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Abstract

This study describes the trends of a bitterling population in the Bourgneuf Marsh in relation to human activities. Although
there were no bitterling during the period 1987-91, the species rapidly colonized the ditch network sampled (density reaching
617 £ 47.0 individuals/100 M and frequency of occurrence around 70—75%) during a 5-year period (1997—2001). Clearance
operations probably favoured the expansion of this vulnerable fish species because of positive associations of bitterling with
large and deep ditches that had been cleared in the last 2—-3 years and characterized by a small cover of submerged plant
Management recommendations are discussed for conserving the bitterling popUlatadathisarticle: A. Carpentier et al.,

C. R. Biologies 326 (2003).
O 2003 Académie des sciences. Published by Editions scientifiques et médicales Elsevier SAS. All rights reserved.
Résumé

Evolution d’une population de bouviére (Rhodeus sericeus) dans un réseau de douves fagonné par I’homme. Cette
étude décrit I'évolution d’'une population de bouviere dans les marais de Bourgneuf en relation avec les activités humaines. En
I'espace de 5 années (1997—-2001), la bouviére a rapidement colonisé le réseau de douves échantillonnées (densités atteign
61,7+47,0 individus/100 4 et fréquence d’occurrence de I'ordre de 70-75 %), alors qu'elle n’était pas recensée sur la période
1987-1991. Une campagne de curage semble avoir favorisé I'expansion de cette espece vulnérable puisque une présence
I'espece est étroitement liée a des douves larges, curées depuis 2—3 ans, caractérisées par une colonne d’eau relativem
importante et un faible encombrement végétal. Nous concluons sur certaines recommandations en termes de gestion du milie
pour préserver la bouviérBour citer cet article: A. Carpentier et al., C. R. Biologies 326 (2003).
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1. Introduction

The bitterling is considered as a fish species of
high conservation status, listed in the ‘Habitats’ Di-
rective (Annex Il) and Bern Convention (Annex III).
It is listed in the French Fishes Red list as a vulner-
able species according to UICN criteria [1,2] and it
is protected by French legislation because of its frag-
mented distribution [3]. The sensitivity of the species
to the degradation of its habitat is relatively little docu-
mented, and is accentuated by its remarkable life traits:
the relationship with freshwater mussels (Unionidae)
[4,5]. Complex interactions exist between bitterling
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ha of former salt marshes that were embanked during
the 14" century for salt production. Nowadays, it
forms a mosaic of extensive pastures with scattered
pools (in the brackish-water part) and drained by a
complicated ditch network [15,16] covering 6.7% of
the freshwater marsh area, and connected naturally to
a river (the Falleron) and artificially by a pump to
the Loire River system. The study of the bitterling
population was conducted in a representative 3660 ha
sampling area in the north of the freshwater part of the
Bourgneuf Marsh.

and several freshwater bivalve species since female2-2. Habitat variables chosen

bitterlings deposit eggs into the gills of a mussel,
which are fertilized by sperm released by males in
the inhalant siphon of the host species [6—10]. Further-
more, larvae of the mollusc (glochidia) also develop in
the gills of bitterling and other Cyprinid species [11]
and thus constitute an unusual case of a “two-way par-
asitism” according to Combes [12].

All studies dealing with bitterling have focused
on the relationships with freshwater mussels, the
oviposition site choice and their consequences for
population dynamics [8-10]. Except for the study of
Reynolds [7] on the effects of phosphorus pollutants
on bitterling and freshwater mussels, there is no study

on the habitat use by this fish species and habitat

variables influencing its spatial distribution.

Within the framework of a program on predator-
prey interactions [13,14] an investigation on the fish
community in the Bourgneuf Marsh enabled us to

We extracted environmental data concerning a 5-
year period (1987-91) and a 6-year period (1996—
2001). Each year 20 to 30 ditches were sampled in
June, including some ditches that were sampled every
year from 1997 to 2001n(= 11). Thus a broad range
of habitat types was investigated. At each sampling
station, quantitative and qualitative habitat variables
were noted. The ditch width, the water depth and the
substrate depth, always composed of mud, were mea-
sured to the nearest centimetre. Vegetation cover was
visually estimated at each sampling station and de-
fined using five semi-quantitative categories of cover-
age: 1 (absence ot 5%), 2 (5—-25%), 3 (26—50%),

4 (51-75%) and 5% 75%). Three vegetation types
were distinguished to characterize different types of
habitat. Emergent plants were recorded on the bank of

exploit a long-term database (1987-1991 and 1996 the ditch and were essentially composeqafex spp.

