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ABSTRACT
Overexploitation of a single target species often results in fish community
changes. Commercial and recreational overexploitation of walleye (Sander
vitreus) in Shoal Lake, Ontario, in the early 1980s resulted in a ban on
walleye fishing. In this study, we summarize potential changes in the
catch-per-unit-effort of large-bodied fishes (abundance and biomass in gill
nets) and small-bodied fishes (abundance in shoreline seines) for most
years in the period 1979�2001. Through our analysis of gill net data, we
found that the collapse of walleye was followed by increases in the
abundance and biomass of yellow perch (Perca flavescens), cisco (Coregous
artedi), and white sucker (Catostomus commersoni). Lake whitefish
(Coregonus clupeaformis) also increased following the collapse, but this
pattern was confounded by reduction in the lake whitefish commercial
harvest. We found no evidence that the collapse of walleye benefited
potential competitors (e.g. northern pike, Esox lucius). The collapse also
resulted in semi-annual alternations between minnow (Pimaphales spp.)
and a combination of yellow perch and shiners (Notropis spp.). Overall, our
results are consistent with the general literature showing that the
overexploitation of a top predator affects the broader community and
with the walleye literature showing that these community shifts tend to
reflect a top-down, trophic cascade that stems more from predator�prey
relationships than from competitive relationships. Our case study provides
important insight into the structure and function of aquatic food webs
and the trophic ecology of top predators.
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Introduction

Overexploitation of a single target species often leads to changes in the broader fish community.
These changes are well documented in marine systems (Baum & Worm 2009; Terborgh & Estes
2013) and usually inferred from experiments in freshwater systems (e.g. Colby et al. 1987; Lyons &
Magnuson 1987; Carpenter 2003; Persson et al. 2007). Although evidence for fisheries-induced
changes in freshwater systems can be confounded by other factors, examples from around the world
include a reduction in the abundance of soft-rayed fishes that was coincident with the recovery of
walleye (Sander vitreus) in Lake Erie (Knight & Vondracek 1993), an increase in the abundance of
small-bodied fishes following the sustained removal of large-bodied fishes from the Oueme River,
West Africa (Allan et al. 2005), and an increase in small cyprinids following the overexploitation of
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catfishes and carps in Cambodia’s Tonle Sap River (Allan et al. 2005). Documented examples of fish-
eries-induced changes in freshwater communities are important for testing the hypothesis that the
removal of one or more large predators can result in top-down effects that are directly or indirectly
linked to multiple trophic levels and that fish harvesting induces responses that are consistent with
experimental evidence for trophic cascades (Carpenter et al. 1985; Drenner & Hambright 2002).

The collapse of the walleye fishery in Shoal Lake, Ontario, Canada is an opportunity to exam-
ine a fisheries-induced trophic cascade involving a popular freshwater game fish. Shoal Lake is a
large (25,856 ha), mesotrophic lake in northwestern Ontario. Commercial and recreational over-
exploitation of walleye brought this species to the verge of collapse in the early 1980s and
resulted in a moratorium on sport and commercial fishing for walleye in 1983 (Bolton 2012). In
other systems, it has been suggested that managing solely for walleye changes fish community
composition (Knight & Vondracek 1993). Changes may include a top-down effect by evidence
of increased prey abundance, such as yellow perch (Perca flavescens), or the dominance of a
new top predator, such as northern pike (Esox lucius; Jacobson & Anderson 2007). Survey data
from Shoal Lake before and after the decline of walleye suggest concomitant changes in commu-
nity structure; however, these patterns are difficult to discern using bivariate approaches (Sup-
plemental Figures 1�3).

