silt co n ten t less th a n  1 %. T he 27 m : sand  
64-125 p, ab o u t 5 % silt and  clay. T he hy d ro g rap h ic  cond itions are also different 
(H orikosh i, 1967). The 18 m  sta tio n  is s itua ted  below  the  norm al position  o f 
th e  d iscon tinu ity  layer, bu t oscillations in  tem p era tu re  an d  salinity  can  take 
p lace all the  same.

T ab le  3 gives the  d istribu tion  o f  the m acro fau n a  specim ens o f  the bivalves in 
question . I t  m u st be k ep t in m ind  th a t the  m acro fau n a  sam ples are m uch less rep re­
sen tative th a n  the m eiofauna sam ples; only 10-12 sam ples w ere taken  a t  each 
d ep th  an d  all o f them  in  N ovem ber.

O f  the  fo u r species w hose la rvae  prefer the  18 m  sandy locality , Venus stria­
tula an d  Tellina fa b u la  a re  well know n  sand  dw ellers a n d  th is also appears from  
T ab le  3. A d u lt specim ens o f  Spisula  subtruncata  d id  n o t occur a t  any  o f  the
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T a b l e  2. Numbers of newly settled bivalves per m2 during the main settling period 
for each individual species at the two sampling stations.

1964 l . ix 18.ix 1.x 15.x 2 9 .x 12.xi
M ontacu ta
ferruginosa 18 m 300 300 300 800 1000 400

27 m 100 600 200 600 300 200

1965 3. viii 19. viii l . i x 2 1 .ix 7 .x
M yse lla
bidentata 18 m 700 800 1000 1200 300

27 m 2400 1500 1600 1600 1900

1964 3. iii 17. iii 31. iii 14.iv 28. iv
A rctica
islandica 18 m 300 700 1000 900 800

27 m 600 300 400 800 300

1964 16-vii 30. vii 13.viii l . ix 18.ix 1.x
Venus
striatula 18 m 70 300 600 200 200 100

27 m 10 0 10 0 0 10

1964 29. iii 18.vi 2. vii 16. vii 30. vii
M acom a
calcarea 18 m 300 700 1300 1100 900

27 m 70 400 1000 1500 700

1965 20. vii 3. viii 19. viii l . i x 2 1 .ix
Tellina
fabu la 18 m 200 1000 1300 200 400

27 m 0 100 10 30 10

1964 13. viii l . ix 18.ix 1.x 15.x 29.x

A bra  alba 18 m 200 800 400 600 400 600
27 m 90 600 1000 2300 3000 2900

1964 1.x 15.x 29 .x 1 2 .xi 30. xi 17.XÜ

A bra  nitida 18 m. 0 0 0 0 0 0
27 m 100 200 200 200 300 400

1965 11.vi 6. vii 20. vii 3 .viii
Spisula
subtruncata 18 m 500 8600 5500 6200

27 m 100 100 1000 400

1965 28. i 18. ii 15. iii 2 .iv 20. iv

M y a  truncata 18 m 40 20 200 100 30
27 m 200 90 300 300 300

1964 13. viii l . ix 18.ix 1.x 15.x 29.x

Corbula gibba 18 m 800 1200 300 900 1000 500
27 m 0 40 100 200 100 30
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T a b l e  3. Num ber per m2 o f  m acrofauna specimens of 11 bivalve species. The samples 
(Smith-M clntyre grab, 0 .1  m 2. Sieve with 1 mm meshes) were taken in November at 
o r in the vicinity of the two sampling stations, 18 m and 2 7  m, used in the main in­
vestigation. 10-12  samples were taken a t each depth. The figures for Macoma calcarea 

and M ya truncata are no t accurate (cf. text).
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16 0 3 8 33 2 74 3 0 0 1 7
17 0 3 7 29 0 100 3 0 0 2 8
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19 0 7 4 22 1 15 3 0 0 2 4
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21 15 188 9 8 1 0 1 1 0 4 2
22 26 505 10 1 1 1 0 3 0 2 2
27 4 94 1 0 0 0 2 16 0 3 3

localities, b u t is com m on in slightly shallow er w ater on  a  m ore clean sandy 
b o tto m  close to  th e  18 m  locality . So the  la rvae can be said  to  prefer th e  bo tto m  
w hich  com es closest to  the  a p p ro p ria te  one. Corbula gibba  is in  D an ish  w aters 
know n  to  live b o th  on sandy and  so ft bo tto m s, as also ind icated  in  T ab le  3. 
So in  th ree o u t o f fou r species th e  choice o f  the larvae seems to  be app rop ria te .

