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ABSTRACT: After the 'Amoco Cadiz' oil spill (Mar 1978), a 4 yr survey of the microphytobenthos (cell 
numbers and chlorophyll a content) was carried out on a mud flat polluted by petroleum hydrocarbons. 
There was an obvious peak of microphytic biomass 7 mo after the spill, a decrease during 1979-1980, 
and a slow increase again in 1981. Moreover an annual pattern in biomass variations, involving early 
spring and autumn maxima, was noticed for 1979-80-81. whereas this seasonal cycle did not appear in 
1978. During the unexpected increase in chlorophyll a content in autumn and winter 1978, a bloom of 
Euglenophyta and small epipelic diatoms was observed. Results suggest that the hydrocarbons affected 
the long-term trend of the biocenosis. 

INTRODUCTION 

Very few papers deal with the consequences of oil 
pollution on microphytobenthos communities, whereas 
numerous studies have been carried out on physiologi- 
cal responses to pollution of phytoplankton in culture 
(Parsons et al. 1976, Prouse et al. 1976, Hsiao 1978), 
artificial enclosures (meso- and microcosms) (Elmgren 
& Frithson 1982, Oviatt et al. 1982, Skjoldal et al. 1982), 
and in natural populations (Gordon & Prouse 1973, 
Vargo et al. 1982). Phytoplankton responses to simu- 
lated or accidental pollution are diverse and depend 
upon the species, pollution level, nature of oil pollut- 
ant and environmental factors. The results are some- 
times contradictory and it is difficult to interpret and 
generalize them. Microflagellates and benthic micro- 
algae seem to be more resistant to pollution than 
pelagic diatoms (cf. Hsiao 1978, Lacaze 1978, Dahl et 
al. 1983). The mucus sheath covering epipelic diatoms 
and their migratory capacity can preserve them from 
serious damage. Nevertheless, these algae can also be 
affected by oil pollution and the level of their response 
depends in part upon the physical properties of the 
pollutant. Contact with a water/oil emulsion seems to 
be very harmful (Lacaze 1978). On the other hand, 
stimulating effects on the growth rate of phytoplankton 
(Parsons et al. 1976, Prouse et al. 1976) as well on that 
of microphytobenthos (Lacaze 1978) have been 
observed, especially at low levels of pollution. It has 
been also suggested by several authors working on in 
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situ populations (cf. Johansson et al. 1980), or on 
enclosed planktonic ecosystems (Vargo et al. 1982, 
Dahl e t  al. 1983), that pollution can reduce grazing and 
thereby induce a secondary microalgal bloom. Ecolog- 
ical surveys of oil polluted benthic microalgal com- 
munities are scarce. Bakke e t  al. (1982), working on a 
sandy sediment artificially polluted by a relatively low 
level of hydrocarbons (= 110 ppb), did not find sig- 
nificant differences in the chlorophyll a concentration 
of the polluted and reference sediments. 

The pollution caused by the 'Amoco Cadiz' ship- 
wreck on the Brittany coast was one of the most severe 
to be reported (D'Ozouville et al. 1978, Law 1978). 
Some 220,000 t of Arabian light petroleum was carried 
by this supertanker, and Gundlach e t  al. (1983) have 
calculated that about 62,000 t of oil were washed into 
the intertidal zone. Several surveys of microphytoben- 
thic polluted communities were carried out after this 
oil spill. Some of these were initiated a few days before 
the arrival of hydrocarbons at the coast: at Corn ar 
Gazel, a sandy beach in the Aber BenoEt (Bodin & 
Boucher 1983), and on an intertidal mud flat in the 
Dourduff estuary (Boucher e t  al. 1982, Riaux 1982), 
whereas another study started some months later 
(Plante-Cuny et al. 1980) in a heavily polluted salt- 
marsh of the Ile Grande. 

