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Effects of the "Amoco Cadiz" oil spill on an eelgrass  

community at Roscoff (France) with special  reference to 

the mobi le  benthic fauna 
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The Netherlands 

ABSTRACT: In October 1977 an investigation was initiated of the qualitative and quantitative 
composition of the fauna of the eelgrass (Zostera marina) beds at Roscoff. Samples were taken in 2 
seagrass beds  at different tidal levels in order to follow numerical changes in the course of the year. 
In March 1978 the area of study was struck by the oil slick of the tanker "Amoco Cadiz". For this 
reason sampling has been  continued at the same frequency. The tabulated results show dea f ly  that 
the oil slick had a profound but selective influence on the various animal groups; some of them 
disappeared while others were apparently unaffected. Rapid recovery of some species has taken 
place, but re-establ ishment of other species, particularly the filter feeders has not been  observed. 
The very diverse amphipod fauna has disappeared,  and has been  replaced by a population of 
Pherusa fucicola and Garnmarus locusta; the latter was absent in the year before the oil disaster 
took place. 

INTRODUCTION 

Since the beginning of 1976 an ecological study of structural and functional aspects 

of the eelgrass communities in the surroundings of Roscoff (France) has been in progress. 

From February 1976 to February 1977 the productivity, the biomass fluctuations, and the 

growth pattern of the dominant species, Zostera marina L, have been studied (Jacobs, 

1979). Furthermore the epiphytic algae, including the diatoms, on Zostera were 

examined with special emphasis on their colonization patterns, and their dependence on 

the rhythm of leaf production and leaf shedding of the host plant. A quantitative study of 

the macrofauna was started in May 1977. 
Unfortunately, in March 1978, this ecological programme was drastically disturbed 

by the stranding of the tanker "Amoco Cadiz" which released its cargo of 216 000 tons of 

crude oil and 4000 tons of bunker fuel and thereby polluted a considerable stretch of the 

coastline of northern Brittany. 
On 20 March the oil slick reached the surroundings of Roscoff and c.overed our study 

area. As we were in the position to make a comparison with the original situation, we 

decided to continue the sampling programme, although with a changed objective, viz. 

the effect of the oil spill on the Zostera community. 
This paper deals with the preliminary results of this study, with respect to the mobile 

invertebrates. The benthic infauna results are discussed by Jacobs (1980). 
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STUDY AREA 

Eelgrass beds  are a p rominent  feature in  the coastal area of Roscoff. They cover 12.Y 
km 2 of which almost 80 % is s i tuated above the m e a n  low water  mark  at spr ing tide 
(MLWS). The upper  l imit  of the eelgrass beds coincides more or less with the m e a n  low 
water  mark  at neap  tide (MLWN}. tn the sublit toral  Zostera marina descends to ca. 4 m 
below MLWS (Jacobs, 1979}. 

The history of the eelgrass beds  of the Roscoff area is reasonably  wel l  known;  they 
were mapped  by Pruvot (1897), Joub in  {1909}, and  later by Blois et al. {1961} and  Jacobs 
{1979); a deta i led  report was presen ted  by De Beauchamp (1914). More deta i led observa- 
tions on the Zostera beds  can be found scattered in  the extensive l i terature on the Roscoff 

a r e a .  

The study of the fauna  of the eelgrass communi ty  was concent ra ted  in  two 
homogeneous  beds, one s i tuated just  be low the level  of MLWN, and  the other approxi- 
mately  0.5 m lower. T h e  former was characterized by relat ively many  Zostera shoots 
(700-800 per  m 2) which  were not longer  than  30 cm. The rhizome mat  was ca. 9 cm thick, 
and  there was no mat  of loose- lying algae. This bed  became exposed dur ing  almost 
every low water  period. 

The lower eelgrass bed  was characterized by fewer bu t  longer  shoots (500-600 per  
m2; up to 50 cm long) The rhizome mat  was ca. 6 cm thick. This bed  was si tuated in  an  
enormous t idal  pool that  re ta ined  a few cent imetres  of water  dur ing  each low water  
period. Between the shoots a mat  of en tangled ,  loose-lying algae was present~ it 
consisted main ly  of Coralllna officinalis L., Cladostephus spongiosus (Huds.) C. Ag. and  
Sphacelaria species. 

In  this paper  only the results ob ta ined  from the low littoral eelgrass bed  wil l  be  
discussed. In the other bed  the na tura l  process of sanding-up ,  caus ing  a decrease in  
species and  individuals ,  interfered with the effect of the oil pollution, and  the data could 
be easily misinterpreted.  

