A comparison of passive and active gear in fish community assessments in summer versus winter | Elsevier Enhanced Reader 2021-05-21, 4:33 AM

Fisheries Research 242 (2021) 106016

Contents lists available at ScienceDirect

Fisheries

Fisheries Research

ELSEVIER

journal homepage: www.elsevier.com/locate/fishres

Check for

A comparison of passive and active gear in fish community assessments in
summer versus winter

Hossein Mehdi®*, Samantha C. Lau”, Caitlyn Synyshyn?, Matthew G. Salena?,
Markelle E. Morphet?, Jonathan Hamilton °, Melissa N. Muzzatti ®, Erin S. McCallum ¢,
Jonathan D. Midwood ¢, Sigal Balshine *

2 Department of Psychology, Neuroscience & Behaviour, McMaster University, 1280 Main Street West, Hamilton, Ontario, L8S 4K1, Canada

Y Department of Biology, McMaster University, 1280 Main Street West, Hamilton, Ontario, L8S 4K1, Canada

¢ Department of Wildlife Fish and Envir 1 Studies, dish University of Agriculture Sciences, SE-90183, Umed, Sweden

4 Great Lakes Laboratory for Fisheries and Aquatic Sciences, Fisheries and Oceans Canada, 867 Lakeshore Road, Burlington, ON, L7S 1A1, Canada

ARTICLEINFO ABSTRACT

Handled by Niels Madsen Fish populations and communities are monitored using a variety of sampling gears, each with their own inherent
biases. Gear biases can arise from a number of factors, such as fish species characteristics (e.g., body shape/size,
Keywords: physiology, and behaviour), species habitat requirements, as well as the abiotic characteristics of sites sampled.
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Such factors and their effects on gear selectivity are also heavily influenced by seaso
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derstanding the effects of seasonal changes on gear selectivity is of vital importan
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Fiesalf(:;:n{uni ty winter—a season seldom studied in freshwater systems. Here, we compared the selectivity, CICy, c
Gear type of biodiversity in fish communities sampled using three gear types: minnow traps, Wmdermere traps, and
Winter electrofishing during summer and winter in Hamilton Harbour, ON, Canada. Catch per unit effort was similar

among gear types in the summer, whereas in the winter, minnow traps captured the most fish. Electrofishing
samples were the most species rich and species diverse, but only during the summer. Additionally, sampling
efficiency and the number of different species encountered was highest when all gear types were used in com-
bination, followed by electrofishing alone, Windermere traps alone, and minnow traps alone in both seasons.
Each gear type differed in its selectivity for certain species, which was further influenced by seasonality. This
resulted in the fish communities caught within each gear type being dissimilar from one another. Our study
highlights the importance of understanding gear type selectivity, particularly under different climatic conditions,
and outlines the importance of incorporating multiple gear types in ecological assessments of fish populations
and communities.

1. Introduction resource managers consider when conducting fish community and
population assessments, as there is a great variety of gear types avail-
able, each with their own advantages and disadvantages (Portt et al.,

2006; Bernhardt and Palmer, 2011; Jahnig et al., 2011). Gear types are

Fish population monitoring and community assessment are a
cornerstone for fisheries management, conservation, and ecology. The

accurate assessment of fish populations and communities is an essential
yet extremely challenging task, as fish can occupy large and diverse
habitats, move long distances, and be over- or underrepresented when
monitored using certain sampling gears (MacKenzie et al., 2002;
Elphick, 2008; Dextrase et al., 2014). Selecting the appropriate sampling
gear, or gear type, is one of the most crucial decisions fish biologists and
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often classified into two broad categories: (i) active gear and (ii) passive
gear. Active gear has to be moved or activated by the sampler in order to
catch fish (e.g., electrofishing, seine netting, and trawling; Portt et al.,
2006; Winger et al., 2010). In contrast, passive gear is left out for a
period of time before being retrieved, relying solely on the animal’s
movement and interaction towards it for capture to occur (e.g., minnow
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traps, Windermere traps, fyke nets, and gill nets; Hamley, 1975; Lagler,
1978; Portt et al., 2006; He and Pol, 2010). The usage of different gear
types can lead to vast differences in fish population and community
estimates, as each gear type has inherent biases and selectivity towards
certain species, sexes, sizes, and habitats (Murphy and Willis, 1996;
Ruetz III et al., 2007).

