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Abstract 

Consideration of the range of quantitative data collected 
in a 4 year survey of macrobenthic fauna in sublittoral fine- 
sand on the north-west Mediterranean coast allows some far- 
reaching comments. As a diver-operated suction sampler was 
employed, density and biomass values obtained must be con- 
sidered as the most accurate ones for such hard ground. The 
wide range of values observed from bay to bay and from year 
to year suggests different controlling factors. Among environ- 
mental factors, influence of exposure is clearly shown, and 
trophic conditions offered to filter and suspension feeders by 
the water columu in controlling high biomass values is empha- 
sized. Among biological factors, high growth and generation 
replacement rates for main species together with a high 
predation-rate explain changes and instability in fauna- 
assemblage structures of Mediterranean fine-sand macrofauna. 
Comparison of these biological data with those from north- 
west European shallow-sand associations reveals some im- 
portant differences which suggest some restrictions to the par- 
allel level-bottom community concept. 

Introduction 

Because of the sampling difficulty in sublittoral, 
fine, well-sorted sand in shallow waters, few quantita- 
t ive data are available (]KCINT~E and ELEFTHERIOU, 
i968). Furthermore,  the quanti tat ive data available 
undervalue densities and more especially biomass, 
as they are obtained with grabs which are useless for 
taking deep, quantitative, samples in hard sand 
(B~I~V, TT and tt~au)u 1967). In  important  tidal 
seas, beaches situated in the intertidal zone can be 
easily sampled during low tide with a shovel a t  a 
suitable depth to collect all the macrofauna (~CINTY- 
BE, 1970). Unfortunately,  in the ~edi ter ranean Sea, 
the sandy bot toms corresponding to those of the 
intertidal beaches are subtidal; so, in order to compare 
the quanti tat ive data reliably, i t  is necessary to use a 
more accurate bot tom sampler. 

Different types of diver-operated suction samplers 
have been described for shallow waters (BRETT, i964; 
BARNETT and HA~DY, 1967; E~IG and LIE~ART, 
i967; A~OV~OUX and GUILLE, in press), and it has 
been shown tha t  these samplers, provide more suitable 
quanti tat ive data than  the classic grabs (~Ass~, 1967; 
R~u and SALVAT, 1971; AMOV~OVX and GtrmLE, in 
press). Therefore, it is now possible to give an idea of 
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real densities and biomass of sand macrofauna in 
infralittoral bot toms as defined by  PENES and P I c ~ ] )  
(i964). 

Since 1965, several stations on fine well-sorted sand 
bottoms have been sampled along the Provence coast 
(France). This paper  presents the results of a 4 year  
survey, describes the range of quanti tat ive data,  and 
discusses the variations. 

Material and methods 

The area investigated (Fig. i)  stretches along i ~ 
longitude (48 nautical miles); 5 bays have been ex- 
amined. I t  is possible to divide the bays into three 
groups, according to water properties. 

In  the first group, the Camargue coast and Fos 
Guff, the sampling stations are located near the mouth  
of a great river (l~hSne) and exposed to eutrophic 
effects (BLANC et al., t969; BT.A~C and Lv.VEAV, i970). 
In  the second group, Bandol and Verdon Bays, the 
bot tom is washed by  typical Mediterranean oligotro- 
phie waters with a very low seston concentration 
(generally below I rag/l). Between these two groups, 
Prado Bay in the Marseille Gulf is washed by  waters 
with a high organic-matter content due to sewage, 
which produces both a eutrophic effect and a pollution 
effect, so tha t  some suspension-feeders indifferent to 
pollution (mainly polychaetes and Phoronls) occur in 
very large densities, while other species (mainly 
bivalves) have an abnormally short life cycle owing 
to pollution effects. 

I n  the waters of the different bays, salinities near 
the bot tom are generally fairly uniform about  38%~ 
Nevertheless, in Verdon Bay and near the RhSne 
mouth, dilution by  surface fresh water m a y  result in 
low salinity values from 35 to 36%0. The same phenom- 
ena occurs in Prado Bay  for the upper water layer 
(0 to i.5 m), near the shore. 

