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ABSTRACT : Algal and fauna1 assemblages living on soft bottom sediments were studied in the Bay of 
Brest, France, using quantitative descriptions of the distribution, diversity and biomass of epibenthic 
species. Similar classification and ordination analyses were used on floral and animal data. Dense as- 
semblages of macrophytes, mainly Rhodophyceae, were found to grow on sandy mud sediments. 
Sediments were essentially covered by maerl beds of the calcareous red alga Lithothamnion corallioi- 
des and various shell substrates. Five maln algal assemblages extended along a west-east decreasing 
gradient of hydrodynamic activity (i.e. tidal currents, waves and turbidity). The high frequency of 
storms during the year is the main feature which disturbs both flora and epifauna. Interactions between 
flora and fauna were either direct, e.g. grazing and spatial competition, or indirect, most of the sub- 
strata occupied by macrophytes being shells of dead bivalves and gastropods. Moreover attachment of 
algae was largely dependent on population dynamics of shell species living in the area. As a conse- 
quence, in the most disturbed area, the macrophytes found were opportunistic species (Polysiphonia 
fibrillosa and Polysiphonia urceolata). In areas where the assemblage was unstructured, a fact which 
prevented the development of the herbivorous species, the animal assemblage was then dominated by 
suspension feeders (FicuLina ficus and Phallusia marnmillata) which competed for space with the 
macrophytes. In the least disturbed area, the herbivorous species dominated the fauna assemblage 
while flora assemblage had a high level of organization. However, in those places eutrophication and 
high turbidity prevented the establishment of many algal species, causing the ubiquitous ones to dom- 
Inate (Ulva sp., Ceramium rubrum). Between these extreme areas, the living Lithotharnnion beds were 
more developed and were defined as a characteristic assemblage of diversified Rhodophyceae species 
such as Chyloclad~a verticillata, Halarachnion ligulaturn, Crytopleura ramosa. Finally, the role of wave 
disturbance as the main factor controlling algal assemblages of shallow soft-bottom sedlments is dis- 
cussed. 

INTRODUCTION 

In temperate latitudes, subtidal unstable substrates 
and soft bottoms of shallow waters are generally colo- 
nized by erect species of seaweeds during a short 
growing season, but crustose algae are well known to 
be abundant throughout the year. Several authors de- 
scribed the algal vegetation as growing on shell bot- 
toms (Kjellman 1878, Waern 1958, Sears & Wilce 1975), 
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cobble habitats (Liebermann et al. 1979, Davis & Wilce 
1987a) or maerl beds (Cabioch 1969, Blunden et al. 
1977, 1981). The ecology of these communities, how- 
ever, had received Little examination, in contrast to the 
abundant literature about kelp forest (Ojeda & 
Dearborn 1989, Underwood & Kennelly 1990). 

Two accounts were made of the ecology of subtidal 
algae on cobble substrates taken off the west coast of 
Ghana (Lieberman et al. 1979) and in Plum Cove, 
Massachusetts, USA (Davis & Wilce 198713). Sears & 
Wilce (1975) studied the associations and the seasonal 
variation of flora in an unstable shell bottom habitat off 
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Cape Cod. The ecology of loose-lying coralline algae 
(maerl) and associated epiflora has not been investi- 
gated slnce the descriptive work of Cabioch (1969) in 
the Bay of Morlaix, France. 

The main ecological mechanism responsible for the 
control of the community structure in those habitats 
was recognized as a physical disturbance (Davis & 

Wilce 1987b). Disturbance is defined by Grime (1977) 
as a n  'event, biotic or abiotic in origin, that destroys 
biomass, affecting from one organism to entire com- 
munities'. Subtidal physical disturbance tends to be 
seasonal, but it is difficult to measure the influence that 
storms have on the substrata. During a quantitative 
algal study of a soft bottom from the Bay of Brest, 
France, we used classification and ordination tech- 
niques to elucidate the spatial patterns of algal and 
fauna1 assemblages and the factors controlling com- 
munity structure. The interest of simultaneous algal 
and epifaunal investigations in determining the major 
factors and their global influence on the communities' 
organization is discussed. 

MATERIALS AND METHODS 

Study site. Research was conducted in the northern 
part of the Bay of Brest (48" 24' 00" N, 04" 33' 00" W to 
48' 16' 50" N, 04" 15 00" W), western Brittany, France. 
The study site was situated between the sheltered 
estuarine waters (eastern part) and the open marine 
waters (western part); salinities vaned from 30 to 34 
The bottom consisted of a shallow muddy sedment  
(0 to 5 m depth) covered by shells and Lithothamnion 
corallioides Crouan fragments, w h c h  are favorable 
substrata allowing the fixation and growth of macro- 
phytes and epifauna (Hily 1989, 1991). Water circula- 
tion induced by tidal currents is alternating and resid- 
ual transport of particles is directed to the open sea 
(Salornon 1980). Those tidal currents are not strong 
enough to erode the sediment surface (current speed 

1 knot on spring tides). It is a natural sedimentation 
zone (Fichaut 1984), but the frequent storms can in- 
duce a high resuspension of detritic material and main- 
tain a very high turbidity (> 100 mg I - ' )  over long peri- 

ods of time. The swell from the open sea 
breaks on the western part of the banks 
(Banc du  Corbeau) and consequently pre- 
vents sedimentation in this area (Fig. l ) .  

The effluents of Brest (250000 inhabi- 
tants) on the northern coast of the site, 
and residues from intensive agricultural 
activity on the drainage basin of the Elorn 
River (400 km2), induce a heavy discharge 
of organic effluents and high levels of nu- 
trients (1000 pg-at. NO3 1-' in the fall and 
winter) in waters of the studied area 
(Treguer & Queguiner 1989). 

Sampling. Between spring 1987 and 
spring 1988, 2 different investigations 
were performed. First, an  underwater 
video camera (OSPREY S.I.T.) hung on a 
support was suspended just above the 
substratum and periodically laid on the 
floor of the bay (observed surface = 400 
cm2) to observe sediment surface charac- 
teristics, and quantify the algal cover and 
larger epifauna. Each station was a tran- 
sect 200 m long. A total of 65 stations were 
sampled in the investigated area during 3 
surveys (June 1987, March 1988, June 
1988). Second, quantitative samples were 
collected by scuba divers. Each sample 
consisted of the total epiflora and epi- 
fauna collected within a 1 m2 metallic 
frame placed on the sediment surface by 
divers. Four to six samples were collected 
at each of 10 stations (Fig 1).  After identi- 

Fig. 1. Sampllng stations and bathymetry for study area, Bay of Brest, France flcation, macroalgae were dried, then 
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weighed to the nearest 0.1 g; the epifauna 
were numbered and weighed (g m-', or- 
ganic dry weight). 

