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ABSTRACT

Wetland Vegetation in the Credit River Watershed
Summary of Monitoring Results 2005-2009

Temporal Trends: Species richness, species diversity and
weedy species richness all increased between 2G02G09.
The proportion of native species and species ewssinath
appeared to decrease. Many of the remaining paeasnet
fluctuated between years; however, no significeenids were
observed and these parameters appear to be rbjaiable
over the five year monitoring period.

Spatial Trends Species richness and diversity were not
different among the three physiographic zones. dveer zone
contained a lower proportion of native species th@Middle
and/or Upper zones and weediness was higher ibaver
zone compared to the Middle and/or Upper zonestelivas no
difference among the zones for any of the florigtiality
parameters or for rare species.

Relationships with Landscape Metrics:A number of
vegetation parameters indicative of wetland heakhe
positively correlated with habitat patch size, patcnatural
cover and matrix quality and negatively correlatgth percent
urban cover. The number of individuals with a weeds score
of -3 and weedy species richness both displayedsip
relationships with landscape metrics. Species @shmwas not
correlated to habitat patch size. All three selksigecies
showed some combination of significant positivatienships
with percent urban cover or significant negativiatrenships
with percent natural cover and/or habitat patch.$ibne of the
studied vegetation parameters or selected speisigiaged a
significant relationship with the distance to tlearest road
landscape metric

Recommendations Trends of changing parameters must be
watched closely to determine if intervention wil beeded to
maintain healthy wetland vegetation communitiesp@ticular
concern is the increase in the number of poteptm@tbblematic
weedy species, the apparent decrease of the pimpoftnative
species over the five year monitoring period arelldiwv
proportion of native species in the Lower watershed
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Wetland vegetation monitoring was conducted asqfétte terrestrial component
of an overall Integrated Watershed Monitoring Pangrestablished at Credit Valley
Conservation. Vegetation was surveyed at 18 wettied throughout the Credit River
Watershed from 2005 to 2009. Monitoring was conedietccording to protocols
developed by Credit Valley Conservation adaptethfEnvironment Canada’s
Environmental Monitoring and Assessment Network.

Three hundred and seventeen wetland vegetatiomespgere detected over the
four year monitoring period, representing 26% @f viascular plant species known to
occur in the watershed. Of these species, 78% matiee to Ontario, 55 of which were
considered locally rare and 32 of which were cogrgd regionally rare (Kaiser 2001). In
addition, 12 of the detected species were congiderbe potentially problematic weedy
species and are a potential threat to natural andhe Credit River Watershed.

Species richness, diversity and weedy speciesegshall increased between 2005
and 2009. However, these increases may be attdhbatenproved species identification,
site knowledge and changes to the monitoring patdde proportion of native species
appeared to decrease, while the number of problemvatedy species (weediness score =
-3) (Oldham et al. 1995) increased between 200522808. Mean Conservation
Coefficient (mCC) and species evenness displayiéeteinces among years, but appeared
to be fluctuating rather than increasing or dedrgpsver time. The remaining
parameters remained stable over the monitoringgeri

The three physiographic zones in the Credit Rivatéfshed exhibited significant
differences for some vegetation parameters. Diffeze were observed among the Lower
watershed and the other physiographic zones. Thdi®and Upper watershed were not
significantly different for any of the vegetatioarameters examined. The Lower zone
contained a lower proportion of native species,neag the Upper and/or Middles zones
contained fewer weedy species and problematic wepédgies (Weediness Score = -3).

Several of the vegetation parameters includingpteortion of native species,
native ground vegetation diversity and FQI weraicantly positively correlated with
some or all of the following landscape metrics:itatlpatch size, percent natural cover
and matrix quality. Many of the same parameterseva¢so negatively correlated to
percent urban cover. The number of individuals witheediness score of -3 and weedy
species richness were significantly negativelyelated with habitat patch size, percent
natural cover and matrix quality. Garlic Mustardsfte Loosestrife and Common
Buckthorn all showed some combination of signifigamsitive relationships with percent
urban cover or significant negative relationshiphwwercent natural cover and/or habitat
patch size. None of the studied vegetation parasieteselected species displayed a
significant relationship with the distance to thearest road.
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1.0 INTRODUCTION

1.1BACKGROUND

Wetlands provide numerous, irreplaceable hydrokigiod ecological functions,
including stabilization of water supplies, floodsédément, water purification, erosion
control, recharging groundwater aquifers and cadeguestration (Zedler and Kercher
2005; Mitsch and Gosselink 2007). Despite thesetfitspnwetlands have historically
been viewed as unsightly waste areas, and wene dfténed and filled to accommodate
agriculture (Grand River Conservation Authority 3R0Within southern Ontario,
approximately 70% of original wetland area is eatea to have been drained for
agricultural purposes, increasing to over 80% magor urban centres (Natural
Resources Canada 2009).

The types of alterations which lead to wetland ddgtion can be grouped into
four categories, including: a) geomorphic and hialyicz, b) nutrient and contaminant, c)
harvest, extinction and invasion, and d) climatange (Brinson and Malvarez 2002;
Zedler and Kercher 2005). Current stressors spdoifivetlands within the Credit River
watershed include habitat removal, nutrient enriehtnorganic loading, contaminants
(e.g. road salts), sedimentation, turbidity, thdramanges, dehydration, inundation,
exotic species, habitat fragmentation, climate gleaand unsustainable use (e.g. species
harvesting) (Dougan and Associates 2009). Withewthtershed, the relative impact of
each of these processes on wetland health isiskhown. Through monitoring wetlands
as part of the Terrestrial Monitoring Programsithoped that a deeper insight into the
impact of these processes will be gained, to ghuitlee adaptive management and
restoration efforts within the Credit River Watezdh

1.2The Importance of Long-Term Monitoring

There is an increasing demand for better accoumirige condition and health of
the environment to determine whether conditionsraproving or deteriorating (Niemi
and McDonald 2004). An ecological monitoring pragraacreases understanding of the
trends and processes of a given ecosystem. A supeonitoring program should
address both biotic and abiotic components, asagdilinction across multiple scales.
Monitoring is useful in providing managers withonfation which can be used for long-
term planning, because trends over time can betaseéer future conditions. From an
ecological perspective, a monitoring program cao grovide insight into cause and
effect relationships between environmental stressand ecosystem responses (Reeves et
al. 2004).

In 2002, the Terrestrial Monitoring Bram was initiated at Credit Valley
Conservation (CVC) to examine the integrity of m@nd abiotic indicators in forest,
wetland and riparian ecosystems throughout thergla¢e. The main goals of the
Terrestrial Monitoring Program are to 1) measuridators of the structure, compaosition
and function of terrestrial ecosystems to assesethsystem integrity of the Credit
River Watershed, 2) identify status and trendfieintegrity of terrestrial communities
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at the watershed scale and linkages to overallralagd integrity, 3) identify spatial
patterns in terrestrial community integrity, andpddvide meaningful data on which
watershed management decisions can be based. Withimatershed several wetland
monitoring stations have been established in whah vegetation and wildlife
parameters are measured to describe wetland comglith the watershed and to monitor
trends over a 25 year period (Fig. 1).

[ WaILter ]
[ Levels ]
[ Vegetation ]
[ Regenleration ] [ Groum; Cover ]
| Wildlife |
[ Bir:is* ] [ Frogs a|l1d Toads ]

* monitoring began in 2009

Figure 1. Wetland health parameters in the Credit River \\sted.

1.3Why Monitor Wetland Vegetation?

Vegetation monitoring provides several useful gatlors of ecosystem health,
including estimates of species richness, speciassity, non-native species richness,
community biomass, and community productivity (Getios International Inc. 1999).
Monitoring herbaceous vegetation provides an eassning system for environmental
degradation, including climate change, environmgradution and land-use change
(Roberts-Pichette and Gillespie 1999). Furthermaranitoring seedling and sapling
regeneration provides a measure of vertical stracind allows for understanding of
vegetation succession within each community.

Within wetlands, vegetation is known to be a ukefdicator of biotic integrity
(Simon et al. 2001; Albert and Minc 2004). Plantncounities respond to water quality,
hydrologic modifications, chemical pollution, andtrient enrichment (Lopez and
Fennessy 2002; Albert and Minc 2004). Submergestisp richness is affected by high
sediment levels, nutrient enrichment and turbiditlijle emergent species also respond
to culturally enriched inputs (reviewed in Van Wéerand Zorn 2005). Furthermore, non-
native species are characteristic of wetland degi@d (Zedler and Kercher 2004).
Albert and Minc (2004) suggested that coverageoofmative species is a good measure
of wetland condition, as wetlands within heavilpamized environments tend to be
dominated by non-native species.
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Monitoring wetland vegetation also allows for gatetection of the impacts of
climate change. As the climate becomes warmes,akpected that wetland communities
will transition to drier habitat types: marsh, f@md bog communities changing to swamp
communities and swamps to non-wetland communiféstland vegetation is expected
to be highly sensitive to climate change; howevery little is known about the adaptive
capacity of these habitats in the face of clim&i@nge impacts (reviewed in Dougan and
Associates 2009).

1.4Wetland Vegetation in a Changing Landscape

The Credit River Watershed encompasses 950 squlaneckres of land in
Southern Ontario, Canada (Credit Valley Conserma?@03). The Credit River flows
southeast for nearly 100 km from its headwate@rangeville to its drainage point at
Lake Ontario. It has been estimated that 33% ofands in the watershed have been lost
(Dougan and Associates 2009). Most loss has oaturrareas where urban development
has been most prominent. The watershed is compois28% natural communities, 11%
successional communities, 37% agricultural land asd 29% urban area (Credit Valley
Conservation 2007a).

Though encompassing many unique landscape fornsatibe Credit River
Watershed can be divided into three main physidgcagones based on topography,
physiographic regions and subwatershed bounddigsZ) (Credit Valley Conservation
2007b). The Lower physiographic zone is highly mibad, containing over 85% of the
population of the watershed. The topography ofdinés is relatively flat with a gentle
slope towards Lake Ontario and has been significaitered by human development.
The Lower watershed is comprised of lower permégtsediments, such as silt and clay
till, laying on top of Georgian Bay and Queenstbalss (Credit Valley Conservation
2007b). The soils in the Lower zone are comprideday loams associated with the Peel
Plain and the South Slope (Credit Valley Conseove#007b). These soils have low
permeability in relation to the rest of the watedhhowever, localized pockets of sand
and gravel exist. When compared against governstantards (Environment Canada
2004), the amount of both wetland and forest cavéine Lower watershed is classified
as poor.

The Middle zone contains the Niagara Escarpmeandform comprised of steep
slopes, rocky outcrops, and thin soil (Credit ialeonservation 2005); much of this
zone is protected under the Greenbelt Plan (OMMABES). The steep topography of
this area leads to relatively high runoff volumas aelocities; however, the high forest
cover slows runoff and increases infiltration. Sail this zone are variable as a result of
the changing physiography between the Upper ancet@anes (Credit Valley
Conservation 2007b). The east portion of this zenanderlain by Queenston Shale,
whereas the west portion is underlain by dolomitdhe Amabel/Lockport Formation.
Surface geology is dominated by silt to clay @i silty sand to sandy silt, with pockets
of ice-contract stratified drift and bedrock or beek drift (Credit Valley Conservation
2007b). Due to topographic factors, lower levelsidfanization and protective
legislation, the Middle zone contains the gregesportion of natural cover in the
watershed.
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Figure 2. The Credit River Watershed wetland monitoring Eitations.
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The Upper physiographic zone lies above the esaampand is characterized by
till plains, moraines and glacial spillways (Creddlley Conservation 2007b). This area
is dominated by sandy loam soils that are assatiaith the Guelph drumlin field and
the Hillsburgh Sandhills (Credit Valley Conservati2007b). The high groundwater
recharge rates in the Upper watershed are suppoytdte relatively high permeability
rates of these soils. The Amabel/Lockport Formaisathe dominant bedrock type in this
area with pockets of the Guelph and Manitoulin dtdaes (Credit Valley Conservation
2007b). Surficial geology is dominated by ice-cahtratified drift, silty sand to sandy
silt and glaciofluvial gravel. Agricultural land @slominates portions of the Upper
watershed, though it also contains several largang complexes and numerous
headwater streams (Credit Valley Conservation 2R07b

Research in Ontario has demonstrated that the grop®f natural land cover
surrounding wetlands increases the diversity of mats, herptiles, birds and plants
(Findlay and Houlahan 1997). In fact, a reductimmvetland area of 50% is expected to
result in a loss of 10-16% of wildlife in any tageoup (Findlay and Houlahan 1997). In
addition, the development of roads has been showitgr both groundwater and stream
flow (Forman and Alexander 1998), which is in tespected to have direct impacts on
wetland vegetation. Road construction has also baggested to assist in the spread of
non-native species such as Purple Loosestrifth(um salicarig (Forman and
Alexander 1998).

Overall, the extent and configuration of naturaldaover in the landscape have
the ability to alter ecosystem processes, nutagatlability, water availability, and
dispersal. These changes can then alter wetlaretatggn communities in the watershed.
Therefore, observed trends in wetland vegetatidnb&iconsidered in the context of the
changing landscape of the Credit River Watershed.

1.50Objective: Monitoring Question

Several measures of wetland vegetation are cuyrbathg monitored to examine
the ecosystem integrity of wetland communities imithhe Credit River Watershed
(Credit Valley Conservation 2010a). This reportraxees the integrity of the ground
vegetation and regeneration layers using a vaoktggetation parameters, including:
species richness, evenness and diversity, and mesasiufloristic quality (mCC, FQI,
wetness and weediness). In addition, vegetaticanpeters were compared to several
landscape measures because reliable indicatorosygtem integrity are expected to be
sensitive to anthropogenic disturbance (Noss 1998ally, several individual species
were examined to determine if their presence was@ing over time and to determine if
they are sensitive to anthropogenic disturbance.oMerall monitoring question being
examined in this report is:

ARE INDICATORS OF HEALTHY WETLAND VEGETATION IN THECREDIT
RIVER WATERSHED STABLE?

More specifically, 1) are species richness andrditsediffering spatially or
temporally through the watershed; 2) does vegetationmunity similarity differ
spatially or temporally through the watershed;r@)iadicators of floristic quality
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differing spatially or temporally throughout the teeshed; 4) do any plant groups differ
spatially or temporally throughout the watershédare there relationships among
wetland vegetation and landscape metrics in thensfa¢d; and 6) are there relationships
between selected species and landscape metries watershed (Table 1).

Trend analyses were used to examine parametengeoést for increasing or
decreasing trends over time, whereas temporal semlyere used to examine if there
were differences in parameters among years. Speaigyses were used to examine
whether there was a difference among the threei@irgphic zones in the Credit River
Watershed. Plant groups analyzed include the nuoflsgecies with high conservatism
scores (CC 8-10), the number of locally and redigmare species, and the number of
potentially problematic weedy species (WeedinesseSe -3) (see Methods section for
details).
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Table 1.Wetland vegetation monitoring framework for the dit&iver Watershed.

o . o . a Unit of . b .
Monitoring Question Monitoring Variable Measurement Vegetation Layer Analysis Method
Trend Analyses
Is species richness changing over time in the Number of species Count Combined vegetation and - Lin€ar Regression
Credit River Watershed? P Ground vegetation - Power Analysis
Is total species diversity changing over time in . . . - Linear Regression
the Credit River Watershed? Shannon-Weiner Function Index Ground vegetation Power Analysis
Is native species diversity changing over time in e . . - Linear Regression
the Credit River Watershed? Shannon-Weiner Function Index Ground vegetation Power Analysis
Is the mean Coefficient of Conservatism - - Linear Regression

. o o Mean Coefficient of . . .
changing over time in the Credit River . Index Combined vegetation - Power Analysis
Conservatism value
Watershed?
Is the Floristic Quality Index changing over time . . - Linear Regression
in the Credit River Watershed? FQl Index Combined vegetation Power Analysis
Is weedy species richness changing over time in . . .- Linear Regression
the Credit River Watershed? Number of species Count Combined vegetation_ Power Analysis
Temporal Analyses
bid ios rich dift in th Combined vegetation - Repeated Measures ANOVA
Id species richness differ among years in the Number of species Count Ground vegetation, - Friedman test
Credit River Watershed? X
Regeneration
i - Friedman test
Did the proportion of native species differ . . . . Grou'nd vegetatlo.n,
; o Proportion native species Proportion Combined vegetation,
among years in the Credit River Watershed? )
Regeneration
Did species diversity differ amona vears in the Total ground vegetation, - Repeated Measures ANOVA

Pec y 9y Shannon-Weiner Function Index Native ground vegetation, - Friedman test

Credit River Watershed? :
Regeneration

. . . . Total ground vegetation, - Friedman test
Did species evenness differ among years in the _. , . . :
P Simpson’s Dominance Index Index Native ground vegetation,

Credit River Watershed? ;
Regeneration

Did the mean Coefficient of Conservatism differ Mean Coefficient of . . - Repeated Measures ANOVA

Index Combined vegetation

among years in the Credit River Watershed? Conservatism value
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Unit of

. . . . . . a . b .
Monitoring Question Monitoring Variable Measurement Vegetation Layer Analysis Method
Temporal Analyses (Continued)

Did the number of species with a Conservatism Number of species with a - Friedman test
score of 8-10 differ among years in the Credit TSp Count Combined vegetation
; Conservatism score of 8-10
River Watershed?
Did the mean Floristic Quality Index differ . . - Repeated Measures ANOVA
among years in the Credit River Watershed? FQl Index Combined vegetation
Did weedy species richness differ among years . . . - Repeated Measures ANOVA
in the Credit River Watershed? Number of species Count Combined vegetation
Did the mean number of species with a . . - Friedman test
. . . Mean number of species with a . .
weediness score of -3 differ among years in the weediness score of -3 Count Combined vegetation
Credit River Watershed?
Did the number of locally and regionally rare Number of locallv and - Friedman test
species differ among years in the Credit River ionall yan Count Combined vegetation
Watershed? regionally rare species
Spatial Analyses
Combined vegetation, Repeated Measures ANOVA
Did species richness differ among physiographic . - " - One-way ANOVA
zones in the Credit River Watershed? Number of species Count Ground veget_atlon, - Kruskal-Wallis test
Regeneration .
- Power Analysis
Did the proportion of native species differ Ground vegetation, - Kruskal-Wallis test
among physiographic zones in the Credit River  Proportion native species Proportion Combined vegetation,
Watershed? Regeneration
Did species diversity differ among Total ground vegetation, - Repeated Measures ANOVA
physiographic zones in the Credit River Shannon-Weiner Function Index Native ground vegetation, - Kruskal-Wallis test
Watershed? Regeneration - Power Analysis
Did species evenness differ among Total ground vegetation, - Kruskal-Wallis test
physiographic zones in the Credit River Simpson’s Dominance Index Index Native ground vegetation,
Watershed? Regeneration
Did the mean Coefficient of Conservatism differ - - Repeated Measures ANOVA
. . ; . Mean Coefficient of . . .
among physiographic zones in the Credit River . | Index Combined vegetation - Power Analysis
Watershed? Conservatism value
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o . o . a Unit of . b .
Monitoring Question Monitoring Variable Measurement Vegetation Layer Analysis Method
Spatial Analyses (Continued)
Did the number of species with a Conservatism Number of species with a - Kruskal-Wallis test
score of 8-10 differ among physiographic zones ! SP Count Combined vegetation
; S Conservatism score of 8-10
in the Credit River Watershed?
Did the Floristic Quality Index differ among - Repeated Measures ANOVA
physiographic zones in the Credit River FQI Index Combined vegetation - One-way ANOVA
Watershed? - Power Analysis
Did the number of locally and regionally rare - Kruskal-Wallis test
. - . . . Number of locally and . .
species differ among physiographic zones in the reqionally rare species Count Combined vegetation
Credit River Watershed? 9 y P
Did weedy species richness differ among - Repeated Measures ANOVA
physiographic zones in the Credit River Number of species Count Combined vegetation- Power Analysis
Watershed?
Did the mean number of species with a - Kruskal-Wallis test
weediness score of -3 differ among Mean number of species with a . .
Count Combined vegetation

physiographic zones in the Credit River weediness score of -3

Watershed?

