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Abstract: Port Joinville harbor is located on an island. Thus, it receives only a few freshwater inputs, 
contrary to most of the areas where the influence of pollution on foraminiferal assemblages has been 
studied. The pollution in the harbor mainly results from the boats, including cleaning, painting and 
outfall of oil and motor-fuel. 
 
A total of 59 sediment samples was collected at three sampling periods (November–December 1997, 
May 1998 and September 1998). These samplings were supplemented by the study of algal flora and 
macrobenthos and by the study of water circulation by means of six stations where water was 
collected every hour during a tide cycle. Contaminants were analyzed in the last series of 17 samples. 
Total assemblages were used for this study. This choice is explained and discussed. 
 
This study shows that the main factor that determines the distribution of foraminiferal species in Port 
Joinville harbor is the geographical position. The correlation that occurs between heavy metals and the 
silt and clay fraction makes it difficult to determine whether sediment characteristics or pollution have 
the stronger influence on foraminiferal assemblages, except in areas heavily affected by pollution. 
Polluted sediments, near the careening areas, are indicated by the tolerant pioneer species 
Cribroelphidium excavatum and Haynesina germanica. The growth of epiphytic species depends on 
the presence of algae and their distribution may be favored by local conditions such as the constant 
immersion of the supports in the wet dock.   
 
Keywords: Foraminifera; Bioindicators; Pollution; harbor; Atlantic; France 



1. Introduction 
 

In the last few years many studies dealing with benthic foraminifera as biomarkers or 
bioindicators of coastal pollution have been carried out. They have often focused on 
areas exposed to direct pollution sources such as industrial, agricultural and domestic 
waste, paper processing, oil pollution or heavy metal contamination. Their main purpose 
is to quantify the effects of pollution upon foraminiferal distribution and morphology 
(e.g., Bandy et al., 1965; Vénec-Peyré, 1981;  Setty, 1982; Bhalla and Nigam, 1986; 
Alve and Nagy, 1988; Alve, l991, 1995; Sharifi et al., 1991; Banerji, 1992; Schafer et 
al., 1995; Yanko et al., 1998; review in Yanko et al., 1999). However, only a few studies 
consider specifically polluted harbors (Murray, 1968; Rouvillois, 1972; Naidu et al., 
1985; Debenay et al., 1997) and only a few studies have been carried out on the coastal 
environments of the Atlantic coast of France (e.g., Dupeuble, 1963; Dupeuble et al., 
1971; Le Campion, 1968, 1970; Rouvillois, 1967; Rosset-Moulinier, 1972; Vénec-
Peyré, 1982; Debenay, 1978; Casamajor and Debenay, 1995; Redois and Debenay, 
1996; Goubert, 1997).  

The study area is Port Joinville harbor (Ile d'Yeu, France). This paper is intended to 
identify the factors controlling the distribution of foraminifer assemblages, in relation to 
the intensity of marine influence, and to anthropogenic impact on various parts of the 
harbor.  

 
2. Environmental setting 
 

Ile d'Yeu is located over 20 km off the coast of Vendée (France). Having a NW-SE 
extension, it is 10 km long and 4 km wide (fig. 1). The northeastern coast, where the 
harbor is located, is protected from the influence of the open sea and is characterized by 
a reduced wave intensity. The tides are semi diurnal and mesotidal with a mean range of 
about 4m. Contrary to most other harbors, Port Joinville harbor is not located in an 
estuarine zone and thereby receives very few freshwater inputs. These features provide 
particular environmental conditions and pollution that results mainly from fishing 
activities and domestic wastes from the pleasure boats (organic pollution), careening 
and painting of the boats, and fuel leakage (chemical pollution) is not associated with a 
significant freshwater input. There are three careening areas that are direct sources of 
pollution (fig. 2). 

The harbor occupies an area of about 0.1 km2 and is made up of a series of five basins 
that are, from east to west: a marina that occupies the largest basin (1), a wet dock (2), 
two basins for the ferryboats and the fishing-boats, separated by a wharf where the 
ferry-boats moor (3 and 4), basin 4 being used also for pleasure boats, and a basin 
dedicated to the fishing activities (5) (fig. 2). The wet dock opens about 2 hours before 
high tide and closes about 2 hours after. In 1996, a new portion was added to the marina 
in order to accommodate the increasing number of pleasure boats (fig. 2). The depth of 
about 2.5 m below lower low tide near the entrance decreases towards the innermost 
parts of the basins. The average depth is about 1.5 m below lower low tide. As no 
hydrologic study had been performed in the harbor before, the water circulation is 
described in this paper on the basis of measurements made during this study.    

The main economic resources of the island depend on fishing and tourism activities. 
Fishing is still the main activity, the flotilla of the island being composed of about 90 
boats for local or coastal fishing and 30 ocean-going vessels specialized in catching 
noble fish species. The stream of tourists transported by ferryboat is very strong from 
May to October, reaching a maximum in July and August, when about 2,000 people 
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visit the island every day. During this period, about 450 pleasure boats are moored in 
the marina.  

 
3. Material and methods     
 

Sediment samplings were repeated three times, in November-December 1997, May 
1998 and September 1998. Bottom samples were collected from 21 selected sites in 
November-December and May and from 17 sites in September (fig. 3). For comparison, 
a sample of muddy sand was also collected at the lower limit of the intertidal area, about 
200 m to the east of the harbor. A grab sampler was used that collects sediment over a 
surface of about 400 cm2. This grab sampler has been specially constructed to 
hermetically close, to prevent the surface of the sediment from being washed away 
during collection. In the boat, the grab is carefully opened in a container where the 
sediment is deposited in its initial position. Generally, a diatom film covers the surface 
of the sediment and indicates the absence of disturbance during collection.  The samples 
collected in November-December 1997 were used for a thorough study of the 
foraminiferal assemblages. The following samples were used to study the seasonal 
variations of these assemblages, the last ones being also used for geochemical analyses 
of the sediment. Tributyltin (TBT) and triphenyltin (TPhT) analyses were carried out in 
the Ifremer laboratory. The measures of total organic carbon (TOC) content and of the 
content of  Al, As, Cd, Cr, Cu, Hg, Ni, Pb, Zn, polynuclear aromatic hydrocarbons 
(PAHs) and polychlorinated biphenyls (PCBs) were carried out at the Institut Pasteur 
(Lille, France). The microbiological analyses (fecal coliforms and fecal streptococci) 
were carried out in the laboratory of the Département de Vendée. 

The uppermost layer of the sediment (0.5 to 1 cm) was scraped off and kept in alcohol 
mixed with sea water for the study of foraminifers. A subsample of 50 cm3, 
corresponding to a surface of about 75 cm2 was taken from the original sample and 
washed through 315, 125 and 50 µm sieves. Only very rare tests were found in the 
fraction coarser than 315 µm. The 50-315 µm fraction used for the foraminiferal study 
was stained with Rose Bengal to help recognize the living individuals and a flotation 
method using carbon tetrachloride (CCl4) was applied to concentrate the tests. More 
than 300 individuals were identified and counted from the total fauna (living and dead) 
for each sample. The Loeblich and Tappan classification (1988) was used. Grain size 
analyses were carried out to establish the percentage of silt and clay (fraction < 63 µm) 
and sand fractions (2 mm-63 µm). When present, the coarser fraction (> 2 mm) is made 
up of a few fragments of molluscs and/or gravels. 