Fish sampling gear varies in a number of ways, including size, shape,
period of deployment/activation, and usage of bait (Murphy and Willis,
1996; Portt et al., 2006). Such variety allows researchers to choose from
a wide selection of gear types depending on targeted species of interest,
habitat characteristics, and labour and gear cost considerations (Murphy
and Willis, 1996; Diana et al., 2006). For example, fyke nets are
well-suited for the capture of small-bodied mobile fishes, whereas
electrofishing is well suited for the capture of sedentary fishes and is less
size-selective (Hubert, 1996; Reynolds, 1996; Chick et al., 1999; Dolan
and Miranda, 2003; Breen and Ruetz, 2006; Ruetz et al., 2007).
Consequently, gear type selection can yield unforeseen biases in popu-
lation and community assessments, especially if only a single sampling
gear type is employed in a study, resulting in partial representation of
the true community or population (Murphy and Willis, 1996). Gear type
biases can influence our confidence in critical studies of fish assem-
blages, including those utilised in conservation efforts of endangered
species, control and management of invasive species, and assessments of
fish communities in response to anthropogenic disturbances (e.g.,
pollution, habitat modification, and climate change; Brandner et al.,
2013; McCallum et al., 2019; Mehdi et al., 2021). For instance, in a study
comparing the selectivity of electrofishing, trawling, seining, and drift
netting in several large rivers draining into the North Sea and Baltic Sea,
researchers found that electrofishing on average yielded higher biodi-
versity metrics, while species composition differed significantly across
each sampling method (Zajicek and Wolter, 2018). Similarly, a study
comparing the effectiveness of six different gear types (seine nets, hoop
nets, trap nets, Windermere traps, minnow traps, and electrofishing)
found staggering differences in the abundance, species richness, and
species composition of fish caught between each gear type (Lapointe
et al., 2006). Numerous additional studies have demonstrated the dif-
ferences in fish population and community estimates that can arise from
inherent gear type biases. However, despite such biases, single gear type
sampling techniques continue to be employed in fish population and
community studies, resulting in certain species being over- or under-
estimated; thereby hampering accurate population and community
estimates.

Although gear type selectivity is widely recognised as a hindrance in
fish community research, one issue that has received little attention is
how seasonal changes in catch are influenced by gear selectivity. As
mentioned before, species characteristics, species life history traits,
species habitat requirements, sampling site characteristics (e.g., water
depth, flow, clarity, temperature, and substrate type), and even inter-
and intraspecies interactions can all contribute to gear type selectivity
(Penczak and Jakubowski, 1990; Hubert and Fabrizio., 2007; Hubert
et al., 2012). However, fish capture and sampling gear encounter rates
are largely dependent on fish activity, which in turn is strongly modu-
lated by seasonality (Rudstam et al., 1984; Wilson et al., 2011; Olsen
et al., 2012). Most species have distinct seasonal movements and be-
haviours as their habitat requirements, spawning activity, food avail-
ability, and physiology change considerably across seasons (Hurst,
2007; McMeans et al., 2020). At higher latitudes, winters bring cold
temperatures, shortened photoperiods, ice cover, hypoxia, and limited
food availability (Shuter et al., 2012). Most fish species respond to the
onset of such winter conditions with pronounced reductions in move-
ment, foraging, growth, reproduction, as well as constriction of their
home range (Hurst, 2007; McMeans et al., 2020). This is largely driven
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would presumably decline (Hurst, 2007; Shuter et al., 2012; McMeans
et al.,, 2020). In contrast, during the spring and summer when envi-
ronments are warmer and more productive, fish are generally more
active, explorative, and have higher energy demands met by greater
metabolic scopes (Hasley et al., 2015). As such, fish are more likely to
encounter and be caught by sampling gear, specifically passive gear
types. Understanding the effects of seasonal changes on gear selectivity
is of critical importance, especially in temperate and polar regions
where winter is a dominant season, yet remains vastly understudied
(McMeans et al., 2020). Research of this kind can further enhance and
guide fisheries management, especially when most decisions have his-
torically been based on research conducted during warmer periods of
the year.