Species Level Analyses
Selected species compared to

Was there a relationship between selected habitat patch size, distance to the Presence /

species and landscape metrics in the Credit

River Watershed? nearest road and % urban and Absence
natural cover
Did site occupancy of selected species change Proportion of sites occupied by Proportion
over time in the Credit River Watershed? selected species
Landscape Analysis
All above vegetation parameters
Were wetland vegetation parameters correlatedcompared to habitat patch size,
with landscape metrics in the Credit River distance to the nearest road, %  Variable

Watershed? urban, natural and agriculture

cover and matrix quality

- Logistic Regression

Ground vegetation

Ground vegetation Cochrane-Armitage
- Power Analysis
- Spearman Rank Correlation
Combined vegetation,
Ground vegetation,
Regeneration

2All monitoring variables were summarized for eactiividual site in each year across the monitoriedqal.

® Ground vegetation includes all herbaceous plavisdy vines, and shrubs and trees <16cm. Regenetiatiiudes trees and shrub46cm and < 4cm in diameter at breast

height (DBH). Combined vegetation includes dataftmoth the ground vegetation and regeneration $ayer
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2.0 METHODS

2.1WETLAND HEALTH MONITORING

Eighteen permanent wetland monitoring sites wetabéshed in 2002 throughout
the Credit River Watershed. These sites were m@ttor changes in vegetation from
2005-2009. The wetland sites represent six swarddamarsh communities (Appendix
A). The monitored wetlands represent 11 Provingidlgnificant Wetlands (PSW's), 11
Environmentally Sensitive Areas (ESA’s) and sixeL8cience Areas of Natural and
Scientific Interest (ANSI). Wetland Health in thee@it River Watershed was monitored
following modified plot-based methodologies devedpy Environment Canada’s
Environmental Monitoring and Assessment Network & and CVC. All vegetation
parameters were measured annually or bi-annuatheatnonitoring sites. Wetland
monitoring sites consisted of 12 paired sub-plptced ten metres apart, established
along a 50 m linear transect, which ran along tedamd’s hydrological gradient (from
dry to wet) (Fig. 3). At each subplot a 1x1m growegetation subplot was nested within
a 2x2 m regeneration subplot, which shared the samige point.

2.1.1 Ground Vegetation

Ground vegetation is acutely sensitive to finenecisturbances in microclimate
(e.g. soil moisture and temperature), so it isegral early indicator of changes in
wetland health (Geomatics International Inc. 198ignon et al. 2001; Albert and Minc
2004). At each 1x1m monitoring subplot, speciestifieation was recorded for all
herbaceous vegetation (grasses, sedges, fernamddees and shrubs with a height
<16cm. Each species was also assigned to one @iltbing cover classes: <1%, 1-
5%, 6-15%, 15-30%, 31-50%, 51-75% and 76-100%0082 methodology was revised
for assessing wetland vegetation abundance fromcépé cover” classes to the actual
percent cover a species occupies in a subplot.Wéssdone to enable better analysis of
data as the cover classes were found to be tosetayield meaningful statistical
results. For analysis, 2008 and 2009 percent cdetar were reassigned to the appropriate
cover class for consistency in data presentatioosaall years. Ground vegetation was
monitored bi-annually, in spring and late summemensure accurate identification of
species and to capture plants blooming at diffetiergs throughout the season.
Methodology followed standardized EMAN protocol {fots-Pichette and Gillespie
1999).

10
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Wetland Station Design Subplot post

5 /7Subplot code
____+m____E 1 )

Weady Vegetation Subplot

Herbaceous Vegetation Subpl
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Figure 3. Wetland monitoring site layout.
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2.1.2 Regeneration

Regeneration monitoring provides insight into wineés will comprise the future
canopy layer of wetlands of the Credit River Wdters Regeneration was monitored
annually in the late summer. Following modified EMArotocols, tree and shrub stems
>16cm in height and <4cm Diameter at Breast HeiDiBH) originating within each
subplot were identified to species and assigneshé&oof the seven cover classes noted
above (Sajan 2000).

2.2DATA PREPARATION

Although non-vascular plants also provide valuablermation about ecosystem
health, due to resource constraints and the speszidknowledge required for their
identification, only vascular plants were includednalyses. Therefore, any
observations of mosses, liverworts and algae wear®ved from the dataset. All vascular
plants identified to species were included in taadet. Plants identified to genus were
included in a grouping if no other plant of thahge was identified to species within the
group in question, unless otherwise noted belowes& genus-only records were
included to provide an accurate representatioh@humber of species within a site,
even if species-level identification was not poksib

Woody species excluded from the regeneration sunayded woody vines such
as Poison IvyToxicodendron radicans ssp. negupdad woody species that do not
have the potential to contribute to the dominamiogg layer in the future, such as
Bunchberry Cornus canadensisA complete list of all woody species not incldde
the regeneration analyses is presented in Talllagse species were instead included in
those ground vegetation analyses which did notoelpercent cover data.

Table 2.List of woody species removed from the regeneradioalyses

Common Name Scientific Name

Bog Rosemary Andromeda polifolia var. glaucophylla
Bunchberry Cornus canadensis

Climbing Nightshade Solanum dulcamara

Dwarf Red Raspberry Rubus pubescens

Large Cranberry Vaccinium macrocarpon

Poison lvy Toxicodendron radicans ssp. negundo
Riverbank Grape Vitis riparia

Small Cranberry Vaccinium oxycoccos

Thicket Creeper Parthenocissus inserta

Twinflower Linnaea borealis ssp. longiflora
Virgin's-Bower Clematis virginiana

2.2.1 Vegetation Parameters

Data summaries were conducted for several vegatpacameters listed below.
Data was summarized for ground vegetation and e¥géon layers separately, as well
as for combined vegetation, which incorporates ttata both the ground and
regeneration layers.

12
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2.2.1.1Most Common Speciesists of the most common species in the
watershed were developed using only plants ideqtifd species level. The lists were
determined by summing the total number of moniwsites in which each species was
observed per year, regardless of the abundante aipecies at each site.

2.2.1.2Species RichnesRichness was calculated by counting the number of
unique vegetation species identified watershed-waitat each site per year. Richness
calculations were performed for ground vegetattegeneration and combined
vegetation. In addition, the proportion of natiyesies (ground vegetation, regeneration
and combined vegetation) was determined watershed-and at each site per year.
Proportion of native species was calculated uslagtp identified to species-level, as:

WhereP = Proportion of native species
N = Number of native species
T = Total number of species (native + non-native).

2.2.1.3Species DiversityVegetation species diversity in the Credit River
Watershed was calculated using the Shannon-Wianestien:

S

HT:'Zpilnpi

1=1

WhereH' = Index of species diversity
s = Number of species
pi = Proportion of total sample belongingitb species determined by percent
cover

Diversity values at each monitoring site were claltad separately for each
subplot and then averaged to obtain the diversityesfor each site. Traditionallg, is
calculated using the number of individuals of eggécies. Unfortunately, these data
were not available. Instead, cover class was usddtermine the proportion of the
subplot occupied by each species. To do this, cdasses were first converted to whole
numbers by using the mid-point of each cover dlass the 5-10% cover class was
converted to 7.5%). The total cover for the subplas then calculated by summing the
cover classes for all detected species. Ngxtas calculated by dividing the cover class

13
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of specieddy the total cover of the subplot. Diversity fockaubplot was then
calculated using the formula described above.ithortant to note that becauysevas
calculated using percent cover, opposed to aburgBhgalues in this study cannot be
compared to other diversity indices for vegetatiathin the literature.

In a community with only one specie= 0. AsH' increases, communities
increase in diversity (Krebs 1999). This index wakulated at each site per year. Total
diversity was calculated for both ground vegetatod regeneration. However, diversity
was not calculated for regeneration in 2009 becatiskanges in the regeneration
sampling protocol which rendered the 2009 incomigarto previous years data. Native
diversity was only calculated for ground vegetatiosing plants identified to species-
level, because of low non-native richness in tlgeneration data.

2.2.1.4EvennessSpecies evenneds, was calculated based on Simpson’s
dominance index (Simpson 1949):

S
E = (:1_/12 plz)/S

wherep; is the proportional cover of specieandSis species richnes€over class was
determined using the same process as for diveEsignness is a measure of how evenly
the cover within a plot is distributed between sgpecEvenness values range from O to 1.
An evenness value of 1 indicates that plant covthinva plot is evenly shared among
the species present (e.g. only one species ismiréa® species both account for 50% of
the cover, etc.). A low evenness value indicatasdhe or a few plants account for the
majority of the cover, whereas other plants coy\ittle of the plot. Regeneration
could not be calculated in 2009 for regeneratioa uchanges in sampling protocol.

2.2.1.5Floristic Quality Assessmen®lants can reflect the quality or condition of
an ecosystem. This relationship between vegetanhaisite quality was assessed using
the Ontario Ministry of Natural Resources Florigfinality Assessment System for
Southern Ontario (Oldham et al. 1995). This sysissigned each vegetation species
known to occur in southern Ontario several valuesuding a wetness index, coefficient
of conservatism and weediness score. Each indeasisd on species habitat
requirements and these scores were used to calada¢ral vegetation parameters
described below.

Wetness Index

Mean wetness index was calculated for each sitegube species specific
wetness values listed in the Floristic Quality Asseent System for Southern Ontario
(Oldhamet al. 1995). Wetness values were assigned toespbased on their
requirement for wet habitats on a scale of -5 @aie wetland) to 5 (obligate upland).

The mean wetness index was calculated by averdiggngetness scores for each species
detected at a given site, per year.

14
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Coefficient of Conservatism

Coefficient of conservatism (CC) scores have basigaed to native vegetation
species in the Floristic Quality Assessment Systansouthern Ontario (Oldham et al.
1995) and are based on a species tolerance toldistte and habitat fidelity. These
scores were used to calculate three vegetatiomedess, including the mean Coefficient
of Conservatism (mCC), Floristic Quality Index (F@hd the number of species with
CC values of 8-10 (CC 8-10). Coefficient of Consgism scores for each species range
from O (low conservatism) to 10 (high conservatismil a conservatism value of 8, 9 or
10 indicates that a species is a habitat spec{@igiNR 2008). Mean Coefficient of
Conservatism was calculated by averaging the Cé&sdor each native species detected
at a given site. In addition to mCC, the total nembf species with a CC value of 8-10
was also calculated for each site. Finally, theiflc Quality Index was calculated as

follows:
FQI = mCC x VN

where mCC is the mean Coefficient of ConservatisthM is native species
richness.

Mean Coefficient of Conservatism and FQI are bo#asures of the floristic
integrity of a given site. Mean Coefficient of Cengatism is solely based on the habitat
requirements of detected species, while FQI inc@ates species richness into its
calculation. Both parameters are useful for examgnvegetation integrity, as a site with a
high FQI may have a low mCC value and vice versa.ekample, a relatively degraded
site may have a high FQI value if a large numbetisturbance-tolerant native species
present (Taft et all997). Given that mCC and FQI have the potertiahtk sites
differently, it is important to consider both whexamining the overall quality of a given
location. Mean Coefficient of Conservatism, FQI &1 8-10 were calculated for each
individual site, per year.

Weediness

Weediness was evaluated using the weediness gmorgded for non-native
species in the Floristic Quality Assessment Systansouthern Ontario (Oldhast al.
1995). Weediness scores have been assigned tnafiative species and range from -1
(low impact of the species on natural areas) thigh impact of the species on natural
areas). The weedy species richness was calculatedh site by totalling the number of
species with a weediness score of either -1, -3 at a given site. Also, in order to
guantify the impact of non-native species that maye serious effects on natural areas in
the watershed, the total number of species witkedmess score of -3 (weediness score
-3) was calculated. These weediness parametersoakexdated for each individual site,
per year.

2.2.1.6Locally and Regionally Rare Specids order to understand the
composition of rare species within the watershiee ,iumber of both locally and
regionally rare species was determined using pldet#ified to species-level watershed-
wide and at each site per year. Local and regi@rahess designations were based on
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Kaiser (2001). The criteria used for determining fglant was locally or regionally rare
were as follows:

* Locally rare - a species that occurred fewer tHatirhes in the Region of Peel

* Regionally rare - a species that occurred fewar #tatimes in the Greater
Toronto Area (Kaiser 2001).

2.2.1.7Community Similarity Vegetation community change was calculated with
plants identified to species-level using JaccaSirsilarity Index (Krebs 1999):

S = a
a+b+c

Where§ = Jaccard’s similarity coefficient
a = number of species in year 1 and year 2 (joicgences)
b = number of species in year 2 but not in year 1
¢ = number of species in year 1 but not year 2

Jaccard’s Similarity Index is a calculated valuedusd compare the species
similarity between two samples. The index was dated watershed-wide for the
combined vegetation data for 2005 vs. 2006, 2002887, 2007 vs. 2008, 2008 vs. 2009
and 2005 vs. 2009. In addition, Jaccard’s Simidritiex was also determined across all
years among the physiographic zones, including kawee vs. Middle zone, Lower
zone vs. Upper zone, and Middle zone vs. Upper.zone

2.2.2 Statistical Analyses

2.2.2.1Trend and Temporal AnalysiBopulation trends between 2005 and 2009
were analyzed using linear regression in STATISTICA (Statsoft Inc.), with results
considered significant whesx0.05. Prior to analyses, data were tested for alityrand
homogeneity of variance using the Shapiro-Wilk texd Levene’s test, respectively. If
required, data were transformed in order to improeenality and homogeneity
(Appendix B). Trend analysis was completed fortbgetation parameters listed in
Table 3. Regeneration parameters could not be sedlysing linear regression due to a
spatial correlation among sites in the regeneratetasets. Trends could not be
determined in the proportion of native species erghness parameters because of the
ordinal nature of the data, which necessitatediieeof non-parametric tests (McDonald
2009). Weediness score -3, CC 8-10, locally rackragionally rare parameters were
analyzed with non-parametric methods because dbt@umber of species detected
within these groups at each site.

In addition, data were also examined to deternfiddferences occurred among
years. Differences among years were determinedeititier the parametric repeated
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measures ANOVA test or the non-parametric Friedteat) depending on the parameter.
Although a one-way ANOVA would have been sufficiemtest for differences among
years, the repeated measures ANOVA was used bettasisest was already being
utilized to determine spatial differences in théadand provided equivalent temporal
comparisons to a one-way ANOVA. The Friedman tesipn-parametric equivalent of
the repeated measures ANOVA, was used to idenffigrdnces among sampling periods
(2005-2009) for non-parametric data. In lieu oftgusc analysis, which is not available
for the Freidman test, differences among groups mignferred through visual
examination of the data.

Table 3.Summary of temporal and spatial analyses usedamige vegetation parameters within the
Credit River Watershed.

Parametric Parametric Non-Parametric
Vegetation Parameters Trend Temporal and Temporal and
Analysis Spatial Analyses Spatial Analyses
Ground Vegetation
Species Richness X X
Species Diversity X X
Species Evenness X
Proportion of Native Species Richness X
Native Species Diversity X X
Native Species Evenness X
Regeneration
Species Richness X
Species Diversity X
Species Evenness X
Proportion of Native Species Richness X

Combined Vegetation
Species Richness X X
Proportion of Native Species Richness X
Mean Wetness Index X
mCC” X X
CC 8-1¢° X
FQI® X X
Weedy Species Richness X X
Weediness Count -3 X

X

Locally Rare Species

Regionally Rare Species

2Spatial analysis not conducted because start ahg@aints of wetness gradient vary by site.
®mCC, Mean Coefficient of Conservatism; CC 8-10; benof species with a Coefficient of Conservatisetween 8
and 10; FQI, Floristic Quality Index.
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A selected group of wetland vegetation species aks@examined for trends
using the Cochrane-Armitage test in XLStat (Addftjs@\gresti 2002). This test is often
used to examine linear trends in binomial propogiof response across increasing levels
of dosage in medical studies. In this study, tkel@s been used to examine if species
occurrence was increasing or decreasing over ¥Megetation species chosen for this
analysis were selected due to interest in a spd@éibution and the suitability of its
distribution for the required statistical testse8ps were considered for selection if they
were of some interest to the program either bectngsewere non-native, uncommon in
the watershed or a common native plant. In addittoe species’ distribution needed to
be appropriate as the statistical analyses wouléb@oneaningful if the species were
present at very few or almost all of the sites.dglagn the preceding criteria, ground
vegetation species examined included: Garlic Mdsfalliaria petiolata), Common
Buckthorn Rhamnus cathartigeand Purple Loosestrife.

2.2.2.2Spatial AnalysisTo examine spatial patterns of wetland vegetation
parameters in the Credit River Watershed, monigpsites were grouped into Lower,
Middle and Upper zones, with five, five and eigit¢s established in each zone,
respectively (Fig. 2). It is hypothesized that iénces in land cover and landscape
configuration among the three zones are likelynfluence wetland health parameters,
including species richness, diversity and florisfility.

Data were analyzed with STATISTICA 7.0 (Statsoft.)nwith results considered
significant wherp<0.05 (Zar 1999). Data were tested for normality bomoscedasticity
using the Shapiro-Wilk test and Levene’s test fambgeneity of variance, respectively.
If required, data were transformed in order to ioygrnormality and homogeneity
(Appendix B). Where data could not be normalized,équivalent non-parametric test
was used to complete analyses. Repeated measu@¥AKAnalysis of Variance) was
used to examine differences in vegetation paramet®mong the three physiographic
zones (Table 3). Tukey's HSD test for unequal semsjdes was used for post-hoc
comparisons in order to compensate for the largerher of sites in the Upper zone
compared to the Middle and Lower zones (Zar 1988)en a significant interaction is
detected between zone and year in the repeatedurasasNOVA it is not possible to
distinguish the main effects of the parameters @gwdod 1997). In this situation, one-
way ANOVAs were completed for each individual yeaorder to determine differences
among the physiographic zones. The Kruskal-Wadks$ tvas conducted on annual data
sets to identify differences among the three plgrsiphic zones for non-normalized data.
This is a non-parametric version of a one-way ANOYAvhich treatment levels of an
independent variable (e.g. physiographic zone)ratependent of one another. Zone
effects had to be analysed on a year by year basmuse Kruskal-Wallis cannot account
for year effect when all survey years are usetiénsame analysis. An associated post-
hoc test was subsequently run to determine whiacle zelationships were significant.

2.2.2.3Correlation between Vegetation Parameters and lcapasMetricsTo
increase understanding of the relationships betwestland vegetation populations and
the landscape which surrounds them, Spearman Raréations were used to determine
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if monotonic associations exist between vegetgtimameters and landscape metrics.
Monotonic associations are instances where onahlarincreases or decreases with the
other variable, but not necessarily in a linear megnCorrelations were run pairing the
mean of each vegetation parameter across the mogifeeriod (Table 3) to habitat
patch size, distance to nearest road, matrix gualitd finally percent agriculture, natural
and urban area within a 2 km radius. Landscapepeteas were based on
orthophotography collected between 2005 and 20@¥ e Credit River watershed.
Aerial photographs were interpreted and analyseyusrcGIS, a software package
capable of generating information on patternscsting, and change within a landscape
(Credit Valley Conservation Authority 2007a).

