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ABSTRACT

Warmouth (Lepomis gulosus) has been assessed as ‘Endangered’ in Canada
(COSEWIC 2015), although it is listed as ‘Special Concern’ under the Species at Risk
Act. Species distribution modeling was conducted for Warmouth at Point Pelee National
Park to map suitable habitat within the park for conservation planning. Species
distribution modeling was conducted with machine learning using environmental layers
(substrate, vegetation, depth, temperature, water quality) within a geographic
information system. Warmouth is widespread in Point Pelee National Park and present
in all seven of the major ponds. This model provided insight into the location of the most
suitable habitat for Warmouth in the park and the environmental characteristics of that
habitat. Results of the model indicated that Warmouth habitat at Point Pelee National
Park is characterized by shallow water, abundant aquatic vegetation, low turbidity, low
pH, high conductivity, and lack of clay substrate.

RESUME

Le crapet sac-a-lait (Lepomis gulosus) a été désigné comme étant une espece en péril
au Canada (COSEPAC 2015), bien qu'il ait été inscrit sur la liste des espéces
préoccupantes aux termes de la Loi sur les espéces en péril. Une modélisation de la
répartition de I'espéce a été effectuée pour le crapet sac-a-lait dans le parc national de
la Pointe-Pelée dans le but d'y cartographier un habitat convenable aux fins de
planification de la conservation. Une modélisation de la répartition de I'espece a été
effectuée a I'aide d’'une méthode d’apprentissage automatique basée sur des aspects
environnementaux (le substrat, la végétation, la profondeur, la température, la qualité
de I'eau) au sein d’un systéme d’information géographique. Le crapet sac-a-lait est trés
répandu dans le parc national de la Pointe-Pelée et est présent dans sept des étangs
majeurs. Ce modéle a permis de déterminer I'habitat le plus convenable pour le crapet
sac-a-lait dans le parc et d’établir les caractéristiques environnementales de cet habitat.
Les résultats du modeéle indiquent que I'habitat du crapet sac-a-lait dans le parc national
de la Pointe-Pelée se caractérise par des eaux peu profondes, une végétation
aquatique abondante, une turbidité faible, un pH faible, une conductivité élevée, et une
absence de substrat argileux.



INTRODUCTION

Freshwater fishes have declined worldwide primarily due to habitat loss related to
direct and indirect effects of human activities (Abell 2002; Jelks et al. 2008). The
identification of suitable habitat is an essential component of both conservation planning
and the protection of habitat for species at risk. Warmouth, a member of the family
Centrarchidae, is found in only a few locations in Canada, all on Lake Erie: Point Pelee
National Park, Rondeau Bay, Long Point Bay, and Turkey Point Provincial Park
(Edwards and Staton 2009). The species is found both inside parks and in unprotected
areas. The species is assessed as ‘Endangered’ by COSEWIC (COSEWIC 2015), and
listed as ‘Special Concern’ under the Species at Risk Act. In the United States, its
national status is ‘secure’ (Edwards and Staton 2009). Less than 5% of the global
distribution of Warmouth is found in Canada, and Canadian populations are considered
vulnerable to habitat alteration, particularly loss of aquatic vegetation (Edwards and
Staton 2009).

Warmouth is a warmwater species and its current distribution in Canada may be
limited by temperature (COSEWIC 2005). Warming conditions expected with climate
change may lead to an expansion of available habitat (Mandrak 1989; Edwards and
Staton 2009). Warmouth is thought to prefer heavily vegetated, clear, shallow waters in
streams and lakes (Edwards and Staton, 2009). Although it may prefer clear water, the
species is considered tolerant of both high turbidity (Larimore 1957; McMahon et al.
1984) and low dissolved oxygen concentrations, with a lower tolerance limit of
approximately 3.0 ppm (Larimore 1957). Adults are found in water depths of 0.1-5.0 m
with sand or silt substrates (Lane et al. 1996a; COSEWIC 2005), but spawning and
nursery habitat is found in depths up to 2 m (Lane et al. 1996b; Lane et al. 1996c¢).
Warmouth habitat generally consists of submergent vegetation growing in sand, silt, or
gravel, often with stumps and rocks (COSEWIC 2005). Spawning occurs in the spring
on muddy bottoms of streams and lakes at water temperatures of 18-32 °C (Edwards
and Staton 2009). The species is a sit-and-wait ambush predator and uses vegetation
or debris as shelter (Edwards 1997). Its large mouth allows the species to consume
crustaceans, crayfishes, molluscs, small fishes, and aquatic insect larvae (Larimore
1957).

