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Fish spatial distribution in the littoral zone of Lake
Pareloup (France) during summer
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Abstract: We studied the spatial distribution of 11 fish species in the littoral zone of
Lake Pareloup (South-West of France) using a non-destructive Point Abundance Sam-
pling by Scuba diving. The fish spatial assemblage was investigated with seven com-
manly used environmental variables (topographical, biological and substratum varia
bles). Three fish groups colonising three different habitats were identified. The spatial
distribution of each fish species was mainly influenced by two environmental factors:
distance from the bank (highly correlated with depth) and vegeiation cover. i) Young-
of-the-year (YOY) cyprinids and northern pike were mainly associated with a small
distance from the bank (less than 6 m). ii) Older cyprinids and perch (=1+) were lo-
cated between 6 and 12m from the bank. iii) YOY perch and older northern pike
(=1+), occurred independently of the distance from the bank, but exhibited different
responses 10 the percentage of vegetation cover: pike preferred arcas with dense vege-
tation cover, while YOY perch abundance decreased rapidly with increasing vegetation
cover. Thus, YOY fishes were common and abundant in shallow water, whereas large
predators such as northern pike were found in vegetated areas. Therefore, vegetation
cover, although generally considered as a crucial 0+ fish habitat, was here a secondary
variable after distance from the bank. We hypothesised that the high density of pred-
ators (and especially northern pike) inside the vegetation as well as their high preda-
tion efficiency in this area could explain such a spatial distribution, shallow littoral
areas being, in that case, safer from predation than vegetated ones for YOY fishes.
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Introduction

Compared to ecological knowledge derived from North American lakes, fish
habitat usc in littoral areas of European lakes is poorly documented. One of
the main reasons is that most fish habitat studies have been performed using a
large spatial scale (ROssIER 1995, BrossE et al. 1999 a) and more precise stud-
ies (i.e. microhabitat scale) have rarely been performed. The littoral zone con-
stitutes the most heterogeneous part of lakes (FISCHER & ECKMANN 1997),
where habitats and food resources are more diverse than in open water
(PIERCE et al. 1994), leading to high fish densities (BROSSE et al. 1999 c). Dur-
ing summer, a ‘littoralisation’ phenomenon occurs in lakes, leading to an in-
creased species richness in the littoral zone (WERNER et al. 1977, ROSSIER
1995, Brossk et al. 1999 a, ¢) owing to the arrival of adults for spawning and
then, to the presence of young-of-the-year (YOY) and juveniles (WERNER
1986, MITTELBACH 1988, CASSELMAN & LEWIs 1996). This phenomenon cre-
ates intense competition for feeding resources (MATENA 1995, SIMONIAN et al.
1995). Therefore, it appears important to study the spatial fish community dis-
tribution in littoral zones of lakes during this summer period.

In freshwater ecosystems, the two most frequently used sarhpling tech-
niques to study fish spatial distribution and habitat use have been gillnets and
electrofishing. However, these fishing techniques are known to be size- and
species-selective and to induce fish escape behaviour (HAMLEY 1975, Copp
1989, BrossE et al. 1999 b). To limit these biases, we used Point Abundance
Sampling by Scuba diving (PASS). It was first employed in marine waters
(BrROCK 1954) and then in North American streams to investigate salmonid be-
haviour (Ervis 1961, KEENLEYSIDE 1962) and microhabitat (BEECHER et al.
1993), but it has been little used in lakes. In Europe, the works of ROSSIER
(1995) and BROSSE et al. (1999b) are, as far as we are aware, the first habitat
studies using scuba in a lake. PASS has recently proved to be a rapid and effi-
cient method to assess fish microhabitat use (BRoSSE et al. 1999b).

The aim of this study was i) to identify the microhabitat of the fish commu-
nity in a littoral zone of a European lake in summer, using the PASS method,
ii) to identify the most important variables ruling fish spatial distribution and
ii1) to formulate hypotheses about the ecological processes that explain such a
spatial assemblage.

Materials and methods

Study site

The study was undertaken during the summer of 1998 in Lake Pareloup (Fig. 1 A). This
reservoir is located in the South-West of France, near the city of Rodez. It covers a to-
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Fig. 1, Study site (A) and location of the transects (B).

tal area of 1,250 ha with a volume of about 168 x 10°m?. Maximum depth is 37m and
average depth is 12.5m. Lake Pareloup is a warm monomictic lake. It undergoes sum-
mer thermal stratification with low oxygen content below the thermocline (located
about 10 m below the surface from early June to mid-September), which prevents the
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fish from colonising deep water during this period (RICHEUX et al. 1994 b, BROSSE et
al. 1999¢).