Data analysis. Characteristics of the algal 
and fauna1 distribution in the study area 
were investigated in terms of number of 
species, number of individuals, and bio- 
mass. Community diversity as defined by 
Shannon's equation (H' = PlogP ) was 
analyzed. Rank-frequency diagrams were 
used to interpret the structural organisation 
of assemblages. The rank frequencies dia- 
grams give a better expression of the 
community structure than the diversity in- 
dex (H' shannon) or equitability. In such di- 
agrams, species are ranked by decreasing 
order of abundance: for a species A the log 
of dominance is plotted against the log rank 
A (Frontier 1976, Hily 1983). 

In order to search for patterns among the 
biological variables, data were arranged 
in a matrix in which the N samples are de- 
scribed by S species. For algae, data were 
expressed in terms of biomass and for 
fauna, in terms of density. After logarith- 
mic transformation of the data, the mea- 
surement of similarity adopted was the X2 
distance (Benzecri 1973) as recommended 
by Legendre & Legendre (1979). From the 
similarity matrix the group-average hier- 
archical sorting strategy was retained to 
distinguish groups of samples and species. 
The next stage of analysis was the multi- 
variate analysis (correspondence factorial 

Fig. 2. Bottom sediment characteristics in the study area. SOM: soft mud; 
DEL: dead Lithothamnion; SHM: shelly heterogenous mud; ,MIL: mixed 
Lthothamnion; HES: heterogenous sand; DLL: dense Living Lithothamnion 

analysis; Lebart et al. 1982) which can 
situate each sample and species in relation to all the 
others and can then temper the discontinuities 
between the observations often emphasized by the 
method of classification (Field et a1 1982). 

RESULTS 

Habitat description 

l 

Pelitic Living Dead Shells 
fraction Litho. Litho. 

<63 pm (%) ( % l  ("/.l (Yo) 

60-90 0 0-20 0-40 
5-30 0 0-20 10-60 
30-80 80-100 0-40 0-10 
30-80 20-80 20-80 10-40 

DEL 30-80 0-20 80-100 0-20 
SHM 30-80 0 0-20 60-100 

Substratum quality is an important factor in the ex- 

Table 1. Sediment surface characteristics in the different units planation the and 
of the study area. Litho.: Lithothamnium; SOM: soft mud; nal assemblages. To determine the structure of the 
HES: heterogenous sand; DLL: dense living D'thothamnium; sediment surface, numerous transects within the 
MIL: mixed Lithothamnium; DEL: dead Lithothamnium; Study area were observed in the winter with the un- 

SHM: shelly mud derwater video camera. During this period the algal 
cover had almost totally disappeared and substrata 
could be observed. Six types were defined on these 
shallow muddy banks in relation to several 
descriptors of the bottom structure: pelitic fraction, 
fraction of living and dead Lithothamnion on the sed- 
iment surface and abundance of shells and cobbles 
(Table 1, Fig. 2): 

Soft mud (SOM): Sediment surface is free from 
shells, cobbles and Lithothamnion fragments, which 
prevent the settlement of algae. 
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Heterogenous sand (HES): On the exposed area sed- 
iment is coarse sand with cobbles and gravel (Banc du 
Corbeau). 

Dense living Lithothamnion (DLL): The central part 
of the study area is colonized by a dense (3 to 5 cm 
deep) living Lithothamnion corallioides population 
which entirely covers the bottom. 

Dead Lithothamnion (DEL): Around this DDL area, 
sediment is sandy mud with numerous macrofrag- 
ments of Lithothamnion carried by waves from the DLL 
and MIL unit. It is a high sedimentation zone of the ter- 
rigenous material carried by the Elorn River. 

Mixed Lithothamnion (MIL): This is a transition be- 
tween DLL and DEL units. 

Shelly mud (SHM): Sediment surface structure is the 
result of the accumulation of numerous shells of bi- 
valves (e.g. Venerupis sp., Ostrea edulis Linnaeus, 
Lutraria lutraria Linnaeus) and gastropods (Crepidula 
fornicata Linnaeus) which can totally cover the bottom. 

Algal assemblages 

Community structure 

Seventy-seven taxa were identified from the samples 
collected in June 1987 and June 1988. The dry biomass 
of 58 species, other than most calcareous or crustose 
red and brown algae, were recorded and are listed in 
Table 2. Rhodophyta was the most abundant compo- 
nent of the flora. Only one loose-lying coralline species 
composed the maerl beds; Lithothamnium corallioides 
(var. corallioides Cabioch, 1966) is the most abundant 
species of seaweed in the study area and mainly con- 
tributed to the carbonate equilibrium by calcium car- 
bonate secretion (Potin et al. 1990). In our study, how- 
ever, the maerl is considered as a substrate for 
attached algae rather than as an alga. The Rhodophyta 
Polysiphonia fibrillosa Dillwyn (same as Polysiphonia 
violacea Hudson (Parke & Dixon 1976) was omni- 
present and contributed to the highest biomass. 

Large variations of the diversity index occurred be- 
tween the sampling stations. Low values were ob- 
tained at Stns 7 and 5 [ H '  (SE): 0.75 (0.3) and 1.51 (0.5) 
respectively]. Mean values (2 < H'  < 3) were obtained 
at Stns 2, 10, 9, 6 and 8 (2.4, 2.41, 2.48, 2.85 and 2.9 re- 
spectively). Three stations obtained H'  values > 3 (Stns 
4, 1 and 3: 3.25, 3.28 and 3.38 respectively). Stn 2 was 
characterized by the high variability of the diversity in 
the different samples (SE = 0.91). 

Comparison of rank frequency diagrams for the 10 
stations allowed them to be placed in 1 of 3 groups 
based on curve shape (Fig. 3). Stns 1, 2, 3, 5 and 7 had 
straight curves which characterized low structured 
communities with 1 or 2 species largely dominant. The 

total number of species was low but biomass was high; 
Polysiphonia fibrillosa was the dominant species for 
this group of stations. Stns 4,  6, 8 and 10 had curved di- 
agrams which characterized structured communities 
where ca 10 species had frequencies higher than 10 %. 
Stn 9 was the only station in which the high concavity 
of the diagram gave the expression of a mature com- 
munity. 

Classification 

X2 distance similarity coefficients were calculated 
between samples. Dendrograms produced by group- 
average clustering of these values showed 5 distinct 
clusters at approximately 55 % similarity and 4 single 
samples. These clusters consisted of samples from dif- 
ferent stations. Clusters A and B subdivided respec- 
tively into 2 and 3 clusters at ca 75 % similarity (Fig. 4 ) .  
From the habitat characteristics described before, the 
clusters were interpreted as: (A) heterogenous assem- 
blage, sandy mud with boulders; (B1 and B2) living 
maerl; (B3) dead maerl; (C) Ficulina ficus Olivi assem- 
blage, heterogeneous sand with mud; (D) opportunistic 
algae assemblage, heterogeneous sand with mud 
and cobbles, highest biomass of Polysiphonia fibrillosa; 

FREOUENCY 

\ STATIONS 

Fig. 3. Rank frequency diagrams: (- - -) average curve of 
Stns 1, 3, 5 and 7; (-.-.-.) average curve of Stns 4, 6, 8 and 
10; (-) curve of Stn 9. Rank of species was obtained from 

the relative frequency (= dominance) in % 
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Table 2. Total no. of species found and biomass (g dwt m-*) of macrophytes in samples 