Warmouth were first discovered in Canada in 1966 and Crossman et al. (1996)
suggested that Warmouth may have colonized Canadian waters relatively recently
(Edwards and Staton 2009). However, the lack of nearby populations from which the
species may have expanded its range suggests it may have colonized Canada in the
more distant past (COSEWIC 2005; COSEWIC 2015). Although a recent and deliberate
introduction of the species into the park is possible, such an explanation seems unlikely.
Perhaps a more probable explanation is that the species has been in Canada since the
last Ice Age and has gone undetected until its discovery in 1966 (COSEWIC 2015).
Sizes of Canadian populations are largely unknown, although a fish community survey
conducted at Point Pelee National Park in 2002 and 2003 revealed a sizeable,
established population, which may be the healthiest in Canada (Surette 2006; Edwards
and Staton 2009).

Point Pelee National Park is situated on the northern shore of Lake Erie
(Figure 1). The park extends across a small peninsular sand spit and consists of marsh



and woodland habitat. Marshes comprise about 70% of the park and are separated from
Lake Erie by sandy beaches on either side that function to close the marshland from
lake water, except when lake water levels are very high (Surette 2006). As such, limited
potential exists for Warmouth to immigrate into the park from Lake Erie (Edwards and
Staton 2009), and Point Pelee essentially represents a closed population.

Species habitats and distributions are increasingly modeled within a Geographic
Information System (GIS) framework. MAXENT is a presence-only program that uses a
maximum entropy model to identify suitable habitat (Phillips et al. 2006) and has been
shown to perform well compared to other species distribution modeling methods (Elith
et al. 2006). Here, the distribution and preferred habitat of Warmouth are modeled at
Point Pelee National Park using environmental variables within a geographic
information system. The results can be used to guide habitat protection for this
endangered species.

METHODS

Data used for this project were provided by Parks Canada, including two ArcGIS
shapefiles and several environmental datasets (PPNP Open Water Classification 2010;
PPNP ParkBoundary 2013; H Surette Thesis 2002 Data; H Surette Thesis 2003 Data,;
PPNP Marsh Water Quality Data and Metadata 1971-2014.) All datasets were provided
by Point Pelee National Park of Canada (407 Monarch Lane, Leamington, ON N8H
3V4). The available datasets were the Surette 2002 and 2003 data, Parks Canada’s
Ecological Integrity Monitoring Program (EIMP) survey data from 2008-2015, and an
additional small survey conducted in 2005 (Razavi 2006). Species distribution modeling
was ultimately conducted using 2003 data from Surette’s thesis (Surette 2006), as this
was the most comprehensive dataset for any given year (in 2002, water quality data
were not collected by Surette, and vegetation data were lacking for some sites).
However, data were compiled across all surveys conducted between May and August to
provide a composite layer for comparison (see Table 1 for a summary of environmental
data considered in this study).

DATA COLLECTION

Spatial Extent

ArcGIS shapefiles were provided by Parks Canada for the Point Pelee National
Park boundary from 2013 and Point Pelee National Park open-water classification from
2010. The open-water classification layer was simplified for the analysis by removing
small ponds that lacked environmental sampling data. Only the seven large ponds in
Point Pelee National Park, which had been the focus of environmental surveys, were
retained (Sanctuary, Bush, West Cranberry, East Cranberry, Lake, Girardin, and
Redhead ponds). The boundary of Lake Erie was downloaded from Scholars GeoPortal
(http://geo2.scholarsportal.info/) (Figure 1).

