
Introduction

At the present day, most of the biological method for
lake monitoring is based on their trophic level defini-
tion through analyses of nutrient concentrations and/or
pelagic primary producers (Vollenweider & Kerkes
1982) or through analyses of consummer communities
(Oligochaeta, Diptera Chironomidae, Fishes) which
characteristics are then considered as a trophic level
result (Saether 1979, Wiederholm 1980, Lang & Lods-
Crozet 1997). But the European Parliament and Coun-
cil (Directive 2000/60/CE) has stated that the member
states have to reach before 2015 the good ecological
status of the surface waters. This status has been defi-
ned as a result of the structure and the functionning of
the ecosystems. Moreover, an European Commission
about criteria for identification of freshwater eutrophi-

cation enlighted the great difficulty to define largely
applicable threshold values of nutrient concentration
and primary production because their impact on
consummer communities depends on the considered
ecosystem (Premazzi & Cardoso 2001). Some authors
have also reported a discrepancy between profundal
Chironomid associations and food available in lakes
(Rieradevall & Prat 1991, Real & Prat 1991). It ap-
pears that there is a need of new biological methods of-
fering more synthetical descriptors abble to reflect the
ecological status of lakes and not only their tophic 
level.

Studies on twelve French lakes have underlined the
importance of the bathymetric taxonomic deficit (Ver-
neaux et al. 1993 a,b, Verneaux & Aleya 1998 a,b) in
the biological differenciation of lakes. The decrease in
macrobenthic biodiversity with increasing depth is a
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feature common to lacustrine ecosystems (Macan
1970, Brinkhurst 1974, Jónasson 1996) but  few works
deal with the comparison of different depth distribu-
tion patterns, including taxonomic richness as a means
of lake differenciation (Parrish & Wilhm 1978, Linde-
gaard 1979, Mouthon 1993, Verneaux et al. 1993 a,
Verneaux & Aleya 1996, 1998 a).

The paucity of relatively simple methods based on
macrobenthos to assess lakes integrity and function-
ning led us to propose a new applied method based on
benthic invertebrates, in reference to its potential use-
fulness in the context of the Water Framework Directi-
ve (Directive 2000/60/CE). 

Material and methods

Outlines of the applied method
The questionable significance of comparing ma-

croinvertebrate communities from different habitat
types, and deep fauna from lakes which have different
maximal depths, argues for the use of a comparative
analysis based on relative depth (proportional to the
maximal depth, i.e. 0.66 Zmax in the proposed applied
process) and for the sampling of the sole soft sediment
which constitutes the common habitat to the different
depths and lakes (Verneaux et al. 1993 a, b). This pro-
cess allows to avoid the great variability of the littoral

fauna induced by the heterogeneity of habitat mosaics,
especially by substrates and macrophytes (Verneaux et
al. 1993 a, Weatherhead & James 2001). Moreover, the
difficulty in species identification from macrobenthic
larvae and the doubtful use of pupal exuviae in depth
distribution studies (Verneaux & Verneaux 2002)
argue for the use of practical taxonomic units, general-
ly the genus.

A preliminary method, including four, then three and
finally two sampling depths, was tested in ten French
lakes from 1990 to 2003 (Fig. 1, Table 1). The descrip-
tors which figure in the Table 1 are required for the
comments but  detailed physical, chemical and biolo-
gical data can be found in previous works (DIREN et
al. 1979-1988, Verneaux et al. 1987, Verneaux et al.
1991, Verneaux et al. 1995, Verneaux & Aleya 1998
a,b, Verneaux & Verneaux 2002). The results obtained
using successive simplified processes have produced
the proposed field method. 

The applied method

Sampling period

To minimize the effect of seasonal variation in abun-
dance due to the emergence of insects, the sampling
period, which followed ice melt and overurn, took pla-
ce in early spring (Wiederholm 1980). In temperate
Middle Europe, this homothermic period (7-8°C) 
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Fig. 1. Geographical location of the ten French lakes.



which varies depending on year and altitude, occurs
between March and May. Macroinvertebrates were
sampled in soft sediment only with an Ekman grab
which has been  modified by adding two side-over-
loads and a bottom plate to limit the penetration of the
grab in sediment. The modified grab works as a square
corer and thus samples the top five centimeters of se-
diment which contain most of the macrofauna (biotur-
bation stratum). The sediment was sieved through a
250 µm mesh net and the remaining material was pre-
served in 5 % formalin, transported in ice-boxes and
stocked in a refrigerator. 