Spec~es Code Stn 1 Stn 2 

Sample no.: 11 12 13 14 15 16 21 22 23 24 25 26 

Chlorophyceae 
Cladophora pellucida C ~ P  - - - - - - - - - - - - 

Cladophora sp. cla - - - - - - - 

Enteromorpha sn ent - - - - - - 0.02 - 

Ulva sp. ulv 0.01 0.17 0.01 - 0.02 0.05 - 0.13 0.5 

Pheophyceae 
Asperococcus s p .  
Colpornenia peregrine 
Cutlena multifida 
Desmarestia ligulata 
Dictyota dichotoma 
Ectocarpalese 
Laminaria saccharina 
Punctaria plantaginea 
Sacchoriza polyschides 
Pheophyceae indeterminate 

asp 
C O P  
cum 
del 
did 
ect 
las 
P U P  
sac 
phi 

Rhodophyceae 
Anothamnion plumula 
Apoglossum ruscifolium 
Brongniartella byssoides 
Calliblepharrs cilid ta 
Call1 blepharis jubata 
Calloph yllis fla bellata 
Ceramium echionotum 
Ceramium rubrum 
Charnpla parvula 
Chondna dasyphylla 
Chylocladia vert~cillata 
Cordyledadja erecta 
Cryptopleura ramosa 
Dudresnaya verticillata 
Gracilaria bursa-pastor~s 
Gracilana fohifera 
Gracilana verrucosa 
Gymnogongrus crenulatus 
Gymnogongrus griffithslae 
Halarachnion lrgulatum 
Halyrnenia latifolia 
Heteroslphonia plumosa 
Hypoglossum hypoglossoides 
KaUymenia reniformis 
Microcladia glandulosa 
NitophyUum punctatum 
Phyllophora crispa 
Phyllophora pseudocerano~des 
Plocamiurn cartilagineurn 
Polyneura hilliae 
Polys~phonia elongala 
Polys~phonla fibrillosa 
Polysiphonia macrocarpa 
Polysiphonia nigra 
Polysiphonia urceolata 
Pterosiphonia parasihca 
Pteroaphonia pennata 
Rhodophyllis divaricata 
Rytiphlaea tinctoria 
Soliena chordalis 
Sphaerococcus coronopifolius 
Sphondylothamnlon multilidurn 
Spyrid~a hlamentosa 
Stenogramme interrupta 

anp 
a Pr 
brb 
cac 
caj 
caf 
cee 
cer 
chp 
chd 
chv 
coe 
crr 
duv 
grb 
grf 
g"' 
QYC 

gYg 
ha1 
hay 
hep 
hyh 
kar 
mig 
nip 
phc 
P ~ P  
plc 
POh 
poe 
pof 
pom 
PO" 

POU 

Pta 
pte 
rhd 
ryt 
SOC 

S P C  

spm 
spf 
sti 

N (total no. of species) 
B (total biomass, g) 
S B  (mean biornass per station, g) 

I 

(Continued on next page) 
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Table 2 (continued) 

Species Stn 3 Stn 4 Stn 5 Stn 6 
code 31 32 33 41 42 43 51 52 53 54 55 56 61 62 63 64 65 

C ~ P  - - - - - - - - - - - - - - - - 
cla - - - - - - - - - - - - 

ent - - - - - - - - - - - 

ulv 0.23 0.42 12.04 0 06 0.24 0.21 - 0.01 0.30 0.1 1 0 27 

asp - - - 
COP - - - 

cum 0.01 0.01 - - - - - - - - 
del - - - - - - - - - - 

did 0.95 0.21 0.06 2.04 1.19 4.99 - - - 1.00 0.53 0.16 1.57 1.49 
ect - - - - - - - - - - - - - 

las 0.14 0.70 3.01 - 0.45 0.98 - 0 27 1.04 0.05 - - - 

PUP - - - - - - - 

sac - - 1.10 - - - - - - 

phi - - - - 

a*P - - - - - - - - - - - - - - - - 

aP= - - - - - - - - - - - - - - - - 0.56 
brb 1.09 0.12 0.23 0.11 0.15 0.44 0.20 0.23 0.47 0.73 1.38 0.41 0.47 1.17 0.39 2.64 3.10 
cac 0.04 0.13 - - - - - - - - - - 
caj - - - 0 21 - 0.41 - - - 0.10 - 0.04 - - - 0 02 
caf 0.37 0.10 0.21 - - - - 0.90 - - - 0.03 - - 0.05 - 

cee - - - - - - 0.03 0.20 0.32 0 35 0.86 2.74 2 45 
cer - - - - 0.10 0.11 - - - - - - 0.02 0.04 - - 

chp - - - - - - - - - - - 0.05 - - 1.27 
chd 0.04 0.13 - - - - - 0.04 - - - - 0.38 0.24 1.01 1.01 
chv A - - 4.78 - 3.96 - - - 0.01 0.02 - 0.19 
coe 0.02 0.05 - - - - - - - - - - 

cm - 0.65 0.63 3.25 4.04 2.31 - 10.82 1.51 2.87 5.41 5.64 
duv - - - - - - - - - 0.01 - 0 0 1  

grb - - - - - - - - - - - - - 0.01 
g rf m - - - 0.02 - 0 06 - - 0.02 0.02 0.07 0 07 

gm - - - 0.06 - - 0.06 - 0.01 0.35 0.20 0 20 
gYc - - - - - - - - - - - 0.01 - 0.03 - 

SYS - - - - - - - - - - 0.01 - 

hal 2.47 - 0.08 3.37 4.18 3.54 - 0.06 0.02 0.02 - 1.51 0.21 0.10 0.36 0.55 
hay - - - - - - - - - - - - - - - 0.01 
hep - - - - - - - - - - - 0.13 - 
hyh - - 0.04 0.56 0.81 0.35 - - 1.63 0.37 0.03 1.09 1.21 
kar - - -  - 0.29 - - 0.05 - - 0.21 0.02 
mig - - 0.04 0.11 - 0.15 - 0.06 0.12 0.02 - - 0.22 
nip - - - 0 14 0.66 - - 0.04 0.21 0.02 0.46 0.77 2.16 
phc - 0.01 - - - - - - - - - 
P ~ P  0.04 0.24 - - - 0.04 - - - 0.01 - - 
plc - - - 0.04 0.05 0.12 - - - - - - 0.08 0.01 - 0.02 0.02 

poh 0.02 - 0.08 - - - 0.26 - - 0.02 - 0.20 - - - - - 
Poe 0.05 - 2.31 - 0.06 - - 0.1 1 0.17 0.09 0.92 0.78 - - 0.01 - - 
pof 34.67 34.74 67.30 2.90 9.13 4.80 2.01 1.92 36.80 53.05 33.86 40.26 7.63 0.49 0.01 0.59 0.98 
PO"' - - - - - - - - - - - - - 1.18 1.76 

