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Natural geographic barriers and escarpments inhibited the post-glacial colonisation of
numerous lakes by fish on the eastern Canadian Boreal Shield. The aim of this study was to
assess how different top-down control in lakes containing a single fish population of brook
trout (Salvelinus fontinalis) and naturally fishless lakes affects the characteristics and struc-
ture of littoral macroinvertebrate communities throughout the ice-free season. Nektonic
and zoobenthic communities were examined through univariate community characteristics
[abundance, species density, species richness (D), evenness (J'), diversity, H")] and mul-
tivariate species assemblages. The total abundance of nektonic and zoobenthic communi-
ties and their univariate diversity indices were similar between fish-present and fishless
lakes over the entire sampling period. However, species assemblages for both types of
macroinvertebrate communities were significantly different between fish-present and fish-
less lakes throughout the season. Typically, the same invertebrate species occurred in the
two lake types; but their relative abundance was different. The results of our study show
that the top-down control in fish-present and fishless lakes leads to different littoral com-
munity structures, which were not perceptible through the studied univariate community
characteristics. This study highlights the importance of selecting appropriate indicators for
the assessment of invertebrate communities in lakes of the eastern Canadian Boreal Shield.

Introduction

Historically, mountain escarpments have limited
the post-glacial colonisation of fish in some
headwater lakes of the eastern Canadian Boreal
Shield (Power et al. 1973). This natural geo-
graphic barrier for fish species distribution has
resulted in the development of a distinct eco-

system, fishless lakes, and neighbouring fish-
present lakes in the same area. Many of these
fishless lakes, as many others throughout the
world, have been successfully stocked with sal-
monids for the benefit of recreational fisheries
(Knapp et al. 2001, Korsu et al. 2008). Assessing
the consequences of these introductions through
the study of natural fishless lakes is presently of
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Fig. 1. Location of the 10 lakes within the study area.

great interest since a growing body of evidence
suggests that the presence of non-native fish may
alter the behaviour of native species, threaten
prey populations, change community interac-
tions and disrupt natural ecological processes
(Simon and Townsend 2003, Dunham et al.
2004, Knapp 2005).

Different foraging characteristics of top pred-
ators may lead to distinct community struc-
tures. Fish are functionally distinct predators
from amphibians or large aquatic insects, which
are the main predators in fishless lakes (Kurzava
and Morin 1998). For example, fish may attain
a higher size than invertebrates or amphibians
and can feed on larger prey than the latter (Zaret
1980, Pope 1989). As well, predation vulnerabil-
ity depends on traits that permit coexistence with
predators; thus, species having evolved in fish-
less communities may have developed anti-pred-
ator strategies ineffective against fish (McPeek
1990, 1998). Studying the effects of predation in
a natural system, where species have co-evolved,
may reveal important information about the fun-
damental role of predation in community organi-
sation (Wellborn et al. 1996, Creed 2006).

From a concomitant study, we observed
that a difference in predation pressure between
fish-present and fishless lakes led to different
zooplankton assemblages in the pelagic zone
(Drouin et al. 2009). In that study, Chaoborid
larvae had stronger predation effects than fish on
daphnids and this appeared to be the key factor
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for structuring the zooplankton community
in fishless lakes. Fish predation has also been
shown to affect different littoral prey populations
(Zimmer et al. 2001, Leppd et al. 2003, Tate and
Hershey 2003); however knowledge concerning
the role of predation on the overall diversity and
structure of littoral invertebrate species assem-
blages is still scarce.

The main objective of this study was to assess
how top-down control in littoral areas of fish-
present and fishless lakes influences macroinver-
tebrate community characteristics and structure
and if it differs between the two lake types.
More specifically, our research hypotheses on
the nektonic and benthic communities were that
assemblage characteristics (abundance, species
density, species richness, evenness and diversity),
and structure (species assemblages) between fish-
present and fishless lakes should differ, likely due
to a different top-down control from predation by
fish and/or invertebrates, respectively.

Methodology
Study area

The study was conducted during the summer of
2003 in small oligotrophic lakes on the Boreal
Shield bedrock north of the Saguenay Fjord in
Québec, Canada (Fig. 1). The current distribu-
tion of fish in this area has been modulated
by postglacial colonisation, where natural bar-
riers allowed the upriver invasion by salmonids
only (Power et al. 1973). Fewer species occur
upstream, where monospecific fish populations
of brook trout (Salvelinus fontinalis) dominate
while some lakes remain fishless above the
escarpment marking the edge of the Laurentian
Plateau (Power et al. 1973).