Substrate

Substrate data were collected in 2002 and 2003 as part of a M.Sc. thesis on the
fish communities of the seven large ponds on Point Pelee National Park (Surette 2006).


http://geo2.scholarsportal.info/

Percent coverage of substrate types (muck, debris, clay, sand, gravel, pebble, cobble,
rubble, boulder) was condensed into three main subtypes (muck/ debris; clay; and,
sand/ gravel/ pebble/ cobble/ rubble/ boulder) to simplify analysis (Figure 2). The
percent cover of gravel, pebble, cobble, rubble, and boulder was very limited in the
dataset, and the inclusion of more variables increased the probability of over-fitting
within MAXENT (Radosavljevic and Anderson 2014).

Vegetation

Vegetation data, i.e. percent cover of submergent, emergent, and floating
vegetation, were also collected in 2002 and 2003 (Surette 2006). Each of these layers
was interpolated separately (see below), in addition to a ‘no vegetation’ layer, which
was simply 1- the other vegetation types (Figure 3). Vegetation sampling occurred in all
seven ponds in 2003; however, for 2002, vegetation data were not available for Bush
Pond, and very limited for Redhead Pond. Therefore, only 2003 data were used for
species distribution modeling.

Water Depth

Minimum and maximum water depths at each site were collected by Surette in
2002 and 2003 (Figure 4). Total depth was also sampled as part of Parks Canada EIMP
surveys in spring and summer of 2009. However, EIMP sampling occurred
predominantly in the centre of ponds with much smaller spatial coverage than Surette’s
surveys, therefore, species distribution modeling was conducted using the Surette data
only, but composite data layers were compiled and used in correlation analysis.

Temperature

Temperature data were collected by Surette in 2002 and 2003 in the spring (May-
June) and summer (July-August). In 2002, temperature was recorded at all sites but, in
2003, summer data were absent from Sanctuary Pond. Therefore, only the spring
temperature data were used in 2003 (Figure 4).

Water quality

Water-quality data collected in 2003 as part of Surette’s fish community survey
included conductivity, pH, dissolved oxygen, turbidity, and chlorophyll-a (Surette 2006)
(Figure 5). Similar water quality data were also collected by Parks Canada as part of the
EIMP surveys 2008-2015; however, EIMP sampling predominantly occurred in the
centre of ponds. Not all ponds were sampled every year in EIMP surveys, therefore,
species distribution modeling was conducted using the Surette data only, but composite
data layers were compiled and used in correlation analysis.

Warmouth locality data

Fish sampling was conducted across all ponds in 2002 and 2003 using inshore
hoop nets, offshore hoop nets, Windermere nets, minnow traps, trap nets, bag seines,
and straight seines (Surette 2006). In 2002, 353 Warmouth specimens were collected
ranging from 26-300 mm in length. In 2003, 304 Warmouth specimens were collected
ranging from 27-197 mm in length. In total, 657 specimens were captured. The spatial
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extent of sampling conducted in 2003 from Surette (2006), including that of specific gear
types, is shown in Figure 6. In addition to the Surette survey data, two Warmouth
specimens were caught by Fisheries and Oceans Canada in 2002 as part of a Spotted
Gar survey at Point Pelee National Park, both of which were located close to sites from
Surette’s survey in 2002.

Phragmites australis

Riparian vegetation data were also collected as part of Surette’s survey data in
2002 and 2003 (Surette, 2006). The common reed, Phragmites australis, was found
along the eastern shore of Point Pelee, specifically, on Bush, Lake, and Redhead ponds
in both years. These data were used to assess potential threats to the species, but were
not included in any formal analysis.

