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Introduction

There are more than 3700 coastal wetlands along the eastern coast of Georgian Bay
(Fracz and Chow-Fraser 2013). These wetlands provide spawning and nursery habitat for
migratory fish of Lake Huron as well as habitat for obligate wetland fish species. Coastal
wetlands provide habitat for more than 80 species of fish in the Laurentian Great Lakes (Jude
and Pappas 1992, Wei et al 2004). These wetlands also provide habitat for birds, mammals,
amphibians and birds, including species-at-risk like the Blandings Turtle (Emydoidea blandingii).
The benefits and ecosystem services that wetlands provide have been well documented, and
some of these include nutrient management, flood mitigation, and providing habitat for species
(Mitch and Goselink 2015).

The coastal wetlands in eastern Georgian Bay are unique among other coastal wetlands
in the basin of the Laurentian Great Lakes. They are some of the most pristine (Chow-Fraser
2006; Cvetkovic and Chow-Fraser 2011), and receive minimal impacts from agriculture, industry
or urbanization. The largest current threat to coastal wetlands comes from increased cottage
development and recent sustained low water levels (Midwood and Chow-Fraser 2012; Fracz
and Chow-Fraser 2013; Leblanc et al. 2014). Secondly, the geomorphology of these wetlands is
very different compared to those in Lakes Erie and Ontario, which are often densely vegetated
with large expanses of cattails (Typha spp.) and nutrient rich. These large marshes of the lower
Great Lakes have underlying sedimentary bedrock and shallow slopes, often occurring at
rivermouths, behind barrier beaches and in protected embayments. By contrast, the wetlands in
eastern Georgian Bay tend to be small (< 2 ha), and form wetland complexes that function as
large wetland units (Midwood and Chow-Fraser 2015). These wetlands in eastern Georgian Bay
have pre-Cambrian granitic rock that shapes the morphology of the wetlands. There are,
however, some wetlands in the southeast portion of Georgian Bay that have sedimentary
limestone bedrock, similar to that in the Bruce Peninsula and Manitoulin Island (Midwood et al
2012). The third aspect that makes eastern Georgian Bay unique is the archipelago, rumoured
to have 30,000+ islands, that dot the coast between Severn Sound and the French River. Often,
there are small protected wetlands in the lee of these islands that provide excellent habitat for
turtles and fish. Similar to other wetlands of Lake Huron, those in Georgian Bay are naturally
oligotrophic and have bulrushes (Schoenplectus spp.) as the dominant emergent vegetation.

Lakes Huron-Michigan have experienced sustained low water levels since the late
1990s. The lack of inter-annual water-level fluctuation has negatively impacted both the species
richness and diversity of plant and fish communities in the wetlands (Midwood and Chow-Fraser
2012). This is because changing water levels prevent the establishment of plant monocultures,
allowing species to occupy different niches as the water level changes, and diverse aquatic
plant communities tend to attract a diverse community of fish (Cvetkovic et al. 2010). The low
water levels have been attributed to factors including long-term climate variability and the more
recent effects of global climate change, glacial isostatic rebound, as well as past dredging of the
St. Clair River.

Methods:
Data Sources and Data Collection

The Chow-Fraser lab first began to survey coastal wetlands of eastern Georgian Bay in
1998, and has continued to sample in wetlands periodically over the past 17 years. Our data
inventory includes information on water quality (primary nutrients, physical and chemical
characteristics), and information on the fish and aquatic plant communities. These data were
combined with those from a synoptic survey of other Great Lakes and used to develop