Fish were sampled weekly from the spawning period (mid May) to the juvenile pe-
riod (late August), i.e. over 12 weeks, in a selected littoral zone of the lake. This sam-

pling area was chosen for its topographical heterogeneity which provided a large range
of habitat characteristics.

. Sampling method

Sampling was performed using Point Abundance Sampling which was originally de-
veloped by BLONDEL et al. (1970) for studying nesting birds. It was intended to address
clumped distribution, and it is based on the statistical theory that many small sample
units provide more precise results than a few large samples; thus, it requires numerous
small samples to be taken within the study area. Using that theory, Point Abundance
Sampling by Scuba diving (PASS) (Brosse et al. 1999h) was applied to study fish
abundance in the shallow littoral arcas of this lake.

Eleven iransects were defined in the selected bay (Fig. 1B). Their length depended
on the depth and varied between 4 and 32 m. Indeed, sampling was performed until
depth reached 2m and deeper areas were not considered in order to avoid fish um:leres-
timation caused by water turbidity and light intensity aitenuation. Each transect was
defined by a 2-m wide observation lane starting from the bank, with marks every 1m.
With this labelling, we obtained 230 sampling points. The diver was first located far
from the bank in open water, he then swam towards the bank along one defined lane,
covering the full surface of each sampling point. Water transparency was sufficient to
identify and count the fish in each 2-m wide and 1-m long point. Fish counts were
made while swimming along the transects and the results obtained were expressed as
densities or through extrapolation as estimates of total number of individuals of each
species occurring in each sample according to SALE (1980). When dense fish shoals
were observed, counting was limited to a sub-sample, and then extrapolated over the
entire volume of the sample. Out of the total of 2760 samples (230 sampling points %
12 weeks), this procedure was applied to 220 samples. This method, applied here to
fish counts, has been proved efficient and is commonly used to study gregarious birds
(DERVIEUX et al. 1980). As suggested by NORTHCOTE & WILKIE (1963) and Exiov
(1997), a constant swimming speed of ca. 5m/min was used in order to avoid disturb-
ing the fish community. The shallowest areas (i.e. less than 50 cm deep) were investi-
gated using the same scuba design, and provided fish abundance and occurrence re-
sults similar to those gathered by electrofishing methods (Wilcoxon non-parametric
test, Z = —0.50, p = 0.62 for fish abundance and Z = —0.20, p = 0.85 for fish occur-
rence). For each fish species, individuals recorded were sorted into two categories:
young-of-the-vear (YOY, 0+) and older fish (=1+; called ‘adulis’) to avoid bias due to
behavioural and habitat use differences between YOY. and adult fishes. Fish age cate-
gories (O+ and =1+) were easily distinguished, as sampling was performed from the
spawning to the juvenile period (from early May to late August), allowing us to follow
the growth of each cohort. Owing to the temporal survey, fish species were correctly
identified, with only one exception for YOY bleak (Alburnus alburnus) which can be
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confused with YOY roach (Rutilus rutilus) due to similar hatching periods, morphol-
ogy and habitat during the earlier life stages, as shown by Brosse et al. (in press) in
the same environment. As a complement, fish species, length and age were checked
weekly by punctual dipnet and electrofishing sampling. _

At each sampling point, 8 environmental variables were measured in order to as-
sess fish microhabitat: two topographical variables, distance from the bank and depth
both expressed in metres, one biological variable, the flooded vegetation cover ex-
pressed as percent cover calculated for the area of each sampling point, and 5 substra-
tum variables expressed as percentages of boulders, pebbles, gravel, sand, and silt
using the CAILLEUX (1954) methodology.

Data processing

Among the 2,760 censuses, the 1,152 samples with no fish were removed from the data
matrix in order to avoid an undue influence of the zero values which could induce bias-
es in the analysis (TER BRAAK 1986, PinMINGTON 1996). As a consequence the final
data matrix contained 1,608 samples. Prior to the statistical analysis and to respect nor-
mality of the distribution, the data were log (x + 1) transformed (FIELD et al. 1982).