Our objective was to compare the selectivity and efficiency of three
gear types on fish communities during summer and winter in shallow
streams flowing into Hamilton Harbour, ON, Canada. Using minnow
traps (passive gear), Windermere traps (passive gear) and boat electro-
fishing (active gear), we compared the abundance, richness, diversity,
community composition, and the selectivity and species discovery rate
(i.e., efficiency) of each gear type in the summer and winter. We pre-
dicted that overall abundance, richness, and diversity of fish samples
would be lower during the winter, given lower fish mobility. Based on
previous studies, we also predicted that these metrics would differ across
gear types, with electrofishing being the most successful and efficient,
especially during the winter, when fish activity is subdued, making fish
less likely to encounter passive gear types. We further hypothesised that
our gear types would capture distinct fish communities, as each gear
type is inherently biased towards certain fish species characteristics (e.
g., body shape/size, habitat preference, physiology, and behaviour).
Furthermore, we predicted that the species makeup of communities
captured within each gear type would differ between summer and
winter, as gear type species selectivity is likely to differ across seasons.

2. Materials and methods
2.1. Study area

We sampled fish communities in Hamilton Harbour (ON, Canada), a
large freshwater embayment situated at the western end of Lake
Ontario. Due to historical degradation caused by anthropogenic devel-
opment, Hamilton Harbour is listed as one of 43 Areas of Concern under
the Great Lakes Water Quality Agreement (2012). The present study was
focused on shallow (<2m) streams and wetlands that flow into the
harbour. Sampling took place at two different areas of the harbour, with
five sampling sites in each area. First, we sampled along Red Hill Creek,
which flows from Albion Falls on the Niagara Escarpment and dis-
charges into the eastern end of Hamilton Harbour at the Windermere
Basin. This area is heavily degraded and industrialised, with clear signs
of anthropogenic modifications and shoreline alterations (McCallum
etal., 2019; Mehdi et al., 2021). Second, we sampled sites located on the
western end of the harbour, along Desjardins Canal, West Pond, and
Spencer Creek. These sites are within Cootes Paradise Marsh, the largest
wetland in western Lake Ontario. The marsh is a protected nature
sanctuary, known for its rich biodiversity, use as an important migratory
waterfowl stopover site, and fish nursery habitats (Leslie and Timmins,
1992; Smith and Chow-Fraser, 2010). Despite the considerable biodi-
versity found within Cootes Paradise Marsh, it is among the most
degraded wetlands in Lake Ontario due to poor water quality and its
hypereutrophic state (Chow-Fraser, 2006; Thomasen and Chow-Fraser,
2012). These particular sampling sites were initially targeted for
accessibility and are part of a long-term research program (McCallum
et al., 2019; Mehdi et al., 2021; Nikel al., 2021). See Supplementary
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2.2. Sampling techniques

Fish communities were sampled during the summer (July and
August) and winter (November, December, and March) of 2018 and
2019. Fish were sampled using a combination of passive (minnow traps
and Windermere traps) and active (electrofishing from a boat) gears.
These sampling gear types were chosen as they have been commonly
used in shallow systems with different habitat types and were also used
in previous research conducted at our study sites (McCallum et al., 2019;
Mehdi et al., 2021; Nikel et al.,, 2021). Additionally, the gear types
selected in our study offer novel insight into gear selectivity in the
shallow zones of Hamilton Harbour. Ongoing monitoring efforts in
Hamilton Harbour have largely been performed using electrofishing
from large vessels, a method that cannot be utilised in shallow systems
(Boston et al., 2016). At each site, and on each sampling event, 10 black
minnow traps (wall height = 16.7 cm; entry hole diameter = 2.10 cm,
trap length = 40.5 cm; mesh diameter = 0.76 cm), each baited with
~20 g of corn, were deployed from land ~10 m apart from one another.
Two meshed Windermere traps (wall height = 66.0 cm; entry hole
diameter = 17.5 cm, trap length = 96.0 cm; mesh diameter = 0.30 cm),
each baited with ~100 g of corn, were also deployed from land ~10 m
away from the first and last minnow traps. Minnow and Windermere
traps were deployed on ropes extending ~5m from shore. Traps were
retrieved 24 h post-deployment. Additionally, at each site, two 50 m
transects (within 5m from shore) were sampled from a boat using a
portable electrofishing unit (1.5-KVA Electrofisher, Smith-Root Inc.). All
gear types were deployed at the same depth (see Supplementary
Table 3). Sites on the eastern end of Hamilton Harbour were sampled
five times in the summer and three times in the winter. Sites on the
western end were sampled four times in the summer and three times in
the winter. Sampling was always performed during daytime, between
0800 and 1400 h on weather permitting days. On each field date, all five
sites on either end of Hamilton Harbour were sampled using all three
techniques, with the exception of one of the summer dates, when elec-
trofishing could not be performed due to heavy rainfall during sampling
on the east end of the harbour. See Supplementary Table 1 for additional
field sampling information.