ecological indices that can be used for regular assessments of wetland health. The ones that
will be discussed in detail in this report are the Water Quality Index (WQIl; Chow-Fraser 2006),
the Wetland Macrophyte Index (WMI; Croft and Chow-Fraser 2007) and the Wetland Fish Index
(WFI; Seilheimer and Chow-Fraser 2007). Chow-Fraser (2006) developed the WQI using 12
water-quality parameters that are commonly collected by agencies (e.g. total phosphorus,
soluble reactive phosphorus, total ammonia nitrogen, total nitrate-nitrite nitrogen, total nitrogen,
chlorophyll, total suspended solids, turbidity, temperature, pH and conductivity). WQI scores can
range from -3 (worst) to +3 (best) and reflects the degree of human disturbance impacting a
particular site, based on inputs of nutrients and sediments from the watershed. Both the WMI
and WFI can range from 1 (worst) to 5 (best) and were created to provide a more accessible
means of determining wetland quality to managers that do not have the funding or the means to
collect water-quality information (Croft and Chow-Fraser 2007, Seilheimer and Chow-Fraser
2006). Seilheimer et al. (2009) have conducted a direct comparison of these three indices,
together with the Wetland Zooplankton Index (WZI; Lougheed and Chow-Fraser 2002). The
WMI tended to be more sensitive to changes in wetlands that are poor quality. Readers are
directed to the original publications to obtain details on how these indices were developed and
used in wetland assessments. Some zooplankton, turtle and bird data have also been collected
in wetlands of Georgian Bay for other projects, but we have not included these in this report
because there are insufficient data to represent wetlands for the entire eastern shoreline.

In most cases, wetlands were sampled between June and August. Where plant, fish and
water-quality information were collected for the same site, the majority of the sampling occurred
within the same week. Since the plant data were collected to provide information on fish habitat,
we focused solely on those plants that live in the high marsh (emergent vegetation) and low
marsh (floating and submergent vegetation); Ontario Wetland Evaluation System (OWES)--
Northern Manual; OMNR 2002). We used the stratified random method (Croft and Chow-Fraser
2009) to survey the plant community, as this proved to be best method to ensure that the rare
species that are indicative of high quality are included. Some wet meadow plant data were also
collected and upland plant surveys were conducted at some wetlands according to the OWES
protocol. These data have been used by the Michigan Technical Univeristy to field-truth the
classification of coastal wetlands in eastern Georgian Bay (Bourgeau-Chavez et al. 2015) and
can be made available for other projects.

The fish communities in wetlands were either surveyed with fyke nets (set parallel to
shore) or with boat elelctrofishing. Cvetkovic et al. (2012) showed that there were no significant
differences between protocols when calculating WFI scores. Fyke nets were left overnight in the
wetlands (see Seilheimer and Chow-Fraser 2006; 2007); fish were identified and released at the
site near where they were caught. Sampling occurred between late June to end of August and
excluded the spawning period. Both of these survey protocols targetted fish living in shallow
vegetated areas of the wetlands, in water between 0.5 m to 2.0 m. We did not catch species
that use deeper water such as walleye or adult muskies.

In this report, we have sorted the wetlands by quaternary watersheds (shapefile
obtained from OMNR; see Figure 1) and then calculated mean wetland index scores for each
watershed. All information were entered into a Geographic Information System (GIS; ArcMap
10.2) to create the maps for visualization and comparisons.



Result:
Timing of surveys

This report contains information for 157 wetlands sampled in 30 quaternary watersheds
and that had been sampled between 1998 and 2014 for a total 233 wetland years (i.e. some
wetlands had been sampled multiple times during this period). Given that environmental
conditions have changed between 1998 and 2014, especially in regards to water levels, it is
important to determine if these temporal differences are associated with regional biases. For
this purpose, we have produced maps and tables showing the location of wetlands sampled in
three general periods: prior to 2001; between 2001 and 2006 and between 2007 and 2014.
Since our sites were not always sampled for all three indices, we have provided a separate map
for the WQI, WMI and WFI (Figures 2, 3, and 4, respectively; Table 1). Note that fish surveys
began in 2001, and therefore, we do not have any information prior to 2001 for wetland fish
communities.

In general, there was considerable spatial overlap for the three time periods, and so we
felt justified in disregarding when the data were collected and pooled all of the data to examine
differences among the watersheds. A few of the wetlands have been deliberately sampled two
or more times between 2002 and 2014 (e.g. for Midwood and Chow-Fraser 2012), and it may be
desirable to determine how these wetlands have changed through time. Since the scope of this
project was limited to comparing wetland quality among watersheds, an analysis of changes
through time will have to be reserved for a future endeavour.