This study was conducted in 10 lakes, 5
that contained natural (unstocked) monospecific
fish populations of brook trout and 5 fishless
lakes. All lakes were located within 2 controlled
harvested zones (ZEC Martin-Valin and ZEC
Chauvin), territories where fishing is regulated
and controlled by organisations mandated by
the Government of Québec. The presence and
absence of fish in the 10 selected lakes was
determined by the Québec Ministry of Natural
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Resources and Wildlife (MNRW) recreational
fisheries statistics of brook trout between 1994
and 2003 (Table 1). Furthermore, the absence of
fish was confirmed in 4 of the five selected fish-
less lakes (de la Foulque, de la Manne, aux Nénu-
phars and de la Perdrix) in June 2001 by experi-
mental multifilament gill nets (22.9 m long X
1.8 m deep with stretched mesh panels of 25, 32,
38, 51, 64 and 76 mm) set perpendicular to the
shore in the littoral zone (MNRW unpubl. data).
All lakes were sampled 4 times during the
ice-free season of 2003, which lasts from the
beginning of June to October in the area. The
sampling periods were during the weeks of
23-29 June, 14-19 July, 11-16 August and 8-13
September, hereafter referred to as June, July,
August and September, respectively. Near the
deepest point of each lake, depth and transpar-
ency were estimated using a graduated cable
and Secchi disk. Water temperature, dissolved
oxygen concentration, pH and conductivity
were measured (Table 1) with a YSI model 556
MPS (Yellow Springs Instrument Co., Yellow
Springs, Ohio). Zooplankton samples were also
collected in the pelagic zone of each lake as
part of a related study (Drouin et al. 2009). We
used a multivariate procedure to evaluate if fish-
present and fishless lakes had similar geographi-
cal and limnological measure characteristics
(altitude, surface area, maximum depth, mean
Secchi depth, mean pH, mean temperature, mean
conductivity, mean dissolved oxygen; Table 1;
ANOSIM on normalised data using Euclidean
distance matrix; R = 0.056, non-significant at the
p > 69% level; ANOSIM procedure Primer ver.
6 statistical package, Clarke and Warwick 2001).

Sample collection

Nektonic (large-bodied zooplankton taxa and
swimming organisms) and benthic invertebrates
were sampled randomly at locations evenly dis-
tributed around lake margins, at about 1 m depth
and 5 m away from the shoreline. Sampling
was performed during the daytime. The habitat
structure in all lake margins was homogenous,
showing a rather scarce macrophyte presence.
Thus, all samples are considered to have been
taken from a comparable habitat, with respect
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to the presence and abundance of the macro-
phytes. Four nekton samples and three benthos
samples were collected at each sampling time
and in all lakes using a D-frame dip net measur-
ing 30.5 cm X 27 cm and a 1| mm mesh size. For
nekton and benthos, the dip net was manipulated
using a standardized procedure in all lakes and
on each date in order to obtain comparable data
(Rabeni 1996). Nektonic organisms were sam-
pled by sweeping the water column 10 times in
a “figure 8” motion using the dip net. The size
of the “figure 8” motion was approximated to
the length of the dip net, and each haul filtered
a similar quantity of water between samples.
Benthic organisms were sampled using the same
dip net and dragging it along the bottom over a
0.5 m distance, sampling a total surface area of
approximately 0.15 m?. Organisms were anaes-
thetized using carbonated water and preserved in
4% buffered formaldehyde.

In the laboratory, all nektonic organisms
were identified except for samples with an esti-
mated abundance over 200 organisms, which
were sub-sampled using a 500 ml Folsom split-
ter. Benthic organisms were split into two size
fractions of 1-6.3 mm and > 6.3 mm to optimize
the identification of larger organisms that may
have a sparse distribution. We sorted a minimum
of 100 of all the organisms in the 1-6.3 mm frac-
tion by a quantitative fixed-count method used
by the U.S. Geological Surveys (Moulton et al.
2000). All invertebrates were identified to the
lowest taxonomic level possible, depending on
the group, the life-stage and the specimen condi-
tion (see Drouin et al. 2006 for the complete list).
Insect taxa (Coleoptera, Diptera, Ephemeroptera,
Hemiptera, Megaloptera, Neuroptera, Odonata,
and Trichoptera) were identified to the genus,
except for Hymenoptera, which were identified
to the family. The annelids were identified to
genus for Hirudinae and to species for Oligo-
chaeta. Amphipoda, Cladocera, Copepoda, and
Rotifera were identified to the species. Acari-
formes, Gastropoda and Porifera were identified
to the genus and Tartigrada to the order. Nema-
toda and Nematomorpha were not identified fur-
ther than the phylum. All Chaoborus larvae were
identified to the species level, except in nekton
samples where they were very abundant (29 of
the 54 samples with Chaoborus larvae), where
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only 10 specimens were randomly selected and
identified to the species level.

Statistical analyses

Data for the nekton and benthos were first ana-
lysed using a univariate approach. The total
abundance of invertebrates was calculated for
each sample. The abundance of particular insect
groups was also compared in order to allow com-
parison with other studies. Species richness was
evaluated considering the effects of the sampling
volume/area, further identified as species density
(number of species per volume/surface units)
and the effect of the number of individuals col-
lected, by using Margalef’s richness index (D),
which standardises the number of species with
the number of individuals found in a replicate. In
addition, rarefaction curves based on the number
of individuals collected were also created using
Estimate S (Colwell 2000, and see Gotelli and
Colwell (2001) for more details about species
density and species richness). Other community
characteristics such as the evenness (Pielou’s J*)
and diversity (Shannon’s H”) indices were also
calculated for each sample. Differences among
(1) lake type (fish-present lakes, fishless lakes),
(2) individual lake nested within lake type (5
lakes), (3) Sampling time (June, July, August
and September), (4) interactions among those
factors, and (5) an error term, were statisti-
cally assessed using a three-way partly nested
analysis of variance test (ANOVA). The assump-
tions of normality and homoscedasticity were
verified by viewing the distribution of residu-
als vs. predicted values as suggested by Quinn
and Keough (2002). Data were transformed to
achieve normality and homoscedasticity when
necessary (details given in Table 2 where appro-
priate). A posteriori comparisons were made
using Tukey’s test.

