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Consequences and limits to use of historical
hydrobiological data in the current biodiversity

context

Data on aquatic fauna and flora have been collected for almost two centuries.

More or less well conserved, these old data are used in setting up projects for biodiversity
conservation and evaluation. To what purpose can the data be put?

What precautions must be taken to ensure judicious use?

The start of limnologic research may be dated
to the founding of the Naples zoological
station in 1872 by German zoologist Anton
Dohrn. Its popularity led to the launch of
numerous hydrobiological centres, notably in
Germany, at the end of the 1800s and begin-
ning of the 1900s (Arlinghaus et al., 2008). In spite of
the impetus provided by these organisations for neigh-
bouring countries and the combined weight of over a
century of applied research in limnology, the biodiversity
of continental waters was significantly underestimated
and the efforts for its conservation have not been judged
very effective (Dudgeon et al., 2006).

Parallel to the initial steps of European research on the
ecology of continental waters, the accelerating impact
of human activities has transformed most hydrosystems.
Alpine rivers offering high potential for energy generation
were substantially modified as early as 1830. The same
is true for lakes which have been modified for energy
purposes and subjected to massive nutrient inputs and
fishery management. Problems were worsened by the
increase in the number and volumes of artificial lakes,
and regulation of water levels in natural lakes for urba-
nisation purposes and/or tourism. Fundamental research
in limnology gradually folded over into applied research
to reduce the impact of human activities, e.g. the OECD
ecological-quality evaluation programme launched in
1982.

Our historical perspective in hydrobiology dates back
approximately two centuries and the data acquired are
increasingly affected by human activities. In response to
new social demands reflecting worries arising from the
destruction of the natural heritage, efforts to inventory
life forms have regained momentum. Requests to trans-
fer operational methods to environmental managers, in
close conjunction with significant legislative progress
such as the European Water framework directive (WFD),
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are also on the rise. Current environmental management
thus needs reference data from the past and in fact can-
not be organised without those data. Examples include
programmes to re-establish large migratory fish in rivers,
to conserve threatened species and to ecologically res-
tore aquatic environments.

The use of historical data for ecological programmes
addressing continental waters is presented using
examples drawn from:

e the knowledge gained in the Rhone river basin on ben-
thic macro-invertebrates and fish;

e work carried out on macrophytes in lakes (see
photo @).

These examples will briefly illustrate the contribution of
historical data from various origins to evaluating change
in biodiversity and the limits to the use of those data.

Hydrobiological knowledge
on the Rhone river

Long-term environmental monitoring

and river biodiversity
We should mention, among the "historical" biological
data series, the work by Josette Fontaine on Ephemerop-
tera insects starting in the 1950s. The long series, filled
out with Trichoptera insects, was continued by Philippe
Usseglio-Polatera. The data shed light on changes in living
communities caused by the Pierre-Bénite dam after 1966.
The series contains complete faunal lists before and after
dam construction and elements for a reference condition
of a "swift flowing river" without having to examine further
archives.
However, most of the long data series on aquatic inver-
tebrates have been compiled in the immediate vicinity of
nuclear power stations, e.g. the Bugey series on the upper
Rhone, launched in 1975 and continued using the same
protocol ever since. Functional analysis of populations



revealed gradual changes in communities. Generally
speaking, the changes consisted of an increase in the spe-
cies richness due to the arrival of seven non-native taxa,
the dissemination of numerous limnophilic taxa, notably
molluscs from the upstream reservoirs, and of a progres-
sive increase in the numbers of initially rare species. The
changes over time were due, among other reasons, to tem-
perature rise in the river, to large-scale modifications in the
hydraulic conditions caused by continued development of
the upper Rhéne between 1980 and 1986, and to the flow-
rate management.

The people in charge of monitoring had relatively set goals
in mind and adopted a classic protocol based on three
monitoring stations positioned upstream, downstream and
at the cooling-water discharge outlet. They employed an
overall evaluation method for hydrobiological quality, i.e.
biotic indices that do not address the species level. For
example, Oligochaeta were grouped in a single taxonomic
unit, yet some 90 species have been observed in the French
part of the upper Rhone. In addition, the spatially limited
sampling zones provided only a limited view of river diver-
sity. The Bugey monitoring programme detected the pre-
sence of some 30 Coleoptera species whereas the inventory
for the upper Rhone and its backwaters lists 94 species.
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main tributaries. Information was also found in reports,
occasionally uncovered per chance, and in older publi-
cations on the Swiss Rhéne and Lake Geneva, the French
Upper Rhéne and the delta.

All the above documents were subjected to critical ana-
lysis (Carrel, 2002) and served for an updated review
of the species in the major geographical sections of the
Rhone.

Emblematic species

> Rhéne apron
The apron (Zingel asper) is a small, endemic percid in
the Rhone river basin, typically found in braided river
sections in alluvial plains. Its extensive historical habi-
tat range has been estimated on the basis of sightings
by Jacques-Nicolas Vallot in the Saéne river (Cote-
d'Or), Guillaume Rondelet in the Rhéne between
Lyon and Vienne, Paul Gourret in the delta, as well as
by M. Jullien and Louis Léger around Grenoble, in the
Romanche, Drac and Isére rivers. In the latest issue of
the Life Apron Il information bulletin, the presence of
the Rhone apron was confirmed along 240 kilometres of

=

It follows that though overall methods are sufficient to
detect spatio-temporal modifications in populations and

O List and coverage of useful maps in defining fish fauna in the Rhéne.