T h e  la rvae w hich p refer the  27 m  locality  belong to  th ree  species. O f these 
M yse lla  bidentata  clearly belongs to  th e  27 m  an d  n o t to  the 18 m  locality  as 
i t  appears from  T able 3. (It nevertheless survives in  the  18 m  b o tto m  fo r a t least 
a  year).

A bra  alba  an d  A. nitida  a re  so ft-b o tto m  species. F o r  A . alba no  ind ication  
ap p ears  fro m  T able 3, b u t fo r  A .n itid a  th e  figures ind icate th a t it  is m ore  com ­
m o n  a t  27 m. T his show s th a t  all th ree  species p ro b ab ly  m ake an  ap p ro p ria te  
choice o f settling  place.

T h e  la rvae o f  the rem ain ing  fo u r  species i.e . M ontacuta  ferruginosa, Arctica  
islandica, M acom a calcarea a n d  M y a  truncata  do n o t clearly  prefer any o f  the 
tw o localities and  th a t concurs fairly  well w ith  the d istribu tion  o f ad u lt speci­
m ens as seen from  T ab le  3.

A s a  conclusion  it can  be said  th a t th e  results confirm  the  belief th a t bivalve 
la rvae  are som ehow  able to  choose betw een different substra tes w hen settling 
in  natu re .
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Growth rate

T he litera tu re  on  bivalve grow th  is ab u n d an t, b u t exact d a ta  on  grow th  in  the  
period  im m ediate ly  afte r settling are lacking in  m ost papers. T h ere  are several 
reasons fo r this. T w o o f th e  th ree m ethods fo r  studying  bivalve g row th  are  im ­
prac ticab le  in  the  early  stages, i.e . 1) iden tification  o f an n u a l rings, an d  2) m ark ­
ing o f ind iv idual specim ens k ep t in  the ir n a tu ra l su rround ings. T h e  th ird  m e th o d  : 
S tudy o f  the length-frequency  d istribu tion  o f  a  p o p u la tio n  is p rac ticab le , b u t 
its reliability  depends very m uch  on  the  sam pling  m e th o d  used.

T h e  m ain  d raw back  o f the  ring-counting  m e th o d  is th a t the  coun tings fo r 
obvious reasons a re  done on  older specim ens, w hose u m b o n a l reg ion  often  is 
eroded. In  m any  cases th e  length o f  the  first visible ring  is m easured , an d  it is 
s ta ted  th a t the bivalve reached th is leng th  before the  first w in ter, b u t unless there 
is co rro b o ra tiv e  evidence as to  the  early  grow th , such sta tem en ts are o f  a  dubious 
value.

T he m eth o d  o f  m ark ing  o r tagging ind iv idual specim ens, keeping them  in 
the ir n a tu ra l su rround ings in  “cages”  an d  checking the  g ro w th  a t  su itab le in te r­
vals is, o f  course, th e  m o st reliable, b u t im practicab le w ith  shells o f a  size less 
th a n  one m illim eter. I t  is difficult even to  keep u nm arked  tin y  lam ellib ranchs in  
som e so rt o f cage u n d e r n a tu ra l conditions. B u t th e re  is a  s itu a tio n  w hich gives 
essentially th e  sam e advantage. I f  a  substra te  is com pletely u n p o p u la ted  by a 
certain  species an d  then  receives a  dense spatfa ll, a  parallel to  the m ark ing  ex­
perim en t is estab lished , p rov ided  th a t th e  young  do  n o t m igra te  afte r settling. 
T h e  substra te  can  be artificial, i.e . p la tes o f som e su itab le m ateria l m ay  be p laced 
in  the  a re a  before th e  settling (Boëtius, 1962; Böhle, 1971), o r a  n a tu ra l clean 
substra te  is ava ilab le w hen fo r instance a  severe ice-w inter has extinguished a 
species fro m  a n  a re a  an d  th e re  is a  good  spatfall nex t season  (Cardium edule L., 
K ristensen , 1957).

K ristensen  (1957) h ad  to  face the  d isadvantage -  po in ted  o u t by h im self (p. 8) 
-  th a t it  was n o t possib le to  use a  sieve w ith  m eshes sm all enough  to  ca tch  the 
new ly settled specim ens.