Species assemblages were also analysed
via multivariate analysis based on Bray-Curtis
dissimilarity distances and matrices calculated
using the statistical package PRIMER ver. 6
(PRIMER-E® Ltd.). Species assemblages were
calculated over fourth-root transformed data ({/; )
as suggested by Clarke and Warwick (2001). This
transformation has the propriety of assigning
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more importance to less common species by
down-weighting the importance of very abun-
dant ones while maintaining the original order of
abundance (Thorne et al. 1999, Clarke and War-
wick 2001). The taxa with a single occurrence
were removed from the data set before comput-
ing the Bray-Curtis dissimilarity to reduce the
noise in the matrix caused by very rare species
(Clarke and Warwick 2001). Tests of significance
were then sought using a permutational multi-
variate analysis of variance (PERMANOVA) to
test variations of species assemblages among the
studied factors and pairwise comparisons (PER-
MANOVA+ ver. 1.0.1; Anderson 2001, McAr-
dle and Anderson 2001). Non-metric multidi-
mensional scaling (nMDS) was used to produce
two-dimensional ordinations of the dissimilari-
ties between samples. The discriminating species
between the species assemblages from Bray-Cur-
tis dissimilarity matrices were identified by the
SIMPER procedure.

Results
Nektonic communities

A total of 128 taxa were identified during the
4 sampling months. From all the taxa iden-
tified, cladocerans dominated over other taxa
in abundance by representing 76% and 77%
of the abundance in fish present and fishless
lakes, respectively. Chironomids were the most
abundant insect taxa in fish-present lakes, with
a mean of 17% of the sample abundances and
Chaoborus flavicans larvae was the only Chao-
boridae species identified and accounted for
< 1% of the abundance. In comparison, chirono-
mids accounted for only 5% of sample abun-
dances whereas Chaoborus larvae for 15% of
sample abundances in fishless lakes. From the
333 specimens of Chaoborus larvae identified
to the species level in the fishless lake samples,
86% were C. america, 14% were C. trivittatus,
while no C. flavicans were observed. Insects
other than dipterans composed on average 3%
and 2% of the fish-present and fishless lake sam-
ples, respectively.

The total abundance of nektonic organisms
showed no significant difference between the
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two lake types (Table 2), but varied between larvae was significantly greater in fishless lakes
sampling periods to reach a higher maximum in  at each sampling time (Table 2 and Fig. 2). In
August (Fig. 2). The abundance of Chaoborus  addition, there was lower species density and

Table 2. Results of a three-way partly nested ANOVA and nonparametric multivariate analysis of variance (PER-
MANOVA) testing the effect of lake type (fish-present, fishless), Lake nested within the lake type ‘La(Type)’,
sampling time (June, July, August and September) and their interactions on total abundance, species abundance,
community characteristics and species assemblages for nektonic and zoobenthic communities. The species
assemblages were calculated on fourth-root transformed data (4/x).

Variables Type La(Type) Time Type x Time La(Type)x Time Residual
Nekton df 1 8 3 3 24 120
Ln Total abundance + 1 MS 7.39 12.69 7.74 0.97 2.22 1.39
P 0.47 < 0.001 0.03 0.73 0.054
Ln Chaoborus larve + 0.01 MS 879.73 117.04 4.94 1.52 6.41 3.13
P 0.03 < 0.001 0.52 0.87 0.01
Species density MS 87.02 36.31 207.78 7.68 12.46 38.51
P 0.16 0.48 < 0.001 0.61 1.00
Species richness (D) MS 9.36 1.98 3.73 0.80 0.77 1.06
P 0.06 0.07 < 0.001 0.39 0.82
Evenness (J) MS 0.20 0.27 0.04 0.01 0.08 0.04
P 0.42 < 0.001 0.72 0.95 0.01
Shannon diversity (H") MS 2.52 1.39 1.03 0.19 0.43 0.40
p 0.21 < 0.001 0.10 0.73 0.38
Species assemblage MS 47051.40 12776.86 11625.40 4628.03 3199.31 2508.02
p (perm) 0.04 <0.001 <0.001 0.02 < 0.001
Benthos df 1 8 3 3 24 80
Ln Total abundance + 1 MS 2.02 1.50 3.71 0.78 0.41 0.49
p 0.28 <0.001 <0.001 0.16 0.69
Ln Chironomidae + 1 MS 3.66 2.53 1.87 0.46 0.72 0.77
P 0.26 0.00 0.08 0.60 0.56
Ln Amphipoda + 0.01 MS 1.45 60.21 26.27 6.55 4.87 2.14
P 0.88 < 0.001 0.01 0.28 < 0.001
Ln Coleoptera + 0.01 MS 113.87 7.45 34.69 27.85 10.27 8.36
P 0.00 0.53 0.03 0.07 0.24
Ln Ephemeroptera + 0.01 MS 13.14 8.49 124.47 15.79 12.54 15.73
P 0.25 0.82 < 0.001 0.31 0.73
Ln Hemiptera + 0.01 MS 484.20 8.56 57.06 57.06 4.34 5.18
P < 0.001 0.12 <0.001 <0.001 0.68
Ln Megaloptera + 0.01 MS 21.52 39.73 20.33 3.98 12.49 13.11
p 0.48 0.01 0.21 0.81 0.53
Ln Mollusca + 0.01 MS 257.21 36.16 5.83 3.80 5.70 5.92
P 0.03 <0.001 0.40 0.58 0.52
Ln Odonata + 0.01 MS 36.34 44.56 45.57 7.90 8.45 9.95
P 0.39 < 0.001 0.01 0.44 0.67
Ln Trichoptera + 0.01 MS 65.00 12.55 59.73 12.52 11.87 8.38
P 0.05 0.17 0.01 0.39 0.13
Species density MS 44.41 63.88 281.19 35.61 42.87 37.41
P 0.43 0.1 < 0.001 0.49 0.32
Species richness (D) MS 0.08 2.46 3.14 0.48 0.77 1.02
P 0.86 0.02 0.02 0.61 0.77
Evenness (J) MS 0.004 0.05 0.002 0.004 0.01 0.01
P 0.78 <0.001 0.76 0.54 0.80
Shannon diversity (H) MS 0.24 0.75 0.39 0.10 0.09 0.12
P 0.59 < 0.001 0.01 0.36 0.80
Species assemblage MS 8753.01 4892.14 7837.28 2701.66 2618.13 2717.32

