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Over the past decade, Europe’s Water Framework Directive provided com-
pelling reasons for developing tools for the biological assessment of fresh-
water ecosystem health in member States. Yet, the lack of published study
for Europe’s overseas regions reflects minimal knowledge of the distribu-
tion patterns of aquatic species in Community’s outermost areas. Benthic
invertebrates (84 taxa) and land-cover, physical habitat and water chem-
istry descriptors (26 variables) were recorded at fifty-one stations in Mar-
tinique, French Lesser Antilles. Canonical Correspondence Analysis and
Ward’s algorithm were used to bring out patterns in community structure
in relation to environmental conditions, and variation partitioning was used
to specify the influence of geomorphology and anthropogenic disturbance
on invertebrate communities. Species richness decreased from headwa-
ter to lowland streams, and species composition changed from northern
to southern areas. The proportion of variation explained by geomorpho-
logical variables was globally higher than that explained by anthropogenic
variables. Geomorphology and land cover played key roles in delineating
ecological sub-regions for the freshwater biota. Despite this and the small
surface area of Martinique (1080 km?), invertebrate communities showed
a clear spatial turnover in composition and biological traits (e.g., insects,
crustaceans and molluscs) in relation to natural conditions.

Au cours de la derniére décennie, la Directive Cadre Européenne sur I’Eau a promu
le développement d'outils de bioindication de la qualité des eaux douces au sein
des états membres. L'absence de travaux sur I’Outre-Mer révéle une connais-
sance minimale de la distribution des espéces aquatiques dans ces régions de
I’'Europe. Les invertébrés benthiques (84 taxons), ainsi que des variables décrivant
I'utilisation des terres, I’habitat physique et la chimie de I’eau (26 variables) ont été
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conditions quantifiés sur 51 stations en Martinique (Antilles Francaises). Des analyses cano-

de référence, niques et I'algorithme de Ward ont permis de dégager des patrons d’organisation
classification, des communautés en relation avec les conditions environnementales, puis une
riviéres partition de variance a permis de préciser I'influence de la géomorphologie et des
tropicales perturbations anthropiques sur ces patrons. La richesse spécifique décroit des

cours d’eau de téte de bassin 3 la plaine, et la composition des communautés
change du nord au sud de I'ile. La proportion de variance expliquée par les va-
riables géomorphologiques est globalement supérieure a celle expliquée par les
variables anthropiques. La géomorphologie et la couverture végétale définissent
les sous-régions écologiques pour la faune aquatique. Les iles des Caraibes ont
des pools d’espéces pauvres; pourtant, et malgré la petite surface de la Marti-
nique (1080 km?), les communautés d’invertébrés montrent une variabilité spatiale
en terme de composition et de traits (insectes, crustacés, mollusques) en relation
avec les conditions locales.

Intended to protect all surface waters in Member States, Europe’s Water Framework Direc-
tive (WFD, 2000/60/EC) has provided compelling reasons for developing practical tools for
the biological assessment of freshwater ecosystem health. According to the WFD guidelines,
ecological health must be defined in terms of similaritv to an undisturbed (“reference”) state.
The Reference Condition Approach (RCA, Bailey et al. notably implies the characteriza-
tion of biological communities (fish, invertebrates, diatoms, phytoplankton, plants) expected
to occur where there is (almost) no anthropogenic disturbance (Chaves et al., Wallin
etal. . Geomorphological, physical, and chemical attributes of freshwater systems have
to be associated with biological features too when defining undisturbed conditions. Recent
examples of RCA-based works in continental Europe can be found in Gabriels et al.
(Belgium), Delgado et al. (Spain), Kelly et al. (Ireland), and Mondy et al.
(France).
The European Union (EU) has 34 overseas territories which belong to six member states
(Denmark, France, the Netherlands, Portugal, Spain, and the United Kingdom). Although they
occur across a range of biogeographic areas from polar to tropical latitudes, these territories
are subjected to EU’s water legislation too. In other words, overseas regions have the same
water policy objectives as the continental ones, and must fulfil WFD’s goals. To date however,
there has been no published WFD-compliant method for river bioassessment in any European
overseas region, and even preliminary work (i.e., stream classifications based on river biota,
identification of reference conditions) is lacking. Reference conditions and metrics designed
for the European continent cannot be transposed to overseas regions, at least for two ma-
jor reasons. Firstly, biogeographic differences in community composition/structure preclude
the adaptation of current metrics. For instance, entire indicator groups are absent from some
biogeographic areas, e.g., stoneflies (a particularly sensitive group of taxa in Europe) are ab-
sent in the Lesser Antilles (Caribbean Sea), Macaronesia (Atlantic Ocean) and the Reunion
(Indian Ocean). and are scarce in French Guiana (South-America) (ENSAT, Hughes,
Stark Starmdihiner, . Secondly, and perhaps more importantly, limited sci-
entific effort has been directed at characterizing how rivers in overseas Europe differ in terms
of biological communities, and how these communities respond to changes in abiotic con-
ditions. As a consequence, tolerance to water pollution and Ecological Quality Ratios (ratios
between observed biological parameters and the expected values under reference conditions
(Anonymous, | cannot be defined yet.
The present study takes a step towards the development of WFD-compliant bioassess-
ment tools in overseas Europe. It was conducted in Martinique (French Lesser Antilles,
Caribbean), one of France’s eleven inhabited overseas territories. Martinique freshwaters
suffer from chemical-physical degradation due to human population growth on a cramped
territory (400 000 inhabitants in 2009, 1100 km?; INSEE, . Routine surveys conducted
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Figure 4