METHODS 

Al though the study of the fauna  of the eelgrass bed  was b e g u n  in  May 1977, the first 
months  were devoted to ident if icat ion of species, improving the sampl ing  technique ,  
and  select ing the most representat ive  sites. The data ob ta ined  in  the period May-Sep-  
tember  1977 have not b e e n  used in  the present  analysis.  

From October 1977 unt i l  April  1979 a bottom sample  of 20 X 20 cm 2 was t aken  
month ly  in  the h igh  and  in  the low littoral eelgrass beds. These samples  were  s ieved (1- 
m m  mesh  size) and  all ind iv idua ls  were collected, preserved and  identified.  The sample 
size chosen was in  fact a compromise. For the smaller  species it was more than  sufficient, 
for some larger  species probably  too small. A larger  sample  size, however,  would  have 
increased the work to such a degree that its execut ion would  have b e e n  impossible  
wi th in  a reasonable  time. 

Compar ison of 4 samples  of 20 • 20 cm a t aken  s imul taneous ly  showed a r andom or 
an  aggrega ted  dis t r ibut ion of the ind iv idua ls  over the samples for 99 % of all species. 
The n u m b e r  of species per sample was approximately  65 % of the total n u m b e r  of 
species present.  
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RESULTS 

The  ee lg rass  i tself  r e m a i n e d  a lmost  unaf fec ted  b y  the  oil  spill.  A l though  dur ing  the  
first w e e k s  after the  spi l l  many  p lan ts  had  b l a c k  "burn t"  leaves,  these  were  shed  
accord ing  to the pa t t e rn  normal  for the  species .  Apar t  from this shor t - term effect no other  
d a m a g e  was  observed.  The gene ra l  s t ructure of the  ee lg rass  beds  was  not h a r m e d  at all.  
Changes  obse rved  in  the  fauna,  therefore,  cannot  be  a sc r ibed  to d a m a g e  to the  frame 
p lan t  of the communi ty .  

In Table  1 the  total  number s  of spec ies  and  ind iv idua l s  co l lec ted  month ly  are 
p resen ted .  It is obvious that  both  dec rea sed  after  the  oil spill,  a dec rease  which  b e c a m e  
even  more  appa ren t  in M a y  1978. However ,  in the course of 1978 the number s  of 
i nd iv idua l s  inc reased  again ,  a l though  in spr ing  1979 the  h igh  m a x i m a  of the  p r e c e d i n g  
spr ing  were  not reached.  The n u m b e r  of spec ies  r e m a i n e d  cons ide rab ly  lower  than  
before  the  oil  spil l .  

The S h a n n o n - W i e n e r  index  va lues  for d ivers i ty  (H) and evenness  (J] were  calcu-  
l a t ed  monthly .  In the  pe r iod  before  the  oil spi l l  these  were  r ea sonab ly  constant ,  H 
r ang ing  from 2.5 to 2.7 and  J v a r y i n g  b e t w e e n  0.62 and  0.68, i nd ica t ing  a s table  wel l -  
b a l a n c e d  communi ty .  After  the  oil spi l l  the  f luctuat ions of H w e r e  b e t w e e n  2.0 and  2.8 
and  those of J b e t w e e n  0.53 and 0.84, i nd ica t ing  a d i s tu rbed  ba lance .  

In Tab les  2-4  the  da t a  of some groups  of mobi le  an ima l s  a re  p resen ted .  Data  on fish 
and d e c a p o d  crus taceans  have  not b e e n  cons ide red  because  the  s ampl ing  t echn ique  was  
not  a d e q u a t e  for these  groups.  

G a s t r o p o d a  

The  Gas t ropoda  were  l i t t le  affected by  the oil spi l l  (Table  2). Most  of t hem are  bound  
to the  bottom; some of them crawl  on the ee lg rass  leaves ,  but  w h e n  the t ida l  currents  
become  too s t rong they  usua l ly  drop to the  bottom, where  they  r ema in  unt i l  the  next  low 
wate r  per iod.  

From Table  2 it is obvious that  a lmost  a l l  spec ies  found before  the  oil  spi l l  were  
found also later .  The grea tes t  r ichness  in  spec ies  was found in Februa ry  1978 and  in 
March  1979. The most  numerous  spec ies  was  Cingula semicostata, with  the  h ighes t  
number  of ind iv idua l s  in winter .  

