Fisheries Management

and Ecology

Fisheries Management and Ecology, 2013, 20, 533-543

Systematic point sampling of fish communities in
medium- and large-sized rivers: sampling procedure
and effort

S. TOMANOVA

ONEMA, Délégation Interrégionale Centre, Poitou-Charentes, Orléans, France

P. A. TEDESCO

UMR BOREA (IRD 207), Département Milieux et Peuplements Aquatiques, Muséum National d’Histoire Naturelle, Paris, France

N. ROSET

ONEMA, Délégation Interrégionale Rhone-Alpes, Bron, France

R. BERREBI DIT THOMAS

ONEMA, Direction de I’Action Scientifique et Technique, Vincennes, France

J. BELLIARD

Irstea, UR HBAN, Antony, France

Abstract Compared with small rivers and streams, the study of fish communities in large rivers remains challenging
as spatial and temporal data variability can be greatly influenced by sampling strategy and operator choice. In an
attempt to limit this variability, a new sampling protocol for fish communities in medium- to large-sized rivers was
developed, based on point sampling by electric fishing and using standardised procedures and effort. Here, change in
data quality (assemblage abundance, richness, structure and biotic index) with increasing sampling effort (from 1 to
100 sampling points) was evaluated. A total of 75 sampling points are proposed as the standard number of samples
per site. Broadly, the results show that the application of 75 sampling points provides a reproducible representation of
fish community structure in medium and large rivers, with little additional information provided by further sampling
except under certain conditions, when 100 points are recommended to maintain data quality.
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Introduction

Accurate assessment of river ecosystems in space and
time requires standardised methods that provide compa-
rable data of equivalent scientific quality. For riverine
fish, however, obtaining high-quality field data with an
acceptable degree of precision is still a major problem.

Unlike streams and small rivers, where sampling of an
entire reach is possible, the study of fish communities in
large, non-wadeable rivers remains one of the most diffi-
cult problems in freshwater ecology. As suggested by
Persat and Copp (1989), rather than maintaining the
delusion that estimates of absolute fish density or bio-
mass may be obtained in large rivers, it is better to admit
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that such precise estimates are practically impossible to
achieve. Instead, the random character of the samples
should be accounted for by choosing an appropriate
sampling method and strategy. Regardless of whether
relative or absolute parameters are to be estimated, it is
essential that fishing procedures be standardised in all
possible respects (Bohlin ez al. 1990).

Prior to 2006, several electric fishing sampling strate-
gies and techniques (sensu Copp 2010) had been applied
in non-wadeable, medium and large river reaches for the
French national fish survey (Kestemont & Goffaux
2002): (1) continuous bank sampling, that is, continuous
sampling of a 2-m wide stretch along both river banks;
(2) ambience sampling (inspired from the works of
Pouilly 1994 and Capra 1995), that is, space-stratified
sampling of several meso-habitat units with ambiences
of 5-100 m* and (3) point abundance sampling using
electric fishing (PASE; Nelva er al. 1979). Fishing
teams, however, reported several methodological prob-
lems when using these methods for large-scale and long-
term monitoring. (1) Continuous bank sampling was
time consuming and required great effort as a large fish
sample was frequently collected. This was particularly
the case since ratification of the European standard for
fish sampling with electricity (EN14011 2003), which
requires that the minimum length of study site be 20x
the river’s width (10x for large and homogenous rivers).
(2) The ambience sampling approach also generated a
large fish sample and suffered from low sample repro-
ducibility as the number and surface area of sampling
units were both variable and non-standardised. Both con-
tinuous and ambience sampling generated large samples
(e.g. several thousands of fish), and extended periods of
fish handling (e.g. size and weight measures, pathologi-
cal examination) result in elevated fish mortalities, pos-
ing a particular problem for long-term monitoring.