F o r  m o st o f  th e  bivalve species stud ied  by  m e i t  w as possib le to  ascertain  
w hen th e  m ain  spa tfa ll o f  the year began an d  to  d istinguish  the  new  specim ens 
fro m  o lder ones. T h is m eans th a t the  sam e advan tage was ob ta in ed  as in  the 
“ ta b u la  ra sa ”  cases m entioned . A ccordingly  the length-frequency  d istribu tion  
should  b e  a  reliab le m e th o d  to  study  grow th  rig h t afte r settling.

M y results on  g ro w th  o f  bivalves during  the ir first year a fte r se ttlem ent (Table 
4) disagree w ith  m o s t previous data . T he g row th  in  the 0 re s u n d  seems to  be 
m uch  slow er th a n  generally  supposed , even in  o th er tem p era te  areas. D a ta  from  
th e  litera tu re  o n  early  bivalve g ro w th  are listed in  T able 5 fo r  species iden tical 
to  o r re la ted  to  th e  0 re su n d  species. All d a ta  a re  from  E u ro p ean  tem perate 
waters.
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T a b l e  4. Length a t metamorphosis (Ockelmann, pers.comm.), mean length a t first 
appearance in the samples, and estimated mean length after some m onths in the bottom.

Species
L en g th  a t 

m etam o rp h o sis , 
m m

M e an  len g th  a t 
f irs t ap pearance , 

m m

N u m b e r  o f  
m o n th s  a fte r first 

ap p ea ran ce

M e an  leng th , 
m m

M o n ta cu ta  ferruginosa 0.35-0.41 0.5 11 1.4
M yse lla  bidentata 0.40-0.55 0.4 12 1.5
A rc tica  is la n d ic a ......... 0.23-0.30 0.4 5-7 0.9-1.5

Venus str ia tu la .............. 0.23-0.33 0.4 2 1.3
M a co m a  calcarea 0.29-0.37 0.4 5 0.75
Tellina fa b u la  .............. 0.29-0.40 0.4 12 1.5

A bra  alba  ..................... 0 .30-0.40 0.4 12 1.5
A bra  n itida  ................... 0.22-0.31 0.5 11 1.5-3.3
Sp isu la  subtruncata . . 0.29-0.45 0.4 5 1.3

M y a  truncata  .............. 0.27-0.36 0.4 6 0.8
C orbula g i b b a .............. 0.25-0.33 0.4 7 1.1

T a b l e  5. D ata from the literature on growth of young bivalves.

A u th o r Species A rea M esh-size, 
m m

A ge a fte r 
sp a tfa ll, 
m o n th s

L eng th ,
m m

A nsell, 1961a Venus str ia tu la M illpo rt ? 14-17 9
A nsell, 1961b Venus str ia tu la M illpo rt 1 1-4 1-3
Q uayle, 1952 Venerupis p u l­

lastra
Is l.C u m b ra e ? 4-7 0.7-8.2

S tep h en , 1931 M a co m a  baltica C lyde 2 12 5
S tep h en , 1932 Tellina fa b u la C lyde 2(1) a b o u t 6 4-5
T revallion  & A nsell, 1967 Tellina tenuis L och  Ew e ? 2 4 -f 5
S tep h en , 1932 A b ra  alba C lyde 2(1) 12 8-11
G reen , 1957 Scrobicularia

plana
S o u th  W ales 6 a t  1. w in ter 5

D av is , 1923 Spisu la  sub­
truncata

N o r th  Sea 1.5 12 12-15

F o rd , 1925 Spisu la  ellip­
tica

P ly m o u th ? 1 3.4

Sm id t, 1951 M y a  arenaria D an ish  w ad- 
densea

1.9(1) 3 6

Jo n e s , 1956 C orbula gibba I s l .o f  M an 2 12 8
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T he apparen tly  slower grow th  ra te  fo u n d  in  the 0 re su n d  m ay, o f  course, be 
due to  un favourab le  ab io tic  an d /o r  b io tic  fac to rs . B u t i t  m ay  also  on ly  be a p ­
paren t. I t  seems as if  m any  au tho rs  have failed  to  find the  0-group  an d  even 
one o r m ore  o f  the follow ing g roups due to  an  insufficient sam pling-sieving 
technique. T he chosen  technique is in  m any  cases connected  w ith  an  ap p aren t 
lack  o f know ledge o f  the  size o f newly se ttled  bivalve spat. T h e  11 species 
trea ted  by m e are all ab o u t 0.4 m m  long  a t spatfall, b u t in  the litera tu re  
bivalves up  to  3 m m  long  are term ed “sp a t” . I f  an  investigation  is s ta rted  in  the 
belief th a t “sp a t”  have the  size o f  1 m m  o r m ore it  is n a tu ra l to  save tim e by 
using a  n o t to o  fine sieve.