In order to determine the characteristics of the water, six fixed stations were selected 
for a 12 hour monitoring period: stations a-b in the fishery basin, c-d in the wet dock  
and e-f in the marina (fig. 3). The monitoring in stations a and b was carried out on May 
19, 1998 (high tide 11:38, low tide 17:20, neap tide). In stations c and d, it was carried 
out  on May 14, 1998 (low tide 13:13, high tide 19:11, intermediate tide), and in stations 
e and f on May 21, 1998 (high tide 14:09, low tide 19:44, opening of the tide gate 11:33, 
closing of the tide gate 15:55). Bottom water was collected by means of a bottle and 
physicochemical parameters were measured following the tidal cycles: depth with a 
rigid gauge; dissolved oxygen by means of an oximeter (WTW Oxi 197, probe WTW 
CellOx 325, precision 0.01 mg l-1); pH with a pH–meter (Hanna HI9625, precision 
0.01); salinity with a conductimeter salinometer (WTW LF325, probe WTW Tetracon 
325, precision 0.1 g l-1); and turbidity with a turbidimeter (Orbeco-Hellige 966, 
precision 2%). The values were compared with those of the open sea water collected 
outside the harbor (dissolved oxygen: 10.17 mg l-1, pH: 8.17, salinity: 34.2 g l-1). To 
complete the study, seaweeds were collected and identified from eight stations in July 
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1998 and from the same stations in September 1998 (fig. 3, stations A to H). Another 
seaweed sampling was made in May 1997 for the study of epiphytic foraminiferal 
species  (fig. 3). 

Species occurring in more than 95 % of one series of samples and of more than 50 % 
in the other two were selected for statistical analyses since, according to Culver and 
Buzas (1981), the use of commonly occurring species can explain the characteristics of 
an area as well or better than using all the species. The relative abundance of the 
selected species was treated in a Q mode and R mode factor analysis, and a Q-mode 
hierarchical analysis based on euclidian distance correlation coefficients was carried out 
using Statlab for Macintosh (SLP infoware). An analysis of the correlations between the 
relative abundance of these species and the geochemical-sedimentological parameters 
was carried out in September 1998 using Stat View for Macintosh (Abacus Concepts 
Inc). Among the species selected for statistical analyses, those that have a relative 
abundance of more than 10 % in at least one sample have been selected for a detailed 
distribution study. Except for Textularia truncata, living individuals of these species 
were collected in the harbor. 

 
4. Results 

 
4.1. Hydrological data (fig. 4)
 
Salinity  

During rainy periods, the salinity is slightly lower in the harbor than in the open sea, 
owing to various freshwater inputs. In May, it was about 33.6 in the harbor and 34.2 in 
the open sea. During the summer, it is almost the same in the harbor as in the sea water. 
In July, it was about 35. No salinity stratification was noticed inside the harbor. 

 
Temperature  

The temperature of the water increases in the afternoon as a result of solar warming. It 
varies between 16 and 17 °C in May and between 16.5 and 18 °C in July. An average 
difference of about 1 °C was observed between surface and bottom temperatures, a 
slight thermocline occurring during flood tide when the cooler sea water penetrates the 
harbor near the bottom. At the beginning of the flood tide, the temperature decreases 
abruptly in the marina. This decrease is less marked in the other zones. 

 
Dissolved oxygen 

In May, dissolved oxygen content varied from 8.3 to 10.6 mg l-1. The lowest values 
were measured in the inner part of the marina. During the afternoon, the oxygen 
concentration increased as a result of the photosynthetic activity of the algae. 

 
pH  

The pH is the lowest in the marina (8.04 to 8.19) and the highest in the wet dock (8.29 
to 8.35). The general trend is towards an increase in the pH values during the afternoon 
as a result of the photosynthetic activity. However, it decreases slightly during the flood 
tide in the fishing basin, where the pH is higher than the pH of the sea. In the same way, 
the pH decreases in the wet dock after the opening of the tide gate (fig. 5). 

 
Turbidity  

The turbidity is low in all the stations (<5) except at low tide in the fishing basin 
(station a). This probably results from the fact that at low tide the sediments can be 
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brought into suspension by the boats striking the bottom sediments, or by their propeller 
stirring the water. 

 
4. 2. Seaweeds

Sixty-five species of algae were identified in the harbor, belonging to the Chlorophyta 
(green algae), Phaeophyta (brown algae) and Rhodophyta (red algae). Fifty-six of these 
species are present in the entrance of the harbor (stations A, B and C; fig. 3) including 
33 species of red algae, 15 of brown algae and 8 of green algae. Well inside the harbor, 
the species richness decreases drastically, and the brown and green algae become 
dominant. Only 9 species of red algae, 7 of brown algae and 7 of green algae were 
present at station H. Stations D and F located in the innermost part of the harbor have 
very poor algal floras with only 2 species of red algae (Mastocarpus stellatus and 
Porphyra umbilicalis), 7 of brown algae and 6 of green algae, mainly the Enteromorpha 
and Ulva species. Stations E and G present particular characteristics. Station E, located 
in a basin dedicated to ferryboats, is richer in red algae (6 species) and poorer in brown 
algae (2 species). At station G, located on a recently constructed floating wharf, algal 
colonization was still beginning with only 9 species. However, owing to the constant 
submersion of the support, infratidal species were present, such as Chladophora 
pellucida, Dictyopteris membranacea  and Himanthalia elongata. Some of the species 
have a seasonal cycle of development. No detailed study was carried out in the wet 
dock, but observations of the wharves show a great amount of green algae, specially 
inside the tires attached along the wharves for the protection of boats. 

 
4. 3. Sediments

Bottom sediments are mainly mud or muddy sands with an average of 66 % of the silt 
and clay fraction. However, tidal currents and water stirring due to the circulation of 
numerous fishing boats and ferryboats lead to a sandy fraction of about 100 % in the 
harbor entrance and 50 % in the central part of the harbor (fig. 6). The silt and clay 
content is the highest (>65 %) in the marina and in the inner part of the basins. In the 
recently constructed extension of the marina, sediments are very fine, and form a light 
brown coat, 10 to 20 cm thick, over the rocky substrate. Elsewhere, the oxidized layer is 
about 1 to 2 cm thick. The organic carbon content is low, except in basins 2 and 3, and 
in the inner parts of basins 4 and 5 where TOC composes more than 10 % of the dry 
sediment (table 1).  