Number of samples and distribution in the lake

Two depths were sampled; one at the littoral zone
(Zl = 2m), the other in deep zone, at a depth Zf propor-
tional to the maximum depth (Zmax) of each lake - (Zf

= 0.66 Zmax, relative depth).

The number of sites per depth (n) was relative to the
length (L, km) of each isobath (Table 1). For Zl : nl =
4 loge (10 Ll + 1) and for Zf : nf = 2.5 loge (10 Lf + 1).
Sites numbers were adjusted at the superior point. The
proposed formula for n calculation have been esta-
blished to obtain a little more samples than the number
of samples required to the stabilisation of the taxon
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Table 1. Main characteristics of the 10 French lakes. Ab : Abbaye, An : Annecy, Bo : Bonlieu, Ch : Châlain, 
Cl : Clairvaux, II : Ilay, Ma : Maclu, Na : Narlay, Re : Remoray, Sp : St. Point. Ll : length of the littoral iso-
bath (2 m),Lf : length of the deep isobath (0.66 Zmax), n : number of samples in littoral (nl) and in deep (nf)
zones, C : conductivity, TOC : Total Organic Carbon, dw = dry weight, deep water : at 0.66 Zmax, IV-X :
April to October.

Lf (km)

nf =2.5 loge (10Lf + 1)

Deep sediments
(mean of nf samples)
TOC (%dw)



richness following the Gaufin’s method (Gaufin et al.
1956). For small lakes, the minimum number of
samples was fixed at 4 for each isobath. Two samples
were cored from each site and pooled together yielding
a site sample of 1/20 m2- area and 1 dm3 - volume.
Sampling sites were distributed clockwise on the two
isobaths in accordance with common transects com-
plemented by intercalated sites on the Zl isobath. The
shores with steep slopes, where isobaths would to be
too close, were avoided (Fig. 2). Further details were
given in Verneaux et al. (1987, 1993 a, b).

Laboratory procedure

Macroinvertebrates were hand-sorted at 10 X ma-
gnification and identificated at a genus level except for
Diptera other than Chironomidae (family), Nematoda
(phylum) and Oligochaeta for which three groups have
been identificated (Tubificidae with and without hair
setae, other Oligochaeta). The individuals from the
deep samples were not counted but, to aid in interpre-
ting the results, their abundance was estimated: less
than 100 (present, +), from 100 to 500 (abundant, O)
and higher than 500 (very abundant, •). The indivi-
duals from the littoral samples were counted and the
density of each taxa was expressed in number of indi-
viduals per m2 (dl, Table 3).The occurrence of each
taxonomic unit, generally the genus, was specified for
the littoral isobath (% occ., Table 3).

Lake Biotic Index (LBI) assessment

For each isobath, all taxa were listed together. The
density of each taxon was derived from the addition of
all the individuals collected in each sampling site
(Table 3). Five descriptors and two indexes were used
to determine the LBI value. The symbols l and f were
used respectively for littoral and deep zones.

- vl:   littoral taxonomic richness = number of taxa
collected at Zl (2 m).

- dl:    littoral density = number of individuals / m2 at
Zl. 

- vf: deep taxonomic richness = number of taxa
collected at Zf (0.66 Zmax.). 

- Bl:   littoral biotic index = (√ vl) (loge dl)
- k:    corrective coefficient of the taxonomic loss

from Zl to Zf k = (0.033 vl) + 1
- ql:   littoral fauna quality index - see Table 2 

- Df:   taxonomic deficit index = √ k.vf .   ql
vl

- LBI : Lake Biotic Index  = 2.5 √ (Bl.Df) with 0 ≤
LBI ≤ 20

In the Df index the vf/vl ratio was inflected by the k
coefficient in order to obtain relative, comparable Df

values (Verneaux et al. 1993 a), because the bathyme-
tric loss of taxa depends on the littoral taxonomic rich-
ness. A littoral fauna quality index (ql) has been inclu-
ded in Df because lakes with little loss of taxa from lit-

Fig. 2. Lake Châlain : location of the 27 sampling sites on the isobaths. nl = 17 at Zl, nf = 10 at Zf, Zl = 2m,
Zf = 21 m. o : l 1 to l 10, on transects at Zl, • : f 1 to f 10, on transects at Zf, � : l 11 to l 17, added littoral
sites.
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toral to deep zones may be either of high biological
quality, or on the contrary, highly polluted. In the latter
case their littoral fauna contains only tolerant taxa, lea-
ving from the littoral to the profundal zones. The ql va-
lues of indicator taxa, which decrease when their le-
vels of tolerance increase, are specified in Table 2. In
non or slightly-polluted lakes the ql values are close to
1. The indicator taxon used to attribute ql is the less to-
lerant taxon collected  in a minimum of half of the lit-
toral samples (threshold occurrence = 50 %, Table 3).

