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Summary
Changes in air temperatures, precipitation patterns and extreme weather events
associated with climate change have and will continue to influence aquatic ecosystems.
Increased water temperatures, changes in the timing of the spring freshet, ice‐cover duration
and wetland composition have been already documented in several systems (Durance and
Ormerod, 2007; Mortsch et al., 2006; Xenopoulos et al., 2005). Lake Simcoe and the wetland
and streams within the Lake Simcoe watershed are also being affected by climate change. The
objectives of this study were to develop indicators that can be used to guide the development
of a climate change adaptation strategy for the aquatic ecosystems within the Lake Simcoe
watershed. For each ecosystem, physical habitat changes associated with climate change have
been paired to a biological indicator. The results indicated that 89%of the wetlands within the
watershed will be vulnerable to drying and shrinkage resulting from increases in air
temperatures and decreases in precipitation. Stream temperatures will increase 1.3 °C above
current conditions by 2100 and suitable habitat for cold‐water stream fish distributions may be
reduced in all 15 of the sub‐watersheds in which they are found currently. Suitable thermal
habitat for lake‐dwelling, cold‐water species such as lake trout may be reduced by 26% with
climate change. The results presented in this report do not include other anthropogenic
stressors such as groundwater withdrawals, stream regulation or pollution that may exacerbate
the changes in quality and quantity of aquatic habitats. Several recommendations are made to
mitigate or adapt to the effects of climate change. These include limiting infilling and draining
activities in wetlands, restoring or maintaining riparian buffers in streams, and regulating
effluents and fishing harvest in the Lake.
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Introduction
Climate change is having significant impacts on aquatic ecosystems around the world.
Water quality and quantity are being altered as water temperatures increase, and water
budgets are modified by changes in air temperature, precipitation and extreme weather events
associated with a changing climate (Durance and Ormerod, 2007; Xenopoulos et al., 2005).
Human activities such as river regulation, groundwater withdrawal, shoreline development, and
point and non‐point source pollution will further exacerbate the changes to these ecosystems.