A Canonical Correspondence Analysis (CCA) (TEr BRaAK 1986) was used to de-
scribe the general trends of fish spatial occupancy with the aim of determining spatial
distribution of the whole fish community and identifying the most influential environ-
mental factors. Fish groups were identified by means of cluster analysis based on the
fish densities data matrix using Ward’s method (WARD 1963) which considers the aver-
age value of all objects in one cluster as the reference point for distances to other ob-
Jects and the normalised Euclidican distances (i.e. root mean squared distances). Fish
microhabitats according to the two main environmental variables were studied in more
detail. SPSS Relcase 8 (Norusis 1997) was used to set up scatterplots showing fish
density according to each selected variable. To obtain maximum ecological reliability,
data finting was performed with 2 LOWESS (LOcally WEighted regression Scatterplot
Smoothing) (CLEVELAND 1979) non-parametric regression model, which is known to
reliably fit data tendencies and to respect natural non-linearity of data (TREXLER &
‘TrAVIS 1993). In the smoothing procedure, 80 % of the samples were perfectly
smoothed to provide a high level of accuracy.

Results

A total of 201,577 fishes, belonging to 11 species and 4 families, was sampled
(Table 1). The mean density was ca. 36.5 fish per square metre for the total of
2,760 samples (62.7 fish per square metre for the 1,608 samples where at least
one fish was present). Numerical abundance of the fish community was highly
dominated by YOY roach and YOY rudd (Scardinius erythrophthalmus) which
represented 41.8 % and 37.9 % of the total number of fish sampled, respec-
tively. |
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Table 1. Stage (YOY: young-of-the-year; A: juveniles and adults =+), number of
fish counted, frequency occurrence (% F, pecentage of samples were species i was pres-
ent) and relative density occurrence (% N, numerical percentage of species i in fish

community) of the fish community sampled. Species are listed in alphabetical order
per family.

Family Species Common Stage Number %F %N
name

Centrarchidae Lepomis gibbosus pumpinkseed A 3 01 00

Cyprinidae Abramis brama bream YOY 638 25 03

_— Abramis brama bream A 36 1.1 0.0

- Alburnus alburnus bleak YOY 8,692 109 43

Alburnus alburnus bleak A 728 3.6 04

Cyprinus carpio carp A 24 1.3 00

Gobio gobio gudgeon YOY 487 2.2 0.2

Gobio gobio gudgeon A 455 15 02

Rutilus rutilus roach YOY 84315 18.0 41.8

Rutilus rutilus roach A 1,800 95 0.9

Scardinius ervthrophthalmus rdd YOY 76410 16.1 379

Scardinius erythropthalmus  rudd A 1.265 6.3 0.6

Tinca tinca tench YOY 1,200 1.1 0.6

Tinca tinca tench A 67 15 0.0

Esocidae Esox lucius northern pike YOY 354 08 02

Esox lucius northern pike A 63 1.1 00

Percidae Perca fluviatilis perch YOY 23,147 12.5 11.5

Perca fluviatilis perch A 1,839 10.2 09

Stizostedion lucioperca pike-perch YOY 43 08 0.0

Stizostedion lucioperca pike-perch A 11 02 0.0

Among microhabitat data, the Pearson correlation maftrix (with Bonferroni
post analysis) showed highly significant correlation between distance from the
bank and depth (r = 0.77; p <0.001). To avoid biases which could be induced
by the co-linearity between variables, depth was removed from the data ma-
trix. Consequently, the statistical analyses were performed on a set of seven
variables, i.e. distance from the bank, percentage of silt, sand, gravel, pebbles,
boulders, and flooded vegetation cover.

The CCA plane (Fig. 2) shows the associations among species and envi-
ronmental variables. The first two axes of the CCA analysis accounted for
77 % of the variability (61% and 16 %, respectively). The CCA bi-plot showed
that the percentage of vegetation cover and distance from the bank (correlated
with depth) were the most influential variables in the spatial distribution of the
fish assemblage, they had the longest vector lengths; substratum variables
were of lesser importance. The position of a species along the vector of a vari-
able reflects its preference for that variable. Conscquently, a more detailed
study of the influence of the two most important variables on fish microhabitat
was performed. To obtain reliable and representative results from an ecologi-
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Fig. 2. F1xF2 plane of the Canonical Correspondence Mﬂ@@ﬂﬁg) between fish
populations and environmental variables. DIS: distance from the bank, VEG: vegeta-
tion cover, SILT: silt, SAN: sand, PEB: pebbles, GRA: gravel, BOU: boulders, and
YOY: Young-of-the-year.

cal point of view, only the most abundant and most frequent fish populations
of the littoral zone of lake Pareloup, i.e. roach, rudd, perch (Perca fluviatilis),
bleak, gudgeon (Gobio gobio), and northern pike (Esox lucius) (see Table 1)
were studied in detail.

