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Abstract Whilst biological traits of river macroin-

vertebrates show unimodal responses to geographic

changes in habitat conditions in Europe, we still do not

know whether spatial turnover of species result in

distinct combinations of biological traits for pond

macroinvertebrates. Here, we used data on the occur-

rence of 204 macroinvertebrate taxa in 120 ponds from

four biogeographic regions of Europe, to compare

their biological traits. The Mediterranean, Atlantic,

Alpine, and Continental regions have specific climate,

vegetation and geology. Only two taxa were exclu-

sively found in the Alpine and Continental regions,

while 28 and 34 taxa were exclusively recorded in the

Atlantic and Mediterranean regions, respectively.

Invertebrates in the Mediterranean region allocated

much energy to reproduction and resistance forms.

Most Mediterranean invertebrate species had narrow

thermal ranges. In Continental areas, invertebrates
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allocated lesser energy to reproduction and dispersal,

and organisms were short lived with high diversity of

feeding groups. These characteristics suggest higher

resilience. The main difference between ponds in the

Alpine and Atlantic regions was their elevation.

Alpine conditions necessitate specific adaptations

related to rapid temperature fluctuations, and low

nutrient concentrations. Even if our samples did not

cover the full range of pond conditions across Europe,

our analyses suggest that changes in community

composition have important impacts on pond ecosys-

tem functions. Consistent information on a larger set of

ponds across Europe would be much needed, but their

low accessibility (unpublished data and/or not dis-

closed by authors) remains problematic. There is still,

therefore, a pressing need for the incorporation of high

quality data sets into a standardized database so

that they can be further analyzed in an integrated

European-wide manner.

Keywords Biogeographic regions � Community

functions � Database � Freshwater biodiversity �
Fuzzy coding

Introduction

Ponds can be defined as small standing freshwater

bodies about 1 m2 to a few hectares in surface area,

and from a few centimetres to a few metres in depth

(Oertli et al., 2005). Recent studies have shown that

ponds in Europe are just as important as rivers and

lakes in supporting a wide range of aquatic biodi-

versity (Williams et al., 2004; Davies et al., 2008).

Information collected at sites across Europe which

represent a geographical distribution of biodiversity

found in the Atlantic, Central and Mediterranean

regions, illustrated that all types of freshwater

systems (rivers, lakes, and ponds) support unique

species not found in other water body types (Cérégh-

ino et al., 2008a), but that collectively, ponds host

more species, and more rare species, than streams,

rivers or lakes (Williams et al., 2004). Until recently,

ponds have been mostly ignored by freshwater

biologists or regarded as smaller versions of larger

lakes, and much research aimed at assessing the

biodiversity that ponds support (Oertli et al., 2010).

Ponds are threatened by human activity (agriculture,

industry, and urbanization), though these ecosystems

have obvious ecological functions (Chase & Ryberg,

2004; Hansson et al., 2005) and recognized social and

economic uses (Chapman et al., 2001). During the

twentieth century, wetland losses reached 40–90% in

a number of northwestern European countries (Hull,

1997). As a result of large-scale habitat loss, many

species are also endangered, thus motivating studies

aiming at understanding fundamental patterns of

pond communities from local to regional scales

(Oertli et al., 2010).

Both scientific studies and regional surveys of

ponds have provided large volumes of site-specific

data (e.g. Pond Action, 1994; Boix et al., 2001;

Sahuquillo et al., 2007; Oertli et al., 2008) from

which spatial patterns of biological communities can

be explored. However, at a regional-continental scale,

use of biological traits (e.g. body size, feeding habits,

and life-history) is likely to be more useful than

species lists in patterning community organization

where different geographic regions are covered,

though biologists are traditionally wedded to the

use of such lists (Cayrou et al., 2000). Traits reflect

environmental conditions and may be shared among

many species (Southwood, 1988; Statzner et al.,

2001; Santoul et al., 2005); species occurrence may

have a strong stochastic element. Traits may give

greater insight into habitat change (Dolédec et al.,

1999; Statzner et al., 2004) and their determination

requires much less taxonomic expertise (Dolédec

et al., 1998, 2000), so that it can be utilized where

limited information is available, and/or for animal

groups where taxonomic knowledge is limited.