p(perm)  0.02  <0.001 <0.001 039 0.66
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species richness in fishless lakes; although this
trend was not significant in the case of species
density while being marginally significant in
the case of species richness (Table 2 and Fig. 2).
The rarefaction curves show that the expected
species richness for fishless lakes was lower
than for fish-present lakes, but reach the 95%
confidence interval of the fish-present curve at a
higher number of individuals (Fig. 3). No signifi-
cant difference between evenness and diversity
indices were observed among the two lake types
(Table 2). Both lake types followed the same
temporal variations in community characteris-
tics, with a significant higher number of species
density in August than in other periods (Fig. 2).

June July Aug. Sept.

June July Aug. Sept.

The interaction between lake type and sam-
pling period indicates that nektonic community
structures (or species assemblages) varied dif-
ferently among sampling times (Table 2). A
posteriori pair-wise comparisons revealed that
nekton community structure differed between
fish-present and fishless lakes at each sampling
period. The species assemblages did not vary
between time periods within the fishless lakes
group, but species assemblages within the fish-
present lakes group varied significantly between
August and September. This relation is visu-
alised by a non-metric multidimensional scal-
ing (nMDS) ordination, which shows distinct
clusters for each lake type (Fig. 4). In addition,
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the SIMPER procedure shows that average dis-
similarity between the nekton assemblages of
the two lake types was of 86.12%. Species
contributing most to the dissimilarity in commu-
nity structure between fish-present and fishless
lakes were Daphnia pulex and Holopedium gib-
berum, which were associated with fish-present
lakes while Chaoborus larvae, along with the
cladocerans Sida crystallina and Latona setifera,
were associated with fishless lakes (Fig. 4).

Zoobenthic communities

We identified a total of 131 zoobenthic taxa
during the 4 sampling periods. Chironomids were
the most abundant taxa identified in samples
from fish-present and fishless lakes, representing
respectively 54% and 51% of the mean abun-
dance. Molluscs composed on average 21% of
the fish-present and 9% of the fishless lake sam-
ples. Amphipods comprised on average 3% of the
fish-present lake samples and 9% of the fishless
lake samples. Non-dipteran insects accounted for
at least 10% of the zoobenthic organisms in fish-
present and fishless lakes samples.

The total abundance was not significantly
different between lake types and there was no
interaction between this factor and sampling

periods (Table 2). However, the total abundance
of zoobenthic organisms was significantly lower
in June than in other periods (Fig. 5). The abun-
dance of each non-dipteran insect group was
analysed separately and results show that only
the water boatmen (Corixidae, Hemiptera) and
diving beetles (Dytiscidae, Coleoptera) were sig-
nificantly more abundant in fishless lakes than
in fish-present lakes (Table 2). Both species
density and species richness were not statisti-
cally different between fish-present and fishless
lakes (Table 2), but showed temporal variations
between sampling periods, where values were
higher in July (Fig. 5). The expected species
richness in fishless lakes was higher than for
the fish-present lakes, however the curve rep-
resenting the fishless lakes fell inside the 95%
confidence limit of the rarefaction curve for
the fish-present lakes (Fig. 3). Evenness and
diversity indices were not significantly different
between lake types and there were no interac-
tions between this factor and sampling peri-
ods (Table 2). The diversity index significantly
increased between June and July in comparison
to other sampling periods (Fig. 5).

Zoobenthic community structures were dif-
ferent between fish-present and fishless lakes
and show similar temporal variations (Table 2).
From the pair-wise a posteriori comparisons,
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Fig. 4. Non-metric multidi-
mensional scaling (hnMDS)
ordination based on the
Bray-Curtis dissimilarity
matrix (transformed abun-
dance data) for nekton
samples collected in
fish-present and fishless
lakes during the ice-free
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the benthos assemblages were similar, except
for July and August. This relation is not graphi-
cally showed since its stress value was in the
upper limit of the 0.20-0.30 range with 0.28; this
might not be a relevant statistical result (Clarke
and Warwick 2001). According to the SIMPER
procedure, the average dissimilarity in benthos
species assemblages between fish-present and
fishless lakes was of 62.52%. The most dis-
criminating taxa of this average dissimilarity
were Pelecypoda (mollusc), the dipterans Psec-
trocladius sp. and Cladotanytarsus sp., which
were associated with fish-present lakes, and the
amphipod Hyalella azteca, which was associated
with fishless lakes.

Discussion

This study demonstrates that a pattern exists in
invertebrate communities between fish-present
and fishless lakes, but that its revelation is
dependent on the community indicators used.
Upper littoral zones of fish-present and fish-
less lakes in the study area had a similar total
abundance of organisms, species density, species
richness, evenness and diversity, despite marked
differences in multivariate species assemblages.
The identified taxa were generally found in the
two lake types, thus the distinctions between the
nektonic and benthic communities from fish-
present and fishless lakes were mainly related to
differences in the abundance of specific taxa.
The observation of similar average total
abundance and diversity indices between fish-
present and fishless lakes contrasts with those
of recent studies by Schilling et al. (2009a,
2009b), who reported that these characteristics
were higher in fishless lakes than in fish-present
lakes. We believe that some differences between
the fish population composition and abundance
could explain the diverging results. First, pres-
ence of baitfish populations were observed for
certain lakes (Schilling et al. 2009b), a poten-
tially influential factor on the total predation
pressure exerted towards macroinvertebrates.
Secondly, trout were repeatedly stocked in some
lakes (Schilling et al. 2009a); something that
possibly improved the predation pressure effects
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by fish on invertebrates since the effective fish
population can exceed, at least temporarily, what
normally occurs in a natural population.