During each sampling event, we measured the following water
quality parameters: temperature, dissolved oxygen (YSI ProODO), pH,
salinity, conductivity, and total dissolved solids (Oakton multiparameter
Testr) at each site (see Supplementary Table 2). Habitat characteristics
were also assessed at each site based on a subset of the metrics used in
the Qualitative Habitat Evaluation Index (QHEI; Taft and Koncelik,
2006; Strickland et al., 2010) and following a previously described
protocol by McCallum et al. (2019). Habitat metrics taken included:
total water depth, water clarity (Secchi depth), substrate type, sediment
particle size, shoreline slope, degree of sinuosity, degree of anthropo-
genic modifications (i.e., physical modifications of the shore-water
interface), riparian zone width, degree of estimated bank erosion, and
the presence of any aquatic plants (see Supplementary Table 3).

Fish collected at each sampling site were transported in dark-
coloured, aerated bins to shore, where they were counted and identi-
fied to species level. At each site, fish caught using minnow traps or
Windermere traps or electrofishing were pooled and measured with
other fish caught with the same respective gear type. The standard and
total lengths (mm) and body mass (g) of the first 15 individuals of a
given species caught at each site were individually measured, while the
remaining fish were only counted and batch-weighed. This was done to
reduce processing time and handling stress. Native fishes were imme-
diately returned to their site of collection, while invasive fish were
euthanised with an overdose of benzocaine (small fishes; < 10 cm) or by
a lethal cephalic blow (large fishes; > 10 cm), as required by the Ontario
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2.3. Statistical analysis

All statistical analyses were performed using R (version 3.6.2, R Core
Team, 2019). Prior to any analysis of fish communities, fish count data
were mean-standardised for each gear type (multi-gear mean stand-
ardisation; following Gibson-Reinemer et al., 2017) to allow the
different gear types to be compared to one another. Catch per unit effort
(CPUE) was calculated per trap deployed for minnow traps and Wind-
ermere traps and per shock-second for electrofishing. Fish abundance (in
total number and biomass), species richness (number of identified spe-
cies), species diversity (Shannon-Weiner Index), proportion of benthic
species, proportion of invasive species (invasive: not native to the Great
Lakes), proportion of tolerant species (tolerant: able to respond and
adapt to disturbances and perturbations in its environment as defined by
Eakins (2018)), and proportion of resilient species (resilient: able to
recover and double its population within <1.4 years following exploi-
tation as defined by Eakins (2018)) were analysed using permutation
linear mixed effects models (PLMM; n = 5000 iterations) with gear type
and season as main effects, and sampling period within each season and
sampling site as random effects (Ime4 and predictmeans packages; Bates
et al., 2015; Luo et al., 2020). Overall morphological differences (total
length and body mass) between fish caught in each gear type were
analysed in a similar manner, while including fish species as a random
effect. Tukey’s HSD post-hoc tests were used to identify significant
pairwise differences between each gear type within a season. Fish
community compositional differences among gear types and between
seasons were visualised using unconstrained principal coordinate anal-
ysis (PCoA) biplots performed on Bray-Curtis dissimilarity matrix, with
80 % confidence ellipses overlaid on top of each gear type (Oksanen
et al., 2019). Differences in gear type and seasonal community compo-
sitions were further analysed using permutation ANOVAs with 5000
permutations (Vegan package; Oksanen et al., 2019). Fish communities
were further examined using similarity percentages (SIMPER) analysis
to determine which species were driving compositional differences
within each gear type. Permutation tests (n=5000) were used to
identify gear type significant differences in CPUE of these characteristic
species within each season. Although all species were included in the
model, only those that contributed > 5% to the total abundance were
analysed. Indicator species analysis (ISA) was used to examine which
species were indicative of each gear type within each season. Indicator
species values (ISVs), ranging from O (absent from all samples) to 1
(present in all samples within gear type), were generated to determine
which species are considered “true” indicators and are consistently
present within a certain gear type. Permutation tests (n = 5000) were
also carried out to determine which species were significant indicators.
Species accumulation curves (SACs) were used to determine gear type
efficiency and measured if the sample size (number of sampling sites)
was large enough to adequately characterise the communities caught
within each gear type during each season (McCune and Grace, 2002).
Each sampling effort (site) in our SACs was conducted on the species
richness found in 10 minnow traps, two Windermere traps, or two
electrofishing transects. SACs were generated for each gear type within
each season from random permutations of the data (n=5000) to
determine the average number of new species found and standard de-
viations for each increase in sampling effort (specaccum function, Vegan
package; Oksanen et al., 2019). SACs, for each individual gear type and
for all gear types combined, were compared by calculating the initial
slope (averaged across efforts 1 through 5). We also compared the
amount of effort needed for each gear type when used individually
versus in combination to reach a cut-off of >1% of new species
discovered per effort standardised by the maximum amount of potential
species that can be caught using each method. SACs were based only on
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Fig. 1. Fish family composition broken down by season and gear type. Proportions based on gear-standardised catch per unit effort of all sampling events within each
season. See Table 1 for species within each family group and see Supplementary Fig. 2 for fish species composition within each gear type and season.