Except in the marina, the As content of the sediments is close to the levels reported 
from pre-industrial sediments of the Humber estuary (Grant and Middleton, 1990; table 
3) showing a limited anthropogenic impact. It is high only in the new extension of the 
marina (more than 100 mg kg-1; table 1). This arsenic may originate from quartz veins 
of the magmatic rocks blown up during the digging of the basin. Such veins may include 
arsenopyrite, a widely distributed mineral that is the most prevalent source of arsenic. A 
relatively high content of copper exists in all the harbor except the entrance channel, 
with more than 50 mg kg-1. The highest values of Cu were found in the wet dock 
(stations 17 and 18) and near the main careening area (station 13) with 1100 mg kg-1 
(fig. 7). The same stations experience high contamination by zinc and lead. Pollution by 
TBT is strong in stations 18 and 13, near careening areas used for big fishing boats, with 
23,500 µg kg–1 and 54,700 µg kg-1 respectively, and to a smaller extent in station 7 with 
6,280 µg kg-1 (table 1).  

The correlation matrix shows that a strong correlation occurs between zinc, copper 
and lead, as well as between nickel and chromium (table 2). Regression diagrams (fig. 
7) show that correlations also exist between arsenic and cadmium and between 
chromium and copper, even if they do not appear on the matrix. These diagrams bring 
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out the particular characteristics of the marina (enrichment in As), of the wet dock 
(enrichment in Cu and Zn) and of sample 13 collected near the main careening area 
(strong enrichment in Cu and Zn). Correlations were also evidence between heavy 
metals and  

Fecal coliforms and fecal streptococci have the highest concentration in the fishing 
basin (stations 9 and 10) with up to 750,000 streptococci per gram and in station 15 
which is near the area where fishing boats discharge their fish for the auction hall (table 
1). Thus it is possible to infer that most of these bacteria originate from the guts of the 
fish. However, their relatively high concentration in the marina (stations 6 and 7) 
indicates that human contamination probably occurs as well.  
 
 
4. 5. Foraminifera
General features 

The thorough study of the total assemblages collected in November-December 1997, 
completed by examination of the later samplings, led to the identification of 179 species 
including 124 hyaline, 23 agglutinated and 32 porcellaneous ones (appendix 1, 2, 3). 
Since the species living on the french coast have rarely been figured, the main species 
are shown in plates 1 to 6. The number of individuals per 50 cm3 of sediment ranges 
between 2,000 and 180,000 with the highest values in May 1998 (8,000 to 180,000) and 
the lowest in September 1998 (2,000 to 80,000). During the three sampling periods, the 
maximum density was observed near the entrance and in the central part of the harbor; 
the minimum ones occurred in the wet dock and in the marina (appendix 1-3 and fig. 8). 
The density was particularly low in the marina in September, at the end of the tourist 
season. The number of species in each sample ranged from 29 to 58. It was slightly 
lower in November-December 1997 (average = 40) than in May and September 1998 
(average = 47). No relation could be observed between the number of species and the 
position of the sample (appendix 1-3). 

The limited number of living specimens did not allow a relevant study of their 
distribution and the following distribution study concerns total assemblages, including 
living and dead individuals. However, the presence of living specimens shows that these 
species may live in the harbor and that their empty tests are probably autochthonous. 

 
Living specimens 

Only a few living specimens have been collected. Most of them live in the marina and 
belong to Aubignyna planidorso, Bolivina pseudoplicata, Bolivina sp. 1, Brizalina 
spathulata, Brizalina variabilis, Bulimina elegans, Cassidulina crassa, Cribroelphidium 
magellanicum, Haynesina depressula, Haynesina germanica, Quinqueloculina sp. and 
Reophax nana. In the central part of the harbor, the living species are B.spathulata, B. 
variabilis, B. elegans, Cribroelphidium excavatum, Gavelinopsis praegeri, H. 
depressula, H. germanica, R. nana and Stainforthia fusiformis. The only noticeable 
presence of living specimens was in station 6 in September, with 240 living C. 
excavatum in the fraction 125-350 µm of 50 cm3 of sediment (about 80 % of the total 
assemblage in this fraction). 

The epiphytic species collected on the algae are dominated by Elphidium pulvereum, 
Neoconorbina spp., Rosalina spp. and Lobatula lobatula and are present everywhere in 
the harbor. Spirillina vivipara also has a wide distribution but is absent from the wet 
dock. Gavelinopsis praegeri, Bolivina spp., Miliolinella subrotunda, Patellina 
corrugata, Quinqueloculina sp. and Palliolatella orbinyana are scarce and randomly 
distributed. Ammonia beccarii, Adelosina sp., Massilina seccans, Elphidium crispum 
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and Planorbulina mediterranensis are present near the entrance of the harbor in an area 
under marine influence. Epiphytic species were found on red algae, mainly Gigartina 
acicularis  and on green algae, mainly Cladophora rupestris, but never on brown algae. 
 
Distribution of the species   

Bolivina pseudoplicata and B. variabilis have a somewhat irregular distribution. The 
only inconspicuous and irregular tendency is a slightly higher relative abundance in the 
marina and in the inner parts of the other basins, except in the wet dock. This tendency 
is much more obvious for Bolivina sp.1 or when considering all the bolivinids together 
(fig. 9). In september, bolivinids show a general positive correlation with the silt and 
clay content of the sediment (fig. 10) with an enrichment in bolivinids in basin 5, 
dedicated to the fishing activities, in the neighbouring basin 4 (fishing and pleasure 
boats), and in the marina. Sample 1, near the apperture, and the innermost sample 7, 
near the carrening area of the marina, have a low relative abundance of bolivinids.  

Bulimina elegans has a very irregular distribution. It is rare, except in the innermost 
part of the marina where its relative abundance was relatively high in November-
December 1997, reaching 15.8 %. Its relative abundance decreased considerably in 
September 1998 (fig. 11). Cribroelphidium excavatum is irregularly distributed. 
However, its relative abundance was the highest in the marina in September when the 
population density was the lowest (fig. 11). High percentages of this species are also 
present in the wet dock, near the careening area and in the fishing basin (basin 5). By 
contrast, it is not very high near the main careening zone. Elphidium pulvereum has a 
very low relative abundance, generally less than 2 %, except in the wet dock where it 
always constitutes more than 5 % of the microfauna (fig. 11). Gavelinopsis praegeri 
occurs throughout the harbor in relative abundance higher than 10 % except in the inner 
zones of the basins (fig. 11). H. germanica is present in all the sites but is always very 
rare (average value 1.5 %) except in the inner part of the marina (17 %) and in the wet 
dock (14.6 %) in November-December 1997 (fig. 11). 

The distribution of P. mediterranensis and L. lobatula, grouped together because they 
have the same epifaunal style of life, clearly shows the role of marine influence in their 
distribution (fig. 11). Their relative abundance decreases from more than 20 % in the 
central part of the harbor to less than 10 % in the wet dock and in the innermost part of 
the marina. T. truncata shows values ranging from more than 8% in the central area to 
less than 3 % in the innermost areas (fig. 11). Owing to the algae growing on the rocky 
shore, epiphytic species are dominant in the coastal sample (appendix 3). 