Habitat patch is defined as a continuous patctatfral land cover in a given
area, in which the monitored wetland area is inetlyc&nd is comprised of forests,
wetlands and successional communities. To calcpkateent natural, urban and
agricultural area, a 30 m buffer was developedraildbe centre of the monitoring site,
and the percentage of land use for each categamscalaulated within a 2 km radius
from the edge of the buffer. The 30 m buffer wasdu® develop a centre point which
would encompass each wetland site. Finally, maulity is an index developed to
account for the amount of varying types of landsusean area, with higher matrix
guality values indicating more natural land covethe area. Matrix influence is
calculated by summing percent natural area mudtiptiy positive one, with percent
agricultural area multiplied by zero, and perceftan area multiplied by negative one
(TRCA 2007).

Spearman Rank correlations were completed usingT&SRCA 7.0 (Statsoft
Inc.), with results considered significant whes0.05. Habitat patch size and distance to
the nearest road were included as metrics in thlysis as research has shown that they
both tend to negatively affect vegetation commaesi(Findlay and Houlahan1997;
Hooftman and Diemer 2002). A radius of 2 km wasseofor the scope of this urban
composition parameter because Findlay and Houlét&9v) found that landscape
effects on wetland taxa richness were strongeshwhbasidering composition at this
distance. The mean of each vegetation parametefaweyears of monitoring was
calculated for each site so that correlations cbeldnade between vegetation parameters
and landscape metrics. This was necessary beandschpe data were not available in a
year-by-year form but rather as a single “snapshegfesentation of land parameters
during the general period of monitoring.

In addition, relationships between the most pred@ami non-native species with a
weediness score of -3 and landscape metrics waseaaklyzed with logistic regression
using STATISTICA 7.0 (Statsoft Inc.). The presen€®urple Loosestrife, Common
Buckthorn and Garlic Mustard at each site was teagginst habitat patch size, distance
to the nearest road, percent natural cover anegpeucban cover using simple logistic
regression with one continuous predictor. The chepecies were selected according to
the same criteria used in the Cochrane-Armitagé/ses. Though still considered a
parametric option, logistic regression is a nomdinestimation method in which the
binary response variable is assumed to follow arhial distribution (Quinn and Keough
2002). The assumptions of normality and homoscezigctio not apply as with linear
regression. For logistic regression tests betwgeroscupancy (presence/absence) over
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the five-year survey period and landscape parasiedesite was considered occupied if
the species in question was detected in at leasbfwhe four survey years.

2.2.2.4Statistical Process Contr@tatistical Process Control (SPC) is an
application which uses time series data to devedggsholds (Maurer et al. 1999).
Though similar to regression, SPC is not basedypothesis testing. Instead, this
application seeks to identify instances when a serges exhibits non-random behaviour.
A series demonstrating this non-random behavioooisidered “out of control” and, as
such, unsuitable for developing a monitoring baselif the time series exhibits natural
random variability around a reference point (ugutile mean), the series is considered
“in control”. Data that are in control can be texhas a baseline from which monitoring
thresholds can be generated. A recommended miniafidive years of “in control” data
have been used to set monitoring thresholds (Pawnl, pers. comm.).

SPC control charts are divided into six zonegbtam the mean value of a time
series and its standard deviation adjusted to sasipt (Fig. 4). The upper and lower
critical limits, defined as +/- 3 standard deviasdSD) from the mean, encompass the
“in control” range of the time series. Control disaior stable systems will not contain
any points outside the +/- 3 SD “in control” rangesuch a case, the series represents
appropriate reference conditions from which the3+&D critical limit thresholds can be
adopted. Series with points outside the “in cofitrahge may represent an ecosystem
under stress or moving slowly toward some altersttte. A data set in this type of flux
would not provide appropriate reference conditionsvhich thresholds could be based.

For this study Individual Moving Average and MogiRange Charts were
examined to determine if each vegetation paramedsrin control (Paul Zorn, pers.
comm.). Values that exceed the critical limits anel associated with significant
increasing or decreasing trends should always\mstigated thoroughly. Often in
monitoring, early detection of changing trends sigmificant decline in parameters is
desired in order to recognise problems before tieets become irreversible. To address
these early detection concerns, the upper and la&ering limits on control charts are
represented by +/- 2 SD from the mean. Trendsrodséhat exceed the warning limits
but not the critical limits should be tracked clgder further changes. A time series with
values falling within the warning limits is exhiloig natural variability and is considered
to be stable and not of concern based on SPC aMdirstatistical control charts for
vegetation data were generated using SPC XL (Sigm&Y a third-party add-on
application to Microsoft Excel.
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Figure 4. Statistical Process Control charts for weedy spetitiness. Both the individual moving average tfgmowing the parameter values for each year)
and the Moving Range chart (showing the amounhahge in the parameter between years) are “in@dritom 2005 to 2009. On the Individuals
Chart, the green line indicates the time seriesmasa the red lines show the upper and lower afitimits (+/- 3SD). Since the data set is in cohtr
the mean from 2005-2009 can be used as a basetifigtdre monitoring.
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2.2.2.5Power AnalysisPower analyses were conducted in PASS (NCSStimc.)
determine the number of monitoring sites requiredrder to detect significant levels of
change in various vegetation parameters. Poweysinallso assessed the ability of the
current monitoring program to detect statisticHfietlences in wetland vegetation
parameters among physiographic zones and among, g@aen the number of
established monitoring sites. Power analysis uasslime monitoring data to determine if
additional monitoring sites are required to deggghificant trends. Effect size refers to
the detectable change in the time series overengiterval, and is often related to a
specific monitoring threshold. Based on SPC, whilslo uses baseline monitoring data to
generate monitoring thresholds, changes in a pdesroe+ 1 SD represent natural
variability in stable systems and are not considéoebe of concern. Changes in a
parameter of £ 2 SD are considered outside of nlovaréability expected in stable
communities and represent early warning signs. Gémm a parameter of + 3 SD
represent instability and situations in which cafsetors must be investigated. The
effect sizes considered in the power analyses tiearefore been set at 1, 2 and 3 SD to
represent ecologically relevant statistical differes in wetland vegetation communities.
Currently, five years of in control data will beaassto determine the five year effect size.

In addition to the calculation of requiregthe minimum effect size that can
currently be measured under the monitoring progreas determined for each analysis.
These results were used to determine the qualieyiwént monitoring data. Data quality
was assessed according to Table 4, developed bli®ebal. (2006) and CVC.

Although these rules are subjective, they are rotrary and are based on emerging
common practice among conservation agencies, paregperience, and logistical
considerations (Dobbie et al. 2006). For linearession, the upper effect size limit (data
are red) is set to 40% because changes aboveoihisgpe too coarse to provide early
warning of decline in a parameter. A change of lye#% or greater would be needed
before changes were detected by the monitoringranogDobbie et al. 2006). The lower
effect size limit (data are green) is set to 20%alise a smaller effect size is too fine and
would likely result in an unaffordable monitoringpgram. An effect size of less than
20% may be reasonable for some parameters, bustlitely not the case for all
monitored parameters. And although smaller effizetssmay allow for the detection of
significant differences more often, without knowdgedegarding natural variability in the
parameter it may be difficult to determine if thebanges are meaningful (Dobbie et al.
2006). It is important to note that the data qyaliles developed by Dobbie et al. (2006)
were set according to power analysis of a pahtedt. This test does not reflect changes
in trends but changes in status and usually regjaimaller sample size to achieve the
same power and confidence as a regression tesb{®ebal. 2006). Therefore, data
quality assessment is appropriate, if not moragémt than necessary, for analyses
completed in this report.

For the Cochrane-Armitage test, percent changetesiees could not be
calculated; therefore, SD was instead used to m@terdata quality (Table 4). The upper
effect size limit (data are red) was set to 3 SBalse that is the critical warning limit in
SPC. Therefore, data in this quality range arecapable of detecting the most important
ecological changes. The lower effect size limittéd@re green) is set to <2 SD because
that is the early warning limit in statistical pess control. Data in this quality range can
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therefore detect both early and critical warmimgits and should be able to provide
managers with necessary information for makingrmed management decisions. It
should be noted that data quality will naturallytdstter for measures that display more
variance over the study period. This is becauseritieal and warning thresholds are
themselves based on the standard deviation ofibasidta. For example, it is easier
(e.g. requires a smaller sample size) to detecB@ 2hange in mortality when the
underlying variability of the mortality data is lhigif variability was low, 2 SD would
represent a very small change in proportion. Smalanges are innately more difficult
to detect than larger changes over the same timedpe

Currently, no type of effect size could be caloedbtor logistic regression. For
that reason, two data quality groupings were d@ezldor this analysis. Data were
considered green if enough site-years were availabdletect a significant logistic
relationship between parameters. Data were coregided if not enough site-years were
available to detect a significant logistic relasbip between parameters. No yellow data
category was used.

Confidence and power levels are also subjectinmiynot arbitrarily, selected.
Although research standards typically set configenc95% and power to 80%, this may
not be appropriate for ecological monitoring (Dabbt al. 2006). Confidence refers to
the probability of not committing a Type | statesti error. In ecological monitoring, this
may be considered a “false alarm”. Power refethegorobability of not making a Type
Il error, which may be considered a “missed signialecological monitoring, missing a
signal has more severe management implicationsrtising a false alarm. For that
reason, power is usually set higher than confidemtleis type of monitoring (Dobbie et
al. 2006).

Table 4.Rule set for assessing data quality in monitorirgsures (adapted from Dobbie et al. 2006).
Data Effect size
Quality  Linear Regression Cochrane-Armitage Logistic Regression

Currently have enougt
Green <20% change <2 SD site to detect a 80% 90%
significant relationship

Confidence Power

Yellow  >20% <40% change 2-3SD N/A 80% 90%

Currently do not have
Red >40% change >3 SD enough site to detect 80% 90%
significant relationship
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3.0 RESULTS AND DISCUSSION
3.1DESCRIPTIVE ANALYSIS

3.1.1 Most Common Species

Monitoring Question: What vegetation species were most commonly encountered in
the Credit River Watershed?

- The most common species in the watershed werdRer Dogwood, Climbing
Nightshade, Marsh Bedstraw, Spotted Touch-me-nottiérn Bugleweed, Brown-
seed Dandelion, Fowl Manna-grass, Riverbank Gi@paeada Blue Joint and Wild
Mint.

The ten most common combined wetland vegetatieniep across all years are
presented in Table 5 in descending order. The owsmon wetland species span a
range of wetness values from facultative uplandiicgate wetland species (+3 to -5).
They also occupy a range of Conservation Coefftsidmetween 0 and 5, indicating that
they tolerate major to mild disturbance. Of the tiexp species, eight are native to Ontario,
whereas Climbing Nightshad8d¢lanum dulcamajaand Brown-seed Dandelion
(Taraxacum officinalpare non-native.

Two of the most common species, Canada Blue JGaia(nagrostis canadengis
and Marsh Bedstraws@lium palustrg, are Species of Urban Interest as designated by
Credit Valley Conservation (CVC). This designatisispecific to CVC, which has
ranked species inhabiting the watershed accoradinigeir sensitivity to environmental
change and disturbance. Species in the watershedevanked as Species of
Conservation Concern (SoCC; Tier 1), Species @frést (Sol; Tier 2), Species of Urban
Interest (Sol; Tier 3), Secure (Tier 4) or Non-mat{Tier 5). Species of Conservation
Concern are designated at risk either federallyargtovincially, or are provincially
rare according to OMNR’s Natural Heritage InformatiCentre. According to a draft
version of the ranking, a total of 87 species m@redit River Watershed have been
designated SoCC to date. Species of Interest dnrer@incommon in the watershed
and/or have exhibited a significant population gecin the past 25 years. Finally,
Species of Urban Intereate exhibiting some form of decline within urbaeras due to
some sensitivity, but are thought to be relatisgdgure in more natural environments.

The five most common non-native wetland vegetasipecies across all years are
presented in Table 6 in descending order. In 2Q08C ranked priority invasive
vegetation species into five categories. Speci€aiiegory 1, or Transformer species,
have the ability to exclude all other species, dwte sites indefinitely and provide a
threat to natural areas. Category 2 consists dfiilgpvasive Species that tend to
dominate certain niches or that are problematitdbunot spread rapidly from major
concentrations. These species can persist in gemdations for long periods. Category
3 consists of Moderately Invasive species thattssmome locally dominant under
specific conditions. Category 4 species are consgt®linimally Invasive and do not
pose an immediate threat to natural areas, but etawath native species. Finally,
Category 5 species are Potentially Invasive andiaogn to reproduce aggressively on
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occasion, but have not yet posed a serious thoewdtural areas in Ontario (Credit Valley
Conservation 2009).

Of the most common non-native species recordelddrsarveys, Purple
Loosestrife, Common Buckthorn, Manitoba Mapde€¢r negundpand Garlic Mustard
are all considered Transformer species. Additignall but Manitoba Maple have a
weediness score of -3 according to the FloristialuAssessment System for Southern
Ontario (Oldham et al. 1995)here is conflicting evidence as to whether orPutple
Loosestrife has the ability to decrease nativeisgetchness in wetlands (Hager and
McCoy 1998; Farnsworth and Ellis 2001). Howevehdas been demonstrated that Purple
Loosestrife alters nutrient cycling and decompoaitiates, posing a major threat to
wetland ecosystems (Blossey et al. 2001). CommaktBarn has many physiological
traits which confer advantages over native spettiesshade tolerant, has rapid growth
rates and higher photosynthetic rates when compeitbdnany native species (Knight et
al. 2007). It also has a large range of habitatrésices, grows well in drought and
moisture rich environments, has high fecundity higth germination rates and has bird
dispersal of fruit which allows the shrub to spreapidly and successfully (Knight et al.
2007). Garlic Mustard is a biennial forb that isdé tolerant and capable of thriving in
the understory. Community disturbance is also equired for Garlic Mustard to become
established at a site (Rodgers et al. 2008). litiaddGarlic Mustard produces a variety
of secondary compounds that make it unpalatalkieatoy herbivores, affect seed
germination and growth of surrounding native plaatsl alter the activity of soil biota
(Rodgers et al. 2008). Manitoba Maple is an aggrelysopportunistic tree species
which thrives in alluvial soils. It is most commgribund in riparian areas, floodplains
and anthropogenic waste areas and tends to shatlerbaceous plants, especially in
wetlands (Wisconsin Department of Natural Resou2f€r!).

Climbing Nightshade is considered a Moderately sina species by CVC, as it
is known to invade forests and wetlands. Brown-42&adelion has not been ranked by
CVC, but is considered a -2 species by the FlorQuiality Assessment System. True
Forget-me-notNlyosotis scorpioidgsa garden escapee, is considered a Minimally
Invasive species by CVC because it does not ptiseat to natural areas and mainly
dominates shaded seepage areas.

In general, the most common ground vegetationiep&eere the same as the
most common combined vegetation species, with xbepion that in ground vegetation
Red Osier Dogwood was the tenth most common specasjunction with Reed
Canary GrasdRhalaris arundinacep(Table 7). The five most common non-native
wetland ground vegetation species are also sital#rose for combined vegetation, with
the exception that Common Buckth@nd Manitoba Maple were absent.

The five most common wetland regenerating spexgesss all years are
presented in Table 8 in descending order. CommaktBarn is the only non-native
species appearing on the list. White Elginjus americanpwas the only tree species
present on the list, while the remaining four speavere shrubs. Wetness values ranged
from -3 to +3 and CC values ranged from O to 3.
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Table 5.The ten most common combined vegetation speciesseit! years in the Credit River Watershed.

Common Name Scientific Name Native Wetness Index  SCC Tier CC Value Mean # of Sites per Year
Red Osier Dogwood Cornus stolonifera Native -3 4 2 16
Climbing Nightshade Solanum dulcamara Non- Native 0 5 N/A 13.6
Marsh Bedstraw Galium palustre Native -5 3 5 12.6
Spotted Touch-me-not Impatiens capensis Native -3 4 4 12
Northern Bugleweed Lycopus unifloris Native -5 4 5 11.2
Brown-seed Dandelion Taraxacum officinale Non- Native 3 5 N/A 10.8
Fowl Manna-grass Glyceria striata Native -5 4 3 10.6
Riverbank Grape Vitis riparia Native -2 4 0 10.6
Canada Blue Joint Calamagrostis canadensis Native -5 3 4 9.8
Wild Mint Mentha arvensis Native -3 4 3 9.8

Table 6.The five most common non-native combined vegetatjmaties across all years in the Credit River Vehtt.

Common Name

Scientific Name

CVC Invasive Priority Category

Wetness Index

Weediness Score Mean # of Sites per Year

Climbing Nightshade
Brown-seed Dandelion
Common Buckthorn
Purple Loosestrife
Manitoba Maple

Garlic Mustard

True Forget-me-not

Solanum dulcamara
Taraxacum officinale
Rhamnus cathartica
Lythrum salicaria
Acer negundo
Alliaria petiolata
Myosotis scorpioides

3
N/A

N N L

0
3
0
-5
-2
0
-5

-2 13.6
-2 10.8
-3 8.2
-3 6.8
N/A 54
-3 54
-1 5.4
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Table 7.The ten most common ground vegetation speciessalbgears in the Credit River Watershed.

Common Name Scientific Name Native Wetness Index  SCC Tier CC Value Mean # of Sites per Year
Climbing Nightshade Solanum dulcamara Non- Native 0 5 N/A 13.6

Marsh Bedstraw Galium palustre Native -5 3 5 12.6

Spotted Touch-me-not Impatiens capensis Native -3 4 4 12

Northern Bugleweed Lycopus unifloris Native -5 4 5 11.2
Brown-seed Dandelion Taraxacum officinale Non- Native 3 5 N/A 10.8

Fowl Manna-grass Glyceria striata Native -5 4 3 10.6
Riverbank Grape Vitis riparia Native -2 4 0 10.6

Canada Blue Joint Calamagrostis canadensis Native -5 3 4 9.8

Wild Mint Mentha arvensis Native -3 4 3 9.8

Reed Canary Grass Phalaris arundinacea Native -4 4 0 9.4

Red Osier Dogwood Cornus stolonifera Native -3 4 2 9.4

Table 8.The five most common regenerating species acrbgeals in the Credit River Watershed.

Common Name Scientific Name Native Wetness Index SCC Tier CC Value Mean # of Sites per Year
Red Osier Dogwood Cornus stolonifera Native -3 4 2 15.8

Choke Cherry Prunus virginiana ssp. virginiana Native 1 4 2 8

Common Buckthorn Rhamnus cathartica Non-Native 3 5 N/A 7.2

White EIm Ulmus americana Native -2 4 3 6.4

Common Red Raspberry Rubus idaeus Native -2 N/A 0 6
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3.1.2 Species Richness and Proportion of Natives

Monitoring Questions. How many vegetation species were found in the Credit River
Watershed? What proportion of wetland vegetation species was native to the Credit
River Watershed?

- Three hundred and seventeen species were detected
- Seventy-eight percent of these species werea#iiOntario.

Over the five year monitoring period 317 woody é&wedbaceous vegetation
species were identified to species level, reprasg@6% of the 1205 vascular vegetation
species known to occur in the Credit River Watedgl@redit Valley Conservation 2002).
Seventy-eight percent of the species detected matree to Ontario. Of the species
identified, 16% were shrubs, 8% were trees anddhmining 76% were herbaceous
plant types (ferns, grasses, forbs, etc.) (FigC6mbined vegetation species richness was
highest at Warwick and Caledon Lake Wetlands. Welkg located within the Middle
watershed, and Caledon Lake is located within thpdd Watershed, both on CVC
property. The sites with the lowest richness wesallbwvale Wetland and Ken
Whillans Wetland, both of which are also on CVCpaxy in the Lower and Middle
watershed, respectively.