can inform on the functional biodiversity of hydrosystems, Author(s) Departement and/or river Coverage Fon
they cannot meet biodiversity requirements in terms of spe- Dorier (1955) Do /
ies richness. 955 rome 1/200 000 3
cles e Dorier (1956-1957) Ardéche 1/200 000 3
Fish in the Rhdne river Kreitmann (1932) Rhéne 1/500 000 2
Fish fauna is traditionally the best known in inventories Leger (1927) Ain 1/200 000 3
or reference data sets on aquatic environments impacted Leger (1942-1944) Savoie 1/200 000 3
by human activities. Older data on the Rhéne river basin Léger (1945-1948a) Rhdne 1/200 000 3
are essentially in the form of maps. They were collected Léger and Kreitmann (1931) | Haute-Savoie 1/200 000 3

by Professor Louis Léger from the University of Grenoble
and his co-workers from 1910 to 1956. Fish assemblages
at the time were determined on the basis of departmental
maps (see table @) and a map of the Rhone river with its

The level of information is noted as 2 or 3 where 2 means the information is sufficient
to signal presence/absence and 3 means an abundance indicator was added
for each species in the inventoried reach.
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P> river, i.e. 11% of a significantly underestimated part of its

historical habitat range.

To raise un uncomfortable question, why focus on a
relatively modest and poorly represented percid, of no
fishery value and that has been ignored for decades? The
answer is that, above and beyond its patrimonial value,
the virtual disappearance of the apron and of other
European Zingel species illustrates the radical loss of its
habitats and, more generally speaking, of almost all the
ecosystems created by the active meandering of alluvial
rivers (Warner, 2000).

> Twaite shad

Whereas the apron is representative of an alluvial habi-
tat, the Twaite shad (Clupeidae, Alosa fallax rhodanensis)
is a migratory species and indicator of river continuity.
Reported at the Bourget lake outlet and as far as 327 km
up the Saodne river, this species has lost ground in less
than 50 years due to river obstacles. According to Louis
Kreitmann, in 1932 the species no longer entered the
Isere river following the construction of the Beaumont-
Monteux dam and its progress along the Saéne was par-
tially blocked in Lyon by the Mulatiére dam. In 1937,
the Jons dam slowed its access to the upper Rhéne. In
1952, the Donzere-Mondragon dam halted migrations
140 km from the sea. Then in 1974, the Vallabregues
dam blocked shad only 70 km from the sea.

Consequences and limits to use of historical hydrobiological data
in the current biodiversity context

In spite of its major fishery value and the criticism and
suggestions made by Camille Gallois in 1947 concer-
ning the future impact of the Donzere-Mondragon dam,
it was many years before the Twaite shad met with suffi-
cient "forced" interest to justify scientific, technical and
financial efforts in favour of its return to the Rhéne and
its tributaries.

Following the Rhéne fish-fauna inventory in 1992,
the creation of the "Migrateurs Rhone-Méditerranée"
association in 1993 federated professional and ama-
teur fishing organisations, scientists and environmen-
tal managers in support of the Twaite shad. The efforts
undertaken and the results achieved have helped other
migratory fish such as eels and, to an even greater extent,
species virtually forgotten along the Rhone such as sea
and river lampreys, sturgeon. These species, for which
there is a flagrant lack of knowledge, constitute future
goals for the restoration of the Rhone.

Anthropogenic origins of fish invasions

In a study on evolution of vertebrate fauna during the
Holocene in France, the authors showed that "the tem-
poral factor is indispensable in determining whether a
species is native or non-native... the historical approach
is indispensable for correct understanding of biological
invasions".

@ Allochthonous fish species in the Rhone from its source to the delta.

Family

Species Common name Report or initial observation
Centrarchidae

Lepomis gibbosus (Linné, 1758) Pumpkinseed sunfish Lower Rhéne (1920)

Micropterus salmoides (Lacépéde, 1802) | Largemouth bass Lower Rhone (1940)
Cyprinidae

Cyprinus carpio (Linné, 1758) Common carp Roman period

Carassius carassius (Linné, 1758) Crucian carp ®

Rhodeus amarus (Bloch, 1782) European bitterling Linked to expansion of carp farming

Carassius auratus (Linné, 1758) Goldfish France (1700s)

Chondrostoma nasus (Linné, 1758) Common nase Rhdne (1880)

Carassius gibelio (Bloch, 1782) Prussian carp Lower Rhone (1989)

Pseudorasbora parva (Schlegel, 1842) Topmouth gudgeon Lower Rhone (1989)

Leucaspius delineatus (Heckel, 1843) Belica Lower Rhéne (2001)

Leuciscus idus (Linné, 1766) Golden orfe Lower Rhdne (2009)
Ictaluridae

Ameiurus melas (Rafinesque, 1820) Black bullhead Rhone (1920)
Percidae

Gymnocephalus cernuus (Linné, 1758) Eurasian ruffe Rhdne (1860)

Sander lucioperca (Linné, 1758) Zander Lower Rhéne (1930)
Poeciliidae

Gambusia holbrooki (Girard, 1859) Eastern gambusia Camargue (1927)
Salmonidae

Oncorhynchus mykiss (Walbaum, 1792) Rainbow trout Rhone (1880)

Salvelinus fontinalis (Mitchill, 1815) Brook trout Swiss Rhone (1800 s)
Siluridae

Silurus glanis (Linné, 1758) Wells catfish Lower Rhéne (1987)
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Whereas we must note a reduction in habitats for seve-
ral species and even their wide-scale disappearance
from their original biogeographical zones, "visible" fish
biodiversity in the Rhone, expressed in terms of spe-
cies richness, is rising. This increase is due essentially
to the introduction (voluntary or accidental) of species
to the Rhone, from their original biogeographic zone,
and then their natural tendency to colonise hydrographic
networks, notably via new water ways.