A  good  exam ple is given by F. M . D avis (1923). H e collected  Spisula subtrun­
cata  on  the  D ogger B ank  an d  the sm allest m esh  size in  the  sieves was 1.5 mm. 
H e  concludes on  p. 23: “Since the sm allest individuals yet found  fall between 
1 an d  2 m m  in length, 1.5 m m  has been ta k e n  as the m ean  size a t spa tfa ll” . 
T his was qu ite  a  com m on so rt o f conclusion  50 years ago, b u t u n fo rtuna te ly  a 
substan tia l p a r t  o f  Spisula’s rep u ta tio n  as a  fast-grow ing species has rested  on 
this fo u n d a tio n  ever since.

H ow ever, observations m ade by D r. O ckelm ann  (pers. com m .) have shown 
th a t Spisula, settling in  early  sum m er a t  a low er dep th  in  the  vicinity o f  the  18 m 
locality , m ay becom e 5-8 m m  long before the  first winter.

Several au th o rs  m en tion  the  date w hen the  first sp a t are fo u n d  in  their sam ples, 
a n d  various m eanings are attached  to  this. T he fact, th a t th e  date  w hen the 
sp a t ap p e ar a lm o st solely depends on the size o f  m eshes used in  the sieving gear, 
is a lm o st never m entioned. I  have only fo u n d  the  im portance o f  m esh-size in 
connection  w ith  spatfa ll stressed in  very few  papers (e.g. B aggerm an, 1953; 
Segerstrâle, 1960). A  correc t in te rp re ta tio n  w ould  be : O n this da te  the  spa t reached 
a  size w here they  w ere re ta ined  by the sieve used (mesh-size).

I f  the  b o tto m  o f  the O resund  h ad  been sam pled in  the  classical w ay w ith 
th e  pu rpose o f  studying  the grow th o f  e.g . M ysella  bidentata  the  results w ould 
have differed fro m  those now  obtained. I t  was know n (Jorgensen, 1946) that 
th e  la rvae are p resen t in  the p lan k to n  from  Ju ly  to  N ovem ber w ith  m axim um  
num bers in  Septem ber. T he du ra tio n  o f the  p lan k to n ic  life is unknow n , but 
bivalves a re  generally  believed to  have a  sh o r t pelagic life -  less th a n  five weeks 
(T ho rson , 1961). T hus th e  m ain  spatfall w ould  be expected to  take  place around  
O ctober. B o ttom  sam ples taken  m onth ly  w ith  a  g rab  and  w ashed th ro u g h  a  set 
o f  sieves w ith  a  sm allest m esh-size o f 1 m m  w ould have con tained  specim ens 
o f  ab o u t 1.5 m m ’s length  in  N ovem ber (see F igs 5 & 6). U n til N ovem ber the 
m ajo rity  o f  you n g  specim ens w ould  have passed  the  sieve an d  the  few ones 
fo und  in  O ctober w ould  have been supposed  to  orig inate from  the p lank ton  
finds in  the  period  before the m axim um .

T he conclusion  w ould  be th a t M ysella  h ad  grow n to a  leng th  o f 1.5 m m  in 
ab o u t a  m o n th , w hereas the  presen t investigation  shows th a t it has spen t abou t
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14 m onths afte r settling  before i t  ob ta ins a  length o f 1.5 m m . T hus in  th e  clas­
sical investigation  the  I-g ro u p  w ould  have been referred  to  the  0-group.

S tephen’s tw o papers (1928, 1929) on  the biology o f  Tellina tenuis fro m  the 
F irth  o f  Clyde have been m uch  quoted  during  the p as t 40 years. T hey  give 
valuab le in fo rm ation  on the g row th  o f Tellina, a lth o u g h  th e  d a ta  on  tim e of 
spatfa ll and  early  grow th  are som ew hat vague. S tephen  norm ally  used  a  sieve 
w ith  circular holes, 2 m m  in  d iam eter, b u t “ exam inations fo r young  b ro o d s were 
carried  ou t w ith  a  sieve having holes 1 m m  in d iam eter”  (S tephen, 1928, p. 684).

