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ABSTRACT

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

Temporal Trends: Only two of the thirteen vegetation
parameters examined for trends exhibited a sigmtic
change over the monitoring period. Ground vegetatio
species richness and diversity increased betwe@h &0d
2009. Several other vegetation parameters exhibited
yearly fluctuations, including combined vegetation,
ground vegetation and tree regeneration richnessng
vegetation and regeneration evenness, ground \tegeta
diversity, the combined proportion of native speciece
stems in all height classes, FQI, weedy speciésess
and the number of -3 weedy species. In additian, th
occurrence of Brown-seed Dandelion increased in the
ground vegetation layer, and White Ash decreaséien
regeneration layer. Overall, it appears that veigetan
the Credit River Watershed is stable.

Spatial Trends: Two of twenty-four vegetation

parameters displayed spatial differences in theliCre
River Watershed. The Upper watershed containedegre
herbaceous ground vegetation richness than the Lowe
watershed. In addition, the Lower watershed coethin
more -3 weedy species than the Upper watershetbin 3
survey years. The remaining 22 vegetation parameter
displayed no differences between physiographic one

Relationships with Landscape Metrics: Some
vegetation parameters in the Credit River Watershed
exhibited significant correlations with landscapetncs.
Habitat patch size, percent natural cover, percdydn
cover, percent agricultural cover and matrix qyakiere
each correlated with between one and seven oivbiety
two vegetation parameters examined. In additiom, th
probability of the occurrence of Brown Seed Darateli
and Garlic Mustard increased with greater urbarecov
No vegetation parameters or selected species despka
significant relationship with the distance to tlearest
road.

Recommendations: Forest vegetation in the Credit Rive
Watershed appears to be relatively stable. Thies dat
provides a good basis for detecting future envirental
change. Future analysis should integrate othesfore
health parameters, such as indicators of treehesatl,
and faunal species, to increase overall undersigrafi

A

forest health in the Credit River Watershed.
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Forest vegetation monitoring was conducted asqfdlte terrestrial component
of an overall Integrated Watershed Monitoring Pangrestablished at Credit Valley
Conservation. Vegetation was surveyed at 25 faitsd throughout the Credit River
Watershed from 2005 to 2009. Monitoring was conedietccording to protocols
developed by Credit Valley Conservation, adaptechfEnvironment Canada’s
Environmental Monitoring and Assessment Network &N.

One hundred and thirty-four forest vegetation sgewere detected over the five
year monitoring period. Eighty-nine percent of thepecies were native to Ontario, Six
of which were considered locally rare, and fouthase were also considered regionally
rare. In addition, two of the detected species weresidered to be potentially
problematic weedy species and are a possible ttoeattural areas in the Credit River
Watershed.

Most vegetation parameters in the Credit River \"éhieed did not display an
increasing or decreasing trend over time. Grourgttagion species richness and
diversity were the exception, as they increaseddset 2005 and 2009. Other
parameters, including: combined vegetation andrizgeneration richness, ground
vegetation and regeneration evenness, the compnoportion of native species, tree
stems in all height classes, Floristic Quality kdeQI), weedy species richness and the
number of -3 weedy species, displayed yearly flatbms but no consistent increasing or
decreasing trend. No changes over time were obdéoveegeneration shrub richness,
regeneration diversity, the proportion of groundetation native species, total shrub
stem counts, shrub stems >95cm, mean Coefficie@bakervatism (mCC) and wetness.
In addition, the occurrence of Brown-seed Dandeilmmneased in the ground vegetation
layer, and the occurrence of White Ash decreasddeimegeneration layer. In general,
forest vegetation in the Credit River Watershedeapp to have been stable over the five
year monitoring period.

Very few differences in forest vegetation were aobed between the three
physiographic zones of the Credit River Watershéds result was surprising, and may
be attributed to greater variation among forestsiébwithin each zone than differences
between each zone. Of the twenty-four vegetatioarpaters, two displayed spatial
differences over the monitoring period. The Uppatesshed contained greater
herbaceous ground vegetation richness than the Lwatershed. In addition, the Lower
watershed contained more -3 weedy species thddgper watershed in 3/5 survey
years. The remaining 22 vegetation parametersajisglno differences between
physiographic zones.

Eight vegetation parameters were significantlyelated with landscape metrics,
such as habitat patch size, percent natural cpeecent urban cover, percent agricultural
cover and matrix quality. The occurrence of Brovee®& DandelionTaraxicum
officinale) and Garlic MustardA(lliaria petiolata) were also correlated with landscape
metrics, as each increased with greater urban cblere of the studied vegetation
parameters or selected species displayed a sigmifrelationship with the distance to the
nearest road.
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1.0 INTRODUCTION

1.1 BACKGROUND

Ontario has undergone dramatic change since thaleof European settlers. A
landscape that was historically dominated by foteser has experienced rapid removal
of habitat and fragmentation of remaining naturaha by agriculture, residential
development and roads (Larson et al. 1999). Prewiosgettlement (ca. 1800),
agricultural practices of aboriginal peoples wargponsible for deforestation in southern
Ontario. However, it is estimated that this ledtoss of only 5% of forested lands. In
contrast, 90% of forests in southern Ontario wergverted to non-forest land uses by
1920. The Carolinian zone, a ecological region engassing the southern-most areas of
the province, has seen a decrease in proportioredtfcover from 80% pre-settlement to
a mere 11% as of 1999 (Larson et al. 1999). Duhegnid-90’s, changes in agricultural
practices and reforestation increased forestedslandth and east of the Canadian Shield
by 5%. Despite this, the majority of re-naturalizeagoded areas will never return to their
original state. The average forest age in sout@erario is between 47 and 53 years,
lower than in any other Great Lakes or Boreal negibOntario (Larson et al. 1999).

Forests provide numerous, irreplaceable ecolofiicadtions including the
production of oxygen through photosynthesis, segaksn of carbon, and the
moderation of climate through the transpiratiortreés. Forests also play a role in
reducing water flow-through rates, decreasinge&asion, improving surface water
quality, and creating habitat for flora and faubaréon et al. 1999). Despite these
benefits, forests have historically been viewedlastacles to progress or as sources of
economic gain through logging.

Forest removal has led to habitat loss and fragatiemt Fragmentation generally
results in the reduction of total available habitiaé isolation of remaining patches, a
decrease in patch size and often an increaseahpatch number (Noss and Cooperrider
1994; Fahrig 2003). Plant and wildlife species #ratadapted to living in well-
connected landscapes now face the challenge ofraggall resources crucial to survival
and reproduction from isolated habitat patchesgBand Noss 1998). Isolation from
neighbouring patches can result in reduced aldisecure required resources, reduced
gene flow and ultimately extirpation of a speciee(ry and Brown 1997). In addition,
urbanization can lead to increases in non-natieeisp (McKinney 2006). Urbanization
also results in changes to the hydrologic functigrof a forest, drastically altering the
hydrologic patterns, such as peak flow and runeithin a watershed (Lull and Sopper
1969; Duguay et al. 2007).

The relative impact of each of these effects oadbhealth within the watershed
is still unknown. Through monitoring forests astpdrthe Terrestrial Monitoring
Program, it is hoped that a deeper insight intsahedfects will be gained to guide future
adaptive management and restoration efforts witienCredit River Watershed.
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1.2 THEIMPORTANCE OF LONG TERM MONITORING

There is an increasing demand for better accoumiige condition and health of
the environment to determine whether conditionsgraproving or deteriorating (Niemi
and McDonald 2004). An ecological monitoring pragreacreases 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 betoseéer 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 Program wasiatéd at Credit Valley
Conservation (CVC) to examine the integrity of Wi@nd abiotic indicators in forest,
wetland and riparian ecosystems throughout therala¢e. The main goals of the
Terrestrial Monitoring Program are to (1) measuaidators of the structure,
composition and function of terrestrial ecosystetmgssess the ecosystem integrity of
the Credit River Watershed, (2) identify status &redds in the integrity of terrestrial
communities at the watershed scale, and link toadveatershed integrity, (3) identify
spatial patterns in terrestrial community integatyd (4) provide meaningful data on
which watershed management decisions can be bikedq et al. 2002; CVC 2010a).
Within the watershed several forest monitoringistet have been established in which
soil, vegetation and wildlife parameters are measdtw describe forest conditions in the
watershed and to monitor trends over a 25 yeaogé€Fig. 1).

[ Vegetlation
[ Tree Ii|ealth ] [ Regen;:ration : [ Groun(;l Cover ]
[ Wildiife |
[ Birds ] | [ Samanda & ]

2monitoring to begin in 2011

Figure 1. Forest health parameters in the Credit River Whtsts
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1.3 WHY MONITOR FOREST VEGETATION?

Vegetation monitoring provides several useful iattics of ecosystem health,
including estimates of species richness, speciesgity, non-native species richness,
community biomass and community productivity (Getiasalnternational Inc. 1999).
Monitoring herbaceous vegetation provides an ea#sning system for environmental
degradation, including climate change, environmgradution and land-use change
(Roberts-Pichette and Gillespie 1999; Wolfe e2805). Ground vegetation is an
important element in forest monitoring programs thuthe large diversity of understory
vegetation in comparison to trees in the canopgrlé@illiam 2007; Johnson et al. 2008).
Ground vegetation species tend to have shorteplfies and different survival tactics
than species in the regeneration and canopy laykis.can result in rapid turnover rates
and changes in ground vegetation community comipasithen compared to the other
forest vegetation (Roberts-Pichette and Gillespi@9] Johnson et al. 2008). Ground
vegetation may be affected by changes in the cdratems of airborne pollutants,
amount of received UV-B radiation and temperatu moisture regimes (Roberts-
Pichette and Gillespie 1999). In addition, grouedetation monitoring allows for
tracking of rare and invasive species, most of Wwiaiee herbaceous. Ground vegetation is
also useful for estimating habitat quality and dgitgrior many fauna species. Therefore,
long-term shifts driven by environmental change sinokrt-term natural cyclic population
variation may be differentiated through continueshitoring of ground vegetation
species (Roberts-Pichette and Gillespie 1999).

The tree canopy layer has received the majorigtteintion in monitoring
programs in Canada, and as a result, there islihnitformation about the population
dynamics of canopy-tree species in the ground egigetlayer (Roberts-Pichette and
Gillespie 1999). Monitoring will yield informatioabout the rate of germination, growth
and development of seedlings, and their interastiith the herbaceous species that
make up the remainder of the ground vegetatiorrl&@thermore, monitoring seedling
and sapling regeneration indicates the quantitycamaposition of established tree
seedlings and consequently the future canopy coitigosf the forest (Tierney et al.
2009). Regeneration data can also assist in egtigidie extent of deer browse in the
watershed. Seedling height ratios may be usedéo lmowse pressure, as deer
preferentially browse vegetation in particular lntiglasses (Tierney et al. 2009).
Therefore, the collection of information from thederstory layers may reveal
information about the long-term development ofshelied forest stands.

Monitoring forest vegetation also allows for eattection of the impacts of
climate change. As climate change progresseseikpected that forests will increasingly
be stressed by drought and affected by forest dineknew pest infestations. It is
predicted that as the climate becomes warmer therwsable will lower resulting in a
reduction in soil moisture. Grasslands may reptheariest forests and drought
intolerant species will regenerate poorly leadmghe establishment of drought tolerant
species (Natural Resources Canada 2006).
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1.4 FOREST VEGETATION IN A CHANGING LANDSCAPE

The Credit River Watershed encompasses 950 squaneckres of land in
southern Ontario, Canada (Credit Valley Conserva2i@03) (Fig. 2). The Credit River
flows southeast for nearly 100 kilometres fromhigmdwaters in Orangeville to its
drainage point at Lake Ontario. The watershed isprsed of 23% natural communities,
11% successional communities, 37% agricultural lase and 29% urban area (Credit
Valley Conservation 2007a).

In 1851, it was estimated that forests covered@pprately 67% of the Credit
River Watershed (Fig. 3). However, in the followi@ years this number decreased
substantially, to below 10%, as settlement incré€eedit Valley Conservation 1956).
For the last 100 years, forest cover in the Credier Watershed has lingered between 9
and 16%. Currently woodland area accounts for apprately 21% of land use in the
watershed (11.6% upland forest, 4.2% treed swardpt@%o cultural woodland and
plantation; CVC 2007a). This is currently below 888 forest cover recommended by
the Canadian Wildlife Service (Environment Canad@4) for adequate wildlife habitat.

The majority of the Credit River Watershed is lechin the Great Lakes — St.
Lawrence Forest Region. The climax forest typdlicg area is dominated by Sugar
Maple Acer saccharum ssp. sacchaguamd American BeechiFagus grandifolig, in
association with American Basswoaddli@ americang, White ElIm Ulmus americanp
Yellow Birch Betula alleghaniens)s White Ash Eraxinus americanp Eastern
Hemlock Tsuga canadengisind Eastern White PinPifus strobu(Fig. 4). The
Deciduous Forest Region extends only a few milastime watershed from the mouth of
the river. Characteristic associations in thisaagnclude Black and White Oaks
(Quercus albandQ. veluting, SassafrasSassafras albidujrand Shagbark Hickory
(Carya ovata (Credit Valley Conservation 1956).

Though encompassing many unique landscape fornsatioa Credit River
Watershed can be divided into three main physidgcagpones based on topography,
physiographic regions and subwatershed bounddfigsZ) (Credit Valley Conservation
2007b). The Lower physiographic zone is highly mibad, containing over 85% of the
population of the watershed. The topography ofdines is relatively flat with a gentle
slope towards Lake Ontario and has been significaftered by human development.
The Lower watershed is comprised of lower permégltsediments, such as silt to clay
till, lying on top of Georgian Bay and Queenstoalsk (Credit Valley Conservation
2007b). The soils in the Lower zone are comprideday loam soils associated with the
Peel Plain and the South Slope (Credit Valley Cosagimn 2007b). These soils have low
permeability in relation to the rest of the wate@dhhowever 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.
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The Middle zone contains the Niagara Escarpmeandform comprised of steep
slopes, rocky outcrops, and thin soil (Credit Vlal&onservation 2005). Much of this
zone is protected under the Greenbelt Plan (OMMABE). The steep topography of
this area leads to relatively high runoff volumas aelocities; however, high forest
cover slows runoff and increases infiltration. Sai this zone are variable as a result of
the changing physiography between the Upper ancct@anes (Credit Valley
Conservation 2007b). The east portion of this zenederlain by Queenston Shale,
whereas the west portion is underlain by dolomitthne 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.

The Upper physiographic zone lies above the esampand 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 suppoytdee relatively high permeability
rates of these soils. The Amabel/Lockport Formaisaie 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 galciofluvial gravel. Agricultural land @slominates portions of the Upper
watershed, though it also contains several largéaned complexes and numerous
headwater streams (Credit Valley Conservation 207b

Urbanization leads to both habitat loss and hab#gimentation in forests
(Lindenmayer and Franklin 2002). The populationaiyics of species within
fragmented forests are affected by four interrelgcesses: habitat loss, subdivision of
habitat, patch isolation and edge effects (FigThese processes can lead to weed
invasions, the alteration of microclimate factasy( wind speeds, light fluxes and
temperature regimes), destabilization of populatipmamics, increased vulnerability of
populations to catastrophic events, alterationesfegfrequencies in populations,
disruption of ecological processes (e.g. pollinati@and the increased potential for
disturbance (e.g. windthrow) (Lindenmayer and Fliark002). Forests situated in urban
landscapes have been shown to have 40% more istddiegetation species compared
to forests situated in natural or agricultural Iscapes (Duguay et al. 2007). When forests
are stressed the populations of opportunistic sgencrease; disturbance tends to favour
communities dominated by rapidly reproducing, haspgcies (Odum 1985).