Of the methods used, PASE appeared to be most suit-
able in terms of sample size produced. PASE originally
gained acceptance from the scientific community for
sampling of young-of-the-year fish (YOY, for a review
see Copp 2010) and has since been used in numerous
ecological studies around Europe in rivers of various
size (e.g. Copp 1989; Copp et al. 1994, 2005a; Pires
et al. 1999; Wolter & Bischoff 2001; Fladung et al.
2003; Valova et al. 20006), lakes or wetlands (Perrow
et al. 1996; Cucherousset et al. 2006). In 2006, the
French National Agency for Water and Aquatic Environ-
ments (ONEMA) implemented a point sampling
approach for monitoring medium- and large-sized rivers.
Several aspects of the original sampling approach of
Nelva et al. (1979), however, were adapted to increase
sampling efficiency and improve repeatability with
respect to monitoring goals and constraints. For example,

fishless points occur relatively frequently in large rivers
and are often considered by operators to be unproduc-
tive, which results in a gradual shift toward the selection
of point samples in areas where fish are more likely to
be captured.

To reduce potential operator bias, the random sam-
pling strategy was replaced with a systematic strategy
that ensured proportional sampling of all fishable habi-
tats. To reduce variability in the area fished, and for
health and safety reasons, the anode was not thrown in
front of the boat, as originally described by Nelva et al.
(1979), but rather immersed in the water by the operator
as described by Copp and Garner (1995). Finally, to
increase and standardise the size of each sample, and
hence the likelihood of capturing large-bodied and/or
rare fishes, the anode was moved around each sample
point for a minimum of 15 s and maximum of 30 s in a
1-m-diameter circle, a modification of the PASE sam-
pling technique applied in shallow lakes (Perrow et al.
1996).

The sampling effort required to provide a reliable pic-
ture of the fish assemblage at a given site is of great
importance. In attempting to evaluate the number of
PASE samples required to estimate YOY density accu-
rately, Garner (1997) suggested that as many samples as
possible should be taken, with a minimum of 50. Other
studies have compared the efficiency of point sampling
with other methods for sampling YOY (e.g. Jana¢ &
Jurajda 2005). Relatively little quantitative evidence
exists, however, as regards the reliability of results
obtained from point abundance sampling of adult fish —
but see Perrow et al. (1996) for a comparison with
stop-nets in shallow lakes, Brosse ef al. (2001) for a
comparison with scuba sampling in reservoir littoral
areas, Lapointe et al. (2006) for a test of sampling dura-
tion in a large river, and Brousseau et al. (2005) for a
comparison of transect and point sampling in the littoral
zone of large lakes. Previous studies (Persat & Copp
1989; Pretty et al. 2003) have applied from 20 to 50
sampling points per site, but without further examination
of the reliability of the results. Bady and Pont (2008)
proposed that accurate evaluation of a fish assemblage
should be based on samples of at least 100 individuals,
independent of sampling strategy, which suggests that
the minimal sampling effort for point sampling should
also approach this figure.

As regards the systematic point sampling protocol
recently implemented by ONEMA, it remains unclear
how many points are needed to obtain a reliable picture
of the entire fish assemblage. The main objective, there-
fore, was to evaluate how estimates of fish assemblage
structure in medium and large rivers change when PASE
sampling effort is increased. To this end, a systematic
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sampling approach was applied, using a standard of 100
point samples (e.g. Copp 1997), in 12 rivers with differ-
ent habitat characteristics and recorded fish data at each
point. The levels of sampling effort applied in previous
studies using PASE, that is, 25 points (Persat & Copp
1989), 50 points (Pretty et al. 2003), 75 points (as pro-
posed by ONEMA for their national fish survey) and
100 points (Copp 1997), were then used to evaluate the
influence of sampling effort on fish assemblage results.
This addressed four specific questions: (1) Are 25, 50,
75 or 100 points enough to catch a minimum of 100
individuals (as recommended by Bady & Pont 2008); (2)
how many species are not captured when using 25, 50
or 75 points compared with 100 points? (3) is an equiva-
lent picture of fish assemblage structure found when
applying 25, 50, 75 and 100 sampling points? and (4)
can river characteristics affect data quality in relation to
sampling effort, that is, should the sampling effort be
adapted according to river characteristics?