Biological samples were taken a t  different stations 
ranging from L5 to i i  m depth. For  each bay, a 
sampling station was chosen a t  5 m depth;  this was 
named the "reference stat ion" as it  represented the 
most  typical macrofauna assemblage in fine sand. 
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Fig. t. Area investigated 

Particle-size analyses were made of the sand which 
was, in all areas, well sorted. In the upper horizon, 
at  a depth of t . 5m,  the median grain-diameter 
ranged from 120 to 220 ~. In the lower horizon (5 m 
deep and below), the median grain-diameter was smal- 
ler, from i03 to i25 ~. 

The calcium-carbonate content varied greatly from 
bay to bay. Near the RhSne mouth it was low, about 
24 to 27%. In Bandol and Prude Bays its average 
value was between 33 to 37%, while in the very small 
Verdon Bay it ranged from 70 to 73 %. 

The sand was generally very clean, with a low 
organic content. The total organic-carbon content, 
expressed as a percentage of dried sediment, fluctuated 
from 0.2 to i %, the total nitrogen content from 0.0i to 
o.o3 %. 

The sampling technique with a diver-operated, 
quantitative suction sampler has been described in full 
by M_~ss~ (1970a), with special emphasis on the careful 
handling underwater, necessary to obtain valuable 
quantitative data. 

Owing to high air-temperatures, it  is necessary to 
use a 10 or 15 % solution of commercial formalin buffered 
with borax to preserve the macrofauna and residue 
retained in the sample bag of the suction sampler. 
Sorting of the animals from the residue is performed 
after a second careful laboratory sieving on a 0.7 mm 
mesh in a water bowl to reduce the sample size. As 
has been discussed several times ( H o ~ E ,  t953; 
REzs~r, i959; S~DE~S, t960; THo~so~r i966), the 
sieving technique has a very important effect on den- 
sity values, which increase rapidly as mesh-size de- 
creases. Although benthos scientists are not in full 
agreement upon what constitutes a standard mesh size 
(HOLMV. and M c I ~ %  197t), many use a s mm mesh 
(ZIEGELMV, IER, 1963, i970; Gurr.L% t969; S ~ r ,  
t969 ; P~.n_~so~, 1970; and others). 

Some differences arise also depending upon whether 
the diameter of a round-holed mesh is considered, or, 
ff a square mesh is used, whether the side or the 
diagonal of the mesh aperture is considered. The 
0.7 mm mesh used in this study has a square aperture, 
with a i mm diagonal as in JONES (i969). 

In expressing biomass values, the greatest diffi- 
enlty for comparison purposes lies in the fact tha t  
several weights may be considered: fresh, wet, dry, 
or ash.free weight. I t  seems better to express the bid- 
mass data in dry weight of organic matter, i.e., without 
shell, skeleton, or gut contents. The ash-free weight 
has not been evaluated because we must keep in mind 
that  formalin preservation is responsible for organic- 
matter loss (I-IOL~% 1964; REYS and S~vAT, i97i) 
and that  sampling and sieving techniques which frag- 
ment many animals (bivalve siphon-tips, polychaete 
palps, ophiuroid arm-tips, etc.), are also responsible 
for an organic-matter loss which may affect the ash 
weight of soft tissues and inorganic remains. 

The fauna assemblage 

The detailed species lists for each station, as well 
as density and biomass values, have been published 
in several papers (MAss]i, i970b, i971a, b, c). In the 
present paper, only the most abundant species collect- 
ed during the 4 year survey are mentioned, together 
with the mean density values throughout the period. 

From PIC~D'S descriptive and qualitative study 
(i965), the fine sand bottom fauna in shallow waters 
may be divided into two different biocoeuosis from the 
parallel level-bottom community point-of-view. Also 
in my quantitative survey in the sublittoral fine-sand 
belt, the two horizons have been recognized, the 
mutual limit of which depends mainly on exposure. 
Some species living generally in the upper sand- 
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Table 1. Most abundant species and mean number o] individ- 
uals/m ~ /or uppe~ horizon in Prado Bay 

Rank Species Density 

1 Spio decoratns 2770 
2 Corbula (Lentidium) mediterranea 1099 
3 Cumopsis longipes 1097 
4 Donax semistriatus 367 
5 Atylus sp. 194 
6 Telllna tenuis 102 
7 Glycera eonvoluta 56 
8 .Magelona papillieornis 24 
9 Drilonereis fdum t7 

t0 Venus gallina t 6 

bot tom horizon are found deeper under extreme ex- 
posure conditions; on the other hand, some species 
living generally in the deeper horizon have invaded 
very shallow sand under sheltered exposure conditions. 