Overall the extent and configuration of natural@ow the landscape can have
the ability to alter ecosystem processes, nutagatlability, water availability, and
dispersal. All of these changes can alter foregetation communities in the watershed.
Therefore observed trends in forest vegetationlltonsidered in the context of the
changing landscape of the Credit River Watershed.
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Figure 5. Graphical summary of the interacting effects ofitatboss and habitat fragmentation (after
Lindenmayer and Franklin 2002).
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1.5 OBJECTIVE: MONITORING FORMAT

Several measures of forest vegetation are currbetlyg monitored to examine
the ecosystem integrity of forest communities witthie Credit River Watershed (Roy et
al 2010). This report examines the integrity of gheund vegetation and regeneration
layers using a variety of vegetation parameteduding: species richness, evenness and
diversity, and measures of floristic quality (m&2mefficient of Conservatism [mCC],
Floristic Quality Index [FQI], wetness and weeds)es$n addition, vegetation parameters
were compared to several landscape measures beetiabte indicators of ecosystem
integrity are expected to be sensitive to anthrepagdisturbance (Noss 1999). Finally,
several individual species were examined to deterifitheir presence was changing
over time and to determine if they are sensitivartthropogenic disturbance. The overall
monitoring question being examined in this repsrt i

ARE INDICATORS OF HEALTHY FOREST VEGETATION IN THEREDIT
RIVER WATERSHED STABLE?

More specifically, 1) are species richness, divg@nd evenness changing
through time or spatially across the watershedio®s vegetation community similarity
differ spatially or temporally through the waterdh8) are indicators of floristic quality
differing spatially or temporally throughout the teeshed; 4) do any plant groups differ
spatially or temporally through the watershed;rg)taere relationships between forest
vegetation and landscape metrics in the watersretif) are there relationships between
selected forest vegetation species and landscapesna the watershed (Table 1).

Trend analyses were used to examine parametemgeoést for increasing or
decreasing trends over time, and temporal analyses used to examine whether or not
differences occurred between years. Spatial analysee used to examine whether there
was a difference among the three physiographiczonthe Credit River Watershed.
Plant groups examined include the number of spedibsa low tolerance for
disturbance (high conservatism scores [CC=8-10¢) number of locally and regionally
rare species, and the number of potentially probtemveedy species (Weediness Score
= -3) (See methods for details).
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Table 1. Forest vegetation monitoring framework for the @r&iver Watershed.

Monitoring Question Monitoring Variable?® Me;J;JI:ecr):]ent Vegetation Layer ° Analysis M ethod
Trend Analyses
Is species richness changing over time in the Number of species Count Combined vegetation - Linear Regression
Credit River Watershed? Ground vegetation, - Power Analysis
Regeneration
Is species diversity changing over time in the Shannon-Weiner Function Index Ground vegetation, - Linear Regression
Credit River Watershed? Regeneration - Power Analysis
Are the number of regenerating trees changing Number of stems Count Regeneration - Linear Regmess
over time in the Credit River Watershed? - Power Analysis
Is the mean Coefficient of Conservatism Mean Coefficient of Index Combined vegetation - Linear Regression
changing over time in the Credit River Conservatism value - Power Analysis
Watershed?
Is the Floristic Quality Index changing over Floristic Quality Index Index Combined vegetation Lirear Regression
time in the Credit River Watershed? - Power Analysis
Is the wetness index changing over time in the  Mean wetness score Index Combined vegetation akiRegression
Credit River Watershed? - Power Analysis
Temporal Analyses
Did species richness differ among years in the Number of species Count Ground vegetation, - Repeated Measures
Credit River Watershed? Combined vegetation, ANOVA
Regeneration - Friedman Test
Did species diversity differ among years in the Shannon-Weiner Function Index Ground vegetation, - Repeated Measures
Credit River Watershed? Regeneration ANOVA
- Friedman Test
Did species evenness differ among years in the Simpson’s Dominance Index Ground vegetation, - Friedman Test
Credit River Watershed? Index Regeneration
Did the proportion of native species differ Proportion native species Percent (%) Ground végeta - Friedman Test
among years in the Credit River Watershed? Combined vegetation,
Regeneration
Did the number of regenerating trees differ Number of stems Count Regeneration - Repeated Wiesms
among years in the Credit River Watershed? ANOVA

10
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S . Lo . a Unit of . b .
Monitoring Question Monitoring Variable M easur ement Vegetation Layer Analysis M ethod
Temporal Analyses (Continued)
Did the number of regenerating shrubs differ Number of stems Count Regeneration - Friedman Test
among years in the Credit River Watershed?
Did the mean Coefficient of Conservatism Mean Coefficient of Index Combined vegetation - Repeated Measures
differ among years in the Credit River Conservatism value ANOVA
Watershed?
Did the Floristic Quality Index differ among Floristic Quality Index Index Combined Vegetation Repeated Measures
years in the Credit River Watershed? ANOVA
Did the mean wetness index differ among years Mean wetness score Index Combined vegetation -Repdeasures
in the Credit River Watershed? ANOVA
Did weedy species richness differ among yearsNumber of weedy species Count Combined vegetation Friedman Test
in the Credit River Watershed?
Did the number of species with a weediness  Number of species with a Count Combined vegetation - Friedman Test
score of -3 differ among years in the Credit weediness score of -3
River Watershed?
Spatial Analyses
Did species richness differ among Number of species Count Ground vegetation, - Repeated Measures
physiographic zones in the Credit River Combined vegetation, ANOVA
Watershed? Regeneration - Power Analysis
Did total species diversity differ among Shannon-Weiner Function Index Ground vegetation epeddted Measures
physiographic zones in the Credit River ANOVA
Watershed? - Power Analysis
Did species evenness differ among Simpson’s Dominance Index Ground vegetation, - Kruskal-Wallis Test

physiographic zones in the Credit River Index
Watershed?

Did the proportion of native species differ
among physiographic zones in the Credit River

Watershed?

Proportion native species

Percent (%)

Regeneration
Ground véigeta - Kruskal-Wallis Test
Combined vegetation,
Regeneration

11
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L . o . a Unit of ; b ;
M onitoring Question Monitoring Variable M easur ement Vegetation Layer Analysis M ethod
Spatial Analyses (Continued)
Did the number of regenerating trees differ Number of stems Count Regeneration - Repeated Mesmasu
among years in the Credit River Watershed? ANOVA

- Power Analysis
Did the number of regenerating shrubs differ Number of stems Count Regeneration - Kruskal-Walst
among years in the Credit River Watershed?
Did the mean Coefficient of Conservatism Mean Coefficient of Index Combined vegetation - Repeated Measures
differ among physiographic zones in the Credit  Conservatism value ANOVA
River Watershed? - Power Analysis
Did the Floristic Quality Index differ among Floristic Quality Index Index Combined vegetation Repeated Measures
physiographic zones in the Credit River ANOVA
Watershed? - Power Analysis
Did the mean wetness index differ among Mean wetness score Index Combined vegetation -Repdveasures
physiographic zones in the Credit River ANOVA
Watershed? - Power Analysis
Did weedy species richness differ among Number of weedy species Count Combined vegetation Repeated Measures
physiographic zones in the Credit River ANOVA
Watershed? - Power Analysis
Did the number of species with a weediness  Number of species with a Count Combined vegetation - Kruskal-Wallis Test

score of -3 differ among physiographic zones in weediness score of -3
the Credit River Watershed?

12
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. . L . 8 Unit of . b .

Monitoring Question Monitoring Variable M easur ement Vegetation Layer Analysis M ethod
Landscape Analysis
Were forest vegetation parameters correlated All above vegetation Variable Ground vegetation, - Spearman Rank Correlation
with landscape metrics in the Credit River parameters compared to Combined vegetation,
Watershed? habitat patch size, distance Regeneration

to the nearest road, % urban,

% natural, % agricultural
and matrix quality

Species Level Analyses
Was there a relationship between selected Several selected species Presence / Ground vegetation, - Logistic Regression
species and landscape metrics in the Credit  compared to habitat patch Absence Regeneration
River Watershed size, distance to the nearest

road, % urban, % natural, %

agricultural and matrix
quality

Did site occupancy of selected species changdroportion of sites occupied Percent (%) Ground vegetation, - Cochrane-Armitage (trend
over time in the Credit River Watershed? by several selected species Regeneration analysis for proportions)

- Power Analysis

All monitoring variables were summarized for eactlividual site in each year across the monitoriagqa.
® Ground vegetation includes all herbaceous plavisdy vines, and shrubs and trees <16cm. Regemeiatiiudes trees and shrubd6cm and < 4cm in diameter at breast
height (DBH). Combined vegetation includes datafimoth the ground vegetation and regeneration dayer

13
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2.0 METHODS

2.1 FOREST HEALTH MONITORING

Twenty-five permanent forest monitoring sites westablished in 2002
throughout the Credit River Watershed (Appendix B)ese sites have been monitored
annually for changes in vegetation, following meatifplot-based methodologies
developed by Environment Canada’s Environmentalildang and Assessment
Network (EMAN) and CVC. All vegetation parameters aneasured annually or bi-
annually at the monitoring sites. Forest monitositgs consist of a 20x20 m plot used to
monitor tree health and five subplots used to noortound vegetation and regeneration
established within and around the 20x20 m plot.(6)gThe plots were oriented north-
south with a minimum distance of three times theopg height away from any forest
edge. At each subplot a 1x1 m ground vegetatioplstivas nested within a 2x2 m
regeneration subplot, which shares the same cpatne Additional parameters such as
downed woody debris, salamanders, decompositieedimg bird surveys and soill
temperature, moisture and chemistry are also medsaproximity to the established
forest plots.

2.1.1 Ground Vegetation

At each 1x1 m monitoring subplot, species iderdiilen was recorded for all
herbaceous vegetation (forbs, grasses, sedges) ard trees and shrubs with a height of
<l16cm. Each species was also assigned to one @dltbeing cover classes: <1%, 1-
5%, 6-15%, 15-30%, 31-50%, 51-75% and 76-100%0082 methodology was revised
for assessing forest vegetation abundance froncémeicover” 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. However, for analysis in this report, 2608 2009 percent cover data was
reassigned to the appropriate cover class for stergiy in data presentation across all
years. Ground vegetation was monitored bi-annuadlgpring and late summer, to
ensure accurate identification of species and pouca plants blooming throughout the
season. Methodology follows standardized EMAN protdRoberts-Pichette and
Gillespie 1999).

14
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Figure 6. Forest monitoring site layout.
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212 Regeneration

As a measure of forest succession, regeneratioiitonogy provides insight into
what trees will comprise the future forests of @redit River Watershed. Regeneration is
monitored annually during mid summer. Following nfiedl EMAN protocols, tree and
shrub stems 26cm in height and <4cm Diameter at Breast HeiDiH) originating
within each subplot were identified to species,nted and placed in one of six height
categories (16-35cm, 36-55cm, 56-75cm, 76-95cnE@E:m and >200cm). The six
height categories were monitored to identify pasrstresses on seedling and sapling
development that target different stages of devatag (e.g. excessive deer browse vs.
competition for nutrients and water) (Sajan 2000).

2.2 DATA PREPARATION

Forest ground vegetation and regeneration dataatetl between 2005 and 2009
were included in the analyses. All vascular pladéstified to species were included in
the dataset. Although non-vascular plants alsoigeovaluable information about
ecosystem health, due to resource constraintshenspiecialized knowledge required for
their identification only vascular plants were méd in analyses. Therefore, any
observations of mosses, liverworts and algae war®ved from the dataset. Plants
identified to genus were included in a groupingafother plant of that genus was
identified to species within the group in questionless otherwise noted below. These
genus-only records were included to provide an i@teuepresentation of the number of
species within a site, even if species-level idmatiion was not possible.

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
Running Strawberry Bushe(gonymus obovatusA complete list of all woody species not
included in the regeneration analyses is presentédble 2. These species were instead
included in the ground vegetation analyses.

Table 2. List of woody species removed from the regeneragioalyses.

Scientific Name Common Name

Celastrus scandens American Bittersweet Vine
Euonymus obovatus Running Strawberry Bush
Lonicera hirsuta Hairy Honeysuckle
Parthenocissus inserta Thicket Creeper

Rubus pubescens Dwarf Red Raspberry
Solanum dulcamara Climbing Nightshade
Toxicodendron radicans ssp. hegundo Poison Ivy

Vitis riparia Riverbank Grape

16
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2.2.1 Vegetation Parameters

Data summaries were conducted for several vegatpicameters described
below. Data were summarized for the ground vegwtatnd regeneration layers
separately, as well as for combined vegetationititatrporates data from both the
ground vegetation and regeneration layers.

2.2.1.1 Most Common Specidssts 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.

2.2.1.2 Species RichneRschness was calculated by counting the number of
unique vegetation species identified watershed-wadd at each site per year (Table 3).
In addition, the proportion of native species (camed and ground vegetation) was
determined watershed-wide, and at each site per jeaportion of native species was
calculated using plants identified to species-leasi

P= N

T

WhereP = Proportion of native species

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

2.2.1.4 Species Diversit¥egetation species diversity in the Credit Riveaté/shed was
calculated using the Shannon-Wiener Function:

S
HT:'Zpilnpi

1=1

WhereH = Index of species diversity

s = Number of species
p; = Proportion of total sample belongingith species determined by percent cover

Diversity values at each monitoring site were claltad separately for ground
vegetation and regeneration species. Diversitycafsilated separately for each subplot,
and then averaged to obtain the diversity scoredch sitep; was calculated using the
same method described above for evenness. Divéosigach subplot was then
calculated using the formula described above.

It is important to note that for ground vegetatibacausg; was calculated using
percent cover, opposed to abundance, H’ valudssrstudy cannot be compared to other
Shannon diversity indices for vegetation within literature. In a community with only
one speciebl' = 0. AsH' increases, communities increase in diversity (KrE829). This
index was calculated for each site per year.

17



Monitoring Forest | ntegrity within the Credit River Watershed

Chapter 4: Forest Vegetation 2005-2009

Table 3. Summary of temporal and spatial analyses usedefgetation parameters within the Credit River

Watershed.

Parametric Trend

Vegetation Parameters

Analysis

Parametric Non-Parametric
Temporal and Temporal and
Spatial Analyses Spatial Analyses

Ground Vegetation

Total Species Richness

Woody Species Richness

Herbaceous Species Richness

Total Species Evenness

Total Species Diversity

Proportion of Native Species Richness

Regeneration

Total Species Richness
Tree Species Richness
Shrub Species Richness
Species Evenness

Species Diversity

Proportion of Native Species
Shrub Stem Count — All
Shrub Stem Count — 16-95cm
Shrub Stem Count — >95cm
Tree Stem Count — All

Tree Stem Count — 16-95cm

Tree Stem Count — >95cm

Combined Vegetation®

Species Richness

Proportion of Native Species Richness
Mean Wetness Index

mCC

FQI

Total Weediness Score

Weediness -3 Species

X
X

dCombined vegetation incorporates both ground véigetand regeneration layers

®mCC = mean Coefficient of Conservatism; FQI = Etici Quality Index

18
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2.2.1.5 Regeneration Stem Coufire number of regenerating stems was
analyzed separately for shrubs and trees, as ey different functions in the canopy of
the future forest. The total number of stems wasrsarized for each site, per year. In
addition, the number of stems 16-95cm and the numib&ems >95cm in height were
also summarized, as small stems are expectedunder greater threat from mortality
than larger stems.

2.2.1.6 Floristic Quality Assessmemants can reflect the quality or condition of
an ecosystem. This relationship between vegetanorsite quality was assessed using
the Ontario Ministry of Natural Resources Florigfioality Assessment System for
southern Ontario (Oldham et al. 1995). This sysdssigned 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 caladaéral vegetation parameters
described below.

Wetness I ndex

Mean wetness index was calculated for each sitegube species specific
wetness values listed in the Floristic Quality Assseent 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 averaiggngyetness scores for each species
detected at a given site, per year.