2001) on the bitterling population. The objectives of
the present study are to identify firstly the trends of the

andJuncusspp. Floating-leaved plants (mairilgmna
spp. andHydrocharis morsus-ranae) sometimes com-

bitterling population, and secondly the interactions be- Pletely covered the water surface of the sampling sta-
tween the presence of bitterling and landscape habitattion. Finally several submerged macrophytes devel-
variables in this man-made ditch network. Finally we oped in the water column (see [17] for more details on
discuss the conservation strategies for bitterling and the aquatic plant assemblage). All plant species were
the role of human activities in the future of this fish grouped according to the three kinds of vegetation.
species. Ditch clearance (presence/absence) was classified into
four categories: 0 (no clearance), 1 (1 year ago), 2
(2—-3 years) and 3x( 4 years). Finally each sampling
station was classified according to its degree of con-
nection to the river: 1 (the main river), 2 (secondary
network, ditches directly connected to the river) and 3

The Bourgneuf Marsh is located in western France (tertiary network, ditches connected to the secondary
(47°N, 2°W), near the Atlantic coast. It covers 16 000 network).

2. Materialsand methods

2.1. Sudy site
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2.3. Fish sampling 3. Results

] ) ] o 3.1. Trendsin the bitterling population
In each ditch, a sampling station was delimited

by two 5 mm mesh straight nets set 30 m apart. In

these stations, we applied the removal method [16,18, 19g7_g1 period; the species appeared later since it
19] using an electric fishing apparatus (EFKO F.E.G. |45 detected between 1996 and 2001. Both mean

8000). Fishing conditions were defined to estimate fish density and frequency of occurrence of the bitterling
densities using the Carle & Strub method [20]. After population increased from 1997 to 2001 (Fig. 1A).
capture, each fish was identified and immediately The fish population was small in 1997-98 with a low
returned to the water. When the capture probability density (24 & 2.7 and 03 + 0.5 individuals/100 rA

was below 0.20, the density was obtained by adding respectively), although the frequency of occurrence

There were no bitterling in the marsh during the

the different samplings [20]. was relatively large in 1997 (45%). The bitterling
2.4. Data processing 120 - - 80

o
<
|

Firstly, mean density and frequency of occurrence
were used to compare trends in the bitterling popula-
tion in the set of stations that were sampled in every
year from 1997-2001n(= 11). Prior to investigating
the relationships between fish data and habitat vari-
ables, the densities of bitterling were transformed into
presence/absence for all stations sampled in 1996—
2001 ¢ = 112) and continuous habitat variables (ditch
width, water depth and substratum depth) were con-
verted into categories. We related bitterling occurrence 1997 1998 1999 2000 2001
to each habitat variable by generating an ecological
profile as illustrated in Grenouillet [21]. The ecologi-
cal profile was based op? tests performed on cate- 3007 B
gories of each variable showing preferences or avoid-
ances of bitterling for each separate variable. Then we
carried out a logistic regression selecting all habitat
variables to build a predictive model of the occurrence
of bitterling in the Bourgneuf Marsh.

Finally a Multiple Correspondence Analysis (MCA)
was performed on the set of effective variables from
the ecological profile procedure to classify the ditches
sampled and to support previous statistical investi-
gations. As the number of stations having the same
categories for the remaining variables was low for
some combinations, the number of categories was lim-
ited for all habitat Va.”ables (see the reSUItS. section). Fig. 1. Trends in the bitterling population from 1997 to 2001 for
Analyses and graphics were performed using ADE4 the set of stations sampled in each year=(11 for each year).
[22] and SYSTAT 9.0 for the ANOVA and logistic re-  (A) Mean density (individuals/100 %y histograms) and frequency
gression procedures. of occurrence (line); (B) density of bitterling for each station.
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Fig. 2. Ecological profile angt2 associations for bitterling. Each histogram represents the difference between the frequency of bitterling in the
group of stations with each category and the frequency of that species in all samples. Significant assqciatfs)between bitterling and
habitat variables are indicated with an asterisk.

population rapidly increased and colonized the study 3.2. Habitat selection by the bitterling population