PO" - 0.05 - - - - - - 0.62 0 42 0.05 - - - 0.45 0.20 

PO" 32.41 15 00 13.54 2.00 0.17 0.18 0.03 - 0.35 1.29 2.15 0.32 7.63 0 12 0.28 - - 
Pta - - - - - - - - - - - - - 0.01 0.01 

Pte - - - - - - - - - - 0 0 1  - - 0.01 
rhd - - - 0.05 0.91 0.62 - - - - - - 0.63 0.07 0.09 0.09 0.45 

Vt 0.25 0.09 - - - - - - - - - - - 
SOC 0.31 0.28 0.31 - - 0.15 - - 0.08 0.07 0.51 0.07 - - - 0.02 0.02 
SPC 0.04 - - - - - - - - - - - - - - - 
spm - - - - - - - - - - - - - - - - - 
spf 0.03 - - 0.02 - - - - - - - - 0.01 0.01 0.07 0.06 
s t ~  0.07 - - 0.10 0.12 0.73 - - - - 0.43 0 19 0.90 0.73 1.01 

N 20 16 16 15 17 18 4 4 9 10 11 13 15 22 21 25 30 
B 73.25 5288  26.05 19.60 22.08 24.71 2.50 2 3 0  38.91 56.20 40.49 10.64 32.55 5.54 7 16 19.56 24.98 

SB 75.72 22.13 25.17 22.45 

2 
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Table 2 (continued) 

Species Stn 7 Stn 8 Stn 9 Stn 10 
code 71 72 73 74 81 82 83 84 85 91 92 93 94 101 102 103 

clP - - - - 0.03 - - - - - - - - 

cla - - - - - - - - - - - - - 0.02 0.01 0.02 

ent - - - 0.03 0.01 - - 0.02 - - 0.13 0.17 1.05 
ulv 0.20 0.23 0.06 0.16 0.11 0.06 0.02 0.80 0.04 2.14 0.75 4.01 2.03 4.91 9.16 6.46 

asp - - - - - - - - - - - - - 
- 0.04 

COP - - - - - - - - - 0.02 - - - - 

cum - - - 0.01 0.01 0.01 0.09 0.07 - 0.01 - - 0.20 0.19 0.17 

del - - - - 0.06 0.1 1 - - - - - - - - 

did 0.04 0.09 0.03 0.17 0.02 0.90 4.86 0.12 0.23 0.85 0.70 2.20 1.79 0.07 0.09 0.01 
ect - - - - - - - - - - - 0.36 0.21 0.02 
las - - - 0.45 - - - - - - - 0 10 1.16 0.60 0.90 

PUP - - - - - - - - - - - - - 0.08 0.10 0.19 

sac - - - - 0.32 0.01 0.03 - 0.03 - - - - - - - 

ph i  - - - - - - - - 0.03 - - - - 0.04 - 

anp - - - - 0.18 0.03 - 0.01 0.01 - - - - 0 08 0.01 - 

apr - - - 0.01 - - - - - - - 

brb - - - 0.05 0.68 1.41 2.29 8.02 2.82 1.54 0 79 1 13 1.78 - 0.25 - 

cac - - - 4.50 0.19 0.42 0.36 0.09 - - - - - 

cal - 0 02 0.05 - - - - - - - - - 0 02 - - - 

caf 0.06 - - - 0.13 - 0.10 0.09 0.01 0.27 0 01 0 22 0 0 2  0.65 0.21 - 
cee 0.03 0 01 0.07 0.03 - - - - - 1.73 0 76 3.09 2 62 - - 0 02 
cer - - - - 0.47 - - 0.03 2.80 0 80 1 19 1 5 2  6.17 9.87 7.27 

ChP 0.07 - - - - - - - 0.12 0.02 0.14 - - - - 

chd 0.18 0 60 0.24 0.62 0.02 2.23 3.11 2.73 1.85 3.46 2 02 2.84 3 49 1 10 1.03 0.70 
chv 0.03 - - - - 0.19 - 0.18 - 1.54 1.54 1.61 1 8 1  0 02 - 0.09 
coe - 0.02 - - 0.13 - - - - - - - - - - 

cm 1 07 0.98 0.66 1.54 0.40 0.53 0.30 0.06 0.10 1.10 0.50 1.26 0.76 - 0 0 9  0.17 
duv - - - - - - - - - - - - - - 

grb - - - - - 0.05 0.02 0 06 - 0.06 - - - - 

grf 0 04 0.17 0 07 0.01 0.02 0.06 0.50 0.05 0.03 0 3 8  0.90 1.21 1.35 0.22 0.32 0.20 
g m  - - - 0.01 0.03 0.25 0.82 0.38 0.83 3 00 1.44 2.55 3.52 2.36 3.48 2.10 

gY c - - - - 0.02 - - - 0 0 1  - - - 

gY g - - - - - - - - 0.01 - - - - - 
ha1 0.13 0 0 3  0 0 9  0.06 0.04 0.13 0.08 0.25 0.03 0.53 0.15 0.25 0.88 - 0.01 0.07 

hay - - - - 0.01 0.01 - 0.01 - - - - - - 
hep - - - - - - 0.02 - - - - - 
hyh - - 0.04 0.06 - 0.11 - - - 0.02 0.13 0.27 0.26 0.01 0.26 0.23 
kar - - - - 0.07 - - 0.71 1.97 1.96 0.26 - - 0.07 
mig 0.02 0.08 0.07 0.28 - - - - - - - - - - - 
nip 0.02 0.05 0.05 0.04 - - 0.02 - 0.10 0.12 0.16 1.09 0.63 - - 
phc - - - - - - - - - - - - - - 
P ~ P  - - 0.12 0.03 0.33 - - - - - - - - - 

Plc - - 0.03 - - 0.87 - - - - 0.02 0.02 - - - 
poh - 45.80 - 0.34 - 0.12 - - - - - - 0.04 

Poe - 0.13 - 0.10 0.64 0.06 0.03 - 0.01 0.04 0.05 - 0.04 0.21 0.25 1.41 
PO f 2.77 3-13 1.01 2.86 17.38 8.39 8.21 7.27 3.84 0.74 1.16 6.72 7.63 2.78 1.83 1.92 
Pom - - - - - - - - - 1.20 0.65 - 1.61 - - 

pon - - - 0.05 0.14 0.63 0.43 0.76 0.65 0.53 0.53 1.21 0.02 0.21 - 
POU 0.03 0.05 0.06 0.25 0.02 0.41 0.14 1.19 0.36 - - 1.85 - 1.42 0.59 0.67 

Pta - 0.04 - - - - - - - - - - - 
Pte - - - - - - - - - 0.02 - - - - - - 
rhd - - - 0.10 - 0.07 0.02 - - 0.11 0.13 0.24 0.29 - 0.02 - 
rY t - - - - - - - - - - - - - - - - 
soc - 0.03 - 2.70 0.88 1.15 1.61 0.44 0.05 0.02 0.07 0.10 - - - 
SPC - - - - - - - - - - - - - - - - 
spm - - - - 0.01 0.01 0.01 - - - - - - - - 
spf - 0.07 0.17 0.04 0.11 0.28 0.06 0.10 0.20 1.31 1 14 3.26 2.89 0.05 0 30 0.02 
stl 0.09 0.11 0.21 0.25 - 0.21 0.34 0.12 0.25 0 35 0 70 1 2 3  0.98 - - - 

N 15 18 16 18 26 31 27 20 26 28 28 25 25 22 25 24 

B 4.78 5.84 2.91 6.62 73.85 18.18 23.95 23.97 12.33 24 75 17 15 37 95 3805 22 65 29.30 23.75 

SB 5 04 30.45 29 48 25 23 
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Fig. 4 .  Dendrogram showing classification of 45 samples 
based on macrophyte biornass. Dendrogram was formed by 
group-average sorting (X2 distance). Five main clusters (A to 
E) are distinguished at an arbitrary similarity level of 55 % 

(x-axis) 

( E )  Ulva sp. assemblage, sandy mud without shell and 
living maerl. 