To date, 67 species have been listed in the Rhone river
basin, including 62 in the Rhone itself from its source to
the delta. Among these species, there are 45 autochtho-
nous (including one, sturgeon, that has disappeared) and
18 allochthonous' (see table ®)

Analysis of maps drawn up prior to 1950 for the Rhéne
river basin and of the corresponding literature reveals
that the goal of ichthyologists at the time was to improve
fisheries and economic productivity of aquatic environ-
ments. This period of extensive changes in fish commu-
nities due to the introduction of species lasted close to
one century. Species dissemination took place through
pisciculture and voluntary introductions, e.g. rainbow
trout, brook trout, largemouth bass. Other species can
adapt rapidly outside of aquacultural efforts, notably the
pumpkinseed sunfish and the black bullhead, whose
success is not welcome. Two other introduced species
of European origin have also been the subject of debate
on their fishery value, the common nase and the zander
(Kreitmann, 1930).

The common nase (Chondrostoma nasus) (see photo @),
a rheophilic and lithophilic fish of the Cyprinidae family,
found in the Rhéne and its major tributaries extremely
favourable conditions for its population explosion. Local
fishers requested strong control measures that were
authorised as early as 1901 in the Ain river.

The zander (Sander lucioperca), a large carnivorous
percid, was favoured by our colleagues such as Louis
Kreitmann. At the time, no one knew that the zander
was infested with a trematode Bucephalus polymorphus
(Baer, 1827) whose cycle required two other hosts, a
bivalve mollusk also from central Europe, the zebra mus-
sel (Dresseina polymorpha), and a fish of the Cyprinidae
family. The parasite caused mortalities and an extension
of larval bucephalosis in the Rhone river basin from the
1960s to the 1980s. Introduction of a species is in fact
the introduction of a very complex host-parasite system
that can cause unsuspected problems.

Lake macrophytes

Macrophytes are important components in most aquatic
environments and play a double role as primary produ-
cers and means of support for many plant and animal
organisms. The term "macrophyte" comprises flora often
identifiable by the naked eye and belonging to angios-
perms (flowering plants), bryophytes (mosses), pterido-
phytes (ferns and horsetail) and macroscopic algae.

A brief history
Research on lake plant communities began with
the work by Frangois-Alphonse Forel (1893) in Lake
Geneva. French researchers followed, the most famous
work being that of Antoine Magnin (1904) on 74 lakes

@ When he arrived in the
., Rhone in the nineteenth

century, the common
nase (Chondrostoma

nasus) found extremely
favourable conditions for
its population growth.

1. Afish species is considered allochthonous in a biogeographical
region if it was initially absent from the aquatic environments,

but currently constitutes one or more populations that reproduce
in a durable manner.

in the Jura region and Marc Le Roux (1907-1908) on
Lake Annecy. The more recent work by Louis Kreitmann
(1935-1937) on three Jura lakes, then in the 1970s, the
renewed studies on macrophyte communities in Jura
lakes by J.P. Vergon, J. Barbe and their co-workers (1977)
made possible initial comparisons on the evolution of
macrophyte communities.

Research was also carried out on pond vegetation,
notably by J.C. Felzines (1982) in central France. Little
information was available on lakes and ponds in SW
France before the 1960s and the work by C. Vanden Ber-
ghen (e.g. 1969). However, observations by P. Allorge,
M. Denis (1923, 1930) and P. Jovet (1951) provide partial
information on certain water bodies.

Mapping of communities

Initial work mapped aquatic-plant communities, divided
into vegetal groups according to various parameters such
as the depth, water transparency, type of sediment, etc.
Figure @ illustrates the relative temporal continuity of the
documents and shows, in the case of a lake, the stable
distribution of the two main vegetal groups from 1904 to
1984, reeds and sedges (Phragmites australis and Scir-
pus lacustris), and water-lilies (Nuphar lutea). However,
the 1984 survey reported the absence of two underwa-
ter phanerogams (Utricularia vulgaris and Potamogeton
lucens) and major regression in shallow depths of the
Chara and Nitella algae (Characeae family).
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P> Similar comparative work on the Remoray and Saint-

Point lakes in the same region of France made it possible
to evaluate the gradual and strong regression of reeds and
changes in plant communities due to a major decrease in
water transparency.

The historical maps on plant distribution thus remain
useable, but provide, at best, trends and a "semi-quan-
titative" evaluation of the presence and abundance of
species.

The phytosociological approach

The next phase studied the types of plant relationships, the
subject matter of phytosociology, the science with defines
plant communities based on characteristic species. The
data produced are floristic lists and percentages of spe-
cies coverage in surveys of stipulated surface areas. This
approach, still widely used, is drawn from studies dating
back to the end of the 1800s.

Starting in the 1960s, studies using this method were car-
ried out on various lakes and ponds, notably in the south-
west and centre of France. They contributed significantly
to knowledge on the relationships between plants in lakes.
They also served for Tome 3 of the French Habitats Guide
devoted to wet habitats and phytosociological data on
aquatic environments.

Management of plant proliferation

Starting in the 1970s, proliferation of native and exotic
plants, due in part to gradual eutrophication in aquatic
environments, raised new problems. They require spe-
cific studies in order to define management techniques.
In the Landes department (SW France), the constant pro-
gression in the colonisation of several lakes by exotic
plants, both submerged such as oxygen weed (Lagaro-
siphon major) and amphibious such as water primrose
(Ludwigia grandiflora), made necessary a management
plan. The method used for the surveys and management
of invasive exotic species was generalised to take into
account all littoral aquatic species (Dutartre, 2002).