Upper horizon 
The farms assemblage corresponds to "fine sand 

bioeoenosis in very shallow waters" (Pv, RES, 1967). 
Table i presents details of the most  abundant  species 
ranking from I to i0  according to mean density- 
values, these being especially high in Prado Bay, 
generally low in the open sea (Table 7). 

Deep horizon 
The fauna assemblage corresponds to "fine well 

sorted sand bioeoenosis" (Pv.~v,s, i967). Tables 2 to 6 
present different aspects of the main species-stock 
from bay  to bay  a t  different depths. Comparison of 
these Tables with those of  MCINTY~w and ELW~T~V,- 
~tOV (1968), reveals important  similarities, which 
make i t  possible to refer the superficial and deep 
horizons of Mediterranean sublittoral sand to the boreal 
shallow sand and boreal off-shore sand associations, 
respectively, as defined by  J o ~ , s  (i950). 

F a u n a  s t ruc ture  

Upper horizon (Fig. 2) 
Three sampling stations were located in the Mar- 

seille Gulf; stations varied in degree of exposure: 
Station A, exposed; Station B, more moderate ex- 
posure; Station C, sheltered. As sampling times in such 
shallow waters of necessity must  correspond with good 
weather conditions, we noticed an increase of  crusta- 
cean fauna with degree of exposure. In  bad weather, 
this motile fauna migrates deeper. On the other hand, 
an increase in polyehaete and mollusc numbers and 
weights occurs with moderate exposure, and total  
density and biomass values increased under sheltered 
conditions. At each station, the mollusc biomass is 
very important ,  as exposure conditions are not ex- 

28* 

Table 2. Most abundant species and mean number o/ individuats/m s in deeper horizon, 
Prado JBay (Stations I and 2) 

Rank Species Density Species Density 

Station I (--5 m) Station 2 (--5 m) 

l Phoronis psammo~hila 4905 Phoronis psammophila 4080 
2 Spio deeoratus 2346 Spio decoratus 972 
3 Clymene oerstedi 431 Clymene oerstedi 263 
4 Owenia ]usi/ormis 267 Owenia ]usi/ormis 177 
5 Ampelisca brevicornis 339 Magelona pa/pillieornis 174 
6 Magelona papillicornis 262 Ampelisca brevicorni~ 159 
7 Nephthys hombergi 124 iVephthys hombergi 102 
8 Paraonidaea (109)  Paraonidae~ (80) 
9 Atylus sp. 73 Glycera convoluta 50 

10 Pseudocuma longicornis 72 Donax venustus 49 
t l  Cumopsis longipes 72 Venus gallina 49 
12 Venus gallina 63 Pseudocuma lonficornis 42 
t3 Donax vennstus 61 lphinoe douniae 39 
14 Sigalion mathildae 5t Atylus sp. 34 
t5 Iphinoe douniae 49 Sigalion mathildae 30 
16 Prionospio caspersi 47 Perioculodes tongimanus 25 
i7 Pariambus typicus 42 Cumopsi~ lonffi/pes 21 
t8 Perioculodes lonfimanus 29 Pariambus typicus 19 
19 Glycera convoluta 28 Tellina /abula i8 
20 Tellina /abula 25 Dosinia lupinus t7 
21 Spis'ula subtrunsata 24 Eteone 8y~honodonta t5 
22 Lorlpes lacteus demaresti t4  Loripes laeteu~ demaresti 15 
23 Dosinia lupinus 9 Spisula subtruneata t3 

. ~ i n l y  Aricidea eatherinae. 
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treme, even at  Station A. Although mollusc biomass 
increases steadily from Station A to Station C, in 
diagrammatic representations the decrease in mollusc 
weight, as a percentage of the total biomass, from 

Individual number I m z Biomctss / m z 
0~5"/,. 

393B 32g 
Station A 1-1.5m} 

3.2% 

~ 22222222~22: 

494t 4.7g 
Station B (- 1.5m ) 

9433 7.29 
Stalion C (-1.5m) 

• l  Polychaeta ~ Others 

Mollusc(:1 ~ Crustacect 

Fig. 2. Main group stocks as percentage of density and biomass 
values for the 3 stations of upper horizon, Prado Bay 

Station A to Station C is correlated with an im- 
portant  polychaet~-biomass increase. 