The aim of this study was to compare the biological

traits of macroinvertebrate communities among four

biogeographic regions of Europe (Mediterranean,

Atlantic, Alpine, and Continental) defined by charac-

teristic vegetation, climate, and geology by the

European Environment Agency (EEA, 2002). To date,

most of our current understanding of invertebrate traits

in ponds has come from local-scale studies, where

traits were examined in relation to environmental

variables such as hydroperiod (Gascon et al., 2008),

vegetation cover (Céréghino et al., 2008b, c), or pond

successional stage (Ruhı́ et al., 2009). Although these

studies showed that changes in species composition in

relation to physical–chemical conditions can affect

community functions in ponds, we still do not know

whether large-scale changes in taxonomic composi-

tions result in changes in community functions. Here,
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we examined whether spatial turnover in invertebrate

taxa from Northwestern to Southwestern Europe result

in distinct compositions of biological traits for pond

macroinvertebrates. To this end, data on the macroin-

vertebrate communities of 120 ponds were collected

from the published literature (occurrence matrix for

204 taxa), then biological traits were described using a

fuzzy-coding method (species–traits matrix). A simul-

taneous analysis of two matrices performed through a

co-inertia analysis (CoA) was used to investigate the

spatial distribution of species–trait combinations

(Chevenet et al., 1994). The results were analyzed

with reference to geographic differences in environ-

mental conditions, but also highlighted current meth-

odological gaps and future needs.

Methods

Data selection

Previous studies provided the database on inverte-

brate communities (see Fig. 1). We assembled data to

generate a presence/absence matrix for 204 taxa in

120 ponds (see Appendix 1 for list of taxa—

Supplementary material). Since our aim was to

compare traits among regions, ponds were not

expected to be evenly distributed within the various

regions. Instead, earlier studies provided lists of taxa

originating from four biogeographic regions (Medi-

terranean, Atlantic, Alpine, and Continental), and

three main gradients: latitude (North–South, from UK

to southern Spain), elevation (0 ? 2,600 m a.s.l),

and hydroperiod (permanent or temporary). Biogeo-

graphic regions were defined and characterized for

climate, geology, and vegetation in EEA (2002).

Criteria for selection were the rating of the data based

on the description of the sampling protocols (inten-

sive sweeping of a hand net through the various

habitat types, replicate samples from the various

habitats), and at least two sampling periods at distinct

seasons, to take into account invertebrate seasonality.

The distribution of selected sites is shown in Fig. 1.

Species lists per site were compiled as the sum of

recorded species among the two periods. If a data

source provided a longer time series of invertebrate

occurrences, we selected periods that had data being

representative for one annual cycle. Finally, taxa

identifications had to allow aggregation at the genus

(most insect taxa, Mollusca) or family (Oligochaeta)

level, which corresponded to the lowest systematic

units in the trait database. Given that we wished to

analyse occurrence (i.e. qualitative) data, our criteria

for data selection (mostly based on sampling efforts

in space and time) suggest that we could be confident

that the authors of selected studies did well at

describing their pond invertebrate communities, and,

subsequently, that the data assembled for the present

study provided a reliable presence–absence matrix.

Species traits were obtained from Tachet et al.

(2000) (Appendix 2—Supplementary material). These

traits were adult body size, life-cycle duration, number

of cycles per year, aquatic stage, reproduction mode,

dispersal mode, resistance forms, respiration mode,

locomotion, food, feeding habits, substrate, trophic

status, salinity, temperature tolerance, saprobity, and

pH tolerance. Each trait was divided into categories,

and categories for each biological trait were ordinal

(e.g. \2.5 mm, 2.5–5 mm, 5–10 mm, etc., for adult

body size) or nominal (e.g. egg, larva, nymph, adult, for

aquatic stage) (see Appendix 2—Supplementary mate-

rial). Species–trait information was then structured

using a fuzzy-coding technique (Chevenet et al., 1994):

scores ranged from ‘0’, indicating ‘no affinity’ to ‘5’,

indicating ‘high affinity’ for a given species–trait

category. This technique allowed us to take into

account ontogenetic niche shifts and within-taxon

variability in traits. For instance, a genus that mostly

contains predators and a few scapers would be given an

affinity of 3 for the feeding category predator, and a 1

for the category scraper. A predator that feeds on

benthic algae during its early instars would be assigned

the same coding. This procedure allowed us to build the

‘species–traits matrix’.