 
Statistical analyses 

The correlation analysis shows that the population density is negatively  correlated 
with all the analyzed contaminants (table 2). However, the correlation with Al is very 
low, which is in agreement with the toxicity of elements as classified by Wood (1974). 
Moreover, Al measured by these analyses mainly indicates the presence of clay 
minerals. It is probably for this reason that a noticeably positive correlation exists 
between Al and B. pseudoplicata and Bolivina sp.1, that live in muddy sediment. Some 
species show a strong correlation with one or several contaminants (table 2). The most 
remarkable are: C. excavatum and C. magellanicum positively correlated with As; E. 
pulvereum positively correlated with Pb, Zn, and Cr; B. variabilis positively correlated 
with Cd; H. germanica positively correlated with Pb; Fissurina lucida positively 
correlated with Hg; Lepidodeuterammina ochracea positively correlated with Cd. L. 
lobatula and P. mediterrannensis are negatively correlated with all the contaminants 
with the highest values for Ni, Cd and Cr. Heavy metals are all positively correlated 
with the silt and clay fraction (table 2). This correlation is very strong for Cr and Ni, but 
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even if values are lower for other pollutants, regression diagrams show that correlations 
also exist, except for a few peculiar samples, as shown for arsenic (fig. 7). 

A positive correlation exists between PAH and Bolivina difformis, B. pseudoplicata 
and C. magellanicum; between PCB and H. germanica. A correlation also exists 
between TBT and TPhT and Bolivina sp.1 and L. ochracea. However, these correlations 
have been determined with a few samples (14 for PAH and PCB, 9 for TBT and TPhT) 
and have a limited significance.  

The Q mode hierarchical classification allowed the distinction of five clusters in 
November-December 1997, four in May 1998 and three in September 1998 (fig. 12). 
The mapping of these clusters shows the same distribution during the three sampling 
periods with a zonation from the central part of the harbor towards the innermost parts 
of the basins. The only exception was one sample from the wet dock in November-
December 1997. 

The R mode and Q mode factor analyses carried out for the taxa from samples 
collected in September consider only the first three factors that explain about 73 % of 
the variance (fig. 13 and 14). On the first plane 1-2, the three groups of samples 
determined by the Q mode hierarchical classification are distributed according to their 
position in the harbor  (fig. 13). The first factor corresponds to the changeover from the 
central harbor towards the innermost parts of the basins near careening areas, and the 
second factor corresponds to the changeover from the areas under direct oceanic 
influence towards the central part of the harbor. Thus, the main factors determining the 
distribution of the foraminiferal species are related to the geographical position of the 
samples, except for stations 7 and 18 that may be strongly influenced by the pollution 
resulting from careening activities.  

As previously shown on the distribution maps, P. mediterranensis and, to a smaller 
extent, L. lobatula are characteristic of a strong marine influence. Apart from Al and 
Hg, all the pollutants analyzed as supplementary variables are located towards the 
positive values of axis 1. The species also related to positive values of axis 1 are H. 
germanica, E. pulvereum, C. excavatum and C. magellanicum. The associated samples 
are samples 7 and 18, located near careaning areas, and samples 17 and 6, not far from 
the previous ones, in the marina and in the wet dock. Axis 3 discriminates between two 
types of pollutants (fig. 14): arsenic towards positive values and lead, copper and zinc 
towards negative values. The other pollutants, as well as the silt and clay fraction 
content, do not show strong correlation with this factor. The species that are positively 
correlated to factor 3 are C. magellanicum and to a smaller extent C. excavatum, F. 
lucida and Bolivina sp. 1. They are associated with samples 6 and 7. The species 
negatively correlated to this factor are E. pulvereum and to a smaller extent, Bulimina 
elegans, Rosalina globularis, Cribrononion gerthi, Angulogenerina angulosa and B. 
difformis. They are associated with samples 17 and 18. Thus, foraminiferal assemblages 
are the most affected by pollution in the marina and in the wet dock. Their response is 
different when nature of pollution changes. 

 
5. Discussion 
 
5. 1. The use of total assemblages

Owing to considerable changes during life cycles, a dramatic bias may be introduced 
by using living assemblages for environmental studies, except if a monitoring of at least 
one year is carried out. Therefore, since one year monitoring is often impossible in 
environmental studies, some authors consider that total assemblages are preferable to 
living ones for environmental studies (eg., Scott and Medioli, 1980; Hayward, 1982). 
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Moreover, using total assemblages smoothes small scale variability and allows epiphytic 
microfauna to be taken into account, as only dead specimens of epiphytic species can be 
present in the sediment. On the other hand, living specimens are generally detected by 
Rose Bengal staining, but the efficiency of this method is still debated since cytoplasm 
may be preserved in the test several weeks after death (eg., Boltovskoy and Lena, 1970; 
Cann and Dekker, 1981). Using total assemblages is a way to circumvent this problem. 
However, total assemblages may include allochthonous specimens and Murray (1982, 
1984, 1986) and Alve and Murray (1994) pointed out the bias that may result from 
postmortem transport.  

In Port Joinville harbor, three sampling periods were not sufficient to take into 
account the life cycles of the different species. Thus we decided to use total 
assemblages. Nevertheless, in order to indicate the potentially autochthonous species, 
we give a list of species living in the harbor, either infaunal epifaunal or epiphytic. A list 
of species found in a coastal sample near the entrance of the harbor is also provided, 
since these species may be transported into the outer and central parts of the harbor, 
being there allochthonous. In the inner part of the basins, species such as C. excavatum 
and H. germanica and the living bolivinids that are very rare outside are certainly 
autochthonous. 

Sedimentation rates may be very high in harbors, making necessary periodical 
dredging. In Port Joinville harbor, located far from the coast, it is relatively low, less 
than 5 cm per year. Thus, the superficial 1 cm of sediment scraped off for this study 
corresponds to a few months of sedimentation and therefore, total assemblages included 
in this sediment obviously change with season. 

Of course, only live specimens are affected by pollution and one can wonder whether 
total or dead assemblages can really be used as indicators of pollution. However, dead 
assemblages are constituted, at least for a great part, by the accumulation of 
autochthonous specimens and are therefore also affected by pollution (even if the signal 
is somewhat distorted by the input of allochthonous specimens). As a result, total 
assemblages grouping living and dead assemblages are themselves affected by 
pollution, and thus may be used as indicators of pollution. As a comparison, it must be 
pointed out that diatom indexes, currently used for biomonitoring of European rivers, 
are based on total assemblages (e.g., Coste and Lenoir, 1996).  
 