SAMPLE LOCALITY AND ENVIRONMENTAL DATA ANALYSIS IN ARCGIS

Environmental data were interpolated using the Spline with Barriers function in
ArcMAP 10 with a cell size of 0.0001 (or approximately 10 m x 10 m). Spline with
Barriers was used to maintain pond integrity and to avoid interpolating data from one
pond into another. The geographic extent of layers was defined using the open-water
classification shapefile provided by Parks Canada, edited to only include the seven
main ponds. Warmouth sampling data were edited slightly before inclusion in the
species distribution modeling. If two Warmouth localities occupied the same cell within
ArcGIS, one was removed for a maximum of one locality per cell. This ensured that
training and testing sites were distinct and did not have overlapping cells. To be
conservative, one sample locality was randomly removed when two sites were less than
20 m from one another. In total, 82 distinct Warmouth localities in 2002, and 63 distinct
localities in 2003 were included in the study. A small number of Warmouth localities
were moved (<2 m) to fit on the grid in ArcGIS.

Interpolated environmental data were collected (for more than 900 data points)
for correlation analysis using the ‘Extract Multi Values to Points’ function in ArcGIS as
sample sites varied slightly among surveys and years. Correlation analysis was
conducted to evaluate whether environmental variables showed consistent patterns
across datasets (and were, therefore, reliable environmental indicators) and to assess
multicollinearity among variables. Correlations were examined using the package
‘corrplot’ in RStudio ver. 0.99.473 (RStudio Team 2015). Species distribution modeling
was conducted using those environmental variables that exhibited consistency across
years, but were not highly correlated with other environmental variables.

RUNNING MAXENT

The distribution of Warmouth was modeled using MAXENT (Maximum Entropy
Species Distributional Modeling, Version 3.3.3k), a presence-only, machine-learning
method based on maximum entropy (Phillips et al. 2006). Like all species distribution
modeling methods, MAXENT assumes that all environmental variables have ecological
importance to the species and that the species’ distribution is limited by environmental
variables rather than other factors (e.g. physical barriers). Another assumption is that
environmental variables are not highly correlated with one another, although MAXENT is
fairly robust to correlations among environmental variables (Elith et al. 2011). A
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regularization parameter of 3.5 was used in MAXENT to minimize over-fitting
(Radosavljevic and Anderson 2014). Analyses were performed with 5-fold cross-
validation method. The data were partitioned into five ‘folds’, with one fold (20% of the
data) used as the ‘test’ data, and the remaining 80% of the data (the training data) used
to build the model. Five models were created, with each fold acting as the ‘test’ data
once. The final model prediction was based on an average of all the models.

Model performance was evaluated using the area under the receiver-operating
curve (AUC), a threshold-independent estimate of statistical support (Phillips et al.,
2006). The AUC represents the fit of the model or the ability of the model to distinguish
between locations where the species was found and all other locations. Models with an
AUC of 0.9 are often considered outstanding, 0.8 is considered good, and 0.7
acceptable (Hosmer and Lemeshow 2000). Elith et al. (2006) suggested that an AUC
value of 0.75 indicates a useful model for understanding species distributions with
MAXENT. The one-tailed binomial probability that the model predicted the test data no
better than random was evaluated using two different threshold values (maximum test
sensitivity plus specificity threshold, and the 10" percentile training presence threshold)
to distinguish ‘suitable’ from ‘unsuitable’ habitat. Each environmental variable was also
examined to assess its importance within the model using the jackknife approach in
MAXENT. Importance of each variable is estimated by the decrease in AUC when the
parameter in question is randomly permuted across the study site.

To address the possibility of spatial bias in sampling effort, a second species
distribution model was created in MAXENT using only Warmouth localities from the black
hoop net and white hoop net as these gear types show the least amount of bias
(Figure 6). Given the small sample size of Warmouth localities (n=16), a 10-fold cross
validation was used to allow more samples in the training dataset (n=14) and n=2 for
testing. This analysis was conducted for comparative purposes to evaluate how
sampling bias may have influenced the model.

RESULTS

DATA AND CORRELATIONS

Strong correlations were observed between Surette 2003 and composite data
layers for substrate, vegetation, and depth (Figure 7), illustrating that Surette 2003 data
were representative of all available data. Muck/debris was highly inversely correlated
with sand/cobble (r = -0.9). Therefore, one layer (muck/debris layer) was arbitrarily
removed to comply with MAXENT assumptions about correlated variables. The ‘no
vegetation’ layer was inversely correlated with submergent vegetation (r = -0.7), but the
correlation was considered moderate and both variables were retained in the MAXENT
model.