Materials and methods

Study sites and sampling method

Sampling took place during autumn 2004 at 12 river
sites of differing size and habitat heterogeneity
(Table 1). Following the European standard (EN14011
2003), the minimum length (L) of river reach depended
on river width (w) as follows: L = 20 x w if w < 30 m;
L=600m if 30m<w<60m; and L=10 x w if
w > 60 m.

For the purposes of this study, electric fishing was
undertaken only in those zones where it is most efficient

(i.e. depth <I m and water velocity <1 m s~') within
each river reach (deeper zones from a boat and shallower
by wading) using a Heron-type electric generator with a
35-cm ring anode (electric output ranging from 400 to
600 V and 2 to 4 A).

Unlike the original point abundance sampling strategy
(Nelva et al. 1979; Persat & Copp 1989), systematic
point sampling consists of collecting numerous point
samples evenly distributed over the entire study site or
reach (where electric fishing is both efficient and secure).
The fishing team moves upstream, by wading or by boat,
from one bank to the other in a zigzag manner, taking
equidistant point samples in fishable zones (see Fig. 1
for several possible sampling procedures). Upon arrival
at each sampling point, the anode is immersed and
moved around in a l-m-diameter, horizontal circle for
15-30 s. To define the influence range of the anode, sev-
eral preliminary tests were performed under different
conductivity conditions (230-550 uS cm ') consisting
of repeated measurements of voltage gradient between
two points 10 cm apart at different distances from the
centre of the anode (i.e. 0.5, 1, 1.5, 2, 3 and 4 m). Gal-
vanotaxis can be achieved at voltage gradients as low as
0.1 Vcm™! when using direct current. This value was,
therefore, taken into account when computing the actual
influence range. These tests showed that voltage gradi-
ents of 0.1 V cm™' were always measured within 1.5 m
from the centre of the anode (Table S1), and therefore,
moving the anode around a horizontal circle of 1 m
diameter would result in a sampling unit surface area of
~12.5 m® (=3.14 x (0.5 + 1.5)?). To limit anode influ-
ence between each sample site, a 5 m minimum distance
was set between sampling points when fishing by

Table 1. Characteristics of sites where systematic point sampling tests took place. Note that habitat heterogeneity was visually estimated by

members of the fishing teams

Drainage area Distance from source Mean width  Mean depth ~ Habitat
River Latitude Longitude (km?) (km) (m) (m) heterogeneity Fishing
Aisne 49.398267° N 3.474425° E 5589 278 60 3 Low Boat
Besbre 46.201575° N 3.667964° E 360 39 18 0.6 High Wading
Bouzanne 46.635576° N 1.592040° E 480 69 12 0.6 Low Wading
Charente 45.623221° N 0.035769° W 4404 267 50 3 Medium Boat
1 48.655005° N 7.842170° E 4736 213 50 1.2 Low Boat
Loire 45.307270° N 4.118988° E 3254 100 50 0.9 Medium Mixed
Meuse — 50.111496° N 4.802046° E 10387 476 70 1 Medium Mixed
Chooz
Meuse — 48.870220° N 5.542255° E 2590 173 25 0.7 High Mixed
Han
Rhone 45.609840° N 4.800908° E 51 080 530 90 29 Low Boat
Tarn 44.114737° N 1.159162° E 15 132 369 155 3.8 Low Boat
Taurion 45.987946° N 1.866993° E 276 24 18 0.5 High Wading
Vienne 47.150880° N 0.305559° E 20 358 346 120 0.8 High Boat
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wading and 10 m when sampling from a boat. At each
sampling site, 100 sampling points were performed, cov-
ering the entire river reach. At each point sampled, cap-
tured fishes were identified to species level and counted.