 
5. 2. Pollution of the sediments

 Contamination levels in Port Joinville harbor can be compared with the reference 
values established by the French GEODE program, i.e., the medians of heavy metal and 
PCB concentrations in the sediments of the major French harbors (Anonymous, 1996). 
Sediment contents of Cr, Hg, Ni and PCB are lower than the GEODE medians in all the 
stations of Port Joinville harbor (table 3). Cd level is slightly higher in only one 
station. However, it is higher than 1 mg kg-1 in five samples, which is relatively high 
since Cossa and Lassus (1989) reported only eight coastal sites in France where Cd 
concentration exceeded this value. The strongest contaminations, by comparison with 
the GEODE medians, result from Cu almost everywhere, Zn and Pb near the careening 
areas and As in the marina. Nevertheless, As concentrations in Port Joinville harbor are 
relatively low when compared with highly contaminated estuaries such as the lower 
estuary of the Rhine River with 1,200  mg kg-1 (Groot and Allersma, 1976) and the 
Restronguet Creek with 2,037 mg kg-1 (Langston, 1984). Comparison with the levels 
reported from pre-industrial sediments of the Humber estuary confirms the pollution by 
Cu, Pb and Zn, even if these values are relatively low when compared with highly 
polluted areas such as the Bilbao estuary (Cearreta et al., 2000; table 3). 
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TBT levels are very high near careening areas. The same observations have been 
reported in other harbor where a marked difference has also been reported between the 
harbor itself and the adjacent areas. For example: 840 to 21,300 µg kg-1 in Brest harbor 
but only 2 to 197 µg kg-1 off the harbor (Michel and Averty, 1995); 240 to 865 µg kg-1 
in the channel of a marina near Ré Island (Atlantic coast of France), and 2 to 17 µg kg-1 
in the adjacent areas (Alzieu and Michel, 1998). In San Diego Bay, Stang and Seligman 
(1986) noted higher TBT concentration near anchoring areas and maximum 
concentration near careening areas. 

Pollutants are not necessarily bioavailable, even when they are present in the sediment 
with relatively high concentrations. In a harbor located in an estuarine zone, heavy 
metal compounds react to the change in salinity and metals are often desorbed from the 
clay mineral, increasing their bioavailability (Groot et al., 1976). This phenomenum 
does not occur in Port Joinville harbor where an almost stable salinity prevails. The 
relatively weak impact of heavy metals on the foraminiferal assemblages, except near 
the careening areas, may result from their reduced bioavailability. 

 
5. 3. Effect of contaminants on the assemblages  

Cu, that is responsible for the most widely distributed contamination in Port Joinville 
harbor, has been shown to have a negative impact on macrobiotic diversity when 
sediment concentration exceeds about 200 ppm (Rygg, 1985 in Alve and Olsgard, 
1999), and a significant effect on meiofauna when Cu-concentration exceeds 500 ppm 
(Austen and others, 1994). Colonization experiments carried out by Alve and Olsgard 
(1999) showed that the opportunistic foraminifera S. fusiformis was dominant but it 
developed an increasingly patchy distribution pattern when Cu-content increased. In 
Port Joinville harbor, only station 13 has a Cu concentration over 500 ppm. This station 
does not show any particular characteristics, except a higher proportion of B. 
pseudoplicata in September. 

The decrease in assemblage density observed in September in the marina probably 
results from the domestic waste produced by the pleasure boats. It causes a noticeable 
source of pollution during summer, when the contaminant input is maximum. 

Port Joinville harbor makes it possible to study the effect of pollution independently 
from the effect of fresh waters. Sewage discharge is often reported to cause an increase 
in agglutinated taxa (eg. Watkins, 1961; Bandy and others, 1964; Schaffer and Cole, 
1974; Patterson, 1990; Alve 1993). Clark (1971) attributed the increased abundance of 
Eggerella advena to increased nutrient supply. However, Blais-Stevens and Patterson 
(1998) indicate that some biofacies such as Eggerella advena and Miliammina fusca 
Biofacies probably reflect brackish water conditions near sewage outfall more than 
contamination. Moreover, the agglutinated taxa present near sewage outfall are 
generally tolerant to brackish waters (Murray, 1991), which confirms that the fresh 
water discharged by sewage outfall probably has a strong impact on foraminiferal 
assemblages (Debenay and others, 2000). Thus, it is often quite difficult to discriminate 
between the impact of freshwater and the impact of pollutants in areas of sewage 
discharge. Port Joinville harbor shows that despite a noticeable pollution in the inner 
parts of the basins, including waste water from pleasure boats, calcareous species are 
dominant and only a few agglutinated species are present, even near the pollution 
sources. The same observations were reported from La Turballe harbor (Brittany, 
France) that also receives a limited fresh water input (Debenay et al., 1997).  

The low diversity and density of living specimens compared to the dead assemblages 
can be explained by the cumulative contributions through time of rare short-lived 
species.  A postmortem transport of tests would also be possible. However, this 
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transport is not likely in the innermost zones that are characterized by muddy sediments 
and by low current action. Limited transport from the ocean is attested to by the 
occurrence of rare specimens of species like Uvigerina peregrina and Wiesnerella 
auriculata and of rare planktonic foraminifers. Transport is probably more active in the 
central part of the harbor, owing to the stirring of the water by fishing boats and by 
ferryboats. 

 
5. 4. The resistant pioneer species C. excavatum and H. germanica

Cribroelphidium excavatum is often considered as very tolerant to most kinds of 
contaminants. It is a motile species changing from epifaunal to infaunal habitats and 
highly adaptable to changes in food availability and/or changing environmental 
conditions (Linke and Lutze, 1993). It may be associated with Eggerella advena in the 
northwest Atlantic or Eggerelloides scabrus in the northeast Atlantic (eg. Schafer 1973 
[C. excavatum as E. incertum clavatum]; Bates and Spencer, 1979; Sharifi and others, 
1991; Alve and Nagy, 1986; Alve, 1995), with Ammotium cassis and Ammonia beccarii 
in polluted Swedish estuaries (Olsson et al., 1973) or with H. germanica and A. beccari 
in Southampton Water (Sharifi and others, 1991). In the former case, C. excavatum 
became dominant in areas previously dominated by A. beccarii  after they were 
subjected to pollution (maximum concentrations of 1,007 Cu, 160 Cr, 470 Zn, 12 Cd 
and 281 Pb [in ppm dry weight]). The authors established that it is the most tolerant 
species to heavy metal pollution, followed by H. germanica and A. beccari in this order. 
In the Gota estuary C. excavatum and H. germanica were the pioneer species among 
others, after the recovery of this estuary (Cato et al., 1980). H. germanica dominates the 
foraminiferal assemblages in the contaminated sediments of Restronguet creek (UK) 
where the heavy metal content ranges from 382 to 1,270 ppm for Cu; 742 to 3,078 ppm 
for Zn; 0.5 to 4 ppm for Cd; and 616 to 2,387 ppm for As (Stubbles, 1993). 

The observations made in Port Joinville harbor are in agreement with these results. 
Cribroelphidium excavatum  and H. germanica have their highest relative abundance i) 
in the inner part of the marina where the sediment was deposited recently, circumstances 
favoring pioneer species; and ii) in the wet dock, highly polluted, which favors resistant 
species. However, C. excavatum  and H. germanica are rare in station 13 that is the most 
contaminated by copper, lead, zinc and TBT. This may be due either to a stronger 
oceanic influence in this area, or to different speciations of the contaminants in the 
coarser sediments.  