Coefficient of Conservatism

Coefficient of Conservatism (CC) scores have besigaed to native vegetation
species in the Floristic Quality Assessment Sydtensouthern Ontario (Oldham et al.
1995), and are based on a species tolerance toldisce 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. Coefficient of Conservatism sedpr each species range from O
(low conservatism) to 10 (high conservatism). Asgmatism value of 8, 9 or 10
indicates that a species is a habitat specialistai@ Ministry of Natural Resources
2008). Mean Coefficient of Conservatism was cateddy averaging the CC scores for
each species detected at a given site. In addaiomCC, the total number of species with
a CC value of 8-10 was also calculated for eaeh Binally, the Floristic Quality Index

was calculated as follows:
FQI =mCC x VN

where mCC is the mean Coefficient of ConservatiathM 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, whereas FQIlpncates species richness into its
calculation. Both parameters are useful for examgmniegetation integrity, as a site with a
high FQI may have a low mCC value and vice versa.ekample, a relatively degraded
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site may have a high FQI value if a large numbetisturbance-tolerant native species
are present (Taft et al. 1997). Given that mCCRRthave the potential to rank 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 Score

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). Weedy species richness was calculateddbrsste 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 witeedmess score of -3 was calculated.
These weediness parameters were calculated foriediefdual site, per year.

2.2.1.7 Locally and Regionally Rare Specilesorder 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
Kaiser (2001). The criteria used for determining fglant was locally or regionally rare
were as follows:
» Locally Rare - a species that occurred fewer ttatirtes in the Region of Peel
(Kaiser 2001).
* Regionally rare - a species that occurred fewar #tatimes in the Greater
Toronto Area

2.2.1.8 Community Similarity¥egetation community change was calculated with
plants identified to species-level using Jacca8irsilarity Index (Krebs 1999):

S=__a
atb+c
Where§ = Jaccard’s similarity coefficient
a = number of species in year 1 and year 2 (joistioences)

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 valgedito compare species
composition between two samples or locations. Tildex was calculated watershed-wide
for the combined vegetation data for 2005 vs. 2@066 vs. 2007, 2007 vs. 2008, 2008
vs. 2009 and 2005 vs. 2009. In addition, Jaccatslarity Index was also determined
across all years between the physiographic zonelsiding Lower zone vs. Middle zone,
Lower zone vs. Upper zone, and Middle zone vs. Uppge.
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2.3 STATISTICAL ANALYSES

2.3.1 Trend and Temporal Analyses

Population trends between 2005 and 2009 were agtalyzing linear regression
in STATISTICA 7.0 (Statsoft Inc.), with results cdered significant whep<0.05.
Prior to analyses, data were tested for normalityl@omogeneity of variance using the
Shapiro-Wilks test and Levene’s test, respectiiéiyequired, data were transformed in
order to improve normality and homogeneity (Appergl). Trend analysis was
completed for the vegetation parameters indicat€thble 3. Trends could not be
determined in the species evenness or the proparfinative species parameters due to
the ordinal nature of the data, which necessitdtedise of non-parametric tests
(McDonald 2009). The number of regeneration shtams, weedy species richness and
weediness count -3 were analyzed with non-paraceteihods due to the large numbers
of zeros in these datasets. Too few species waeetdd at each site to analyze the
number of locally rare species, regionally rarecgg®e and species with CC values of 8-
10.

In addition, data were also examined to deternfiddferences occurred between
years. Differences between years were determintdeither the parametric repeated
measures ANOVA (Analysis of Variance) or the nomapaetric Friedman test,
depending on the parameter. Although a one-way AN@Muld have been sufficient to
test for differences between years, the repeategunes ANOVA was used because this
test was already being used to determine spatfaleinces in the data and provided
equivalent temporal comparisons to a one-way ANOVékey’s test for unequal sample
sizes was used for post-hoc comparisons when gignifdifferences were detected
between years with a repeated measures ANOVAeindf post-hoc analysis, which is
not available for the Freidman test, differencesvben groups were inferred through
visual examination of the data.

A select group of forest vegetation species wese akamined for trends using
the Cochrane-Armitage test (Agresti 2002) in XL$faddinsoft). This test is often used
to examine linear trends in binomial proportiongesponse across increasing levels of
dosage in medical studies. In this study the tastdeen used to examine if proportional
site occupancy of species was increasing or ddoggaser time. Vegetation species
chosen for this analysis were selected due todsteén a species distribution and the
suitability of its distribution for the requiredasistical tests. Species were considered for
selection if they were of some interest to the paogeither because they were non-
natives, uncommon in the watershed or a commorenptant. In addition, the species’
distribution needed to be appropriate as the statisanalyses would not be meaningful
if the species were present at very few or almibsif ahe sites. Based on the preceding
criteria, ground vegetation species examined ireducarlic Mustard, Canada
Mayflower Mainanthemum canadens®rown-seed Dandelion, and Trillium species
(Trillium spp). In addition, two regeneration species were eradi White Ash and
Common BuckthornRhamnus cathartiga
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2.3.2 Spatial Analysis

To examine spatial patterns of forest vegetatioarpaters in the Credit River
Watershed, monitoring sites were grouped into Loweddle and Upper zones, with
nine, eight and eight sites established in eack,z@spectively (Fig. 2). It is
hypothesized that differences in physiography, keowkr and landscape configuration
among the three zones are likely to influence fdneslth parameters, including species
richness, diversity and floristic quality.

Data were analyzed with STATISTICA 7.0 (Statsoft.)nwith results considered
significant wherp<0.05 (Zar 1999). Data were tested for normality bomoscedasticity
using Shapiro-Wilks and Levene’s test for homognafi variance, respectively. If
required, data were transformed in order to improegnality and homogeneity of the
residuals (Appendix B). Where variances could mohbrmalized, the equivalent non-
parametric test was used to complete analysesyRutest for unequal sample sizes was
used for post-hoc comparisons in order to comperfsathe larger number of sites in
the Lower zone compared to the Middle and Uppeegd@ar 1999).

The Kruskal-Wallis test was conducted on annua dats to identify differences
among the three physiographic zones for the nomalized data. This is a non-
parametric version of a one-way ANOVA in which treant levels of an independent
variable (e.g. physiographic zone) are independeahe another. Zone effects were
analysed on a year by year basis because Kruskilis\d@nnot account for year effect
when all survey years are used in the same analysiassociated post-hoc test was
subsequently run to determine which zone relatipssivere significant.

2.3.3 Landscape Analysis

To increase understanding of the relationshipsden forest vegetation
populations and the landscape which surround tisgr@arman Rank correlations were
used to determine if monotonic associations exastveen vegetation parameters and
landscape metrics. Monotonic associations arenostawhere one variable increases or
decreases with the other variable but not necégsas linear manner. Correlations were
run pairing the mean of each vegetation parametesa the monitoring period
(parameters listed in Table 3), to habitat patzb,siistance to nearest road, matrix
quality, and finally percent agriculture, naturatlaurban area within a 2km radius.
Landscape parameters were based on orthophotogcapbgted between 2005 and 2007
over the Credit River Watershed. Aerial photographse interpreted and analysed using
ArcGIS, a software package capable of generatifogrimation on patterns, structure, and
change within a landscape (Credit Valley Conseova®007a).

Spearman Rank correlations were completed usidgr&TICA 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 Houlahan 1997;
Hooftman and Diemer 2002). A radius of 2km was ehder the scope of the above
landscape composition parameters because Findthidanlahan (1997) found that
landscape effects on wetland taxa richness wesagtst when considering landscape
composition at this distance. In addition, thigalee has been used in other monitoring
studies to examine matrix influence, as it is tisathce within which most species
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dispersal can be expected for most floral and fesjmecies (Toronto and Region
Conservation Authority 2007).

Habitat patch is defined as a continuous patafatiral land cover in a given
area, in which the monitored forest area is inallj@ad is comprised of forests, wetlands
and successional communities. A 30m buffer was|dped around the centre of the
monitoring site, and the percentage of naturalandnd agricultural land use was
calculated within a 2km radius from the edge oflib&er. Finally, matrix quality is an
index developed to account for the amount of vayyypes of land uses in an area, with
higher matrix quality values indicating more natuaad cover in the area. Matrix
influence is calculated by summing percent natarea multiplied by positive one, with
percent agricultural area multiplied by zero, aedcpnt urban area multiplied by
negative one (Toronto and Region Conservation Aittha007).

In addition, relationships were examined betwedacted species at each site and
selected landscape metrics. Relationships wereieedmsing simple logistic regression
with one continuous predictor. Though still consetka parametric option, logistic
regression is a non-linear estimation method irctvitihe binary response variable is
assumed to follow a binomial distribution (Quinrddteough 2002). The assumptions of
normality and homoscedasticity do not apply as \witkar regression. For logistic
regression, tests were performed between the siigpancy (presence/absence) of
selected species and landscape metrics. A siteovasdered occupied if the species in
guestion was detected in at least two of the fiugesy years. Species examined include:
Brown-seed Dandelion, Canada Mayflower, Garlic Mus$tnd Trillium species. Brown-
seed Dandelion and Garlic Mustard are of interestibse they are examples of
commonly encountered non-native species in theralage, with Dandelion being
moderately invasive (Weediness Score -2) and Glslidistard being a potentially
problematic species (Weediness Score -3). In caniCanada Mayflower and Trillium
species Trillium grandiflorumandT. erectunj are commonly encountered native
species in the watershed, which are more likelyetdound in high quality habitats than
degraded areas.

2.3.4 Statistical Process Control

Statistical Process Control (SPC) is an applicatbich uses time series data to
develop thresholds (Maurer et al. 1999). Thoughlaimno regression, SPC is not based
on hypothesis testing. Instead, this applicatiakseo identify instances when a time
series exhibits non-random behaviour. A series destnating this non-random behaviour
is considered “out of control” and, as such, urshlé for developing a monitoring
baseline. If the time series exhibits natural rand@riability around a reference point
(usually the mean), the series is considered “itroff’. Data that are in control can be
treated as a baseline from which monitoring thrilshoan be generated. A
recommended minimum of five years of “in contro#itd have been used to set
monitoring thresholds (Paul Zorn, pers. comm.).
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Figure 7. Statistical Process Control charts for Weedy SpeRiehness. Both the individual moving average tcfgmowing the parameter values for each year)
and the Moving Range chart (showing the amounhahge in the parameter between years) are “in@ditom 2005 to 2009. The green line
indicates the time series mean and the red lines tie upper and lower critical limits (+/- 3 S@iven that the data set is in control, the meamfro
2005-2009 can be used as a baseline for futuretororg.
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Statistical Process Control charts are divided gmazones based on the mean value of a
time series and its standard deviation adjustesdaple size (Fig. 7) (Maurer et al.
1999). The upper and lower critical limits, defiresi+/- 3 standard deviations (SD) from
the mean, encompass the “in control” range ofithe series. Control charts for stable
systems will not contain any points outside the3t&D “in control” range. In such a
case, the series represents appropriate referendgions from which the +/- 3 SD
critical limit thresholds can be adopted. Seriethyebints outside the “in control” range
may represent an ecosystem under stress or mdewwgysoward some alternate state. A
data set in this type of flux would not provide eggriate reference conditions on which
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 trendsignsgicant decline in parameters is
desired in order to recognise problems before fieets become irreversible. To address
these early detection concerns, the upper and laxaring limits on control charts are
represented by +/- 2 SD from the mean. Trendsredséhat 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.

2.35 Power Analyss

Power analyses were conducted in PASS (NCSS imdétermine the number of
monitoring sites required in order to detect sigaift levels of change in various
vegetation parameters. Power analysis also asstssadility of the current monitoring
program to detect statistical differences in fokeggetation parameters among
physiographic zones and among years, given the euaflestablished monitoring sites.
Power analysis uses baseline monitoring data &rhéte if additional monitoring sites
are required to detect significant trends. Efféxt sefers to the detectable change in the
time series over a given interval, and is ofteatesl to a specific monitoring threshold.
Based on statistical process control, which al&s tmseline monitoring data to generate
monitoring thresholds, changes in a parameterbD represent natural variability in
stable systems and are not considered to be ooonChanges in a parameter of £ 2 SD
are considered outside of normal variability expddh stable communities and represent
early warning signs. Changes in a parameter oED 3epresent instability and situations
in which causal factors must be investigated. Tifecesizes considered in the power
analyses have therefore been set at 1, 2 and 8 8ipriesent ecologically relevant
statistical differences in forest vegetation comities. Currently, five years of in control
data are being used to determine the five yeactesiee.

In addition to the calculation of requiredthe minimum effect size that can
currently be measured under the monitoring progreas determined for each analysis.
These results were used to determine the qualityiwént monitoring data. Data quality
was assessed according to Table 4, developed blgi®ebal. (2006) and CVC.
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Although these rules are subjective, they are riotrary and are based on emerging
common practice among conservation agencies, paregperience, and logistical
considerations (Dobbie et al. 2006). For linearesgion, the upper effect size limit (data
are “red”) is set to 40% because changes abov@dinis are too coarse to provide early
warning of decline in a parameter (Dobbie et a0&0The lower effect size limit (data
are “green”) is set to 20% because a smaller eéfieetis too fine and would likely result
in an unaffordable monitoring program. An effeaesof less than 20% may be
reasonable for some parameters, but this is liketythe case for all monitored
parameters. And although smaller effect sizes rlawdor the detection of significant
differences more often, without knowledge regardiatural variability in the parameter

it may be difficult to determine if these changes meaningful (Dobbie et al. 2006). It is
important to note that the data quality rules depetl by Dobbie et al. (2006) were set
according to power analysis of a paitaést. This test does not reflect changes in trends
but changes in status and usually requires a snsaiaple size to achieve the same
power and confidence as a regression test (Dolblaie 2006). Therefore, data quality
assessment is appropriate, if not more stringeam tlecessary, for analyses completed in
this report.

Table 4. Rule set for assessing data quality in monitorirasures (adapted from Dobbie et al. 2006).

Effect size
Data Quality Ly Reseslan Cochrane- L ogistic Regression Confidence  Power
Armitage
Green <20% change <2 SD Curreni)i/g?,?:c\i/:aﬁtn?;glgosri]f;;o detect 80% 90%
Yellow >20% <40% change 2-3SD N/A 80% 90%

Currently do not have enough sites tc

0, 0
detect a significant relationship 80% 90%

Red >40% change >3 SD

For the Cochrane-Armitage test, percent changetesfees could not be
calculated; therefore, SD was used to determire giadlity instead (Table 4). The upper
effect size limit (data are red) is set to 3 SDause that is the critical warning limit in
statistical process control. Therefore, data ia thuality range are not capable of
detecting the most important ecological changes.|dWer effect size limit (data are
green) is set to <2 SD because 2 SD is the eanlgimglimit in statistical process
control. Data in this quality range can therefoegedt both early and critical warming
limits and should be able to provide managers nétessary information for making
informed management decisions. It should be ndtatidata quality will naturally be
better for measures that display more variance theestudy period. This is because the
critical and warning thresholds are themselvesdasehe standard deviation of baseline
data. For example, it is easier (e.g. requiresallsmsample size) to detect a 2 SD
change in mortality when the underlying variabilifythe mortality data is high. If
variability was low, 2 SD would represent a veryaimhange in proportion. Smaller
changes are innately more difficult to detect tlzger changes over the same time
period.
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Currently, no type of effect size could be caloedator logistic regression. For
that reason, two data quality groupings were deezldor this analysis. Data were
considered green if enough site-years were availabtletect a significant logistic
relationship between parameters. Data were coresided 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 subjectivmiynot arbitrarily, selected.
Although research standards typically set confieenc95% 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 | stattsti error. In ecological monitoring, this
may be considered a “false alarm”. Power refethéqorobability of not making a Type
Il error, which may be considered a “missed signial’ecological monitoring, missing a
signal has more severe management implicationsrtéising a false alarm. For that
reason, power is usually set higher than confidemtieis type of monitoring (Dobbie et
al. 2006).
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3.0 RESULTSAND DISCUSSION

3.1 DESCRIPTIVERESULTS

3.1.1 Most Common Species

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

- The most common forest vegetation species irCtieglit River Watershed were:
Alternate-leaf Dogwood, Canada Mayflower, Choke i©heGarlic Mustard,
Intermediate Enchanter's Nightshade, Jack-in-tHpHP&ugar Maple, White Ash, Wild
Black Cherry, and Yellow Trout-lily

The ten most common combined forest vegetationispacross all years are
presented in Table 5 in descending order. Mostede species are native to Ontario, and
span a large range of wetness values, from fatudtatetland species to obligate upland
species (-2 to +5). They also occupy a range os€mation Coefficients, between 2 and
6, indicating that they tolerate major to mild diktance.