2
The impacts of climate change in wetlands are variable and depend on the conditions in
the surrounding watershed and the sources of water into the system. For example, changes in
precipitation patterns will have significant impacts on the water budgets of bogs where the
main influx of water is derived from precipitation. In fens, where water influx comes mainly
from groundwater, climate change may have a more variable impact depending on the amount
of precipitation, recharge rates and geomorphology of the system (Mortsch et al., 2006).
In streams and rivers (hereafter all flowing waters are called streams), long‐term
increases in water temperatures and changes in stream biota have been already detected
(Durance and Ormerod, 2007). Increases in stream temperatures can provide more suitable
habitat for species that prefer warmer temperatures throughout the ice‐free season but may
limit the distribution of other species that prefer cooler temperatures (Chu et al., 2008).
The magnitude of change associated with climate change in lake ecosystems is
dependent on the physical properties and ecology of the system. For example, small, shallow
lakes are likely to warm with increases in air temperature to a greater extent than large, deep
lakes.
Lake Simcoe is one of the largest inland lakes in Ontario and supports 350,000 people in
its watershed. The terrestrial watershed is 2,899 km2 and is divided into 18 sub‐watersheds.
There are 35,600 ha of wetlands within the watershed. There are only 25 ha of true bogs
within the watershed and 450 ha of fens. Marshes make up 12.6% of the wetlands whereas
swamps occupy the remaining 86% of all wetland areas (Beacon Environmental and LSRCA,
2007; OMOE, 2010). There are approximately 3,900 km of stream channels in the watershed
and there is a negative correlation between stream health indicators (e.g., forest cover) and
human development (LSRCA, 2008). The Lake has a surface area of 722 km2. Excessive
amounts of phosphorus were identified as the leading source of pollution in the last 30 years
but currently phosphorus levels are lower than during the 1980s, water clarity is increasing and
the benthic macroinvertebrate community is in good condition. Populations of cold‐water fish
species such as lake trout (Salvelinus namaycush) and lake whitefish (Coregonus clupeaformis)
have been sustained by annual stocking programs while warm‐water (e.g., largemouth bass,
Micropterus salmoides), and cool‐water (e.g., yellow perch, Perca flavescens) fishes are
relatively stable (Scott et al., 2005; Robillard, 2010a; Robillard, 2010b).
Climate change scenarios indicate that air temperatures will increase throughout the
watershed and there will be regional changes in precipitation patterns (McKenney et al., 2010).
These changes will likely have significant impacts on the aquatic ecosystems within the
watershed. Following the vulnerability and adaptation framework of the IPCC (2007), the main
objective of this study was to identify vulnerability indicators for Lake Simcoe and the wetlands
and stream ecosystems within the watershed. These indicators represent measures that can be
used to quantify the sensitivity of each system to climate change. The responses of these
indicators will be used to develop adaptation strategies for each ecosystem.
Methods
Different indicators were used to forecast the impacts of climate change on the wetland,
stream and lake ecosystems of the Lake Simcoe watershed. For each ecosystem, changes in a
measure of physical habitat (derived from climate and landscape variables) available to biota
were paired with an example of the biological consequence of those habitat changes. Current
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climate conditions were estimated using the 1971‐2000 Canadian Climate Normals data. The
forecasts were made using newly developed or existing models that relate the biological
metrics of the ecosystems to habitat variables. The Canadian Global Climate Model 2 (CGCM2)
with the A2 emissions scenarios for 2011‐2040, 2041‐2070 and 2071‐2100 were used for all
forecasting as they provide the “worst case scenarios” when compared to the lesser, more
environmentally‐focused B2 scenarios. Therefore, adaptation strategies developed based on
these scenarios can be more readily downgraded in the event that the projections overestimate
ecosystem change. Summaries of the current and future scenario data are provided in
(McKenney et al., 2010).
Wetlands
Wetland vulnerability
Marshes, swamps, bogs and fens are found throughout the Lake Simcoe watershed. The
vulnerability of each of these wetland types to climate change were assessed using projected
air temperature, precipitation and a base flow index that is a measure of groundwater
discharge potential based on underlying surficial geology (Neff et al., 2005). These climate and
landscape variables were chosen to evaluate the vulnerability of the wetlands to climate
change because changes in any of these variables will affect the water budget of the wetlands.
For this indicator, vulnerability was defined as degraded quality or loss due to drying resulting
from increased evapouration at increased air temperatures, water loss due to decreased
precipitation and/or low groundwater inflow.
The change in growing season (April – September) air temperatures and total
precipitation from current conditions to the 2011‐2040, 2041‐2070 and 2071‐2100 scenarios
were calculated in ArcGIS® 9.0 (Environmental Systems Research Institute Inc., Redlands,
California, USA) using provincial climate scenario data (McKenney et al., 2010). The wetland
polygons were spatially joined to the air temperature and precipitation scenario rasters in
ArcGIS. Under the A2 scenarios, air temperatures will increase whereas precipitation will either
remain the same or decrease with climate change. The base flow index was held constant in
the scenarios as the potential changes in groundwater for example, quantity, recharge rates
and timing of discharge may take years to be realized (Chu et al., 2008). The area‐weighted
base flow index values for each of the wetland polygons were calculated using zonal statistics in
ArcGIS.
The range of changes in temperatures and precipitation were used to generate
vulnerability matrices for each of the scenarios (Table 1). The underlying premise was that
comparatively greater increases in air temperature and decreases in precipitation were
associated with greater vulnerability to climate change.
Indicator wetland bird species distributions
In 2006, Morstch et al. developed a vulnerability index for wetland bird species based
on their life history characteristics and habitat requirements. Pied‐billed grebe (Podilymbus
podiceps) was selected as the indicator species to examine the potential impacts of climate
change on wetland bird distributions because it is found within the Lake Simcoe watershed and
is one of the species most sensitive to climate change (Mortsch et al., 2006). The wetland
vulnerability maps were overlaid onto the current distribution map of the Pied‐billed grebe
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(Bird Studies Canada, 2010) to determine how its range may be restricted by the degradation or
losses of wetlands with climate change.
Streams
In‐stream thermal regimes
Stream water temperature was selected as one of the climate change indicators for
streams because it significantly impacts overall water quality (Ducharne, 2008), metabolic
activity (Poole and Berman, 2001), growth rates (Allen et al., 2006), timing of fish spawning
events (Connor et al., 2003) and the distribution of organisms in stream ecosystems (Caissie,
2006). Stream temperatures were also used because they are directly related to air
temperatures (Mohseni et al., 1998). Maximum weekly water temperature (MWMT) was
selected to represent in‐stream temperatures as it quantifies the hottest, and potentially
biologically limiting, conditions in the streams.
A model developed by Baird & Associates (2006) for the East Holland River was used to
predict MWMT in the streams from air temperatures under the 2011‐2040, 2041‐2070 and
2071‐2100 scenarios. Current air temperatures for 47 sites with in‐stream temperatures were
used to validate the model (RMSE: ‐0.5 °C ± 2.5 °C). The Baird model and the air temperature
scenario data were used to predict MWMT in the streams throughout the watershed.
Likelihood of streams in the sub‐watersheds to retain cold‐water fish species
Chu et al. (2008) developed an index of the likelihood of quaternary watersheds in
southern Ontario to retain cold‐water stream fish species (e.g., brook trout, Salvelinus fontinalis
and mottled sculpin, Cottus bairdii) with climate change (Table 2). The index is based on
maximum air temperature and groundwater discharge potential in the watersheds and
demonstrated that watersheds with high groundwater discharge potential (base flow index
mentioned above) could offer thermal refugia for cold‐water species in light of climate change.
Area‐weighted maximum air temperature and groundwater discharge potential under
the 1971‐2000 climate normals and the CGCM2 A2 scenarios were calculated for the 15 sub‐
watersheds that currently have cold‐water stream fish species using ArcGIS. These values were
compared to the likelihood index to rank the watersheds according to their potential (low, mid,
high) to retain cold‐water species in the future.
Lake Simcoe
Temperature profiles of the Lake
Lake water temperature was selected as an indicator of climate change because it
should be impacted directly by changes in air temperatures (Trumpickas et al., 2009).
Temperature profile data (temperatures at 1 m depths) for the OMOE station K42 in
Kempenfelt Bay (the deepest part of the lake) were used in the analysis. These temperature
data spanned 1980‐2009 and end of summer (September 15th) temperatures were used to
calculate the current mean temperature profile. That is, temperatures at each 1 m depth
interval were averaged across the 1980‐2009 time period to produce a single temperature
profile that represented the average end of summer temperature profile for K42. End of
summer temperatures were used because they represent the critical time when temperature
and dissolved oxygen content could limit cold‐water species distributions. Changes in the Lake
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thermal profile were predicted using a model developed by Mackenzie‐Grieve and Post (2006)
that was parameterized to the mean temperature profile for K42 (Equation 1).
(1)