Correlations among temporal estimates of water-quality data revealed that
turbidity (r~0.7), pH (r~0.7), and conductivity (r~0.6) were all relatively stable across
years (Figure 8). However, dissolved oxygen and chlorophyll had notably lower
consistency across surveys, with r~0.4 and r~0.3, respectively. Therefore, only turbidity,
pH, and conductivity were used for species distribution modeling.

SPECIES DISTRIBUTION MODELING



The test AUC value for the species distribution model using 2003 data was 0.78,
with AUC values ranging from ~0.6-0.85 for individual variables (Figure 9). The one-
tailed binomial probability was highly significant (p<0.0005) using the maximum test
sensitivity plus specificity threshold. The final model specifications indicated that
Warmouth habitat was characterized by limited clay substrate. Suitable habitat tended
to be characterized by minimal depths, vegetation (submergent and floating), low
turbidity, low pH, and high conductivity, and sand/cobble substrate (Figure 10).
Probability of suitable habitat varies fairly linearly with changes in many of these
environmental characteristics, although conductivity values > 350 uS/cm) and
submergent vegetation > 25% may represent important thresholds (Figure 10).
Minimum depth was considered the most important variable within the model (38%
importance), followed by floating vegetation (28% importance), clay substrate (10%),
and pH, conductivity, turbidity, and submergent vegetation (all ~5%).

Good quality habitat was predominantly found in the eastern portion of Point
Pelee National Park. Virtually all of Bush and Redhead ponds were considered highly
suitable, as well as large portions of East Cranberry and Girardin ponds (Figure 11).
Within West Cranberry and Lake Pond, much of the shoreline was considered suitable,
although the species was not particularly abundant in West Cranberry Pond. Sanctuary
Pond provided the least amount of suitable habitat as the species was only found at two
sites in 2003 and none in 2002. These patterns are also easily visualized with a
‘maximum test sensitivity plus specificity’ threshold (of 0.38), and the 10" percentile
training presence threshold (of 0.23) (Figure 12).

A comparison of the original model with a second model created with a more
limited locality dataset (black and white hoop net data only) is shown in Figure 13. The
test AUC value for this model was 0.689, illustrating lower confidence with fewer data
points. This model indicated that environmental characteristics of suitable habitat were
similar to those previously identified, including minimal depths, limited clay substrate,
vegetation (submergent and floating), low turbidity, low pH, and high conductivity,
although the presence of sand and cobble substrate is no longer a good predictor
(Figure 14).

DISCUSSION

Warmouth is widely distributed in Point Pelee National Park. Statistical support
(AUC values) for the habitat model was strong, but not excellent, perhaps reflecting the
difficulty of distinguishing suitable from unsuitable habitat when the species is so
widespread within the study area. With the exception of most of Sanctuary Pond and,
perhaps, the inner parts of West Cranberry Pond, most of the freshwater habitat at Point
Pelee National Park appears to provide suitable habitat for Warmouth. Habitat suitability
models were highly consistent with previous expectations regarding Warmouth habitat
characteristics (Edwards and Staton, 2009). Shallow depths, abundant aquatic
vegetation, low turbidity, low pH, and high conductivity were all predictive of suitable
habitat. Clay substrate appears to be less favorable, perhaps because vegetation is less
abundant on this substrate. However, clay was only found in a few isolated patches, so
additional evidence would be required to conclude that clay is not suitable. Sand/cobble
and muck/debris both appear to provide suitable habitat, although sand/cobble was
slightly more favorable, perhaps because it was found in shallower parts of ponds.
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The sampling surveys of Surette (2006) were extensive and invaluable to this
study. However, some potential sources of bias were identified, including a sampling
regime that was weighted towards nearshore samples and the use of a variety of fish-
capture methods. Soft substrates and extensive macrophyte coverage in some areas
did not allow for uniform sampling methods throughout the study area. To address this
bias, a second analysis was performed using gear types that appeared to have low bias
in their distribution (i.e. black and white hoop nets). The green hoop net sampling was
biased towards the nearshore areas. The bag seine and trap nets were biased towards
the eastern part of the park, although these gear types did not contribute many sites,
and hardly any unique sites to the study. The second model largely supported the
previous findings, albeit with lower overall support, possibly due to the smaller sample
size of Warmouth localities. One notable exception was that sand and cobble substrate
was not associated with higher predicted suitability in the second model (Figure 14)
unlike in the first (Figure 10). Sand and cobble were dominant in the eastern part of
Lake Pond, an area that was not well sampled by black and white hoop nets (Figure 6).