© Maps of lake vegetal groups in the small Clairvaux lake (Jura)

Consequences and limits to use of historical hydrobiological data
in the current biodiversity context

From patrimonial management
to bioindication

Over the same period, studies dealing more specifically
with rare and/or protected species and flag species were
launched in the framework of ZNIEFF (zone of floristic,
faunal and ecological value) inventories. The creation of
the European Natura 2000 network was also an occa-
sion to study numerous sites. These inventories conti-
nue today, carried out by both volunteer naturalists and
private engineering offices. The establishment of French
botanical conservatories since the beginning of the
1990s considerably reinforced data acquisition on the
distribution of plants in continental France.

What is more, water-quality assessment methods, ori-
ginally based on invertebrate communities, have been
expanded to include diatoms, fish and macrophytes. In
2000, the European Water framework directive (WFD)
reinforced bioindication needs for rivers and lakes on the
basis of these four "biological elements".

To meet WFD requirements for ecological-status eva-
luations, including the development of a "macrophytes"
index necessarily based on a very large set of data, the
preliminary analysis of the available historical data resul-
ted in the development of a new protocol to ensure that
comparable data are gathered.

Previously, the disparities in objectives, in rationales
for the positions of observations, the diversity of survey
methods and data media were leading to a situation
where the database would not have been useable for
developing an index to assess ecological status. Due to
increasing needs to "quantify" the presence and/or abun-
dance of species, in view of meeting new goals, a major
part of the historical information, essentially qualitative
in nature, cannot be used directly.

a) map by Mangin (MAGNIN, A., 1904, La végétation des lacs jurassiens, Monographies botaniques de 74 lacs jurassiens,

suivies de considérations générales sur la végétation lacustre, Paris, Paul Klincksieck, 426 p.).

b) map from 1984 (Service Régional de ’Aménagement des Eaux de Franche-Comté, 1984, Les lacs de Clairvaux, Monographies écologiques,
Rapport d’étude, 99 p. + annexes).

On the map by Magnin
(1904), the contour

of the sedge wetland
(marked "Caricaie"

in the French legend)

along the shore is

not shown, perhaps
because not directly
located in the water.

Petit Lac de Clairvaux
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Consequences and limits to use of historical hydrobiological data
in the current biodiversity context

Historical data in the field of ecology represent an impor-
tant heritage. Access is often difficult because archives
are dispersed, obscure and sometimes even partially
destroyed. The data are stored in highly diverse forms,
including texts, maps, drawings and photographs, which
make reading, analysing and compiling the data that
much more complex. Old texts follow out-dated writing
codes and criteria, meaning much more time is required
to read, interpret and code the information for uses other
than those intended by the author. In spite of the conside-
rable progress made in computing, document digitisation
and new storage solutions, problems in terms of archi-
ving, storage and access are far from solved.

If we assume that they will be solved and the data will
be available, their rational use, e.g. identification of an
endemic species, is not guaranteed because expert ana-
lysis of the source is required to validate the taxonomic
identification and to locate it spatially and temporally.
Then, the species must be replaced in a habitat for stu-
dies going beyond simple inventories. Last important
point, the historical context and scientific goals pursued
by the author of the document must be known.

Human societies require a great deal of time to assimilate
scientific progress. In spite of vast amounts of applied
research, growing environmental problems were not
acknowledged by universal and media awareness of the
role and benefits of biodiversity until the Earth summit in
Rio de Janeiro in 1992. This was the case even though the
conservation of ecosystems and living communities has
always been a central concept in the scientific approach
to applied ecology. The priorities of applied ecology, a
field at the interface between fundamental ecology and
environmental problems, are essentially dictated by cur-
rent socio-economic concerns. Ecological data acqui-
red to solve a problem are part of a research effort and
vast political and socio-economic situations. Both are
sufficiently instable to produce a durable effect on the
scientific discipline. This long-standing societal control
has been reinforced by the extent and the costs of the
anthropogenic damage and by rapid access to digital
information. It has brought back into favour the forgotten
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knowledge of applied ecology and the work, often dee-
med boring, of museums for natural history, in a context
of real urgency, recognised by the media and spanning
the planet.

For ecologists studying continental waters, this new
social context explains, for example, the debates on the
concept of reference conditions for the assessment of the
ecological status of continental aquatic environments in
the framework of the WFD or in developing ecological
indicators (Statzner et al., 2001).

From a multi-disciplinary point of view, a review of the
historical data, their correct use and our own vigilance
in maintaining the quality of that heritage all constitute
one of the fundamental elements of applied ecology. The
data, indispensable for setting up an effective policy for
sustainable development and biodiversity conservation,
can also help avoid the famous "shifting baseline syn-
drome" defined by Daniel Pauly. This concept describes
the inherent drift in an evaluation of significant changes
in an ecosystem with respect to an "initial" status, itself
different than an original status, caused by insuffi-
cient understanding of or even ignorance of historical
observations.