T = Tb + Td((DSTEEP)/(ZthSTEEP + DSTEEP))

where T is the temperature (°C) at a given depth, Tb is the bottom temperature (°C) of the lake
(profile), Td is the difference in temperature from the surface to the bottom (i.e., Td = Tsurface –
Tb) of the profile, D is the given depth (m) in the profile, Zth is the thermocline depth (m), and
STEEP is a unitless parameter describing the shape of the thermocline. For K42 these
parameter values were: Tb = 8.6, Td = 9.9 (18.5‐8.6), Zth = 17.78 (the mean thermocline depth
for the 1980‐2009 time period, the thermocline was defined as the mean depth of the
metalimnion and the metalimnion was defined as the depths at which temperatures changed
by >1 °C∙m‐1), and STEEP = 13.3*SIN(2*3.14*40‐0)/40‐4.75.
Mean September air temperature data were calculated from the Barrie WPCC climate
station and used to calculate water temperatures at the lake surface from air temperatures
(Figure 1). The predicted surface water temperatures under the CGCM2 A2 for 2011‐2040,
2041‐2070 and 2071‐2100 were entered into Equation 1 to predict temperature profiles for the
lake in the future.
Thermal habitat volume for lake trout
Cold‐water species and their preferred habitats are likely to be more negatively
impacted by climate change than cool‐water and warm‐water species and their habitats (Chu et
al., 2005; Fricke et al., 2007). Using Kempenfelt Bay as an indicator of the thermal conditions in
the whole lake, suitable thermal habitat volume for lake trout (temperatures of 8‐12 °C) were
calculated from a hypsographic curve (whole lake volume at each 1 m depth stratum) and the
current, 2011‐2040, 2041‐2070 and 2071‐2100 temperature profiles.
Results
Ninety per cent of the swamps, 84% of the marshes, 50% of the fens and 100% of the
bogs may be highly vulnerable to drying under the increased air temperature, decreased
precipitation and groundwater conditions in 2100 (Table 3; Figure 2). The availability of
suitable habitat for wetland‐dependent species will decrease with climate change. Pied‐billed
grebe distributions may be reduced by 84% under the 2071‐2100 scenarios as most of the
wetlands that it currently inhabits may be degraded or lost with climate change (Figure 3).
Maximum weekly stream temperatures across the watershed will likely increase with
climate change but the regional pattern may remain the same, i.e., warm areas such as the
southwestern region of the watershed may continue to be warmer than the northeastern
region (Figure 4). Currently, cold‐water fish species are present in 15 of the 18 sub‐watersheds
(Figure 5). Under the CGCM2 A2 scenarios, cold‐water species distributions within all of the
watersheds may be reduced by 2100 (Figure 5). Sub‐watersheds with higher groundwater
inflows and comparatively lower increases in air temperature have the highest potential for
retaining cold‐water species (Table 4).
The surface water temperature in Lake Simcoe has increased from 1980‐2009 (r2 = 0.32,
p = 0.001; Figure 6). Concomitant with this increase there has been a very slight decline in the
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thermocline of the lake but the thermocline depths are highly variable and this trend is not
significant (r2 = 0.03, p = 0.33; Figure 6). By 2100, surface water temperatures could increase by
2.4 °C (Figure 7). The greatest difference between current and future water temperatures may
occur within the epilimnion where temperatures may increase by approximately 2 °C.
Temperatures within the hypolimnion (where lake trout thermal habitat is most likely to occur)
could increase by less than one degree (Figure 7). Using Kempenfelt Bay as an indicator of the
thermal conditions in the whole lake, suitable thermal habitat for lake trout may decline by 2 m
from 2011‐2040 to 2071‐2100, which could result in a 26% decrease in its suitable thermal
habitat volume by 2100 (Table 5).
Discussion
Wetlands
OMNR currently is updating wetland baseline data for the Lake Simcoe watershed to
identify, protect and restore high priority habitats that help to reduce nutrients impacting the
Lake (Environment Canada, 2010). The wetland vulnerability indicator developed in this report,
ranked the vulnerability of all of the wetlands to projected increases in air temperatures,
decreases in precipitation and groundwater conditions. According to the CGCM2 A2 scenarios
89% of the wetlands may be of decreased quality and extent by 2100 due to changes in the
water budgets of those wetlands. Losses or degradation of wetland habitat may lead to
declines in populations of wetland‐dependent species such as the pied‐billed grebe. The
strengths of these analyses are: 1) they incorporate the dominant physical variables (air
temperature, precipitation and groundwater inflows) that influence wetlands (Mortsch et al.,
2006), 2) they offer easily interpretable guides for setting priority areas for wetland
conservation, and 3) they provide a framework for assessing how wetland changes may
influence habitat availability and the distributions of wetland‐dependent species.
Several uncertainties and future research recommendations exist regarding: 1) specific
wetland extent changes, 2) wetland plant composition shifts, 3) movement of birds to less
optimal habitats or adaptation by the birds to changing wetland conditions, and 4) the
cumulative effects of other factors that influence wetland vulnerability such as infilling and
draining. Each wetland polygon was treated as a uniform unit and thus the low, mid and high
vulnerability rankings were uniform across each of the polygons. It is possible that whole
polygons (i.e., the whole wetland patch) may not be affected. For example, drying or shrinking
of the wetlands may occur around the edges of the wetland leaving the middle of the wetland
intact.
Detailed wetland plant composition data were not available for this study therefore
plant community shifts could not be assessed. It is likely that in some of the wetlands, e.g.,
marshes may become more swamp‐like as woody plant species move into marsh areas
(swamps are generally defined as plant communities with at least 25% woody cover).
The results presented assume that bird species will move out of unsuitable areas as
vulnerable wetlands are altered by climate change. These results do not consider the fact that
other species may come to occupy those habitats or that the wetland species themselves may
adapt to the changing conditions. More detailed estimates of how the wetland will change
would provide more realistic estimates of how species distributions may change with climate.
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Non‐climate stressors such as peat extraction, agricultural activities and urban
development also affect wetland conditions. Run‐off from urban and agricultural lands may
contain pollutants, nutrients and sediments that compromise water quality. This in turn
negatively impacts plant growth, community composition and overall availability of wetland
habitats (Mortsch et al., 2006).
Streams
Ecosystem health of the streams in the Lake Simcoe watershed varies from streams that
are relatively undisturbed with an abundance of streamside vegetation, forest cover, and little
impervious cover to more disturbed systems that are well‐developed with little streamside
vegetation, an abundance of impervious cover and little forest cover within the watershed
(Table 6). This study examined the potential impact of climate change on maximum stream
temperatures and indicated that stream temperatures will increase with climate change and
cold‐water fish species distributions may be reduced within the sub‐watersheds by 2100.
The uncertainties and future research recommendations concern the facts that: 1)
stream temperatures are more heterogeneous than the simplified approach used in this report,
2) cold‐water species are not uniformly distributed within the sub‐watersheds and 3) other
factors influence species distributions in streams. Although air temperatures are an important
factor, stream water temperatures are also influenced by land cover and the physical
characteristics of the surrounding watershed. Chu et al. (2010) found that stream
temperatures in the Great Lakes Basin are related to surrounding riparian cover, forest cover,
upstream water bodies and air temperatures in the watersheds upstream of temperature
sampling sites. Future research should involve a more detailed assessment of the spatial
variability in stream temperatures using these watershed characteristics.
The current distribution map in Figure 6 shows that cold‐water species are present in 15
of the 18 sub‐watersheds. It should be noted that cold‐water fish species are not uniformly
distributed within the sub‐watersheds. In most streams, especially in the summer, cold‐water
species actively seek out the comparatively cooler headwaters or groundwater seeps (Power et
al., 1999). Habitat preferences for different substrates, vegetation and flow regimes also affect
cold‐water species distributions in the sub‐watersheds.
Other climate variables and human activities will compound the potential changes in
stream habitats. Changes in rain patterns, groundwater recharge, snow accumulation and melt
could also disrupt fluvial and thermal regimes in the streams. In 2008, LSRCA found a negative
correlation between stream health indicators and human development. Land use within the
sub‐watersheds significantly impact stream health via for example, sedimentation, point and
non‐point source pollution, groundwater withdrawals and stream regulation. The cumulative
effects of different stressors and the habitat preferences of different stream fish species should
be incorporated into future studies regarding the potential impacts of climate change on
stream ecosystems.
Lake Simcoe
Lake Simcoe has undergone significant ecological changes over the past few decades.
Ecosystem health indicators in 2008 showed that phosphorus levels are lower than during the
1980s, and dissolved oxygen content and water clarity are improving, the benthic invertebrate
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community is in good condition and macrophyte plant biomass has increased. Cold‐water
fishes showed signs of decline starting in the 1960s and populations of lake trout and lake