In this study, we used redundancy analysis (RDA) to summarize community data that were too
complex to analyze using bivariate techniques (Gauch 1982). RDA is a multivariate approach that is
particularly appropriate for fisheries data because it helps to infer changes in relative abundance (or
biomass) over time (Van den Brink & Ter Braak 1999) without suffering from the ‘arch’ or ‘horse-
shoe’ effects that are common with other multivariate techniques (Legendre & Legendre 2012).
Here, we used RDA to describe the response of both large- and small-bodied fish communities in
Shoal Lake to the commercial and recreational overexploitation of walleye. We defined large-bodied
fishes as those that were captured in gill nets and small-bodied fishes as those that were captured in
shoreline seines. The latter included forage fishes as well as juveniles of some large-bodies species
(e.g. yellow perch). The goal of our study was to assess and document changes in the Shoal Lake fish
community following the collapse of walleye.

Methods

Netting data

We used data from two long-term netting surveys that were conducted by the Ontario Ministry of
Natural Resources Lake of the Woods Fisheries Assessment Unit to generate three ‘species £ year’
data matrices: the abundance (number/net) and biomass (kg/net) of large-bodied fishes, and the
abundance (number/net) of small-bodied fishes. For large-bodied abundance and biomass, we used
data from gill net surveys for the years 1979�1988, 1993, 1998, 2000, and 2001. Four of these sur-
veys (1979�1982) took place prior to the closure of the fishery in 1983; the remaining 10 surveys
took place on or after 1983. For the years 1979�1988 and 1993, data were from fall (mid-
August�October) index surveys that consisted of 4�38 overnight (20�24 hours) sets of multifila-
ment, multi-mesh gill nets. Nets were 122 m long and 1.8 m deep with 8, 15.2-m panels randomly
graduated in stretched mesh size from 3.8 to 12.7 cm in 1.3-cm increments. For the years 1998,
2000, and 2001, data were from fall walleye index netting (FWIN) surveys that consisted of 20�60
overnight (7�25 hours) sets of monofilament, multi-mesh gill nets in September to October
(Morgan 2002). FWIN nets were 60 m long and 1.8 m deep with 8, 7.5-m panels that graduated
sequentially in stretched mesh size from 2.5 to 15.2 cm (Morgan 2002). Finally, we generated a
matrix of small-bodied fish abundance from shoreline seine net surveys for the years 1980�1997,
and 1999. Seine nets were 30.5 m long and 2.4 m deep, and deployed at up to 10 sites/month from
June to August (mean 22, range 8�44 seines/year).
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Statistical analyses

We focused our multivariate analyses on those species that, on average, made up >0.1% of total
annual abundance. This common-species approach reduced both the number of variables (species)
relative to observations (sample years) and the amount of redundant information in each matrix
(Grossman et al. 1991; Marchant 1999, 2002). We then focused our analysis on the eight common
species in the 18-species dataset (Supplemental Table A1). For the small-bodied fishes, we first
grouped certain species by genus (Notropis, shiners; Pimephales, minnows), Subfamily (Etheostoma-
tinae, darters; Leuciscinae, dace), or Family (Centrarchidae, sunfishes; Gasterosteidae, sticklebacks).
Grouping was necessary because the identification of small-bodied fishes to species was not always
possible or may have been inaccurate for closely related species. We then focused our analysis on
the 10 common taxa from the 16-taxa dataset (Supplemental Table A2).

We used RDA to test for changes in the abundance and biomass of large-bodied fishes and the
abundance of small-bodied fishes. RDA is a constrained ordination method that allows us to use
our explanatory variable (year) to model our response variables (species abundance). To minimize
the influence of very abundant species, we applied a Hellinger transformation to the species data
(i.e. abundance or biomass). We did not transform years so that results could be interpreted in terms
of community changes over time. The RDA applies a series of multiple linear regressions, followed
by a principal component analysis (PCA) on fitted values of species abundance to generate the
length of our first axis, RDA1, and then a PCA on the residuals of the fitted values to generate the
length of our second axis, PC1 (Legendre and Legendre 2012). We conducted all analyses using R
version 3.0.2 (R Core Team 2015) and version 2.0-10 of the R package vegan (Oksanen et al. 2013)
at a level of significance of a D 0.05.