The proportion of native combined wetland vegetaspecies, watershed-wide,
ranged from 79.8% to 84.6% per year. Between 20032809, the number of native
species increased from 186 to 220 species (18\8Ble the number of non-native
species increased from 41 to 49 (19.5%). It theeehppears that the rate of increase for
non-native species is similar to the rate of inseeaf native species. Sites with the
greatest proportion of native species were Caledde Wetland and Acton Wetland,
within the Upper and Middle watersheds, respeqgtiveites with the lowest proportion of
native species were Rattray Marsh and Meadowvaliewas, both found within the
Lower watershed. The proportion of native specetected in wetlands was higher than
the proportion of native species found in the wsdted overall, as it is estimated that
approximately 69% of the flora in the Credit Riv®¥atershed is native (Credit Valley
Conservation 2009).

From 2005 to 2009, 305 plants identified to spewiese observed in the ground
vegetation layer. Approximately 78% of these spewiere native to Ontario, while the
remaining 21% were non-native. The number of sgeaiserved each year ranged from
222 to 298, with natives accounting for 78%-85%hafse species (Fig. 6).

Over the five year monitoring period 66 regeneraspecies were identified to
species level, approximately 90% of which wereveato OntarioThe proportion of
native regeneration species watershed-wide rarrged82.2% to 87.1% across the
monitoring period. Only seven non-native regenerasipecies were detected: Manitoba
Maple, Norway MapleAcer platanoides Tartarian Honeysuckld¢nicera tatarica,
Common Buckthorn, Garden Red CurréRibes rubrumny Purpleosier Willow $alix
purpureg and European Highbush Cranbeyournum opulus
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3.1.3 Species Diversity

Monitoring Question: What was the species diversity for ground vegetation and
regeneration within the Credit River Watershed?

- Mean total ground vegetation diversity over thenitoring period ranged from 1.32 tg
1.83.

- Mean native ground vegetation diversity overrianitoring period ranged from 0.97 to
1.52.

- Mean regeneration diversity over the monitoriegigd ranged from 0.35 to 0.45.

Because diversity calculations were dependant garadass estimations and
subplot sizes differed between ground vegetati@hrageneration, diversity was
calculated separately for ground vegetation andmreating species. However, diversity
was not calculated for regeneration in 2009 becatiskanges in the regeneration
sampling protocol which rendered the 2009 incomigarto previous years data.

Over the five year monitoring period, diversity eaged 1.53 and 1.26 per site
over the entire watershed for total and native gdovegetation, respectively (Fig. 7).
The sites which had the greatest total and nativergl vegetation diversity were Grange
Orpen Wetland (TotaKl' = 2.36; NativeH' = 2.22) and Caledon Lake Wetland (Total,
H' = 2.20; NativeH' = 2.11), both located within the Upper Watershidte sites with
the lowest total ground vegetation diversity wereadowvale Wetland (TotaH' = 0.85;
Native,H' = 0.48) and Creditview Wetland (Total, = 1.05; NativeH' = 0.61), both
located within the Lower watershed.

The mean diversity score per site for regenerapegies ranged from 0.35 to
0.45 across the monitoring period (Fig. 7). Thesswhich had the greatest regeneration
diversity were Caledon Lake Wetland' (= 1.06) and Grange Orpen Wetlahtl € 0.77),
both located within the Upper Watershed. The sitéis the lowest regeneration diversity
were Rattray MarshH' = 0.05) and Meadowvale Wetland$ & 0.08), both located
within the Lower watershed.
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Figure 7. Mean diversity per site throughout the Credit Rivéaitershed over the monitoring period for
total and native ground vegetation and regeneration

3.1.4 Species Evenness

Monitoring Question: What was the species evenness for ground vegetation and
regeneration within the Credit River Watershed?

- Mean total ground vegetation evenness over thatorang period ranged from 0.41 tc
0.59.

- Mean native ground vegetation evenness over thraétoring period ranged from 0.48
to 0.66.

- Mean regeneration evenness over the monitoringgeanged from 0.75 to 0.83.

Similar to diversity, evenness calculations wengetelant on cover class
estimations; therefore evenness was calculatedatepafor ground vegetation and
regenerating species and was not calculated fenegtion in 2009. Over the five year
monitoring period, evenness averaged 0.50 andpebgite over the entire watershed for
total and native ground vegetation, respectively.(8). The sites which had the greatest
total ground vegetation evenness were Acton Wet{gBnd0.66) and Caledon Lake
Wetland E= 0.60). The sites which had the greatest nativargt vegetation evenness
were Meadowvale Wetland& = 0.73) and Terra Cotta Wetlang=0.69). The sites with
the lowest total and native ground vegetation egssnvere Erin Pine Estates Wetland
(Total, E= 0.38; NativeE= 0.38) and Warwick Wetland (Totd&= 0.40; Nativef=
0.43). The mean evenness score per site for regf@respecies ranged from 0.75 to 0.83
across the monitoring period (Fig. 8). The sitescvinad the greatest regeneration
diversity were Meadowvale WetlanB € 1.00) and Hungry Hollow Wetlan& & 0.92).
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The sites with the lowest regeneration diversityen@aledon LakeH = 0.45) and
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Figure 8. Mean evenness per site throughout the Credit Rhegershed over the monitoring period for

3.1.5 Cover Classes

total and native ground vegetation and regeneration

Monitoring Questions. How many species wer e detected in each cover class? What
plant types dominated the different cover classes?

- For ground vegetation, the number of speciesah&over class ranged from 271 in the
<1% class to 22 in the 76-100% class.
- For regeneration, the number of species in eaghrcclass ranged from 73 in the 1-5%
class to 13 in the 76-100% class.
- Ground vegetation was dominated by forbs, whalgeneration was dominated by
shrubs.
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The number of species detected in each cover daged from 22 to 271 for
ground vegetation and 13 to 76 for regeneratioecls richness tended to decrease
from lower classes to higher classes (Fig. 9A &IB)ther words, wetland ground
vegetation species are more likely to occupy apooportion of cover within a given
area. Forbs were the most dominant plant typel icoakr classes in the ground
vegetation, making up approximately 55% of the mge(Fig. 9A). Rushes were the least
represented plant type in all cover classes. Kggreration, shrubs were more dominant
than trees in all cover classes (Fig. 9B). Thigfkective of monitoring methodology as
monitoring plots were not set up in treed locatiorserefore, this does not depict future
regeneration trends.
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Figure 9. Number of species in each cover class by plant figgeground vegetation (A) and regeneration

(B).
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3.1.6 Coefficient of Conservatism

Monitoring Questions. What were the most common coefficient of conservatism (CC)
valuesin the watershed? How many species with a high conservatism score (CC 8-10)
wer e present in the watershed? What was the mean floristic quality index (FQI) value
in the watershed?

- The majority of detected species had CC valudstfeen 4 and 6.
- Fifteen species with high CC values were detected

- mCC scores ranged from 3.91 to 4.08.

- Mean FQI scores ranged from 22.0 to 25.5.

Native wetland plants detected in the Credit RWdatershed varied in CC value
across the entire range of values, from 0 to 1. (E®). Species with a score of 0 to 3 are
indicative of wide-ranging taxa that are usualligtant of disturbed sites. Taxa which
tolerate mild disturbance have CC rankings of 8,tand those which are found in
communities in an advanced successional stagerbakegs of 7 to 8. Finally, taxa
which tend to be found in pristine communities assigned a ranking of 9 to 10 (Oldham
et al. 1995).
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Figure 10.Number of species within each Coefficient of Comatism (CC) category for plants detected
during the monitoring period in the Credit River iafshed.

The CC values for taxa detected across the wattigbee used to determine the
mean Coefficient of Conservatism for each site ()1@8 well as the Floristic Quality
Index of each site (FQI). The mean mCC for sitesaoh year ranged from 3.91 to 4.08,
while the mean FQI for sites in each year rangeohf22.0 to 25.5. Since these two
parameters both rely on CC values for their catcadathey were highly correlated with
each other among wetland plops(.637,p=0.005). This is consistent with other studies
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using mCC and FQI, which have shown that thesepavameters are highly correlated in
natural areas (Bourdaghs et al. 2006; Bowers andifB8008).

Caledon Lake Wetland had the highest mCC (5.76)Fpid(46.7) scores of all
sites, which is not surprising as it contains a banof specialized vegetation species
which are characteristic of a bog/fen habitat. Sites that contained the lowest mCC
scores were Credit River (3.48) and Creditview \Afedk (3.18), while Creditview
(15.12) and Meadowvale Wetlands (14.83) had the&WwQI scores. In general, mCC
and FQI ranked sites in a similar fashion in teohtheir floristic quality.

Fifteen habitat specialists (CC 8-10) (OMNR 2008}re detected throughout the
monitoring period (Appendix C). Each of these spgevas detected at only one to three
sites. Thirteen of the detected habitat specialist® found at Caledon Lake Wetland.

3.1.7 Rare Species

Monitoring Question: How many locally and regionally rare species were found
water shed-wide?

- A total of 56 locally and/or regionally rare spes were detected.

A total of 55 locally rare species were observednduthe monitoring period. Of
these species, 31 were also classified as regyorzait. In addition, one regionally rare
species, Late Lowbush Blueberiyaccinium angustifoliupp was observed in the
watershed. Twenty-four locally/regionally rare spsavere observed at Caledon Lake
Wetland, the most at any monitored wetland in tiagevshed. Eighteen of these species
were not observed at any other monitoring sitduting three different species of both
VacciniumandSalixand 11 known bog/fen indicator specifarwick Wetland and Erin
Pine Estates Wetland had the next highest numb@arefspecies at 11 and eight species,
respectively. Meadowvale and Hillsburgh Wetlandg tee fewest rare species, with only
one present at each site. Each monitored wetlatiteiwatershed contained an average
of 5.6 locally and/or regionally rare speci@nly one Species of Conservation Concern
was detected at monitoring sites: Field ThisBegium discolo); however, it was only
observed at Belfountain Wetland in 2005. Approxehatt4% of species are considered
of interest, while 50% of species are consideredrgeor non-native (Table 9).

Table 9. Ranking of wetland vegetation species detectedarCredit River Watershed according to CVC's
Species of Conservation Concern.

Species of Conservation Concern Ranking # of Species

Species of Conservation Concern 1
Species of Interest 75
Species of Urban Interest 64
Secure 96
Non-native 66
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3.1.8 Wetness Index

Monitoring Question: What was the mean wetness index per site acrossthe
watershed?

- Mean wetness index ranged from -1.87 to -2.03.

The mean wetness score averaged across all sigsdérom -1.87 to -2.03 per
year. Vegetation detected at monitoring sites éGhedit River Watershed ranged in
wetness values from -5 (Obligate Wetland) througl{@bligate Upland). The majority
(58%) of vegetation species detected ranged frornltadive Wetland to Facultative
Upland Species (-4 to +4) (Fig. 11), indicatingtttheey can persist in a range of wet to
dry habitats. Thirty-one percent of species dettatere Obligate Wetland Species,
indicating that they occur almost exclusively intleds under natural conditions. The
remaining 11% of species detected were Obligatattpspecies, indicating that they
almost never occur in wetlands under natural cantst The inclusion of so many
Obligate Upland species in the monitoring datakisly due to the fact that the wetland
monitoring sites were established along a wetnesdignt, beginning in dry areas along
the edge of the wetlandhe invasion of non-native species may also bet@rfaas 59%
of the detected obligate upland species were ntiena

FACW FAC FACU UPL
Wetness category
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Figure 11.Number of species within each wetness categoryctiataluring the monitoring period in the
Credit River Watershed. OBL, Obligate Wetland (fsACW, Facultative Wetland (-2 to -4);
FAC, Facultative (-1 to +1); FACU, Facultative Upth(+2 to +4); UPL, Obligate Upland
(+5).

Number of species
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3.1.9 Weediness

Monitoring Questions. What was weedy species richness across the watershed? How
many species with a weediness score of -3 were present in the water shed?

- Weedy species richness ranged from 4.44 to 8.39.
- Twelve species had a weediness score of -3.

Sixty-nine non-native plants were detected durivgrhonitoring period
(Appendix D), all but five of which have been as&id a Weediness ranking in Ontario
by Oldham et al. (1995). Weedy species richnesssaall sites for each year ranged
from 4.44 to 8.39The sites with the highest weedy species richnesssa the
monitoring period were Credit River and Creditvidetlands, both located in the Lower
watershed. The sites which contained the lowestiwspecies richness were Caledon
Lake and Speersville Wetlands, both within the Uppatershed.

Forty-one percent of species had a weediness stetgsuggesting that they
have little or no impact on natural areas (Fig. IT2jrty-five percent of the species
detected had a weediness score of -2, indicataigthiey have the potential to be locally
problematic. The remaining 17% of taxa with a sadre8 were considered problematic,
or have the potential to become seriously problemeeds. Nine of the 12 taxa with a
weediness score of -3 were detected at three @rfenes (Table 10).

Detecting problematic non-native species beforg e widespread allows for
rapid and effective management of invasive sp&€é&sA 2004). Management efforts
may be difficult for species such as Purple LoogestCommon Buckthorn and Garlic
Mustard as they already appear to be widespreadr@nidund in at least seven sites
across the watershed. Species with a more limigdlzlition, such as Tartarian
Honeysuckle, may be easier to control becausesibban demonstrated that control is
most successful and economical when species @raafi populations (Moody and Mack
1988; Welling and Becker 1993; Blossey et al. 2001)
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Figure 12.Number of species detected in each weediness egtdgong the monitoring period in the
Credit River Watershed.

Table 10.Species detected in the Credit River Watersheddmt2005 and 2009 with a weediness score

of -3.
Common Name Latin Name # Of Sites Wetness Value
Norway Maple Acer platanoides 1 5
Garlic Mustard Alliaria petiolata 7 0
Greater Celadine Chelidonium majus 1 5
Quackgrass Elymus repens 1 3
Dame’s Rocket Hesperis matronalis 3 5
Common St. John's-wort Hypericum perforatum 3 5
Tartarian Honeysuckle Lonicera tatarica 2 3
Creeping Jennie Lysimachia nummularia 3 -4
Purple Loosestrife Lythrum salicaria 10 -5
White Sweet Clover Melilotus albus 1 3
Curly Pondweed Potomogeton crispus 2 -5
Common Buckthorn Rhamnus cathartica 12 3
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3.1.10 Community Composition

Monitoring Questions. Was species composition different among physiographic zones?
Did species composition change over the monitoring period?

- Community similarity averaged about 35% betwekyspgraphic zones.
- Species turnover at monitoring sites averagediiabt between years.

Species composition in the Lower zone was 34.1%aiito the Middle zone and
33.6% similar to the Upper zone. Similarity betwdies Middle and Upper zones was
slightly higher at 36.6%. Therefore, although ikt zones tended to have relatively
dissimilar community composition, the Middle andgép are more alike than is either to
the Lower zone. This is expected due to higherrudmaer in the Lower zone. In
addition, the Lower zone did not contain any swampsike the Middle and Upper
zones. Community similarity values may be moreetive of actual differences with a
more balanced sampling design.

Caledon Lake Wetland was the only monitoring siteclv contained a large
number of bog/fen indicator species. The vegetaicbaledon Lake is very different
than the other sites, as seen by the large nunfilbareospecies present and the large
guantity of species which were not observed atrathes. Therefore, Caledon Lake
Wetland may not be representative of the majofiitwetlands found within the Upper
zone. To determine the effect that this site hada@nmunity composition, Jaccard’s
index was recalculated with Caledon Lake removduik flesulted in increased similarity
between the Upper and other two zones by 56%. Hexveemoving Caledon Lake from
the analyses did not have a significant effectesults; therefore, all results are presented
with Caledon Lake included in the analyses.

Similarity in combined community composition betwemnsecutive years ranged
from 80.5% to 86.6% (Table 11). Over the entire mwimg period community similarity
was 70.5%. Although this indicates that communi$gidnilarity averaged around 17%
between years, the amount of dissimilarity wasimaieasing between years.
Dissimilarity between years can probably largelyatiegbuted to changes in sampling
intensity over the monitoring program. However,yuag precipitation patterns (Fig. 13)
and natural community turnover rate may be respmédr some changes in community
composition.

Table 11.Percent community similarity and dissimilarity fmsmbined vegetation watershed wide between
years.

Comparison % Community Similarity % Community Dissimilarity

2005-2006 80.63 19.37
2006-2007 82.77 17.23
2007-2008 80.46 19.54
2008-2009 86.58 13.42
2005-2009 70.45 29.55
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Figure 13.Total monthly precipitation (bars) and mean montkiyperature (points) from 2005 to 2009 in
Georgetown, ON during the growing season (Aprikept8mber). Mean temperature and total
precipitation over the growing season were 4®.d4nd 395.3 mm, 16’6 and 360.7mm,
16.3C and 166.5mm, 14°@ and 358.0 mm and 14G and 331.1 mm in 2005, 2006, 2007,
2008 and 2009, respectively.

3.1.11 Site Quality

Monitoring Questions. Which sites were the most pristine and most degraded
throughout the watershed?

- Caledon Lake, Warwick, Grange Orpen and Erin Eisiates Wetlands were the most
pristine sites in the watershed.
- Creditview, Meadowvale, Winston Churchill and diteRiver Wetlands were the most
degraded sites in the watershed.

Wetland sites in the Credit River Watershed wenked based on several
wetland vegetation parameters, including: propartbnative species, mCC, number of
-3 weedy species and number of rare species (T&)ld-loristic quality index was not
included since it is correlated with mCC and wolodda redundant paramet8ites were
sorted from the highest to lowest values for eanfampeter and given a score of between
1 (Highest Quality) and 18 (Lowest Quality). Fomexle, Caledon Lake Wetland had
the highest rare species richness, and was gigeara of 1 for this parameter. Each site
was ranked four times (once for each vegetatioampater) and these scores were
summed to give an overall site score. The sitels thi¢ lowest score indicated the most
pristine habitats. This allowed a coarse deterronaif which wetland monitoring sites
were the most pristine and which sites were mogtatked. This is a rough method of
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ranking the sites, as it assumes that each vegetadirameter contributes equally to the
overall quality of the site. The parameters inctlidethe ranking system were chosen
because they are broad indicators of wetland haalihgenerally were not affected by
sampling quality over the monitoring period. Speaiehness and diversity were not
included in ordering the sites, as it will be afeztby wetland community type, but is
included in the table for visualization purposeéss important to note that while this
ranking system provides a general overview ofts#&@th, the ranking system is
subjective.

Caledon Lake, Warwick, Grange Orpen, and Erin Esiates were the most
pristine wetland sites monitored in the watersifedistated earlier, Caledon Lake is a
very diverse site that contains many bog/fen indicand rare species and is located in
the Upper watershed in a patch of 554.82 ha umiteed natural habitat, the second
largest habitat patch size of monitored wetlandb@watershed. The remaining three
sites are situated in either the Upper or Middléenshed in relatively large habitat
patches, are not heavily influenced by urbanizatiot have relatively highly organic
substrates.