whitefish have been sustained by annual stocking programs. However, there has been recent
signs of potential recovery of cold‐water fishes (La Rose and Willox, 2006) and the lake trout
stocking program has been recently reduced to try and facilitate an increase in natural
recruitment (Borwick et al., 2009). Populations of warm‐water (e.g., largemouth bass) and
cool‐water species are relatively stable (Robillard, 2010a; Robillard, 2010b).
The results in this report indicated that water temperatures throughout the water
column are likely to increase 1–2 °C with climate change. The approach used in this study is a
simple representation of temperature and potential habitat changes associated with climate. It
provides a ready comparison among current, 2011‐2040, 2041‐2070 and 2071‐2100 scenarios.
Increases in temperatures may benefit some fish species such as largemouth bass and yellow
perch that prefer warmer temperatures but would reduce the suitable thermal habitat for lake
trout. A reduction in lake trout habitat may have negative, density‐dependent effects on its
growth and survival, change its foraging behaviour and alter the overall carrying capacity of
Lake Simcoe for lake trout.
There are several uncertainties that should be addressed in future studies: 1) the
predicted temperature profiles represent the average thermal conditions in the lake, 2)
Kempenfelt Bay was treated as the representative station for the temperature profile of the
whole Lake but other factors known to influence the spatial variability of water temperatures
have not been included, 4) other factors that influence the availability of suitable habitat for
different species have not been included, 5) the direct influence of climate change on lake
species has not been assessed, and 6) lower trophic level dynamics also may change with
climate.
The predicted temperature profiles were developed using the mean (average from
1980‐2009) thermal profile for the lake, thus inter‐annual variability in temperatures that will
likely occur during the three climate change time stanzas have not been addressed in this study.
Future research should examine what influence inter‐annual variability in temperatures may
have on available habitat and Lake biota.
The deepest part of the Lake, Kempenfelt Bay, was used to model the thermal profiles
and assess the changes in suitable habitat volume for September 15. To get a more accurate
prediction of suitable thermal habitat volume, the spatial and temporal variability in
temperatures should be assessed with respect to climate change. The spatial and temporal
variability in temperatures can be affected by wind, circulation patterns and lake bathymetry
(Cole, 1994) but these variables have not been included in this analysis. For example, wind
impacts the circulation patterns in lakes and can affect the timing, strength and duration of the
thermocline. As wind speeds are expected to increase with climate change, future studies
should examine how changes in wind patterns may influence lake temperatures. A study is
currently underway with Leon Boegman at Queen’s University to develop a detailed 3D thermo‐
hydrodynamic model for the Lake using ELCOM (Estuary and Lake Computer Model) that will
provide better estimates of the spatial and temporal variability in lake temperature under
current conditions. Future work should apply the climate scenario data to that model to get
more detailed estimates of how temperatures may change.
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Water temperatures also vary seasonally. The model in this report was developed using
temperature profiles for the end of summer (September 15), which was assumed to represent
the critical time when temperature and dissolved oxygen content limit cold‐water species
distributions. Although seasonal changes in lake temperatures have not been included in this
analysis, data from 1980‐2009 indicate that the period of stratification in the lake has extended
from 84 days in the 1980s to more than 100 days in the 2000s (Stainsby et al., submitted).
Future research should focus on the seasonal variability of water temperatures to get better
estimates of year‐round thermal habitat for lake biota.
Although temperature affects the suitability of habitat for different species, other
factors such as substrate, vegetation and water quality also influence the distribution of species
within the Lake. One of the most important variables is dissolved oxygen, which is particularly
important in the hypolimnion where oxygen depletion at the end of the summer can limit
species distributions especially cold‐water species such as lake trout (Evans, 2007). Volume
weighted hypolimnetic oxygen levels in September have increased from 3 mg/L during the
1980s and early 1990s to values greater than 5 mg/L in the last 5 years (Young et al., in press;
Evans, 2007). These increases will be further facilitated by reductions in total phosphorus
loading to 44 tonnes by 2045 (OMOE, 2010; Young et al., in press). However, future research is
needed to examine how increases in the duration of stratification (Stainsby et al., submitted)
may affect the availability of hypolimnetic oxygen for biota as oxygen levels may be depleted to
critical levels before they are replenished during the fall turnover.
Future research should also focus on direct linkages between fish species recruitment
and climate variables. Casselman (2002) found that year‐class strength of warm‐water fish in
Lake Ontario was positively correlated with July‐August air temperatures with El Niño years
(1973, 1983, 1995) showing the greatest recruitment. Year‐class strength of cool‐water fish
was curvilinearly related to midsummer temperatures while coldwater species such as lake
trout showed poor emergence of fry in the spring when preceded by warm falls and winters.
Lastly, climate change could also affect lower trophic levels in the Lake. The temporal
overlap between zooplankton, which planktivorous fish feed on, and their prey, the
phytoplankton, may be reduced (Winder and Schindler, 2004). The earlier onset of
stratification observed in Lake Simcoe (Stainsby et al., submitted), suggests that phytoplankton
are likely to bloom earlier in the spring. This would result in lower food availability for
zooplankton when their population is increasing thus lowering zooplankton densities in the
spring/summer. A 45 day offset between phytoplankton and zooplankton peaks in 2006 and a
decreasing trend in zooplankton densities from 1989–2001 (p < 0.05) have been observed
(Figure 8), suggesting that these lower trophic changes may be occurring in Lake Simcoe.
Further research is needed to assess the effects of climate change on lower trophic levels and
potential food web changes.
Recommendations for monitoring in the aquatic ecosystems of Lake Simcoe
Wetlands
Monitoring in wetland ecosystems should focus on: 1) evaluation (for ecological
significance) of the 11,000 ha of wetlands that have not yet been evaluated and 2) baseline
inventories to assess species composition in the different wetlands, particularly plant species.
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This would allow more detailed assessments of plant community shifts that may be related to
climate change.
Streams
There are currently 12 flow monitoring stations, 14 groundwater wells, 18 water quality
stations, several temperature data loggers throughout the Lake Simcoe watershed. These are
accompanied by fish and benthic inventories as part of the ecosystem indicator reporting
(LSRCA, 2008). The maintenance and possible expansion of these networks would provide
valuable information that can be used to monitor and assess the impacts of climate change on
stream ecosystems.
Lake
Different aspects of the lake ecosystem (water quality parameters and fisheries stock
assessments etc.) are well‐monitored by several agencies working within the watershed. In
light of the increases in water clarity that have occurred via phosphorus reductions, invasive
species establishment, and climate change, these programs should continue to be supported
and maintained.
Recommendations for adaptation
Adapting to changing climate will require integrated management that balances the
maintenance of ecosystem function and processes with human activities and needs. The
human population within the Lake Simcoe watershed is projected to increase to 500,000 by
2031 (OMOE, 2010). This will have significant impacts on aquatic ecosystems as water use,
urban development and point and non‐point source pollution may increase. Several actions
may be taken to maintain aquatic ecosystem health and function as the climate changes and
population stressors increase. In wetlands, continued prevention of infilling and draining
activities. Surface and groundwater withdrawals should continue to be regulated to ensure
wetland water budgets are maintained. Existing wetlands may be restored through large‐scale
projects such as day‐lighting streams buried in agricultural lands or small‐scale projects such as
plantings.
To maintain stream ecosystems, riparian buffers may be introduced or extended where
they currently exist not only to provide shading that may cool stream temperatures in response
to climate‐induced warming but also to buffer the stream against deleterious runoff. In
regulated streams, dams and storm water ponds may be converted to bottom‐draw systems so
cooler waters drain into downstream reaches. Land‐use particularly the extent of impervious
cover, which can change fluvial and thermal regimes, may be limited within the watersheds
surrounding the streams. Groundwater and surface water withdrawals may also be limited or
regulated within the watersheds to maintain flow and temperatures in the streams.
Adapting to the impacts of climate change on suitable habitat for lake biota will require
regulation of surrounding land use, particularly regulations on discharges that may compromise
water quality such as sewage effluent and phosphorus loadings. For cold‐water fish species in
particular, changes in fishing regulations such as catch limits, slot size limits, season lengths and
protected areas may be used as part of the adaptation strategy for cold‐water species with
climate change.