The present study deals with long term variations in 
microphytobenthos biomass (chlorophyll a) and 
species successions on a mud flat in the Dourduff 
estuary. The aim of the survey was to determine how 
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far hydrocarbons had changed the benthic community, 
altered the seasonal cycle, and promoted or adversely 
affected the growth of some microphytes. In previous 
studies on this mud flat (Riaux 1982, 1983) it has been 
shown that the microalgal biomass is affected by short- 
term variations which are related to the diurnal tidal 
cycle and the neap-spring tidal cycle. Here the varia- 
tions over monthly and yearly cycles are discussed. 

trophotometric method (Causse & Mestres 1975). For 
this last analysis only 1 sediment core was normally 
collected. The petroleum data from all the layers sam- 
pled are presented here. Microphytes were harvested 
from the sediment using the migration technique on 
lens tissue (Grade 105 Whatman) described by Eaton & 
Moss (1966). Only diatoms and Euglenophyta (the most 
abundant microphytes) were considered. Mathemati- 
cal treatment of data was performed using a 'tendency 
extracting' program (cf. Laurec & Le Gall 1975). 

MATERIALS AND METHODS 

The sampling station was located on a mud flat in 
the upper part of the Dourduff estuary at about mid- 
tide level. The Dourduff location is virtually unpol- 
luted from local sources except for a little boat traffic. 
Sediment samples were collected in triplicate every 
month (from Mar 1978 to Aug 1981) with a 5.4 cm (I. D.) 
plexiglass corer, at low tide, during neap tide periods. 
The first sampling was performed before the oil arrived 
on shore. Only data concerning the top layer of the 
sediment (0 to 0.5 cm) are discussed here. Chlorophyll 
a (Chl a) and phaeopigments (Phaeo) were extracted 
from the sediment according to the method of Plante- 
Cuny (1974), but without grinding the samples. Pig- 
ment concentration, used as a biomass indicator, was 
determined according to the method of Yentsch & 
Menzel (1963), using a Turner l l l fluorometer equip- 
ped with an R 136 phototube and using Lorenzen's 
(1966) equations adapted to sediments. Petroleum 
aliphatic hydrocarbons were extracted in CC1, and 
concentrations were measured by the infra-red spec- 

Amoco Cadiz 

RESULTS 

Aliphatic hydrocarbons 

After the 'Arnoco Cadiz' shipwreck the oil rapidly 
fouled the rocky shore and sandy beaches of North 
Brittany (1 to 8 d for all the 140 km polluted coast). 
Subtidal sediments and upper zones of embayments 
were more slowly polluted. Several studies are now 
available on the different forms of behaviour of hyd- 
rocarbons from the 'Amoco Cadiz' in the water column 
and sediments and on the different patterns of oil 
degradation (cf. Gundlach et al. 1983). 

In the Dourduff mud flats, polluted by water/oil 
emulsion, the highest concentrations of aliphatic hyd- 
rocarbons were observed 3 mo after the oil spill 
(Fig. 1). The oil slowly penetrated into the sediment 
and reached very high values (up to 9,000 ppm in Jul 
1978). After this first pollution stage, which lasted 
4 mo, the level of pollution decreased gradually, the 
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Fig. 1. Vertical distribution of aliphatic hydrocarbons in the Dourduff mud flat (1978-1980). Arrows: shipwrecks of 'Amoco Cadiz' 

and 'Tanlo' 
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Fig. 2. Aliphatic hydrocarbons, chlorophyll a and phaeopig- 
ments in the top layer of the sediment (0 to 0.5 cm). Open 
symbols represent the prepollution data. The curve (for Chl a 
and Phaeo) represents the mean of the replicates (black sym- 

bols) 

lowest layers of the mud being decontaminated first 
(Fig. 1) .  During December 1978 the mean value was 
lower than 200 ppm. Following this winter, a long 
period (Jan to Dec 1979) was characterized by a 
residual pollution (-- 150 ppm). During the 1979-80 
winter period the level of the pollution recovered to 
normal (prepollution) values (i.e. 50 ppm). Unfortu- 
nately the Brittany coast was polluted again after the 
Tanio shipwreck in March 1980 (10,000 t of hydrocar- 

Fig. 3. Chlorophyll a 'seasonalization' 
Points: mean Chl a concentration mea- 
sured each month (last 4 points esti- 
mated); horizontal bars: mean for each 
year; thin and hatched curves: seasonal 
model calculated from the 1979 to 1981 
period; open symbol: prepollution data 

bons) (Bodennec et  al. 1983). The mean value from 
March to August 1980 reached up to 150 ppm. 