3. Results
3.1. Abundance, richness, and diversity

Across all sites and sampling events, we caught 4226 fish (3658 in
the summer and 568 in the winter) composed of 27 unique species
(Table 1; Fig. 1). Minnow traps captured 706 fish (506 in the summer
and 200 in winter) composed of 20 species. Windermere traps captured
1258 fish (1128 in the summer and 130 in winter) composed of 23
species. Electrofishing captured 2268 fish (2024 in the summer and 244
in winter) composed of 26 species.

Overall, fish abundance (number of fish) was greatly reduced in the
winter compared to the summer (PLMM, t=-3.28, p < 0.01; Fig. 2A). In
the summer, fish abundance was not significantly different across gear
types (CPUE, PLMM, F=0.04, p=0.41; Fig. 2A). However, during the
winter, gear type played a critical role in determining the number of fish
caught (PLMM, F=12.35, p <0.001), with minnow traps more suc-
cessful at capturing fish than either Windermere traps (t=3.84,
p<0.001; Fig. 2A) or electrofishing (t=4.78, p <0.001; Fig. 2A).
Windermere traps and electrofishing were equally successful at
capturing fish during the winter (t=0.36, p=0.93). Biomass did not
differ between seasons (PLMM, t=1.47, p = 0.12) nor across gear types
(PLMM, F = 0.08, p =0.27).

Similar to abundance, species richness and species diversity (Shan-
non-Weiner Index) were greatly reduced during the winter compared to
the summer (PLMM, t(Richness) = -4.44, p < 0.001; tiversity) = -3.99,
p <0.01; Fig. 2B; Fig. 2C). In the summer, species richness and species
diversity varied significantly by gear type (PLMM, F(Richness) = 14.89,
P <0.001; Fpiversity) = 12.16, p < 0.001; Fig. 2B; Fig. 2C), with catches
by minnow traps being considerably less species rich and less species
diverse than catches from Windermere traps (tRichnessy = -3.72,
P <0.001; tpiversityy = -3.58, p <0.01; Fig. 2B; Fig. 2C) and electro-
fishing (f(richnessy = -5.39, p <0.001; tmiversiyy = -4.81, p <0.001;
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diversity did not differ across gear types during the winter (PLMM,
F(Richness) = 0.71, p = 0.46; F(piversity) = 0.42, p= 0.63; Fig. 2B; Fig. 2C).

3.2. Gear type species discovery rate

As sampling effort (number of sites) increased, the species accumu-
lation curves for all gear types individually and cumulatively (all three
gear types together) began to reach the asymptote in both summer and
winter. This indicated that all gear types were able to adequately sample
their respective fish communities, while also demonstrating significant
differences in the total number of species that can potentially be caught
by each gear type (Fig. 3). The species encounter rate as sampling effort
increased was highest when all gear types were used in combination,
followed by electrofishing alone, Windermere traps alone, and then
minnow traps alone. This pattern was observed during both the summer
and winter. Additionally, the initial species discovery slope (averaged
across efforts 1 through 5) was greatest when all gear types were used in
combination (2.22(summer), 2.30(winter)), followed by electrofishing alone
(2.12(summer)s 1.87(winter)), Windermere traps alone (1.91(summer)
1.26(winter)), and then minnow traps alone (1.19(summer)> 1.07winter)) in
both seasons. In the summer, the effort needed to reach an increase of
<1% in species richness was overall higher in the winter than in the
summer, with an average effort of ~26 sites needed in the winter
compared to ~22 sites in the summer. In the summer, the effort needed
to reach an increase of <1% in species richness was 26 sites for minnow
traps alone, 18 sites for Windermere traps alone, 28 sites for electro-
fishing alone, and 14 sites for when all gear types were used in combi-
nation. In the winter, the effort needed to reach an increase of <1% in
species richness was >30 sites for minnow traps alone, 29 sites for
Windermere traps alone, 23 sites for electrofishing alone, and 19 sites
for when all gear types were used in combination.