Data analysis

To assess how fish assemblage data (total number of
captures, species richness and assemblage structure) var-
ied with increasing sampling effort (25, 50, 75 and 100
sampling points), the minimum sampling effort required
to catch 100 individuals (as per Bady & Pont 2008) was
assessed using rarefaction curves (Colwell & Coddington
1994) modified by replacing species richness evaluation
by total number of individuals. The total number of cap-
tured individuals (TNI) for each river and sampling
effort (1-100 points) was computed 1000 times for each
river site by permuting the sequence of sampled points.
The resulting 1000 simulated TNI values provided a
mean and standard deviation for each sampling effort.
During the second step, changes in species richness
with increasing sampling effort were assessed using spe-
cies accumulation curves (SACs) — a commonly used
method to determine whether sample size applied is
large enough to represent an assemblage accurately (e.g.
Angermeier & Smogor 1995; Cao e al. 2001; Lapointe
et al. 2006; Copp 2010). A SAC not achieving an
asymptote indicates that not all species have been
detected. In this study, SACs were constructed for each
sampling site using the vegan library’s specaccum func-
tion (Oksanen et al. 2008) in the R software package (R
Development Core Team 2011). The exact option from
this function was used to obtain the expected SAC (and

its standard deviation) following the method indepen-
dently developed by Ugland et al. (2003) and Colwell
et al. (2004). The exact accumulation curve is indepen-
dent of the underlying species abundance distributions,
but is strongly influenced by the distribution of species
among the samples and the spatial configuration of the
samples that are randomised (Ugland et al. 2003). To
evaluate species richness with increasing sampling effort
at each sampling site, the number of species remaining
to be captured was estimated for each sampling effort as
the difference between the species richness achieved
with 100 sampling points and the expected SAC values
for each sampling effort. Finally, the mean and standard
deviation of non-captured species was computed for the
12 rivers to evaluate the general loss of information.
Species abundance was estimated (log-transformed,
ind m™?) for each sampling effort (i.e. from 1 to 100
points) to evaluate the variation in fish assemblage struc-
ture at each sampling site with increasing sampling
effort. Fish communities assessed under differing sam-
pling efforts were evaluated separately for each site
using principal components analysis (PCA). For group-
ing different sampling efforts providing similar results,
cluster analysis was applied to the first four PCA axes
(always describing more than 96% of total variability),
using Euclidean distances as a measure of similarity and
Ward’s grouping method. This method uses minimal
intra-cluster variance to evaluate distances between clus-
ters. The data from each sampling effort (from Eg; to
Es100) were then classified into five clusters. This proce-
dure was repeated 1000 times for each site after permut-
ing the sequence of sampled points at the beginning of
the analysis. From the resulting 1000 PCA analyses of
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Figure 1. Schematic examples of systematic point sampling protocols under different habitat conditions (unexplored zones: depth >1 m or depth

<1 m and water velocity >1 m s~ ).

© 2013 John Wiley & Sons Ltd



SYSTEMATIC POINT SAMPLING OF RIVERINE FISH ASSEMBLAGES

permuted sampling point sequences, the probability of
each sampling effort being in the same cluster was
computed as Eg;gg for each site.

As ONEMA proposed a sampling effort of 75 points
for their yearly surveys (mainly focused on evaluating
river ecosystem status under the European Water Frame-
work Directive), potential differences between Eg;5 and
Esi00 over a commonly used water management tool
were evaluated further, that is, quality estimates based
on the fish assemblage. For each river, the French Fish
Biotic Index (FBI; see Oberdorff et al. 2002) was com-
puted 100 times using Eg7s, that is, FBI;s was computed
with the first 75 points resulting from randomly per-
muted sequences of 100 sampled points, as above.
FBI ;oo was then compared with the distribution of 100
simulated FBI;5 results.

Finally, environmental and biological parameters (i.e.
habitat heterogeneity, depth, total species richness and
frequency of fishless points) and other features related to
the fishing method (i.e. fishing by wading, by boat, or
mixed) were analysed to evaluate their influence on the
probability of Eg;s showing an equivalent fish assem-
blage to Egjoo. As the study was conducted on a small
number of river sites, selected parameters were
expressed in two or three categories and their influence
evaluated graphically (box—whisker plot).