S tephen exam ined  the  sta te  o f  the  rep roductive organs o f  the  bivalve a t 
various tim es o f  the  year an d  fo u n d  m a tu re  ova in  July . H e also  fo und  som e 
specim ens in  A ugust w hich ap p eared  m ore o r less spen t, b u t actual spaw ning 
w as n o t observed. F ro m  the  sta te  o f  the  reproductive o rgans he concluded  th a t 
no  young w ere to  b e  fo und  o n  th e  b o tto m  before June. T o  test th is conclusion, 
sieving o f the sam ples w as d o n e  w ith  a  1 m m  sieve in  this period. W e know  
now  th a t the b ro o d  is only a b o u t 0.4 m m  long a t spatfa ll, so there is no  security 
in  this m ethod. If, how ever, we consider the  evidence o f  the gonads conclusive, 
we can  fix the tim e o f  the m ain  spaw ning  to  the la tte r h a lf  o f July a t the  earliest, 
an d  if  we assum e the  p lan k to n ic  stage to  last a t least a  fo rtn igh t the m ain  sp a t­
fall will occur from  early A u g u st onw ards. O n 13 A ugust, S tephen fo und  the 
first Tellina’s o f the season in  the  1 m m  sieve an d  term ed them  “ the sp a t” . T heir 
ac tua l lengths are n o t given, b u t as they passed  the  2 m m  sieve an d  w ere re ta ined  
by the 1 m m  sieve we can  assum e their leng th  to  have been betw een 1.2 and
2.7 m m . So we can  safely say th a t they w ere n o t the sp a t o f A ugust. O f course, 
there m ay have been Tellina  in  ne ighbouring  areas w hose ova w ere ripe before 
Ju ly  and  w hose larvae w ere ca rried  to  S tephen’s localities. H ow ever, in  view  o f 
the  results from  the  O resund  I w ill ven tu re the assertion  th a t S tephen’s an im als 
from  A ugust w ere one year old.

T his assertion  agrees w ith  recen t findings by M cIn ty re (1970) w ho sam pled  
several popu la tio n s o f  Tellina tenuis o n  the  w est coast o f  Scotland. T he length  
analysis o f  th e  p o p u la tio n  a t  A u ltb e a  in  M ay  1968 show s a  d istinct p eak  a t 
2 m m  (fig. 7). T h is g roup  h ad  p ro b ab ly  settled during  the previous sum m er and  
thus h ad  spent a b o u t 10 m on ths in  th e  bo ttom . (In  the  0 re su n d  the o th er Tellina  
species, T.fabu la  reaches a  leng th  o f 2 m m  a b o u t 14 m onths after spatfall.) In  
S tephen ’s g raphs (1929) the  S ep tem ber sam ples show  peaks a t  3-4 m m ’s length, 
an d  S tephen assum ed th a t these an im als w ere the  spa t o f the year. I f  we assum e 
the  grow th  ra te  to  be ab o u t th e  sam e in  the  w hole a re a  o f w estern S co tland  
it is also reasonab le to  assum e th a t th e  anim als w hich are  2 m m  long  in  M ay 
(M cIn tyre) escaped S tephen’s 2 m m  sieve, b u t w ere caugh t by  him  in  S eptem ber 
w hen they w ere 3-4 m m  long an d  one year old. If, on the  o th er han d , we co m ­
pare  the  length  w ith  the length  o f  T. fa b u la  in  the  0 re su n d , w hich o f  course is 
som ew hat risky, the  ind ica tion  is th a t S tephen’s Septem ber anim als w ere tw o 
years old.
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T revallion  & A nsell (1967) w orked  w ith  Tellina tenuis in  th e  sam e area as 
M cIn ty re  a n d  they have a  p eak  in  the ir leng th -frequency  h istogram  fro m  A pril- 
M ay  a t  5 m m ’s length. T hey  sta te  -  fo llow ing  personal com m unication  from  
M cIn ty re  -  th a t th is peak  represents the  2 +  group. T his also im plies th a t S tep­
h e n ’s S eptem ber anim als m ust have been tw o  years old instead  o f  one m onth .

S tephen  (1932) also investigated T .fabula , b u t th is p ap e r  is less detailed. The 
presence o f a  m ode a t 4 m m  on the length-frequency  curve fo r Ju ly  is said to  
ind icate breed ing  in  the  early sum m er.

T h is som ew hat lengthy discussion o f  g ro w th  ra te  is given to  stress th a t it  
can  lead  to  e rroneous results to  use o lder sta tem en ts on bivalve age/size-rela- 
tio n s  fo r fu rth e r calcu lations on  age a t first spaw ning, p roduction  in  an  area, 
com parisons betw een fast-grow ing an d  slow -grow ing species etc.