3.3. Fish species characteristics and morphology
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electrofishing in the summer (solid) and winter (hatched). Different uppercase
letters indicate significant pairwise differences between gear types in the
summer, while different lowercase letters indicate significant pairwise differ-
ences between gear types in the winter.

benthic fishes caught (PLMM, F(symmer=19.63, p <0.001);
F(wintery = 15.10, p <0.001; Fig. 4A). In both seasons, minnow trap
catches consisted of a greater proportion of benthic fishes compared to
catches using Windermere traps (t(summen) =5.01, p <0.001;
t(winter) = 3.02, p < 0.01) and electrofishing (t(summer) =5.91, p < 0.001;
t(Winter) = 5.48, p < 0.001). In the summer, the proportion of benthic
fishes caught using Windermere traps did not differ from that of elec-
trofishing (t=0.20, p =0.98), while in the winter, Windermere traps
tended to catch more benthic fishes than electrofishing (t=2.25,
p=0.07).

The proportion of non-native fishes did not differ between seasons
(PLMM, t=1.03, p = 0.14; Fig. 4B). During the summer, the proportion
of non-native fishes was influenced by gear type (PLMM, F=13.35,
p < 0.001; Fig. 4B), with a higher proportion of non-native fishes caught
by minnow traps compared to those caught using both Windermere
traps (t=3.68, p<0.01) and electrofishing (t=5.05, p<0.001).
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all three gear types (PLMM, F = 2.01, p=0.14; Fig. 4B).

The proportion of tolerant to intermediate and intolerant fishes
caught did not differ between seasons (PLMM, t=0.10, p=0.93;
Fig. 4C). However, gear type significantly influenced the proportion of
tolerant species caught during both seasons (PLMM, F(symmer) = 21.94,
P <0.001; Fiyineer) =16.09, p <0.001; Fig. 4C). Fishes caught using
electrofishing were generally more tolerant than those caught in
Windermere traps (tsymmer) = 3.73, p < 0.001; t(inter) = 3.70, p = 0.001)
and minnow traps (t(summer) = 6.41, p < 0.001; twinter) = 5.37, p < 0.001)
in both seasons. Windermere traps caught more tolerant fishes than
minnow traps, but only significantly so during the summer (tsym-
mer) = 2.37, p = 0.049; t(winter) = 1.64, p = 0.24).

The proportion of highly resilient fishes to those of medium or low
resilience was not significantly affected by season (PLMM, t=0.23,
p=0.63; Fig. 4D) nor gear type (PLMM, F=0.72, p =0.49; Fig. 4D);
however, a significant interaction was detected, indicating gear type
differences in the degree of resilient species caught were seasonally-
dependent (PLMM, F=6.49, p=0.002; Fig. 4D). During the summer,
more resilient species were caught using Windermere traps than via
electrofishing (t = 3.75, p = 0.001). Similarly, Windermere traps tended
to catch more resilient fishes than minnow traps (t = 2.28, p = 0.06). The
proportion of resilient fishes caught using either minnow traps or elec-
trofishing was similar (t =1.14, p = 0.49). In the winter, the proportion
of resilient fishes caught did not differ across gear types (PLMM,
F=2.03, p=0.14; Fig. 4D).

To assess gear type size selectivity, we compared the differences in
body size (estimated by total length in mm) of the most commonly
caught species across our three gear types. These commonly caught
species included: brown bullhead, goldfish, white sucker, green sunfish,
pumpkinseed sunfish, bluegill sunfish, white perch, round goby, yellow
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size of fish caught depended on which gear type was utilised (PLMM,
F=10.86, p <0.001). During the summer, electrofishing caught larger
fish than both minnow traps (t = 2.33, p = 0.05) and Windermere traps
(t=3.78, p<0.001). In contrast, fish caught in minnow traps and
Windermere traps were of similar sizes (t= 0.74, p = 0.74). During the
winter, electrofishing caught larger fish than minnow traps (t=4.89,
p < 0.001) but not Windermere traps (t=1.82, p = 0.17). Furthermore,
Windermere traps caught fish of larger sizes than minnow traps
(t=3.11, p<0.01). See Supplementary Table 7 for a detailed break-
down of body size by species. Similarly, body mass of the most
commonly caught fishes was greater in the winter than in the summer
(PLMM, t=5.25, p<0.001). Additionally, body mass of fish varied
significantly based on which gear type they were caught in (PLMM,
F=15.2, p<0.001). During both seasons, minnow traps selected for
fishes with smaller body mass than electrofishing (t(summer) = -2.41,
p = 0.04; twinter) = -2.41, p = 0.04) but not Windermere traps (t(summer)
= -1.81, p=0.17; twinter) = -1.75, p=0.19). However, fish caught in
Windermere traps and electrofishing did not differ significantly in their
body mass in either season (tsummer)= 0,62 p=0.81; twinter)=1.48,
p=0.31).