The Bl formula follows from the linear biodiversity
gradient obtained using the square root of the taxono-
mic richness and the natural logarithm of the density
(Verneaux et al. 2003).

Typological graph: a LBI interpretation assistance
Any lake can be plotted on a rectangular graph in

which the co-ordinates are respectively the Bl and and
Df values (Fig. 3). This graph allowed to appreciate the
lake biogenic quality through two levels of interpreta-
tion. One is quantitatif from oligo- to polybiotic lakes,
the other is qualitatif from eu- to dysbiotic lakes. 
These two levels of interpretation defined four poles:
The oligo-eubiotic pole is indicative of lakes with low

biogenic potential (low Bl), related to poorly minerali-
zed water, which present a good preservation of taxa in
deep zone (high Df) related to high oxygen and poor
organic matter contents in deep sediments (Verneaux
et al. 1995, Verneaux & Aleya 1998 a). At the opposi-
te, the poly-dysbiotic pole is indicative of lakes with
high biogenic potential (highly mineralized) but with
low oxygen and high organic matter contents in deep
zone. A polyhumic lake, with dystrophic features, is
plotted close to the oligo-dysbiotic pole and a well mi-
neralized lake without O2 deficit and without organic
matter accumulation is of the poly-eubiotic type. A la-
ke plotted near the center of the graph is meso-mero-
biotic.

Results

The detailed Lake Châlain LBI calculation is given as
an example of the method application but the LBI have
been applied, at the present day, in ten french lakes
(Table 1). More detailed physical, chemical and biologi-
cal data have been specified in DIREN et al. 1986 a,
Verneaux et al. 1987, Verneaux & Aleya 1998 a.

Table 2. The quality index (ql) of indicator taxa in the littoral zone of lakes. Taxa are graded
downwards in increasing order of tolerance level (Verneaux et al. 1993 b, Verneaux 1996, Ver-
neaux & Aleya 1996, Verneaux & Aleya 1998 a,b). Ground works : Brundin 1949, Saether
1979, Lafont et al. 1991, Mouthon 1993.
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Table 3. Taxon list of Lake Châlain (French Jura). + : present (n < 100), o : abundant
(100 ≤ n < 500), ��: very abundant (n ≥ 500), * : indicator taxon, % occ : occurren-
ce in littoral zone, dl : density in littoral zone (ind / m2), Zl : deep isobath (Zl = 0.66
Zmax).
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LBI application
Lake Châlain macroinvertebrates have been sam-

pled in April 1995 at 17 littoral sites (2 m depth) and
10 profundal sites (21 m depth) distributed along 
10 transects and seven intercalated littoral sites (fig. 2).  

Indexes values 
The list of collected taxa (Table 3) led to the deter-

mination of the 4 descriptors allowing to calculate the
k coefficient, the Bl and Df indexes and the resulting
LBI index. 

vl = 36, dl = 2657, ql = 1.0, vf = 16, Bl = 47.3, k =
2.19, Df = 0.98, LBI /20 = 17.1

Typological graph and comments
In 1995, Lake Châlain belonged to the meso-eubio-

tic type (fig 3). In the littoral zone the indicator taxon
was Ephemera so that the ql value was 1. The littoral
biotic index value (Bl) was medium and the taxonomic
deficit was low in the deep zone (Df = 0.98). These
biotic descriptors reflect the well-mineralized
(conductivity from 175 to 300 µS.cm-1) calcareous ty-
pe (mean CaCo3 in sediment ≈78 % dw, Table 1) of
Lake Châlain with good conditions in the deep zone.
The lowest O2 values, observed in autumn, at 0.66
Zmax, were close to 4 mg/l, and the organic matter
content in the sediment was lower than 5 % dw. The
good biogenic values observed in 1995 were underli-

ned by the facts that Ephemera was found in more than
50 % of the littoral samples, by the predominance of
Tanytarsini  in the deep zone, and by the non-prolifera-
tion of Chaoborus and Tubificidae with hair setae in
the deep zone (Table 3). This chalk lake (CaCo3) with
Coregonus (Whitefish) and carnivorous species (Perca
fuviatilis, Perch and Esox lucius, Pike), is very busy in
summer with leisure activities such as sailing, camping
and fishing.  