These data may be compared with McI~Tr~]~'s 
observations (1970) on the north-west Scottish coast, 
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Rank Species Density Species Density 

Station 1 (5 m) Station 2 (9 m) 

t Atylus sp. 330 Splsula subtruncata 428 
2 Magelona papillicornis 150 Paradoneis armata 202 
3 Venus gallina 86 Magelona papilllcornis i84 
4 Siphonoecetes sabatleri 48 Ampelisca brevicornis 134 
5 Ampelisca brevi~ornis 48 Venus gallina 1i8 
6 Paradoneis armata 47 Bathyporeia guilliamsonlana 55 
7 Bathyporeia sp. 39 l~erioeulodes longimanus 54 
8 s ephthys sp. 36 Iphinoe armata 53 
9 Perioculodes longimanus 28 Atylus sp. 52 

t0 Hippomedon massiliense 27 Nephthys sp. 45 
t4 Glyeera sp. 26 Tellina fabula 38 
t2 Spisula subtruncata 25 I~umbrieonereis impatiens 36 

1.1% 

Individual number / m = Biomass / m = 

Rank Species Density 

1 Venus gallina 205 
2 Urothoe grimaldl t16 
3 Lumbriconereis impatiens 69 
4 Ampelisca brevicornis 68 
5 ~igalion mathildae 55 
6 Magelona papillicornis 43 
7 JBathyporeia guilliamsoniana 29 
8 ~pisula subtruncata 22 
9 Nephthys hombergi 22 

4 0 Clymens sp. t 7 
11 Aeroenida brachiata 16 
42 Glyeera convoluta 45 
13 Diogenes pugilator t4 

and  are of  general interest (Sou~wA~9,  t953) ; they 
illustrate exposure influence as an environmental 
factor on quanti tat ive sand-bot tom macrofauna distri- 
bution in shallow waters. 

Deep  horizon ( F i g s  3 - - 7 )  

I n  Prado Bay  (Marseille Gulf), the special condi- 
tions previously mentioned involve an interesting 
phenomenon. An important  pollution effect, especially 
a t  Station 2, greatly limits the mollusc-population 
development,  and most  species have a very short life 
cycle (M~ssi~, i97 ia ) .  On the other hand, some 
pollution-resistant species such as Phoronis psammo- 
phila and Spio decoratus find good trophic conditions 
and are overwhelmingly dominant,  so tha t  most of 
the fauna components such as crustaceans and mol- 
luscs, although present in good average densities, are 
represented by  small percentage values in diagrams 
(Fig. 3). 

1%% 
1.4% 

Table 5. Most abundant species and mean number of individ. 
uals/m 2 in Fos Gull (re/erence station 5 m deep) 

<1% 
10031 11.7g 

Station 1 {-Sin} 
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Table 4. Mos~ abundant species and mean number of individuals]m 2 in Verdon Bay 

6744 gg 
Station 2 (-Sin) 

IT[TI"[1 Polychaeta 
I J Echinodermata 

F~I Mollusca 
Others 

Crustacea 

Fig. 3. Main group stocks as percentage of density and biomass 
values for the2  stations in deep horizon, Prado Bay 

With the exception of the crustaceans, which seem 
as important  and sometimes more numerous in the 
upper than  in the deeper horizon, every group espe. 
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cially polyehaetes and molluscs shows an increase in 
numbers of species and individuals as the water deep- 
e n s .  

Individual number / m 2 Bi0masslm 2 

1048 4.4g 
Station I (-5m) 

1306 3g 
Station 2 [-8m} 

1964 2.5g 
Station 3 (-11m) 

Polychaeta 

Noliusca [ I Echinodermata 

Crustacea ~ Others 

Fig. 4. 1V[ain group stocks as percentage of density and biomass 
values for the 3 stations in Bandol Bay 

1V[acrofauna composition appears to vary from bay 
to bay owing to different water properties. In oUg6- 
r conditions (Bandol and Verdon Bays; lq~gs. 4 
and 5) scarcity of molluscs and polychaetes emphasize 
the crustacean-stock importance (mainly amphipods), 
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.fndividual number/m z 

1.7%0y/~ 

1223 
Station 1 (-5m) 

Biomoss lm z 

4.?g 

.Tndividual number/m ~ Biomass/m z 

2.3% 33% 
\ , . .  