In the present study, the number of samples
collected per lake might have limited the charac-
terisation of communities by univariate methods,
although the sampling effort was comparable to
that of other studies looking at littoral commu-
nity patterns in boreal lakes (e.g. Scrimgeour et
al. 2000). Our results likely underestimated the
absolute species richness present in the studied
communities since we did not attempt to catch
an equal number of organisms from each fraction
size in each lake. Furthermore, the taxonomic
resolution reached for particular groups may not
have revealed all possible distinctions. However,
despite these limits, this study demonstrates that
a distinction exists between invertebrate com-
munities in fish-present and fishless lakes. We
believe that this result further highlights the
importance of selecting appropriate indicators
for the assessment of communities, especially for
the studied boreal area. Given that the regional
number of species (gamma diversity) in boreal
areas is rather low in comparison with that in
southern regions, the potential number of species
that could be found in a particular habitat inside
these areas (alpha diversity) can be influenced. If
most of the species in the regional pool are gen-
eralists, this could also contribute to a decrease
in the rate of change in species composition
across habitats (beta diversity), as we observed
in both lake types sharing most of the identified
taxa. Variability within space (individual lakes)
due to natural lag between phenomenons has
most certainly affected the demonstration of a
general pattern for a type of lake. Nevertheless,
this reflected the natural fluctuations in com-
munities that are likely to occur in lake’s littoral
habitat.

Nektonic community

Contrary to many studies which reported that
brook trout affect the abundance of large zoo-
plankton forms (Brooks and Dodson 1965,
Hutchinson 1971, Carpenter et al. 1985, Vanni
1987, Pace et al. 1999), we observed that larger
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forms of zooplankton, such as Daphnia pulex, a
known prey of brook trout (Lacasse and Magnan
1992), and Holopedium gibberum, were present
in higher abundance in fish-present lakes. This
observation was correlated with the high density
of Chaoborus americanus larvae present within
the water column during daytime in fishless lakes.

According to the literature, it is possible to
relate this pattern to the effect of difference in
top-down control between fish-present and fish-
less lakes. Monospecific populations of brook
trout in Boreal Shield lakes have been observed
to be selective on Chaoborus larvae, but not on
Daphnia sp. and Holopedium gibberum (Trem-
blay-Rivard 2007). Thus, direct predation by
fish can explain the absence of Chaoborus larvae
from the nekton samples of the studied fish-
present lakes. Moreover, studies have demon-
strated the capacity of large Chaoborid larvae
to regulate Daphnia populations (MacKay et
al. 1990, Wissel and Benndorf 1998). Thus, the
brook trout could indirectly regulate populations
through its influence on a predacious inver-
tebrate density, Chaoborus americanus larvae.
The results of a study done at the same time in
the pelagic zone of the studied fishless lakes
have revealed a similar pattern in zooplank-
ton community structure (Drouin et al. 2009).
Other large cladocerans, Sida crystallina, and
Latona setifera, also contributed to the dissimi-
larity between nekton assemblages, but by being
more abundant in fishless lakes. Some micro-
crustaceans, such as S. crystallina, are known to
develop an anti-predator behaviour in shallow
lakes containing fish by aggregating at small
scales, and using vegetation as refuge during the
daytime (Fairchild 1981, Cerbin et al. 2003).
Since vegetation cover was rare in our situation,
these species could have been more affected by
biotic interactions in fish-present lakes due to a
lack of refuge habitat.

Benthos community

Predation by fish can decrease the abundance
and species composition of larger invertebrates
found in lakes (Evans 1989, Blois-Heulin et al.
1990, Bendell and McNicol 1995, McPeek 1998,
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Tate and Hershey 2003). In this study, large
insect taxa represented a small proportion of
the samples and were not present in all of them,
and thus their overall weight in the dissimilarity
between the species assemblages over the entire
community was not important (see Clarke and
Warwick 2001). When analysed separately, the
total abundance of non-dipteran insects showed
a significantly higher abundance of hemipterans
and coleopterans in fishless lakes, as in other
studies (Evans 1989, Bendell and McNicol 1995,
Tate and Hershey 2003). By preying on insect
predators, fish can indirectly control untargeted
prey populations and thus affect the community
structure. Studies have reported this type of
population control by showing increased propor-
tions of predacious invertebrates in fishless lakes
(Gilinsky 1984, Evans 1989, Blois-Heulin et al.
1990, Goyke and Hershey 1992, Tate and Her-
shey 2003, Rennie and Jackson 2005).