3.4. Community composition

The composition of fish communities differed significantly between
seasons (PERMANOVA, F(season) = 4.33, p < 0.001; Fig. 5) and across
gear types (PERMANOVA, F(Gear type) = 6.94, p < 0.001; Fig. 5). During
both seasons, fish communities caught in minnow traps appeared to be
most dissimilar from fish communities caught using electrofishing
(PCOA,; Fig. 5). Similarity percentage analysis revealed that differences
in key species contributing to the overall dissimilarity across gear types
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During the winter: minnow traps caught more round goby and brown
bullhead than Windermere traps and electrofishing (Table 2).

In both seasons, fish communities caught within each gear type were
identifiable by the presence of a number of indicator species (see Sup-
plementary Table 5). In the summer, fish communities caught using
minnow traps were identifiable by only round goby; Windermere trap
fish communities were identifiable by brook stickleback, rudd, and
spottail shiner; electrofishing fish communities were only identifiable by
gizzard shad. In the winter, minnow trap fish communities were once
again identifiable by round goby; electrofishing fish communities were
identifiable by smallmouth bass; no indicator species were detected for
fish communities caught using Windermere traps.

4. Discussion

Our study explored how certain gear types (minnow traps, Wind-
ermere traps, and electrofishing), when used in shallow aquatic systems,
differed in their ability to catch fish, their efficiency, and their selec-
tivity, with a specific focus on how these parameters are further
modulated by seasonality. We found that minnow traps were more
successful at catching fish (per unit effort) in comparison to Windermere
traps and electrofishing, but only during the winter. This was contrary to
our predictions, as we expected active gear type (e.g., electrofishing) to
be more successful at catching fish, especially during the winter, when
fish are generally less active and therefore the rate at which traps are
encountered would presumably be lowest (Hurst, 2007; McMeans et al.,
2020). The increased capture success of minnow traps during the winter
may be due to more fish occupying lower depths (i.e., beyond the range
of electrofishing from a boat), perhaps even burrowing under substrate
during colder months of the year. As such, fish during the winter may
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get more dispersed—possibly not reaching fish that concentrate at lower
depths during the winter (SFCC, 2007; Larocque et al., 2020). Likewise,
benthic fishes may be more likely to escape an electrofishing shock by
burrowing into the substrate, perhaps making their relatively low
abundance in our electrofishing samples less surprising. Moreover, re-
sponses of fish to an electrofishing shock are modified by temperature,
where fish are less responsive in the cold, making their capture by
electrofishing more difficult than during the summer (SFCC, 2007).
Furthermore, the addition of bait (food) in our passive gear types may
have contributed to the increased capture success of fish in minnow
traps during the winter, as food is often scarce and limited during the
winter (Shuter et al., 2012; Speers-Roesch et al., 2018).

Unlike abundance, the richness and diversity of species we collected
were highest in electrofishing hauls, although this was only the case
during the summer. Minnow traps and Windermere traps are typically
considered to be more selective than electrofishing, as they are both
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and fish with a wider range of body sizes than when using either minnow
traps or Windermere traps (see Supplementary Table 4). The entry hole
size in minnow traps and Windermere traps results in size-selectivity,
thereby limiting fishes of larger body sizes (e.g., common carp, north-
ern pike, and longnose gar) from being caught. In support of our results,
previous studies have also demonstrated that species richness and spe-
cies diversity (Shannon-Weiner Index) are often higher in active gear
types (e.g., electrofishing and seining) as they are less selective and are
therefore able to catch a wider variety of species compared to passive
gear types (e.g., minnow traps and Windermere traps; Lapointe et al.,
2006).