One of the most common species, Canada MayfloMargnthemum canadense
is a Species of Urban Interest. This designati@péxific to Credit Valley Conservation,
which has ranked species inhabiting the watersbedrding to their sensitivity to
environmental change and disturbance. Speciegiw#tershed may be ranked as
Species of Conservation Concern (SoCC; Tier 1)ci@pef Interest (Sol; Tier 2),
Species of Urban Interest (Sol; Tier 3), Securer(#) or Non-native (Tier 5). Species of
Conservation Concern are designated at risk efiéislmrally and/or provincially or are
provincially rare according to Ontario Ministry Natural Resource’s Natural Heritage
Information Centre. According to a draft versiortiod ranking, a total of 87 species in
the Credit River Watershed have been designated€C$o@ate. Species of Interest are
either uncommon in the watershed and/or have eehilai significant population decline
in the past 25 years. Finally, Species of Urbaarbgtare exhibiting some form of
decline within urban areas due to some sensitibity,are thought to be relatively secure
in more natural environments.

When the ground vegetation layer was examinedealtye most common forest
vegetation species remains similar, with the exoaghat and Blue Cohosh
(Caulophyllum thalictroidgsand Brown-seed Dandeliomdraxacum officinalereplace
Alternate-leaf DogwoodGornus alternifolig and Wild Black CherryRrunus seroting
as the ninth and tenth most common species adresséatershed (Table 6). Blue Cohosh
has been designated by CVC as a Species of Interest

The five most common non-native forest vegetasipecies across all years were
Garlic Mustard, Brown-seed Dandelion, Herb-rob&granium robertianui Climbing
Nightshade $olanum dulcamajaand Common Buckthorn (Table 7). In 2009, Credit
Valley Conservation ranked priority invasive vegdieta species into five categories.
Species in Category 1, or Transformer species, tievability to exclude all other
species, dominate sites indefinitely and providiereat to natural areas. Category 2
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consists of Highly Invasive Species, which tendaminate certain niches or that are
problematic but do not spread rapidly from majancantrations. These species can
persist in dense populations for long periods. @ate3 consists of Moderately Invasive
species that can become locally dominant underfgpeonditions. Category 4 species
are considered Minimally Invasive, and do not pmsénmediate threat to natural areas
but compete with native species. Finally, Catedospecies are Potentially Invasive, and
are known to reproduce aggressively on occasidrmde not yet posed a serious threat
to natural areas in Ontario (Credit Valley Consgora2009).

Of the most common non-native species recordédeisurveys, Garlic Mustard
and Common Buckthorn are both considered Transfospecies, and have a weediness
score of -3 according to the Floristic Quality Assment System for Southern Ontario
(Oldham et al. 1995). Unlike many other herbaceouasive species, Garlic Mustard is a
biennial forb that is shade tolerant and capabldrfing in forest understory.
Community disturbance is also not required for Bavlustard to become established at
a site (Rodgers et al. 2008). In addition, Garliestard produces a variety of secondary
compounds that make it unpalatable to many herbsyaffect seed germination and
growth of surrounding native plants, and alterdbgvity of soil biota (Rodgers et al.
2008). Common Buckthorn has many physiologicatdnahich confer advantages over
native species. Common Buckthorn is shade tolehastrapid growth rates and high
photosynthetic rates (Knight et al. 2007). It diss a large range of habitat tolerances,
high fecundity, high germination rates, grows vielllrought and moisture rich
environments, and bird dispersal of fruit whicloalé the shrub to spread rapidly and
successfully (Knight et al. 2007). Climbing Nighasie is considered a Moderately
Invasive species by CVC, as it is known to invaates$ts and wetlands. Brown-seed
Dandelion and Herb-robert have not been ranked\b@,@ut are considered -2 species
by the Floristic Quality Assessment System.

The ten most common forest regeneration specresaall years are presented in
Table 8 in descending order. The most common spaceea mixture of trees and shrubs,
all of which are native to Ontario. Wetness valte®med from -3 to 5 and CC values
ranged from 2 to 6. Both American BeeaidBalsam Fir Abies balsameéaare classified
as Species of Urban Interest.
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Table 5. The ten most common combined vegetation speciessaill years in the Credit River Watersted.

Wetness SCC CccC Plant Mean # of Sites

Common Name Scientific Name Native | ndex Tier value  Type per Year"
Sugar Maple Acer saccharum ssp. saccharum Native 3 4 4 Tree 23.8
Yellow Trout-lily Erythronium americanum ssp. americanum  Native 5 4 5 Forb 19.4
White Ash Fraxinus americana Native 3 4 4 Tree 17.6
Choke Cherry Prunus virginiana ssp. virginiana Native 1 4 2 Shrub 13.8
Canada Mayflower Maianthemum canadense Native 0 3 5 Forb 13
Jack-in-the-pulpit Arisaema triphyllum Native -2 4 5 Forb 12.8
Intermediate Enchanter's Nightshade Circaea lutetiana ssp. canadensis Native 3 4 3 Forb 10.2
Garlic Mustard Alliaria petiolata Non-native 0 5 NA Forb 9.8
Alternate-leaf Dogwood Cornus alternifolia Native 5 4 6 Shrub 9.6
Wild Black Cherry Prunus serotina Native 3 4 3 Tree 8.2
#Combined vegetation includes data from both theigdosegetation and regeneration layers.
b 25 forest sites were monitored between 2005 an@8.20
Table 6. The ten most common ground vegetation speciessalbgears in the Credit River Watershed.
Common Name Scientific Name Native OIS SC.:C cc Plaris Lz Sates
Index Tier Value Type per Year
Yellow Trout-lily Erythronium americanum ssp. americanum  Native 5 4 5 Forb 19.4
Sugar Maple Acer saccharum ssp. saccharum Native 3 4 4 Tree 17
Canada Mayflower Maianthemum canadense Native 0 3 5 Forb 13
Jack-in-the-pulpit Arisaema triphyllum Native -2 4 5 Forb 12.8
White Ash Fraxinus americana Native 3 4 4 Tree 10.4
Intermediate Enchanter's Nightshade Circaea lutetiana ssp. canadensis Native 3 4 3 Forb 10.2
Garlic Mustard Alliaria petiolata Non-native 0 5 NA Forb 9.8
Choke Cherry Prunus virginiana ssp. virginiana Native 1 4 2 Shrub 8
Blue Cohosh Caulophyllum thalictroides Native 5 2 6 Forb 6.8
Brown-seed Dandelion Taraxacum officinale Non-native 3 5 NA Forb 6.6

#25 forest sites were monitored between 2005 an.200

30



Monitoring Forest | ntegrity within the Credit River Watershed
Chapter 4: Forest Vegetation 2005-2009

Table 7. Non-native forest vegetation species detecteddrCitedit River Watershed between 2005 and 2008 frpst to least common.

Common Name L atin Name CVC Invasive Priority Wetness W eediness Score M ean # of Sates
Category Index per Year

Garlic Mustard Alliaria petiolata 1 0 -3 9.8
Brown-seed Dandelion Taraxacum officinale NA 3 -2 6.6
Herb-robert Geranium robertianum NA 5 -2 4.4
Climbing Nightshade Solanum dulcamara 3 0 -2 2.2
Common Buckthorn Rhamnus cathartica 1 0 -3 1.8
Eastern Helleborine Epipactis helleborine NA 5 -2 1.6
Manitoba Maple Acer negundo 1 -2 NA 1.2
Woods Bluegrass Poa nemoralis NA 0 -1 1

Stinging Nettle Urtica dioica ssp. dioica 3 -1 -1 1

Gypsy-weed Veronica officinalis NA 5 -2 1

Yellow Hawkweed Hieracium caespitosum 3 5 -2 0.8
Tall Buttercup Ranunculus acris NA -2 -2 0.4
European Columbine Aquilegia vulgaris NA 3 -1 0.2
Common Burdock Arctium minus ssp. minus NA 5 -2 0.2
Brittle-stem Hempnettle Galeopsis tetrahit NA 5 -1 0.2

25 forest sites were monitored between 2005 an8.200
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Table 8. The ten most common regeneration species acrogsal in the Credit River Watershed.

Common Name Scientific Name Native V\I/r;etdneefs %:ecr: CC Value T;l;; Mean ice);?amﬁ per
Sugar Maple Acer saccharum ssp. saccharum Native 3 4 4 Tree 22.4
White Ash Fraxinus americana Native 3 4 4 Tree 15.2
Choke Cherry Prunus virginiana ssp. virginiana Native 1 4 2 Shrub 13.4
Alternate-leaf Dogwood Cornus alternifolia Native 5 4 6 Shrub 8.8
Wild Black Cherry Prunus serotina Native 3 4 3 Tree 7.8
American Beech Fagus grandifolia Native 3 3 6 Tree 7
Bitter-nut Hickory Carya cordiformis Native 0 4 6 Tree 6.6
Green Ash Fraxinus pennsylvanica Native -3 4 3 Tree 4.2
Prickly Gooseberry Ribes cynosbati Native 5 4 4 Shrub 4.2
Balsam Fir Abies balsamea Native -3 3 5 Tree 4

a25 forest sites were monitored between 2005 an.200
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3.1.2 Species Richness and Composition

3.1.2.1 Combined Vegetation

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

- 134 vascular vegetation species were detectdteiwatershed.
- 89% of plant taxa detected were native to Ontario

Over the four year monitoring period 134 woody &edbaceous vegetation
species were identified to species level, reprasgnitl % of the 1205 vascular vegetation
species known to occur in the Credit River Watedgl@edit Valley Conservation 2002).
Eighty-nine percent of the species detected wetieeng Ontario. Of the species
identified 15% were shrubs, 17% were trees, andehmaining 62% were herbaceous
plant types (ferns, grasses, forbs, etc.) (Fig. 8)

E Forb
O Tree
47% O Shrub
O Fern
B Sedge
O Vine
B Grass

7%

15%

17%

Figure 8. Species richness by plant type detected betweeh &0 2009 in the Credit River Watershed.

Combined vegetation species richness was high&stigy Lake Forest and Silver
Creek Forest across the monitoring period. Failelfeorest is located in the Middle
watershed and is a swampy successional foreserSilkeek Forest is also located in the
Middle watershed and is located along the Niaga@Bment. This monitoring site also
contains many microhabitats that may have leddb Bpecies richness. The sites with
the lowest richness were Britannia Forest and UGr@dt. These sites are mature
deciduous forests located in the Lower and Middienshed, respectively.

The combined proportion of native forest vegetaspecies watershed-wide
ranged from 90.3% to 93.9% per year. Only nativecsEs were identified at the
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following six monitoring sites: Levi Creek Fore§thurchill Meadows Forest, Britannia
Forest, Monora Park Forest, Caledon Creek ForesOapen Lake Forest. The first three
aforementioned sites are located in the Lower whtat, and the following three sites are
located in the Upper watershed. Sites with the &iyeeoportion of native species were
Silver Creek Forest and Limehouse Forest, bothtéacaithin the Middle watershed.

The proportion of native species detected in ferests higher than the proportion of
native species found in the watershed overall igseistimated that approximately 69%
of the flora in the Credit River Watershed is natfCVC draft list 2009).

3.1.2.2. Ground Vegetation
Monitoring Questions. How many ground vegetation species were found in the Credit
River Watershed? What proportion of these species was native to Ontario? How were
ground vegetation species distributed among cover classes within the Watershed?

- 125 species were observed in the ground vegetityer.
- 88% of ground vegetation species observed wereen@ Ontario.
- Forbs were the most dominant plant type in allecelasses.

From 2005 to 2009, 125 taxa identified to specta®ll were observed in the
ground vegetation layer. Approximately 88% of thegecies were native to Ontario. The
number of ground vegetation species occupying eacér class category ranged from 1
to 111, and decreased with increasing cover ckgs 9). In other words, forest ground
vegetation species are more likely to occupy apooportion of cover within a given
area. Indeed, only 9 of the 125 taxa detected @@ipied >50% cover within a subplot.
Forbs were the most dominant plant type in all cal@sses, typically making up
approximately 50% of the species (Fig. 9). Trebajlss and ferns were the next most
prominent plant types.
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Figure 9. Number of species in each cover class by plantfiyporest ground vegetation.

3.1.2.3 Regeneration
Monitoring Questions. How many regeneration species were found in the Credit River
Watershed? What proportion of these species were native to Ontario? How were
regeneration species distributed among height classes within the water shed?

- 37 regeneration species were observed in thetfoegeneration layer.
- 95% of regeneration species were native to Qmtari
- Trees were the most dominant plant type in alec@lasses.

Over the four year monitoring period 37 regenerasipecies (21 tree species and
16 shrub species) were identified, approximateBo%8 which were native to Ontario.
Only two non-native regeneration species were tesiedlanitoba MapleAcer
negund® and Common Buckthorn. The number of species ¢ch éaight class ranged
from 16 to 34, and decreased with increasing hailgisis (Fig. 10). Trees accounted for
54-81% of the species in each height class, watsstbecoming more dominant as height
class increased (Fig. 10).
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Figure 10. Number of species in each height class by plarg fgpregeneration.

Tree Regeneration

The total number of regenerating tree seedlingged from a low of 1207
seedlings in 2007, to a high of 1908 seedlingDid52 Sugar Maple was the dominant
species accounting for 69% of all regeneratingsteeoss the monitoring period, and
was the most abundant tree species in all six exgéon height classes (Fig. 11). White
Ash was the second most abundant species, accguioti©6% of tree regeneration, with
relatively high abundance in all regeneration grostages. Only three additional species
comprised greater than 1% of sampled seedlinger@ed AshKraxinus
pennsylvanich Eastern White Cedar kuja occidentalisand Wild Black Cherry. The
remaining sixteen species cumulatively represetitedemaining 7% of tree
regeneration and individually represented less i8arof observed species in the
seedling layer.
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Figure 11. Percent species composition of dominant regengratae species across the monitoring period.
Data pooled across all forest plots in the CredieRWatershed.

Eleven tree species known to account for 9% ot#drepy layer were absent in
the regeneration layer, namely Balsam Pofap(lus balsamifefaBlack Maple Acer
saccharum ssp. nigrimBurr Oak Quercus macrocarpaButternut Juglans cinerep
Common Apple Malus sylvestris Downy Hawthorn Crataegus mollis Eastern White
Pine, Freeman Maplé¢er x freemanji Swamp White Oakuercus bicoloy, White
Oak Quercus alb@and White SprucePicea glauca (CVC 2010b). Conversely,
Manitoba Maple was absent from the canopy layemast identified in the regeneration
layer. Monitoring regeneration species compositeer the long-term will help
determine whether the simpler community composiéiod additional non-native species
are a cause for concern.

The smallest of the six height classes (16-35crd)tha greatest species richness
and abundance of regenerating trees (Fig. 12). d@dtiern is expected, as most forests
are flushed with seedlings in the smallest hei¢dgcdue to high germination rates.
However, these numbers immediately decrease aBrsgedaturally die off due to
competition for resources, a process referred toasiral thinning”.