The inverse analysis was conducted in an attempt to 
determine the species affinities. The dendrogram 
shows 2 different clusters separating at approximately 
30 % similarity. The main cluster subdivided into 2 oth- 
ers clusters at approximatively 60 % similarity (Fig. 5). 
Some species were separated from these clusters be- 
cause they were found only in a single station. Three 
groups of species were designated from the analysis of 
seaweed substrata: (E) epilithic species, (U) indifferent 
species, (M) maerl preferent species 

Ordination 

Ordination by correspondence factor analysis (CFA) 
of samples confirmed that the assemblages are spa- 
tially structured. Results of the 2 complementary meth- 
ods unanimously agreed, proving that the discontinu- 
ities enhanced by classification can be accepted as 

real. Clusters of samples from the classification have 
been delimited in Planes 1 and 2 in Fig. 6. 

Samples were clearly grouped in different sectors 
similar to the results of the clusters analysis. The 
groups were situated along Axis 1 in the order D,  C, A, 
and B was separated from the others by Axis 2.  Axis 1 
represents graphically a gradient of decreasing hydro- 
dynamic activity (from the left side to the right side) 
represented by modifications of the nature of sub- 
strata. Axis 2 represents graphically the role played by 
the nature of substrata on the algal assemblage com- 
position and particularly the maerl quality for the 
group B. 

The contribution to the total inertia of the first and 
second axes were 25.2 and 13.3 % respectively. Major 
absolute contributors to the inertia explained by Axis 1 
were, in decreasing order, Solieria chordalis C. Ag- 
ardh, Polysiphonia elongata Hudson, Polysiphonia ur- 
ceolata Lightfoot. ex Dillwyn., Polysiphonia fibrillosa 

S I M I L A R I T Y  % 
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- pou 
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ect - 
Fig. 5. Dendrogram of inverse analysis comparing 46 macro- 
phytes species occuring in the 45 samples of the survey 
Dendrogram was formed by group-average sorting ( X 2  d ~ s -  
tance). Three main groups are distinguished at an arbitrary 
similarity level of 50 %. Rare species are thrown out of these 

groups 
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Fig. 6. Correspondence factorial analys~s  graph. Projection of variables (macrophyte species) and observations (samples) in 
Planes 1 and 2. After a first analysis rare specles and very isolated samples (51, 52, 81, 101, 102, 103) were removed. Contribu- 
tion to the total inertia of the first axis was 25.22 %. and second axis 13.33 %. Major absolute contributors to the inertia expla~ned 
by Axis 1 were, in decreasing order, variables: Solieria chordalis, Polysiphon~a elongata, Polysiphonia urceolata; observations: 54, 
55.53. For Axis 2 major absolute contributors were variables: Gracilaria verrucosa, Plocamjum cartilagineum, Gracilaria foliifera; 
observations: 61, 41, 91. Each species is represented by the first 2 letters of the genus name and the first letter of the species 

name (e.g. Polysiphonia fibrillosa = pof, see  also Table 2) 
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Dillwyn, Nitophyllum punctatum Stackhouse, and 
Brongniatella byssoides Goodeviough et Woodward. 
For AXIS 2,  major absolute contributors were Gracilaria 
verrucosa Hudson, Plocamium cartilagineum Linn- 
aeus, Gracilaria foliifera Fors kal, Polysiphonia urceo- 
lata and Microcladia glandulosa Solander ex Turner. 
Projection of the observations (samples) on the CFA 
plane were correlated with those of variables repre- 
sented here by species. Distribution of the latter shows 
a clear relation with the substratum and the hydro- 
dynamic activity as previously shown by the delin- 
eation of dendrograms clusters. 
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western site (HES), and the lowest in the DEL and 
SHM (Stns 7, 9 and 10: S < 25) (Table 3). The 
Lithothamnion beds DLL and MIL were homogenous 
with intermediate values of S= 30). Three species were 
locally dominant and induced high abundance (A) or 
biomass (B) and low H' values: Balanus crenatus 
Bruguiere (Stn 7: A > 500 m-'), Crepidula fornicata 
(Stns 2,  3 and 7: A > 50 m-'), Ficulina ficus (Stn 5:  B > 
400 g m-2; H' = 0.7). A total of 110 different species 
were recorded at the 10 stations. 

Trophic structure 

Faunal data were analyzed by the same methods 
as the algal data. Four clusters of samples were iden- 
tified by the classification analysis (A, B, C, D: simi- 
larity = 60 %). Four secondary clusters were individu- 

The highest total number of species, S,  was observed alized in the A group (Al to Aq: 70 % homologous 
on the Banc du Corbeau (Stns 3 and 8: S 2 40) in the similarity). The grouping of samples and stations 
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Table 3.  Richness of the fauna in the study area in terms of no. of individuals, no. of species, biomass and specific diversity (H'. 
Shannon index). Average values (SE) of 5 samples 

Stn Abundance 
(ind. m-2) 

51 (14) 
99 (83) 

l01 (102) 
70 (34) 
14 (7) 
69 (39) 

568 (175) 
279 (480) 
83 (21) 
11 (11) 

No. of 
species m-' 

14.1 (3.0) 
14.2 (3.4) 
17.2 (2.2) 
15.3 (3.1) 
2.0 (1.8) 

12.6 (4.8) 
11.0 (3.6) 
14.4 (2.6) 
11.7 (3.2) 
7.3 (0.9) 

Biornass 
(g m-2) 

Diversity index 
( H ' )  

1.40 (0.65) 
2.5 (0.9) 
1.80 (0.56) 
2.80 (0.27) 
0.70 (0.26) 
3.17 (0.40) 
2.50 (0.35) 
2.7 (0.5) 
3.90 (0.06) 
2.90 (0.15) 