Creditview, Meadowvale, Winston Churchill and Cteliver Wetlands were the
most degraded wetlands monitored in the watershiédf these sites are located in the
Lower watershed and experience heavy pressuredrbamization. It is therefore not
surprising that these sites had some of the higBestediness species and lowest
percent native species because urbanization iskihowcrease non-native species in
natural areas (McKinney 2006). Creditview and Qr&iver Wetlands are located in
habitat patches of less than 10 ha and are vesg ¢ttoroads and residential areas.
Although Winston Churchill and Meadowvale wetlamale situated in relatively large
habitat patches, Meadowvale is in very close praxito a large residential development
and was adversely affected by human use and aib&rs$ related to urbanization.
Similarly, Winston Churchill is situated along tedge of the patch, from which it is
largely isolated and connected to only througtparian corridor. In addition, it is
affected by fluctuating water levels, is in vergss proximity to a commercial
horticultural nursery and may have undesirablegtant within the wetland, with the
monitoring site starting in a very upland area anding in open water.
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Table 12.Wetland monitoring site quality within the CrediivBr Watershed™

. . Rare . Species
Site Site Name Physzlcc))%reaphlc W_?)tllsgd N;/t(;ve mCC Count -3 Species Figﬁr?eesss Di\F/)ersity

Richness (GV)

18 Caledon Lake Wetland Upper Marsh 0.98 5.76 0.00 17.20 69.40 2.20

10 Warwick Wetland Middle Marsh 0.93 4.28 1.20 5.60 75.60 1.93 Pristine

15 Grange Orpen Wetland Upper Marsh 0.94 4.34 0.20 3.20 65.00 2.36 A

11 Erin Pine Estates Wetland Upper Marsh 0.94 4.16 1.40 5.20 68.60 2.17

7 Acton Wetland Middle Marsh 0.94 4.43 0.00 1.20 33.80 1.15

8 Terra Cotta Wetland Middle Swamp 0.87 4.22 0.20 2.40 54.80 1.60

6 Hungry Hollow Wetland Middle Marsh 0.82 3.77 1.20 3.20 48.00 1.74

20 Belfountain Wetland Upper Marsh 0.86 3.91 1.40 2.20 41.00 1.43

16 Starr Wetland Upper Swamp 0.79 3.61 0.20 3.40 55.00 1.70

19 Melville Wetland Upper Swamp 0.78 3.92 1.80 2.60 30.20 1.09

17 Speersville Wetland Upper Swamp 0.93 3.57 0.20 1.20 33.60 1.16

13 Hillsburgh Wetland Upper Marsh 0.84 3.86 1.60 1.20 59.20 1.73

1 Rattray Marsh Wetland Lower Marsh 0.62 4.07 3.00 2.20 34.20 1.47

9 Ken Whillans Wetland Middle Swamp 0.81 3.67 2.20 2.00 28.60 1.29

2 Credit River Wetland Lower Marsh 0.66 3.48 6.00 4.20 50.00 1.41

12 Winston Churchill Wetland Lower Marsh 0.82 3.60 3.20 1.80 34.60 1.21 v

4 Meadowvale Wetland Lower Swamp  0.61 3.93 3.00 0.60 26.20 085  Degraded

3 Creditview Wetland Lower Marsh 0.63 3.18 3.60 3.80 43.00 1.05

2|t is important to note that while this ranking ®rm provides a general overview of site healthytimking system is subjective.

® Parameters represent means across all yearsclosie.

°Green, yellow and orange shading is used to inglitet quality of sites and parameters across tbetrspn of most pristine to most degraded. Greedisgandicates the
highest quality sites/parameters, yellow indicabeslian ranking of sites/parameters and orangeateiche lowest rankings of sites/parameters.
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3.2TEMPORAL ANALYSIS

3.2.1 Vegetation Parameters

3.2.1.1Species Richness

Monitoring Question: Did species richness exhibit temporal variation over the
monitoring period?

- There was an increasing trend in combined andrgtoegetation species richness.
- It appears that regeneration species richnesshianas been lower in 2009 than other
years.

According to linear regression analyses, speaidsess showed a significant
increasing trend between 2005 and 2009 in the CiRyder Watershed for both
combined and ground vegetatidf={.466,p=0.008 and==11.476 p=0.001,
respectively; Table 13, Fig. 14A & B). Althougkvalues for these, and other significant
parameters, indicated a significant trend over titlhe fitted linear models exhibited low
R? values indicating that the models explain littfete variation in the data (Table 13).

Temporal differences in species richness coulderatetermined for ground
vegetation, as an interaction was detected indpeated measures ANOVA,; therefore,
one-way ANOVAs were completed for each year (resuttt shown)Differences in
species richness were observed among years foricechbegetation and regeneration
(F=35.388,p<0.001;F=11.364p=0.0.23; Table 14, Fig. 15). For combined vegetatio
these differences were consistent with the treradyais. Although the Friedman test
indicated differences among years for regeneratientest does not provide any post-hoc
analyses to determine where these differences &yistxamining the means for each
year presented in Fig. 15 it appears that regeaoargpecies richness may have been
lower in 2009 than other years.

Observed increases in species richness were likedyto improved species
identification over the same period. Species idieation improved over the course of
monitoring due to increased knowledge of the maimtpstaff as well as the
development of species lists for each site front paars. Additional years of data are
needed in order to improve the robustness of tretanalyses.
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Table 13.Summary of trend analysis results using linearaggjpon for vegetation parameters between
2005 and 2009.

Vegetation Parameter F value p value® R? Observed Trend
Combined Vegetation
Total Species Richness 7.466 0.008 0.068 Increase
Mean Wetness Index 0.001 0.970 -0.011 Stable
mCC 0.031 0.861 -0.011 Stable
Weedy Species Richness 5.104 0.026 0.044 Increase
FQI 3.186 0.0778 0.024 Stable
Ground Vegetation
Total Species Richness 11.476 0.001 0.105 Increase
Total Species Diversity 3.923 0.051 0.032 Stable
Native Species Diversity 4.965 0.028 0.043 Increase

#Results significant whep<0.05; significant values highlighted in bold.
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Table 14.Summary of temporal analysis results using repemeasures ANOVA or the Friedman test for vegetgpiammeters between 2005 and 2009.

Vegetation Parameter Test F value p value? Observed Difference?
Combined Vegetation

Species Richness Repeated Measures ANOVA 35.388 <0.001 2005 & 2006 < 2007 & 2009 < 2008
Proportion of Native Species Friedman 17.367 0.002 Decreasing from 2005 to 2008
mCC Repeated Measures ANOVA 2.645 0.042 2007 < 2009¢=0.100)

CC 8-10 Friedman 2.554 0.635 None

FQI Repeated Measures ANOVA N/A N/A Could not be determined
Weedy Species Richness Repeated Measures ANOVA 17.677 <0.001 2005 & 2006<2007-2009; 2009<2008
Weediness Count -3 Friedman 23.305 <0.001 Highest in 2008

Locally Rare Friedman 16.366 0.003 Increasing from 2005 to 2008
Regionally Rare Friedman 5.850 0.211 None

Ground Vegetation

Species Richness Repeated Measures ANOVA N/A N/A Could not be determined
Proportion of Native Species Friedman 20.919 <0.001 Decreasing from 2005 to 2008
Native Species Diversity Repeated Measures ANOVA 31.849 <0.001 2005 & 2006 < 2007-2009; 2009 < 2008
Total Species Diversity Repeated Measures ANOVA 40.220 <0.001 2005 & 2006 < 2008 & 2009 < 2007
Native Species Evenness Friedman 50.444 <0.001 Higher in 2005-2007 than 2008-2009
Total Species Evenness Friedman 47.778 <0.001 Higher in 2005-2007 than 2008-2009
Regeneration

Species Richness Friedman 11.364 0.023 Lowest in 2009

Proportion of Native Species Friedman 5.922 0.205 oneN

Total Species Diversity Friedman 19.111 <0.001 Increasing from 2005 to 2007
Total Species Evenness Friedman 14.012 0.003 Highest in 2007

2Results significant whep<0.05; significant values highlighted in bold.
b Differences between years determined using Tukmyss-hoc test for repeated-measures ANOVA analgsesby visual observation for the Friedman Test.
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Figure 14.Linear regression for combined vegetation spedimess (A), ground vegetation species richnessgi®und vegetation native species diversity (C)
and weedy species richness (D) observed at 18wdesites in the Credit River Watershed between 20@52009. Points represent the mean over
the watershed for each year. Equation of the regnedine andp-value provided. Weedy species richness was logtoamed for analysis and is
presented in this way.
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Figure 15.Mean species richness across all sites, as affegtgdar, for combined vegetation and
regeneration. Repeated measures ANOVA was usambifobined vegetation, while the
Friedman test was used for regeneration. Withiretegtgon parameters, bars with different
letters indicate a significant difference according ukey's HSD test for unequal sample
sizes p<0.05). Error bars indicate +/- SE.

3.2.1.2Proportion of Native Species

Monitoring Question: Did the proportion of native species exhibit temporal variation
over the monitoring period?

- The proportion of native species in both combiaed ground vegetation appeared tg
decrease from 2005 to 2008 and increase in 2009.
- For regeneration no differences were observeddsst years.

Linear regression analysis was not completed optbgortion of native species
parameters due to the ordinal natural of the ddta.proportion of native species differed
among years for combined vegetation and groundtagge, but not regeneration
(F=17.367 p<0.002;F=20.919,p<0.001;F=5.922,p=0.205, respectively; Table 14, Fig.
16). Although the Friedman test indicated diffelesiamong years for all three
parameters, the test does not provide any posthalyses to determine where these
differences exist. By examining the means for eagadr presented in Fig. 16 it appears
that combined and ground vegetation displayed @heespattern, with proportion of
native species decreasing from 2005 to 2008 amditfeeeasing again in 2009. The
differences seen in the combined and ground vegetatay indicate an increase in non-
native species within the watershed over the mang@eriod. However, due to the
increase in the proportion of natives in 2009, imgistencies in species naming in the
early stages of the program and improved sampliuadjty in the later years, it is difficult
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to tell if these changes are due to sampling insterscies, increased non-natives or a
combination of both factors. This highlights thepmntance of additional years with
improved monitoring accuracy.
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Figure 16.Mean proportion of native species across all séssffected by year, for combined vegetation,
ground vegetation and regeneration. Friedman tastused for all parameters. Error bars
indicate +/- SE.

3.2.1.3Species Diversity

Monitoring Question: Did species diversity exhibit temporal variation over the
monitoring period?

- There was a nearly significant increasing trentbtal ground vegetation diversity ove
the monitoring period.

- Native ground vegetation species diversity sigaiftly increased over the monitoring
period.

- Regeneration diversity appeared to increase #0@% to 2007.

=

According to linear regression, native ground vatiet species diversity
increased over the five year monitoring peribe4.965,p=0.028; Table 13, Fig. 14C).
Total ground vegetation diversity was found to tabdke over the monitoring period,
although there was a nearly significant positiemtt £=3.923,p=0.051; Table 14).
Temporal differences in total and native groundetaion and regeneration diversity are
presented in Fig. 1F€40.220,0<0.001;F=31.849,p<0.001;F=19.111p<0.001,
respectively; Table 14) and are generally consistéth the increasing trends observed
in the regression analysis. Similarly to specieBmess, these increasing trends may be
attributed to improved sampling. The decrease B0826hd 2009 for all parameters may
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be attributed to the different system used to dapgrcent cover in these years (actual
percent cover, as opposed to cover class), asreroeer was used in the diversity
calculations.
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Figure 17.Mean diversity across all sites, as affected by,yfea total and native ground vegetation and
regeneration. Repeated measures ANOVA was usddtédrand native ground vegetation,
while the Friedman test was used for regeneratithin vegetation parameters, bars with
different letters indicate a significant differeramecording to Tukey’s HSD test for unequal
sample sizegpk0.05). If no letters are present, post-hoc analygere unavailable to detect
difference among years. Error bars indicate +/- SE.

3.2.1.4Evenness

Monitoring Questions. Did species evenness exhibit temporal variation over the
monitoring period?

—h

- Total and native ground vegetation evennessapgéigher in the first three years @
monitroing.
- Regeneration evenness appeared highest in 2007.

Linear regression analysis was not completed oev¥kaness parameters due to
the ordinal natural of the data. Differences irataind native ground vegetation and
regeneration evenness are presented in Fig=480(444 p<0.001;F=47.778,p<0.001;
F=14.012p=0.003, respectively; Table 14). Evenness for batdl and native ground
vegetation appeared higher in the first three yehsampling (2005 to 2007) than in
2008 and 2009. In addition, it appeared that evenf@ regeneration was highest in
2007. This indicates that cover was more evenlyiliged between species in the earlier
sampling years. The apparent lower evenness in 2002009 may signify that either
some species are becoming more dominant or tha spacies which occupy lower
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cover levels are appearing in the later years. iffaig be the case and could be the result
of improved sampling. In conjunction, the lower eness levels in 2008 and 2009 for all
parameters may be due to the different system toseldssify percent cover, similar to
diversity. Overall, with additional years of rellabmonitoring data, the reasons for these
differences may become clearer.
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Figure 18.Mean evenness across all sites, as affected byfgedotal and native ground vegetation and
regeneration. The Friedman test was used for allyaes. Error bars indicate +/- SE.

3.2.1.5Coefficients of Conservatism

Monitoring Questions. Did mCC and CC 8-10 exhibit temporal variation over the
monitoring period? Did FQI exhibit temporal variation over the monitoring period?

- No trends were observed for mCC or FQI.
- There were no differences between years for A0O.8-

Regression analyses were completed for mCC andie®ho significant trends
were observed (Table 13); linear regression arsty@ild not be completed for CC8-10.
Temporal analyses were also unable to detect diffess in mCC, FQI and CC 8-10.
Although the Repeated Measure ANOVA test indicatetgnificant difference between
years for mCCHK=2.645,p=0.042; Table 14), post-hoc analyses were unaldetect
these differences, which is consistent with regoesgesults. Temporal differences in
FQI could not be determined, as an interaction dedscted in the repeated measures
ANOVA,; and therefore, one-way ANOVAs were completedeach year (results not
shown). The number of species with a CC value betv@eand 10 did not differ among
years F=2.554,p=0.635; Table 14, Fig. 19T herefore, it appears that the floristic
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guality of monitored sites within the watershed rhaye been relatively stable over the
monitoring period.
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Figure 19.Mean mCC and CC 8-10 across all sites, as afféntgear. Repeated measures ANOVA was
used for mCC, while the Friedman test was use€8-10. Error bars indicate +/- SE.

3.2.1.6Weediness

Monitoring Question: Did the weedy species richness and weediness score -3 exhibit
temporal variations over the monitoring period?

- Weedy species richness increased over the morgtperiod.
- Weediness score -3 appears highest in 2008.

Linear regression analysis was not completed fadiveess score -3; however,
weediness score -3 differed among yekr23.305,0<0.001; Table 14, Fig. 20). Due to
the use of the Friedman test, significant diffeemnbetween years could not be
determinedlt did appear that the number of -3 weediness spesteadily increased from
approximately one species per site in 2005 to agmrately two species per site in 2008.
This increase is consistent with the decreasedpgstion of native species observed over
the years in combined and ground vegetation (Byahd may indicate that very weedy
species are becoming more common in the water#hisdinlikely that the increase in
weediness score -3 was due to improved samplingtfyjogaer the years because the
majority of -3 species, such as Garlic Mustard pRutoosestrife and Common
Buckthorn are relatively easy to identify.

Weedy species richness was found to increase fifis & 2009F=45.104,
p=0.026; Table 13, Fig. 14D). Temporal differencesaeen years are consistent with
this (F=17.677p<0.001; Table 14, Fig. 20). The increasing trenceoked for weedy
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species richness may also be a result of improaegpbng. However, analyses indicate
that the proportion of native species and weedineast -3 were higher in the later years
of the monitoring program than the early years.réfuee, the cause of this trend is
unclear.
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Figure 20.Mean weedy species richness and weediness scaoeoss all sites as affected by year.
Repeated measures ANOVA was used for weedy speciggess, while the Friedman test
was used for weediness score -3. Within vegetgtamameters, bars with different letters
indicate a significant difference according to TyikeHSD test for unequal sample sizes
(p<0.05). If no letters are present, post-hoc analysere unavailable to detect difference
among years. Error bars indicate +/- SE.

It is suggested that wetlands may be vulnerabieviasions, likely due to the fact
that they are landscape sinks (Zedler and Kercb@4)2 Landscape sinks facilitate
invasions through accumulating debris, sedimendgervand nutrients that create canopy
gaps or accelerate the growth of opportunistic tage species. Many wetland invaders
form monotypes which can alter habitat structutgtient cycling and food webs, in
addition to decreasing biodiversity (Zedler anddker 2004). However, over 60% of the
species detected with a weediness score of -3 agdreess value of two or higher (Table
10). This indicates that these species were faowdtar obligate upland species,
including Common Buckthorn which was the most wpead species with a -3
weediness score. Wetland monitoring sites werdksited along the hydrological
gradient of each wetland, from driest to wettestdiions. For that reason, the first pair
of subplots at each monitoring site was often s@di@n the edge of the wetland, where it
was drier and very weedy. Therefore, weedy speu&sbe becoming more dominant
along the edges of wetlands in the watershed aedamttention should be paid to this
trend.
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3.2.1.7Rare Species
Monitoring Question: Did the number of locally rare and regionally rare species
exhibit temporal variations over the monitoring period?

- Locally rare species appeared to increase frodd 20 2008, while no change was seen
in regionally rare species.

Linear regression analysis was not completed fi@r species parameters. The
number of locally rare species per site differebagiyearsf=16.366,0=0.003; Table
14, Fig. 21). However, no differences were obsearadng years for regionally rare
speciegF=5.850,p=0.211; Table 14, Fig. 21). Although a post-hoc tedifferentiate
years was not available for the Friedman tesppiears that locally rare species increased
from 2005 to 2008. In 2008, two rare orchids weaerded at monitoring sites which
were not previously observed. These include Smalllow Lady's-slipperCypripedium
parviflorum var. makasinat Hungry Hollow Wetland and Northern Green Odchi
(Platanthera hyperborea var. hyperborgat Terra Cotta Wetland. The large increase in
2008 may also have been due to improved data tiolheand entry. Species
identification improved over the monitoring periadd in 2008 a consultant was
commissioned to assist in species identificatidns Thay have culminated in more rare
species being identified that year.

67 _ m 2005

5 | 00 2006
@ 02007
'g 4 - [ 02008
2 @ 2009
5 3 - J )
o
g2
2 |

11 |

0

Locally Rare Regionally Rare
Vegetation parameter

Figure 21.Mean number of locally and regionally rare speeie®ss all sites, as affected by year.
Friedman’s test was used for both parameters. Bay indicate +/- SE.
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3.2.1.8Power Analysis and Statistical Process Confol all vegetation
parameters analyzed with a linear regression, pawalysis determined that the
following number of sites would be needed in ondedetect 1, 2 and 3 SD of change:
31.8, 7.2 and 2.6 sites, respectivdllierefore, a sufficient number of sites were
monitored to detect significant changes in the teggmn parameters with 90% power at
an 80% confidence level for effect sizes greatentbr equal to 2 SD. This is important
because changes in the magnitude of 2 SD are a$has a warning threshold in
statistical process control and changes in the iatmgof 3 SD are often used as the
critical threshold. A change of 1 SD cannot cutsebé detected for any of the
vegetation paramete®etectable effect size in the form of percent cleavayied
markedly among the parameters. Detection of lems #6 change is possible for only
mMCC; changes of at least 5-10% can be detecteddan wetness index and FQI;
changes of over 30% can be detected for the wesslperameters; changes of between
10% and 30% can be detected for the remaining peeam(Table 15). Although
minimum detectable percent change was as high.&8%3éhis is below the 40% change
limit indicating poor data quality. Data qualityrfall parameters was either green or
yellow indicating that data collected by the moriitg program thus far is of good or
moderate quality.

Table 16 lists the critical and warning limits@ahted for each wetland
vegetation parameter. These upper and lower lwiltde adopted as monitoring
thresholds to which future vegetation monitoringgdzan be compared. Future values
that exceed the upper or lower warning limits wiginify emergence of possible
increasing or declining population trends, whiléues that exceed the upper and lower
critical limits will signify a significant deviatio from natural variability. Such deviations
would warrant immediate management action beferdis became irreversible. No
monitoring thresholds can be applied to those patars deemed to be out of control or
those displaying no variance over the monitoringqae

Table 15.Power analysis results for detecting effect sipedrend analyses. Values represent the
minimum effect size detectable under current momigpconditions.