Data analysis

First, correspondence analysis (CA) was used to

ordinate the ponds according to species presence/

absence data, thus summarizing the variability of

invertebrate communities, and providing insights for

the discussion of the subsequent species–traits analysis.

The significance of the axes was determined at P \ 0.05

by testing the eigenvalues of the inertia matrix. Second,

the species–traits matrix was studied by a ‘Fuzzy

Correspondence Analysis’ (FCA) (Chevenet et al.,

1994). Finally, a simultaneous analysis of the two

matrices (species distributions and species–traits
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matrices) was performed using CoA (Dolédec &

Chessel, 1994). This analysis studies co-structure by

maximizing covariance between faunistic and biolog-

ical traits ordination scores in the first two analyses

(Dray et al., 2003). The aim of the CoA is to visualize

spatial variations in the combinations of biological

traits of pond invertebrates. A Permutation test

(Dolédec & Chessel, 1994) was used to check the

significance of the resulting correlation between the

two sets of data resulting from the two kind of analysis

(CA and FCA). We carried out 500 co-inertia analyses

of the taxonomic and biological traits data sets after

random permutation of their rows. We measured

the correlation between the two tables using the

RV-coefficient, a multidimensional equivalent of the

ordinary correlation coefficient between two variables

(Robert & Escoufier, 1976, Dolédec et al., 2006).

The test was significant when the observed value was in

a class containing only few random values among

the 500 possible. The objective is to determine the

common structure between the two sets of data, and

then to interpret differences in pond ecosystems in

terms of combinations of biological traits of their

aquatic communities. Mann–Whitney tests were

employed to test significant differences in pond

distribution in the CA and in the CoA according to

biogeographic regions and to hydroperiod, by using the

coordinates of samples on the most relevant axis. These

analyses were performed with R software.

Results

Taxa distribution

The Atlantic and Mediterranean regions had the highest

taxon richness (145 and 160 taxa, respectively). Thirty

and 53 taxa were found to occur in the Alpine and

Fig. 1 Distribution of sampling sites across the various

biogeographic regions of Western Europe. 1. Oxford, UK (15

ponds, Pond Action, 1994); 2. De Maten Nature Reserve,

Belgium (6 ponds, Van de Meutter et al., 2005); 3–4.

Switzerland (11 ponds, Oertli et al., 2000); 5–6. Macun

Cirque, Switzerland (25 ponds, Oertli et al., 2008); 7. Causses

du Quercy, France (13 ponds, unpublished data); 8. Astarac

region, France (15 ponds, Céréghino et al., 2008c); 9.

Vaucluse, France (5 ponds, unpublished data); 10. Camargue,

France (3 ponds, unpublished data); 11. Rome area, Italy (15

ponds, Bazzanti et al., 1996; Della Bella et al., 2005); 12.

North-eastern Spain (3 ponds, Ruhı́ et al., 2009); 13. Leon area,

Spain (3 ponds, Garcia-Criado & Trigal, 2005); 14. Valencia

area, Spain (6 ponds, Sahuquillo et al., 2007)
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Continental regions. When a CA was carried out on the

invertebrate matrix (presence/absence) (Fig. 1), the first

two axes contributed 19.6 and 13.4% to the overall

variance, respectively. Axis 2 showed a geographical

gradient of ponds, which roughly corresponded to the

North (top) to South (bottom) distribution of the ponds,

i.e. to a latitudinal gradient of underlying variables

probably related to climatic and geologic conditions.