Well structured patterns of the top-down con-
trol on the entire littoral benthic communities
are more difficult to develop since they have not
been studied as much as nekton or zooplank-
ton communities. This is probably because of
the structural complexity that can occur in this
habitat as well as the complex life cycles of the
organisms that inhabit this specific environment
The low abundance of H. azteca in the fish-
present assemblages could be associated with
direct predation by fish, based on other studies
that have noted their consumption by salmo-
nids (Strong 1972, Luecke 1990, Lacasse and
Magnan 1992). As for the nektonic communities,
other biotic factors, such as competition with
other taxa or invertebrate predation, must also
be involved in the structuring of species assem-
blages. A number of studies have observed that
fish can reduce the abundance of predacious chi-
ronomids (Gilinsky 1984, Goyke and Hershey
1992), and this could be explained by the fact
that in general, these predators are more mobile
and can be detected more efficiently by visual
predators such as fish (Zaret 1980). The deple-
tion of predacious chironomids could be advan-
tageous to collector organisms such as Psectro-
cladius sp. and Cladotanytarsus sp., which could
benefit from this reduction of predation pressure
exerted on them by other chironomids.
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Predation and diversity

The post-glacial colonization of previously fish-
less lakes by fish may have affected diver-
sity through selective feeding or coevolution of
predator—prey interactions, but predation is not
necessarily a factor that regulates diversity in
the current communities. According to Thorp
(1986), to be the agent controlling diversity,
a predator has to exclude some species (or at
least reduce the rate of demographic expansion)
and competitive exclusion has to occur in the
absence of predation. By suppressing dominant
competitive relationships, the predator could
lead the community to experience an increase in
diversity. In this study, no difference of diversity
in littoral communities between fish-present and
fishless lakes was observed. It can be expected
that predation had no detectable effect on a
dominant competitive relationship.

However, the results from a concomitant
study done on the zooplankton community in
the same fishless lakes suggest that predation
could regulate community structure without
influencing the diversity or being detectable
over this variable (Drouin et al. 2009). These
authors observed that the phantom midge fly
larvae (Chaoborus americanus) may affect a
well-known competitive relationship between
daphnids and small herbivores, but this interac-
tion had no effect on the species richness, even-
ness or diversity, when compared with that in
fish present lakes where C. americanus was not
dominant. It is possible that the predator did not
preferentially consume prey that are competi-
tively dominant in the system, which would not
favour an increase in diversity. Prey species with
efficient hiding strategies could find refuges in a
complex spatial habitat and maintain population
densities in presence of fish as high as in fishless
lakes (e.g. Gilinsky 1984), however macrophytes
were seemingly scarce (A. Drouin pers. obs.) in
the studied lakes and refuge habitat not necessar-
ily highly abundant. The food web complexity in
the littoral zone of freshwater habitats can also
be a factor which can buffer the effect of fish
predation on invertebrate diversity (Thorp and
Bergey 1981). There are many invertebrate pred-
ator taxa in the benthic communities with dif-
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ferent feeding strategies, which could limit the
control of resources by a single predator species.

Conclusion

Our results show that fishless lakes support a
different littoral community structure, although
this pattern might not be revealed via diver-
sity indices (D, J°, H"). The presence of such a
distinct type of aquatic habitat can be of great
importance to the regional pool of biodiversity in
this boreal area. Many studies support a linkage
between the emergence of aquatic insects and
the terrestrial food webs. In the studied area, the
presence of an endangered waterfowl species,
Barrow’s goldeneye (Bucephala islandica), on
fishless lakes during its breeding period could
be the result of competitive interactions for food
with fish (Eriksson 1978, 1983, Einarsson 1987,
Robert et al. 2000). Furthermore, evidence of
different trophic cascades from lakes to the sur-
rounding forest has been found (Murakami and
Nakano 2002, Knight ef al. 2005).

Fishless lakes are presently under stress by
fish stocking activities, and it has been shown
that their number has recently decreased in
north-eastern America (Schilling et al. 2008).
Since ecological evidence supports the hypoth-
esis that fishless lakes play a role and have an
importance in the Boreal ecoregion, we believe
that preserving this habitat should be part of
future conservation and wildlife management
strategies. In this way, this study could contrib-
ute to further restoration programs, partly by
giving evidence of the natural variability among
lakes in the studied areas, but also by highlight-
ing the importance of selecting appropriate indi-
cators reflecting the community structure for the
assessment of invertebrate communities in lakes
from the eastern Canadian Boreal Shield.

Acknowledgements: The authors thank I. Poirier, V. Bouchard
and F. Villeneuve for their assistance in laboratory analyses
and field sampling, and A. Weise for help with Figures. We
also thank J. Tanguay (Quebec Ministry of Natural Resources
and Wildlife) for providing fisheries statistics and validating
the absence of fish with gill nets in fishless lakes. This study
was funded by Fisheries and Oceans Canada (DFO university
grant to PS and PA), the Consortium de Recherche sur la



BOREAL ENV. RES. Vol. 16 -

Forét Boréale Commerciale, the Canadian Wildlife Service
(CWS) and by the Fondation de la Faune du Québec (Biodi-
versity grant to PS and PA and a scholarship to AD). Special
thanks to J.-P. Savard and M. Robert from the CWS.

References

Anderson M.J. 2001. A new method for non-parametric mul-
tivariate analysis of variance. Austral Ecol. 26: 32—46.

Bendell B.E. & McNicol D K. 1995. Lake acidity, fish preda-
tion, and the distribution and abundance of some littoral
insects. Hydrobiologia 302: 133—145.

Blois-Heulin C., Crowley P.H., Arrington M. & Johnson
D.M. 1990. Direct and indirect effects of predators on
the dominant invertebrates of two freshwater littoral
communities. Oecologia 84: 295-306.

Brooks J.L. & Dodson S.I. 1965. Predation, body size, and
composition of plankton. Science 150: 28-35.

Carpenter S.R., Kitchell J.F. & Hodgson J.R. 1985. Cas-
cading trophic interactions and lake productivity: fish
predation and herbivory can regulate lake ecosystems.
Bioscience 35: 634-638.