Without a doubt, use of historical data could guide future
efforts for ecological restoration and avoid limiting res-
toration goals caused by the use of incorrect ecological
reference data. M

Georges Carrel

Cemagref, centre d'Aix-en-Provence, GR HYAX, Hydrobiologie,

3275 Route de Cézanne, CS 40061, 13182 Aix-en-Provence Cedex 5
georges.carrel@cemagref.fr

Alain Dutartre

Monitoring biodiversity policies
and the difficulty of measuring
biodiversity

57

Cemagref, centre de Bordeaux,UR REBX, Réseaux, épuration et qualité des eaux,

50 avenue de Verdun, Gazinet, 33612 Cestas Cedex
alain.dutartre@cemagref.fr

Marie-Claude Roger

Cemagref, centre de Lyon, UR MALY, Milieux aquatiques, écologie et pollutions,

3 bis quai Chauveau, CP 220, 69336 Lyon Cedex 09
marie-claude.roger@cemagref.fr

européen « Gestion et conservation des ceintures de végétation lacustre », Le Bourget du Lac, France, 23-25 octobre 2002 : Conservatoire

du patrimoine naturel de la Savoie.

KREITMANN, L., 1930, Extension d'espéces en eaux libres, Bulletin Francais de Pisciculture, n® 26, p.31-34.

STATZNER, B., HILDREW, A.G., RESH, V.H., 2001, Species traits and environmental, constraints: Entomological research and the history
of ecological theory, Annual Review of Entomology, 2001, n° 46, p. 291-316.

WARNER, R.F., 2000, Gross channel changes along the Durance River, Southern France, over the last 100 years using cartographic data,

Regulated Rivers — Research & Management, n° 86, p. 141-157.

www.set-revue.fr

SCIENCES EAUX & TERRITOIRES N°03



Suivi des politiques «biodiversité», | Utilisation de données hydrobiologiques anciennes dans le contexte actuel de la biodiversité,
comment mesurer la biodiversité ? conséquences et limites de l'exercice

D

& ALLORGE, P., DENIS, M., 1923, Une excursion phytosociologique aux lacs de Biscarrosse, Bulletin de
la Société Botanique de France, n° 70, p. 693-717.

ANONYME, 1938, Le Rhone, unknown, Paris, 50 p.

ARLINGHAUS, R., JOHNSON, B.M., WOLTER, C., 2008, The past, present and future role of limnology
in freshwater fisheries science, International Review of Hydrobiology, 93(4-5), p. 541-549.

BARBE, )., et al., 1979, Etude biologique et écologique des lacs de Saint-Point et de Remoray (Doubs),
Université de Franche-Comté, CTGREF, Besangon, 105 p.

BARTHELEMY, C., SOUCHON, Y., 2009, La restauration écologique du fleuve Rhone sous le double
regard du sociologue et de 'écologue, Natures, Sciences et Sociétés, n° 17, p. 113-121.

BOULEAU, G. etal., 2009, How ecological indicators construction reveals social changes - The case of
lakes and rivers in France, Ecological Indicators, 9(6), p. 1198-1205.

BOULEAU, G., La contribution des pécheurs a la loi sur l'eau de 1964, 2009, Economie rurale, n°® 309,
p. 9-21.

BOURNAUD, M. etal., 1996, Macroinvertebrate community structure and environmental
characteristics along a large river: congruity of patterns for identification to species or family,

Journal of the North American Benthological Society, 15(2), p. 232-253.

B BRAVARD, J.-P., 2009, Discontinuities in braided patterns: The River Rhone from Geneva to the
Camargue delta before river training, doi:10.1016/j.geomorph.2009.01.020.

BROWN, L.E., R. CEREGHINO, COMPIN, A., 2009, Endemic freshwater invertebrates from southern
France: Diversity, distribution and conservation implications, Biological Conservation, 142(11),
p.2613-2619.

CARREL, G., 2002, La prospection historique : un choix de référence (s), in : Séminaire « Etat
écologique des milieux aquatiques continentaux », Lyon, France, 20 et 21 mars 2001, Cemagref.
CARREL, G., 2002, Prospecting for historical fish data from the Rhone River basin: a contribution to
the assessment of reference conditions, Archiv fiir Hydrobiologie, 155(2), p. 273-290.

CARRON, G., PAILLEX, A., CASTELLA, E., 2007, Les coléoptéres aquatiques de la zone alluviale

du Rhdne a Belley (France: Ain, Savoie): inventaire et observations préliminaires sur les effets

des mesures de restauration, Bulletin de la Société Entomologique Suisse, n° 80, p. 191-210.

B CASTELLA, E., 1987, Apport des macro-invertébrés benthiques aquatiques au diagnostic écologique
des écosystémes abandonnés par les fleuves. Recherches méthodologiques sur le Haut-Rhdne francais.
Tome 1 : texte, in : Ecologie des Eaux Douces, Institut d'Analyses des Systémes Biologiques et Socio-
économiques, Université Lyon I, p. 229.

B CREN, 2009, Lettre d'information sur le programme de conservation de I'Apron du Rhéne et de ses
habitats, Life Apron I, n® 12, p. 1-4.

DALE, V.H., BEYELER, S.C., 2001, Challenges in the development and use of ecological indicators,
Ecological Indicators, 1(1): p. 3-10.

& DE KINLELIN, P. etal., 1967, Role pathogéne des cercaires de Bucephalus polymorphus (Baer, 1827)
(Trematode, Bucephalidae) sur le peuplement piscicole du bassin de la Seine,

Comptes-Rendus de I’Académie des Sciences de Paris, Série D, 264(19), p. 2321-4.

DESSAIX, J. etal., 1995, Changes of the macroinvertebrate communities in the dammed and
by-passed sections of the French Upper Rhdne after regulation, Regulated Rivers - Research &
Management, n°® 10, p. 265-279.