Oil dispersed in a n  irregular pattern over the mud 
flat as was shown by large varlations in oil content of 
replicate cores, especially just after the oil spill. In the 
top layer of sediment, the standard deviation (a) for a 6- 
fold determination in June 1978 exceeded the mean 
value (g + a = 373 + 446 ppm), whereas in June 
1979, for a 17-fold determination, it was lower 
(G k a = 165 f 141 ppm). The micropatchiness of the 
hydrocarbons might have been caused by the activities 
of endofauna such as Nereis diversicolor or Scrobi- 
cularia plana. The microstructure may also have con- 
centrated hydrocarbons (cf. Clifton e t  al. 1984). 

Pigment content 

During this study, chlorophyll a concentrations 
ranged from 5 to 50 pg Chl a g- '  dry sediment. During 
the first few months following the 'Amoco Cadiz' oil 
spill, neither a n  increase nor a decrease was observed. 
Values were obviously increasing during the 1978 
autumn and winter. Large fluctuations occurred also 
during this last period (Fig. 2). After this stage, a slight 
drop of Chl a concentrations during 1979 and 1980 was 
noted. Moreover a seasonal increase was obvious dur- 
ing early spring (Mar) and late summer (Aug and Sep), 
whereas a n  evident decrease occured during winter 
periods. 

The 'tendency extracting program' that had been 
applied to these data (1979-80-81), calculates the 
mean seasonal trend around the annual mean level of 
each year (Fig. 3).  The seasonal trend clearly apppears, 
except for 1978. The late 1978 autumn bloom was not 
predicted and the mean trend was abnormally high; 
furthermore, the March Chl a level (before pollution) 
was lower than that predicted by calculations. 

Seasonal and annual variations of phaeopigments 
are not as marked as those of chlorophyll a. There was 
only a slight decrease of phaeopigments during winter 

I 
model (1979- 1981) 
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Fig. 4.  Chl alPhaeo ratio in some layers of the sediment 

periods and a generally high level in 1979 (Fig. 2). 
However a long-term trend obviously appears in fluc- 
tuations in the ratio Chl a/Phaeo (Fig. 4). During the 
first months following pollution, Chl a dominated, 
after which the products of degradation such as 
phaeopigments became dominant until 1981. This 
trend is well pronounced in the top layer (0 to 0.5 cm) 
of the sediment but is also detectable in the lower layer 
(4 to 6 cm). 

Benthic microalgae: successions and cell numbers 

In order to know which microphytes were respons- 
ible for the quantitative variations in chlorophyll a 
content of the sediment, a study of the dominant 
species (mainly diatoms and Euglenophyta) was initi- 
ated in August 1978. We do not know what changes 
occurred just after the oil arrival (Mar to Jul 1978), but 
we can compare species successions and cell numbers 
which took place during the 4 consecutive years after 
the shipwreck. The main points are: (1) recurrent sea- 
sonal patterns of species successions over the 4 yr; 

(2) dominance of very small Naviculaceae, nanophy- 
tobenthos, during the summer months of each year 
(Riaux 1983); (3) great fluctuations of the annual varia- 
tions in cell numbers (Fig. 5). 

The trend of variation in the epipelic diatom num- 
bers is quite similar to that of Chl a 'biomass'. Small 
Naviculaceae, such as Navicula phyllepta or N. gre- 
garia, which bloom during summer, have a very low 
volume (102 to 103 pm3), so cell densities have been 
plotted (Fig. 5b) on a logarithmic scale in order to 
make more realistic comparisons with the pattern of 
Chl a variation. 

Euglenophyta were also present in great densities, 
mostly Euglena limosa and E. cf. vermiformis. These 2 
very large microalgae (150 pm long, 20 to 50 pm thick, 
104 to 105 pm3 volume) must have contributed in large 
part to the microphytic biomass. A succession of these 
2 species took place, even during the most polluted 
period, and seemed to be reproducible from one year to 
another (Fig. 5a). E. limosa appeared in spring and E. 
cf. vermiformis some months later. The maxima of cell 
numbers were observed during the last months of 1978 
and the first months of 1979 (up to 15 X 103 cell cm-2), 
whereas during 1980 Euglenophyta were scarce. The 
excessive bloom of E. cf. vermiformis following the oil 
spill and the abundance of the 2 Euqlena species in the 

1978 1979 1980 1981 

Fig. 5. Microphyte concentrations in the top layer of the 
sediment. (a) Euglenophyta, (b) epipelic diatoms 
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following year suggest that these organisms are selec- 
tively stimulated by the pollution. 