Total no. of 
species. S 

obtained by the fauna analysis did not differ much 
from that obtained by algal analysis (cf. Fig. 4).  
Analysis of the trophic structure according to these 
clusters (Fig. 7) shows a progressive substitution of 
suspension feeders by herbivores. Thirty-eight sus- 
pension-feeding species were encountered including 
the sponges Halichondria panicea Pallas and Ficulina 
ficus Olivi, the polychaetes Potamoceros tnqueter 
Linnaeus and Serpula vermicularis Linnaeus, the 
gastropod Crepidula fornicata Linnaeus, many bi- 
valves such as Anomia ephippium Linnaeus and 
Modiolus barbatus Linnaeus, the crustacean Balanus 
crenatus Bruguiere, and numerous ascidians (Ascidia 
mentula Muller, Phallusia mammillata Cuvier, Pyura 

microcosmus Savigny, Morchellium argus Milne-Ed- 
wards). Herbivores consisted of gastropods (Aplysia 
punctata Cuvier, Calliostoma zizifinum Linnaeus, 
Cantharidus striatus Linnaeus, Gibbula magus Lin- 
naeus. Gibbula cinerana Linnaeus), polyplacophores 
(Achantochitona crinatus Pennant, Tonicella mar- 
morata Fabricius), and echinoderms (Echinus escu- 
lentus Linnaeus. Psammechinus miliaris Gmelin, 
Spherechinus granularis Lamark). Carnivores (essen- 
tially small crustaceous Decapods and Gastropods) 
and deposit feeders (Plathynereis dumerilii Audouin 
and Milne-Edwards, Eunice harassi Audouin and 
Milne-Edwards) had low variations in the different 
clusters (dominance varied from 20 to 30 %). 

S A  Ascidians 

S B  Biva lves  

S C  Crustaceans  

S E  Echinoderms 

S G  Gast ropods 

S P Polychaetes 

S S  Sponges 

Herb ivores  

Carn ivores  

m Deposi t  feeders  

[ Suspension f e e d  

C F A  F L O R A  

C F A  F A U N A  

ers 

Fig 7. Trophic structure of epi- 
fauna in the groups of samples 
identified by ordination analysis 
on total faunal data. Main sam- 
pllng stations of each group are 
indicated on the last 2 lines of 
the figure. Clusters of samples 
identified by algal and by faunal 
analyses were found to be very 
similar. CFA = Correspondence 

Factorial Analysis 
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Role of fauna in the quantitative and qualitative 
variability of supports 

Analysis of algal support characteristics in each clus- 
ter (Table 4) illustrated the major role of fauna in sup- 
plying algae with substrata. After the death of the ani- 
mals, calcareous structures (shells, tubes) settle on the 
sediment surface and become suitable substrata for 
algal fixation and growth. These biogenic supports 
constituted more than 80 % of the total number of sup- 
ports in Groups B1, B2, and E, and more than 50 % in 
Groups B3 and D. Moreover, they differed qualita- 
tively from one group to another: 48.75 % of the sup- 
ports were Crepidula shells in Group A whereas 
44.22 % were bivalve shells in Group B3 and 40.55 % 
small gastropods (Gibbula, Calliostoma) in Group E. 
This variability of biogenic substrata is a reflection of 
the living population's diversity. 

DISCUSSION 

Dissimilarities in algal assemblages 

Algal assemblages were largely different from the 
assemblages described by Cabioch (1969) for the 
maerl beds of the Bay of Morlaix (north Brittany, 
France). The main assemblage dominated by Solieria 
chordalis, Halopytis incur-us, Rytiphlea tinctoria 
(Clemente) was not found in the Bay of Brest. The tur- 
bidity which has globally increased over the last 10 yr 
(Hily 1984) can explain this main alteration of the algal 
communities in the northern basin of the Bay of Brest. 
Only S. chordalis was recently found to be abundant in 
calm waters of the southern basin (Floc'h et al. 1987). 
Modifications of agricultural activities which enhanced 
the terrigenous effluents by the rivers are responsible 

for this increase in turbidity. The assemblage observed 
on maerl beds in the summer was not far from the other 
maerl asemblages in Brittany, but the Pheophyceae re- 
mained rare [Rhodophyceae : Pheophyceae = 1 : 10 in 
the Bay of Brest, while this ratio was 1 : 2 in Glenan 
Archipelago, southern Brittany (Blunden et al. 1977)l. 

Algal production 

The annual production of macrophytes in the study 
area cannot be easily calculated from these experi- 
ments because the biomass variations over time were 
not surveyed. However, a rough estimation can be 
made considering only the 4 mo period from t, = 

March, biomass B, = 0, to t2 = June, biomass B2 = new 
production. From biomass values (Table 2, biomass 
station-') and their extrapolation to the whole area, 
which was divided in 5 assemblages (according to the 
cluster results and the sedimentary units; Fig. 2). the 
mean production should be 6 g C m-2. Carbon :dry or- 
ganic matter retained was 30 % (value obtained from 
18 macrophytes of Brittany by Kerambrun 1984). 

Factors controlling algal assemblages 

Analysis of algal distribution on the soft bottoms of 
the study area showed a succession of assemblages on 
a west-east gradient. Spatial distribution of algal as- 
semblages is the result of the positive and negative 
factors influencing the biological parameters of the dif- 
ferent species. The abiotic factors appeared as the first 
group of factors controlling the structure and the spe- 
cific composition of assemblages and particularly hy- 
drodynamic activity, which acts as a disturbance. But 
the biotic factors such as interspecific competition, fau- 

Table 4 .  Qualitative and quantitative characteristics of the supports used by algae in the groups of stations defined by algal 
analysis. Standard error given in parentheses 

Sampling station 
8-1 2 4-6 9 5 3 10 

Charactenstic clusters: AI-A2 B1 B2 B3 C D E 

Total no. of supports 39 (40) 44 (24) 4 (1) 27 (13) 55 82 (2) 19 (2) 
Mlneral support (%) 54.18 8.38 20 34.8 72.5 49.82 10.18 
Crepidula shells (%) 3.4 48.75 40 12 0 9.37 17.65 
Other Gastropoda shells (%) 2.3 2.66 0 9.59 2.25 16.2 40.55 
Bivalvia shells (%) 32.29 15.84 6.67 44.22 4.3 4.69 31.62 
Polychaeta tubes (%) 7.82 17.25 37.33 0.28 20.7 20.7 0 
Total animal biogenic supports (%) 45.82 91.62 80 65.2 27.5 50.18 89.82 
Surface covered by living Lithothamnium (%) A1 A2 

0 47 0 98 30 20 17 0 
Surface covered by dead Lithothamnium (%) A1 A2 

0 47 80 0 30 0 0 75 
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nal/floral competition, grazing by herbivores, and ani- 
mal contribution in substrata must be taken into 
account to understand the mechanisms by which the 
main disturbance acts. Disturbance can be considered 
in a variety of ways, according to the spatial and tem- 
poral scale of observation: (1) Clements (1936) and 
Grime (1977) defined disturbance to be a negative 
force that destroys climax assemblages, inducing an 
unstable state. (2) Paine (1966) and Lubchenco & 
Menge (1978) considered the disturbance to be a posi- 
tive force, preventing competitive exclusion by domi- 
nant species and consequently increased diversity. 
(3) Disturbance should be a necessary feature of com- 
munity dynamics which maintains a regionally stable 
state (Sprugel 1976). We consider these different 
points of view to be complementary, each of them 
serving to explain a part of the results. 