Discussion

The positions of the lakes in the typological graph
and the LBI values obtained using the proposed sim-
plified method proved to be close to the ones obtained
using more detailed sampling processes (including 3 or
2 relative depths) although a less accurate evaluation
of the bathymetric biological changes (Verneaux et al.
1993 a, b, Verneaux et al. 1995, Verneaux et Aleya
1998 a).

The method gives a general biogenic value (LBI)
and two indexes (Bl and Df) which are useful for the
explanation of the general index. The LBI scale is ba-
sed on the maxima and minima values of the used va-
riables observed in the ten lakes studied using the spe-
cified sampling method. The proposed method is
considered as experimental and further studies may re-
sult in modifications of this initial calibration, particu-

Fig. 3. Distribution of ten French lakes in the typological graph according to the litto-
ral biogenic index (Bl) and the taxonomic deficit index (Df). The LBI values are in-
dicated between brackets. For lake codes see Table 1 legend.
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larly that concern the most biogenic arrangements bet-
ween abundance, taxonomic richness and the list of in-
dicator taxa that could be completed. 

Studies on relationships between biological data and
environmental variables have shown that the littoral
biotic index (Bl) was related to trophic potential
(conductivity, calcium and nutrients) and that the taxo-
nomic deficit index (Df) was related to the bottom dis-
solved oxygen and the organic matter content in sedi-
ment (Verneaux et al. 1995, Verneaux & Aleya 1998
a). Many other authors have underlined the main role
of these two factors in macrobenthos distribution
(Brundin 1951, Johnson & Wiederholm 1989, Lafont
et al. 1991, Real & Prat 1991, Mouthon 1993) . It has
been recently shown that dissolved oxygen proved to
be limitant for macroinvertebrate biodiversity from 
90 % saturation and very limitant from 65 % satura-
tion, and that, for total organic carbon in sediment, a
preferendum appeared around 3 % dw (Verneaux et al.
2003).The proposed value (≈ 10 % OM in sediment)
was considered as an indicator showing the onset of
dysbiotic features (Verneaux & Aleya 1998 a, Ver-
neaux et al. 2003). Dysbiotic lakes can be characteri-
zed by a high content of allogenic residual matter in
the sediment, without high chlorophyll-a content (La-
ke Abbaye), or by high residual algal biomass resul-
ting in high nutrient input and high primary biomass
(Lake Narlay) or by both (Lake Bonlieu, Table 1).

Because all the low values of the taxonomic deficit
index (Df) were related to high values of residual orga-
nic matter connected with deep oxygen deficit, these
two environmental descriptors were chosen as indica-
tors of the ability of a lake to transfer organic matter up
to the consumers. Compared to the trophic classifica-
tions using profundal macrobenthos (Saether 1979,
Wiederholm 1980, Brodersen & Lindergaard 1999,
Milbrink et al. 2002), these results seem controversial
because profundal macroinvertebrate biodiversity de-
pends on factors other than pelagic primary production
or nutrient rates. Thus, Lake Annecy (fig. 3) with a
high Df value (0.88) can be classified among lakes ha-
ving a good depth-related preservation of taxonomic
richness reflecting favourable environmental condi-
tions that allows or reflects (or both) a good transfer of
organic matter through the food web. This lake with a
mean Chl-a close to 2 mg/m3, is oligo-mesotrophic,
but shows however a high biogenic capacity (poly-eu-
biotic lake). 

Separated interpretations of the lake biogenic poten-
tial (Bl) and the lake functional capacity (Df) seemed
of importance since no simple correlation appeared
betwen these two lake characteristics (fig. 3). The pro-

posed indexes and the typological graph led to assess
the resulting biogenic capacity which might be useful
both for more accurate functional studies (Verneaux et
al. 2002) and for lake diagnosis and lake surveys ac-
cording to the last European Directive (Directive
2000/60/CE).
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