The degree to which bias has influenced the model depends on whether
Warmouth localities are representative of the true distribution of the species. MAXENT
was, in part, designed to take advantage of museum collections where presence
localities were recorded, but absence data were not (Phillips et al. 2006). The method
relies on the assumption that over a long period of time, an area has been well
sampled. It follows that if the selection of sampling sites at Point Pelee National Park
was informed by a history of sampling and knowledge about where the species is found,
then the model will still perform well despite apparent bias. Sampling in this study may
well have been biased towards true Warmouth habitat. For example, the high capture
rate in the nearshore areas by the green hoop net (Figure 6), suggests that this gear
type may have sampled predominantly in true Warmouth habitat. Nevertheless, given
that the distribution of ‘true’ Warmouth habitat is not known, and given the bias in
sampling site selection, a second model was created for comparison. In general, the
similarity between the two models suggests that the models are performing relatively
well despite some bias in the sampling. Characteristics of suitable habitat, according to
both models, were largely consistent with findings from the literature (e.g., preference
for shallow water, abundant vegetation, sand and silt substrate, and low turbidity)
(COSEWIC 2005).

Conservation planning requires the identification of suitable habitat, however, the
selection of an appropriate threshold to differentiate suitable from unsuitable habitat is
not always clear. Threshold selection has implications for whether error is primarily that
of omission (leaving out suitable habitat) or commission (including habitat that is not
actually suitable). Although the ‘maximum test sensitivity plus specificity’ threshold has
been found to perform well compared to other threshold methods (Liu et al. 2005), this
threshold may be too high for a conservation application (Phillips et al. 2006). Lower
thresholds are likely warranted for species at risk as the implications for omission are
worse than for commission when identifying habitat for protection. In this case, a low
threshold seems warranted as all ponds clearly provide at least some suitable habitat.

Point Pelee National Park contains possibly the best habitat for Warmouth in
Canada and the population is thought to be healthy (Edwards and Staton 2009). As
Point Pelee National Park is a protected area, the risk of habitat destruction is low.



However, climate change and invasive species still present a threat. Warmouth was
identified as a species at risk with high sensitivity to climate change due to its reliance
on nearshore habitat and its limited distribution in Canada (Doka et al. 2006).
Furthermore, lower water levels from increased evaporation rates due to climate change
will likely negatively affect the extent of Warmouth habitat in the park. Conversely,
Warmouth is considered a warmwater species and may even benefit from thermal
changes associated climate change (Edwards and Staton 2009). Therefore, the ultimate
impact of climate change on Warmouth populations at Point Pelee is unclear and will
likely depend on the magnitude of changes to water temperature and
evapotranspiration. In addition to climate change mediated alterations, Phragmites
australis presents a potential threat to habitat, which may be exacerbated as water
levels decrease. Phragmites australis can have a significant impact on nearshore
environments as it tends to dominate wetlands with its large dense stems, outcompeting
other types of vegetation (Bourgeau-Chavez et al, 2015) and converting open water to
dense stands of emergent growth (Crisman et al. 2014). Surveys in 2003 identified
Phragmites australis along the eastern border of the park, where some of the most
suitable habitat for Warmouth exists according to this study. Therefore, continued
monitoring is required, and active management of Phragmites australis within Point
Pelee National Park may be warranted.
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Table 1. Geo-referenced environmental data collected at Point Pelee National Park. Data used

in the final species distribution model are indicated.