Abiotic factors 

Temperature and salinity can be considered to have 
negligible action because they have low variations 
within the whole area during the production period of 
algae. On the other hand, hydrodynamic activity (i.e. 
tidal currents, waves and turbidity) showed large vari- 
ations of intensity in space and was certainly the main 
factor controlling species distribution. 

Tidal currents 

Tidal currents remain slow in the greater part of the 
study area, with the exception of the Elorn River estu- 
ary (Stn g), where they can reach more than 1 knot h- '  
at spring tide and increase resuspension and distur- 
bance by waves. However, disturbance caused by tidal 
currents remains low compared to that of waves. 

Waves 

In the western part of the study area, the swell, fre- 
quent in autumn and winter, turns cobbles and carries 
shells and sand. Persistence of a stable algal commu- 
nity is impossible in this area, only crustose algae can 
remain throughout the year. These features reveal, ac- 
cording to Davis & Wilce (1987a), communities con- 
trolled by physical factors in which tidal currents and 
storms have sufficient force to cause alteration in the 
substrata. Instability of substrata allowed only the de- 
velopment of opportunistic species such as PoIy- 
siphonia, which grows very rapidly in the spring and 
reaches a high biomass (1000 g organic wet wt m-'). 
Diversity was low (Shannon index H' 1.5); Stns 3, 5 

and 9 were examples of this. Support disturbance can 
create free patches of space through the elimination of 
certain substrata and associated algae by transport 
(Davis & Wilce 1987a), and enhance the variability of 
abundance and diversity within one sampling station. 
Moreover, inter- and intra-station heterogeneity ex- 
isted because, according to Sousa (1979), it is the fre- 
quency with which a support is disturbed, rather than 
simply its size, that is responsible for different patterns 
in the species composition in substrata of different 
stability. Consequently due to the heterogeneity of 
disturbance frequency, and the size and nature of 
the substrata, the species composition is unpredictable 
in small temporal and spatial scales. In a larger scale, 
estimation of a mean frequency of the support distur- 
bance can determine the time interval over which the 
successive species replacement can occur. However, 
as highlighted by Sousa (1979), the successive age of 
a boulder does not return to zero each time it is over- 
turned by waves; often some organisms survive and 
continue to grow, a fact which increases heterogeneity 
between boulders. This explains the observed 
complexity of the species composition and production. 
When hydrodynamic activities are decreasing (Stns 2, 
4 and 6) maerl is able to grow. Maerl beds were 
stabilized by a persistant epiflora (Gelidiella calcicola 
Maggs et Guiry, Dictyocta dichotoma Hudson), 
which produces adventitious links between the maerl 
shrubs. Several selective species characterize the 
'maerl assemblage'. 

Turbidity 

A transitional area with living and dead maerl exists 
in the eastern study area (Stns 1 and 7). Growth of 
maerl is limited by the turbidity induced by the terrige- 
nous effluents of the Elorn River, the second main abi- 
otic factor controlling algal assemblages. Dead maerl is 
poorly colonized by epiflora and can be easily carried 
by currents and waves to the eastern part of the bay. 
Biomass remains low (Table 2,  Stn 7). Species found 
were those which constitute the maerl beds and the 
ubiquitous ones (Rhodophyceae and Pheophyceae). 

Stn 9 is situated on a bank which was previously ex- 
ploited for oyster beds (Ostrea edulis) before the high 
mortalities which affected this species in the 1960s. 
Large amounts of shells remain on the bottom. The 
contribution of the bivalves as substrata for epiflora 
and epifauna is now enhanced by 2 bivalve popula- 
t ion~:  the black scallop Chlamys varia Linnaeus and 
Venerupis pullastra Montagu. The algal assemblage is 
composed of the ubiquitous species (Rhodophyceae 
and Pheophyceae), which are not controlled by the 
high turbidity (usually exceeding 800 mg I - ' ) .  
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Turbidity determined the vertical distribution of 
macrophytes in the eastern part of the study area (Stn 
10), which was dominated by Ulva sp.;  at depths 
greater than 2 m, biomass decreased very rapidly from 
10 to 1 g m-2. In this sheltered bay, eutrophication 
favored Chlorophyceae development and particularly 
the Ulva, which can grow free of substrate. The lack of 
residual current in the bay is another favorable factor 
for the development of Ulva (Menesguen & Monbet 
unpubl.). Competition with other species is minimal 
because of the very low densities of favorable supports 
for fixed algae. The bottom was essentially covered by 
small fragments of dead maerl in which the Rhodo- 
phyceae fixation is rare and temporary. 

Biotic factors: faunallfloral interactions 

Biotic factors influenced the algal assemblages in 2 
ways: (1) directly, by spatial competition with fauna 
and grazing by herbivores and (2)  indirectly, by con- 
tributing animals to the shelly substrata. 

Direct relationships 

Spatial competition between fauna and flora was not 
a major factor of control. At Stn 5, however, this phe- 
nomenon was important because of the abundance of 
large suspension feeders (Ficulina ficus and Phallusia 
mammillata) which commonly occupied more than 
50 % of the sediment surface. Opportunistic species 
such as Polysiphonia fibrillosa and P, urceolata have 
the best adaptability in this competition. This particu- 
larity explains the Isolated situation of Stn 5 in the den- 
drograms. A similar competition between algae re- 
cruitment and suspension feeders has been observed 
by Dayton (1975) in the intertidal zone in California 
(USA) between the Mytilus edulis Linnaeus mats and 
the Lessonopsis algae. Dethier (1984) studied the dis- 
turbance and recovery in intertidal pools and en- 
hanced the role of Mytilus californiensis and 
Anthopleura elegantissima as spatial con~petitors of 
algae. At the normal herbivore densities, as demon- 
strated by Dayton (1975), the growth of algae restricts 
the ability of the herbivores to eat the young plants, 
therefore the plants are no longer threatened. The pre- 
dation by decapods and Asterjas rubens Linnaeus 
maintained the densities of most molluscan and echin- 
oderm herbivores below the presumed capacity of the 
environment. In the Bay of Brest, the presence of 
Sphaerechinus granularis Lamark, reaching local den- 
sities of 2 to 3 ind. m-', can affect the algal cover in 
small spatial and temporal scales. But this should not 
affect the control of the algal cover in the scale of the 

whole area by limiting biomass and by modifying the 
specific composition assemblage as a biotic distur- 
bance. On the other hand, hydrodynamic activity was 
a disturbance for the herbivores via algae in 2 ways: (1) 
many small molluscan herbivores living on the macro- 
phytes are carried with their supports to the eastern 
part of the bay and driven ashore in autumn and win- 
ter. Despite the high abundance and biomass of the 
Aplysia punctata population, the proliferation of Ulva 
is not biologically controlled by grazing because each 
storm carries to shore a high biomass of Ulva and 
Aplysia. (2) The lack of algal feeding throughout the 
year is a limiting factor which prevents the establish- 
ment of a structured and persistent assemblage of ani- 
mal species dominated by the herbivorous species 
(Fig. 7 ,  Stns 5, 3, 8, 4 and 6).  The decrease of hydrody- 
namic disturbance to the east of the bay is correlated to 
a progressive increase in dominance of herbivores in 
the epifaunal trophic structure. In fact, the abundance 
of the macro-detritus of algae throughout the year in 
the eastern areas allows the persistence of herbivores 
outside the period of new macrophyte production. 