Results

At 11 of the 12 study sites (River Bouzanne excluded),
the minimum of 100 individuals was always exceeded
with 25 sampling points, TNI increasing rapidly with
increasing sampling effort (Table 2). Large standard
errors for simulated TNI values were logically associated
with high heterogeneity in capture rates between points.

In the majority of cases, SACs (see Appendix 1) clo-
sely approached the asymptote, suggesting that 100 sam-
pling points could yield a reliable estimate of total
species richness. For some sites, however, and particu-
larly for the River Bouzanne, SACs indicated that, even
after 100 sampling points, several species were not
detected. When mean species richness estimated from
SACs for each sampling effort was compared against
species richness at sites sampled with 100 points
(Fig. 2), the number of non-captured species decreased
rapidly with increasing sampling effort until around 40
sampling points, whereupon it gradually levelled off.
This also indicates that several species may still not be
detected when applying a sampling effort of 25 or 50
points. Compared with the number of species captured
with 100 point samples, the mean number of species
(£SD) not captured with 25 or 50 points was 4.6 (+1.7)
and 2.2 (£l1), respectively. With 75 point samples
(Fig. 2), the mean number of missed species was 0.9
(£0.5). Clearly, these numbers would be greater if 100
points were not sufficient to capture all species.

Based on mean probability (P), there was a negligible
chance of obtaining a similar fish assemblage from 25
point samples as from 100 samples at the 12 river sites
(P =0.006 £ 0.004; Fig.3). As sample number
increased from 50 to 75 samples, P (£SD) increased
rapidly from 0.16 (£0.06) to 0.75 (£0.07), but less rap-
idly between 75 and 100 points. Thus, 50 point samples
are insufficient for assessing fish assemblage structure,
as there is a low probability that the outcome will not
change with increasing sampling effort. Instead, 75 point
samples appear to be a good compromise as the proba-
bility remains relatively high (P = 0.75) that similar a
fish assemblage structure will be observed as that from
100 sample points. When tested with FBI, FBI,, fell

Table 2. Mean total number of individuals (TNI £ SD) captured with sampling efforts (Eg) of 25, 50, 75 and 100 points resulting from the rarefac-

tion procedure

River TNI (Esss) & SD TNI (Esso) = SD TNI (Esy5) + SD TNI (Es100)
Aisne 133 & 41 264 + 48 396 + 41 528
Besbre 182 & 114 362 £ 129 537 £ 114 718
Bouzanne 26 £ 19 51+ 22 77 £ 19 104
Charente 134 + 43 267 + 49 402 + 42 537
il 122 £ 25 243 £ 30 365 + 25 487
Loire 233 £ 116 467 £ 142 702 £ 122 945
Meuse — Chooz 807 + 330 1595 + 371 2410 + 343 3250
Meuse — Han 208 + 63 416 £ 74 626 £ 62 832
Rhéne 169 + 43 335 £ 49 504 + 43 674
Tarn 273 £ 296 554 & 342 829 + 301 1108
Taurion 134 &+ 42 266 & 47 398 + 40 528
Vienne 230 £ 139 474 + 165 702 + 137 939

TNI, total number of captured individual.
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within the simulated distribution of FBI;s for all 12 riv-
ers, and in most cases, no change was observed in the
resulting quality level (Fig. 4).

Finally, habitat variables and fishing method appeared
to have a slight influence on the probability of observing
an equivalent fish assemblage as Egoo at Eg75 (Fig. 5).
The probability at Eg;5 was lower in deep river reaches
(>1.5 m) with low habitat variability, the number of spe-
cies being lower and the frequency of fishless samples
>30%. There was no difference in P when fishing was
undertaken by wading or by using a boat, although P
was higher when both fishing strategies were employed
together.