T h e  results on  g row th  ra te  from  the  0 re s u n d  agree ra th e r  well w ith  the 
g ro w th  ra te  o f  M acom a baltica  in  F inn ish  w aters (Segerstrâle, 1960). U n fo rtu n ­
ately , M . baltica  is in  D an ish  w aters restric ted  to  shallow  areas an d  it  was no t 
fo u n d  in  the  0 re su n d  sam ples. H ow ever, a ll the  species fro m  the  0 re s u n d  had 
rough ly  th e  sam e leng th  one year afte r sp a tfa ll so a  com parison  w ith  Segerstrâle’s 
resu lts seems justified. T he closest relative to  M acom a baltica, viz. M . calcarea, 
cou ld  on ly  be follow ed fo r a  sh o rt period  in  the  0 re su n d . A n o th er m em ber o f 
th e  fam ily  Tellin idae, Tellina fabula , cou ld  be follow ed during  a lm o st tw o years 
a n d  w as, therefore, chosen  fo r the com parison .

Tellina  reached  a  leng th  o f  ab o u t 1.5 m m  afte r one y ear’s life in  the  bo ttom  
a n d  a b o u t 4 m m  afte r tw o years (Fig. 12). Segerstrâle (1960, fig. 22) figure the 
g row th  ra te  o f  M . baltica  a t th ree  sta tions w ith  different hyd ro g rap h ic  conditions 
in  th e  T v ärm in n e  area. In  Fig. 20 the above Tellina  d a ta  are p lo tted  in to  Seger­
s t r a l e i  g ro w th  curves an d  they show  a  good  agreem ent betw een Tellina 's grow th 
in  th e  0 re s u n d  an d  M acom a 's a t Segerstrâle’s S ta tio n  I.

A t S ta tio n  I  th e  d ep th  is 3 m and  the  sa lin ity  averages 6%0, thus differing 
very m u ch  fro m  the  sa lin ity  found  a t 18 m  in  the  0 re su n d  (Fig. 21).

T h e  tem p era tu re  a t S ta tion  I  du ring  the  years 1930-1932 can  be seen in  Seger­
strâ le ’s fig. 5 (this paper, Fig. 21). T he m o n th ly  m ean  tem peratu res a t the  Lap- 
peg ru n d  (B ra tts trö m , 1941) fo r 1923-1939 in  15 an d  20 m ’s d ep th  w ere p lo tted  
in to  th e  curves from  S ta tio n  I  (Fig. 21). T he difference betw een the  tem perature 
curves fro m  the  tw o  areas is ra th e r  large. T he an n u a l oscilla tions are  much 
g rea ter in  the T värm inne area , an d  it was n o t possib le to  com pare  the  tem pera­
tu re  cond itions in  the  tw o areas directly. T herefo re, I  have calculated  the  am ount 
o f  day  degrees fo r  one year a t S ta tio n  I. I t  was qu ite  a  ro ugh  ca lcu lation , based 
on  th e  curves in  F ig. 21. T he resu lt was a b o u t 2300 day degrees p er year. The 
a m o u n t o f  d ay  degrees p e r year was 3000 in  the  0 re su n d  as calcu la ted  from  
th e  m on th ly  m ean  values a t the L appegrund , d ep th  20 m.

T h e  len g th  o f  Tellina  a t  a  certa in  age (i.e . days after beg inn ing  o f spatfall) 
was re la ted  to  the  co rrespond ing  num ber o f  day  degrees (Fig. 22). T he d a ta  for
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F ig . 20. G ro w th  o f  M a co m a  baltica  a t  th re e  s ta tio n s  in th e  T v ä rm in n e  a rea . R e d ra w n  from  
S egerstrâle (1960, fig. 22). T w o  values fo r  Tellina fa b u la  f ro m  th e  O resu n d  a re  inse rted .

Abra alba, w hich is also a  fairly  close relative o f  M acom a, can  also be seen in 
Fig. 22. T he tw o values fo r M acom a:  one  year old, 2300 day  degrees, one m m  
lo n g ; an d  tw o years old, 4600 day  degrees, 3.8 m m  long, fit well w ith  the  Tellina 
an d  A bra  values.