:ii 

~ , . . . . . .  2.7~176 ~ 2 6 . 7 %  

1530 23.3 g 
Station I (-5m) 

~.1O/o o;6O/o 

36; o" "- 

2121 7,5g 
Station 2 {-9m) 

Polychaeta 
I I Echinoderm~ 

MoUusca 
Others 

Crustacea 

Fig. 5. Main group stocks as percentage of density and biomass 
values for the 2 stations in Verdon Bay 

Individual number/m ~ Biomass / m z 

2~ 0;3~176 2"/. 

848 13.5g 

1961 

2,9%2,2% 

3.2% 1~'/o 

3227 

18.3g 
Station 2 (-6m) 

5 

IO.Ig 
Station 3 (-?m) 

[ T ~  Potychaeta 
- ~ Echinoderm~ 

Mollusc~ 
Others 

Crustacea 

Fig. 7. Main group stmcks as percentage of density and biomass 
values for the 3 stations along Camargue coast 

r / - r ] - ] - ] l  Polychaeta 

Mollusc~ 

Crust~176 

m others 

' - - - - ]  Echinoderm~176 

l?ig. 6. Main group stocks as percentage of density and biomass 
values in the Fos Gulf (5 m depth) 

although crude densities are not particularly high 
(about 600 individuals/mS). 

In eutrophic conditions (Fos Gulf and the Camargue 
coast; Figs 6 and 7), the importance of molluscs and 
polychaetes reduce, in diagrams, the crustacean- 
stock importance (abou~ 470 individuals/m2). The 
average density and biomass values are high under 
such condi$ions. 
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Considering the echinoderm fauna, we must note 
a balance between the echinoderm-biomass importance 
and the mollusc abundance. This balance has been 
studied in detail in Bandol Bay for the Astropecten 
sea-star population effect on meiobenthic molluscs 
(M~ss]~, 1970b; see also CrrRISTE~CSE~, t970), in Vet- 
don Bay for the Echinocardium cordatum population 
(MASSIf, 1971b) and on the Camargue coast for the 
Ophiura texturata population (M~ss]~, t97t  c). 

Q u a n t i t a t i v e  d a t a  

Average values of densities and biomass for the 
4 year survey appear in Table 7; the three main 
groups of bottom, according to water properties, as 
referred to above, have been separated. Comparison 
of these data reveals an important  range of densities 
and biomass for almost identical grades of bot tom 
deposit (fine, well-sorted sand) and for a restricted 
area comprising ~~ longitude (48 nautical miles). 

fauna biomass. In  the Mediterranean Sea, where 
waters have a generally poor production rate, and so 
exhibit oligotrophic conditions, the eutrophic effect 
due to estuarine or sub-estuarine conditions is especial- 
ly important. 

These data confirm SOUTKWA~D'S view (i953), 
whereby he explains faunal paucity of some Isle-of- 
Man beaches by  scarcity of fresh water, and agree 
with 1VICI~Tu and ELEFTHF, I~IOU'S view (t968) tha t  
the water overlying the sand must supply most of the 
organic matter  required by the benthic fauna. Further- 
more, experimental proof of the effect of eutrophic 
conditions in the water column on sand benthic- 
macrofauna has been given by T~,Vn~LION and A~- 
SELL (t967). This direct relationship between eutrophic 
conditions in the water column and high biomass 
values of sand-bottom macrofauna is bound up with 
the fact tha t  the bulk of the biomass in a sand deposit 
comprises filter and suspension feeders (bivalves, 
polychaetes, etc.). 

Table 7. Mean density and biomass values during 4 year survey in the dlbTerent bays. Density: number o/ individuals/mS; 
biomass: dry weight/m s 

Water column 01igotrophic conditions Prado Bay Eutrophic conditions 
Quantitative data Density Biomass (g) Densi W Biomass (g) Density Biomass (g) 

Depth Upper horizon ~.5 m 428 1.8 6t04 5 55445 ~ t57.2~ 
Deep horizon 5 m 1135 4.6 8387 10.4 1t89 18.4 

7 - - 1 1  m 2042 3.6 - -  - -  3 2 2 7  i 0 . 1  

a These two values come from a study on fine-sand macrofauna in a marine lagoon (MAss~, ~t971d). 

Considering tha t  these are mean values, we can 
postulate tha t  the various density and biomass values 
available for equivalent level-bottom communities 
on a world scale would be included in the range 
observed in this study, in so far as the different data 
can be compared. 

From a general point of view, the results of this 
quantitative survey require some comments: 

(l) In  the open sea, density and biomass values for 
the upper horizon of sand bot tom are lower than for 
the deep horizons. 