As predicted, fish community assemblages differed significantly
across gear types and between seasons. In both seasons, fish commu-
nities caught using minnow traps were most dissimilar to those caught
using electrofishing. This was expected as minnow traps are often highly
selective for benthic and benthopelagic small-bodied fishes, while
electrofishing is less selective overall (Weaver et al., 1993). Minnow trap
catches were dominated by benthic species (~53 %) during both seasons
in comparison to Windermere trap and electrofishing catches. Addi-
tionally, minnow traps were more successful at catching invasive species
(a category mostly dominated by round goby). The higher proportion of
invasive fishes caught in minnow traps could be because our study sites
are highly abundant with round goby (McCallum et al., 2019; Mehdi
et al., 2021), a benthic invasive species that was rarely caught in our
electrofishing samples. A number of previous studies have used minnow
traps to track and monitor the spread and persistence of invasive species,
such as round goby (Young et al., 2010; McCallum et al., 2014; Bose
et al., 2018; McCallum et al., 2018). Conversely, a study investigating
the effects of sampling techniques on round goby population assess-
ments found improved round goby catchability using electrofishing
compared to minnow traps (Brandner et al., 2013). It is however
important to note that the minnow trap deployment period used by
Brandner et al. (2013) was only 20 min long, while in our study, traps
were left out for 24 h, suggesting that deployment time length plays a
significant role in catch success. Additionally, round goby are nocturnal
feeders; hence, overnight deployment is likely to yield higher catch
success than daytime deployment (Johnson et al., 2008). Moreover,
deeper waters (>1.5m) and impaired water clarity will both act to
reduce the efficacy of electrofishing in catching benthic fishes (e.g.,
round goby and brown bullhead) since these individuals cannot be seen
by the netter. Differences in species characteristics, study design, and
overall composition reported here highlight the importance of using
multiple gear types in fish community and population assessments, as
usage of a single gear type might result in under- or overestimation of
certain species, possibly leading to inaccurate community and/or pop-
ulation estimates (Portt et al., 2006; Pope et al., 2010). This may be
especially critical in studies monitoring species of concern (e.g., invasive
species or endangered species), where inaccurate population estimates
can be consequential for the management decisions they are meant to
inform.

While using multiple gear types seems ideal when conducting fish
community and population assessments, it is worth noting that
employing multiple gear types can be time consuming and labour- and
cost-intensive, especially during the winter, when working conditions
are often sub-optimal. In our study, we found that when all three gear
types were combined, the species discovery rate was highest, implying
that more unique species are captured and a more holistic and accurate
view of the community can be achieved when multiple gear types are
used simultaneously. This was further highlighted as each gear type
demonstrated targeted selectivity for certain species. In addition, gear
type species selectivity differed between seasons, indicating that the
species selectivity of different gear types can be modulated by seasonal
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capturing spottail shiner, brook stickleback, and rudd during the sum-
mer; in the winter, no species were exclusively captured by Windermere
traps. Electrofishing was the optimal gear type for capturing gizzard
shad during the summer and largemouth bass during the winter. Such
differences in gear type selectivity further highlight the importance of
using multiple gear types in fish community assessments, as several
species in our study were caught almost exclusively by one gear type.
Additionally, the seasonal changes in selectivity shed light on the
importance of incorporating fish life history traits and the interactions
between biotic and abiotic factors when considering which gear type(s)
to use in fish population and community surveys conducted across
seasons.

Overall, our study demonstrated that minnow traps, Windermere
traps, and electrofishing differ considerably in their catchability, selec-
tivity, and efficiency. We clearly demonstrate how these parameters
may be modulated by seasonality, a variable rarely considered in gear
type selection research. In the summer, abundance did not vary among
gear types, whereas in the winter, minnow traps captured the most fish
per unit effort. Fish communities caught using electrofishing were the
most species rich and species diverse, but this pattern was only apparent
during summer sampling. Furthermore, we observed a high degree of
species selectivity within each gear type, where fish communities
differed significantly from one another, depending on which gear type
was used. In addition, gear types differed in key species caught within
each season. Understanding and accurately assessing fish populations
and communities during winter is an important yet challenging task.
Our findings contribute to the recent focus on characterising seasonal
differences (Larocque et al., 2020; McMeans et al., 2020; Mehdi et al.,
2021), which is especially important since our current knowledge on
winter ecology in higher latitudinal regions is lacking, partly due to the
challenges associated with field sampling during that time of year. In
conclusion, we recommend the usage of multiple gear types; specifically,
a combination of active and passive gears. A combination gear type
approach would allow researchers to gain a more holistic and accurate
view of the fish community or population surveyed, especially if surveys
are conducted across seasons, where gear type selectivity can change
drastically.
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