Parameter Minimum Detectable Effect Size (% Change) Data Quality

Combined Vegetation
Species Richness 17 Green
Mean Wetness Index 51 Green
mCC 2.5 Green
CC 8-10 13 Green
FQI 9.1 Green
Weedy Species Richness 36.5 Yellow
Weediness Count -3 32.6 Yellow
Locally Rare 25.6 Yellow
Regionally Rare 28.7 Yellow

Ground Vegetation
Species Richness 22 Yellow
Total Species Diversity 16.3 Green
Native Species Diversity 23.8 Yellow
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Table 16.Monitoring thresholds for all wetland vegetatiomgraeters extracted from Statistical Process
Control individual moving average (IMR) charts fiata collected from 2005 through 2009.
Limits are presented in the specific units usechémsure each given parameter.
Lower Upper
Parameter Warning Warning
Threshold Threshold

Combined Vegetation

Species Richness 35.15 39.19 55.35 59.38
Proportion of Native Species 0.769 0.786 0.856 0.873
Mean Wetness Index -2.19 -2.11 -1.77 -1.7
mCC 3.81 3.87 411 4.16
FQlI 21.04 21.94 25.52 26.41
CC 8-10 0.545 0.619 0.915 0.988
Locally Rare 2.29 2.7 4.32 4.73
Regionally Rare 0.79 1.05 2.09 2.34
Weedy Species Richness 2.25 3.56 8.78 10.08
Weediness Count -3 0.95 1.2 2.18 2.43
Ground Vegetation

Species Richness 25.95 31.13 51.87 57.05
Total Species Diversity 0.98 1.16 1.9 2.08
Total Species Evenness 0.303 0.368 0.626 0.69
Native Species Diversity 0.7 0.87 1.63 1.82
Native Species Evenness 0.411 0.465 0.683 0.737
Proportion of Native Species 0.744 0.767 0.857 0.881
Regeneration

Species Richness 7.99 8.43 10.21 10.65
Species Diversity Not enough data

Species Evenness Not enough data

Proportion of Native Species 0.781 0.802 0.886 0.906
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3.2.2 Species Level Analysis

Monitoring Question: Were trends observed for individual wetland vegetation species
over the monitoring period?

- The number of sites at which Common Buckthorn prasent in the ground vegetatign
increased over the monitoring period; however, ey be due to sampling quality.
- No other selected species displayed any trends.

Trends were examined for selected wetland vegetapecies using the Cochrane-
Armitage test. Ground vegetation species examineldded: Garlic Mustard, Common
Buckthorn and Purple Loosestrife (Table 17). Thiy species which exhibited a trend
over time was Common Buckthorn, which was presetwa sites in 2005 and seven
sites in 2009. It is possible that the increaseéammon Buckthorn was due to improved
monitoring quality. Very young Common Buckthorniamay be easily confused with
young Spotted Touch-me-ndtr(patiens capensiplants or may have been disregarded
as too young to identify in the early years of pinegram. No other selected species
exhibited an increasing or decreasing trend owee.tiTherefore, it does not appear that
the presence of very weedy non-native species mtoring sites increased over the
monitoring period.

Power analysis and SPC were completed for specasated with the Cochrane-
Armitage test (Table 17 & 18). Power analysis réagghat under the current monitoring
program, data quality is generally poor using tloet@ane-Armitage test to examine
trends in species occurrence (Table 17). It apgbatsexamining trends in individual
species site occupancy may have limited utilitynwmtthe current monitoring program, as
a larger sample size is needed to detect changeS$bf(warning threshold). Therefore,
it may be necessary for the current monitoring paogto re-evaluate its current
methodology for examining individual species trertdsyield results which are
meaningful for ecological management.

Statistical process control indicated that datéPforple Loosestrife is not in control
and therefore no baseline thresholds could beos¢his species at this time. In contrast,
data for Common Buckthorn and Garlic Mustard westednined to be in control,
resulting in the development of thresholds that tm@aysed for future analysis.
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Table 17.Cochrane-Armitage results for selected speciesisrand power analysis between 2005 and 2009.

. Cochrane-Armitage Test Power Analysis
gg?ae;qaéltzrr] P 47 I N*® Minimum Effect Data
ritica serve p value ) 25D 33D Size (SD) Quality
Common Buckthorn 1.96 2.138 0.033 79 36 22 4.2 Red
Purple Loosestrife 1.96 1.384 0.166 107 50 31 5.6 Red
Garlic Mustard 1.96 1.139 0.255 132 63 40 6.8 Red

Number of sites required to detect the specifiedwamof change.

Table 18.Statistical Process Control (SPC) results for setespecies trends between 2005 and 2009.

. Lower Critical Upper Critical

Common Buckthorn 0.104 0.166 0.412 0.474
Purple Loosestrife Not in control
Garlic Mustard 0.152 0.201 0.399 0.448
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3.3SPATIAL ANALYSIS

3.3.1 Species Richness
Monitoring Question: Did speciesrichness differ among physiographic zones?

- Species richness was unaffected by physiograre.

Repeated measures ANOVA analysis of ground vegetaithness revealed a
significant interaction between year and zone. Wdnreimteraction is present,
interpretation of the main effects (year and zare)impossible, as the two factors are
not independent (Underwood 1997). Therefore, wimeimi@raction was detected, one-
way ANOVA analyses were conducted separately fohgaar to examine differences
among physiographic zones.

There was no difference detected in combined wetleegetation species richness
among the physiographic zon€s=(1.544,p=0.246; Table 19). The mean number of
species detected annually was between 17.6 andr2th8 Lower watershed, between 31
and 48.2 in the Middle watershed, and between &8d652 in the Upper watershed.
Although not significant, the Lower zone consiskgobntained lower richness than the
other two zones (Fig. 22). There were also no diffees among physiographic zones
when ground vegetation and regeneration were agdlyeparatelyq=2.222,p=0.143,
F=1.044,p0=0.593, respectively; Table 19).
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Figure 22.Mean species richness across sites within eachiqgrgphic zone in the Credit River
Watershed.
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Table 19.Summary of spatial analysis results using repeategisures ANOVA or the Kruskal-Wallis test
for vegetation parameters between 2005 and 2009.

Physiographic Effect

Vegetation Parameter Physiographic Differences

F pe
Species Richness
Combined Vegetation 1.544 0.246 None
Ground Vegetation 2.222 0.143 None
Regeneratiof 1.044 0.593 None
Proportion of Native Species
Combined Vegetatioh 6.906 0.032 Lower < Upper
Ground Vegetation 7.456 0.024 Lower < Middle & Upper
Regeneratiof? 4.077 0.130 None
Diversity
Total Ground Vegetation 2.831 0.091 None
Native Ground Vegetation 3.665 0.051 None
Regeneratiof 4.972 0.083 None
Evenness
Total Ground Vegetatioh 2..233 0.328 None
Native Ground Vegetation 2.284 0.319 None
Regeneratiof 3.583 0.167 None
Floristic Quality Assessment
Weedy Species Richness 4.309 0.033 Lower > Upper ((=0.054)
Weediness Count 3 8.781 0.012 Lower > Middle & Upper
mCC 1.689 0.218 None
CcC 8-1¢¢ 2.062 0.357 None
FQI 2.588 0.108 None
Locally Raré® 0.508 0.776 None
Regionally Raré 2.509 0.285 None

#Kruskal Wallis test conducted for each year sephrap test for effect of physiographic zone, witrandp values
shown for 2009 tests only.

b Regeneration parameters exhibit spatial autocdiveland were analyzed with non-parametric methods.
®Year by zone interaction present in repeated measMOVA. One way ANOVAs performed for each year
separately, with F angtvalues displayed for 2009 only.

dResults significant whep<0.05; significant values highlighted in bold.

Species richness of vegetation in wetlands hasqusly been shown to decrease
in developed landscapes (Lougheed et al. 2008yefdre, it was surprising that no
differences were observed among physiographic zénpsssible explanation is that
non-native species are often imported into urbafrenments. This increase in non-
native species could increase the diversity andi@mce of urban species to levels that
are similar to surrounding natural environments Kinoey 2006).

Unequal distribution of marsh and swamp monitositgs throughout the
watershed is another possible reason that diffeeimcspecies richness were not
observed among physiographic zones. Richness @¢etirage expected to be heavily
influenced by wetland type, and the current unege@esentation of wetland types
among physiographic zones may be obscuring bickbgitferences among the zones.
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3.3.2 Proportion of Native Species

Monitoring Question: Did the proportion of native species differ among physiographic
Zones?

- The Lower zone contained a lower proportion dfugaspecies than the Middle and/of
Upper zone.

The proportion of native species differed amongesogcross the monitoring
period (Table 20). For combined and ground vegatatie Lower zone generally had a
significantly lower proportion of natives than thkddle and/or Upper zone (Table 20,
Fig. 23A & B). For regeneration, similar differesc&ere seen in three of five years
(Table 20, Fig. 23C). The Middle and Upper zonebkrdit contain significantly different
proportions of native species (Table 20, Fig. 23C).

Table 20.Kruskal-Wallis test results for differences in gr@portion of native species among
physiographic zones.

Parameter Year Test Statistic H) p-value® Zone Differences’

2005 8.494 0.014 Lower-Upper p=0.019)

Lower-Middle ©=0.046)
Lower-Upper p=0.014)

Combined Vegetation 2007 8.001 0.018 Lower-Upper p=0.020)
Lower-Middle ©=0.028)

2006 9.075 0.011

2008 9.653 0.008 Lower-Upper p=0.013)
2009 6.906 0.032 Lower-Upper p=0.035)
2005 7.944 0.019 Lower-Upper p=0.023)
2006 9.997 0.007 Lower-Middle ©=0.036)

Lower-Upper p=0.009)
Ground Vegetation 2007 8.548 0.014 Lower-Upper p=0.015)
Lower-Middle ©=0.023)

2008 10.263 0.006 Lower-Upper $=0.009)
2009 7.456 0.024 Lower-Upper p=0.026)
2005 7.228 0.027 Lower-Upper p=0.046)
2006 5.120 0.077 None

Regeneration 2007 6.114 0.047 Lower-Upper p=0.063)
2008 9.184 0.010 Lower-Upper p=0.013)
2009 4.077 0.130 None

2 Results significant whep0.05; significant values highlighted in bold
b p-values in this column represent the results of-hos analyses between the indicated zones. Signifiap<0.05.
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Figure 23.Kruskal-Wallis analysis of mean proportion of natspecies across sites within each

physiographic zone for combined vegetation (A)ugib vegetation (B) and regeneration (C).
Within years, bars with different letters indicatsignificant difference according to post-hoc
analyses{<0.05). Error bars indicate +/- SE.

61



Monitoring Wetland I ntegrity within the Credit River Water shed.
Chapter 3: Wetland Vegetation 2005-2009

It is not surprising that the Lower zone contaiaddwer proportion of native
species. Disturbances caused by urban developmeeakpected to extirpate native
species while simultaneously promoting the esthbient of non-native species that tend
to persist in disturbed environments (McKinney 200&e Lower zone is comprised of
nearly four times more urban land cover than thpadand Middle watersheds. In the
Lower watershed, nearly 60% of the land has beermarted to urban cover, while only
8% is occupied by natural cover (woodlands andamet$) (Fig. 24). The lack of
differences between the Upper and Middle watersinealso reflected in the land cover
of those zones. Both the Upper and Middle zoneg baly 15% urban cover, while the
percent cover of natural, agricultural and sucoesdiland uses are similar between the
two zones (Fig. 24).

62



Monitoring Wetland I ntegrity within the Credit River Water shed.
Chapter 3: Wetland Vegetation 2005-2009

Upper

29%
37%

Middle

Watershed

O Agriculture B Natural O Successional O Urban

Lower

Figure 24.Land cover in the Credit River Watershed (Credill&aConservation 2007a).
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3.3.3 Species Diversity

Monitoring Question: Did total or native species diversity differ among physiographic
zones?

- No differences were observed among zones fatiadirsity parameters.

No significant differences were detected among gdoetotal and native ground
vegetation f=2.831,p=0.091;F=3.665,p=0.051; Fig. 25) according to repeated measure
ANOVA analyses. Similarly, the Kruskal-Walllis testvealed no differences among
zones for regeneration diversity (20654.705,p=0.095; 2006F=4.509,p=0.105;
2007,F=4.509,p=0.105; 2008F=4.972,p=0.083; Fig. 26). This is consistent with
spatial differences observed in the species richapalyses. The diversity calculation is
partially based on number of species; thereforeligds are expected between the two
types of parameters.
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Figure 25.Mean total and native ground vegetation diversityss sites within each physiographic zone
in the Credit River Watershed. Repeated measure3\W\was used for both parameters.
Within years, bars with different letters indicatsignificant difference according to Tukey’s
HSD test for unequal sample sizes analypg8.05). Error bars indicate +/- SE.
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Figure 26.Kruskal-Wallis analysis of mean regeneration diitgracross sites within each physiographic
zone in the Credit River Watershed. Within yeaesshwith different letters indicate a
significant difference according to post-hoc anedy<0.05). Error bars indicate +/- SE.

3.3.4 Species Evenness

Monitoring Question: Did total or native species evenness differ among physiographic
zones?

- Generally there were few differences in evenm@ssng the zones, with the lowest
evenness in the Upper zone in early years.

There were generally few significant differenceseed in evenness for
combined and ground vegetation and regeneratian 2FA & B) according to Kruskal-
Wallis analyses. Exceptions include that the Uioere had lower evenness in 2005 for
both combined and ground vegetation and in 20052806 for regeneration (Fig. 27C).
Although not significant, the Lower zone tendedh&ve the highest evenness in ground
vegetation and regeneration, which may indicateitharbanized areas of the watershed
there are a few dominant species.
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Figure 27.Kruskal-Wallis analysis of mean evenness across sitthin each physiographic zone for
combined vegetation (A), ground vegetation (B) eegkeneration (C). Within years, bars with
different letters indicate a significant differermecording to post-hoc analyses.05).

Error bars indicate +/- SE.
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3.3.5 Coefficient of Conservatism

Monitoring Questions. Did the mCC differ among physiographic zones? Did the
number of species with a Conservatism score of 8-10 differ among physiographic
zones? Did FQI differ among physiographic zones?

- The mCC and CC 8-10 did not differ among zones.
- FQI was significantly, or nearly so, lower in thewer zone than the Middle and/or
Upper zones in 3 of 5 years.

There was no difference in mCC scores among phragpbic zones in the Credit
River WatershedH=1.689,p=0.218; Table 19). Despite the fact that significan
differences were not observed, the Lower zone aoediethe lowest mean mCC and the
Upper zone contained the highest mean mCC (Fig AzR)itionally, there was no
difference in the number of individuals with higbnservatism scores (CC 8-10) among
the physiographic zones in any year (20850.823,p=0.663; 2006H =1.394,p=0.498;
2007,H =0.135,p=0.935; 2008H =0.823,p=0.663; 2009H =2.062,p=0.357; Fig. 29).
Although not significant, a greater number of speavith high conservatism scores were
observed in the Upper watershed than the LoweMiddle watershed (Fig. 29).
However, this is due to the inclusion of Caledoid.dn three of five year§Ql scores
varied significantly among physiographic zoi(2805,F=3.983,p=0.041; 2006F
=4.527,p=0.029; 2007F =3.327,p=0.064; 2008F =5.245,0=0.019; 2009F =2.588,
p=0.108; Fig. 30). However, in all years except 2008 post-hoc analysis found no
differences among zones. Generally, the Upper amdifidle watersheds had
significantly, or nearly so, higher FQI values tliha Lower watershed (Fig. 30). This
indicates that FQI may be impacted by urbanizatiahe Lower zone.

Mean Coefficient of Conservatism

Lower Middle Upper

Physiographic zone

Figure 28.Mean mCC across sites within each physiographie zbroughout the Credit River Watershed.
Error bars indicate +/- SE.
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Figure 29.Mean number of species with high conservatism scZ€ 8-10) across sites within each
physiographic zone within the Credit River WatedsHerror bars indicate +/- SE.
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Figure 30.Mean Floristic Quality Index (FQI) across siteshiriteach physiographic zone throughout the
Credit River Watershed. Bars with different lettemicate a significant difference according
to post-hoc analysep<0.05). If no letters are present the ANOVA analydetected no
differences. Error bars indicate +/- SE.
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3.3.6 Rare Species

Monitoring Question: Did the number of locally and regionally rare species differ
among physiographic zones?

- The number of locally and regionally rare spegvese unaffected by physiographic
zone.

No differences were detected in the number of lg@aid regionally rare species
among physiographic zones, in any year, as indidayeKruskal-Wallis analyses (Table
19). Despite the fact that differences were natifigant, the Upper watershed had a
larger number of locally and regionally rare spsdhean the other physiographic zones
(Fig. 31). The Lower watershed typically had thedst number of locally rare species,
but surprisingly the Middle watershed containedltveest number of regionally rare
species. This was unanticipated. The Middle wagztss expected to contain the most
pristine habitats and is under less developmersispre than the other two zones due to
the Niagara Escarpment and Green Belt legislafibis may be because the majority of
sites monitored in the Middle watershed are swanvpde sites monitored in the Lower
and Upper watersheds are composed mainly of mafsitelts. Rare species are almost
always associated with species rich communitiegli@d et al. 1999) and the majority
of swamps monitored in the watershed had belowageespecies richness. The large
number of sites with locally and regionally raresies and species with CC values of 8-
10 in the Upper watershed is partially due to tiedusion of Caledon Lake Wetland.
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Figure 31.Mean number of locally (A) and regionally (B) rameecies across sites within each
physiographic zone within the Credit River WatedsHerror bars indicate +/- SE.
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3.3.7 Weediness

Monitoring Question: Did weedy species richness differ among physiographic zones?
Did the number of species with a weediness score of -3 differ among physiographic
zones?

- There was a near significant difference betwaenipper and Lower zones for Weedy
species richness.
- Weediness count -3 was higher in the Lower zbaa the Upper and/or Middle zones.

Spatial analysis with repeated measures ANOVA miéid a significant
difference among zones for weedy species richries4.8309,p=0.033; Table 19, Fig.
32). However, the Tukey’s HSD test only indicategrnty significant differences
between the Upper and Lower zonps(.054). The Kruskal-Wallis test indicated that
the number of individuals with a weediness scor&8afas different among
physiographic zones (2008:=9.379,p=0.009; 2006H =11.548 p=0.003; 2007H
=10.778,p=0.005; 2008H =10.490,p=0.005; 2009H =8.781,p=0.012; Fig. 33). Post-
hoc analyses indicated that the Lower watershethowd a significantly greater number
of taxa with a weediness score of -3 than the Middid/or Upper zones. It therefore
appears that the number of weedy species and thberwf very problematic species are
greater in the urbanized Lower zone compared t®&Jfiger and Middle zones, which is
consistent with spatial differences in the promortof native species in the watershed.

14 ~

12

10 ~

Weedy species richness
»

Lower Middle Upper

Physiographic zone

Figure 32.Mean weedy species richness across sites withim@agsiographic zone throughout the
monitoring period in the Credit River Watershed.dEbars indicate +/- SE.
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Figure 33.Mean number of species with a weediness score afr@ss sites within each physiographic
zone throughout the Credit River Watershed. Wittgars, bars with different letters indicate
a significant difference according to post-hoc gse$ <0.05). Error bars indicate +/- SE.

3.3.8 Power Analysis

For all vegetation parameters analyzed with a BtegeMeasures ANOVA
analysis, power analysis determined that the fahgmumber of sites within the
watershed would be needed in order to detect bd2Be5D of change: 33, 12 and 9 sites,
respectively. Additionally, the following number sites within each zone would be
needed in order to detect 1, 2 and 3 SD of chaliyed and 3 sites, respectively
Therefore, a sufficient number of sites were maeicat both the watershed and
physiographic zone scales to detect significanhgha in the vegetation parameters with
90% power at an 80% confidence level for effectsigreater than or equal to 2 SD.
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3.4LANDSCAPE ANALYSIS

3.4.1 Vegetation Parameters

Monitoring Question: Were wetland vegetation parameters correlated with landscape
metricsin the Credit River watershed?