18
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Figure 2. Mean number of species (SD) remaining to be captured at
each sampling effort level (compared with number of species captured
with 100 points; see also Appendix 1).
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Figure 3. Mean probability (P + SD) of estimating a similar fish
assemblage as observed with maximum sampling effort (Esjoo) at each
sampling effort level.

Discussion

Many sampling approaches exist for studying fish com-
munities in large rivers (see Casselman et al. 1990),
each one having advantages and disadvantages. Irrespec-
tive, the sampling strategy and technique employed must
be appropriate for the purpose of the investigation (Copp
2010). To ensure maximum data quality, and to allow
for comparisons of spatial and temporal variability, all
possible biases in fishing efficiency must be avoided, in
particular, the variability generated by subjective choices
of operators (e.g. habitats sampled and fishing effort).
The fishing methodology used in this study, that is, an
adaptation of the PASE approach for annual routine fish
surveys at a national scale, aims to minimise such poten-
tial biases and to detect eventual ecological changes.

The results show that for 11 of 12 rivers studied, the
recommended minimum number of individuals in a sam-
ple required for reliable fish assemblage studies (Bady &
Pont 2008) might be achieved with 25 sampling points
only, but was more likely to be achieved with >50
points (Table 2). When sampling effort was increased
from 75 to 100 point samples (Figs 2 & 3), few new
species were captured and the resulting changes in
assemblage structure were slight. Therefore, 75 points
are, in most cases, adequate for investigations of fish
assemblage and species richness. This was supported by
the lack of major differences between the FBI;s-simu-
lated biotic quality classes and the final scores for
FBI,oy (Fig. 4). The distributions for simulated FBI;5
were almost normal, with the majority of values close to
the final observed value computed with 100 points. In
some cases (e.g. the rivers Tarn, Besbre and Charente),
however, bimodal-simulated distributions of FBI;5 were
observed, although the quality classification was rarely
altered. These bimodal distributions were produced as a
result of heterogeneity in fish captures between points,
that is, the occurrence of one or two points with high
fish abundance and random selection by the permutation
procedure. On the River Tarn, for example, over 600
juveniles were caught at one sampling point, contrasting
the mean of four juveniles per sample for all other point
samples. The inclusion, or absence, of this extreme sam-
ple logically impacts on the final fish assemblage
obtained (as discussed in Persat & Copp 1989) and is
reflective of the shoaling behaviour of juveniles of some
species (e.g. cyprinids).

More intensive sampling is likely to produce only lim-
ited additional information. Under certain conditions,
such as deep river sites with low habitat heterogeneity,
rivers with low species richness or rivers with frequent
fishless points (see Fig. 5), 100 points are recommended
to increase data quality. Further, if the TNI from 75

© 2013 John Wiley & Sons Ltd
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Figure 4. Distribution of 100 simulated values using the Fish Biotic Index (FBI) of Oberdorff e al. (2002), computed with Eg75 using a randomisation
procedure (i.e. 100 permutations of the sampling points and selection of the first 75 points to compute FBI;s) for each study site. The numbers and arrows
indicate the FBI computed with Eg;q9, and the dashed lines indicate the limits of different FBI quality classes.

points does not exceed 100 individuals, then sampling
effort should also be increased to 100 point samples.
These results confirm previous studies suggesting that
greater sampling effort is needed in homogeneous
(regulated) rivers with low-density fish communities
(Angermeier & Smogor 1995).

The SAC asymptote was still not completely stabilised
after 100 sampling points at several sites (see Appen-
dix 1), suggesting that all species present were still not
captured. Accumulation curves are strongly influenced
by the distribution of species among randomised points
(Ugland et al. 2003), so when more (rare) species are
captured at single sampling points (from 100 performed),
the asymptote will not be achieved. This means that,

© 2013 John Wiley & Sons Ltd
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even when all species from a site had been sampled and
several rare species were present at single sampling
points, the resulting SAC would incorrectly indicate
non-stabilised species richness.