DETHIER, M., CASTELLA, E., 2002, A ten years survey of longitudinal zonation and temporal changes
of macrobenthic communities in the Rhone River, downstream from lake Geneva (Switzerland),
Annales de Limnologie - International Journal of Limnology, 38(2), p. 151-162.

B DOLEDEC, S., 2009, Développement des méthodes de bioévaluation en eaux courantes : des indices
biotiques aux traits biologiques, La Houille Blanche, n° 4, p. 100-108.

DOLE-OLIVIER, M.-]. et al., 2005, Biodiversité dans les eaux souterraines, La Houille Blanche, n° 3,
p. 39-44.

& DONOGHUE, M.)., SMITH, M., 2005, L'inventaire de la biodiversité : considérations sur la capacité
d'intervention et la capacité, in : Actes de la Conférence internationale. Biodiversité, science et
gouvernance, Paris, 24-28 janvier 2005, BARBAULT, R., Editor, Museum national d'Histoire naturelle,
Paris, p. 84-92.

2 DUDGEON, D., ARTHINGTON, A.H., GESSNER, M.O., KAWABATA, Z.I., KNOWLER, D.}., LEVEQUE,

C., NAIMAN, R.J., PRIEUR, R.A.H., SOTO, D., STIASSNY, M.L.)., SULLIVAN, C.A., 2006, Freshwater
biodiversity: importance, threats, status and conservation challenges, Biological Reviews, 81(2), p.
163-182.

SCIENCES EAUX & TERRITOIRES N°03



Utilisation de données hydrobiologiques anciennes dans le contexte actuel de la biodiversité, Suivi des politiques «biodiversité »,
conséquences et limites de ['exercice comment mesurer la biodiversité ?

DUTARTRE, A., BERTRIN, V., 2007, Méthodologie d'étude des communautés de macrophytes

en plans d'eau, Cemagref, UR Réseaux, épuration et qualité des eaux, Eq. Dynamique de la qualité
des milieux aquatiques, bio-indication, Bordeaux, 28 p.

DUTARTRE, A., 2002, Evolutions récentes des communautés végétales riveraines des lacs et étangs
landais, in : Actes du séminaire européen « Gestion et conservation des ceintures de végétation
lacustre », Le Bourget du Lac, France, 23-25 octobre 2002 : Conservatoire du patrimoine naturel de la
Savoie.

DUTARTRE, A., DELARCHE, A., DULONG, J., 1989, Plan de gestion de la végétation aquatique
des lacs et des étangs landais, vol. 38, Cemagref, Collection Etude 38, Groupement de Bordeaux,
Division Qualité des Eaux, GEREA, 121 p.

B FATIO, V., 1882, Faune des Vertébrés de la Suisse - Histoire naturelle des Poissons. Premiére partie,
Geneéve et Bale, H. Georg, 786 p.

FATIO, V., 1890, Faune des Vertébrés de la Suisse - Histoire naturelle des Poissons. Deuxiéme partie.
Physostomes (suite et fin), Anacanthiens, Chondrostéens, Cyclostomes, Genéve et Bile, H. Georg,

576 p.

FELZINES, ).-C., 1982, Etude dynamique, sociologique et écologique de la végétation des étangs

du centre-est de la France. Importance de la compétition interspécifique dans l'organisation de la
végétation et la distribution des espéces et des associations, Sciences Naturelles, Université Lille 1,

2 volumes, 498 p.

B FOREL, F.-A., 1892-1895, Le Léman. Monographie limnologique, Lausanne, F. Rouge, 3 volumes,
I. xiii, 539 p., Il. 651 p. (avec table), lll. 715 p.

FRUGET, J.-F. et al., 1999,Synthése des dix premiéres années de suivi hydrobiologique du Rhdne au
niveau de la centrale nucléaire de Saint-Alban (France), Hydroécologie Appliquée, 11(1/2), p. 29-69.

B GALLOIS, C., 1946, L'alose du Rhdne, Bulletin Frangais de Pisciculture, n® 141, p. 162-176.

GAUDILLAT, V., HAURY, J., 2002, Cahiers d’habitats Natura 2000. Connaissance et gestion des
habitats et des especes d’intérét communautaire. Tome 3 - Habitats humides, Paris, MATE/MAP/MNHN,
Ed. La Documentation francaise, Cederom, 457 p.

B GAYRAUD, S. etal., 2003, Invertebrate traits for the biomonitoring of large European rivers: an initial
assessment of alternative metrics, Freshwater Biology, 48(11), p. 2045-2064.

GOBIN, M., 1867, Note sur les ressources que présente actuellement le Haut-Rhdne au point de

vue de la péche, Commission hydrométrique, des orages et météorologique de Lyon (Lu a la Société
Impériale d’agriculture, histoire naturelle et arts utiles de Lyon, dans la séance du 20 mars 1868),

n° 24, p. 1-20.

GOURRET, P., 1897, Les étangs saumatres du Midi de la France et leurs pécheries. Marseille, Annales
du Musée d'histoire naturelle de Marseille, Zoologie, Tome V, Mémoire N° 1, Edition Mouillot Fils Ainé,
386 p.

JOVET, P.,, 1951, Les Landes. Notes sur la vegetation actuelle et sa répartition, Comptes Rendus de la
Société de Biogéographie, Paris, 28(244-245), p. 151-161.

JOVET, P., 1952, Les Landes. Paysages botaniques, Bulletin de la Société Botanique du Nord de la
France, n® 5, p. 14-21.

JUGET, J., LAFONT, M., 1994, Theorical habitat templets, species traits, and species richness: aquatic
oligochaetes in the Upper Rhone River and its floodplain, Freshwater Biology, 31(3), p. 327-340.

