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ABSTRACT: The three Astarte species were studied in June 1983 at two sites in Kiel Bay, 
"Sfiderfahrt" and "Schleimiinde", at 20 m depth. Shell length to live wet weight correlations are 
given for all three species; for A. elliptica also shell-free dry weight, shell dry weight, ash-free dry 
weight of the soft body and ash-free dry weight of the shell are recorded as functions of the shell 
length. In the logarithmic length/weight regression analysis the coefficients of slope for A. etliptica 
and A. borealis are 3. For A. montagui, that coefficient is significantly greater than 3. Weight 
conversion factors, calculated for A. elliptica, revealed a mean weight composition of 31.5 % water 
in the mantle cavity and tissue water, 64.5 % shell ash, 2.1% organic content of shell, 1.7 % organic 
content of the soft body and 0.4 % ash of the soft body. An isometric growth of shell length and shell 
breadth is confirmed for A. borealis, while A. montagui exhibits positive allometric shell growth 
and changes its shape during life. 

INTRODUCTION 

In Kiel Bay (Western Baltic), three species of the bivalve  genus  Astar te  are found in 
sandy sediments  be low 15 m water  depth (Kiihlmorgen-Hille,  1963). The three species 
Astarte  ell iptica (Brown), A. borealis (Schuhmacher) and  A. mon tagu i  (Dillwyn) are 
mostly co-occurring, sometimes even  in  similar  densi t ies  (Arntz et al., 1976). Their  
spatial distr ibution has b e e n  shown to be aggrega ted  (Dold, 1980). Information on the 
growth rates and  longevi ty of the Astar te  species has not b e e n  reported in  the li terature, 
but  Jaeckel  (1952) assumed a m a x i m u m  age of more than two years. 

Astarte  species represent  an impor tant  part  (about 15 %) of the total biomass in Kiel 
Bay (Arntz, 1980; Weigelt ,  1985) and  since popula t ion  parameters  are not known,  this 
paper  at tempts to answer  the fol lowing quest ions:  ( a )What  are the re la t ionships  
be tween  shell l ength  and weight? (b) Are the different weights  opt ional ly  convert ible?  
(c) Is shell  shape appl icable  as a taxonomic  feature to d is t inguish  A. borealis  from A. 
montagui? 

This paper, in  accordance with the recommenda t ions  of the Baltic Mar ine  Biologists 
(WG 11), sets up a list of conversion factors to facilitate ben th ic  product ion studies, and  
attempts to model  parts of the ecosystem (Rumohr et al., in  prep.). 
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Fig. 1. Sampling sites in Kiel Bay (Western Baltic) 

MATERIALS AND METHODS 

Two sites in  Kiel Bay - "Sfiderfahrt" in the central  part  and  "Schle imiinde"  in the 
western  area - were sampled  at water  depths  of 20 m on 9 and  16 June,  respectively 
(Fig. 1). Sed iment  surfaces at both stations were oxic, composed of coarse sand  with 
gravel  and  pebbles ,  and,  at "Schle imi inde ,"  a high proport ion of mud. At "Sfiderfahrt", 
the sed iment  was  muddy  sand. 

We used a t r iangular  dredge with an  edge length  of 40 cm, hold ing  a net  of 5 mm 
mesh, and  a 0.1 m 2 Van-Veen  grab we igh ing  60 kg. The dredge and  grab catches were 
passed through l - ram sieves. The re ta ined  mater ia l  was transferred to 50-1 plastic trays, 
and  washed  several  t imes to remove polychaetes  and  algae. The live Astarte specimens 
were stored in sea water  at 5 °C for a m a x i m u m  of 48 h prior to analysis.  

Using a s l id ing gauge,  we measured  the shell  length  of 4121 spec imens  altogether, 
and  the shell  b read th  of 305 A. borealis and  504 A. montaguL always rounding  off to the 
lower 0.1 ram. The shell  l ength  is def ined  as the m a x i m u m  distance be tween  the 
posterior and  the anter ior  marg in  of the shell. The shell  b read th  (Petersen, 1958; Richter 
& Rumohr, 1976) is the greatest  d is tance  b e t w e e n  the two closed valves. 