11
References
Allen, P.J., Nicholl, M., Cole, S., Vlazny, A. and Cech, J.J. 2006. Growth of larval to juvenile green
sturgeon in elevated temperature regimes. Transactions of the American Fisheries
Society 135: 89‐96.
Baird & Associates. 2006. Lake Simcoe hydrodynamic and water quality model. Prepared for
the Lake Simcoe Region Conservation Authority, pp. 210.
Beacon Environmental and the Lake Simcoe Region Conservation Authority. 2007. Natural
Heritage System for the Lake Simcoe Watershed. Prepared for the Lake Simcoe Region
Conservation Authority and the Lake Simcoe Environmental Management Strategy, pp.
142 plus appendices.
Bird Studies Canada. 2010. National Data Centre. http://www.bsc‐eoc.org/research/
datacentre/index.jsp?lang=EN&targetpg=datacentre
Borwick, J. Philpot, A. and Wilson, K. 2009. Review of Lake Simcoe’s coldwater fish stocking
program. Ontario Ministry of Natural Resources. Midhurst/Aurora districts, pp. 23.
Caissie, D. 2006. The thermal regime of rivers: a review. Freshwater Biology 51: 1389‐1406.
Casselman, J.M. 2002. Effects of temperature, global extremes, and climate change on year‐
class production of warmwater, coolwater and coldwater fishes in the Great Lakes basin.
Fisheries in a changing climate (ed. by N.A. McGinn), pp. 39–60. American Fisheries
Society, Symposium 32, Bethesda.
Chu, C., Jones, N.E. and Allin, L. 2010. Linking the thermal regimes of streams in the Great
Lakes Basin, Ontario, to landscape and climate variables. River Research and
Applications 26: 221‐241.
Chu, C., Mandrak, N.E. and Minns, C.K. 2005. Potential impacts of climate change on the
distributions of several common and rare freshwater fishes in Canada. Diversity and
Distributions 11: 299‐310.
Chu, C., Jones, N.E., Mandrak, N.E., Piggott, A.R. and Minns, C.K. 2008. The influence of air
temperature, groundwater discharge, and climate change on the thermal diversity of
stream fishes in southern Ontario watersheds. Canadian Journal of Fisheries and Aquatic
Sciences 65: 297‐308.
Cole, G.A. 1994. Textbook of Limnology. Textbook of Limnology. 4th Edition. Waveland Press,
Inc. Prospect Heights, IL. 412pp.
Connor, W.P., Piston, C.E. and Garcia, A.P. 2003. Temperature during incubation as one factor
affecting the distribution of Snake River Fall Chinook salmon spawning areas.
Transactions of the American Fisheries Society 132: 1236‐1243.
Ducharne, A. 2008. Importance of stream temperature to climate change impact on water
quality. Hydrology and Earth System Sciences 12: 797‐810.
Durance, I. and Ormerod, S.J. 2007. Climate change effects on upland stream
macroinvertebrates over a 25‐year period. Global Change Biology 13: 942–957.
Environment Canada. 2010. http://www.ec.gc.ca/eau‐water/default.asp?lang=En&n=
A7488DE5‐9
Evans, D.O. 2007. Effects of hypoxia on scope‐for‐activity and power capacity of lake trout
(Salvelinus namaycush). Canadian Journal of Fisheries and Aquatic Sciences 64: 345–
361.
Ficke, A.D., Myrick, C.A. and Hansen, L.J. 2007. Potential impacts of global climate change on