The scatterplot of the CA could be divided into three

subsets along axis 2 when sampling sites were more

specifically grouped according to their biogeographic

origin (Fig. 2a), i.e. Mediterranean, Atlantic and

Alpine, and Continental. There was also a gradient of

hydroperiod (from permanent to temporary ponds) from

Northern (top area of the scatterplot) to Southern regions

(bottom) (Fig. 2a) (Mann–Whitney test on samples’

coordinates along axis 2, P \ 0.01 for ponds grouped by

region and by hydroperiod). Whilst only two taxa were

exclusively found in the Alpine (the coleopteran

Limnius) and Continental (the odonate Epitheca

bimaculata) regions, 28 and 34 taxa were exclusively

recorded in the Atlantic and Mediterranean regions

respectively (Fig. 2b). Among these invertebrates, the

commonest ‘Atlantic’ taxa were mostly trichopterans

(Phryganea, Anabolia, Glyphotaelius pellucidus, and

Trianodes), but also the amphipod Crangonyx, the

heteropteran Callicorixa, the gastropod Armiger crista,

or the turbellarian Dendrocoelum lacteum. Mediterra-

nean ponds hosted the more distinct fauna. The most

common taxa were Anostraca fairy shrimps, the tadpole

shrimps Triops cancriformis and Lepidurus apus, the

coleopteran Cybister lateralimarginalis, the backswim-

mer Anisops sardea, or the gastropod Physella. We

assume that axis 1 displayed a gradient of local

conditions, because ponds from Central and Southern

Europe were distributed along the ordinate. Therefore,

the gradient analysis performed through CA basically

portrayed the gradual biogeographic changes in the

compositional structure of invertebrate communities

across Western Europe, with respect to variables acting

at broad scales (axis 2) and local scales (axis 1).

Spatial patterns of invertebrate traits

A permutation test indicated that the co-inertia between

the species distribution and species–trait matrices was

highly significant (RV = 0.54; P \ 0.001). Axes 1 and

2 expressed 24 and 22% of the overall variance,

respectively. Thus, the CoA (Fig. 3a, b) of species’

distributions and their biological traits made it possible

to derive some spatial patterns of species–trait combi-

nations across Europe. Axis 2 showed a biogeographic

gradient. As in the CA, the scatterplot of the CoA could

be divided into three main subsets along axis 2 when

sampling sites were grouped according to their biogeo-

graphic origin (Fig. 3a), i.e. Mediterranean, Atlantic

and Alpine, and Continental (Mann–Whitney tests on

pond coordinates along axis 2, P \ 0.01). We assume

that axis 1 displayed a gradient of local conditions,

because ponds from each of the three above mentioned

subsets displayed taxonomic variations along the

abscissa. Specifically, the grouping of ponds according

to their permanent or temporary nature suggested a

gradient of hydroperiod along axis 1, from temporary

(left) to permanent (right) (Mann–Whitney tests on pond

coordinates along axis 1, P \ 0.01). Mediterranean

ponds (top area of the scatterplot), either permanent or

temporary, had a higher proportion of interstitial or

attached organisms, feeding by sediment absorption,

consuming bacteria or fine organic detritus (e.g.

Oligochaeta) (Fig. 3b). Most species used asexual

reproduction, and had cocoons as resistance form.

Mediterranean pond macroinvertebrates were mostly

small-sized (\2.5 mm), but the largest species were also

found to occur in these communities ([80 mm, e.g.

Hirudo medicinalis, the threatened medicinal leech, a

species listed in Annex II of the Habitats Directive and in

the IUCN Red List). Finally, it is worth noting that there

was a higher proportion of stenothermic (narrow

thermal range) invertebrates in the Mediterranean

region. At the opposite of the scatterplot (right bottom

corner), Continental ponds were characterized by

invertebrates with short life cycles (\1 year), and a

higher proportion of rather large (20–80 mm) predatory

species (e.g. the odonate Coenagrionidae) that prey on

other macroinvertebrates, or even on small vertebrates.

Finally, there was no clear distinction between Atlantic

and Alpine ponds (all permanent). Compared with the

above mentioned fauna, Atlantic and Alpine pond

invertebrates were mostly medium-sized detritivores or

herbivores (2.5–20 mm), with a higher proportion of

grazers and filterers.