In addition to natural mortality, deer herbivorg@lreduces the number of large
seedlings in a forest (Cornett et al. 2000; Sweséapnd Nugent 2004), and has been
cited as a threat to forest regeneration in On{@iston et al. 2008). Deer preferentially
browse on seedlings between 30 and 120 cm in h@@githett et al. 2000), and
monitoring the ratio of small and large seedling®eest sites can assist in identifying
sites impacted by ungulates (Appendix C). Howelier hatter is confounded by the fact
that certain forest types, particularly mature $tseare expected to have low numbers of
seedlings, as mature trees suppress the growtemotaedlings (Oliver and Larson
1996).Future monitoring of deer browse at forest sitehiwithe Credit River Watershed
will elucidate whether low seedling numbers in &rpeight categories are a cause for
concern.
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Figure 12. Mean number of stems within each regeneration helgks across sites within the Credit River
Watershed between 2005 and 2009. Error bars irdigaiSE.

An additional concern is the absence of AmericaeadBdrom two of the six
regeneration height classes (36-55, 56-75cm). Alghahis may simply be attributed to a
few poor mast years, the fact that beech canopg thave been heavily inflicted with
beech bark disease in forests of the Credit Rivatavghed raises concern over the
mechanism behind low seedling regeneration. INidv York Adirondacks, beechnut
production has declined 37% due to mortality oéatéd large trees and reduced vigour
of smaller surviving beech trees (Sage 1996). phenomenon may also be occurring in
our watershed. As canopy trees die off and spétitee regeneration layer take their
place, species composition may change over thetkrmg from forests historically
dominated by Sugar Maple-White Ash- American Beégla community with very few
beech trees.

Shrub Regeneration

A total of 16 shrub species were documented astosgeneration plots across
the monitoring period. Chokecheriyrinus virginiana ssp. virginianayas the
dominant shrub species in the Credit River Wateatshecounting for 53% of all
identified shrub stems (Fig. 13). Except for th®&2m height class, it was the most
abundant shrub species in all remaining growthestaglternate-leaved Dogwood was
the only other species that was found in large remilcomprising 20% of all sampled
shrubs in the regeneration layer. Seven additisialb species each comprised 2-6% of
shrubs: American Fly-honeysuckleohicera canadensisCommon Red Raspberry
(Rubus idaeus ssp. melanolagjidaple-leaf ViburnumVYiburnum acerifoliury
Northern Bush Honeysuckl®iervilla lonicera), Prickly GooseberryRibes cynosbati
Red Elderberry§ambucus racemosa ssp. pubeasd Swamp Red CurrarRipes
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triste). Seven other species cumulatively represented Slrabs and individually
represented less than 2%. Similar to the tree spétithe regeneration layer, the smallest
height class (16-35cm) had the greatest speciesass and abundance of shrubs (not
shown).
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Figure 13. Dominant shrub species (>2% abundance) based dottiewumber of shrub stems detected in
regeneration plots between 2005 and 2009. Dataegdauaiross all forest plots in the Credit
Watershed.

3.1.3 Species Evenness

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

- Ground vegetation evenness ranged from a me@r66fto 0.75 across the monitoring
period.

- Regeneration diversity evenness from a mean88f & 0.86 across the monitoring
period.

Evenness was calculated separately for ground atgetand regeneration, as
evenness calculations for ground vegetation wepermnt#ant on cover class estimations
and regeneration calculations were dependant om&tents. The mean evenness value
across sites ranged from 0.66 to 0.75 for groungbtzgion species and ranged from 0.80
to 0.86 for regeneration species, across the mamitperiod (Fig. 14). Regeneration
species were more evenly distributed than groulggtagion species, likely because there
were only a few regeneration species detectedcat manitoring plot.
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Figure 14. Mean species evenness across sites throughoutdldé Biver Watershed over the monitoring
period for ground vegetation and regeneration.

3.1.4 SpeciesDiversity

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

- Ground vegetation diversity ranged from a mea@.88 to 1.10 units per site across the
monitoring period.
- Regeneration diversity ranged from a mean of @4252 units per site across the
monitoring period.

Similar to evenness, diversity was calculated sephrfor ground vegetation and
regeneration. The mean diversity score acrossfsitegound vegetation species ranged
from 0.78 to 1.10 across the monitoring period (Efg). The sites that had the greatest
ground vegetation diversity were Silver Creek Fo(ds = 1.97) and Fairy Lake Forest
(H' = 1.63), both within the Middle watershed. This@nsistent with the high species
richness recorded at these sites. The sites watlothest ground vegetation diversity
were Britannia Forest{ = 0.02) and Churchill Meadows Forebt (= 0.15), both within
the Lower watershed.

The mean diversity score per site for regenerapegies ranged from 0.44 to
0.52 across the monitoring period (Fig. 15). Thesswhich had the greatest regeneration
diversity were Fairy Lake Foredtl(= 1.34) and Charles Sauriol Foradt € 1.16),
located in the Middle and Upper watershed, respelgti The sites with the lowest
regeneration diversity were Britannia Ford4$t € 0.00) and UCC Foredgtl{ = 0.12)
located in the Lower and Middle watershed, respelti Low regeneration at these sites
may be attributed to the maturity of both forests.
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Figure 15. Mean diversity across sites throughout the Crenli€RNatershed over the monitoring period
for ground vegetation and regeneration.

3.1.5 Coefficient of Conservatism

Monitoring Questions. What is the average mean Coefficient of Conservatism (mCC)
and Floristic Quality Index (FQI) distributed throughout the watershed?

- The average mCC ranged from 4.44 to 4.58 achesmbnitoring period.
- The average FQI ranged from 14.97 to 16.25 a¢h@smonitoring period.

Coefficient of Conservatism scores indicates aiggability to tolerate
disturbance (Oldham et al. 1995). Species withoaesof 0-3 are indicative of taxa found
in a range of habitats, and tolerate disturbed sitaxa which tolerate mild disturbance
have CC rankings of 4-6. Species that are fourtmmunities in an advanced
successional stage have rankings of 7-8. Finatly tehich tend to be found in pristine
communities are assigned a ranking of 9-10. Ndtwest plants detected in the Credit
River Watershed ranged in Coefficients of Conséwafrom O to 8, with no detected
species having a CC value of 9 or 10 (Fig. 16).
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Figure 16. Number of species within each CC category for glalgtected during the monitoring period in
the Credit River Watershed.

The coefficient of conservatism scores for tax@detd across the watershed was
used to determine the mean Coefficient of Consesvidiior each site (mCC), as well as
the Floristic Quality Index (FQI) of each site. Timean mCC for sites in each year
ranged from 4.44 to 4.58 across sites, and the R@&m@cross sites in each year range
from 14.97 to 16.25. Although these two parameteth rely on CC values for their
calculation, they were not correlated with eactepdimong forests plots (Spearman
correlation,p=0.308,p=0.135). This is in contrast to other studies usn@C and FQI,
which have shown that these two parameters ardyhtgirelated in natural areas
(Bourdaghs et al. 2006; Bowers and Boutin 2008)ai€oefficient of Conservatism and
FQI were also correlated among wetland sites wittenCredit River Watershed over the
same monitoring period (CVC 2010c).

Sites ranged in mCC values from 3.71 to 5.22, @@td€ores from 5.89 to 24.68
across the monitoring period. Fairy Lake Foresta@ioed the lowest mCC (3.71), but
had the seventh highest FQI score (19.74). ConyeiQepen Lake Forest, containing the
highest mCC (5.22), had a moderate FQI score ()L6T3® site with the lowest FQI was
Britannia Forest (5.89), which had a moderate m@fesof 4.40. Finally, the site with
the highest FQI was Silver Creek Forest (24.68),daorrespondingly high mCC score
of 4.88. In practice, if a site is degraded or ntlgedisturbed it may still support
relatively high species richness and thus haver@gpondingly large FQI (Taft et al.
1997). This appears to be the case at Fairy LakesE@n early successional forest
supporting a large number of species. The highiepeichness at Fairy Lake results in a
high FQI; however, because the forest is in thyetages of succession, the majority of
the species present tolerate mild to major disturbs, resulting in a low mCC score.
Given that mCC and FQI ranked sites differentlyeirms of their floristic integrity, it
was important to consider both when examining theall quality of a given site.
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3.1.6 Rareand Highly Conservative Species

Monitoring Question: How many regionally and locally rare species were found
water shed-wide? How many highly conservative species wer e detected water shed-wide?

- A total of six rare species were detected indty®ver the monitoring period.
- Two species with a CC value of 8 were detectatienwatershed.

A total of six locally rare vegetation species &detected in forests throughout
the monitoring period. Four of species were algporgally rare (Table 9). In addition,
two of the detected species had high conservatiemes (CC = 8), indicating that they
are habitat specialists (Ontario Ministry of NatiR@sources 2008). Each of the rare or
specialist species were detected at only a singlétsoughout the monitoring period,
with the exception of Carolina Spring-beauBlgytonia caroliniand, found at three
sites. Six of the 25 monitoring sites containelbast one rare species (Table 9). Species
with the highest possible conservatism scoresaf® were not detected in forest plots
throughout the watershed.

In addition to examining rare and highly consem@gpecies, the Conservation
Concern rankings of detected forest vegetationiepaeere also summarized. To date,
none of the species detected in forest monitorlots@are considered Species of
Conservation Concern (SoCC) by CVC. Approximaté{e3of forest vegetation species
detected in the watershed falls within one of ttileptwo concern categories (Sol or
SoUl; Table 10). The remaining 64% of forest vetietaspecies are considered to be
stable or non-native.
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Table 9. Rare species and species with high conservatisnes4CC = 8-10) detected between 2005 and 200®i€tedit River Watershed.

Locally Regionally CcC Years of

Latin Name Common Name Rare Rare Value Detection L ocation

Orpen Lake Forest
Claytonia caroliniana Carolina Spring-beauty X 7 4 Terra Cotta Forest

Silver Creek Forest
Galium aparine Catchweed Bedstraw X 4 5 Terra Cotta Forest
Lonicera hirsuta Hairy Honeysuckle X X 7 2 Winston Forest
Lonicera oblongifolia Swamp Fly-honeysuckle X X 8 4 Winston Forest
Nemopanthus mucronatus Mountain Holly X X 8 1 Charles Sauriol Forest
Orthilia secunda One-side Wintergreen X X 5 2 Caledon Creek Forest

Table 10. Ranking of forest species detected in the CredieRWatershed according to CVC's Species of Corsienv Concern.

Species of Conservation Concern Tier # of Species
Species of Conservation Concern 0
Species of Interest 14
Species of Urban Interest 34
Secure 71
Non-native 15
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3.1.7 Wetness|ndex

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

- The mean wetness value for each site ranged fr@hto 2.22 across the monitoring
period.

The mean wetness score averaged across all sigsdérom a mean of 1.97 to
2.22 across sites, over the monitoring period. Yags detected at monitoring sites in
the Credit River Watershed ranged in wetness vdfoes -5 (Obligate Wetland) through
+5 (Obligate Upland Species). The majority (58%yedetation species detected ranged
from Facultative Upland Species to Obligate Upl&pecies (2 to 5) (Fig. 17), indicating
that they prefer or require dry habitats. Five sggedetected in forest plots are considered
Obligate Wetland Species, indicating that theyadweays found in wetlands. These
included: Crested-shield FerDryopteris cristata, Fowl Manna-gras3lyceria striatg,
Mountain Holly Nemopanthus mucronajuswamp Fly-honeysucklégnicera
oblongifolig), and Swamp Red Currant. These species are digtdlamong six sites,
including Willoughby Nature Reserve Forest, Faiaké Forest, Winston Forest, Charles
Sauriol Forest and Forks of the Credit Forest, wiihme species being found at multiple
sites. Some of these sites are fairly moist for@sMisston Forest), and others are swampy
habitats (Fairy Lake Forest) and contain vernalp{&illoughby Nature Reserve
Forest). Small discrete habitats within the lafgeest complex, such as vernal pools,
may be suitable habitat for obligate wetland specie
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Figure 17. Number of species within each wetness categorplforts detected during the monitoring
period in the Credit River Watershed. OBL, Oblig&letland (-5); FACW, Facultative
Wetland (-2 to -4); FAC, Facultative (-1 to +1); EA, Facultative Upland (+2 to +4); UPL,
Obligate Upland (+5).
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3.1.8 Weediness

Monitoring Question: How many species with a weediness score of -3 were present in
the watershed?

- Two potentially problematic weedy species werecked in forest vegetation
throughout the watershed.

A total of 14 non-native plants that have beemgassl a weediness ranking in
Ontario by Oldham et al. (1995) were detected radts by the monitoring program
(Table 7, Appendix D). Four of these species hagediness score of -1, indicating that
they have little or no impact on natural areas.(E®). Eight of the species detected had a
weediness score of -2, indicating that they calobally problematic. The remaining two
species (Garlic Mustard and Common Buckthorn) feaseore of -3 and are considered
problematic, or have the potential to become sshjoproblematic weeds.

Number of species

-1 -2 3

Weediness score

Figure 18. Number of species with each weediness score fomnatime plants detected during the
monitoring period in the Credit River Watershed.

Detecting problematic non-native species befoeg tire widespread allows for
rapid and effective management of invasive spd€asadian Food Inspection Agency
2004). Management efforts may be difficult for dpesuch as Garlic Mustard as it
already appears to be widespread, found in at te@bte sites across the watershed.
Species with a more limited distribution, such a&lofv Hawkweed Klieracium
caespitosum may be easier to control because it has beewon&nated that control is
most successful and economical when species @raafi populations (Moody and Mack
1988; Welling and Becker 1993; Blossey et al. 2000)
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3.1.9 Community Composition

Monitoring Question: Was species composition different among physiographic zones?
Did species composition change over the monitoring period?

- Species composition was highly variable amongsgdgyraphic zones, ranging from
28% to 49% similarity between zones.
- Species turnover in the monitored sites averaggdoximately 20% between years.

The Lower zone was 34% similar in community composito the Middle zone,
and 28% similar in community composition with thpdér zone. Similarity between the
Middle and Upper zones was higher at 49%. Therg#dtieough all three zones tended to
have relatively dissimilar community compositione tMiddle and Upper are more alike
than either is to the Lower zone. This is expedhael to higher urban cover in the Lower
zone.

Similarity in combined community composition betwemnsecutive years over
the monitoring period ranged from 72% to 88% (Tdllg This indicates that
community dissimilarity averages around 20% betwgsars, and community turnover
was greater during the initial years of the mommigmprogram. This observed trend may
be partially due to changes in staff and increafangliarity with monitoring sites.
Community similarity is lower when 2005 and 2008 eompared, at only 64%
similarity. Varying weather patterns (Fig. 19) aratural community turnover rate are
likely responsible for some changes in communitygosition.

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

years.

Comparison % Community Similarity % Community Dissimilarity
2005-2006 72.48 27.52
2006-2007 78.26 21.74
2007-2008 78.40 21.60
2008-2009 87.80 12.20
2005-2009 64.00 36.00

a7



Monitoring Forest | ntegrity within the Credit River Watershed
Chapter 4: Forest Vegetation 2005-2009

450 17
400 ~ 16
g =0 15 C’G
S = 300 | 5 o
< o 14 g S
2 5 250 - S &
o5 o 2
£ 5 200 A B =
s & BEE
= 2 150 | =
©3 12 © §
2 100 A S
50 | - 11
0 10
2005 2006 2007 2008 2009
Year

Figure 19. Total monthly precipitation and mean monthly tengpere from 2005 to 2009 in Georgetown,
ON during the growing season. Mean temperaturen{ppand precipitation (bars) over the
growing season were 16@and 395.3 mm, 16’6 and 360.7 mm, 16'G and 166.5 mm,
14.9C and 358.0 mm, 14.5 and 331.1 mm in 2005, 20087 2008 and 2009, respectively.