Year In final
Source collected Category Specific Details model

Surette (2006) 2003 Substrate Clay *
Surette (2006) 2003 Substrate Sand, Cobble *
Surette (2006) 2003 Substrate Muck, Debris
Surette (2006) 2003 Vegetation Emergent *
Surette (2006) 2003 Vegetation Submergent *
Surette (2006) 2003 Vegetation Floating *
Surette (2006) 2003 Vegetation No Vegetation** *
Surette (2006) 2003 Depth Minimum Depth *
Surette (2006) 2003 Depth Maximum Depth *
Surette (2006) 2003 Temperature Temp- Spring (May, June) *
Surette (2006) 2003 Temperature  Temp- Summer (July, August)
Surette (2006) 2003 Water Quality Dissolved oxygen
Surette (2006) 2003 Water Quality Conductivity *
Surette (2006) 2003 Water Quality pH *
Surette (2006) 2003 Water Quality Turbidity *
Surette (2006) 2003 Water Quality Chlorophyll
Surette (2006) 2002 Substrate Clay
Surette (2006) 2002 Substrate Sand, Cobble
Surette (2006) 2002 Substrate Muck, Debris
Surette (2006) 2002 Vegetation Emergent
Surette (2006) 2002 Vegetation Submergent
Surette (2006) 2002 Vegetation Floating
Surette (2006) 2002 Vegetation No Vegetation**
Surette (2006) 2002 Depth Minimum Depth
Surette (2006) 2002 Depth Maximum Depth
Surette (2006) 2002 Temperature  Temp- Spring (May, June)
Surette (2006) 2002 Temperature  Temp- Summer (July, August)
Surette (2006) 2002 Water Quality Dissolved oxygen
Surette (2006) 2002 Water Quality Conductivity
Surette (2006) 2002 Water Quality pH
Surette (2006) 2002 Water Quality Turbidity
Surette (2006) 2002 Water Quality Chlorophyll
Razavi (2006) 2005 Water Quality Conductivity
Razavi (2006) 2005 Water Quality pH
Razavi (2006) 2005 Water Quality Turbidity
Razavi (2006) 2005 Water Quality Chlorophyll

EIMP 2008-2015  Water Quality Dissolved oxygen

EIMP 2008-2015  Water Quality Chlorophyll

EIMP 2008-2015  Water Quality Turbidity
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Year In final

Source collected Category Specific Details model
EIMP 2008-2015  Water Quality Conductivity
EIMP 2008-2015  Water Quality pH

** Note: 'No Vegetation' is plotted as 'All Vegetation' in Figure 3 for colour consistency within the figure.
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Figure 1. Lake Erie with Point Pelee National Park highlighted in red (top). The freshwater ponds in Point Pelee National Park, with
the park boundary highlighted in green, and pond names indicated (right).
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Figure 2. Interpolated substrate data from ArcGIS. Condensed substrate layers are based on 2003 data from Surette (2006).
Sampling sites used by Surette in 2003 (bottom right) apply to substrate, vegetation, and depth (see Figures 3, 4).
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Figure 3. Interpolated vegetation layers based on 2003 data from Surette (2006). See Figure 2 for sampling sites. Note: ‘All
Vegetation’ is used for colour consistency within the figure (‘All Vegetation’ = 1 — ‘No Vegetation’).
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Figure 4. Interpolated depth and temperature data from 2003 survey in Surette (2006). See Figure 2 for sampling sites related to
depth. Temperature data were from the spring of 2003 (May-June survey) (Surette 2006).
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Figure 5. Interpolated water quality data for 2003 from Surette (2006), with respective sampling sites.