12
freshwater fisheries. Reviews in Fish Biology and Fisheries 17: 581‐613.
IPCC (Intergovernmental Panel on Climate Change). 2007. Summary for Policymakers. In:
Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working
Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change, M.L. Parry, O.F. Canziani, J.P. Palutikof, P.J. van der Linden and C.E. Hanson,
Eds., Cambridge University Press, Cambridge, UK, pp. 7‐22.
La Rose, J. and Willox, C.C. 2006. Survival of wild lake trout in Lake Simcoe. OMNR, Lake Simcoe
Fisheries Assessment Unit. Update No. 2006‐1.
LSRCA (Lake Simcoe Regional Conservation Authority). 2008. Watershed Report Card 2008: A
report on the health of the Lake Simcoe Watershed. LSRCA, Newmarket, ON, pp. 24.
Mackenzie‐Grieve, J.L. and Post, J.R. 2006. Projected impacts of climate warming on
production of lake trout (Salvelinus namaycush) in southern Yukon lakes. Canadian
Journal of Fisheries and Aquatic Sciences 63: 788–797.
McKenney, D.W., Pedlar, J.H., Lawrence, K., Gray, P.A., Colombo, S.J. and Crins, W.J. 2010.
Current and projected future climatic conditions for ecoregions and selected natural
heritage areas in Ontario. Climate Change Research Report, CCRR‐16, pp. 43.
Mohseni, O., Stefan, H. G. and Erickson, T. R. 1998. A non‐linear regression model for weekly
stream temperatures. Water Resources 34: 2685–2692.
Mortsch, L., Ingram J., Hebb A. and Doka S.E. (eds.) 2006. Great Lakes coastal wetland
communities: vulnerability to climate change and response to adaptation strategies.
Final Report submitted to the Climate Change Impacts and Adaptation Program, Natural
Resources Canada. Environment Canada and the Department of Fisheries and Oceans,
Toronto, ON, 251 pp.
Neff, B.P., Day, S.M., Piggott, A.R. and Fuller, L.M. 2005. Base flow in the Great Lakes Basin.
U.S. Geological Survey Scientific Investigations Report 2005‐5217, Washington, D.C.
OMOE (Ontario Ministry of the Environment). 2010. Lake Simcoe Phosphorus Reduction
Strategy.
Poole, G.C. and Berman, C.H. 2001. An ecological perspective on in‐stream temperature:
natural heat dynamics and mechanisms of human‐caused thermal degradation.
Environmental Management 27: 787‐802.
Power, G., Brown, R.S. and Imhof, J.G. 1999. Groundwater and fish—insights from northern
North America. Hydrological Processes 13: 401–422.
Robillard, M. 2010a. The Lake Simcoe nearshore fish community: temporal trends 1992 to
2007. Ontario Ministry of Natural Resources, Science and Information Branch,
Southern Science and Information Branch, SIB ASU report 2010‐2, MNR 52662, pp. 5.
Robillard, M. 2010b. Status and temporal trends in the nearshore fish community of Lake
Simcoe. Ontario Ministry of Natural Resources, Science and Information Branch,
Southern Science and Information Branch, SIB ASU report 2010‐2, MNR 52647, pp. 55.
Scott, L.D., Winter, J.G. and Girard, R.E. 2005. Annual water balances, total phosphorus
budgets and total nitrogen chloride loads Lake Simcoe (1998 – 2004). Lake Simcoe
Environmental Management Strategy implementation Phase III, Technical Report No.
Imp. A.6.
Stainsby, E.A., Winter J.G., Jarjanazi H., Paterson A.M. and Evans D.O. Submitted. Changes in
the thermal stability of Lake Simcoe from 1980 – 2008. Journal of Great Lakes Research