All spec imens  of one 0.5 mm length  class were  we ighed  together  to the nearest  
0.001 g. Average class values  were used in the regression analysis.  For the determina-  
t ion of live wet weight  inc lud ing  the shell  (LWW = live wet  weight),  the external  water  
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was removed by dabbing  with blot t ing paper  unti l  no more vis ib le  mois ture  was left on 

the paper. The dry weigh ts  of A. eHiptica from "Si iderfahr t"  were  d e t e rm in e d  us ing 

about ten spec imen  of each  l eng th  class above  5 ram. The  soft parts (SFDW = shel l - f ree  
dry weight)  and shells  (SDW = shel l  dry weight)  were  dr ied  separa te ly  to constant  

weight  at 80 °C for 24 h. Ash-free  dry weigh ts  of the soft parts (SFAFDW = shel l - f ree  

ash-free dry weight)  and the shells  (SAFDW = shel l  ash-free dry weight)  were  then 
recorded after the t issues had b e e n  bu rned  in a muffle  oven  at 500 °C for 24 h. 

Linear regress ion equa t ions  were  fit ted to the logar i thmic  shell  l eng th  to weight ,  

and shell  length  to shell  b readth  data. The as sumed  leng th  to we igh t  equa t ions  W = aL b 

(Ricker, 1975) b e c a m e  logl0W = logloa + b logl0L with  W = wet,  dry or ash-free  dry 
weights  in rag; L = shell  l eng th  in ram. 

The coefficients a and b were  es t imated  from the regress ion  lines. Convers ion  
factors be t ween  the different  we igh t s  were  computed  as means  over  the who le  l eng th  

spectra. 
Since for both species  the dispers ion in shell  b readth  inc reased  wi th  shell  length,  

the data were  conver ted  to natural  logari thms,  regress ion analysis  was then carr ied out. 
The assumed length  to b read th  regress ions  were  de r ived  from B -- cL d and  b e c a m e  

loge B -- logec + d logeL with  B ---- shel l  b read th  in ram, L = shell  l eng th  in ram, c, d = 

coefficients es t imated  from the regress ion lines. For all a, b, c and d values,  as we l l  as for 

the weigh t  convers ion factors, 95 %-conf idence  intervals  were  ca lcu la ted  employ ing  

Student 's  t wi th  n-2 deg rees  of f reedom (Sachs, 1984). 

RESULTS 

All shell  l eng th  to we igh t  regress ion  statistics are p re sen ted  in Tab le  1. The  
relat ionship of length  to LWW (live wet  weight)  of Astarte borealis has a coeff ic ient  of 

slope (i.e. b) of 3, whereas  the regress ion l ine for Astarte montaffui  with  a coeff icient  of 

slope of 3.475 reveals  a r educed  l eng th  growth compared  to the other  two shell  

Table 1. Statistics describing regression equations between shell length (mm) and weights (mg) for 
the three Astarte species. _.+ 95 % - c.i.: 95 % - confidence interval; logl0a: point of interception; b: 
coefficient of slope; m: mean number of specimens per length class; n: number of investigated 
length classes; r: correlation coefficient of the regression analysis; LWW: live wet weight; SDW: 
shell dry weight; SFDW: shell-free dry weight; SAFDW: shell ash-free dry weight; SFAFDW: shell- 

free ash-free dry weight 

Site / Date Species Weight logloa -+ b -+ 95 %-  c,i, r n m 
95 %- c.i. 

Schleimfinde A. elliptica 
16.06.1983 A. borealis 

A, montagui 

S~iderfahrt A, elliptica 
09.06. 1983 

LWW -- 0.835 _+ 0.051 3.087 -+ 0.042 0,999 57 28 
LWW --0,617 + 0.044 3,035 "!-_ 0.038 0,999 47 6 
LWW --1,011__.0.124 3,475--+0.144 0.997 18 28 