DISCUSSION AND CONCLUSIONS 

Several long-term variations in microphytobenthos 
biomass on mud flats (not oil polluted) have been 
reported. Some authors, such as Aleem (1950) or Colijn 
& Dijkema (1981), describe a seasonal cycle in biomass 
with spring and autumn blooms and a winter decrease, 
whereas Riznyk & Phinney (1972), Amspoker & McIn- 
tire (1978) and Cadee & Hegeman (1974) do not 
describe such a phenomenon. Some of these authors 
have suggested that the overall nutrient stock, that 
exists all year round on these mud flats, can highly 
favour continuous microphytic growth. The sediments 
sampled in this study also contained high levels of 
porewater nutrients, mainly nitrogenous (up to 800 pg- 
at  1-I  No3 and 100 pg-at 1 - I  NH,), but another factor of 
importance is the great tidal range (up to 10 m at 
spring tides) that characterizes the Northern Brittany 
coasts. Thus, a great part of these mud flats can be 
emerged during a long period of the day and therefore 
can be subjected to restrictive climatic factors such as 
intense solar radiation and dessication in summer, and 
stormy weather in winter. These seasonal climatic fluc- 
tuations and stress could induce the cyclic responses 
that are observed here. 

Superimposed on the seasonal cycle, the long-term 
change that appeared during the study period may be 
a consequence of the 'Amoco Cadiz' oil spill on this 
muddy shore. This disturbance is well illustrated by 
the Chl alPhaeo fluctuations (Fig. 4) .  However the 
cause of this particular trend is not clear. The most 
realistic interpretation of the unexpected Chl a bloom 
(in autumn 1978) can be the death, and its conse- 
quence, of a part of the macrofauna such as Nereis 
diversicolor. Some authors found certain benthic 
polychaetes to be quite resistant to oil pollution (Carr h 
Reish 1977, Lee 1977), but others observed severely 
damaged intertidal macrofauna after oil spills 
(Spooner 1970, Chia 1971 in Mohammad 1974). The 
intertidal macrofauna and its long-term changes have 
not been studied in detail in the Dourduff area, but 
many observations have been made on other polluted 
beaches and mud flats near the 'Amoco Cadiz' ship- 
wreck (cf. Chasse 1978). The in situ response of N. 
diversicolor to this oil pollution can be divided in 3 
stages (Glemarec pers. comm.): (1) disappearance dur- 
ing the first 8 to 14 mo following the spill; (2) reappear- 
ance and even a bloom (up to 1,000 ind m-2) after 17 to 
21 mo; (3) decrease to prepollution densities after 
21 mo. So, if N. diversicolor and the other grazers have 
been affected in a similar way on the Dourduff area (in 

fact in 1978-79 we observed only a few N. diversicolor 
m-2 and up to 400 ind m-2 in 1980) we can reasonably 
correlate the microalgal bloom to the grazers' decline. 
Some papers point out the effect of grazing on the 
regulation of the microphytobenthos populations, 
especially during summer months (cf. Cadee & Hege- 
man 1974). Elsewhere, in pelagic systems, the disap- 
pearance of grazers after oil pollution has been 
reported to stimulate microphyte blooms (Dahl et al. 
1983). 

SUMMARY 

The sheltered estuarine mud flat sampled in this 
study (Dourduff, Northern Brittany), was heavily pol- 
luted by petroleum hydrocarbons for 4 mo. Sediments 
contained more than 500 ppm of aliphatic hydrocar- 
bons in the top 10 cm of the sediment. The top 5 mm 
layer was polluted for 6 mo, and residual pollution 
(more than 100 ppm) lasted more than 3 yr. 

This study showed the existence of a clear-cut sea- 
sonal cycle in microphytic Chl a biomass and species 
succession. An important disturbance followed the oil 
spill. The annual mean trend of the Chl a over the 4 yr 
following the wreck fluctuated greatly and during the 
1978 autumn the biomass showed a very specific pat- 
tern. Microphyte growth, particularly of 2 Eug- 
lenophyta species (Euglena limosa and E. cf. vermifor- 
mis), may have been stimulated by pollution or indi- 
rectly by a possible disappearance of grazers. 
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