Cerbin S., Balayla D.J. & Van de Bund W.J. 2003. Small-
scale distribution and diel vertical migration of zoo-
plankton in a shallow lake (Lake Naardermeer, the
Netherlands). Hydrobiologia 491: 111-117.

Clarke K.R. & Warwick R.M. 2001. Change in marine
communities: an approach to statistical analysis and
interpretation, 2nd ed. Plymouth Marine Laboratory,
Plymouth.

Colwell R K. 2006. EstimateS: Statistical estimation of spe-
cies richness and shared species from samples (Software
and User’s Guide), ver. 8. Available at http://viceroy.eeb.
uconn.edu/estimates.

Creed R.P. 2006. Predator transitions in stream communi-
ties: a model and evidence from field studies. J. N. Am.
Benthol. Soc. 25: 533-544.

Drouin A., Sirois P. & Archambault P. 2006. Structure des
communautés d’invertébrés et des espéces d’amphibiens
dans des lacs avec et sans omble de fontaine (Salvelinus
fontinalis) en forét boréale [Invertebrate and amphibian
community structures in boreal forest lakes with and
without brook trout (Salvelinus fontinalis)]. Rapp. tech.
can. sci. halieut. aquat. 2628. [In French with English
summary].

Drouin A., Sirois P. & Archambault P. 2009. Discriminat-
ing zooplankton communities in lakes with brook trout
Salvelinus fontinalis and in fishless lakes. Ecoscience
16: 271-281.

Dunham J.B., Pilliod D.S. & Young M K. 2004. Assessing
the consequences of nonnative trout in headwater eco-
systems in western North America. Fisheries 29: 18-25.

Einarsson A. 1987. Distribution and movements of Barrow’s
goldeneye Bucephala islandica young in relation to
food. IBIS 130: 153-163.

Eriksson M.O.G. 1978. Lake selection by goldeneye duck-

Nektonic and benthic communities in lakes 113

lings in relation to the abundance of food. Wildfowl 29:
81-85.

Eriksson M.O.G. 1983. The role of fish in the selection of
lakes by nonpiscivorous ducks: mallard, teal and golden-
eye. Wildfowl 34: 27-32.

Evans R.A. 1989. Response of limnetic insect populations
of two acidic, fishless lakes to liming and brook trout
(Salvelinus fontinalis). Can. J. Fish. Aquat. Sci. 46:
342-351.

Fairchild G.W. 1981. Movement and microdistribution of
Sida crystallina and other littoral microcrustacea. Ecol-
ogy 62: 1341-1352.

Gilinsky E. 1984. The role of fish predation and spatial het-
erogeneity in determining benthic community structure.
Ecology 65: 455-468.

Gotelli N.J. & Colwell R.K. 2001. Quantifying biodiversity:
procedures and pitfalls in the measurement and compari-
son of species richness. Ecology Letters 4: 379-391.

Goyke A P. & Hershey A.E. 1992. Effects of fish predation
on larval chironomid (Diptera: Chironomidae) com-
munities in an arctic ecosystem. Hydrobiologia 240:
203-211.

Hutchinson B.P. 1971. The effect of fish predation on zoo-
plankton of ten Adirondack Lakes, with particular refer-
ence to the alewife, Alosa pseudoharengus. Trans. Am.
Fish. Soc. 100: 325-335.

Knapp R.A. 2005. Effects of nonnative fish and habitat cha-
rateristics on lentic herpetofauna in Yosemite National
Park, USA. Biol. Conserv. 121: 265-279.

Knapp R.A., Corn P.S. & Schindler D.E. 2001. The intro-
duction of nonnative fish into wilderness lakes: good
intentions, conflicting mandates, and unintended conse-
quences. Ecosystems 4: 275-278.

Knight TM., McCoy M.W., Chase J.M., McCoy K. & Holt
R.D. 2005. Trophic cascades across ecosystems. Nature
437: 880-883.

Korsu K., Huusko A. & Muotka T. 2008. Ecology of alien
species with special reference to stream salmonids.
Boreal Env. Res. 13: 43-52.

Kurzava L.M. & Morin P.J. 1998. Tests of functional equiva-
lence: complementary roles of salamanders and fish in
community organization. Ecology 79: 477-489.

Lacasse S. & Magnan P. 1992. Biotic and abiotic determi-
nants of the diet of brook trout, Salvelinus fontinalis, in
lakes of the Laurentian Shield. Can. J. Fish. Aquat. Sci.
49: 1001-1009.

Leppd M., Hdmildinen H. & Karjalainen J. 2003. The
response of benthic macroinvertebrates to whole-lake
biomanipulation. Hydrobiologia 498: 97-105.

Luecke C. 1990. Changes in abundance and distribution of
benthic macroinvertebrates after introduction of Cut-
throat trout into previously fishless lake. Trans. Am.
Fish. Soc.119: 1010-1021.

MacKay N.A., Carpenter S.R., Soranno P.A. & Vanni M.J.
1990. The impact of two Chaoborus species on a zoo-
plankton community. Can. J. Zool. 68: 981-985.

McArdle B.H. & Anderson M.J. 2001. Fitting multivariate
models to community data: a comment on distance-



114

based redundancy analysis. Ecology 82: 290-297.

McPeek M.A. 1990. Determination of species composition
in the Enallagma damselfly assemblages of permanent
lakes. Ecology 71: 83-98.

McPeek M.A. 1998. The consequences of changing the top
predator in a food web: a comparative experimental
approach. Ecol. Monogr. 68: 1-23.