13
Trumpickas, J., Shuter, B.J. and Minns, C.K. 2009. Forecasting impacts of climate change on
Great Lakes surface water temperatures. Journal of Great Lakes Research. 35: 454‐463.
Xenopoulos, M.A., Lodge, D.M., Alcamo, J., Märker, M., Schulze, K. and Van Vuuren, D.P. 2005.
Scenarios of freshwater fish extinctions from climate change and water withdrawal.
Global Change Biology 11: 1557‐1564.
Winder, M. and Schindler, D.E. 2004. Climate change uncouples trophic interactions in an
aquatic ecosystem. Ecology 85: 2100–2106.
Young, J., Winter, J. and Molot, L. In press. A re‐evaluation of the empirical relationships
connecting dissolved oxygen and phosphorus loading after dreissenid mussel invasion in
Lake Simcoe. Journal of Great Lakes Research.

14
Table 1: Vulnerability matrices for wetlands in the Lake Simcoe watershed as a result of base
flow index value: groundwater discharge potential, and changes in April – September air
temperatures and total precipitation under the Canadian Global Climate Model 2 (CGCM2) A2
scenarios.
Time stanza
Increase in air
Decrease in
Base flow index Vulnerability
temperature (°C) precipitation (mm)
value
2011‐2040
0.30‐0.56
0‐ 20
0.00‐0.41
mid
0.30‐0.56
0‐20
0.42‐0.82
low
0.57‐0.83
30‐40
0.00‐0.41
high
0.57‐0.83
30‐40
0.42‐0.82
mid
0.30‐0.56
30‐40
0.00‐0.41
high
0.30‐0.56
30‐40
0.42‐0.82
mid
0.57‐0.83
0‐20
0.00‐0.41
mid
0.57‐0.83
0‐20
0.42‐0.82
low
2041‐2070
2.71‐3.00
0‐25
0.00‐0.41
high
0‐25
0.42‐0.82
low
2.71‐3.00
3.00‐3.30
26‐50
0.42‐0.82
mid
3.00‐3.30
26‐50
0.00‐0.41
high
2.71‐3.00
26‐50
0.42‐0.82
mid
2.71‐3.00
26‐50
0.00‐0.41
high
3.00‐3.30
0‐20
0.00‐0.41
high
3.00‐3.30
0‐20
0.42‐0.82
mid
2071‐2100
4.98‐5.02
0‐20
0.00‐0.41
high
4.98‐5.02
0‐20
0.42‐0.82
mid
5.03‐5.71
26‐50
0.42‐0.82
high
5.03‐5.71
26‐50
0.00‐0.41
high
4.98‐5.02
26‐50
0.00‐0.41
high
4.98‐5.02
26‐50
0.42‐0.82
high
5.03‐5.71
0‐20
0.00‐0.41
high
5.03‐5.71
0‐20
0.42‐0.82
mid

Table 2: Likelihood of watersheds to retain cold‐water species in 2055 using maximum air
temperature projections from the Canadian Global Climate Model 2 A2 scenario and
groundwater discharge potential (Source: Chu et al., 2008).
Likelihood to retain cold‐water species
Low
Mid
High
Maximum air temperature (°C)
>29.34
<29.34>28.49
<28.49
Base flow index value
<0.36
>0.36<0.54
>0.54
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Table 3: Total areas (ha) and vulnerabilities of swamps, marshes, bogs and fens in the Lake
Simcoe watershed to air temperature, precipitation and groundwater changes associated with
the Canadian Global Climate Model 2 (CGCM2) A2 2011‐2040, 2041‐2070 and 2071‐2100
climate scenarios.
2041‐2070
2071‐2100
Wetland type Current
Vulnerability 2011‐2040
area (ha)
area (ha)
area (ha)
area (ha)
Swamp
30612 High
4507
17354
27457
Mid
8693
12492
3151
Low
17412
767
4
Marsh
4485 High
117
2255
3781
Mid
2646
2193
704
Low
1722
37
Bog
25 High
25
25
Mid
25
Low
Fen
450 High
5
190
227
Mid
199
252
223