The opposite situation could also occur, where all spe-
cies are not captured but those captured occur in at least
two samples, then the SAC will incorrectly indicate sta-
bilised species richness. As a consequence of these lim-
its, SAC estimates of missing species should be treated
with caution. Following a similar sampling principle,
Smith and Jones (2005) proposed completion of the
sampling protocol with targeted sampling of rare species,
which are generally difficult to catch. In the case of sys-
tematic point sampling with pre-defined point placement
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Figure 5. Influence of habitat parameters and fishing method on the probability (P) that Eg75s will estimate an equivalent fish assemblage to Eggo.

(Fig. 1), complementary targeted sampling would cer-
tainly be helpful in detecting rare species. Consequently,
in addition to the standard number of sampling points, it
is recommend that 10 additional sampling points be col-
lected from rare habitats (i.e. those potentially inhabited
by rare species) to improve estimates of species occur-
rence and to gain valuable local knowledge on the habi-
tat preferences of rare species for defining aquatic
conservation priorities. The data from such additional
sampling points, however, should be excluded from stan-
dard analyses of spatial and temporal variability if the
additional points are not always performed.

Species abundance is a key variable in ecology and is
used in most fish biotic indices (e.g. see Oberdorff et al.
2002; Pont er al. 2006; and Roset et al. 2007 for a
review). Measurement of species abundance, however, is
complicated in large rivers. While the area sampled per
point was evaluated under a range of river conditions,
several uncontrollable variables influenced the attraction
zone around the anode, including species fished, fish
size, temperature and fish orientation with respect to the
anode (Regis et al. 1981; Zalewski & Cowx 1990;
Scholten 2003). Also, the systematic point sampling is
only applied in zones where electric fishing is most effi-
cient (i.e. depth <1 m and water velocity <I m s '), and
deep or fast-flowing zones, if present, are not sampled.
Uncertainties still remain, therefore, when determining
abundance or biomass per m? using this sampling tech-
nique. Abundance data, in particular, should be treated
with caution because of the large variation in catch that
can occur between sampling points.

For small- and medium-sized wadeable rivers, previ-
ous comparisons between classical depletion sampling
methods and point sampling methods have shown good
agreement at the assemblage (Pretty er al. 2003) or
population (Laffaille er al. 2005) scale. In larger and
deeper rivers, however, higher fish densities and spe-
cies richness are generally observed near the shoreline
(Wolter & Bischoff 2001), with fewer and larger indi-
viduals of some species found exclusively in mid-chan-
nel. In such cases, the overall impression of fish
assemblage given by systematic point sampling is cer-
tainly biased, as only fishable (i.e. where electric fish-
ing is efficient) and accessible zones are sampled
(Persat & Olivier 1991; see also Fig. 1). Other sam-
pling methods such as seine netting (see Cowx et al.
2001) or electrified mini-trawls in deeper waters (e.g.
see Gerdeaux & Jestin 1979) can be applied in these
omitted zones, but in fisheries management and envi-
ronmental monitoring programmes (e.g. application of
the European Water Framework Directive), the aim is
to assess the ecological status of rivers based on bio-
logical indicators, such as fish, and to study changes in
spatial and/or temporal trends. Precise knowledge of
the entire fish assemblage may not be necessary when
selecting a suitable sampling method, which should:
(1) detect significant assemblage changes related to
variations in environmental conditions and human dis-
turbances and (2) ensure constant bias over space and
time (Bohlin ef al. 1990). Several studies have already
employed PASE for spatial and temporal analysis of
fish communities (e.g. Persat & Copp 1989; Copp &

© 2013 John Wiley & Sons Ltd
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Jurajda 1993, 1999; Copp et al. 2005a,b; Santoul et al.
2005; Daufresne & Boét 2007), and it was, therefore,
assumed that systematic point sampling will also prove
suitable for such studies.
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Supporting Information Table S1. Voltage gradient measurements between
two points 10 cm apart at different distances from the
centre of the anode (35 cm diameter) at different
sampling sites.

Additional Supporting Information may be found in the
online version of this article:

Appendix 1. Species accumulation curves for each
study site following Ugland er al. (2003).
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