Boxplots of diversily metrics distributions fevconomic richness, Simpson's evenness, Shannon’s Entropy)
for the three clusters derived from the GCA and Ward's algorithm, with comparison of palrs of ciusters.
Significent differences belwesn clustors woere lested with Kruskal-Wallis tests; lowercase letters above
boxes indicate significart differencas at P < 0.05,

to elevation, conductivity from headwaters to seashore} and land cover (e.g., agricultural
lands and related alterations of water chemistry) in delineating ecoclogical sub-regions for
the freshwater biota. It should be noted however that the unexplained variation for the entire
dataset (all stations) was quite important (39.736); therefore, important variables that weare not
included in our analysis would deserve further investigation. Most stations that formed clus-
ters were geographically adjacent and there was no major spatial discontinulty In Invertebrate
distribution. Sampling stations were included in our multivariate analysis regardless of & priori
consideration of disturbance. Thus, we expected that geographically adjacent stations ap-
pearing distant in the ordination space (according to macroinvertebrate communities) would



represent differences among stations in biological quality. Only four spatial discontinuities
were noted among our 51 stations. Station COC (see Figure is close to the northernmost
seashore, where it is surrounded by stations typical of cluster 2. However, this station was
assigned to cluster 1 in the ordination space. Field observations as well as our data support
that COC is a station of higher biological quality in the area, and could thus form a reference
(34 taxa while the maximum local richness is 38 taxa). Conversely, station CAM which is lo-
cated below vegetable cultivations occurs in a mountainous area typical of cluster 1, but was
assigned to cluster 2. Stations FLS and MOM (Fort-de-France capital city) were expected
to belong to cluster 2 based on their geographic location, but were assigned to cluster 3.
These three stations being subjected to important anthropogenic pressure, their distribution
in the ordination space was certainly due to the impoverishment of their invertebrate fauna
and/or to shifts in species composition from species known as pollution sensitive (e.g., many
Trichoptera and Ephemeroptera) to pollution resistant species (e.g., most Mollusca).

The proportion of pure variation explained by geomorphological variables was higher than
that explained by anthropogenic variables, however, within a given sub-region (cluster), an-
thropogenic disturbance affected macroinvertebrate diversity (Shannon and Simpson in-
dices) through physical-chemical alterations of freshwaters (ammonium, suspended solids).
It should be noted that the downstream areas (clusters 2 and 3) concentrate most human
activities in general, so that here, the relative influences of natural conditions and anthro-
pogenic impacts remain difficult to tease out (see Table . More specifically, reference sta-
tions obviously lack in cluster 3. Conversely, is likely that cluster 1 was mostly generated
through geomorphological drivers. In the north of the island, mountain streams along the
volcano slopes represent dynamic environments which are physically heterogeneous (higher
river competence generated through the combination of slope with other variables such as
water depth and current velocity, higher substrate heterogeneity), thus promoting a high di-
versity of benthic invertebrates. For example, Diptera Blephariceridae (net-winged midges),
which are typical of torrential streams, were only found at stations from cluster 1. The caddis-
fly Smicridea sp. (Trichoptera Hydropsychidae), a common taxa in our dataset, showed high
to moderate densities in clusters 1 and 2, but was absent in plain rivers from cluster 3.

Although some taxa were specific of a given cluster, such invertebrates usually occurred in
very low densities (<1 individual per m2). In fact, most taxa were common; 24 and 42 taxa
out of 84 occurred in two and three clusters, respectively. Despite this general trend for ubiqg-
uity, individual stations only contained 9 to 38 taxa. This situation raise concerns as to how
to define water quality classes in the later phase of applied research, and how to identify
sensitive indicator species when (i) local communities are rather poor (insular context, Smith
et al., ; Hughes, ; Gongalves et al., , (i) mean or median values for struc-
tural indices (e.g., community entropy and eveness) do not differ greatly in space. However,
although many species were widespread, the quantitative structure of invertebrate communi-
ties varied markedly among clusters (see results). We thus suggest that future developments
should consider quantitative approaches to invertebrate communities, because qualitative
metrics related to the loss or a gain of species are not expected to evaluate disturbance
efficiently within a given sub-region (cluster).

Insular freshwater invertebrate assemblages are distinct from their continental counterparts
in that there are shaped bv more complex biogeographical, historical and geomorpholog-
ical factors (Boulton et al., . Caribbean islands in particular have naturallv depauper-
ate species pools that contain endemic species of conservation value (Bass, . At the
same time, they harbor spatially-concentrated human populations with important demands
for freshwater resource. Despite the small surface area of an island such as Martinique, inver-
tebrate communities show a clear spatial turnover in composition and biological traits (e.g.,
insects in cluster 1, crustaceans and molluscs in cluster 2) in relation to local natural condi-
tions. If the sensitivity of the biota to disturbance in a given area must be assessed in terms
of similarity to an undisturbed state, this study shows that confounding effects of natural
and anthropogenic factors (e.g., lack of reference stations in southern Martinique) may limit
our ability to estimate deviation from expected patterns when considering the compositional



structure of communities. Hence, metrics that aggregate taxa into fewer categories than the
species list do (percentage combosition of upper taxa or a combination of those, trophic or
habit measures, Barbour et al. , could be more efficient at predicting a priori responses
of communities to environmental conditions, especially if these metrics reflect adaptations
to river environments along the downstream gradient and/or along gradients of surrounding
landscapes (e.g., Functional Feeding Groups, see Compin and Céréghino ). In these
conditions, we would expect reference stations to be less geography-dependent, e.g., estu-
arine or plain stations of high biological quality could serve as a reference throughout Mar-
tinique. Subsequently, a combination of metrics able to detect a wide range of anthropogenic
pressures should be selected to set up multimetric indices, as required within the WFD (Hering
etal. Liicke and Johnson,
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