Comparison among quaternary watersheds

Mean scores of WQI, WMI and WFI for each quaternary watershed are presented in
Figures 5, 6 and 7, respectively. Northern Georgian Bay (French River and Beaverstone Bay)
has limited road access and is more remote compared to other areas in eastern Georgian Bay,
and this has resulted in fewer wetlands sampled there. By contrast, southeastern Georgian Bay
was well sampled, because this area is road accessible and is more easily sampled.

Wetland quality within Georgian Bay was assessed as Excellent or Very Good for the
majority of sampling sites (Table 2; Figures 5 to 7), underscoring the fact that within the Great
Lakes basin, Georgian Bay has some of the most pristine conditions (Cvetkovic and Chow-
Fraser 2011). The only areas that showed some degree of impairment included Areas of
Concern (AOC) such as Severn Sound and Collingwood Harbour and Spanish Harbour.
Historic areas of concern (AOC) in Georgian Bay include Severn Sound (Sturgeon Bay and
Matchedash) and Collingwood Harbour (Blue Mountain). Spanish Harbour is also the site of an
AOC, and although conditions were not assessed as being impaired, they were only considered
Good rather than Very Good or Excellent. It is important to mention that Severn Sound and
Collingwood have since been delisted and Spanish Harbour is listed as an area in recovery,
meaning that all actions have been taken to clean up the area. The Moderately Degraded
condition that we gave to Collingwood in 1998 may well be different now that it has been
delisted, and it would be useful to re-sample these areas using the same protocol and see if the
area has recovered.

In addition to these AOCs, areas with lower index scores (poorer quality) tended to be
found in areas with higher cottage density and road density such as the Sturgeon Bay-Hog Bay,
and Matechdash Bay watersheds. DeCatanzaro et al. (2009) found that road density was
negatively correlated with WQI. It is worth noting, however, that both watersheds currently have
a good status with respect to the WQI, a moderately degraded status with respect to the WMI,
but a very good status for the WFI. In fact, the WFI was uniformly Very Good to Excellent in



Georgian Bay, and was not useful in discriminating between areas with and without human
disturbance. The watershed with the least impact was Shawanaga River, which was assessed
as Excellent by both the WQI and WMI, and as Very Good by the WFI.

A total of 58 fish species have been found in the coastal wetland of Georgian Bay (Table
3). The five most abundant species were Pumpkinseed, Bluntnose Minnow, Brown bullhead,
Blacknose Shiner and Largemouth bass. A significant amount of research has been done to
identify muskellunge spawning and nursery habitat (Leblanc et al 2014; Weller et al.,, unpub.
data). Although juvenile muskellunge were only found on three occasions during fyke net
surveys, it is well known that they depend on coastal wetlands for nursery habitat. These fish
are net avoiders, and cannot be adequately sampled with passive techniques such as fyke nets.
Instead, seine surveys must be used to catch these elusive fish.

The eastern Georgian Bay archipelago consists of more than 30,000 islands, a network
that provides protection from wind and wave action, and allowing organic matter to accumulate
to form wetlands. There are more than 2,200 km? of islands, and only a small percentage of
habitat type on the islands are wetlands (95 km?% 4.3%) (Table 4). Very few of these wetlands
have been surveyed, largely because they occur on islands and can only be accessed by boat.
The wetlands tend to be small, and function as a larger wetland complex when in close
proximity to other small wetlands. Because of their small size and exposure to great wind and
wave action, there is a limited amount of suitable substrate for plant growth. This makes these
small island wetlands particularly vulnerable to sustained low water levels, and highly valued by
wildlife, especially the Blanding's turtle, which is a threatened species in Ontario and which
require the use of bogs and vernal pools for feeding, mating, reproduction and overwintering on
these islands (Markle and Chow-Fraser 2014).

Sustained low water levels in Lake Huron are having a significant negative impact on
wetlands. Low water levels can lead to wetlands becoming stranded if they get cut off from the
lake as the water level drops (Chow-Fraser 2009; Fracz and Chow-Fraser 2013,). Sustained low
water levels has also been shown to have a negative impact on fish species diversity (Midwood
and Chow-Fraser 2012). The other main threat to these coastal wetlands is increased cottage
development and the associated shoreline modifications and nutrient and sediment inputs that
come with development.