Discussion

Whilst the biological trait profiles of river inverte-

brates in Europe (Statzner et al., 2004) show rather
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unimodal responses, pond invertebrates exhibit a

higher diversity of ecological strategies, and biolog-

ical traits combinations from Northern to Southern

areas are more different than in rivers. Presumably,

this is owing to the fact that ponds display a broader

range of physical and chemical characteristics (i.e. a

broader range of niche opportunities) than streams,

rivers or lakes, whereas the larger water bodies

tend to have similar more physical and chemical

properties across regions (Davies et al., 2008). This

idea is strengthened by observations made in very

small aquatic habitats with a simple structure like
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analysis (CA) of

invertebrate taxa and ponds
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a Distribution of ponds
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taxa, see Appendix 1—

Supplementary material)
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phytotelmata (plant-held waters such as tree-holes).

In these containers, niche opportunities are rather

consistent, and invertebrate species traits remain

similar despite geographical changes in taxonomic

composition (see e.g. Kitching, 2000). In ponds, it

thus appeared that changes in community composi-

tion across Europe have a stronger impact on

community functions than in rivers. This observation

also suggests that the macroinvertebrates found in the

various regions are phylogenetically more distant in

ponds than in rivers (e.g. high proportions of

crustaceans in the Mediterranean, high proportions

of trichopterans in the Atlantic).

Most of our study ponds in the Mediterranean

Region are extreme sites, characterized by an altered

salinity due to their vicinity with the sea, and/or high

evaporation rate related to arid climate and fluctuat-

ing hydrology. If life-cycle characteristics and organ-

ism size are associated with latitude and climatic

conditions (Johansson, 2003), then a dominance

of organisms with short life-span and/or asexual

reproduction and small size was expected in Medi-

terranean climate areas, as these traits promote

survivorship in unstable conditions (Bonada et al.,

2007). The biological traits of invertebrates in the

Mediterranean Region suggested that species allo-

cated much energy to reproduction and resistance

(asexual reproduction was dominant, formation of

cocoons). These characteristics, and others such as

feeding habits based on fine particulates and micro-

organisms, suggest that populations are selected by

unstable habitats or by habitats fluctuating in an

unpredictable way (Begon et al., 1996). The higher

proportion of stenothermic species (species with

narrow thermal ranges) in the Mediterranean region

is probably the major highlight of this study, as this

probably makes some Mediterranean pond inverte-

brates more susceptible to extinction in a context of

climate change (i.e. species that cannot migrate

northward if habitat becomes unsuitable). Throughout

Europe and elsewhere, environmental policies aiming

at preserving the biological diversity of terrestrial

and/or aquatic ecosystems heavily rely on action

plans for the delineation of zones of ecological

interest (which concentrate rare and/or threatened

species, or which have patrimonial values), and

environmental managers ask for explicit schemes

such as distribution patterns that allow them to

identify areas at greater ecological risk. It is worth

noting that the Mediterranean region has the highest

taxonomic richness for pond invertebrates (160 out of

204 European taxa), and that 20% of these taxa were

exclusive to this region. With high proportions of

stenothermic invertebrates, threats associated with

climate change clearly align with zones of ecological

interest, and this should add new impetus to calls for

freshwater conservation policies in the area. The

traits of pond invertebrates in Continental areas

suggested that lesser energy was allocated to repro-

duction and dispersal, whereas habitat occupancy and

resource use was favoured by larger body size, short

life cycles (thus enabling many temporally segre-

gated populations to utilize small ecosystems), and a

higher diversity of feeding groups. These character-

istics suggest higher resilience, and the occurrence of

strong competitors. Those populations are believed to

be selected by more stable and structured habitats

allowing interspecific competition and/or resource

partitioning through the spatial and temporal segre-

gations of species (Begon et al., 1996), a description

which fits better with Continental ponds. Finally,

despite similarities in their biological traits, inverte-

brate communities of the Alpine and Atlantic regions

showed large differences in terms of number of taxa

(30 and 145 taxa, respectively). Alpine ponds may

represent harsh environments that are physically

stressful (rapid and wide daily temperature fluctua-

tions, intense UV, strong wind, abundant precipita-

tion, and low nutrient concentrations), so that a

smaller proportion of potential colonizers could

become established.