T he grow th  ra te , re la ted  to  n u m b er o f  day degrees, was roughly  the sam e 
fo r the tw o T ellin idae fro m  the  0 re s u n d  an d  the  one from  the  T värm inne area  
a t  S ta tion  I , a lth o u g h  th e  salin ity  is m uch low er a t  S ta tion  I. T h e  influence o f 
o th e r  fac to rs such  as e .g . a m o u n t o f food  can n o t be com pared  as these facto rs 
w ere n o t investigated.

A nsell (1961b) fo und  th a t Venus striatula  in  the M illpo rt a re a  reached  a 
leng th  o f 1-3 m m  before the  firs t w in ter i.e . 1-4 m on th s afte r spatfall. T his resu lt 
agrees well w ith  m y results from  the  0 re s u n d : A b o u t tw o m onths afte r spatfall 
Venus h ad  a  m ean length  o f  1.3 mm.

Temp. °C
T värm inn e

20

L a p p eg ru n d
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0
1930 1931 1932

F i g . 21. T e m p e ra tu re  co n d itio n s  d u r in g  1930-1932 a t th e  T v ä rm in n e  S ta tio n  I, d ep th  3 m  (from  
S eg erstrâ le , 1960). M o n th ly  m e a n  te m p e ra tu re  1923-1939 a t  the L a p p eg ru n d  ligh tsh ip , d ep th

20 m  (from  B ra tts trö m , 1941).
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F ïg . 22. L en g th  o f  Tellina fa b u la  an d  A bra  alba  re la ted  to  n u m b e r  o f  d ay  degrees a fte r se ttlem ent. 
T w o values fo r  M acom a baltica  f ro m  th e  T v ä rm in n e  S ta tio n  I  a re  inserted .

M orta lity

I t  appears from  Figs 3, 5-15 an d  17-19 th a t th e  n u m b er o f  settling  bivalve spe­
cim ens h a d  very little influence u p o n  the success o f  the season’s spatfall.

I f  we consider th ree  o f  th e  m ost successful spatfalls (successful in  the  sense 
th a t th e  settled specim ens survived a  year o r m o re  in  considerab le num bers),
i.e . Tellina fa b u la  (Fig. 12), A bra  alba (Fig. 14) and  A .n itid a  (Fig. 15) the  num ­
ber o f  settling  specim ens was in  all th ree cases m oderate.

T h e  1962 spa tfa ll o f Tellina  w as p articu la rly  successful as its  m em bers could 
be fo llow ed du ring  17 m onths. T he spatfa ll itse lf w as n o t registered as the sam pling 
s ta rted  th ree m on ths later. B u t th e  num ber o f  specim ens a t the  s ta rt o f sam pling 
(250-500/m 2) does n o t indicate a  particu la rly  heavy spatfa ll (Fig. 12). In  con­
tra s t to  th is the  1965 spatfall was the  biggest registered  (1250/m 2) b u t its m em bers 
vanished  w ith in  th ree  m onths.

A n o th e r  exam ple appears from  Fig. 14 {Abra alba, 27 m). T h e  n u m b er per 
m 2 o f  new ly se ttled  specim ens w hen sam pling  began  (15/10-63) was below  500. 
E xactly  12 m on ths la te r the num ber o f  new ly se ttled  specim ens was 1750/m 2. 
A t the  end  o f  the  years (1963 an d  1964 respectively) b o th  p o p u la tio n s h a d  the 
sam e size, i.e . 500/m 2. F u rth e rm o re , the  da te  w hen the p o p u la tio n s becam e 
too  few  in num bers to  be registered  was ab o u t the  sam e: 1964: 13th A ugust,
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1965: 20 th  July. T h e  m ore th a n  th ree tim es h igher num bers o f  young  bivalves 
in  the au tu m n  o f  1964 h a d  n o  effect, e ither on  the num ber du ring  the  fo llow ing 
spring  or on  the  len g th  o f  the  p e r io d  in  w hich it  was possible to  follow  th e  fate  
o f  the  year-class.

T he general survival p a tte rn  fo r m ost o f  the  bivalves in  question  seem s to  
be th a t th e  n u m b er o f  specim ens decreases rap id ly  to  som e hun d red  p er m 2, 
regardless o f  the  size o f  th e  m a in  spatfall. N o  conclusions a b o u t success and  
survival o f a  year-class can , therefo re, be d raw n  fro m  the  size o f  the  spatfall. 
A  consequence o f  th is  is th a t it  will also be hazardous to  d raw  such  conclusions 
from  num bers o f  la rvae in  the  p lank ton .

T here  are several possib le causes fo r the  rap id  in itial d isappearance o f  m ost 
o f  the  spat, am ong  w hich m ust be m en tioned  1) m igra tion , 2) bu rrow ing  below  
sam pling dep th , an d  3) p reda tion .