(2) In  the deep horizons, as regards densities, an 
increase of values occurs as the water deepens, due to 
an increase in settlement success, so that  the abundance 
of young individuals do not induce increased biomass. 

(3) On the contrary, as regards biomass, in the 
deep horizons of sand bottom there is a decrease of 
biomass values with depth. The highest biomass 
occurs in a narrow belt of ground between 5 to 6 m 
depth, where the largest specimens of fine-sand 
macrofauna species are living. 

Table 7 clearly illustrates the influence of the 
water column on the shallow-water fine-sand macro- 

Disenssioll 

Distribution 

The well-sorted s~nd biotope off the Provence coast 
(north.western part  of the Mediterranean Sea) is 
characterized by its little spread with depth increase. 
Generally, two factors control cle~n, fine-sand exten- 
sion. The first is the existence of a sea-grass bed in 
every area with clear water, and good light-penetra- 
tion. The second is the rapid increase of fine deposits 
with depth near river mouths with turbid fresh-water 
outflow. These two phenomena can be related to ~idal- 
current absence, which allows silt and clay sedimenta- 
tion and se~-grass implantation at  about t0 m depth, 
i.e., a depth greater than where direct swell action is 
important. 

Quantitative and dynamic aspects 

As already indicated, the fine-sand maerofauna 
studied here is characterized by a wide range of density 
and biomass values. Using a diver-operated suction 
sampler, sampling variability for replicate samples 
may not be sufficient to explain such a range of 
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values, as shown previonsly in a methodical compara- 
tive study (M~ss~, i970a). 

From detailed quantitative faunal lists of the 
macrobenthic species given in MAss~ (i970b, i971a, 
b, e) three major groups of changes can explain the 
variations in data. 

Firstly, short-term changes, correlated, for example 
with good or bad hydrodynamic or trophic conditions, 
affect maiuly motile macrofauna. This kind of macro- 
fauna is able to move rather quickly and, sometimes, 
results in high population densities. We can include, 
in this group, peraearid and eucarid bentho-planktonic 
crustaceans, Nassidae (molluscs), smalI demersal 
fishes, etc. ; this fauna is directly affected by exposure, 
as shown by LAGA~DEI~E (1966), and McI~vru (1970). 
As these density variations concern mainly small 
crustaceans, they have no important effect on bio- 
m a s s  va lues .  

Secondly, seasonal changes, generally correlated 
with reproductive and recruitment processes, generally 
affect bivalve molluscs at different seasons for each 
species, and amphipods (such as Ampellsca brevicornis) 
during summertime. Generally, settlement of young 
bivalves or polychaetes results in an important in- 
crease in population density values, but a fairly high 
mortality rate involves a rapid decrease in densities 
and, therefore, no effect on biomass values results. 
This has also been reported by ST~r2r (i969). 

Thirdly, long-term changes, correlated with success- 
ful recruitment of a species until now not abundant, 
are irregular and unforeseeable. The best example 
in this study is that of Spisula subtruncata (M~ss~, 
197i c); for this species many examples may be found 
in the bibliography (DAvis, i923, i925; HAG~EIWR, 
1930; ZIE(~.L~ErER, i963, i970; etc.); these changes 
are, however, true for numerous other species such as 
Echinocardium eordatum, MAss~, i971a), Venus gaUina 
(A~sELL, i96i), and various polychaetes (Z~EGEL- 
~r~E~, i970; Pv, wl~, i970). As regards this kind of 
change, both density and biomass values are affected. 
The successful settlement of a population provides an 
increase in biomass during the fast growth-rate period 
and a decrease when the mortality is more important 
than the growth-weight increment. 

This dynamic aspect of variations of quantitative 
data and changes in fundamental fauna-assemblage, 
which occur, as previously mentioned, from bay to bay 
in the restricted biogeographical area surveyed, re- 
quires some comment: 

(i) Most data available in the speeialised literature 
on this subject are obtained from a few samples gen- 
erally collected at the same time or season, so that 
no range of variation can be calculated; the com- 
parison is, therefore, meaningless from a general 
point of view, more especially in shallow waters; the 
sampling gear efficiency is also not always known. 

(2) On the basis of this 4 year survey, performed 
on one sort of sediment in a very restricted shallow 
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belt of ground, the wide range of values obtained in- 
elude the quantitative data available in literature for 
this kind of ground. Therefore, any comparison of 
"richness" of ground between two far-distant geograph- 
ical areas cannot be done in this way. 