LWW -0.498__.0,068 2,878-+0,058 0.998 53 27 
SDW - -  0.799 -+ 0.064 2,974 -+ 0.053 0.998 49 9 
SFDW -2.084 -+0.096 2,791 +0.079 0.995 49 9 
SAFDW -2.291 __.0.311 2,951 ___0.259 0.982 23 3 
SFAFDW -2,563__.0.118 3,126-+0.128 0,995 36 10 
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Fig. 2. Shell length-LW'W (live wet weight) relations of the dredge samples at "Schleimfinde"; 
Astarte montagul, • A. borealis, © A. elllptica, plotted logarithmically (log10 } 

dimensions (Fig. 2). For As tar te  e l l ipt ica these coefficients of the LW-W lines from the two 
sites (Figs 2 and 3) differ significantly (p -< 0.05). At "Schleimfinde" b is significantly 
greater  than 3, at "Sfiderfahrt" less than 3. Al though length to SDW (shell dry weight) 
and length to SAFDW (shell ash-free dry weight)  regressions from A. el l ipt lca at 
"Sfiderfahrt" alone have coefficients of slope of 3, the dry weight  of the soft parts shows a 
slower weigh t  increase in relation to the shell length (Fig. 3; Table 1). The coefficient of 
slope from the length to SFAFDW (shell-free ash-free dry weight)  line, however,  is 
isometric (i.e. b = 3). Weight  conversion factors for the "Sfiderfahrt" A. el l ipt ica popula-  
tion and the 95 %-conf idence  intervals, expressed in percent,  are given in Table 2. Thus 
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Fig. 3. Shell length-weight (W) relations of Astarte etliptica dredged at "'Siiderfahrt", plotted 
logarithmically. ©: LWW (live wet weight), A: SDW (shell dry weight), • :  SAFDW (shell ash-free dry 

weight), 0: SFDW (shell-free dry weight), i :  SFAFDW (shell-free ash-free dry weight) 
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Table 2, Conversion factors relating the investigated weights of Astarte elliptica at "'Sfiderfahrt"; E: 
mean percentage of weight  quotient (see also Table 1) 

Weight E _+ 95 % -  c.i. n 

SDW 66.438 ± 0.963 49 LWW 

SFDW 2.105 ----- 0.096 49 LWW 

SAFDW 
LWW 2.064 + 0.220 23 

SFAFDW 1.770 _ 0.091 36 LWW 

SFDW 
SDW 3.171 _-. 0,146 49 

SAFDW 
SDW 3.129 ± 0,328 23 

SFAFDW 2.648 -4- 0.138 36 
SDW 

SAFDW 
SFDW 98.634 -- 12.045 23 

SFAFDW 81.558 ----- 6.837 36 SFDW 

SFAFDW 
SAFDW 90.549 -- 17.658 18 

the  w e i g h t  c o m p o s i t i o n  of a m e a n  s p e c i m e n  of A. elliptica at "S f ide r f ah r t "  a m o u n t s  to 

31.5 % w a t e r  in t he  m a n t l e  cav i ty  a n d  t i s sue  wa te r ,  64.3 % she l l  ash, 2 . 1 %  o r g a n i c  
c o n t e n t  of t he  shel l ,  1.7 % o r g a n i c  c o n t e n t  of t he  soft b o d y  a n d  0.4 % ash  of the  soft body.  

T h e  g r o w t h  e x p o n e n t s  of t h e  l e n g t h  to w e i g h t  r e l a t i o n s h i p s  of A. borealis and  A. 
montagui  c a l c u l a t e d  above ,  a l r e a d y  s u g g e s t  d i f f e r e n c e s  in  t he  g r o w t h  cha rac te r i s t i c s  of 

t he  shel ls .  T h e  she l l  l e n g t h  to she l l  b r e a d t h  r e g r e s s i o n  s ta t is t ics  a re  g i v e n  in T a b l e  3. For  

A. borealis the  coe f f i c i en t  of s l ope  is no t  s i g n i f i c a n t l y  (p --< 0.05) d i f f e ren t  f rom 1, i.e. the  

q u o t i e n t  of b r e a d t h  to l e n g t h  is c o n s t a n t  ( i somet r ic  l e n g t h - b r e a d t h  growth) .  She l l  

b r e a d t h  is f o u n d  to b e  42.6 % of t h e  she l l  l e n g t h  for A. borealis. A. montagu ihas  pos i t i ve  
a l l o m e t r i c  l e n g t h - b r e a d t h  g r o w t h  (d > 1). In t he  i n v e s t i g a t e d  l e n g t h  r a n g e ,  t he  b r e a d t h  
to l e n g t h  q u o t i e n t  v a r i e s  f rom 43.8 % for t he  l o w e r  l e n g t h  c lasses  up  to 5 9 . 1 %  in the  