Table 4: Maximum air temperature and groundwater discharge potential characteristics of the
15 sub‐watersheds that have cold‐water stream fish species in the Lake Simcoe watershed.
Base flow index values are measures of groundwater discharge potential, values close to 1
indicate high groundwater inflows.
Sub‐watershed
Base flow index value
Maximum air temperature
2011‐2040
2041‐2070
2071‐2100
Barrie Creeks
0.663
25.79
27.51
28.14
Beaver River
0.426
25.74
27.40
28.01
Black River
0.610
25.90
27.71
28.35
East Holland River
0.453
25.91
27.86
28.49
Hawkestone Creek
0.443
25.48
27.20
27.75
Hewitts Creek
0.350
25.84
27.62
28.20
Innisfil Creeks
0.426
25.90
27.74
28.34
Lovers Creek
0.594
25.83
27.63
28.22
Maskinonge River
0.532
25.95
27.81
28.44
Oro Creeks North
0.542
25.56
27.23
27.81
Oro Creeks South
0.329
25.67
27.44
28.02
25.76
27.44
28.07
Pefferlaw Brook
0.582
Ramara Creeks
0.296
25.78
27.37
27.97
West Holland
0.373
26.03
27.97
28.59
Whites Creek
0.616
25.78
27.40
28.02
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Table 5: Suitable depths and thermal habitat volumes for lake trout in Lake Simcoe currently,
and in 2011‐4040, 2041‐2070 and 2071‐2100 under the Canadian Global Climate Model 2 A2
scenarios based on Kempenfelt Bay temperature profiles (lake bottom ≈ 40 m).
Current
2011‐2040
2041‐2070
2071‐2100
Thermally suitable 21 m – lake
21 m – lake
22 m – lake
23 m – lake
depths (m)
bottom
bottom
bottom
bottom
Thermal habitat
143500
143500
124700
105800
volume (ha*m)

Table 6: Indicators used to assess stream ecosystem health in the 18 sub‐watersheds of the Lake Simcoe watershed. Grading follows
the conventional A – E with A indicating good and E indicating poor values for the indicators. I/D = insufficient data, N/A = not
available (Source: LSRCA, 2008).

Barrie Creeks
Beaver River
Black River
East Holland River
Georgina Creeks
Hawkestone Creek
Hewitts Creek
Innisfil Creek
Lovers Creek
Maskinonge River
Oro Creeks north
Oro Creeks south
Pefferlaw River
Ramara Creeks
Talbot River
Uxbridge Brook
West Holland River
White’s Creek

Streamside
vegetation
E
B
A
C
C
A
C
D
B
C
A
A
A
C
D
A
C
D

Forest
cover
C
C
A
B
A
A
C
A
A
D
A
A
A
A
A
A
B
B

Forest
interior
E
D
A
C
A
A
D
B
B
E
A
B
A
A
A
A
C
B

Phosphorus
concentration
1/D
A
B
C
I/D
A
I/D
I/D
B
C
I/D
I/D
B
I/D
I/D
I/D
D
I/D

Fish
community
C
C
C
C
B
C
C
C
C
B
C
C
B
C
I/D
C
C
C

Benthic
invertebrates
C
B
B
B
I/D
B
B
I/D
C
D
A
A
C
D
I/D
A
B
B

Hardened
surfaces
E
A
A
D
B
A
B
B
C
A
B
A
A
A
A
A
A
A

Storm water
E
E
D
D
D
N/A
A
D
D
C
E
N/A
N/A
N/A
N/A
C
D
N/A

Lake Simcoe surface water temperature (°C)
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y = 0.633x + 8.2789
R2 = 0.3699
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Figure 1: Relationship between September mean air temperature and Lake Simcoe surface
water temperature at the end of the summer (September 15th) for 1980‐2005 (p = 0.001).
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Figure 2: Current distribution of swamps, marshes, bogs and fens within the Lake Simcoe
watershed and their vulnerability to groundwater discharge potential and changes in air
temperature and precipitation associated with climate change under the Canadian Global
Climate Model 2 A2 (b) 2011‐2040, (c) 2041‐2070, and (d) 2071‐2100 scenarios.
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Figure 3: Current and future distribution of pied‐billed grebes within the Lake Simcoe
watershed as a result of the vulnerability of suitable wetland habitat to climate change under
the Canadian Global Climate Model 2 A2 (b) 2011‐2040, (c) 2041‐2070, and (d) 2071‐2100
scenarios.
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Figure 4: Maximum weekly stream temperatures in the Lake Simcoe watershed under: a)
current, b) 2011‐2040, c) 2041‐2070 and d) 2071‐2100 air temperature projections of the
Canadian Global Climate Model 2 A2 scenarios.
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a) Current

b) 2011-2040

Low
Mid
High
Not present

c) 2041-2070

d) 2071-2100

Figure 5: Likelihood of watersheds to retain cold‐water species under the: a) current, b) 2011‐
2040, c) 2041‐2070 and d) 2071‐2100 air temperature projections of the Canadian Global
Climate Model 2 A2 scenarios

22

Surface temperature

30

Thermocline depth

25

20

20
15
15
10
10
5

0
1980

5

1985

1990

1995

2000

2005

0
2010

Year

Figure 6: Surface water temperatures (°C) and thermocline depths (m) at station K42 in
Kempenfelt Bay, Lake Simcoe from 1980 to 2009.
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Figure 7: Estimated temperature profile for Kempenfelt Bay on September 15 under current
and future climate scenarios using the Canadian Global Climate Model 2 A2 and the
temperature profile model outlined in Equation (1).
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Figure 8: Consequences to lower trophic levels: (a) Seasonal densities of diatoms
(phytoplankton) and Daphnia (zooplankton) in Kempenfelt Bay in 2006 showing a 45 day
difference between peak abundances, and (b) Mean spring/summer (May to August) Daphnia
densities in Kempenfelt Bay from 1989 to 2007 showing a significant decrease.