3. From the point of view of "parallel level- 
bottom communities" as developed by THOMSON 
(i957), it seems hazardous to attempt to characterize 
a community type by a mean biomass-value, because 
of changes through seasons, years, and from bay to bay 
in one area. 

Macro/auna structure 

Comparison with macrofauna community-structure 
is, in this study, restricted to the same temperate 
West European biogeographical district; this allows 
a meaningful comparison, as component species are 
similar, and data available more abundant. 

As mentioned above, the upper horizon of Mediter- 
ranean well-sorted sand may be compared to Jo~v.s' 
boreal shallow-sand association as described by 
McI~TY~E and ELEFT~E~IOU (i968). In such a com- 
munity, and particularly in sheltered beaches, where 
a sand-maerofauna community reaches its fullest 
development, bivalves comprise the bulk of the bio- 
mass, and Tellina tenuis is dominant. Considering the 
T. tenuis population structure in Scottish waters 
(McI~TY~E, i970), 5 to 8 year-classes are found from 
beach to beach. This means that such a community 
will be very stable, even ff there is some failure in 
recruitment from year to year. The bulk of the bio- 
mass is made up by T. tenuis, a long-lived species, in 
Scottish waters. Similar observations may be made 
on the Atlantic French coast (SALvAT, 1967; FAU~E, 
i969). 

On the north-west Mediterranean coast, as des- 
cribed in detail by MAss~ (i97ia), bivalves comprise 
the bulk of the biomass: Corbula (Lentigium) mediter- 
ranea, Donax semistriatus, and Tellina tenuis. These 
bivalves have a mean life cycle of i year; only a few 
have a 2 year span. This shortness in life cycles in- 
volves important fluctuations in population structure, 
stock, and biomass, owing to the recruitment process 
(THomson, i946, i966)~ 

The same phenomenon occurs for the species living 
in the deep horizon of fine, well-sorted sand. This deep 
horizon is equivalent to Jo~Es' boreal off-shore sand 
association as described by McI~TY~v, and EnEF~B-E- 
I~OU (i968) and to Petersen's Venus galllna commu- 
nity. This community is made up of the following 
species: Venus gallina, Tellina [abula, STisula sub- 
truncata, Magelona papillieornis, Spio, Nephthys, 
Owenia, Echinocardium eordatum, Acrocnida braehiata, 
etc. The different data, from north-European coasts, 
available on the life cycles of the species just mentioned 
(A~SWLL, 196i; BVC~A~A~, i966; and others) com- 
pared with data from the Provence coast (see for com- 
parisons MAss~, 1972) show that the life cycle of most 
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species is shorter in the latter area, where the life span 
exceeds very rarely 2 years, with a mean term of 
t year (MAss~, i971a, b). In the same way, considering 
the main invertebrate predators such as Astropeeteu 
sea stars and natieid gastropod drillers (MAss~, 
1970b, i97ia)  and comparing, respectively, Cm~is~N- 
sw~'s data (t970) on Astropecten irregularis, and An- 
s E ~  (i960), and G R ~ ' s  data (i968) on natieid dril- 
lers, we can emphasize that  the predation rates found 
in north.Mediterranean Sea are higher. 

Such different life spans and generation-replace- 
ment rates for the same species at  the two extreme 
limits of their biogeographical distribution range 
stress the difficulty in comparing communities and in 
appreciating the true signification of quantitative 
data, especially for different biogeographical districts 
such as boreal and tropical districts. This indicates the 
poor interest of rough quantitative data for a whole 
community in shallow waters. We must bear in mind 
that  quantitative data such as densities and biomass 
result from complex factors including environmental 
and trophie conditions, species interaction, reproduc- 
tion and recruitment processes. 