B JULLIEN, M., 1838, Rapport sur les espéces de poissons particuliéres au département de l'lsére
(extrait de I'Annuaire du département de l'lsére, années 1811 et 1812), Bulletin de la Société de
Statistique des sciences naturelles et des arts industriels du département de l'Isére, Tome |, p. 138-145.
KREITMANN, L., 1930, Extension d'espéces en eaux libres, Bulletin Francais de Pisciculture, n°® 26,

p. 31-34.

2 KREITMANN, L., 1935-1937, Etude hydrobiologique et aménagement piscicole de trois lacs du Jura
utilisés industriellement, Travaux du Laboratoire d'Hydrobiologie et de Pisciculture de 'Université de
Grenoble, 27/29(1), p. 81-176.

LAMBERT, A., 1997, The introduction of freshwater fish species in continental areas. ""What about
their parasites?", Bulletin Francais de Péche et de Pisciculture, n°® 344-45, p. 323-333.

LAMBERT, E., 2008, Plantes exotiques envahissantes. Synthése bibliographique, CEREA/UCO,
Comité des Pays de la Loire, Gestion des plantes exotiques envahissantes, GIS « Macrophytes des Eaux
continentales », Angers, 89 p.

2 LAMOUROUX, N. etal., 2006, Fish community changes after minimum flow increase: testing
quantitative predictions in the Rhone River at Pierre-Benite, France, Freshwater Biology, 51(9), p. 1730-
1743.

9

SCIENCES EAUX & TERRITOIRES N°03



Suivi des politiques «biodiversité», | Utilisation de données hydrobiologiques anciennes dans le contexte actuel de la biodiversité,
comment mesurer la biodiversité ? conséquences et limites de l'exercice

@

B LARINIER, M. etal., 1978, Possibilités de franchissement du seuil de Beaucaire par les aloses du
Rhone, Bulletin Frangais de Péche et de Pisciculture, 268(1), p. 107-120.

LE ROUX, M., 1907-1908, Recherches biologiques sur le lac d'Annecy, Annales de Biologie Lacustre,
n° 2, p. 220-387.

B LEGER, L., 1925, Acclimatation de ['omble chevalier dans les lacs alpins de haute altitude, Travaux du
Laboratoire de Pisciculture de l'Université de Grenoble, 17(1), p. 7-15.

LEGER, L., 1913, Essai sur la mise en valeur piscicole des lacs alpins de haute altitude. Expériences
et conclusions, Travaux du Laboratoire de Pisciculture de I'Université de Grenoble, 5(1), p. 1-25.

2 LEGER, L., 1927, Etude hydrobiologique pour servir a l'aménagement et a la restauration piscicoles
du lac de Nantua, Travaux du Laboratoire d'Hydrobiologie et de Pisciculture de l'Université de Grenoble,
19(1), p. 5-79.

LEGER, L., 1945-1948, Etude sur ['hydrobiologie et I'économie piscicoles du département du Rhéne
avec une carte et un graphique, Travaux du Laboratoire de Pisciculture de I'Université de Grenoble,

n°s 37/40, p. 1-14.

LEGER, L., 1909, Poissons et pisciculture dans le Dauphiné, Travaux du Laboratoire de Pisciculture de
I'Université de Grenoble, n° 1, p. 18-91.

& LIEBAULT, F., PIEGAY, H., 2002, Causes of 20th century channel narrowing in mountain and piedmont
rivers of southeastern France, Earth Surface Processes and Landforms, 27(4), p. 425-444.

LUNEL, G., 1874, Histoire naturelle des poissons du bassin du Léman, Genéve, Georg, 20 pls, 212 p.

MAGNIN, A., 1904, La végétation des lacs jurassiens. Monographies botaniques de 74 lacs
jurassiens, suivies de considération générales sur la végétation lacustre, Paris, Paul Klincksieck, 426 p.

MCcLAUGHLIN, R.L. et al., 2001, Potentials and pitfalls of integrating data from diverse sources:
Lessons from a historical database for Great Lakes stream fishes, Fisheries, 26(7), p. 14-23.

OLIVIER, ).-M. et al., 2009, The Rhone River Basin, in : Rivers of Europe, TOCKNER, K., UEHLINGER, U.,
ROBINSON, C.T., Editors, Academic Press, Elsevier, London, p. 247-295.

PAILLEX, A. et al., 2009, Large river floodplain restoration: predicting species richness and trait
responses to the restoration of hydrological connectivity, Journal of Applied Ecology, 46(1), p. 250-258.

PASCAL, M. etal., eds., 2003, Evolution holocéne de la faune de Vertébrés de France : invasions

et disparitions, Institut national de la recherche agronomique, Centre national de la recherche
scientifique, Muséum national d'histoire naturellen Rapport au ministére de ['Ecologie et du
Développement durable (Direction de la Nature et des Paysages), Paris, France, Version définitive du 10
juillet 2003, 381 p.

& PAULY, D., 1995, Anecdotes and the shifting baseline syndrome of fisheries, Trends in Ecology &
Evolution, 10(10), p. 430-430.

PAULY, D., 2001, Importance of the historical dimension in policy and management of natural
resource systems, in : Proceedings of the INCO-DEV International Workshop on Information Systems
for Policy and Technical Support in Fisheries and Aquaculture, FEOLI, E., NAUEN, C.E., Editors, ACP-EU
Fisheries Research Initiative, Brussels, p. 5-10.