 
5. 5. The case of bolivinids

Bolivina and Brizalina  that are dominant in the fine sediments of the marina are 
known to survive in oxygen-deficient environments (Murray, 1991). They are often 
dominant in the oxygen-minimum zone or in upwelling zones (e.g., Phleger and Soutar, 
1973; Poag, 1984; Mullins et al., 1985). Their flattened elongate morphology is 
considered to be an adaptation to the low-oxygen conditions (Bernhard, 1986). 
However, the oxygen content of the bottom water and the light brown color of the 
sediment do not indicate any oxygen depletion in the marina. The same kind of 
observations were made in La Turballe harbor, where the maximum abundance of living 
bolivinids was in the oxidized sediments of the marina (Debenay et al., 1997). One can 
only speculate whether the domestic activities on the pleasure boats produce some 
specific form of pollution (enrichment in phosphate, for example) that influences the 
benthic microfauna. The decrease in the assemblage density of the inner part of the 
marina (station 7) may be related to the high TBT content, but the contamination 
resulting from the careening of pleasure boats in summer may also include pollutants 
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that are not detected by the analyses but have a negative effect on the microfauna, 
except the most resistant C. excavatum. 

 
5. 6. The case of Elphidium pulvereum

The correlation matrix shows that E. pulvereum, that is abundant only in the wet dock, 
is correlated with Pb, Zn and to a smaller extent with Cr that are abundant in the wet 
dock. Thus, it should be inferred that E. pulvereum is resistant to these pollutants and 
that it could be used as a pollution indicator. However, the high level of water in the wet 
dock during the full tide cycle allows the growth of green algae that are less abundant 
elsewhere in the harbor and provide here a good support for the epiphytic E. pulvereum. 
Thus, despite the correlation indicated by the correlation matrix, it appears that there is 
probably no direct relation between the abundance of this species and the particular 
pollution of the wet dock.  

 It must be noted that the presence of epiphytic species in a sediment gives indirect 
information on the ecological condition of the environment, by indicating the presence 
of their algal support.  

 
5. 7. The effect of the pollutants

The pollutants that are grouped in the central area of the first plane of the factor 
analysis (1-2) have little influence on the distribution of foraminifers. The four elements 
that contribute to the distribution of the samples  along axis 3 (Cu, Zn, As and Pb) are 
among the most toxic in the classification of Wood (1974) and, except Pb, are present in 
high proportions in the sediment. The other elements (Ni, Hg, Cr, Cd) are either in low 
proportions in the sediment  or have a low toxicity (Wood, 1974;  Abel, 1989). 

The correlation between heavy metals and the silt and clay fraction results from the 
fact that the distribution of heavy metals strongly depends on the adsorptive properties 
of clay minerals, and consequently follows sedimentological pattern. Therefore, 
geographic position is the main factor acting on foraminiferal distribution since it 
determines the characteristic of the sediment, itself affecting heavy metal concentration, 
and additionnally, is responsible for the gradient of marine influence. Owing to the 
correlation that occurs between heavy metals and the silt and clay fraction, it is difficult 
to determine whether sediment characteristics or pollution have the stronger influence 
on foraminiferal assemblages, except in the areas that experience the highest pollution. 
The impact of silt and clay fraction was evidenced for bolivinids. 

 
 

6. Conclusion 
 
This study shows that the main factor that determines the distribution of foraminiferal 

species in Port Joinville harbor is the geographical position, from the entrance towards 
the innermost areas. Correlations that occur between heavy metals and the silt and clay 
fraction makes it difficult to determine whether sediment characteristics or pollution 
have the stronger influence on foraminiferal assemblages in areas slightly affected by 
pollution. However, the nature of the sediment has a great influence on bolivinids, and 
strong pollution is indicated by the tolerant pioneer species C. excavatum and H. 
germanica. This general distribution concerns mainly the infaunal species. The growth 
of epiphytic species depends on the presence of algae and their distribution is influenced 
by local conditions such as the presence of the wet dock. 
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TABLES 
 

 
Table 1. Contaminant concentration in the sediments. 
 
 

 
Table 2. Correlation between selected species of foraminifers and pollutant 

concentration of the sediment. 
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Table 3. Comparison of the contaminant concentrations in the sediments of Port 

Joinville harbor (minimum, maximum and average) with the GEODE medians 
(medians of heavy metal and PCB concentrations in the sediments of the major 
French harbors), with pre-industrial and recent sediments of the Humber 
estuary (Grant and Middleton, 1990) and with the polluted Bilbao estuary 
(Cearreta et al, 2000). 
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FIGURES 
 

 
Figure 1. Location map. 
 

 
Figure 2. Map of Port Joinville harbor. 
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Figure 3. Location of the sampling stations. Additional samplings are: A to G sea 

weeds, 1 to 12 epiphytic foraminifers, a to f stations where 12 hours monitoring 
were carried out. 
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Figure 4. Variation of the hydrological parameters of the bottom water during a 
tide cycle. 
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Figure 5. Changes in pH values of the bottom water during a tide cycle. 
 

 
Figure 6. Silt and clay content of the sediment (< 63 µm). 
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Figure 7. Dispersion diagrams of Cd against As, Zn and Cr against Cu, and As against 

silt and clay content. 
 
 

 
Figure 8. Number of individuals (x 10-3) in 50 cm3 of sediment during the three 

sampling periods. 
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Figure 9. Relative abundance of the bolivinids during the three sampling periods. 
 
 

 
Figure 10. Relative abundance of the bolivinids against silt and clay content of the 

sediment. 
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Figure 11. Relative abundance of the selected species during the three sampling periods. 
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Figure 12. Q mode hierarchical analysis and mapping of the clusters distinguished 

during the three sampling periods. 
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Figure 13. Factor analysis in September 1998. Distribution of the species, samples, 

clusters and contaminants (as supplementary variables) on the first plane (1-2). 
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Figure 14. Factor analysis in September 1998. Distribution of the species, samples, 

clusters and contaminants (as supplementary variables) on the second plane (2-
3). 
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Plate 
 
PLATE 1 
Scale bar = 100 µm 

 
fig 1 : Leptohalysis catella, (Hoegland, 1947), st. 22, May 1998. 
fig 2 : Reophax arctica, Brady, 1881, st. 25, November-December 1997. 
fig 3 : Reophax nana, Rhumbler, 1911, st. 7, September 1998. 
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fig 4 : Textularia truncata,  Höglund, 1947, st. 5, September 1998. 
fig 5 : Eggerelloides scabrus , (Williamson, 1858), st. 4, September 1998. 
fig 6 : Spiroplectammina earlandi, (Parker, 1952), st. 7, September 1998. 
fig 7 : Jadammina macrescens, (Brady, 1870), st. 25, November-December 1997. 
fig 8 : Remaneica plicata, (Terquem, 1876), st. 12, September 1998. 
fig 9 : Remaneica plicata, (Terquem, 1876), st. 12, September 1998. 
fig 10 : Deuteramina eddystonensis, Brönnimann & Whittaker, 1990, st. 25, November-