Within-region variability in traits composition was

chiefly apparent along axis 1, and was probably

related to the peculiarities of the sub-areas from

which the data were collected. In the southernmost

areas, the annual hydrologic cycle is an important

variable differentiating pond communities (Della

Bella et al., 2005). From ephemeral pools to semi-

permanent and permanent ponds, periodic drying is a

major constraint to invertebrates (Jeffries, 1994;

Schneider & Frost, 1996; Williams, 1996). Hydro-

logic cycles govern the biological traits combinations

of communities by increasing habitat complexity

through macrophyte cover, water chemistry, and

substrate size. For instance, greater habitat complex-

ity increases the number of available microhabitats

for those taxa which utilize floating and submersed

macrophytes as food, substrate, or refuge from
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predators. Such a causal relationship, already

reported by Bazzanti et al. (2009), could explain the

increase in shredder, scrapers, and leaf piercer at the

right side of the CoA scatterplot. However, these

observations call for finer analyses that should

consider each region separately, to decipher the role

of microclimatic, landscape, and pond habitat vari-

ables in selecting sets of species from the regional

pool. Ideally, these analyses should be based on

quantitative macroinvertebrate data from a large

number of evenly distributed ponds, and on environ-

mental variables recorded in a standardized way.

Therefore, a posteriori analyses of pre-existing data-

sets (this study) are not recommended at the regional

scale, where fieldwork can be more easily designed to

ensure homogeneity and replication in the data.

Finally, although our data covered 120 ponds, these

were derived (rather unevenly) from relatively small

sampling areas. As a result, taxa lists were quite

similar within each sampling area, which implies

limited representation for each region. For instance, it

is likely that differences in traits decrease from the

core of each region to its interface with other regions.

A key objective of the current research on small

water bodies is to develop the knowledge base and

tools to enable integrated monitoring and assessment

for the conservation of freshwater biodiversity

(EPCN, 2007). Exploration of fundamental ecologi-

cal patterns is needed, to cover the range of habitats

found along broad geographical, altitudinal, and

environmental gradients. These analyses, in addition

to giving a vital understanding of large-scale patterns,

are also intended to reveal gaps in existing knowl-

edge. Obviously, our analysis of invertebrate traits

did not cover the full range of pond conditions across

Europe. The very first and probably more problematic

gap is the lack of accessible and curated data. We

must unfortunately acknowledge that only a very

small fraction of the existing information on pond

biodiversity is made available to researchers and

practitioners. Although we could gather information

on about one hundred ponds supposed to represent

various biogeographic regions, we are still unable to

meet our attempts to obtain information on a much

larger set of ponds that would be evenly distributed

across Europe. These data certainly exist, but the

heterogeneity of the existing formats (e.g. data per

sample units, aggregated data) and low accessibility

(e.g. unpublished data not found with literature

databases, not disclosed by authors) remain a prob-

lematic issues. There is still, therefore, a pressing

need for the incorporation of high quality national

data sets into a standardized database so that they can

be further analyzed in an integrated European-wide

manner.
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Influence of vegetation cover on the biological traits of

pond invertebrate communities. Annales de Limnologie—

International Journal of Limnology 44: 267–274.

Fig. 3 Co-inertia analysis results: a left panel: ordination of

the 120 ponds on the first two axes of the CoA (Axes 1 and 2

contributed to 24 and 22% of the overall variance, respec-

tively); left panel: grouping of samples according to biogeo-

graphic regions; right panel: grouping of samples according to

hydroperiod (P = permanent, T = temporary). Ellipses con-

tain 90% of the ponds for each region, thus summarizing the

distribution of the data. b Distribution of species–trait

categories on the first two axes (see Appendix for coding

of categories—Supplementary material). Categories are posi-

tioned at the weighted average of their species

b

Hydrobiologia (2012) 689:51–61 59

123



Céréghino, R., A. Ruggiero, P. Marty & S. Angélibert, 2008c.
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