Indirect relationships 

Indirect relationships between algae and fauna are 
linked with the algal dependance on the supports for 
recruitment and growth. Except at Stns 3 and 8 (Table 
4) ,  almost all algal supports were biotic supports, i.e. 
shells of bivalves and gastropods, calcareous tubes of 
polychaetes. Most of these supports are transported by 
waves and currents when growth of the fixed algae in- 
creases the buoyancy of the 'algae + shell' system. The 
population dynamics parameters (particularly the mor- 
tality) of the shell species determine the densities and 
the qualitative characteristics of the substrata. Size and 
quality of the animal's biotic supports are also impor- 
tant in the qualitative composition of the algae assem- 
blages. Liebermann et al. (1984) acknowledged this 
fact from the results of Harlin & Lindberg (1977) which 
demonstrated that the difference in availability of 
spores is influenced by surface texture and microto- 
pography. The small substrata remain in the early 
stages of colonization with an abundance of open 
space and are usually dominated by those species set- 
tling in the highest abundances in that one period of 
time (Sousa 1979). In the Bay of Brest these oppor- 
tunistic species were the cirripedian Balanus crenatus 
which covered most of the small supports and com- 
peted for space with the opportunistic algae Poly- 
siphonia fibrillosa and P urceolata. 

Dredging can also be considered as an anthro- 
pogenic disturbance of algae, supports and epifauna. 
The black scallop Chlamys varia is locally abundant on 
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these banks and is intensely fished by dredging in the 
winter period. As demonstrated before (Hily & Le Foll 
1990), this process induces large modifications in the 
substrata distributions. 

Disturbance and limiting factor 

The spatial patterns of disturbances and limiting 
factors in algal assemblages are shown in Fig. 8. A 

BREST 

Fig. 8. Main disturbances and limiting factors of algal assem- 
blage distribution in the northern part of the Bay of Brest. 
(a): wave disturbance; (b ) :  grazing; (c): turbidity; (d): shelly 
substrate availability; (e): spatial competition; (1) to (5): algal 

assemblages (described in text) 

succession of 5 units identified by algal and faunal as- 
semblage analysis is situated in a SW to NE gradient. 
Hydrodynamic activity, particularly waves (a), and 
grazing by herbivores (b), which destroy biomass, can 
be considered as disturbances according to the defini- 
tion of Grime (1977) (see 'Introduction' of this paper); 
they are in opposition in this gradient. Turbidity (c) and 
density of animal substrata (d), which prevent develop- 
ment of some species and restrain production, can be 
considered as limiting factors; in the gradient they are 
in synergy and opposed to the 'spatial competition' 
factor (e) (i.e. spatial competition between suspension 
feeders and algae). 

Sutherland (1981) described 3 types of disturbances: 
Type I - those that are not capable of changing the res- 
ident assemblage (the community has persistent stabil- 

ity); Type I1 - those that alter community structure, but 
only temporarily (so that it readjusts within several 
generations); Type 111 - those that change the resident 
assemblage 'permanently'. In Type I11 the global sta- 
bility is unattainable, and is a relative term. The situa- 
tion observed in algal assemblages of the Bay of Brest 
can be interpreted as a succession of the 3 described 
types of disturbances: the resident assemblage of the 
western area is always dominated by opportunistic 
species and the global stabihty is unattainable due to 
the high frequency of hydrodynamic disturbances 
(Type 111) (Fig. 8, Unit 1). In the middle area the maerl 
bed assemblage is altered only in autumn and winter, 
during the highest period of storms and gales. The bio- 
mass is temporarily destroyed but the species assem- 
blage is readjusted the following spring (Type 11) (Fig. 
8, Units 2 and 3). In the eastern area the assemblage is 
dominated by long-living species which are controlled 
by limiting factors, such as turbidity, rather than hy- 
drodynamic and grazing disturbances, which cannot 
deeply alter the assemblage structure (Type I). Dredg- 
ing for the black scallop is a Type I1 disturbance, super- 
imposed locally in the 3 areas (Fig. 8, Units 4 and 5). 

CONCLUSION 

Tlus study showed that methods of ecological analysis 
classically utilized in animal ecology can be used effi- 
ciently to analyze the algal ecology. The similar steps 
taken for the analysis of floral and faunal data in the 
same area and period of time is not frequent in litera- 
ture, but provides interesting conclusions about the 
ecology of shallow, soft-bottom sediments. It demon- 
strates the necessity of integrating the physical/ 
floral/faunal processes in order to understand the func- 
tioning of the shallow-bottom ecosystems. The distribu- 
tion of algae is the result of abiotic and biotic factors. 

Abiotic factors acted as stochastic (waves) and peri- 
odic (tidal currents) disturbances (Sousa 1979) which 
destroy biomass. On the other hand, the same factors 
operated as a positive force which increased the pro- 
duction and the productivity of the algal fields. In the 
same way, disturbance is important in providing space 
for colonization by opportunistic species and in main- 
taining high diversity assemblages. 

The fauna/flora interactions also provided positive 
and negative impacts upon the populations. Grazing 
by herbivores reduced algal biomass but enhanced its 
production. Persistence of algal cover increased the 
biomass and diversity of herbivores and associated 
carnivores. Suspension feeders and algae were in com- 
petition for occupation of space, but algae provided 
detritus exploited by the suspension feeders during the 
winter periods. 
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According to the 'niche concept' of Hutchinson 
(1957) which is defined as 'the set of conditions in 
which the species live and breed', we can consider that 
the ecological niche of Lithothamnium corallioides, 
which determines the maerl assemblage of erect 
macrophytes, is very narrow and subjected to many 
controlling environmental factors. Moderate current 
and wave action on the one hand, but moderate tur- 
bidity and sedimentation on the other, are antagonistic 
conditions which explain the limited ecological area 
and spatial distribution observed for this species on the 
soft, shallow-bottom of the coastal temperate waters. 

Few studies have examined the relationships be- 
tween algal diversity and the stability of substrata in 
marine environments (Lieberman et al. 1979, 1984, 
Sousa 1979a). This paper demonstrated that the devel- 
opment of macrophyte assemblages on soft-bottom 
sediments was almost entirely dependant on substrata 
which was only biotic (either calcareous algae as maerl 
or shells of benthic invertebrates). Variability of algae 
populations was then correlated with the dynamics of 
the populations which played the role of substrata 
(maerl, bivalves, gastropods). Finally the availability of 
those substrata was controlled by the physical distur- 
bance of waves and tidal currents. 
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