Production 
Production data is of more value but, unfortu- 

nately, such data are almost non-existent for marine 
bottom-macrofauna. Furthermore, production com- 
putations vary from one paper to another (Jw~s~N, 
1919; SAnDeRS, t956; M~SS~, 1968; P~zIAs ,  ~969; 
B~v .~T ,  t970; P~v.R, i970; T~EV~LIO~, 197i; etc.), 
depending upon whether production is considered in a 
general energy-flow context or only as somatic- 
growth increment for successive short intervals; 
whether or not production bound up with mortality 
is included; and whether or not spawning and regener- 
ation of tissues are included. In most eases, data are 
available only for the most conspicuous and abundant 
species of a community. More often, in the absence of 
true quantitative production data, abstract considera- 
tions on productivity efficiency are predicted from 
mean growth-rates, generation-replacement rates, and 
biomass values. In this way, in north-west Mediter- 
ranean benthic fine-sand communities in shallow 
waters which are generally composed of short-lived 
animals with high growth-rates, a high production 
rate may be expected. Indeed, the fast generation- 
replacement of animals in the Mediterranean Sea 
populations is well illustrated by the low mean size 
of most Mediterranean individuals, compared with 
those living on the north European coast. Besides, the 
high growth-rate of most Mediterranean animals is 
bound up with the fact that  they are in their first 
year of life. Biomass values being of the same order 
of magnitude in north boreal and Mediterranean 
communities, the production rate must be higher in the 
latter, as both growth-rate and generation-replacement 
rate are slower in the former. 

The above assumption is supported by comparison 
of TgEVAL~ON'S production data (197i), on a boreal 
population, with my own production data on Medi- 
terranean populations. In order to compare these 
production data, we must consider that  my "produc- 
t ion" corresponds roughly to the sum of Tg~v~LIo~ 's  
somatic grow~h/m s and yield/m s. In the north-west 
Mediterranean Sea, production data on a Spisula 
subtruncata population (MASS~, ~968), and a Venus 
gallina population (M~ss~, 197ib) are i0 g/mS/year 
and 20 g/mS/year dry weight, respectively, whereas, 
on the Scottish coast, production data on a Tellina 
tenuis population (Tl~]~v~Io~, i97i) are below 2g/m ~ 
dry weight for the best year. 

The same ascertainment may be made with 
P ~ ' s  data (1970) on a Peetinaria hyperborea popula- 
tion on the north-west Atlantic coast for which pro- 
duction may be evaluated between 5 and i5 g/mS/year 
wet weight. 

Both examples given above for Mediterranean 
populations require some comments, as generally 
Spisula populations are considered to be high-pro- 
duction populations, Venus populations to be low- 
production (T~o~so~, 1957). The Spisula population 
studied was located at  the extreme limit of this species 
distribution range (5 m depth) and severe hydrodynam- 
ic conditions involve protection against most of the 
common predators (MAss~, 1971c) so that,  unlike 
normal Mediterranean grounds, the population was 
composed of old, slow-growlng, individuals, The pro- 
duction rate would have been higher during the first 
year of life. On the other hand, the Venus gallina popu- 
lation is composed of young fast-growing animals, as 
usual in fine-sand Mediterranean grounds. 

This indicates that,  as regards production-rate, 
we must bear in mind that  latitude, topographic 
localization which controls environmental factors, and 
population structure are not dissociable. From the 
"parallel level-bottom community" point of view, the 
shallow fine.sand bottom communities (TeZlina and 
Venus community) cannot be characterized by a pro- 
duction rate independently from the three previously 
mentioned factors. This conflicts with T~o~soN's 
conception (i956, p. 695) on temperature adaptation 
and equivalence of marine parallel level-bottom com- 
munities, and reduces the general application of such 
a concept. Therefore, it seems more accurate to con- 
sider the level-bottom communities in the sense 
developed by Mvvs (i967) of rough descriptive units 
helpful for marine biologists of different regions. 

Summary 
I. The use of a diver-operated suction sampler 

allows us to obtain a good idea of macrofauna density 
and biomass values in  sublittoral fine s a n d .  

2. The 4 year survey specifies the range of quanti- 
tative data which forms the subject of this paper and 
points out the main variation causes. 
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3. Influences of exposure and  trophic condit ions 
in  the  water  co lumn on biomass values are clearly 
shown. 

4. The  short  life-cycle of most  species explains 
changes a n d  ins tab i l i ty  in  faun~ assemblage, as the  
replacemen~ of generat ions involves a hazardous pelagic 
larval  stage. 

5. Being composed ma in ly  of young,  fast-growing 
individuals ,  the  popula t ions  l iving in  Medi ter ranean 
fine-sand bot toms have high product ion  rates. 

6. Comparison be tween nor th-west  European  shal- 
low fine-sand communi t ies  and  equiva lent  1Yfediter- 
r anean  communi t ies  allows some restr ict ion to the 
"parallel  level -bot tom c o m m u n i t y "  concept. 
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