In gene ra l  the n u m b e r  of ind iv idua l s  and  of spec ies  in  the win te r  of 1978 and  1979 
a p p e a r e d  to be of the  same magn i tude .  In 1978 the number  of spec imens  had  a l r e a dy  
d ropped  cons ide rab ly  before  the oil spi l l  took place.  Some species  were  not  found after  
the  oil po l lu t ion  took place ,  and  others  were  not  seen  after the summer  of 1978. These  
species,  however ,  were  not  common in ee lg rass  ~eds ,  and  thei r  absence  is p r o b a b l y  
mere ly  accidenta l .  

A m p h i p o d a  

The A m p h i p o d a  of the  ee lg rass  b e d  formed a very  d iverse  an ima l  group,  ra ther  poor  
in ind iv idua l s  but  r ich in spec ies  (Table 3). The  grea tes t  r ichness  in spec ies  and  
ind iv idua l s  occurred  in  the  la te  win te r  and  ear ly  spring.  The oil spi l l  b rought  this  to an  
abrup t  end;  of the  26 spec ies  found before  the  oil  spi l l  21 have  not  b e e n  found since. In 
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the summer  of 1978 amphipods  were practically absent,  bu t  in  the a u t u m n  Pherusa 
[ucicola, the species most a b u n d a n t  before the oil spill, reappeared,  followed by 
Gammarus locusta, a ub iquis t  formerly not observed in  this amphipod  community;  a few 
ind iv idua ls  of a few other species were found, but  a recovery had not t aken  place by 
April  1979. 

C u m a c e a  

This group was in  fact represented  by  one f requent  species Iphinoe tenella (Table 4). 
In the period November  1977-March 1978 it was fairly abundan t ;  after the oil spill  only 1 
spec imen  was found in  April  and  since t hen  it was absent  for 8 months. In the winter  of 
1979 it r eappeared  in  number s  comparable  to those before the oil spill. 

T a n a i d a c e a  

Before the oil spill  3 species of Tana idacea  were present.  Apseudes latreillei, which 
was by far the commonest ,  showed a great  decrease in  number s  after the oil spill  bu t  
recovered completely  in  the fol lowing autumn.  The second species, A. talpa, had 
decreased in  number s  before the oil spill; in  winter  of 1979 a few indiv iduals  were 
present.  The decrease in  number s  of these two species in  spr ing is a na tura l  phenome-  
non, a l though the decrease in  1978 was more p ronounced  due to the oil pollution. The 
rarest species, Leptochelia dubia, was found only once after the oil spill. 

I s o p o d a  

The n u m b e r  of Isopoda in  the Zostera bed  was usual ly  very low with a slight 
increase in  winter.  This group was also affected by the oil slick. Paranthura costana, 
which was found also on several  occasions in  spr ing and  summer  1977, was seen only 
once after the oil disaster. For 8 months  not a s ingle  isopod was seen; in  the fol lowing 
win te r  only 4 specimens,  represen t ing  4 species, were collected. Al though this group 
was not common, the oil pol lut ion caused an  observable  reduct ion in  the number s  of 
species and  individuals .  

E c h i n o d e r m a t a  

Amphipholis squamata appeared  to be common in  the eelgrass bed. Remarkably,  it 
did not decrease directly after the oil spill, but  a month  later. The number s  r ema ined  low 
but  increased  gradual ly  towards the end  of the observat ion period; the maxima  observed 
in  the win te r  1977-1978 were not reached. 

DISCUSSION 

The tabula ted  results show clearly that the oil slick had  a profound, but  selective 
inf luence  on the various an ima l  groups inhab i t ing  the eelgrass beds. The Gastropoda 
hardly suffered~ the representat ives  of the Cumacea,  Tana idacea  and  Echinodermata  
recovered wi th in  a year, a l though the latter reached a lower m a x i m u m  than  in  the year  
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before the oil spill. Some inf luence  of the oil spill  on the Isopoda could be detected,  but 

as this group was neve r  numerous  in the ee lgrass  bed  under  invest igat ion,  the result  is 

not convincing.  The effect of the oil spill on the Amphipoda ,  however ,  was spectacular.  