3.1.10 _Site Quality

Monitoring Question: Which sites were the most pristine and most degraded
throughout the watershed?

- Silver Creek, Forks of the Credit, Hillsburgh anhefra Cotta Forests are the most
pristine sites in the watershed.

- UCC, Roy Ivors, Britannia and Streetsville Fosemte the most degraded sites in the
watershed.

Forest sites in the Credit River Watershed werkedtased on several forest
vegetation parameters, including: the combined gntogn of native species, mCC, FQlI,
the number of -3 weedy species, number of rareispemmbined species richness and
ground vegetation species diversity (Table 12gsSitere sorted from the highest to
lowest values for each parameter, and given a sfdretween 1 (Highest Quality) and
25 (Lowest Quality). For example, Fairy Lake Fotest the highest species richness,
and was given a score of 1 for this parameter. Badetwas ranked seven times (once for
each vegetation parameter) and these scores waraeslito give an overall site score.
This allowed a coarse determination of which foreenitoring sites are the most pristine
and which sites are most degraded. This is a rougthod of ranking the sites, as it
assumes that each vegetation parameter contriegtesly to the overall quality of the
site.
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Silver Creek Forest was ranked as the most peisiile across the watershed. This
forest is located along the Niagara EscarpmeritarMiddle watershed. Using this
ranking system, it appears that high species rifyraiversity and floristic quality are
driving factors in ranking Silver Creek as the t@ghquality forest. Forks of the Credit,
Hillsburgh and Terra Cotta Forests were rankedhasécond, third and fourth most
pristine sites in the watershed, respectively. afkthe Credit is located in the Upper
watershed and is situated in a large habitat p&®@#% ha). Hillsburgh Forest is also in the
Upper watershed, but unlike Forks of the Credg ot situated in a large habitat patch
(60 ha). Nevertheless, Hillsburgh still supportelatively high number of species and
has high diversity in comparison to other sitesalfy, Terra Cotta Forest was the fourth
most pristine forest site across the watershed 3ite has a high mCC score, has high
diversity, and is found in the largest habitat pai€all monitoring sites across the
watershed (753 ha).

The sites which were ranked as the most degrautdudied UCC, Roy Ivors,
Britannia and Streetsville Forests. Britannia, Rays and Streetsville Forests are each
found in small habitat patches in the Lower Wateds{b, 18 and 25, ha respectively).
Britannia is a relatively barren forest, where oy vegetation species have been
identified to species-level over the monitoringipdr Sugar Maple and Yellow-trout Lily
(Erythronium americanum ssp. americanufoy Ivors is a mature coniferous forest
with very little understory, supporting a small noen of ground vegetation species. UCC
is also a mature forest found within the Middle &vahed in a medium sized habitat patch
(141 ha). The ranking of these sites as degradgdomaiased by the age of the forest,
which causes some of these sites to support vergfeund vegetation and regeneration
species in the understory. Future ranking of ttesswill also consider abiotic factors,
such as soil quality and decomposition rates. Epoéd Land Classification of sites will
be completed in 2010, allowing for more detaile@npretation of site rankings in the
future.
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Table 12. Monitoring site quality within the Credit River Watshed?**

Site Name Zone %Native mCC FQI Weediness Rare Species Species Wetness  Site Quality
Count -3 Count  Richness Diversity

Silver Creek Forest Middle 0.88 4.88 24.68 1 0.4 30 1.97 2.89 Prigtine

Forks of the Credit Forest Upper 0.84 4.91 21.99 0.2 0 25.2 1.57 2.70

Hillsburgh Forest Upper 0.97 4.71 20.18 0 0 19.2 1.20 3.23 4

Terra Cotta Forest Middle 0.89 5.15 17.36 0.8 1.4 14 1.55 2.74

Charles Sauriol Forest Upper 0.89 4.34 20.13 0 0.2 25.6 1.62 1.54

Orpen Lake Forest Upper 1.00 5.22 16.33 0 0.6 10 1.04 2.75

Fairy Lake Forest Middle 0.95 3.71 19.74 0 0 31.4 1.63 0.11

Willoughby Nature Reserve Forest Middle 0.89 4.56 19.79 0.2 0 22.2 1.28 1.43

Winston Forest Lower 0.88 4.52 20.06 2 1.2 22.8 1.12 1.71

Monora Park Forest Upper 1.00 4.53 15.80 0 0 12.4 0.78 2.67

Meadowvale Forest Lower 0.89 4.83 14.19 0.8 0 10 1.16 2.15

Belfountain Forest Upper 0.93 4.79 15.51 0 0 11.4 0.47 1.97

Mississauga Gardens Forest Lower 0.90 4.61 14.55 1.5 0 11.5 1.06 151

Alton Forest Upper 0.87 4.37 15.79 0 0 15.6 1.00 1.21

Levi Creek Forest Lower 1.00 4.39 13.28 0 0 9.2 0.73 0.97

Limehouse Forest Middle 0.71 4.16 13.82 1.2 0 16.2 1.33 1.45

Robert Baker Forest Middle 0.95 4.04 13.62 0 0 12.2 0.62 2.36

Warwick Forest Middle 0.94 4.72 12.47 0.2 0 7.6 0.56 3.36

Caledon Creek Forest Upper 1.00 3.89 12.88 0 0.4 11.2 0.58 0.25

Huttonville Forest Lower 0.92 4.70 11.94 0.6 0 7.4 0.56 2.35

Churchill Meadows Forest Lower 1.00 4.27 12.53 0 0 8.6 0.15 1.96

Streetsville Forest Lower 0.90 4.46 12.12 1 0 8.4 0.69 2.88

Britannia Forest Lower 1.00 4.40 5.89 0 0 1.8 0.02 3.80 v

Roy Ivors Forest Lower 0.85 433 12.03 1.2 0 9.2 0.71 2.06 Degraded

UCC Forest Middle 0.84 4.63 9.25 0.8 0 5.2 0.31 2.15

21t is important to note that while this rankingsgsm provides a general overview of site healthréimking system is subjective.

® Parameters represent means across all yearsclosita.

¢ Sites were ranked based on their proportion dfeapecies, mCC, number of -3 weedy species antbeuof rare species, combined species richnesgrandd vegetation
species diversity. Average wetness is also inclddedisualization purposes, but was not used terdgne the overall site quality.

4 Green, yellow and red shading is used to inditteteuality of sites and parameters across thearspeof most pristine to most degraded. Green stugitidicates the highest
quality sites/parameters, yellow indicates medanking of sites/parameters, and red indicatesaivedt rankings of sites/parameters.
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3.2 TEMPORAL ANALYSES

Monitoring Question: Did forest vegetation exhibit temporal variation over the monitoring
period?

- Ground vegetation richness and diversity wereotilg parameters which exhibited a
significant trend, and were increasing over the ibooing period.

- Several vegetation parameters exhibited sigmfigaarly fluctuations, including:
combined vegetation richness, ground vegetatidmass, regeneration tree richness,
regeneration evenness, ground vegetation evergressid vegetation diversity, the
combined proportion of native species, tree stemnadliheight classes, FQI, weediness
parameters.

3.2.1 Species Richness

Ground vegetation species richness was the ortipegs parameter which exhibited
a significant trend between 2005 and 2009 in trediCRiver Watershed (Table 13; Fig. 20).
Combined vegetation and regeneration (total, trekshrub) richness were stable. Despite
the fact that few increasing or decreasing trenelewbserved, fluctuations in species
richness did occur among years. Differences inispetchness were observed among years
for combined vegetation, ground vegetation andreegenerationk=5.818,p<0.001,;
F=13.399p<0.001;F=2.739,p=0.034, respectively; Table 13, Fig. 21). For camekii
vegetation, species richness was lowest in 2005 ayeest in 2009. Ground vegetation
followed a similar pattern. Regenerating tree resswas greater in 2005 and 2006 than
2007. Differences among years may represent nataration and species turnover, rather
than an increasing trend. Observed increases mespechness may also be due to improved
species identification over the monitoring periSgecies identification improved due to
increased knowledge of the monitoring staff as welthe development of species lists for
each site from past years. With only five yeardath it is difficult to determine the range of
natural variation. As increasing data becomes abkdlthe natural variability may become
more apparent. No differences were detected ameais yor overall and shrub regeneration
(F=2.428,p=0.054;F=1.068,p=0.378, respectively; Table 14, Fig. 19).
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Table 13. Summary of trend analysis results using lineareggjpn for vegetation parameters between 2005

and 2009.
Vegetation Parameter F value pvalue? R? Observed Trend
Richness
Combined Vegetation Richness 1.656 0.201 0.005 eNon
Regeneration Overall Richness 0.020 0.888 -0.008 neNo
Regeneration Tree Richness 0.282 0.605 -0.006 oneN
Regeneration Shrub Richness 1.290 0.258 0.002 oneN
Total Ground Vegetation Richness 4.336 0.037 0.027 Increasing
Diversity
Regeneration Diversity 0.039 0.844 -0.008 None
Ground Vegetation Diversity 4.902 0.029 0.031 Increasing
Regenerating Tree Stem Counts
a) Total 0.217 0.623 -0.006 None
b) 16-95cm 0.143 0.706 -0.007 None
¢) >95cm 0.879 0.350 -0.001 None
Floristic Quality
mCC 0.021 0.886 -0.008 None
FQI 1.502 0.223 0.004 None
Wetness 0.834 0.363 -0.001 None

#Results were considered significant wipa®.05, and are reported in bold.
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Table 14. Summary of temporal analysis results using repeaasures ANOVA or the Friedman Test for
vegetation parameters between 2005 and 2009.

Par ameter Test Fvalue pvalue® Observed Differ ences ™
Richness
Combined Vegetation Richness Repeated Measures 5.818 <0.001 20%5056223%0%009
Regeneration Overall Richness Repeated Measures 28 2.4 0.054 None
Regeneration Tree Richness Repeated Measure2.739 0.034 2005, 2006 > 2067
Regeneration Shrub Richness Repeated Measures068 1  0.378 None
Total Ground Vegetation Richness Repeated Measuret3.399 <0.001 2052 252352’0565303009
Evenness
Regeneration Evenness Friedman 13.784 0.008 2005, 2008, 2009 < 2006, 2007
Ground Vegetation Evenness Friedman 24.601 <0.001 2005, 2006, 2009 < 2007, 2008
Diversity
Regeneration Diversity Repeated Measures 1.933 20.11 None
Ground Vegetation Diversity Repeated Measures 8.982 <0.001 2005, 2006 < 2007, 2008, 2009
Proportion of Native Species
Ground Vegetation Friedman 8.722 0.068 None
Combined Vegetation Friedman 9.895 0.042 2005 > 2006, 2007, 2008, 2009
Regeneration Stem Counts
Shrub Stem Counts
a) Total Friedman 13.058 0.011 2005, 2006 > 2007, 2008, 2009
b) 16-95cm Friedman 12.335 0.091 None
c) >95cm Friedman 7.035 0.134 None
Tree Stem Counts
2005 > 2007, 2008
a) Total Repeated Measures 9.110 <0.001 2006 > 2007 < 2009
b) 16-95cm Repeated Measures 6.744 <0.001 20%505723%8029008
) >95cm Repeated Measures 4.213 0.004 2005, 2006 > 2007
Floristic Quality
mCC Repeated Measures 1.097 0.363 None
FQI Repeated Measures 4.301 0.003 2005, 2006, 2007 < 2009
Wetness Repeated Measures 1.974 0.106 None
Weedy Species Richness Friedman 18.506 0.001 2005, 2006 < 2008, 2009
Weediness Count -3 Friedman 1.647 0.800 None

2Results were considered significant wipa®.05, and are reported in bold.
b Differences between years determined using Tukmyss-hoc test for repeated-measures ANOVA analgsesby visual

observation for the Friedman Test.

°Post-hoc tegp values <0.08.
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Figure 20. Species richness for ground vegetation observ28 &trest sites in the Credit River Watershed
between 2005 and 2009. Equation of the regressierahdp-value provided.
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Figure 21. Mean species richness across sites, as affectgelanyfor combined vegetation, ground vegetation
and total, tree and shrub regeneration. Within tagm parameters, bars with different letters
indicate a significant difference according to TyikeHSD test for unequal sample sizps@.05).
Error bars indicate +/- SE.
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3.2.2 Proportion of Native Species

Linear regression analysis was not completed oprbortion of native species
parameters due to the nominal natural of the ddte.proportion of native species differed
among years for combined vegetation, and was ns&hyficant for ground vegetation
(F=9.895,p=0.042;F=8.722,p=0.068, respectively; Table 14, Fig. 22). Althoulgha
Friedman test indicated differences among yearsdorbined vegetation, no associated
post-hoc tests are available to determine wheetid#ferences exist. By examining the
means for each year it appears that the propoofioative species was highest in 2005 and
decreased in subsequent years (Fig. 22). This nthgate an increase in non-native species
within the watershed over the monitoring periodyvbaer, conclusive results cannot yet be
drawn.
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Figure 22. Mean proportion of native species across siteaffasted by year, for combined vegetation and
ground vegetation. Error bars indicate +/- SE.

3.2.3 Species Evenness

Due to the proportional nature of the data, sfgeeienness was analyzed using non-
parametric methods. Significant differences weteated among years for both ground
vegetation and regeneration species evenfesx1(601 p<0.001;F=13.784 p=0.008,
respectively) (Table 14; Fig. 23). It does not apbat species evenness is steadily
increasing or decreasing over time, and the obdatifferences may be due to natural
species turnover which is known to occur betweears/e
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Figure 23. Mean species evenness across sites, as affectezhbyfor ground vegetation and regeneration. The
Friedman test was used for both parameters. Eaiaribdicate +/- SE.

3.2.4 SpeciesDiversity

Linear regression analysis indicated that grourgktagion diversity increased
significantly over the monitoring period, whereageneration diversity did noE£€4.902,
p=0.209;F=0.039,p=0.844, respectively; Table 13, Fig. 24). Althougybund vegetation
exhibited a significant trend over time, the fitletear model exhibited a low*Ralue
indicating that the model explained little of theriation in the data (Table 13). Significant
differences among years were observed for grougdta&on; however, no differences were
apparent for regeneratioR£8.982,p<0.001;F=1.933,p=0.112, respectively; Table 14, Fig.
25). Ground vegetation diversity was higher in 2@8d 2008 than the previous two years.
This is consistent with the increasing trend obsénw the linear regression. Similar to
species richness, these increasing trends mayrimited to improved sampling over the
monitoring period.
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Figure 24. Diversity for ground vegetation observed at 25 $osstes in the Credit River Watershed between
2005 and 2009. Equation of the regression linepavalue provided.
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Figure 25. Mean diversity across sites, as affected by yeamgifound vegetation and regeneration. Within
vegetation parameters, bars with different letitedgcate a significant difference according to
Tukey’s HSD test for unequal sample sizes((05). Error bars indicate +/- SE.
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3.25 Regeneration Stem Counts

No tree stem count parameters displayed a signifitend over time (Table 13).
However, significant fluctuations among years wavserved in all tree height classes (Table
14). In general, more stems were detected in gadys of monitoring (2005 & 2006), than
later years (2007, 2008 and 2009) (Fig. 26; Tale 1

Shrub stem count parameters were analyzed witkpacemetric methods, due to the
large number of zeros in the dataset (Table 14;Zy No differences were observed
among years when the 16-95 cm and >95 cm heigésetavere analyzed separately.
However, when all stems were combined a significiifierence was observed among years.
From visual examination of the data it also app#@atsmore shrub stems were detected in

2005 and 2006 than in later years of the monitopirgggram (Fig. 27).
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Figure 26. Mean tree stem count across sites, as affecteeduy for the three height classes. Error bars
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Figure 27. Mean shrub stem count across sites, as affectgddy for the three height classes. Error bars
indicate +/- SE.