There is a substantial body of research on coastal wetlands of Georgian Bay; research
on water quality, fish, plants, zooplankton and turtles have been published in 39 peer-reviewed
papers since 1998 (see Appendix A). Wetlands in eastern and northern Georgian Bay are
clearly very unique, and although they are considered some of the best quality wetlands in the
Great Lakes, we need to monitor them regularly to ensure that they do not become degraded.
To see a snapshot of each of the sub-watersheds in this study, please refer to Appendix B,
where you will find index scores, geology, watershed size, number of wetlands sampled, photos
and maps associated with each quaternary watershed.

Research needs

Continued research in Georgian Bay is needed in order to monitor the impacts of low
water levels, and increased development in Georgian Bay. Specific focus of future research
should include wetland inventories of the Georgian Bay archipelago as well as revisiting sites
that were first monitored more than a decade ago.



Table 1: Number of wetlands sampled for the Water Quality Index (WQl),
Wetland Macrophyte Index (WFI) and Wetland Fish Index (WFI)

each year.
Year wal WMI WFI
1998 7 7
2000 2 3
2002 4 4 2
2003 17 17 9
2004 33 35 19
2005 31 29 28
2006 30 31 22
2007 7 5 23
2008 8 3 11
2009 11 20 23
2010 3
2011 8 7 8

2014 18
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Table 3: Fish species found in Georgian Bay coastal wetlands between 2001 and 2014.

Total Length (mm)
Common Name Abundance  Min Max Range Median
Pumpkinseed 12186 6 284 278 85
Bluntnose Minnow 5286 6 414 408 53
Brown Bullhead 4536 15 1154 1139 90
Blacknose Shiner 3797 6 75 69 50
Largemouth Bass 1963 10 505 495 56
Yellow Perch 1788 20 250 230 91
Rockbass 1711 22 225 203 96
Blackchin Shiner 1526 16 75 59 50
Mimic Shiner 1519 23 79 56 45
Bluegill 833 40 184 144 102.5
Banded Killifish 811 24 80 56 53
Golden Shiner 483 26 139 113 71
Pugnose Minnow 470 27 76 49 42
Longear Sunfish 452 40 193 153 71
Common Shiner 418 7 168 161 63
Bowfin 414 30 755 725 550
Round Goby 351 26 112 86 67
Smallmouth bass 291 24 445 421 49
Tadpole Madtom 234 41 95 54 68
Spottail Shiner 193 35 100 65 60
Emerald Shiner 149 38 99 61 56.5
Longnose gar 149 35 1180 1145 800
Black Crappie 148 22 280 258 96
Johnny Darter 126 18 59 41 43.5
Spotfin Shiner 101 21 100 79 74.5
White Sucker 100 35 525 490 1155
Northern Pike 85 56 850 794 152
Brook Silverside 83 49 667 618 74
Common Carp 69 22 700 678 66
lowa Darter 55 33 62 29 47
Shorthead Redhorse 50 63 635 572 89
Sand Shiner 46 36 68 32 55
Central Mudminnow 42 40 93 53 66
Northern Redbelly Dace 33 26 60 34 44
Brassy Minnow 28 5 94 89 60
Ninespine Stickleback 16 47 75 28 64.5
White Crappie 10 42 124 82 60
Rosy-faced Shiner 9 50 70 20 56
Slimy Sculpin 9 51 90 39 55
Logperch 7 51 80 29 73
Brook Stickleback 6 22 45 23 29
White Perch 6 35 265 230 235
Creek Chub 5 84 115 31 89
Alewife 4 60 87 27 725
Least Darter 4 52 62 10 55
Blacknose Dace 3 37 90 53 62




Table 4: Area and percentages of wetland habitat types in islands of the
Georgian Bay archipelago

Area (km?) Percentage of Total
Total Area 2238.2 -
Wetland 954 4.3
Vernal Pools 1.9 0.1

Wetland + Vernal Pool 97.3 4.4
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