Results

According to RDA, the abundance of large-bodied fishes in gill net samples varied significantly
among years (Figure 1 and Table 1: sum of all canonical variables D 0.298; F D 10.00, p D 0.001 for

Figure 1. The distribution of sample years in two-dimensional species-space as determined by RDA of abundance (number/net) of
common, large-bodied fishes in gill net surveys of Shoal Lake, Ontario, 1979�1988, 1993, 1998, 2000, and 2001. A close association
between species and year suggests there was a relatively high increase in the abundance of that species in that year. CIS D cisco
(Coregonus artedi), LWF D lake whitefish (Coregonus clupeaformis), NPI D northern pike (Esox lucius), RBA D rock bass (Amblopites
rupestris), SMB D smallmouth bass (Micropterus dolomieu), WAL D walleye (Sander vitreus), WSU D white sucker (Catostomus com-
mersoni), YPED yellow perch (Perca flavescens).
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all canonical axes). The first and second axes explain 45.5% and 28.9% of the variance, respectively
(Table 1). Walleye dominated the sample during the pre-collapse period 1979�1982 (Figure 1).
This was followed by a relative decrease of walleye from 1983 to 1985. Northern pike showed a rela-
tive increase in 1987, but the community shifted to yellow perch, cisco (Coregonus artedi), and white
sucker (Catostomus commersoni) in samples from 1988 and 1993, and included lake whitefish (Core-
gonus clupeaformis) in the final three samples (1998, 2000, and 2001).

The biomass of large-bodied fishes in gill net samples also varied significantly among years
(Figure 2 and Table 1: sum of all canonical variables D 0.130; F D 4.86, p D 0.01 for all canonical
axes). The first and second axes explain 28.8% and 47.4% of the variance, respectively (Table 1).
Patterns of large-bodied biomass and abundance were similar (Figure 2). One exception was north-
ern pike, which showed a relative increase in biomass in 1983; this increase was not evident in the
abundance RDA until 1987. These results suggest that the sample contained few large pike in 1983,
and then many small pike in 1987. Another exception was the 1988 sample, which showed a relative
increase in white sucker biomass while yellow perch and cisco increased in abundance.

According to RDA, the abundance of small-bodied fishes in shoreline seine nets varied signifi-
cantly among years (Figure 3, Table 1: sum of all canonical variables D 0.078; F D 3.88, p D 0.02 for
all canonical axes). The first and second axes explain 18.56% and 54.17% of the variance, respec-
tively (Table 1). Samples from the period 1980�1982 suggested that minnows (Pimephales spp.)
were relatively common (Figure 3). The 1983 sample showed a relative decrease in minnows and

Table 1. Results of the redundancy analysis of the abundance and biomass of 8 fish species captured in gill nets (14 years in the
period 1979�2001) and the abundance of 10 species captured in shoreline seine nets (19 years in the period 1980�1999) in Shoal
Lake, Ontario.

Data set Element RDA1 PC1 PC2 PC3

Large-bodied abundance Eigenvalues 0.135 0.086 0.045 0.014
Proportion of variance 0.455 0.289 0.153 0.047
Sum of all eigenvalues 0.298

Large-bodied biomass Eigenvalues 0.037 0.062 0.018 0.007
Proportion of variance 0.288 0.474 0.139 0.056
Sum of all eigenvalues 0.130

Small-bodied abundance Eigenvalues 0.014 0.042 0.008 0.006
Proportion of variance 0.186 0.542 0.106 0.073
Sum of all eigenvalues 0.078

Figure 2. The distribution of sample years in two-dimensional species-space as determined by RDA of biomass (kg/net) of com-
mon, large-bodied fishes in gill net surveys of Shoal Lake, Ontario, 1979�1988, 1993, 1998, 2000, and 2001. A close association
between species and year suggests there was a relatively high increase in the biomass of that species in that year. Species identifi-
cation is the same as in Figure 1.
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increase in yellow perch, while 1984 showed an increase in stickleback (Gasterosteidae) and, to a
lesser extent, Centrarchids. From 1985 onward, the RDA identified alternations among three taxa �
minnows, yellow perch, and shiners (Notropis spp.). Yellow perch showed a relative increase in 1985
and 1986, then minnows in 1987 and 1988. With the exception of 1999, all other years in this period
alternated between yellow perch and shiners.