December 1997. 
fig 11 : Cribrostomoides jeffreysii, (Williamson, 1858), st. 13, September 1998. 
fig 12 : Lepidodeuteramina ochracea, (Williamson, 1858), st. 7, September 1998. 
fig 13 : Lepidodeuteramina ochracea, (Williamson, 1858), st. 7, September 1998. 
fig 14 : Deuteramina eddystonensis, Brönnimann & Whittaker, 1990, st. 25, November-

December 1997. 
fig 15 : Paratrochammina cf. haynesi, (Atkinson, 1969), st. 4, September 1998. 
fig 16 : Paratrochammina cf. haynesi, (Atkinson, 1969), st. 4, September 1998. 
fig 17 : Deuteramina eddystonensis, Brönnimann & Whittaker, 1990, st. 25, November-

December 1997. 
fig 18 : Deuteramina eddystonensis, Brönnimann & Whittaker, 1990, st. 25, November-

December 1997. 
fig 19 : Paratrochammina sp., st. 13, September 1998. 
fig 20 : Ammodiscus planorbis , Höglund, 1947, st. 3, May 1998. 
fig 21 : Lepidodeuteramina ochracea, (Williamson, 1858), st. 7, September 1998. 
fig 22 : Portatrochammina murrayi, Brönnimann & Zaninetti, 1984, st. 13, September 1998. 
fig 23 : Portatrochammina murrayi, Brönnimann & Zaninetti, 1984, st. 13, September 1998. 
fig 24 : Portatrochammina murrayi, Brönnimann & Zaninetti, 1984, st. 13, September 1998. 
fig 25 : Siphonaperta aspera, (d'Orbigny, 1826), st. 2, September 1998. 
fig 26 : Siphonaperta cf. anguina arenata (Said, 1949), st. 4, September 1998. 
fig 27 : Siphonaperta quadrata, (Norvang, 1945), st. 3, November-December 1997. 
fig 28 : Siphonaperta quadrata, (Norvang, 1945), st. 3, November-December 1997. 
fig 29 : Siphonaperta aspera, (d'Orbigny, 1826), st. 2, September 1998. 
fig 30 : Spiroloculina depressa, d'Orbigny, 1846, st. 2, September 1998. 
fig 31 : Siphonaperta sp., st. 4, September 1998. 
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PLATE 2 
Scale bar = 100 µm, except for Massilina secans (scale bar = 300 µm) 
 

 
fig 1 : Quinqueloculina dunkerquiana, (Heron-Allen & Earland, 1930), st. 25, November-

December 1997. 
fig 2 : Quinqueloculina lata, Terquem, 1876, st. 7, September 1998. 
fig 3 : Quinqueloculina stelligera, Schlumberger, 1893, st. 9, September 1998. 
fig 4 : Quinqueloculina stelligera, Schlumberger, 1893, st. 9, September 1998. 
fig 5 : Miliolinella subrotunda, (Montagu, 1803), st. 7, September 1998. 
fig 6 : Sigmoilina ? sp., st. 5, September 1998. 
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fig 7 : Lachlanella sp., st. 1, September 1998. 
fig 8 : Adelosina sp., st. 11, November-December 1997. 
fig 9 : Lachlanella undulata, (d'Orbigny, 1852), st. 2, November-December 1997. 
fig 10 : Adelosina longirostra, (d'Orbigny, 1826), st. 25, November-December 1997. 
fig 11 : Quinqueloculina seminula, (Linné, 1758), st. 7, September 1998. 
fig 12 : Quinqueloculina seminula, (Linné, 1758), st. 7, September 1998. 
fig 13 : Triloculina williamsoni, Terquem, 1878, st. 8, September 1998. 
fig 14 : Cornuspira involvens, (Reuss, 1850), st. 2, November-December 1997. 
fig 15 : Edentostomina sp., st. 2, September 1998. 
fig 16 : Triloculina trigonula, (Lamarck, 1804), st. 2, September 1998. 
fig 17 : Triloculina trigonula, (Lamarck, 1804), st. 2, September 1998. 
fig 18 : Quinqueloculina trigonula, Terquem, 1876, st. 26, May 1998. 
fig 19 : Massilina secans, (d'Orbigny, 1826), st. 5, September 1998. 
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PLATE 3 
Scale bar = 100 µm 
 

 
fig 1 : Hyalinonetrion clavatum, (Williamson, 1846), st. 4, May 1998. 
fig 2 : Lagena laevis, (Montagu, 1803), st. 4, September 1998. 
fig 3 : Favulina melo, (d'Orbigny, 1839), st. 2, September 1998. 
fig 4 : Lagena sulcata spirata, Bandy 1959, st. 25, November-December 1997. 
fig 5 : Homalohedra williamsoni, (Alcock, 1865), st. 4, September 1998. 
fig 6 : Favulina squamosa, (Montagu, 1803), st. 4, September 1998. 
fig 7 : Lagena sulcata  (Walker & Jacob, 1798), st. 4, September 1998. 
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fig 8 : Lagena laevis, (Montagu, 1803), st. 4, September 1998. 
fig 9 : Lagena sp., st. 25, November-December 1997. 
fig 10 : Polymorphina sp., st. 4, September 1998. 
fig 11 : Procerolagena cf. implicata, (Williamson, 1858), st. 4, September 1998. 
fig 12 : Globulina myristiformis, (Williamson, 1858), st. 25, November-December 1997. 
fig 13 : Globulina gibba, (d'Orbigny, 1826), st. 3, September 1998. 
fig 14 : Pyramidula catesbyi (d’Orbigny, 1839), st. 10, September 1998. 
fig 15 : Lagena semistriata, Williamson, 1848, st. 3, September 1998. 
fig 16 : Fissurina subquadrata, Parr, 1945, st. 8, November-December 1997. 
fig 17 : Lagenosolenia lagenoides, (Williamson, 1858), st. 3, September 1998. 
fig 18 : Lenticulina rotulata, (Lamarck, 1804), st. 2, September 1998. 
fig 19 : Fissurina sp., st. 2, September 1998. 
fig 20 : Polymorphina sp., st. 4, September 1998. 
fig 21 : Favulina lineata, (Williamson, 1848), st. 2, September 1998. 
fig 22 : Fissurina fasciata carinata (Sidebottom, 1906), st. 2, September 1998. 
fig 23 : Vasicostella sp., st. 5, September 1998. 
fig 24 : Fissurina semimarginata (Reuss, 1870), st. 2, September 1998. 
fig 25 : Parafissurina inaequilateralis, (Wright, 1886), st. 8, November-December 1997. 
fig 26 : Parafissurina sp., st. 4, September 1998. 
fig 27 : Fissurina lucida, (Williamson, 1848), st. 4, September 1998. 
fig 28 : Alfredosilvestris sp., st. 3, November-December 1997. 
fig 29 : Palliolatella orbignyana, (Seguenza, 1862), st. 4, September 1998. 
fig 30 : Astacolus crepidulus, (Fichtel & Moll, 1798), st. 4, November-December 1997. 
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PLATE 4 
Scale bar = 100 µm 