area during the three last years (1999-2001). The

frequency of occurrence seemed to reach a threshold  The ecological profile shows the relationships be-
(nearly 75%) in 2000 and 2001. At the same time tween the occurrence of bitterling and each separate
the density of fish continued to increase significantly habitat variable (Fig. 2). The patterns obtained re-
(one-way ANOVA, F = 2.95, p = 0.03 for the 5 vealed that the substrate (mud) depth and the covers of
years) with a higher density in 2001 (G1+ 47.0 floating-leaved and emergent plants produced no sig-
individuals/100 M) compared to 1997 and 1998 & nificant response. However, the year effect was con-
0.04 and p = 0.03 respectively from Tukey HSD firmed since bitterling was preferentially recorded in
tests). The stabilization of the number of ditches the three last years. Positive associations were noted
colonized by bitterling was supported by the fact that with large & 5 m), deep (water depth- 0.7 m)
once the fish species was noted in a ditch, it was noted ditches, ditches with a limited cover of submerged
during the following years (Fig. 1B) in the same ditch. plants and ditches which had been cleared within the
Furthermore some ditches were never colonized by last 2 or 3 years and belonging to the main and above
bitterling in 1997-2001 despite the expansion of the all the secondary ditch networks. In contrast, bitterling
population size. significantly avoided narrow, shallow ditches, ditches
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with a very high cover of submerged plant obstructing strated the recent settlement and expansion of a bit-
the water column# 75%), and ditches not cleared and terling population. This result is all the more interest-
belonging to the tertiary network. ing as bitterling seems to be a vulnerable species not
The logistic regression did not show any signifi- only in France but also in many European countries [1]
cant responses of bitterling to habitat variables, ex- although some populations would be unknown and
cept for the ditch width { = —2.121, p = 0.03). the species would be perhaps less threatened than it
The likelihood-ratio, testing the hypothesis that all co- is stated. Furthermore, the absence of bitterling dur-
efficients of habitat variables are zero, and the de- ing the first period of the sampling between 1987 and
viance explained (Mc Fadden’s Rho-squazed.073) 1991, its sudden appearance in 1996, and the parallel
supported that no predictive model can be built. In increase of its occurrence and density between 1996
fact, the colonization process during the five last and 2001 leading to the saturation of the sampling area
years probably inhibited this predictive process, since in 2000 and 2001 show the high colonisation capac-
ditches not colonized by bitterling in 1996 and 1997 ity of a suitable area by this species. Bitterling repre-
were colonized during the following years without sig- sented the most frequent species in 26% of sampling
nificant environmental change. stations in 2001 (unpublished data). This unknown ca-
Nevertheless the MCA reinforced the results of the pacity seems to be very useful for the managementand
ecological profile by classifying the ditches according the conservation of the species.
to the set of habitat variables. Because of the method-  The absence of bitterling during the first period is
ological constraint previously mentioned, the analy- surprising and seems not to be due to the absence of
sis was performed on a matrix composed of 112 sta- Anodonta, well represented in all marshes of the re-
tions and 6 variables (ditch width, water depth, sub- gion where organic sediment is abundant. Moreover,
merged plant cover, clearance and position in the ditch the mussel parasitism is non specific and other fish
network) totalling 14 categories (see Fig. 3). The first species, especially Cyprinids, can be hosts for Union-
two axes described the data structure well, accounting idae larvae [9,23]. So mussels can be present with-
respectively for 33 and 18% of the total inertia. The out bitterling whereas this latter needs the presence
Gauss curves show factorial scores of the categories ofof sufficient large mussels (40 to 70 mm [24]). Pub-
each habitat variable on these axes (Fig. 3). The am-lished studied on other sites have suggested that in-
plitudes of the curves are proportional to the category organic pollution [4], eutrophication and habitat de-
weights and the correlation ratio expressed as a per-struction [7] are responsible for the decline of the
centage identify those variables that are taken into ac- mussels and thus of the bitterling [11,25]. However
count by each axis. The analysis classified the ditchesthese factors have not greatly affected the Bourgneuf
into three categories: (i) narrow and shallow ditches Marsh, particularly the tertiary network. Furthermore,
connected to the secondary network and characterizedour study shows another surprising inverse relation-
by a high cover of submerged plants and which are not ship with the habitat preferencesAfiodonta, i.e. the
cleared, (ii) the main river or secondary ditches (large organic muddy sediment in tertiary ditches and related
and deep) which are managed (clearance) with a smallfactors such as vegetation.
amount of vegetation and (iii) intermediate ditchesbe-  The appearance of the species in the Bourgneuf
longing to the secondary or tertiary network and not Marsh was first observed after a campaign of ditch
necessarily cleared. This classification showed a het- clearance in 1995 and 1996 on all the primary and sec-
erogeneity in the structural variables and human man- ondary network to prevent flooding in the marsh by en-
agement of ditches belonging to the secondary or ter- hancing the water circulation and to improve the water
tiary network. quality [26]. So the previous absence of bitterling in
the Bourgneuf Marsh could be due to adverse ecolog-
ical conditions for this species, such as oxygen defi-
4. Discussion ciency in summer and/or a too low connectivity in the
network of ditches. The clearance campaign should
Fish sampling on this representative area of the have suppressed such limiting factors and allowed the
Bourgneuf Marsh over more than ten years demon- colonisation by bitterling although the mussel popu-
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Fig. 3. MCA of the six habitat variables showing significant response of bitterling (see Fig. 2). The Gauss curves represent factorial scores of the
modalities of each habitat variable on the two first axes. The amplitudes of curves are proportional to the category weights and the correlation
ratio expressed as a percentage identify those variables that are taken into account by each axis.

lation probably suffered from local disappearance due sence of adult mussels for spawning [23]. Bitterling
to these engineering operations and the reduction of could only colonise in subsequent years probably ow-
organic sediment. Bitterling was not recorded in abun- ing to the delay in the settlement of a well-grown mus-
dance for 1 or 2 years after clearance because of un-sel population after the return of suitable conditions
suitable habitats encountered by mussels and the ab{accumulation of organic matter on the substrate).
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