Discussion

The collapse of walleye in Shoal Lake in the early 1980s forced the closure of the fishery and resulted
in decades-long changes in community structure. Our RDA of large-bodied fishes suggested that the
Shoal Lake community showed relative increases in yellow perch, cisco, white sucker, and lake white-
fish after 1987 (five years after collapse). The increase in the abundance of large yellow perch was pre-
ceded by an increase in the abundance of small yellow perch in the 1985 and 1986 seine samples.
Given that yellow perch are a principal diet item for walleye (Nielsen 1980), the dominance of small
yellow perch in 1985 and 1986 (and large perch starting in 1988) was likely due to lower predation
following the collapse of walleye in 1983 (Forney 1974; Bertolo & Magnan 2005; Ivan et al. 2011).

The relative increase of cisco and white sucker in the large-bodied sample may have also resulted
from reduced walleye predation. Kaufman et al. (2006) suggest that cisco biomass comprises up to
70% of the diet of large walleye (>37.5 cm), even in the presence of yellow perch. White sucker in
the large-bodied sample increased (albeit to a lesser extent) in the same years as yellow perch and
cisco. In Wilson Lake, Minnesota, the removal of 85% of white sucker biomass resulted in a one-
third increase in walleye biomass (Johnson 1977). This result implies an inverse relationship
between white suckers and walleye biomass, which may stem from competition for food (Johnson
1977) or an alternative steady state (Persson et al. 2007).

Less clear is the mechanism for the relative increase in lake whitefish at the end of the study
period. Age-1C walleye prefer small, soft-rayed fishes as prey (Knight & Vondracek 1993), so it is
possible that lake whitefish experienced a release from predation. However, this interpretation is
confounded by the implementation of commercial lake whitefish quotas in the early 1980s (Bolton
2012). These quotas curtailed harvest and may have contributed to increased whitefish abundance.

Figure 3. The distribution of sample years in two-dimensional species-space as determined by RDA of abundance (number/net) of
common, small-bodied fishes in seine net surveys of Shoal Lake, Ontario, 1980�1997, and 1999. The forward slash separate overlap-
ping years. A close association between species and year suggests there was a relatively high increase in the abundance of that spe-
cies in that year. CEN D centrarchids, CHU D lake chub (Couesius plumbeus), DAR D non-logperch darters (Etheostomatinae), LPE D
logperch (Percina caprodes), MIN D minnows (Pimephales spp.), SBA D sticklebacks (Gasterosteidae), SCU D mottled sculpin (Cottus
bairdii), SHI D shiners (Notropis spp.), SMB D smallmouth bass (Micropterus dolomieu), YPE D yellow perch (Perca flavescens).
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Similarly, the apparent increase in lake whitefish in 1998, 2000, and 2001 might reflect an increase in
the vulnerability of this species to the FWIN protocol, which was adopted in 1998.

We did not find evidence that northern pike replaced walleye as the top predator in Shoal Lake,
despite evidence in other systems (e.g. Nate et al. 2003). Northern pike abundance and biomass
remained relatively consistent during the period of interest. Two exceptions were relative increases
of biomass in 1983 (i.e. relatively large pike in that year) and abundance in 1987 (i.e. relatively small
pike in that year), which may be indicative of a recruitment pulse in response to an increase in the
availability of forage. However, it does not appear that northern pike benefited from the walleye col-
lapse in the long term. Consistent with walleye removal experiments (Colby et al. 1987), the absence
of a northern pike response to walleye collapse may suggest minimal competition between the two
species in Shoal Lake.