B PERRIN, J.-F. etal., 2001, L'apron, poisson endémique du Rhone, est-il sauvé ? in : Scientifiques &
décideurs. Agir ensemble pour une gestion durable des systémes fluviaux, Lyon, France, Agence de
'Eau Rhone Méditerranée Corse.

B PIEGAY, H. etal., 2009, Census and typology of braided rivers in the French Alps, Aquatic Sciences,
n°71, p. 371-388.

POIREL, A., OLIVIER, J.-M., CARREL, G., 2008, Le Rhone se réchauffe-t-il ?, in : Le Rhone en 100
questions, BRAVARD ).-P., CLEMENS, A., Editors, GRAIE, Villeurbanne, France, p. 52-55.

B PONT, D. etal., 2006, Assessing river biotic condition at a continental scale: a European approach
using functional metrics and fish assemblages, Journal of Applied Ecology, 43(1), p. 70-80.

PONT, D., BELLIARD, )., CARREL, G., 2009, River trajectories and river management. What can we
learn from historical studies? in : World Congress of Environmental History 2009, "Local Livelihoods And
Global Challenges: Understanding Human Interaction With The Environment”, Copenhagen, Denmark,
August 4-8, 2009.

RAMEYE, L. etal.., 1976, Aspect de la biologie de |'alose du Rhone. Péche et difficultés croissantes
de ses migrations, Bulletin Frangais de Pisciculture, n°® 263, p. 51-76.

B ROCHARD, E. et al., 2009, Identification of diadromous fish species on which to focus river
restoration: an example using an eco-anthropological approach (the Seine basin, France),

in : Challenges for diadromous fishes in a dynamic global environment, Bethesda, USA,

American Fisheries Society.

SCIENCES EAUX & TERRITOIRES N°03



Utilisation de données hydrobiologiques anciennes dans le contexte actuel de la biodiversité, Suivi des politiques «biodiversité »,
conséquences et limites de ['exercice comment mesurer la biodiversité ?

& ROGER, M.-C., FAESSEL, B., LAFONT, M., 1991, Impact thermique des effluents du Centre de
Production Nucléaire du Bugey sur les invertébrés benthiques du Rhdne, Hydroécologie Appliquée,
3(1), p. 63-110.

RONDELET, G., 2006, La premiére [-seconde] partie de ['histoire entiere des poissons, composée
premierement en latin par maistre Guilaume Rondelet Docteur regent en medecine en l'Université de
Mompelier. Maintenant traduites en frangois sans avoir rien omis estant necessaire a l'intelligence
d'icelle. Avec leurs pourtraits au naif, Vol. Strasbourg : SCD de ['Université Louis Pasteur, 2 t. en 1 vol.
([12]-418-[14] ; [4]-181-[1bl.-8-1bl.] p.) : ill. gr.s.b. ; in-4. 1558, Lion: Mace Bonhome A la Masse d'Or,
achevé d'imprimer 1558.

STATZNER, B., HILDREW, A.G., RESH, V.H., 2001, Species traits and environmental, constraints:
Entomological research and the history of ecological theory, Annual Review of Entomology, 2001, n° 46,
p. 291-316.

STODDARD, J.L. etal., 2006, Setting expectations for the ecological condition of streams: The
concept of reference condition, Ecological Applications, 16(4), p. 1267-1276.

2 TRIPPIER, L., 1902, Etude des eaux et de la péche dans le département de ['Ain (I-V), Annales de la
Société d'Emulation de l'Ain, n° 35, p. 321-377.

USSEGLIO-POLATERA, P., 1985, Evolution des peuplements de Trichoptéres et d'Ephéméroptéres du
Rhéne a Lyon (1959-1982) : résultats de piégeage lumineux, Université de Lyon, Villeurbanne, 2 vol.,
259 p. et 203 p.

B VALLEE, L.-L., 1843, Du Rhéne et du lac de Genéve ou des grands travaux a exécuter pour la
navigation du Léman a la mer, Paris, Librairie Scientifique-Industrielle de L. Mathias (Augustin), 303 p.
VALLOT, J.-N., 1837, Ichthyologie francaise, ou histoire naturelle des poissons d'eau douce de la
France, Dijon, Imprimerie E. Frantin, 321 p.

B VANDEN BERGHEN, C., 1969, La végétation amphibie des rives des étangs de la Gascogne, Bulletin
du Centre d'Etudes et de Recherches Scientifiques, Biarritz, 7(4), p. 893-963.

VERGON, J.-P., BARBE, J., MASSON, J.-P., 1976-1977, Observations et données écologiques récentes
sur quelques lacs du Jura central, Bulletin de la Fédération des Sociétés d’Histoire Naturelle de Franche-
Comté, n° 78, p. 51-63.

WARNER, R.F., 2000, Gross channel changes along the Durance River, Southern France, over the last
100 years using cartographic data, Regulated Rivers — Research & Management, n°® 86, p. 141-157.

2 WASSON, ).-G., 2001, Actes du séminaire « Etat écologique des milieux aquatiques continentaux »,
Cemagref Editions, Lyon, 20-21 mars 2001, 187 p.

ZAUNER, G., 1996, Okologische Studien an Perciden der oberen Donau, ed. B.a.E.S. 9.
Osterreichische Akademie der Wissenschaften, Wilfried Morawetz & Hans Winkler, 35 p.

B ZYLBERBLAT, M., 1992, Schéma de vocation piscicole du fleuve Rhéne — Rapport de synthése,
Ministére de l'Environnement, Délégation de Bassin Rhone-Méditerranée-Corse, Service de la
Navigation Rhone-Sadne, Lyon, 202 p.

SCIENCES EAUX & TERRITOIRES N°03