17



\i\ "
™, t\(.. p . ‘\l ; ‘ \\\ “w'-g . ST
. | ] . . :
5 = e lf \ ! - oy i
\;:lf* e . v D \\}* . v )
o i -
3, 5 - = .’! /“' ‘:\:h* i _f,/ P
RN 4 Y i o 4
g g, - o Y S o e o s b
o A‘_. % ‘_,z . ,.- LY .-’. " 31} w, . o )
ey S | L '.-“‘ & fatt e, . = -
"?-f\'\‘..«‘-.. . 5 @
A L AL {
oy AN o N4
"i:\%;'u e }\\? .? o A
All gear types :i! Black Hoop Net £
™ ~J =~
L - .
..' 4 g
N N e
j! 5
o e — , "..,. \\ A
\ " ~® "1 \\\ & ) . ‘ \ 3 S \
.x._ \‘\ 't-' 1! { : \\ lk . = 7 . i . o -_ 3
e, L { \ by F | e o ¢ S
v R N, Vo % e ) G
v ) o : ‘ lf* T ) g + 1 ';f 3
AN e - { ' o 5 h LA . .: 1. -‘-.I\_:.' /H} b
Vi @ & [ e - Ty ( )
g g =l - T S 1N, A y ek ’
= \;. g ; [: . 'L - ____i Ay }
i _,,.a' \‘ ' 3 . . r - \\. :
._.\ " - . : 'r.‘_\ \ . W ‘ l.__\ y -
." L i _I_ .
4 . rap Net
Green Hoop Net '2 Bag Seine 'f -
] \ ¢

Figure 6. Spatial extend of sampling conducted in 2003 (Surette 2006), shown together as well as separated by gear type. Black
circles represent sampling sites where no Warmouth were captured. Green circles represent sampling sites where Warmouth were

captured.
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Figure 7. Correlations among interpolated substrate, vegetation, depth, and temperature data from Surette’s 2003 data and a
composite layer of all data available (Note: ‘no vegetation’ in this figure refers to 1- ‘all vegetation’ from Figure 3). The strength of the
correlation is indicated by color in legends shown on the right.
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Figure 8. Correlations among interpolated water quality data layers. ‘Sur2003’ represents Surette’s 2003 data; ‘comp’ represents a
composite layer of all data available, including Surette’s 2002 and 2003 data, EIMP data from 2008-2015, and Razavi (2006) 2005
data; ‘EIMP’ represents all EIMP survey data from 2008-2015; and, ‘EIMP2012’ represents EIMP survey data from 2012 only, when
the spatial coverage was greater than in other EIMP survey years. The strength of the correlation is indicated by color in the legend
shown to the right.
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Figure 9. Test AUC results from species distribution modeling using MaxEnt. Support for the model based on all variables (red bar) is
approximately 0.78. Statistic support for models based on single variables are represented with dark blue bars. Statistical support for
models based on all variables other than the single variable is represented with light blue bars.
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Figure 10. Results of MaxEnt models created using only a single environmental variable. These graphs show how the logistic
prediction of habitat suitability changes as the environmental variable changes. Higher values on the y-axis indicate higher habitat
suitability.
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Figure 11. Species distribution model predications of suitable habitat as indicated by continuous probabilities. Warmouth presence
localities from 2003 are also shown.
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Figure 12. Suitable and unsuitable habitat based on two thresholds of suitability. Maximum test sensitivity plus specificity threshold
(0.38) is shown on the left; and, the 10" percentile training presence threshold (0.23) is shown in the centre. Warmouth presence
sites from both 2002 and 2003 were plotted to illustrate how well the predictive region, which is based on 2003 data, captures

Warmouth sites from both years.
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Figure 13. Comparison of species distribution model predictions of suitable habitat from the original model using all locality data (left)

and using only locality data from the black hoop net and white hoop net (Figure 7). All Warmouth presence localities from 2003 are
shown on the original prediction (left), but only those localities identified with the black hoop net and white hoop net are shown on the

right.
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Figure 14. Results of the second MaxEnt model (using only black and white hoop net data) created using only a single environmental
variable. These graphs show how the logistic prediction of habitat suitability changes as the environmental variable changes. Higher
values on the y-axis indicate higher habitat suitability.