The si tuation of the eelgrass  beds  be low the l eve l  of m e a n  low wate r  neap  t ide 

impl ied  that the contact b e t w e e n  the oil slick and the ee lgrass  lasted only for at most 6 

hours a day. During this t ime the f lat- lying eelgrass  leaves  formed a buffer b e t w e e n  the 

oil sl ick and the bottom. Due to the firm rh izome mat, mix ing  of oil and sed iment  was not 

possible in the ee lgrass  bed. In fact only the dissolved fraction of the oil could pene t ra te  

under  the eelgrass  and in the inters t i t ia l 'water .  This may  expla in  the fact that just the 

filter feeders  such as most A m p h i p o d a  and some famil ies  of Polychaeta  (Jacobs, 1980) 

were  struck, wh i l e  other  groups of organisms r ema ined  re la t ive ly  unaffected.  

The buffer effect of the ee lgrass  also becomes  ev iden t  w h e n  the numbers  of oil 

vict ims are compared  with  those from open beaches  and she l te red  areas where  there  was 

no cover of eelgrass,  and where  the bot tom and the oil came into direct contact  (Hyland, 
1978). 

A similar  funct ion may have  b e e n  fulfi l led by the Pucaceae  in the inter t idal  belt; 

however ,  due to their  h igher  posi t ion on the shore, their  contact wi th  the oil would  have  

b e e n  of longer  duration, and the degree  of protect ion of the organisms under  the 

Pucaceae  cover may have  d e p e n d e d  on the thicknes  of that cover. 

Prom the results ob ta ined  it is apparent  that the effect of the oil spill on various 

an imal  groups was only a temporary  dis turbance which  could be  overcome by the h igh  

reproduct ive  potent ia l  of the survivors. In the case of the A m p h i p o d a  it cannot  be 

pred ic ted  whe the r  the effect of the oil spill wil l  be  temporary  or pe rmanen t  because  they  

nurse their  b reed  and, therefore,  have  a low reproduct ive  potential .  The "Amoco  Cadiz"  

disaster has at tracted much  at tent ion because  of the enormous scale of the oil pol lut ion it 

caused. Less spectacular  oil spills may  cause local ly s imilar  damage.  The data obta ined  

give an impress ion of the inf luence  of an oil spill on a Zostera communi ty  in the early 

spring, just after the win te r  p e a k  of a number  of li t toral organisms,  and before the start of 

the rapid deve lopmen t  of the eelgrass.  It is not certain w he the r  the effect on the fauna 

would  have  b e e n  similar  had  a spill occurred in the summer.  

Acknowledgements. We would like to thank J. Stassen, W. Huisman, W. Buys, L. Pierson, N. 
Manders and T. de Jong, who provided practical assistance throughout this study. A great part of 
the practical work was carried out at the Station Biologique at Roscoff and we thank the director, 
Prof. Dr. J. Bergerard, and his staff for their hospitality. The identification of the representatives of 
the various crustacean groups has been checked by Dr. J. Dieleman. - The first part of this 
investigation (until April 1978) was made possible by financial support from the Netherlands 
Organization for the Advancement of Pure Research (ZWO) and the second part was financed by the 
Shell Internationale Research Maatschappij. 

LITERATURE CITED 

Blois, J. C., Francaz, J. M., Gaudichon, M., Gaudichon, S. & Le Bris, L., 1961. Observations sur les 
herbiers & Zost&res de la r~gion de Roscoff. - Cab. Biol. mar. 2; 223-262. 

De Beauchamp, P., 1914. Les gr&ves de Roscoff. Paris, 270 pp. 
Hyland, J. L., 1978. Onshore survey of macrobenthos. In: The Amoco Cadiz oil spill Ed. by W. Nx 

Hess. Washington, 216-228. (NOAA/EPA Spec. Rep.) 



Effec ts  of oil  sp i l l  191 

Jacobs, R. P. W. M., 1979. Distribution and aspects of the production and biomass of eelgrass, 
Zostera marlna L., at Roscoff (France}. - Aquat. Bot. 7, 151-172. 

Jacobs, R. P. W. M., 1980. Effects of the "Amoco Cadiz" oil spill on the seagrass community at 
Roscoff with special reference to the benthic  infauna. - Mar. Ecol. Prog. Set. 2, 207-212. 

Joubin, L., 1909. Recherches sur la distribution oc~anographique des v~g~taux matins dans la 
r~gion de Roscoff. - Annls Inst. oc~anogr., Monaco 1 (1), 1-17. 

Pruvot, G., 1897. Essai sur les fonds et la fauna de la Manche occidentale (c6tes de Bretagne), 
compares & ceux du Golfe de Lion. - Archs Zool. exp. (Set. 3) 5, 511-617. 