- Many parameters indicative of wetland health weositively correlated with habitat
patch size, percent natural cover and matrix qualthe majority of the same
parameters were negatively correlated with peradsdn cover.

- No vegetation parameters were correlated wittadee to the nearest road

- Only CC 8-10 was significantly negatively corteldto percent agricultural cover

Spearman rank correlation was used to examinaae$dtips between wetland
vegetation and landscape parameters in the Credit R/atershed. Significant
correlations must be considered cautiously as doayot imply a cause-and-effect
relationship between two parameters, but simplyttieparameters are associated with
one another (Zar 1999).

The proportion of native species (combined vegataground vegetation and
regeneration), native ground vegetation diversity BQI were all positively correlated
with habitat patch size (Table 21). These samenpetexrs were also positively correlated
to percent natural cover and matrix quality andatiggly correlated to percent urban
cover (Table 22)This is in agreement with research showing thanfrantation, leading
to smaller wetland sizes, adversely affects bath aad common wetland vegetation
species (Hooftman and Diemer 2002). Other resdaashndicated that the amount of
landscape disturbance (combination of agricultume @banization) within a 2500 m
radius of wetlands is related to a reduction inveagraminoid and herbaceous perennial
abundance (Galatowitsch et al. 2000). These npavennial species are found to be
replaced by annuals or non-native perennials. Thexeas habitat patch decreases, the
amount of landscape disturbance increases ancenadpulations decrease. In addition,
weedy species richness and the number of indivsdwah a weediness score of -3 was
negatively correlated to habitat patch size, pdrnatural cover and matrix quality and
positively correlated to percent urban cover. Thisonsistent with current knowledge
that weedy species increase in disturbed habiét&ifiney 2006) These results indicate
that urbanization appears to be associated wittamettdegradation, as many parameters
indicative of healthy wetland vegetation decreaseadural areas become more
fragmented.

It was surprising that species richness (combireggetation and ground
vegetation) was not significantly correlated witbftat patch size, percent natural cover
and matrix quality. Previous studies have demotestra decrease in species richness in
association with wetland degradation and an inergasichness with increasing wetland
size and surrounding natural cover (Findlay andlélman 1997; Lougheed et al. 2008).
The lack of association between richness and |ap#sparameters may be due an
increase in non-native species richness in urbaamsaHowever, a positive correlation
was seen between matrix quality and regeneratabmeiss.
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Table 21.Spearman rank correlations between wetland parasnatel habitat patch size and distance to
the nearest road.

Habitat Patch Size Distance to Nearest Road

Vegetation Variable = =
Spearman R P value Spearman R P value

Combined Vegetation

Total Species Richness 0.011 0.964 0.059 0.817
Proportion of Native Species Richness  0.556 0.017 0.350 0.155
Mean Coefficient of Conservatism 0.465 0.052 0.286 0.250

CC 8-10 0.307 0.216 0.086 0.736
Floristic Quality Index 0.511 0.030 0.216 0.399
Weedy Species Richness -0.558 0.016 -0.447 0.063
Weediness Count -3 -0.805 <0.001 -0.168 0.504
Locally Rare Species 0.134 0.597 0.184 0.464
Regionally Rare Species -0.072 0.776 0.343 0.164

Ground Vegetation
Total Species Richness 0.331 0.179 0.142 0.576
Total Species Diversity 0.451 0.060 0.183 0.468
Total Species Evenness 0.082 0.748 -0.049 0.848
Proportion of Native Species Richness  0.612 0.007 0.387 0.113
Native Species Diversity 0.472 0.048 0.243 0.332
Native Species Evenness -0.065 0.798 -0.170 0.499
Regeneration

Total Species Richness 0.152 0.547 -0.058 0.819
Total Species Diversity 0.267 0.284 0.131 0.604
Total Species Evenness -0.144 0.570 0.144 0.570
Proportion of Native Species Richness  0.483 0.042 0.137 0.589

2 Results significant whep0.05; significant values highlighted in bold.

74



Monitoring Wetland I ntegrity within the Credit River Water shed.
Chapter 3: Wetland Vegetation 2005-2009

Table 22.Spearman rank correlations between wetland parasn@tel selected landscape metrics.

i i % Agriculture % Natural % Urban Matrix Quali
Vegetation Variable GEGICE S 0 o Quality

Spearman R Pvalue* SpearmanR Pvalue®* SpearmanR Pvalue®* SpearmanR P value?®

Combined Vegetation

Total Species Richness 0.256 0.305 0.089 0.699 -0.049 0.848 0.133 0.599
Proportion of Native Species 0.385 0.114 0.622 0.006 -0.551 0.018 0.664 0.003
mCC -0.058 0.820 0.496 0.036 0.046 0.851 0.408 0.093
CC 8-10 -0.508 0.031 0.401 0.099 -0.207 0.896 0.327 0.185
Floristic Quality Index 0.263 0.291 0.476 0.046 -0.483 0.043 0.560 0.016
Weedy Species Richness -0.297 0.232 -0.645 0.004 0.457 0.057 -0.581 0.011
Weediness Count -3 -0.263 0.291 -0.756 <0.001 0.651 0.003 -0.758 <0.001
Locally Rare Species -0.230 0.360 0.007 0.977 0.037 0.883 0.014 0.958
Regionally Rare Species -0.051 0.842 -0.232 0.355 0.122 0.630 -0.171 0.497
Ground Vegetation
Total Species Richness 0.146 0.563 0.191 0.448 -0.302 0.224 0.306 0.217
Total Species Diversity 0.151 0.550 0.325 0.188 -0.293 0.239 0.395 0.105
Total Species Evenness -0.127 0.615 0.271 0.276 -0.130 0.607 0.284 0.254
Proportion of Native Species 0.395 0.105 0.618 0.006 -0.577 0.012 0.666 0.003
Native Species Diversity 0.239 0.340 0.366 0.135 -0.386 0.114 0.459 0.055
Native Species Evenness -0.315 0.203 0.073 0.773 0.072 0.775 0.055 0.829
Regeneration
Total Species Richness 0.237 0.344 0.430 0.075 -0.469 0.050 0.547 0.019
Total Species Diversity 0.309 0.212 0.424 0.079 -0.317 0.120 0.445 0.064
Total Species Evenness -0.051 0.842 -0.606 0.008 0.401 0.099 -0.577 0.012
Proportion of Native Species 0.220 0.380 0.543 0.020 -0.439 0.069 0.529 0.024

#Results significant whep<0.05; significant values highlighted in bold.
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Local biodiversity may be negatively affected bgae through obstructing
migration between local populations, altering wadldydrology and siltation, increasing
edge effects in habitat patches, facilitating theasion of exotic species and increasing
human access to wetlands (Findlay and Houlahan)18®ne of the studied vegetation
parameters were correlated with the distance to¢aeest road (Table 21). Although
research has shown that the density of paved nodkis 1 to 2 km of a wetland is
negatively correlated with vegetative species rdsn(Findlay and Houlahan 1997),
relationships may not have been noted in this sasdyre density of surrounding roads
was not taken into account. The density of roadosnding the wetland may be more
indicative of the effects of roads on wetland spethan the distance to a nearby road.
For example, Terra Cotta Wetland is situated odlyr3from the nearest road (dirt road);
however, it is located in the Middle watershed veheatural land cover is more dominant
than urban cover and it is located in a naturaltaapatch of over 700 ha. In contrast,
Meadowvale Wetland is located 155 m from the neéacesl (paved city road); it is
located in the Lower watershed, where urban laedsisore dominant than natural
cover, and is located in a natural habitat patabnty 42 ha. Although Terra Cotta is over
four times closer to a road than Meadowvale, margpeters indicative of healthy
wetland vegetation were consistently higher thamddsvvale. Therefore, distance to the
nearest road may not be an effective indicatohefeffects of roads on wetland
vegetation because it does not account for thedypead and the amount of habitat
fragmentation surrounding the monitoring site.

The number of species with a CC value between 8l8naas the only parameter
found to be significantly correlated to percenti@gtural cover p=0.031, Table 22); this
correlation was negative, indicating that as peragniculture in the surrounding area
increases, the number of high CC value speciegdses. It is believed that agriculture
may cause species loss due to edge effects fraoicltkr and fertilizer drift, alien plant
invasions, and domestic livestock grazing (Galateati et al. 2000). Therefore, these
factors may be decreasing the suitability of haldgahighly conservative species.

3.4.2 Species Level Analysis

Monitoring Question: Wasthere a relationship between selected species and landscape
metricsin the Credit River Watershed?

- Garlic Mustard and Common Buckthorn displayeahicant negative logistic
relationships with habitat patch size.

- None of the selected species displayed a sigmificelationship with the distance to the
nearest road landscape metric.

- Both Purple Loosestrife and Common Buckthorn ldiggd a significant negative
logistic relationship with percent natural cover.

- All three species displayed a significant positiwgistic relationship with percent urban
cover.

Logistic regression was used to test the relatipnisétween the most weedy
species in the watershed — Purple Loosestrife icdustard and Common Buckthorn —
and the following landscape metrics: habitat paizh, distance to the nearest road,

76



Monitoring Wetland I ntegrity within the Credit River Water shed.
Chapter 3: Wetland Vegetation 2005-2009

percent natural cover and percent urban cover.eflvas no significant relationship
between the presence of the three species andcbksta the nearest road (Purple
Loosestrife:X“= 0.154,p=0.695; Common Buckthori¥’= 0.124,p=0.621; Garlic
Mustard:X?= 0.506,p0=0.477). Although roads may facilitate the dispko$anvasive
non-native species (Forman and Alexander 1998)attieof relationship between
selected species and distance to the nearest @madomsistent with the insignificant
correlations with vegetation parameters (Table E&amining the density of roads
surrounding wetlands may provide more meaningfsulits.

Table 23.Logistic relationship between selected speciedamdscape metrics.

Species Landscape Metric XZ p-value®
Habitat patch size 9.240 0.002

. Distance to nearest road 0.506 0.477

Garlic Mustard Percent natural cover 3.345 0.067
Percent urban cover 6.242 0.013

Habitat patch size 3.347 0.067

Purple Loosestrife Distance to nearest road 0.154 0.695
Percent natural cover 9.377 0.002
Percent urban cover 12.259 <0.001
Habitat patch size 4.300 0.038

Common Buckthorn Distance to nearest road 0.124 0.621
Percent natural cover 4.233 0.040
Percent urban cover 33.905 0.048

# Results significant whep<0.05; significant values highlighted in bold.

Garlic mustard was significantly related to habjtatch size and percent urban
cover X?= 9.240,p=0.002:X?= 6.242,0=0.013, respectively; Table 23, Figure 34 & 35),
However there was no significant relationship viércent natural covek{= 3.345,
p=0.067). It therefore appears that percent urb&ercmot natural cover, is more critical
to the presence of Garlic Mustaitcording to the predicted probability of occurrenc
from the logistic regression, the probability ofrBaMustard being found in a wetland
plot is very high in small habitat patches, butrdases quickly with habitat patch size. In
habitat patches of 5000°rar less, the probability of Garlic Mustard occagriin
wetlands is between 50-80% (Fig. 34). In habitathpes of over 25000 Tihere is less
than a 1% probability that Garlic Mustard will bmuhd in wetlands. Similarly, there is
less than 10% probability that Garlic Mustard W# present in wetlands with 5% or less
urban cover in a 2 km radius, while wetlands sédah areas with greater than 70%
urban cover in a 2 km radius have an 80% or greatence of having Garlic Mustard
(Fig. 35). It is important to note that habitatghasize is unequally represented by smaller
areas and none of the monitored wetlands have &@eurban cover in a 2km radius;
therefore, extrapolation of occurrence probabgisaould be made with caution.
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Figure 34.Logistic regression between Garlic Mustatdli@ria petiolata) occurrence at a site and habitat
patch size of the site. Equation of the regrestianand p-value provided. Logistic regression
significant wherp<0.05.
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Figure 35.Logistic regression between Garlic Mustaddliéria petiolata) occurrence at a site and percent
urban cover. Equation of the regression line andlpe provided. Logistic regression
significant wherp<0.05.
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Although there was no significant relationship betw Purple Loosestrife and
habitat patch sizexf= 3.347,p=0.067), Purple Loosestrife did exhibit significant
relationships with both percent natural amban coverX?= 9.377,p=0.002;X?= 12.259,
p<0.001, respectively; Table 23, Fig. 36 & 37). Toeurrence of Purple Loosestrife at
wetland monitoring plots decreased with increasiatyiral cover and increased with
increasing urban cove¥lonitoring sites with 50% or greater natural covea 2 km
radius had less than a 10% probability of Purpledestrife being present; conversely, in
areas with less than 15% urban cover the probgbilibccurrence was less than 20%. It
appears that both urban and natural cover mayitieatfor the presence of Purple
Loosestrife. This may not have been reflected énrdtationship with habitat size because
of the amount of agriculture in the area or becaudeenough site-years were available to
detect a significant relationship (Table 23).

y=exp(5.3144+(-0.14842*x)/(1+exp(5.3144+(-0.14842)*x))
(p=0.002)

14 . .
o — Linear regression
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Figure 36.Logistic regression between Purple Loosesttifgi{rum salicarid occurrence at a site and
percent natural cover. Equation of the regressimdnd p-value provided. Logistic
regression significant whes0.05.
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Figure 37.Logistic regression between Purple Loosesttifgi{rum salicarig occurrence at a site and
percent urban cover. Equation of the regressiandimd p-value provided. Logistic regression
significant wherp<0.05.

Common Buckthorn was related to habitat patch giesgcent natural cover and
percent urban coveK{= 4.300,p=0.038;X?= 4.233,p=0.040;X?*= 33.905p=0.048,
respectively; Fig. 38-40). In wetlands with gredtean 70% natural cover in a 2 km
radius, there was less than 5% probability of tbe@uaence of Common Buckthorn.
Similarly, wetlands with greater than 15% urban cover in enZ&dius had greater than
20% probability of the occurrence of Common Buckthand wetlands in a habitat patch
of greater than 1000ad less than a 50% probability of the occurresfd@@ommon
Buckthorn.
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Figure 38.Logistic regression between Common Buckthdthgmnus cathartiaoccurrence at a site and
habitat patch size. Equation of the regressiondime p-value provided. Logistic regression
significant wherp<0.05.
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Figure 39.Logistic regression between Common Buckthé&hgmnus cathartigaoccurrence at a site and
percent natural cover. Equation of the regressimdnd p-value provided. Logistic
regression significant whegx0.05.
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Figure 40.Logistic regression between Common Buckthé&hgmnus cathartigaoccurrence at a site and
percent urban cover. Equation of the regressiandimd p-value provided. Logistic regression
significant wherp<0.05.

3.4.3 Power Analysis

Table 24 lists the calculated number of monitositgs required to determine a
significant logistic relationship between the preseof the selected species and the
landscape metrics. Analysis could not be perforfoeg@ercent urban cover because of
its bimodal distribution that could not be normatiz For relationships between Purple
Loosestrife and Common Buckthorn and percent niatorger data quality was green.
This indicates that there were sufficient site-gdardetect a legitimate logistic
regression between these species and percentlraiuea. Although data quality for
relationships between Garlic Mustard and percettrabcover was considered red, the
current number of monitored wetland sites (18)eis/\close to N (19); and therefore,
data quality may improve with additional years afalFor relationships between all
three selected species and distance to the neaagktiata quality was red. This indicates
that there were insufficient site-years to detdeigtimate logistic regressiomhere were
sufficient site-years to detect a legitimate regii@s between Garlic Mustard and habitat
patch size; however this was not the case for Bugolsestrife and Common Buckthorn.
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Table 24.The calculated number of monitoring sites (N) regdito determine a significant logistic
relationship between selected species and landseeapis.

Species Landscape Metric? N Data Quality
Habitat patch size 9 Green
Garlic Mustard Distance to nearest road 346 Red
Percent natural cover 19 Red
Percent urban cover N/A N/A
Habitat patch size 23 Red
. Distance to nearest road 3038 Red
Purple Loosestrife
Percent natural cover 4 Green
Percent urban cover N/A N/A
Habitat patch size 21 Red
Distance to nearest road 1670 Red
Common Buckthorn
Percent natural cover 15 Green
Percent urban cover N/A N/A

#Landscape metrics were square root transformegdaer analysis; analysis could not be performegércent
urban cover because of its bimodal distributior tfwauld not be normalized.
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4.0 CONCLUSIONS

Several wetland vegetation parameters were siralthee Credit River Watershed
between 2005 and 2009. Although species richnassligersity were found to be
increasing, these trends may be attributed to isgatanonitoring quality. As the
monitoring program continues, it is expected tha bias will stabilize and it will be
possible to detect biological changes in richneskdiversity over time. Other wetland
vegetation parameters including: mCC, FQI, weedirsesre -3, wetness, the number of
locally and regionally rare species and CC 8-10gveither stable or fluctuated among
years, but did not display an increasing or deangdasend. Yearly fluctuations are to be
expected, as weather and water levels vary over fiilcox et al. 2002; Touchette et al.
2008). It is interesting to note that the proportad native species decreased and weedy
species richness increased between 2005 and 2008.

There were also some notable differences amongqurgphic zones within the
Credit River Watershed. The Lower watershed wéerdift than the other physiographic
zones for several vegetation parameters. In gerteel ower watershed contained a
lower proportion of native species, higher weedscsgs richness and a greater number
of -3 weedy species. These differences reflecespected changes in vegetation that
accompany increasing urbanization (McKinney 2008) support the need for the
current invasive species management program at CW€Middle and Upper watershed
were not significantly different for any of the \etgtion parameters examined.

Currently, wetland community types are not evetgyributed among
physiographic zones. Monitoring sites consist vé fmarsh habitats in the Lower
watershed, one marsh and four swamp habitats iMitiéle watershed, and two swamps
and six marsh habitats in the Upper watershede&sing the number of sites to include
an equal distribution of marsh and swamp habitétsmprove the program’s ability to
detect spatial differences within the watershed.

Many of the parameters indicative of healthy wetlargetation were
significantly positively correlated with habitattph size, percent natural cover and
matrix quality. The majority of the same parameteese negatively correlated with
percent urban cover. This indicated that as udadiain increases and habitat patch size
and percent natural cover decreases, wetlande i€tbdit River Watershed may be
becoming more degraded. Parameters which are atagelvith landscape metrics may
be considered good monitoring variables, as theylmasensitive to anthropogenic
disturbance (Noss 1999). Special attention shoelddid to these vegetation parameters
in the future, as increasing or decreasing trenalg Ioe an early warning sign for
ecosystem degradation. All three selected spegigisly invasive non-natives at wetland
sites, showed some combination of significant pasitelationships with percent urban
cover or significant negative relationships witligamt natural cover and/or habitat patch
size. None of the studied vegetation parametespecies of interest displayed a
significant relationship with the distance to tlearest road landscape metric. Road
density may be a more appropriate metric for capguhe fragmenting effects of roads.

Overall, changes in wetland vegetation parametetsden 2005 and 2009 in the
Credit River Watershed appear to be linked to udadion, and are most prominent in
the Lower watershed. Deterioration of wetlandsthagpotential to become more severe
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as urbanization increases. This of concern, agya [aroportion of wetlands in the
watershed have already been altered or lost.

5.0 FUTURE DIRECTIONS

Several improvements and changes to the Terrebtdaitoring Program are
currently being evaluated, which will assist inuitet data collection and interpretation of
results. Ecological Land Classification of all sitgill be completed during the summer
of 2010. These designations will provide insighttte effect of ecological classification
on vegetation in the Credit River Watershed ancsad® interpretation of temporal and
spatial resultsin addition, the Terrestrial Monitoring Prograneisamining the
application of panel design to minimize the impafcinonitoring on vegetation plots.