Table 3. Regression statistics describing the relationship between shell length (mm) and shell 
breadth (ram) in Astarte borealis and Astarte montaffui; logec: point of interception; d: coefficient of 

slope (see also Table 1} 

Species logec + 95 %-c . i .  d _+ 95 %-c . i .  r n 

A, borealis -0 .854 __. 0.045 0,986 _+ 0,018 0.987 305 
A. montagui - 1.048 +_ 0.087 1.209 ± 0~043 0.927 504 

separation line - 0.901 1,040 
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upper length classes. The point  of in tersect ion of both regression l ines lies out of the 
invest igated length  range  at L = 2.4 m m  and  B = 1.0 mm. A straight separa t ion  l ine  was 
graphically fitted (logeB = -0 .901  + 1.040 logeL), d iv id ing  the two species in a logarith- 
mic plot (Fig. 4). 
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Fig. 4. Shell length to shell breadth relations of Astarte borealis (0; n = 305) and A. montagui (A; 
n = 504) and graphically fitted separation line (--), plotted double logarithmically (loge) 

DISCUSSION 

All shell length  to weight  relat ions show very good correlat ion coefficients for the 
invest igated length  ranges.  The differences in the two Astar te  el l ipt ica popula t ions  
might  be caused by hydrographical  conditions.  At "S/ iderfahrt ' ,  unde r  direct in f luence  
of the Great  Belt, A. el l ipt ica was about  20 % heavier  than  at " S c h l e i m ~ n d e ' .  This might  
be interpretated as faster growth in length  of A. el l ipt ica at "Schleimfinde" due to the 
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locat ion near  the mouth  of the Schlei, an eutrophicated brackish fjord with low salinity. 
Brey (1984) calculated the a n n u a l  macrozoobenthos  product ion for the shallow water  
area (5-15 m) at "Schle imfinde"  to be "more than  twice as high (i.e. 78 gAFDW/m 2) as 
the average product ion  of the r ema in ing  inves t iga ted  area (30 gAFDW/m 2)'' in Kiel Bay 
shal low water  area. It follows that for a g iven length  the "Schleimfinde" specimens  may 
have grown faster and  are therefore probably  younger.  

The impor tance  of larger bivalves  l ike Astarte in  an ecosystem can easi ly be over- 
est imated,  if ca lcula ted from total weights.  The organic  content  of A. elliptica amounts  to 
only  3.8 % of LWW (live wet  weight),  and  only 45 % of this refers to the soft body. Ansell  
(1975) pub l i shed  weight  conversion factors for the Astarte species in  the Clyde Sea area 
over n i n e t e e n  months.  For A. elliptica he found variat ions in  the ratio of shell wet  weight  
(SWW) to live wet  weight  (LWW} in both sexes from 65.17 % to 73.88 %; in  J u n e - J u l y  
the var ia t ion was 69.42 % to 69.67 %. The shell  free dry weight  (SFDW) to LWW- 
quot ient  var ied for the same period from 2.65 % to 5.32 % and  4.17 % to 4 .31%,  
respectively.  Since SWW is only about  1 %  more than  shell dry weight  (SDW), the shells 
of Kiel Bay spec imens  with 66.44 % have the same percentage  relat ionship to LWW. 
Ansel l ' s  SFDW to LWW-quotients  from J u n e - J u l y  are higher  than our value (2.11%). 
Our  calcula ted weigh t  conversion factors revealed  relat ively narrow 95 %-confidence 
intervals,  i.e. the weights  are all  very wel l  conver t ible  over the whole invest igated 
l eng th  ranges.  

The ident i f icat ion of spec imens  of A. borealis and A. montagui by reference to the 
re la t ionship  be tween  shell  l ength  and  shell  b read th  is possible in the length  range  over 
5 mm. Spec imens  with a breadth  to length  quot ient  greater  than B/L = 0.406 L °'°4° 
be long  to A. montagui. The few very broad spec imens  ident if ied as A. borealis (Fig. 4) 
might  be ind iv idua ls  of A. montagui, in which the "microscopic fine pits" (Tebble, 1976) 
in the periostracum, the only re l iable  feature to d is t inguish  A. montagui (Meyer & 
M6bius,  1872; Ocke lmann ,  1958; Tebble ,  1976), were absent.  Since variabi l i ty  in shape 
occurs with decreas ing  sal ini ty  (Remane, 1940), the ques t ion remains  whether  this 
feature can be appl ied  for A. borealis and  A. montagui in other areas. 
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