 
fig 1 : Brizalina spathulata, (Williamson, 1858), st. 4, September 1998. 
fig 2 : Bolivina sp., st. 4, September 1998. 
fig 3 : Bolivina variabilis, (Williamson, 1858), st. 4, September 1998. 
fig 4 : Bolivina variabilis, (Williamson, 1858), st. 4, September 1998. 
fig 5 : Bolivina cf. robusta, Brady, 1884, st. 4, September 1998. 
fig 6 : Bolivina pseudoplicata, Heron-Allen & Earland, 1930, st. 4, September 1998. 
fig 7 : Bolivina sp. 1, st. 2, September 1998. 
fig 8 : Bolivina difformis, (Williamson, 1858), st. 4, September 1998. 
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fig 9 : Bulimina elongata, d'Orbigny, 1846, st. 2, September 1998. 
fig 10 : Bulimina elegans, d'Orbigny, 1826, st. 4, September 1998. 
fig 11 : Bulimina marginata, d'Orbigny, 1826, st. 4, September 1998. 
fig 12 : Stainforthia cf. concava, Höglund, 1947), st. 17, November-December 1997. 
fig 13 : Stainforthia fusiformis, (Williamson, 1858), st. 4, September 1998. 
fig 14 : Hopkinsina atlantica, (Cushman, 1944), st. 10, May 1998. 
fig 15 : Angulogerina angulosa, (Williamson, 1858), st. 4, September 1998. 
fig 16 : Buliminella elegantissima, (d'Orbigny, 1839), st. 4, September 1998. 
fig 17 : Uvigerina peregrina, Cushman, 1923, st. 25, November-December 1997. 
fig 18 : Cassidulina crassa, d'Orbigny, 1839, st. 4, September 1998. 
fig 19 : Cassidulina laevigata, d'Orbigny, 1826, st. 4, September 1998. 
fig 20 : Asterigerinata mamilla, (Williamson, 1858), st. 4, September 1998. 
fig 21 : Asterigerinata mamilla, (Williamson, 1858), st. 4, September 1998. 
fig 22 : Lamarckina haliotidea, (Heron -Allen & Earland, 1911), st. 4, September 1998. 
fig 23 : Patellina corrugata, Williamson, 1858, st. 4, September 1998. 
fig 24 : Spirillina vivipara, Ehrenberg, 1843, st. 4, September 1998. 
fig 25 : Rubratella intermedia, Grell, 1956, st. 5, September 1998. 
fig 26 : Aubignyna planidorsa, (Atkinson, 1969), st. 4, September 1998. 
fig 27 : Patellina corrugata, Williamson, 1858, st. 4, September 1998. 
fig 28 : Colonimilesia obscura, McCulloch, 1977, st. 25, November-December 1997. 
fig 29 : Epistominella sp., st. 13, September 1998. 
fig 30 : Rotaliella sp., st. 15, September 1998. 
fig 31 : Acervulina inhaerens, Schultze, 1854, st. 25, November-December 1997. 
fig 32 : Lamarckina haliotidea, (Heron -Allen & Earland, 1911), st. 4, September 1998. 
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PLATE 5 
Scale bar = 100 µm 

 
fig 1 : Rosalina bradyi, (Cushman, 1915), st. 5, September 1998. 
fig 2 : Rosalina bradyi, (Cushman, 1915), st. 5, September 1998. 
fig 3 : Gavelinopsis praegeri, (Heron -Allen & Earland, 1913), st. 4, September 1998. 
fig 4 : Gavelinopsis praegeri, (Heron -Allen & Earland, 1913), st. 4, September 1998. 
fig 5 : Neoconorbina milletti, (Wright, 1911), st. 14, September 1998. 
fig 6 : Rosalina vilardeboana, (d'Orbigny, 1839), juvenile, st. 4, September 1998. 
fig 7 : Neoconorbina terquemi, (Rzehak, 1888), st. 2, September 1998. 
fig 8 : Neoconorbina terquemi, (Rzehak, 1888), st. 2, September 1998. 
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fig 9 : Neoconorbina nitida, (Williamson, 1858), st. 4, September 1998. 
fig 10 : Rosalina anglica, (Cushman, 1931), st. 5, September 1998. 
fig 11 : Rosalina vilardeboana, (d'Orbigny, 1839), st. 4, September 1998. 
fig 12 : Neoconorbina nitida, (Williamson, 1858), st. 4, September 1998. 
fig 13 : Rosalina globularis, d'Orbigny, 1826, st. 4, September 1998. 
fig 14 : Rosalina anglica, (Cushman, 1931), st. 5, September 1998. 
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PLATE 6 

 
 
fig 1 : Cibicides refulgens, Montfort, 1808, st. 5, September 1998. 
fig 2 : Lobatula lobatula, (Walker & Jacob, 1798), st. 4, September 1998. 
fig 3 : Planorbulina mediterranensis, d'Orbigny, 1826, st. 4, September 1998. 
fig 4 : Ammonia beccarii, (Linné, 1758), st. 2, September 1998. 
fig 5 : Cribroelphidium excavatum, (Terquem, 1876), st. 4, September 1998. 
fig 6 : Elphidium pulvereum, Todd, 1958, st. 17, September 1998. 
fig 7 : Cribroelphidium magellanicum, (Heron-Allen & Earland, 1932), st. 4, September 1998. 
fig 8 : Ammonia beccarii, (Linné, 1758), st. 2, September 1998. 
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fig 9 : Elphidium aculeatum, (d'Orbigny, 1846), st. 2, September 1998. 
fig 10 : Nonion communis, (d'Orbigny, 1825), st. 24, November-December 1997. 
fig 11 : Haynesina germanica, (Ehrenberg, 1840), st. 4, September 1998. 
fig 12 : Cribroelphidium williamsoni, (Haynes, 1973), st. 4, September 1998. 
fig 13 : Haynesina depressula, (Walker & Jacob, 1798), st. 2, September 1998. 
fig 14 : Nonionella turgida, (Williamson, 1858), st. 25, November-December 1997. 
fig 15 : Cribrononion gerthi, (Van Voorthuysen, 1957), st. 4, September 1998. 
fig 16 : Nonion pauperatum, (Balkwill & Wright, 1885), st. 5, September 1998. 
fig 17 : Pseudononion atlanticum, (Cushman, 1947), st. 7, September 1998. 
fig 18 : Cribroelphidium cuvillieri, (Lévy, 1966), st. 4, September 1998. 
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APPENDICES 
 
Appendix 1. Relative abundance of the species collected in November-December 1997. 
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Appendix 2. Relative abundance of the species collected in May 1998. 
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Appendix 3. Relative abundance of the species collected in September 1998. 
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