Moulton S.R.I, Carter J.L., Grotheer S.A., Cuffney T.F.
& Short T.M. 2000. Methods of analysis by the U.S.
Geological Survey National Water Quality Laboratory:
Processing, taxonomy, and quality control of benthic
macroinvertebrate samples. U.S. Geological Survey
(USGS) open-file report 00-212.

Murakami M. & Nakano S. 2002. Indirect effect of aquatic
insect emergence on a terrestrial insect population
through by birds predation. Ecol. Lett. 5: 333-337.

Pace M.L., Cole J.J., Carpenter S.R. & Kitchell J.F. 1999.
Trophic cascades revealed in diverse ecosystems. Trends
Ecol. Evol. 14: 483-488.

Pope G., Tarissants M.-C., Frenette J.-J., Verreault G. &
Desgranges J.-L. 1989. Effets des facteurs biotiques et
abiotiques sur la structure et les relations trophiques de
communautés planctoniques et benthiques: revue des
hypothéses |Effects of biotic and abiotic factors on the
structure and trophic relationships in planktonic and
benthic communities: a review of hypotheses]. Rapp.
tech. can. sci. halieut. aquat. 1687. [In French with Eng-
lish summary].

Power G., Pope G.F. & Coad B.W. 1973. Postglacial coloni-
zation of the Matamek river, Quebec, by fishes. J. Fish.
Res. Board Can. 30: 1586—1589.

Quinn G.P. & Keough M.J. 2002. Experimental design
and data analysis for biologists. Cambridge University
Press, Cambridge.

Rabeni C.F. 1996. Invertebrates. In: Murphy B.R. & Willis
D.W. (eds.), Fisheries techniques, 2nd ed., American
Fisheries Society, Bethesda, Maryland, USA, pp. 335—
352.

Rennie M.D. & Jackson L.J. 2005. The influence of habitat
complexity on littoral invertebrate distributions: patterns
differ in shallow prairie lakes with and without fish. Can.
J. Fish. Aquat. Sci. 62: 2088-2099.

Robert M., Bordage D., Savard L. J.-P., Fitzgerald G. &
Morneau F. 2000. The breeding range of the Barrow’s
goldeneye in eastern North America. Wilson Bull. 112:
1-7.

Schilling E.G., Loftin C.S., DeGoosh K.E., Huryn AD. &
Webster K.E. 2008. Predicting the locations of naturally
fishless lakes. Freshwat. Biol. 53: 1021-1035.

Schilling E.G., Loftin C.S. & Huryn A.D. 2009a. Effects
of introduced fish on macroinvertebrate communities

Drouin etal. + BOREAL ENV. RES. Vol. 16

in historically fishless headwater and kettle lakes. Biol.
Conserv. 142: 3030-3038.

Schilling E.G., Loftin C.S. & Huryn A.D. 2009b. Macroin-
vertebrates as indicators of fish absence in naturally fish-
less lakes. Freshwat. Biol. 54: 181-202.

Scrimgeour G.J., Tonn WM., Paszkowski C.A. & Aku
P.M K. 2000. Evaluating the effects of forest harvesting
on littoral benthic communities within a natural distur-
bance-based management model. For. Ecol. Manage.
126: 77-86.

Simon K.S. & Townsend C.R. 2003. Impacts of freshwa-
ter invaders at different levels of ecological organisa-
tion, with emphasis on salmonids and ecosystem conse-
quences. Freshwat. Biol. 48: 982-994.

Strong D.R.J. 1972. Life history variation among popula-
tions of an amphipod (Hyalella azteca). Ecology 53:
1103-1111.

Tate A.W. & Hershey A.E. 2003. Selective feeding by larval
dystiscids (Coleoptera: Dystiscidae) and effects of fish
predation on upper littoral zone macroinvertebrate com-
munities of arctic lakes. Hydrobiologia 497: 13-23.

Thorne R.S.J., Wiiliams P. & Cao Y. 1999. The influence of
the data transformations on biological monitoring stud-
ies using macroinvertebrates. Water Res. 33: 343-350.

Thorp J.H. 1986. Two distinct roles for predators in freshwa-
ter assemblages. Oikos 47: 75-82.

Thorp J.H. & Bergey E.A. 1981. Field experiments on inter-
actions between vertebrate predators and larval midges
(Diptera: Chironomidae) in the littoral zone of a reser-
voir. Oecologia 50: 285-290.

Tremblay-Rivard 1. 2007. Impacts des coupes forestieres sur
U’alimentation de ’omble de fontaine (Salvelinus fonti-
nalis) et la structure trophique de lacs en forét boréale.
M.Sc. thesis, Université du Québec a Chicoutimi.

Vanni M.J. 1987. Effects of food availability and fish preda-
tion on a zooplankton community. Ecol. Monogr. 57:
61-88.

Wellborn G.A., Skelly D.K. & Werner E.E. 1996. Mecha-
nisms creating community structure across a freshwater
habitat gradient. Annu. Rev. Ecol. Syst. 27: 337-363.

Wissel B. & Benndorf J. 1998. Contrasting effects of the
invertebrate predator Chaoborus obscuripes and planktiv-
orous fish on plankton communities of a long term bioma-
nipulation experiment. Arch. Hydrobiol. 143: 129-146.

Zaret TM. 1980. Predation and freshwater communities.
Yale University Press, New Haven.

Zimmer K.D., Hanson M.A., Butler M.G. & Duffy W.G.
2001. Size distribution of aquatic invertebrates in two
prairie wetlands, with and without fish, with implica-
tions for community production. Freshwat. Biol. 46:
1373-1386.