The cluster analysis indicated that fish could be assembled into three
groups at the 75 % probability level on the basis of dissimilarities between spe-
cies abundance and samples (Fig. 3):

Cluster A was composed of adult fish (=1+) except adult pike (i.e., cyprinids
and perch). Most gudgeon, rudd, and bleak were distributed about 10m from
the bank. Roach and perch were equally distributed over the entire range of
variation of this variable (Fig. 4 A). Fish habitat features according to the
flooded vegetation cover (Fig. 5 A) showed that roach, rudd and perch were
observed everywhere in the bay with a certain preference for open water. Most
gudgeon were located in the transition zone between dense vegetation and
open water, about 50 % of vegetation cover. Bleak preferred two zones: the
open water without vegetation and highly vegetated arcas (100 % of vegetation
COVer).

Cluster B was composed of all YOY fish, except perch (i.e., cyprinids and
pike). Most of these remained less than 8 m from the bank, which represents

-between 70 and 80 cm depth. Beyond this distance, YOY fish abundance de-
creased rapidly. YOY gudgeon had the narrowest distribution range of distance
(0-10m from the bank) followed by YOY bleak and YOY rudd (0—16 m) and
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Fig. 3. Cluster analysis (Ward’s method, Euclidean distances) of fish abundance. The
linkage distance (Dlink) is presented as a percentage of the maximum linkage distance
(Dmax). YOY: Young-of-the-year; A: older fishes.

finally by the ubiquitous YOY roach (Fig. 4 B). YOY roach and rudd were
hardly affected by vegetation cover, whereas YOY pike abundances increased
with vegefation cover up to ca. 70 % cover (Fig. 5B). In contrast the abun-
dance of YOY bleak and gudgeon decreased rapidly in arcas with more than
40 % vegetation cover.

Cluster C was composed of YOY perch, and adult pike (=1+). Distance
from the bank did not influence the spatial distribution of these two popula-
tions (Fig. 4 C) whereas they responded differently to the percentage of vege-
tation cover: pike showed a preference for areas with some vegetation cover
(more than 30 %), while YOY perch abundance greatly decreased with increas-
ing vegetation cover above 30% (Fig.5C).

Discussion

Community assemblage studies require reliable sampling designs, which per-
mit the whole fish assemblage to be sampled. Underwater visual sampling
(PASS) is known as an appropriate method for the census of fish populations.
PASS provided reliable information, as it does not affect the environment and
the welfare of the fish (see Brossk et al. 1999b). Using this method, of the 15
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fish species described in the lake (BrossE 1999), 11 were recorded in the lit-
toral zone during the summer stratification. These species could be considered
as three distinct groups that exhibited different spatial occupancy according to
environmental factors. Moreover, an important spatial separation was found
between YOY and older individuals. .

The maximal abundance of fish belonging to the first group, without spe-
cies distinction (i.e. 21+ old perch and cyprinids) was observed between 6 and
12 m from the bank and with litile vegetation cover. However, some differ-
ences in fish distribution were revealed according to the species. Adult cypri-
nids (=1+4) were more dispersed than YOY, and this distribution pattern can be
ascribed to an opportunistic habitat use behaviour, which parallels previous
studies considering feeding habits (MICHEL & OBERDORFF 1995). The age =1+
fish were mainly located in the open water, therefore reducing predation risk
by adult pike in the vegetation, as previously demonstrated by experimental
studies using pike and a cyprinid prey (EKLov & HAMRIN 1989). However, the
relevance of experimental studies using cages or experimental ponds is ques-
tionable (ENGLUND 1997) and should be verified in naiural environments
{TowNSEND et al. 2000). Our study therefore adds weight to previous results
that considered the influence of predation on prey habitat use in artificial envi-
ronments. Adult perch were distributed evenly along the transects whereas
their usual fish prey, i.e. YOY fish (MIcHEL & OBRERDORFF 1995), were mainly
located in the shallow areas. This could signify that YOY fish marginally con-
tribute to adult perch diet and therefore to their spatial distribution. Indeed, in
Lake Parcloup, RICHEUX et al. (1994 a) demonstrated that adult perch and adult
cyprinids mainly prey on benthic invertebrates and zooplankton, which there-
fore justifies a similar habitat use. Finally, the particular bimodal habitat-use
by age =1+ bleak may be considered as two distinct behavioural traits: the use
of dense vegetation during the spawning period, whereas resting and feeding
areas were mainly located in open water.