At the data analysis stage, several additionalygealwill be explored that were
beyond the scope of the five year revidwditional methods recommended by external
reviewers (Bohdan Kowalyk, pers. comm.; Emily Gdagapers. comm.) will be
evaluated, including generalized linear models Bagesian analyses (Wade 2000) to
examine vegetation trends over time. Several atletrics may be incorporated into the
analyses as covariates, including: surveyor vamasoil moisture and pH, and canopy
closure. In additionvegetation parameters will be compared to othdardamd abiotic
parameters such as soil chemistry and pH, birdsalananders within forest
communities. The possibility of monitoring wetlaacka will also be considered to
determine if wetland area or wetland/terrestrintlboundaries are changing over the
study period. A wetland hydrological monitoring gram is also currently being
developed, which will assist in drawing conclusite$ween vegetation changes and
urbanization as well as other land use changeslandte change (Credit Valley
Conservation 2010Db).

Also, thresholds will be established for each mmniig parameter when at least
five years of stable baseline data exists. Culyeh# Terrestrial Monitoring Program is
developing a strategy for management actions tmnbertaken when an indicator (or a
suite of indicators) surpasses their establishezstold, indicating a decline in the
overall integrity of the Credit River Watershedsliould be noted that the baselines and
thresholds presented in this report are prelimimanature. The five year baseline
period used to calculate indicator thresholds getan the maximum number of years of
reliable data currently available to the monitorprggram. These current data represent
the best available steady state information. Thanditators may naturally vary above
and below these baselines over longer timeframesjoanot currently possess this
information. Long term data may reveal additiorat@rns, such as wider than expected
variability or cyclic behaviour oscillating over iitiple years. As a result, established
baselines and thresholds must be reviewed as aulaitmonitoring data becomes
available. To this end, a complete review of alligator baselines and thresholds will be
conducted at the 10 year point of the program.

The limitations of current baselines and threstisldould also be considered in
the context of overall monitoring program desighislis because power analysis, a
statistical assessment tool that can help inforastens concerning program design,
incorporates values associated with the identibi@selines. This reliance on preliminary
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baselines, combined with the idiosyncrasies astatiaith individual power analysis
techniques and the highly assimilative nature o$tnecological indicators, preclude us
from making program design decisions based solelgssessment of power. For
instance, indicators with low abundance or higluredtvariability are more likely to
provide data of lower power. Even if tests revelgck of power in the current program
configuration, the data may still be providing \able information. This is particularly
the case when results from all monitoring questemesassessed in an integrated fashion.
Hence, program design should be steered by a catidmnof power analysis, logistic
considerations, and integrated ecological knowledge

Finally, developing a management actions stratetjyemsure that detrimental
ecosystems changes observed by the Terrestrialtdiong Program can be mitigated.
Through this mitigation the Terrestrial MonitoriRgogram will assist CVC in achieving
its corporate vision of “an environmentally healtbsedit River Watershed for present
and future generations.”
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APPENDIX A: WETLAND MONITORING SITES

Table 1.Wetland Health Monitoring Sites established thioug the Credit River Watershed.

i i ici b i Wetland  Physiographic PSW, ESA dhaniat

Site#  Site Name Official Evaluated Wetland Name Township County Type Jone and_/or A[\ISIa patch size
Designation (ha)

W-01 Rattray Marsh Wetland Rattray Marsh Wetlandnplex Mississauga Regional Municipality of Peel btar Lower PSXY\iSElSA’ 92.27
W-02 Credit River Wetland Credit Rivg:)mglr:)r:es Wetland Mississauga Regional Municipality of Peel Marsh leow ESA, ANSI 0.26
W-03 Creditview Wetland Creditview Wetland Missisga Regional Municipality of Peel Marsh Lower PSANSI 5.38
W-04 Meadowvale Wetland Churchville-Norval WetlaBdmplex Mississauga Regional Municipality of Peel arkh Lower ESA 42.29
W-12 Winston Churchill Wetland Levi's Creek Wetla@dmplex Halton Hills Regional Municipality of Peel  Marsh Lower 114.06
W-06 Hungry Hollow Wetland Hungry Hollow Wetland ket Hills Regional Municipality of Peel Swamp Miled PSW, ESA 127.86
W-07 Acton Wetland Acton - Sicl;/;:qglfxek Wetland Halton Hills Regional Municipality of Peel Swamp didile PSW, ESA 753.26
W-08 Terra Cotta Wetland Caledon Lake Wetland Cempl Caledon Regional Municipality of Peel Swamp Medd ESA, ANSI 165.92
W-09 Ken Whillans Wetland N/A Caledon Regional Mipality of Peel Swamp Middle 191.18
W-10 Warwick Wetland Little Credit River Wetland @plex Caledon Regional Municipality of Peel Marsh idie PSXY\iSEISA’ 93.12
W-11 Erin Pine Estates Wetland West Credit River inEr Wellington County Marsh Upper PSW 24.66
W-13 Hillsburgh Wetland Alton-Hillsburgh Wetland @plex Erin Wellington County Marsh Upper PSW, ESA 4.3r
W-15 Grange Orpen Wetland Credit Rivg(r)r?ﬁfpﬁlet;n Wetland Caledon Regional Municipality of Peel Swamp Upper SWR ESA 137.59
W-16 Starr Wetland Star Wetland Complex Caledon iGed Municipality of Peel Marsh Upper 291.34
W-17 Speersville Wetland Speersville Wetland Comple Caledon Regional Municipality of Peel Marsh Upper PSW, ESA 218.85
W-18 Caledon Lake Wetland Caledon Lake Wetland Gexrp Caledon Regional Municipality of Peel Swamp epp PSX\’/\iSElSA' 554.82
W-19 Melville Wetland Orangeville Wetland Compléd®3) Orangeville County of Dufferin Marsh Upper PSW 5.53
W-20 Belfountain Wetland N/A Caledon Regional Mupdity of Peel Marsh Upper 30.86

2PSW, Provincially Significant Wetland; ESA, Enviroentally Sensitive Area; ANSI, Area of Natural éclentific Interest.

®Wetland plot apart of the indicated official evakthwetland or wetland complex.
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APPENDIX B: WETLAND VEGETATION PARAMETERS INCLUDED IN
ANALYSIS

Table 1. Wetland vegetation parameters analyzed in theiORe¢er Watershed.

Normal

Vegetation Parameter Distribution Data Transformation Analysis Type?
Ground Vegetation

Species Richness Yes No Parametric
Total Species Diversity Yes No Parametric
Total Species Evenness N/A No Non-parametric
Native Species Diversity Yes No Parametric
Native Species Evenness N/A No Non-parametric
Proportion of Native Species NA No Non-parametric
Regeneration®

Species Richness N/A No Non-parametric
Species Diversity N/A No Non-parametric
Species Evenness N/A Non-parametric
Proportion of Native Species N/A No Non-parametric
Combined Vegetation

Species Richness Yes No Parametric
Proportion of Native Species N/A No Non-parametric
Mean Wetness Index Yes No Parametric
mCC*® No Log Parametric
FQI® Yes Log Parametric

CC 8-10 N/A No Non-parametric
Locally Rare N/A No Non-parametric
Regionally Rare N/A No Non-parametric
Weedy Species Richness Yes Log Parametric
Weediness Count -3 N/A No Non-parametric

2parametric analyses were Linear Regression to @eatreénds over time, and Repeated-Measures ANOVA to
examine spatial differences between groups. Noarpetric tests were conducted for data which didnmext
parametric test assumptions, and included the FaedTest to examine temporal differences betwearsyand
Kruskal-Wallis to examine differences over time.

b All regeneration data were analyzed using non+patdc methods due to spatial autocorrelation betwhe sites.
°mCC, Mean Coefficient of Conservatism; FQI, Flaci€uality Index.

95



Monitoring Wetland I ntegrity within the Credit River Water shed.
Chapter 3: Wetland Vegetation 2005-2009

96



Monitoring Wetland I ntegrity within the Credit River Water shed.

Chapter 3: Wetland Vegetation 2005-2009

APPENDIX C: RARE AND HIGHLY CONSERVATIVE SPECIES OB SERVED AT WETLAND MONITROING SITES

Table 1.Rare and highly conservative species observectamd monitoring sites in the Credit River Watedh

Latin Name Common Name ~ovelly Rty e Lol e Vel Wetland Site
Rare Rare Value Detected
Andromeda polifolia ssp. glaucophylla Bog Rosemary X X 10 5 Caledon Lake Wetland
Apios americana American Groundnut X X 6 4 Credit River Wetland
Betula pumila Dwarf Birch X X 9 4 Caledon Lake Wetland
- . Rattray Marsh Wetland
Bolboschoenus fluviatilis River Bulrush X X 7 Credit River Wetland
Campanula aparinoides Marsh Bellflower X X 7 Erin Pine Estates Wetland
Rattray Marsh Wetland
Cardamine pratensis Cuckoo Flower X X 7 3 Credit River Wetland
Erin Pine Estates Wetland
Carex albursina White Bear Sedge X 7 4 Credit River Wetland
Carex alopecoidea Foxtail Sedge X 6 4 Ken Whillans Wetland
. Rattray Marsh Wetland
Carex amphibola Narrowleaf Sedge 9 5 Credit River Wetland
Belfountain Wetland
o Caledon Lake Wetland
Carex aquatilis Water Sedge X X 7 3 Starr Wetland
Warwick Wetland
Carex atherodes Awned Sedge X X 6 5 Hungry Hollow Wetland
Carex bromoides Brome-like Sedge X X 7 2 Warwick Wetland
Creditview Wetland
. Hungry Hollow Wetland
Carex comosa Bristly Sedge X 5 5 Warwick Wetland
Hillsburgh Wetland
Erin Pine Estates Wetland
Carex flava Yellow Sedge X 5 5 Hillsburgh Wetland
Caledon Lake Wetland
Carex leptalea Bristly-stalk Sedge 8 5 Grange Orpen Wetland
Terra Cotta Wetland
Carex magellanica ssp. irrigua Boreal Bog Sedge X X 10 4 Caledon Lake Wetland
Carex utriculata Northwest Territory Sedge X 7 5 Melville Wetland

Belfountain Wetland
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APPENDIX C: RARE AND HIGHLY CONSERVATIVE SPECIES OB SERVED AT WETLAND MONITORING SITES

(Cont'd)
Latin Name Common Name -0zl Regionly ce Mo @ sl Wetland Site
Rare Rare Value Detected
Carex vesicaria Inflated Sedge X X 7 5 Erin Pine Estates Wetland
Cephalanthus occidentalis Buttonbush X X 7 2 Creditview Wetland
Acton Wetland
Ceratophyllum demersum Common Hornwort X X 4 5 Winston Churchill Wetland
Chamaedaphne calyculata Leatherleaf X X 9 4 Caledon Lake Wetland
Cirsium discolor Field Thistle 9 1 Belfountain Wetland
Creditview Wetland
Cornus amomum ssp. obliqua Silky Dogwood X 5 4 Rattray Marsh Wetland
Ken Whillans Wetland
N . Credit River Wetland
Cuscuta gronovii Gronovius Dodder X 4 5 Warwick Wetland
Cypripedium parviflorum var. makasin Small Yellow Lady's- slipper X 7 3 Hungry Hollowetland
Drosera rotundifolia Roundleaf Sundew X X 7 5 Caledon Lake Wetland
Elymus riparius River Wild-rye X X 7 1 Hungry Hollow Wetland
Erin Pine Estates Wetland
Epilobium palustre Marsh Willow-herb 10 2 Speersville Wetland
Caledon Lake Wetland
. . Warwick Wetland
Galium aparine Catchweed Bedstraw X 4 2 Rattray Marsh Wetland
Impatiens pallida Pale Touch-me-not X 7 3 Meadowvale Wetland
Ledum groenlandicum Labrador-tea X X 9 5 Caledon Lake Wetland
Lemna trisulca Star Duckweed X 4 3 Creditview Wetland
Linnaea borealis ssp. longiflora Twinflower X 7 3 Caledon Lake Wetland
Liparis loeselii Loesel's Twayblade X 5 2 Erin Pine Estates Wetland
Lonicera hirsuta Hairy Honeysuckle X X 7 1 Caledon Lake Wetland
Lonicera oblongifolia Swamp Fly-honeysuckle X X 8 1 Caledon Lake Wetland
Ludwigia palustris Marsh Seedbox X X 5 4 Winston Churchill Wetland

Melville Wetland
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APPENDIX C: RARE AND HIGHLY CONSERVATIVE SPECIES OB SERVED AT WETLAND MONITORING SITES

(Cont'd)
Latin Name Common Name Lol sty e Lol e Vel Wetland Site
Rare Rare Value Detected
Hungry Hollow Wetland
Warwick Wetland
Erin Pine Estates Wetland
. . . . Grange Orpen Wetland
Lysimachia thyrsiflora Water Loosestrife X 7 5 Starr Wetland
Caledon Lake Wetland
Melville Marsh
Belfountain Wetland
Nemopanthus mucronatus Mountain Holly X X 8 5 Caledon Lake Wetland
Orthilia secunda One-side Wintergreen X X 5 4 Caledon Lake Wetland
Caledon Lake Wetland
Picea glauca White Spruce X 6 5 Warwick Wetland
Grange Orpen Wetland
Potentilla palustris Marsh Cinquefoil X 7 5 Caledon Lake Wetland
Credit River Wetland
Acton Wetland
Erin Pine Estates Wetland
Rhamnus alnifolia Alder-leaved Buckthorn X 7 5 Terra Cotta Wetland
Ken Whillans Wetland
Caledon Lake Wetland
Melville Wetland
. Creditview Wetland
Rosa palustris Swamp Rose X X 7 5 Warwick Wetland
Warwick Wetland
Rumex orbiculatus Water Dock X 6 5 Erin Pine Estates Wetland
Grange Orpen Wetland
Starr Wetland
Salix amygdaloides Peach-leaved Willow X 2 Warwick Wetland
Salix candida Hoary Willow X X 10 5 Caledon Lake Wetland
Salix exigua Sandbar Willow X 3 5 Credit River Wetland
Salix lucida Shining Willow X 5 5 Caledon Lake Wetland
Salix serissima Autumn Willow X X 6 2 Caledon Lake Wetland
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APPENDIX C: RARE AND HIGHLY CONSERVATIVE SPECIES OB SERVED AT WETLAND MONITORING SITES

(Cont'd)
Latin Name Common Name Laeelly; el ce Mo @ sl Wetland Site
Rare Rare Value Detected
Sarracenia purpurea Northern Pitcher-plant X X 10 5 Caledon Lake Watlan
Creditview Wetland
Sparganium eurycarpum Large Bur-reed X 3 5 Warwick Wetland
Melville Wetland
Warwick Wetland
Stellaria longifolia Longleaf Starwort X X 2 2 Starr Wetland
Grange Orpen Wetland
Grange Orpen Wetland
Symphyotrichum pilosum var. pilosum White Heath Aster variety X X 4 4 Hungry Hollow Wetland
Starr Wetland
Utricularia vulgaris Greater Bladderwort X 4 4 Speersville Wetland
Vaccinium angustifolium Late Lowbush Cranberry X 6 5 Caledon Lake Wetland
Vaccinium macrocarpon Large Cranberry X X 10 2 Caledon Lake Wetland
Vaccinium oxycoccos Small Cranberry X X 10 5 Caledon Lake Wetland
Kidney-leaf White Violet 7 2 Speersville Wetland

Viola renifolia

Caledon Lake Wetland
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APPENDIX D: YEAR OF FIRST DETECTION OF NON-NATIVE W ETLAND
SPECIES BY THE TERRESTRIAL MONITORING PROGRAM

Table 1. Year of first detection of non-native wetland spedn the Credit River Watershed by the
Terrestrial Monitoring Program

Year of First Detection by Monitoring

Latin Name Common Name Program ?
2005 2006 2007 2008 2009

Acer negundo Manitoba Maple X

Acer platanoides Norway Maple X

Achillea millefolium ssp. millefolium Common Yarrow X

Alliaria petiolata Garlic Mustard X

Arctium minus ssp. minus Common Burdock X

Artemisia vulgaris Common Wormwood X

Barbarea vulgaris Yellow Rocket X

Capsella bursa-pastoris Common Shepherd's Purse X

Cerastium fontanum Common Mouse-ear Chickweed X

Chelidonium majus Greater Celadine X

Chenopodium album var. album Lambsquarters X

Cirsium arvense Creeping Thistle X

Cirsium vulgare Bull Thistle X

Cynoglossum officinale Common Hound's-tongue X

Dactylis glomerata Orchard Grass X

Daucus carota Queen Anne's Lace X

Elymus repens Quackgrass X

Epilobium hirsutum Great-hairy Willow-herb X

Epilobium parviflorum Small-flower Willow-herb X

Epipactis helleborine Eastern Helleborine X

Geranium robertianum Herb-robert X

Glechoma hederacea Ground Ivy X

Glyceria maxima Reed Manna-grass X

Hesperis matronalis Dame's Rocket X

Hieracium caespitosum Yellow Hawkweed X

Hypericum perforatum Common St. John's-wort X

Impatiens glandulifera Ornamental Jewelweed X

Inula helenium Elecampane Flower X

Leonurus cardiaca ssp. cardiaca Common Motherwort X

Lithospermum officinale European Gromwell X

Lonicera tatarica Tartarian Honeysuckle X

Lotus corniculatus Birds-foot Trefoll X

Lycopus europaeus European Bugleweed X

Lysimachia nummularia Creeping Jennie X

Lythrum salicaria Purple Loosestrife X

Medicago lupulina Black Medic X

Melilotus alba White Sweet Clover X

Melitotus officinalis Yellow Sweet Clover X

Mentha x piperita Peppermint X

Myosotis scorpioides True Forget-me-not X

Nasturtium officinale True Watercress X

Nepeta cataria Catnip X
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APPENDIX D: YEAR OF FIRST DETECTION OF NON-NATIVE W ETLAND
SPECIES BY THE TERRESTRIAL MONITORING PROGRAM (Cont ’d)

Year of First Detection by Monitoring

Common Name Latin Name Program *
2005 2007 2008 2009 |

Phleum pratense Meadow Timothy X

Plantago major Common Plantain X

Poa compressa Canada Bluegrass X

Poa trivialis Rough Bluegrass X

Polygonum hydropiper Marshpepper Smartweed X

Potamogeton crispus Curly Pondweed X

Ranunculus acris Tall Buttercup X

Rhamnus cathartica Common Buckthorn X

Ribes rubrum Garden Red Currant X

Rumex crispus Curly Dock X

Salix purpurea Purpleosier Willow

Silene vulgaris Bladder Campion X

Solanum dulcamara Climbing Nightshade X

Sonchus arvensis ssp. arvensis Perennial Sowthistle X

Sonchus oleraceus Common Sowthistle X

Sorbus aucuparia European Mountain-ash X

Stellaria graminea Little Starwort X

Taraxacum officinale Brown-seed Dandelion X

Trifolium repens White Clover X

Tussilago farfara Colt's Foot X

Typha angustifolia Narrow-leaved Cattalil X

Typha x glauca White Cattail X

Urtica dioica ssp. dioica Stinging Nettle X

Veronica anagallis-aquatica Water Speedwell X

Veronica officinalis Gypsy-weed X

Viburnum opulus Guelder-rose Viburnum X

Vicia cracca Tufted Vetch X

%Indicates the year that non-native species wesedlvserved in monitoring plots, not the year tiat-natives were
first detected within the watershed. 2005 was #wr yf first detection for many species as it viwsfirst year of the

monitoring program.
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