3.2.6 Floristic Quality Parameters

Linear regression analysis was completed for miE&l,and wetness index.
However, weediness parameters were analyzed namapéiically due to the low number of
species observed at each site. The mCC, FQI antesgindex parameters did not display a
significant trend over time (Table 13). In additionCC, wetness and the number of -3
weedy species did not vary between years (Tabl&ig428, Fig. 29, Fig. 30). However,
FQI and the weedy species richness did displayfgignt differences among years (Table
14, Fig. 28, Fig. 30). FQI was significantly higher2009 than in earlier yeans<0.016,
p=0.047 ang=0.030 in 2005, 2006 and 2007, respectively). Apost-hoc test is available
for the Friedman analysis, it is not possible ttedaine which years are significantly
different from one another for weedy species rissnélowever, by examining the graph it
appears that weedy species richness has generalased since the inception of the
monitoring program (Fig. 30). It will be importatat continue to monitor these patterns to
determine if the presence of problematic weedyispés increasing in the Credit River
Watershed.
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Figure 28. Mean mCC and FQI across sites, as affected by Yéi#lnin vegetation parameters, bars with
different letters indicate a significant differeremecording to Tukey's HSD test for unequal sample
sizes p<0.05). Error bars indicate +/- SE.
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Figure 29. Mean wetness score across sites, as affected byBrear bars indicate +/- SE.
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Figure 30. Mean weedy species richness and the average nwhiBeweedy species across sites, as affected
by year. Error bars indicate +/- SE.

Table 15 lists the critical and warning limits@alted for each forest vegetation
parameter using the five available years of dat@s€& upper and lower limits will be adopted
as monitoring thresholds for comparison with futuegetation monitoring data. Future
values that exceed the upper or lower warning $§irf2tSD) will provide a forewarning of
potentially increasing or declining trends, anduesl that exceed the upper and lower critical
limits (3 SD) will signify a significant deviatioftom natural variability. Such deviations
may warrant immediate management action beforel¢srbecame irreversible. No
monitoring thresholds can be applied to ground tatgm diversity, as this parameter was
not in control.

61



Monitoring Forest | ntegrity within the Credit River Watershed

Chapter 4: Forest Vegetation 2005-2009

Table 15. Monitoring thresholds for forest vegetation paraeneextracted from Statistical Process Control

Individual Moving Average (IMA) charts for data émited from 2005 through 2009.

Parameter

Richness

Combined Vegetation Richness
Regeneration Overall Richness
Regeneration Tree Richness
Regeneration Shrub Richness
Total Ground Vegetation Richness
Herbaceous Richness
Woody Richness
Evenness
Regeneration Evenness
Ground Vegetation Evenness
Diversity
Regeneration Diversity
Ground Vegetation Diversity
Proportion of Native Species
Ground Vegetation
Combined Vegetation
Regeneration Stem Counts
Shrub Stem Counts
a) Total
b) 16-95cm
¢) >95cm
Tree Stem Counts
a) Total
b) 16-95cm
c) >95cm
Floristic Quality
mCC
FQI
Wetness
Weedy Species Richness
Weediness Count -3

12.35

4.54
3.01
1.36

8.42

6.06

151

0.76
0.59

0.33

0.87
0.89

9.04
8.53
0.42

17.24
12.36
4.77

4.33

14.56

1.80
0.706
0.31

Not in control

0.88
0.90

11.56
10.87
0.63

27.44
22.05
532

4.39
14.85
1.90
0.894
0.37

Thresholds ®
Lower Warning Upper Warning
Threshold Threshold
13.01 15.67
4.79 5.81
3.22 4.08
1.46 1.86
9.46 13.62
6.62 8.4
2.28 5.36
0.78 0.87
0.63 0.77
0.38 0.56

0.91
0.94

21.62
20.21
1.49

68.26
60.81
7.50

4.65
16.03
2.29

1.646

0.54

16.34
6.06
4.28
1.96

.66.4
9.4

6.14

0.90
0.80

0.61

0.93
0.95

24.14
22.56
1.69

78.45
70.50
8.05

4.72
16.32
2.39
1.835
0.60

& Limits are presented in the specific units useshéasure each given parameter.
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Power analysis was completed for all vegetatiaamaters which were in control
(Table 16). According to power analysis 38.1, fd 3.6 sites would be needed in order to
detect 1, 2 and 3 SD of change, respectively, ivermonitoring years for all vegetation
parameters analyzed using linear regression asallserefore, a sufficient number of sites
were monitored to detect significant changes inviégetation 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 will bd as a warning threshold in statistical
process control and changes in the magnitude &f &i8 be used as the critical threshold.
Detectable effect size for the vegetation parametere ranked as “Green” for most
parameters with the exception of woody ground \egget richness and regeneration stem
count parameters. This means that the data qusliiyod according to the standards applied
by Dobbie et al. (2006).

Table 16. Power analysis results for detecting effect sipesTfend Analyses.

Parameter Minimum Detectable Datg
Per cent Change (%)? Quality
Ground Vegetation
Total Ground Vegetation Richness 19.1 Green
Woody Ground Vegetation Richness 28.8 Yellow
Herbaceous Ground Vegetation Richness 18.1 Green
Regeneration
Total Regeneration Richness 6.6 Green
Tree Regeneration Richness 8.2 Green
Shrub Regeneration Richness 6 Green
Regeneration Diversity 10.6 Green
Tree Regeneration Stem Count - All Stems 28.5 Yellow
Tree Regeneration Stem Count - 16-95cm 31.6 Yellow
Tree Regeneration Stem Count - >95cm 21.8 Yellow
Shrub Regeneration Stem Count - All Stems 29.5 Yellow
Shrub Regeneration Stem Count - 16-95cm 30.2 Yellow
Shrub Regeneration Stem Count - >95cm 23.7 Yellow
Combined Vegetation
Combined Species Richness 115 Green
Wetness 6.6 Green
mCC 1.4 Green
FQI 5.1 Green

#Values represent the minimum effect size deteetahtler current monitoring conditions.
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3.2.7 Speciesl evel Analyses

Monitoring Question: Were trends in site occupancy observed for individual forest
vegetation species over the monitoring period?

- Brown-seed Dandelion increased in occurrence é&tv2005 and 2009.
- White Ash decreased in occurrence between 2002a09.

Trends were examined for forest vegetation selespedies using the Cochrane-
Armitage Test. Trends in species occurrence weaienaed separately for the ground
vegetation and regeneration layers. Ground vegetapecies examined included Garlic
Mustard, Canada Mayflower, Brown-seed Dandeliod, Brllium species. In addition, two
regeneration species were examined, including WAsteand Common Buckthorn (Table
17). Two species exhibited significant trends duee: Brown-seed Dandelion increased and
White Ash decreased between 2005 and 2009. Broeah3andelion was not recorded at
any sites in 2005, but occurred at nine sites ®92This may be an artifact of poor
sampling in the early years of the monitoring pesgy however continued monitoring will
reveal if this is a concerning trend.

White Ash was detected in the regeneration layéi aites in 2005, but decreased
steadily to 10 sites by 2009. This trend is coniogrras White Ash is currently under threat
from the Emerald Ash BoreArilus planipennigin Southern Ontario, and has been
detected within the Region of Peel (Canadian Fosgdction Agency 2009). However,
White Ash populations sometimes undergo declinggdred by climate-induced stress
(Farrar 1995). Further monitoring will reveal whetlobserved decreases in Ash are due to
natural cyclic patterns and if management actioegsiired.

Power analysis and Statistical Process Controéwempleted for species evaluated
with the Cochrane-Armitage test (Table 17, Table P8wer analysis revealed that under the
current monitoring program, data quality is gergnabor using the Cochrane-Armitage test
to examine trends in species occurrence (Tablelti@)pears that examining trends in
individual species site occupancy may have limitelty within the current monitoring
program, as a larger sample size is needed totd#tanges of 2 SD (warning threshold).
Therefore, it may be necessary for the current toang program to re-evaluate its current
methodology for examining individual species treridsyield results which are meaningful
for ecological management.
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Table 17. Cochrane-Armitage results and power analysis flected species trends between 2005 and 2009.

Thresholds Minimum

Vegetation Parameter ~ Critical Z Observed Z  p-value® Detectable szlmﬁ
1SD  2SD  3SD  Effect Size (SD) y

Ground Vegetation

Brown-seed Dandelion 3.013 1.960 0.003 62 28 16 2.5 Yellow
Canada Mayflower 0.127 1.960 0.899 124 59 34 4.7 Red
Garlic Mustard 0.518 1.960 0.604 144 67 43 5.3 Red
Trillium species 1.257 1.960 0.209 511 252 166 18.5 Red
Regeneration

Common Buckthorn 0.275 1.960 0.783 443 218 143 16.1 Red
White Ash 2.332 1.960 0.020 72 33 20 2.8 Yellow

# Results were considered significant when p<0.08,axe reported in bold.

Table 18. Monitoring thresholds for individual forest vegédat species extracted from Statistical Process i@bimdividual (moving average) IMR charts for
data collected from 2005 through 2009.

Thresholds?

Lower Warning Upper Warning
P

Ground Vegetation

Brown-seed Dandelion Can not detect 0.059 0.453 0.549
Canada Mayflower Can not detect 0.019 0.417 0.517
Garlic Mustard 0.006 0.079 0.373 0.447
Trillium 0.087 0.104 0.170 0.187
Regeneration

Common Buckthorn Can not detect 0.002 0.112 0.139
White Ash 0.385 0.459 0.753 0.826

& Limits are presented in the specific units useshéasure each given parameter.
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3.3 SPATIAL ANALYSES

3.3.1 Forest Vegetation Spatial Analyses

Monitoring Question: Did forest vegetation differ among physiographic zones within
the Credit River Watershed?

- Herbaceous ground vegetation richness was griedtiee Upper watershed than the
Lower watershed

- The number of -3 weedy species was generallytgréathe Lower watershed than the
Upper watershed

Only two forest vegetation parameters exhibitédfétinces among physiographic
zones within the Credit River Watershed. Specigmess was consistently similar
among zones (Table 19), with the exception of hegbas ground vegetation richness
(F=4.327,p=0.027; Fig. 31)This parameter exhibited significantly fewer spsgrethe
Lower watershed than Upper watershed (postgw@c037).Species evenness, diversity
the proportion of native species, and the remainflspecies richness parameters were
all consistently similar among zones (Table 19; Bily Fig. 32, Fig. 33, Fig. 34). In
addition, no differences were observed in the nurobesgenerating trees and shrubs in
each zone (Table 19; Fig. 35, Fig. 36). From visxalmination of the data it appears that
the Lower zone contains fewer regenerating shidos the other two zones (Fig. 36).
However, there was a large amount of variation betwsites, and thus no significant
differences were detected.

When floristic quality parameters were examineddiveas no difference in the
mCC, FQI (Fig. 37) or the mean wetness index ger(Big. 38) among zones.
Furthermore, it was expected that the impact ofdyespecies would be greatest in the
Lower watershed, as non-native species are knoywerist in disturbed environments
caused by urbanization (McKinney 2006). No spatifierences were observed for the
average weedy species richness (Fig. 39), howhkedfituskal-Wallis test detected
significant differences in the number of -3 weefdgdes between physiographic zones in
three of the five survey years (20868.044,p=0.018; 200H=8.754,p=0.013; 2009
H=6.431,p=0.040; Table 19). The associated post-hoc tesowiysable to differentiate
among zones in 2007, where the Lower watersheciced a greater number of -3
weedy species than the Upper watersipe®.048; Fig. 39).

Overall, it was surprising that so few differengesre detected among
physiographic zones in the watershed, as vegetegtikmown to be impacted by
urbanization and habitat fragmentation (Fahrig 200&8Kinney 2006). Urban land cover
accounts for 57% of area in the Lower watershetiphly 15% of land use in the Middle
and Upper zones (Fig. 40). The lack of differere@®ng physiographic zones may
result from the differences among sites withinxegizone being much greater than the
differences among the zones themselves. The sitegled in the forest monitoring
program represent a wide variety of forest comniesitsuccessional stages, and habitat
qualities. For example, the Middle watershed cowst&airy Lake, an early successional
forest, as well as mature forests such as Wan#it&s included in the monitoring
program also represent coniferous, deciduous arddiorest types. Future spatial
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analyses should aim to separate habitats basednemenity type and successional stage,
which will be possible after detailed EcologicahidaClassification of each site is
completed in 2010.

Power analysis was completed for all vegetatiomapaters which were in
control. According to this analysis 33, 12 andt@8ssivould be needed across the
watershed to detect 1, 2 and 3 SD of change, régelyc for all vegetation parameters
analyzed using repeated-measures ANOVA analysexeftre, a sufficient number of
sites were monitored to detect significant changele vegetation parameters with 90%
power at an 80% confidence level for effect sizesmtgr than or equal to 2 SD.
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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
Parameter Physiographic Differences
F-value P-value?

Richness

Combined Vegetation Richness 3.019 0.070 None

Total Regeneration Richness 1.229 0.313 None
Regeneration Tree Richness 0.718 0.499 None
Regeneration Shrub Richness 1.105 0.350 None

Total Ground Vegetation Richness 1.158 0.070 None
Herbaceous Ground Vegetation Richness 4.327 0.027 Upper > Lower
Woody Ground Vegetation Richness 1.167 0.331 neNo

Evenness

Regeneration Evennes 1.299 0.522 None

Ground Vegetation Evennéss 1.377 0.502 None

Diversity

Regeneration Diversity 1.262 0.304 None

Ground Vegetation Diversity 2.470 0.109 None

Proportion of Native Species

Ground Vegetatioh 1.664 0.435 None

Combined Vegetatich 0.178 0.411 None

Regeneration Stem Counts
Shrub Stem Counts

a) TotaP 2.252 0.324 None

b) 16-95cm 3.284 0.194 None

c) >95cnf 0.033 0.984 None
Tree Stem Counts

a) Total 0.309 0.737 None

b) 16-95cm 0.052 0.949 None

c) >95cm 2.285 0.127 None
Floristic Quality
mCC 0.167 0.233 None
FQI 2.827 0.082 None
Wetness 0.101 0.904 None
Weedy Species Richnéess 2.200 0.333 None
Weediness Count 3 6.431 0.040 Lower > Uppet

#Results were considered significant wips9.05, and are reported in bold.

b Kruskal Wallis test conducted for each year sephrao test for effect of physiographic zone oratiele abundance
of those same species, whhandp values shown for 2009 tests only.

¢ Tukeys post-hop=0.12 in 2009.

68



Monitoring Forest | ntegrity within the Credit River Watershed
Chapter 4: Forest Vegetation 2005-2009

25 ~
O Lower
20 - E Middle
%)
3 O Upper
c
<15
[3)
= ab b
4
210 -
2
A a
5 -
0 _
Combined Total ground  Herbaceous Woody ground Total Tree Shrub
vegetation vegetation ground vegetation regeneration  regeneration  regeneration
vegetation
Vegetation layer

Figure 31. Mean vegetation species richness across sitesnveiith physiographic zone within the Credit
River Watershed. Within vegetation parameters, dtts different letters indicate a
significant difference according to Tukey's HSDttls unequal sample sizeg<0.05). Error
bars indicate +/- SE.
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Figure 32. Mean proportion of native species across sitesimviéach physiographic zone within the Credit
River Watershed. Error bars indicate +/- SE.
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Figure 33. Mean vegetation evenness across sites within eagiqgraphic zone within the Credit River
Watershed. Error bars indicate +/- SE.
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Figure 34. Mean vegetation diversity across sites within gattysiographic zone within the Credit River
Watershed. Error bars indicate +/- SE.
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Figure 35. Mean number of regenerating tree stems acrossveitieis each physiographic zone within the
Credit River Watershed. Error bars indicate +/- SE.
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Figure 36. Mean number of regenerating shrub stems acrosswgitiein each physiographic zone within
the Credit River Watershed. Error bars indicateS&-
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Figure 37. Mean mCC and FQI across sites within each physpiicazone within the Credit River
Watershed. Error bars indicate +/- SE.
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Watershed. Error bars indicate +/- SE.
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74



Monitoring Forest | ntegrity within the Credit River Watershed
Chapter 4: Forest Vegetation 2005-2009

34 LANDSCAPE ANALYSIS

3.4.1 Vegetation Parameters

Monitoring Question: Wasthere a correlation between forest vegetation parameters
and landscape metricsin the Credit River Water shed?