The RDA of the abundance of small-bodied fishes also showed shifts in the community following
the collapse of walleye. Pimephales spp. showed a relative increase prior to the walleye collapse,
which eventually shifted to small yellow perch. Minnow abundance in Sparkling Lake, Wisconsin,
was not significantly impacted by walleye predation (Lyons & Magnuson 1987), but was reduced by
higher abundances of yellow perch (Lyons 1987). Although it has been suggested that young-of-the-
year (YOY) yellow perch buffer other forage species such as minnows from walleye predation
(Forney 1974; Lyons & Magnuson 1987), YOY yellow perch at high abundance may reduce minnow
abundance through the consumption of eggs and larvae (Lyons 1987). The consumption of min-
nows by YOY perch may explain why minnows in Shoal Lake showed a decrease in relative abun-
dance after 1982 (i.e. post-collapse).

We can only speculate as to why YOY yellow perch and shiners were out of phase after walleye
collapsed. The increase in both species probably resulted from reduced predation by age-1C walleye
(Knight & Vondracek 1993). However, Knight et al. (1984) described yellow perch as opportunistic
feeders that can alternate between zooplankton and small fish, including shiners. Given also that yel-
low perch become piscivorous at age-1 (Pelham et al. 2001), a strong yellow perch year class soon
after the Shoal Lake walleye collapse may have temporarily established a classic boom and bust pred-
ator�prey dynamic (Krebs et al. 2001).

Although our results are consistent with the history of exploitation on Shoal Lake and the litera-
ture, we highlight three caveats to our results. First, our analysis of large-bodied fishes combined
data from two netting protocols: FWIN (1998, 2000, 2001) and index netting (all other years). The
years associated with FWIN sampling stand out as having relatively high lake whitefish abundance
and biomass (although yellow perch, cisco, and white sucker remained high). However, this pattern
persisted when we re-analyzed using FWIN data that were converted to index data via species-spe-
cific regression equations from nearby Rainy Lake, Ontario (McLeod et al. 2004). Although it is pos-
sible that these conversions were inadequate or inappropriate for our system, an alternative
explanation is that the changes in the Shoal Lake fish community overwhelmed any difference in
gear selectivity between gill netting protocols. Second, gill net data were limited to only four years
pre-collapse (1979�1982) and discontinuous (three gaps, two of which spanned five years). Limited
data before the collapse prevented us from inferring community dynamics during this period, and
from detecting longer term trends that may have persisted after (albeit independent of) the collapse.
Similarly, gaps in the gill net data after the collapse probably obscured finer scale dynamics of yellow
perch, shiners, and other species. Finally, data were unavailable to test the hypothesis that the Shoal
Lake community was also responding to environmental gradients (e.g. temperature change, water
clarity) at the local or regional scale. Although samples sizes were relatively low in some years (e.g. 4
and 8 gill net samples in 1988 and 1993, respectively), removing these years did not affect our find-
ings (Venturelli, unpublished results).

Our results contribute to the limited studies on community effects following walleye removal in a
large, temperate lake that is not subject to stocking, invasive species, and other disturbances. Overall,
our findings are consistent with other studies involving fish community changes (e.g. Colby et al.
1987; He & Kitchell 1990; Knight & Vondracek 1993). The overexploitation of walleye in Shoal Lake
was a ‘natural’ experiment that, similar to walleye removal experiments in smaller systems (Colby
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et al. 1987), had a cascading effect on the overall fish community. Specifically, the removal of a top
predator (walleye) resulted in relative increases in prey species (e.g. yellow perch, cisco, etc.), led to
changes in the relative abundance of other large-bodied fishes (e.g. lake whitefish, white sucker),
and may have caused yellow perch and shiners to oscillate out of phase. Our observations support
the hypothesis that predatory fishes play a significant role in the assemblage of forage fish (i.e. fewer
yellow perch and cisco in the presence of high walleye abundance), and that the removal of a large,
predatory fish often leads to a broader changes to the fish community (Carpenter et al. 1985; Colby
et al. 1987; Lyons & Magnuson 1987; He & Kitchell 1990; Allan et al. 2005; Baum & Worm 2009).
These changes are also an important reminder to managers that fisheries collapses can affect com-
munities in ways that are unpredictable and unfavorable (Link 2002; Daskalov et al. 2007; Altieri
et al. 2012) and that capture fisheries can be slow to recover from exploitation (NeuBauer et al.
2013). More broadly, this case study provides important insight into the structure and function in
large-lake food webs (Shurin et al. 2006), and the trophic ecology of top predators (Sergio et al.
2014).
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Table A1. The abundance (number/net) and biomass (kg/net) of common, large-bodied fishes in gill net surveys of Shoal Lake, 