The second group, composed of YOY cyprinids and YOY pike, mainly col-
onised areas close fo the bank. In our study, vegetation did not appear as a pri-
mary key factor, although it is usually assumed to be very important for YOY
fish (WERNER et al. 1977, RaHEL 1984, GRENOUILLET et al. 2000) which use
this habitat as a refuge from predators and as feeding grounds (WERNER et al.
1983, Rozas & Obum 1988). However, some experimental studies showed
that under high predation pressure, prey feeding behaviour decreases and ref-
uge occupation increases (PERssON & ExLov 1995). In our study, vegetation
located in far from the bank and deep areas did not consiitute an efficient ref-
uge against predators as both 0+ and adult pike prey efficiently inside vegeta-
tion (CASSELMAN & LEWIS 1996, EKLov 1997). Therefore, under this predation-
pressure, only shallow areas (with or withoui vegetation) were safe from
aquatic predators due to the avoidance of shallow waters by large fish (HoL-
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LAND & HUSTON 1984, CASSELMAN & LEwis 1996). However, we can hypoth-
esise that the discrepancy between this study and several previous ones con-
sidering the lack of preference for vegetation in shallow waters could be as-
cribed to the scarcity of aerial predators such as grey heron (Ardea cinerdea)
in the litioral zone of that lake. As a consequence, these results gathered in a
natural and undisturbed environment confirm and add weight to experimental
and theoretical demonstrations (WERNER et al. 1983, Rozas & Opum 1988,
Dienr. & Exrov 1995) which stress the importance of both structural charac-
teristics and predation on habitat use by YOY fish.

Particular distribution features were found for the third group constituted
by YOY perch and adult pike, both occurred over the whole transects. Adult
pike hid inside vegetation cover 230 %, adopting a “sit and wait” position on
the bottom, in relation with their predation behaviour, in agreement with TUR-
NER & MACKAY (1985) and ExLov (1997). In contrast, most YOY perch were
found outside aquatic vegetation. Such a behaviour could be the result of a trade-
off between maximisation of feeding rate and predation avoidance. On one
hand, YOY perch avoidance of shallow and vegetated areas, which sustain
high macroinvertebrate biomass, could be related to the presence of YOY
roach which outcompete them (PERssON 1983, DIEHL 1988, BERGMAN 1990).
On the other hand, YOY perch are little consumed by adult perch in the pres-
ence of YOY cyprinids (Brossg, unpubl. data) because of their dorsal spines
which afford a relative protection against predation (PERSsON 1986) and this
allowed them to colonise open waters.

Even if fish abundance and microhabitat use are strongly affected by un-
derlying biotic interactions such as competition, predation and resource limita-
tion, the fish spatial assemblage and the associated species interactions are
usually evidently connected to the environmental features (GROSSMAN et al.
1982, WERNER & GILLIAM 1984, FrscHER & ECKMANN 1997, GROSSMAN et al.
1998). Our results gathered in the littoral area of the lake contrast with those
obtained in stream systems (Copp 1992, 1993, 1997), in contrast to streams,
substratum variables played a secondary role in fish assemblage distribution.
In lakes, distance from the bank, depth and particularly vegetation cover are
usually considered as key environmental factors in the littoral fish community
organisation (at least for YOY) (HALL & WERNER 1977, CoNROW et al. 1990,
CHICK & MclIvor 1994, ExLov 1997). However, in our study, distance from
the bank, and hence depth (it was not possible to separate the distance from
the bank and depth, as they were highly correlated as in numerous lakes) were
crucial for fish. In the light of our results, we can formulate the hypothesis that
shallow littoral water provided efficient shelter against predators feeding in-
side macrophytes which could explain the primary importance of the distance
from the bank and then the secondary role of vegetation cover. In this way,
this study adds weight to the theoretical “top-down” view of fish structure

)
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(sensu NORTHCOTE 1988) which stipulates that predators can structure the
space occupation by their prey.
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