D uring  the firs t m on ths afte r settling the loss w as very severe regardless o f 
w hether the  larvae h ad  settled  in  an  ap p ro p ria te  b o tto m  o r no t. T h e  loss due 
to  a  b ad  choice o f  settling  p lace cam e later.

T h e  b o tto m  sam ples rep resen ted  a t least the u p p er 2 cm  o f  the  substra tum . 
W hen  the  big decrease in  n u m b e r o f  sp a t to o k  place, i. e. w ith in  the  first m on ths 
a fte r settling, the  bivalves h ad  only  reached a  leng th  o f  a b o u t 1 m m . I t  is th e re ­
fore very un likely  th a t they  shou ld  have bu ried  in  th e  su b stra tu m  to  a  d ep th  o f  
m ore  th a n  2 cm. F o r  Venus mercenaria, T u rn e r  & G eorge (1955) have observed 
th a t no  juvenile  an im al less th a n  750 p. long  will bu ry  itself com pletely. T here 
m igh t be exceptions like M ontacu ta  ferruginosa  w hich is ab le to  associa te  itself 
w ith  Echinocardium, w hen the  bivalve is only 0.33 m m  long (G age, 1966c). T his 
associa tion  m igh t involve th a t som e M ontacuta  w ere to  be fo u n d  deeper in  the 
substra tum .

A s m en tioned  ea rlier ad u lt specim ens o f  M acom a calcarea  an d  M y a  truncata  
have been fo u n d  to  b e  m o re  com m on in the  area  th a n  can  be seen fro m  grab- 
sam ples. T his ind icates th a t also  juveniles m ay sit deeper in  th e  su b stra tu m  than  
the d igging-depth  o f  the  m ouse-trap .

H o rizo n ta l m ig ra tio n  is a n o th e r  possible exp lanation  o f the  d isappearance o f 
spat. M ytilu s  is k n o w n  to  settle first on  algae an d  then  on  its final su b stra tu m  
(Bayne, 1964). M y a  truncata  is likewise supposed  to  settle firs t in  one place an d  
then  in  an o th er (i.e . T h o rso n , 1936), b u t I  have n o t seen a  detailed  descrip tion  
o f  this behaviour. A s the  leng th  o f  the  sp a t o f  M y a  w as 0.4 m m  w hen it appeared  
in  the  b o tto m  sam ples it m u st be a  first settling. A s ad u lt specim ens th rive  in  
the  area  one m igh t also  ask  w hy the  spa t should  m ove elsew here. M oreover 
the loss o f sp a t o f  M y a  du ring  the  first m onths afte r settling  was very  sm all. 
A s fa r  as I  know , n o n e  o f  the  o th e r bivalves in  question  is know n  to  settle twice.

T ra n sp o rt o f  cockle sp a t ( Cardium  edule) has been described by B aggerm an 
(1953), b u t the  resu lts a re  n o t com parab le  to  those  o f  this investigation  because 
the  cockles in  H o lla n d  live on  tida l flats w hich becom e exposed a t low  tide.
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T he m ost likely cause o f d isappearance is p reda tion . Several p red a to rs  are 
know n  to  feed o n  tiny bivalves. A ccord ing  to  C hristensen  (1970) Astropecten  
irregularis can digest a t  least 200 new ly se ttled  Spisula  p e r day. H e  estim ated 
th e  p o p u la tio n  in  the  H ornbæ k  a re a  (w here the  p resen t investigation  was car­
ried  out) to  b e  one Astropecten  p er 10 m 2 a n d  concludes th a t  A stropecten  m ay 
be responsib le fo r the  ex term ination  o f  1100 sp a t/m 2 d u rin g  eight weeks o f  the 
m ain  spatfall.

T h o rso n  (1966) discussed p red a tio n  a n d  “acciden ta l”  p red a tio n  by m any 
o th e r  inverteb rates found  in  the  0 re su n d .

F ishes such as e.g . young  dab , gobies a n d  h ad d o c k  can  also be suspected 
o f  ea ting  spat.

A lth o u g h  the  know ledge o f  p red a to rs  a n d  q u an tita tiv e  d a ta  o n  predation  
o n  bivalve sp a t still m u st be considered  as unsa tisfac to ry , it  is a lm ost certain  
th a t  p red a tio n  is the  d o m in an t cause o f  m o rta lity  am o n g  juvenile  bivalves.
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