Ontario from 1979-1988, 1993, 1998, 2000, and 2001. Species acronyms are defined in Figure 1. Not shown are data from the 

following species, which we excluded from the analyses because they represented, on average, < 0.1% of total abundance in a year: 

black crappie (Pomoxis nigromaculatus), brown bullhead (Ameiurus nebulosus), burbot (Lota lota), largemouth bass (Micropterus 

salmoides), muskellunge (Esox masquinongy), pumpkinseed (Lepomis gibbosus), rainbow smelt (Osmerus mordax), spottail shiner 

(Notropis hudsonius), trout-perch (Percopsis omiscomaycus). 

 Number Abundance (number/net) Biomass (kg/net) 

Year of nets CIS LWF NPI RBA SMB WAL WSU YPE CIS LWF NPI RBA SMB WAL WSU YPE 

1979 38 0.00 0.37 6.26 0.00 0.00 7.92 0.00 0.00 0.00 0.54 7.62 0.00 0.00 7.03 0.00 0.00 

1980 19 0.00 0.00 4.63 0.00 0.16 16.00 0.00 0.00 0.00 0.00 4.94 0.00 0.10 15.23 0.00 0.00 

1981 25 0.00 0.00 2.60 0.00 0.00 11.36 0.00 0.00 0.00 0.00 4.33 0.00 0.00 12.37 0.00 0.00 

1982 18 0.00 0.22 1.22 0.00 0.00 14.39 0.00 0.00 0.00 0.21 2.09 0.00 0.00 13.58 0.00 0.00 

1983 17 0.76 0.00 5.76 0.71 1.88 4.65 0.71 0.88 0.15 0.00 8.35 0.11 1.12 3.93 0.54 0.09 

1984 24 0.00 0.17 2.42 2.17 2.88 4.63 0.00 0.33 0.00 0.11 4.36 0.26 1.27 4.19 0.00 0.05 

1985 14 1.64 0.00 2.00 2.29 1.14 1.50 0.86 1.36 0.17 0.00 3.69 0.23 0.74 1.11 0.76 0.15 

1986 15 0.53 0.13 0.73 0.13 0.13 9.87 0.67 1.80 0.08 0.14 1.35 0.03 0.11 6.17 0.53 0.17 

1987 11 0.00 0.18 3.73 0.55 1.27 1.18 0.00 0.00 0.00 0.15 5.83 0.06 1.10 2.16 0.00 0.00 

1988 4 1.25 0.25 3.75 2.25 2.50 2.50 3.75 11.00 0.06 0.56 7.03 0.21 1.03 4.95 3.13 0.55 

1993 8 9.88 0.13 2.00 3.38 0.63 0.63 1.75 11.63 0.75 0.15 4.92 0.29 0.59 1.48 1.32 0.43 

1998 20 17.09 1.10 3.99 1.89 2.25 8.78 8.47 19.24 1.23 0.95 6.85 0.13 0.52 6.08 3.43 0.44 

2000 66 6.88 3.16 4.86 1.52 1.28 6.63 5.93 12.00 0.87 1.99 9.37 0.17 0.68 5.24 2.48 0.71 

2001 60 10.36 2.44 3.69 1.56 1.59 8.31 8.31 12.44 1.24 1.71 6.90 0.19 1.02 7.59 3.39 0.73 
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Table A2.  The abundance (number/net) of common, small-bodied fishes from seine net surveys 

of Shoal Lake, Ontario from 1980-1997, and 1999. Species acronyms are defined in Figure 3.  

Not shown are data from the following species, which we excluded from the analyses because 

they represented, on average, < 0.1% of total abundance in a year:  northern pike (Esox lucius); 

banded killifish (Fundulus diaphanus); white sucker (Catostomus commersoni); walleye (Sander 

vitreus); brown bullhead (Ameiurus nebulosus); dace spp. (subfamily Leuciscinae). 

 Number Abundance (number/net) 

Year of nets CEN CHU DAR LPE MIN SBA SCU SHI SMB YPE 

1980 29 1.7 0.0 13.6 5.0 15.5 13.4 0.6 37.4 0.6 106.4 

1981 36 4.3 0.0 38.1 7.5 38.3 10.9 1.1 86.7 2.0 507.0 

1982 22 0.4 0.0 13.2 6.0 42.6 10.8 0.1 105.4 0.3 541.5 

1983 21 0.4 0.0 7.8 4.5 10.9 4.4 0.0 20.8 1.4 443.9 

1984 30 7.6 11.1 25.7 6.4 32.4 2.5 0.1 217.8 5.3 669.4 

1985 29 0.7 48.2 7.3 6.1 6.4 3.0 1.5 153.9 3.0 1644.1 

1986 23 1.5 2.0 36.5 3.0 32.3 12.7 7.6 33.5 1.1 582.0 

1987 25 2.3 17.0 45.7 9.0 26.5 14.5 3.6 92.8 6.8 341.2 

1988 27 4.0 0.2 5.1 6.4 19.9 9.3 0.0 80.0 2.3 166.1 

1989 23 2.4 0.5 1.4 1.5 0.4 0.5 0.1 6.8 1.2 144.0 

1990 26 5.4 2.5 15.5 7.2 9.3 2.8 0.3 252.5 3.3 251.7 

1991 13 2.1 0.2 5.2 7.8 0.2 8.5 0.0 244.6 2.4 1619.8 

1992 44 0.4 2.1 16.2 5.9 5.5 4.9 0.0 167.0 0.4 1189.5 

1993 18 0.1 0.0 5.4 4.2 0.0 0.8 0.1 27.9 0.9 176.1 

1994 15 0.0 0.1 14.3 4.9 0.0 7.8 0.5 7.4 2.5 300.9 

1995 8 0.5 0.5 5.0 13.9 0.0 2.5 0.4 48.0 1.8 243.8 

1996 8 0.0 0.4 0.9 3.0 0.1 23.0 0.0 216.8 0.1 121.3 

1997 11 0.1 0.2 0.4 25.2 0.7 2.2 0.0 186.5 0.3 108.3 

1999 9 1.2 3.3 0.6 2.3 0.1 0.6 0.0 9.3 1.3 35.9 
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Figure A1. The log10+1 transformed abundance-per-unit-effort of common, large-bodied fishes in 

gill net samples of Shoal Lake, Ontario from 1979-1988, 1993, 1998, 2000, and 2001. Walleye 

fishing was banned in 1983. Species acronyms are defined in Figure 1.
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Figure A2. The log10+1 transformed biomass-per-unit-effort of common, large-bodied fishes in 

gill net samples of Shoal Lake, Ontario from 1979-1988, 1993, 1998, 2000, and 2001. Walleye 

fishing was banned in 1983. Species acronyms are defined in Figure 1.
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Figure A3. The log10+1 transformed abundance-per-unit-effort of common, small-bodied fishes 

in seine net surveys of Shoal Lake, Ontario from 1980-1997, and 1999. Walleye fishing was 

banned in 1983. Species acronyms are defined in Figure 3. 
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