- Combined vegetation richness, total ground vegetaichness, ground vegetation
evenness, ground vegetation diversity, tree ste9bscm, FQI, weedy species richness
and the number of -3 weedy species were all sianifly correlated with landscape
metrics.

Spearman rank correlation was used to examinaae$dtips between forest
vegetation and landscape metrics in the CreditiRVatershed. Significant correlations
must be considered cautiously, as they do not iraplguse-and-effect relationship
between two parameters, but simply that the parensi@re associated with one another
(Zar 1999).

Comparisons were made between twenty-two vegetpaceimeters and five
landscape metrics. Only eight of the vegetatiomupaters were significantly correlated
with landscape metrics: combined vegetation richntegal ground vegetation richness,
ground vegetation evenness, ground vegetationgiiyetree stems >95 cm, FQI, weedy
species richness and the number of -3 weedy sp@a@ése 20). Two richness
parameters, combined vegetation richness and gneegeetation richness, were
significantly correlated with habitat patch sizergent natural area and matrix quality.
The correlation between richness and the landscegbecs is intuitive as increasing
patch size will increase the amount of natural aes the monitoring site and
conversely, urbanization is known to have negatitects on vegetation species richness
(McKinney 2008). In compliment with these resu§isyund vegetation diversity was
significantly correlated with habitat patch sizelgercent natural cover. Ground
vegetation evenness was also correlated with halztah size.

Weedy species richness was positively correlatéld mabitat patch size. This is
because very few species were detected in foret loicated in small habitat patches. As
habitat patch size increased, the total numbep@tiss was observed to increase,
corresponding with an increase in weedy speciesh®wother hand, the number of
potentially problematic (-3) weedy species was tiegly correlated with percent
agricultural area and positively correlated witihgeat urban area. This is consistent with
work that has found that urbanization leads tonaregiase in non-natives species in forest
vegetation (Duguay et al. 2007).

Finally, distance to the nearest road was not taige with any vegetation
parameters. Local biodiversity may be negativelgcéd by roads through obstructing
migration between local populations, increasingeeeffects in habitat patches,
increasing the transportation of chemicals, anditaing the invasion of exotic species
(Forman and Alexander 1998). None of the studiegbtation parameters were correlated
with the distance to the nearest road (Table 28Jationships may not have been noted
in this study as the density of surrounding roads wot taken into account. The density
of roads surrounding the forested areas may be mdieative of the effects of roads on
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vegetation species than the distance to a neaduay Fr example, Belfountain Forest is
situated only 91 m from the nearest road; howetex |ocated in the Upper watershed
where natural land cover is more dominant thanudever and it is located in a natural
habitat patch of over 400 ha. In contrast, Huttb@Worest is located 223 m from the
nearest road and is located in the Lower waterghadatural habitat patch of only 18
ha. Although Belfountain is more than twice as elasa road than Huttonville, many
parameters indicative of healthy forest vegetatvene consistently higher at the
Belfountain site. Therefore, distance to the neacesd may not be an effective indicator
of the effects of roads on forest vegetation beedugoes not account for the type of
road and the amount of habitat fragmentation smdolg the monitoring site.
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Table 20. Spearman rank correlations between forest vegatpticameters and habitat patch size and
distance to the nearest road.

. . Habitat Patch Size Distance to Nearest Road
Vegetation Variable
Spearman R Pvalue® Spearman R Pvalue®
Richness
Combined Vegetation Richness 0.518 0.008 0.183 0.382
Total Regeneration Richness 0.110 0.600 0.127 0.545
Regeneration Tree Richness 0.151 0.472 0.217 2970.
Regeneration Shrub Richness 0.108 0.609 0.003 .9870
Total Ground Vegetation Richness 0.546 0.005 0.241 0.247
Evenness
Regeneration Evenness -0.058 0.784 -0.155 0.458
Ground Vegetation Evenness -0.407 0.044 0.048 0.821
Diversity
Regeneration Diversity 0.132 0.528 0.232 0.265
Ground Vegetation Diversity 0.455 0.022 0.335 0.101
Proportion of Native Species
Ground Vegetation -0.152 0.469 -0.089 0.671
Combined Vegetation -0.280 0.175 -0.179 0.393
Regeneration Stem Counts
Shrub Stem Counts
a) Total 0.002 0.993 0.134 0.523
b) 16-95cm 0.014 0.946 0.124 0.556
c) >95cm -0.032 0.880 0.134 0.522
Tree Stem Counts
a) Total -0.144 0.491 0.105 0.617
b) 16-95cm -0.005 0.980 0.189 0.365
c) >95cm -0.605 0.001 -0.195 0.351
Floristic Quality
mCC 0.371 0.068 0.103 0.950
FQI 0.562 0.003 0.139 0.507
Wetness 0.086 0.682 0.073 0.728
Weedy Species Richness 0.402 0.046 0.186 0.373
Weediness Count -3 -0.113 0.591 -0.009 0.964

#Results were considered significant wipa®.05 and are reported in bold.
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Table 21. Spearman rank correlations between forest vegatpticameters and % Agriculture, % Natural, % Urdad Matrix Quality.

. . % Agriculture % Natural % Urban Matrix Quality
Vegetation Variable
Spearman R Pvalue® SpearmanR Pvalue® SpearmanR  Pvalue® SpearmanR  Pvalue?

Richness
Combined Vegetation Richness 0.111 0.598 0.501 0.011 -0.351 0.085 0.433 0.031
Total Regeneration Richness 0.324 0.115 0.180 0.389 -0.328 0.110 0.195 0.345

Regeneration Tree Richness 0.315 0.124 0.186 3720. -0.420 0.037 0.284 0.168

Regeneration Shrub Richness 0.220 0.291 0.160 4440 -0.170 0.417 0.094 0.655
Total Ground Vegetation Richness 0.022 0.918 0.512 0.009 -0.296 0.151 0.423 0.035
Evenness
Regeneration Evenness 0.112 0.956 -0.127 0.545 400.0 0.849 0.001 0.997
Ground Vegetation Evenness 0.242 0.245 -0.298 0.147 -0.042 0.844 -0.142 0.497
Diversity
Regeneration Diversity 0.206 0.323 0.183 0.381 84.2 0.169 0.132 0.528
Ground Vegetation Diversity -0.017 0.936 0.425 0.034 -0.205 0.327 0.326 0.112
Proportion of Native Species
Ground Vegetation 0.142 0.498 0.089 0.670 -0.228 273. 0.165 0.432
Combined Vegetation 0.094 0.655 -0.049 0.815 -0.141  0.503 0.027 0.896
Regeneration Stem Counts
Shrub Total 0.269 0.193 0.099 0.638 -0.183 0.382 04D. 0.844
Shrub 16-95cm 0.244 0.240 0.117 0.576 -0.191 0.361 0.044 0.835
Shrub >95cm 0.164 0.433 -0.105 0.618 -0.011 0.958 0.082 0.696
Tree Total -0.134 0.522 -0.047 0.824 0.185 0.375 12D 0.560
Tree 16-95cm -0.130 0.536 0.075 0.720 0.115 0.585 0.012 0.953
Tree >95cm 0.214 0.305 -0.452 0.023 0.181 0.387 0.387 0.056

78



Monitoring Forest | ntegrity within the Credit River Watershed
Chapter 4: Forest Vegetation 2005-2009

% Agriculture % Natural % Urban Matrix Quality

Vegetation Variable
Spearman R Pvalue® SpearmanR  Pvalue* SpearmanR Pvalue® SpearmanR  Pvalue?

Floristic Quality

mCC -0.255 -1.267 0.367 0.071 0.000 1.000 0.348 893.0
FQI 0.021 0.922 0.572 0.003 -0.329 0.108 0.515 0.008
Wetness -0.202 0.334 0.076 0.718 -0.098 0.642 0.074 0.726
Weedy Species Richness -0.066 0.752 0.212 0.310 020.0 0.993 0.138 0.511
Weediness Count -3 -0.456 0.022 -0.206 0.322 0.437 0.029 -0.319 0.120

2Results were considered significant wipa®.05 and are reported in bold.
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3.4.2 SpeciesLevel Analyses

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

- Brown-seed Dandelion and Garlic Mustard increasethe proportion of urban cover
increased.

Logistic regression was used to test the relatiprisétween selected vegetation
species in the watershed and landscape metridgding habitat patch size, distance to
the nearest road, percent natural cover and peuckean cover. Species examined
included: Brown-seed Dandelion, Canada MayflowextliG Mustard and Trillium
species.

No taxa displayed relationships with distance tarest road, habitat patch size or
percent natural cover. Although roads may facditiie dispersal of invasive non-native
species (Forman and Alexander 1998), the lacklafiomship between the selected
species and distance to the nearest road was tamtsigth the non-significant
correlations with vegetation parameters (TableT2lile 21). Examining the density of
roads surrounding forest sites may provide morenmegéul results.

The lack of relationship between either habitatlpaize or percent natural cover
and vegetation species was surprising. Larger patahd areas with greater natural cover
are expected to contain more native species thdesas tolerant of habitat disturbance,
such as Canada Mayflower and Trillium species (ffmehts of Conservatism = 5-6).
Large habitat patches were also expected to bdikesgto contain non-native species,
which thrive in disturbed environments. Indeeds fhattern was observed in wetland
monitoring plots, where Garlic Mustard was hadghkr probability of being observed in
smaller habitat patches (CVC 2010c).

Finally, Brown-seed Dandelion and Garlic Mustardeweore likely to be found
in forest plots surrounded by high urban cover (@&2; Fig. 41, Fig. 42). This was
expected as non-native species are known to inere#ls urbanization (McKinney
2006).
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Table 22. Logistic relationships between selected speciedardscape metrics.
Test Statistic

Species Landscape M etric % p value®
Brown-seed Dandelion Habitat Patch Size 1.112 0.292
Distance to Nearest Road 1.368 0.242
% Natural Cover 2.129 0.145
% Urban Cover 13.454 <0.001
Canada Mayflower Habitat Patch Size 0.098 0.754
Distance to Nearest Road 0.074 0.785
% Natural Cover 0.814 0.367
% Urban Cover 2.956 0.086
Garlic Mustard Habitat Patch Size 0.108 0.743
Distance to Nearest Road 0.090 0.764
% Natural Cover 1.339 0.247
% Urban Cover 4.221 0.040
Trillium species Habitat Patch Size 0.196 0.658
Distance to Nearest Road 0.706 0.401
% Natural Cover 0.529 0.467
% Urban Cover 0.334 0.563

2Results were considered significant wipz®.05, and are reported in bold.

y = exp (2.03432 + (-14.02*x) / (1 + exp(2.03432 + (-14.02*x))
p <0.001
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Figure 41. Logistic regression between Brown-seed Dandeliahpnportion of urban cover. Equation of
the regression line and p-value provided. Logistgression significant whegx0.05.
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y =exp (-1.4487 + (3.56978*x) / (1 + (-1.4487 + (3.56978*x))
p =0.040
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Figure 42. Logistic regression between Garlic Mustafdliéria petiolata) and proportion of urban cover.
Equation of the regression line and p-value pravidegistic regression significant when
p<0.05.

Table 23 lists the number of monitoring sites reggiito determine a significant
logistic relationship between the presence of glecsed species and the landscape
metrics. Analysis could not be performed for peteeban cover, as it had a bimodal
distribution that could not be normalized. Sevefahe calculated N values were
alarmingly high. For example, 1013 sites were neggliio legitimately detect a
relationship between Garlic Mustard and distanadfiémearest road. The significant
relationship between Canada Mayflower and habastipsize required 128 monitoring
sites for legitimate reporting. Such a large nundfenonitoring sites are not reasonable
within the monitoring program.
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Table 23. The calculated number of monitoring sites (N) regdiito determine a significant logistic
relationship between selected species and landseapis.

Number of Sites

Species L andscape Metric # Required (N) ° Data Quality
Brown-seed Dandelion Habitat Patch Size 41 Red
Distance to Nearest Road 69 Red
% Natural Cover 39 Red
Canada Mayflower Habitat Patch Size 128 Red
Distance to Nearest Road 644 Red
% Natural Cover 186 Red
Garlic Mustard Habitat Patch Size 298 Red
Distance to Nearest Road 1013 Red
% Natural Cover 97 Red
Trillium spp. Habitat Patch Size 4803 Red
Distance to Nearest Road 750 Red
% Natural Cover 246 Red

®Habitat patch size was square root transformeciztance to nearest road was log transformed favepanalysis.

®PNumber of sites required to detect a significantdtic relationship.
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4.0 CONCLUSIONS

Several forest vegetation parameters were stalileei Credit River Watershed
between 2005 and 2009. The only vegetation paramexibiting significant trends
were total ground vegetation richness and groumggtetion diversity, which increased
over the monitoring period. All other vegetatiomgraeters, including regeneration
species richness, species evenness, regenerat@sityi, regeneration stem counts, the
proportion of native species, and measures ofsticrguality, did not exhibit significant
trends over time. In addition, differences betwgears were observed for the majority of
vegetation parameters. Yearly fluctuations in vatyeh are a normal part of ecosystem
functioning, as weather and disturbance fluctuser ime (Woodward and Cramer
1996; Lavorel and Garnier 2002). That being saidsgstem change in response to
environmental degradation is expected to occurlgl@Miemi 2004; Lovett et al. 2007).
Therefore, it is encouraging that no forest vegatatrends of concern were detected at
this early stage in the monitoring program. In #ddi given that forest vegetation was
stable, it was possible to set monitoring threstidbd most parameters. These thresholds
will be used as a baseline for detecting futureceomng trends.

Very few differences in forest vegetation wereaslisd between the three
physiographic zones of the Credit River Watersltadas predicted that the Lower zone
would contain the most degraded forest habitatsrasult of urbanization, and the
Middle watershed would contain the most pristine$ts, as it is comprised of the most
undeveloped land and protected areas. However teolpf the twenty-four vegetation
parameters exhibited spatial differencBse Upper watershed contained greater
herbaceous ground vegetation richness than the Lwatershed. In addition, the Lower
watershed contained more -3 weedy species thddgper watershed in 3/5 survey
years. The increased number of potentially probtemeeedy species in the urbanized
Lower watershed supports the need for an invagieeiss management program at CVC.
Overall, these results were surprising, as urbéioizés much greater in the Lower
watershed than the Middle and Upper watersheds 8Big Furthermore, several
differences have been observed among physiographis for other ecological
measures monitored in the Terrestrial Monitoringgoam at CVC, including wetland
vegetation, forest birds, forest tree health antland anurans (CVC 2010b-e).

Currently, forest community types are not evenggributed among
physiographic zones, and reflect a wide range tdrmi@l communities in the Credit
River Watershed. Monitored forest communities idel@eciduous forests dominated by
Sugar Maple, coniferous Pine forests and mixed SMggple - Hemlock forests.
Ecological Land Classification of the forest comityitypes is currently underway and
will lead to greater understanding of the effect@mmunity type on forest vegetation in
the Credit River Watershed.

Of the over 100 comparisons made between landsoefprecs and vegetation
parameters, eighteen significant correlations wietected. Combined species richness,
total ground vegetation richness, ground vegetati@nness, ground vegetation
diversity, tree stems >95cm, FQI, weedy specidsgass and the number of -3 weedy
species were all significantly correlated withesddt one landscape metric. Parameters
which are correlated with landscape metrics magdmsidered good monitoring
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variables, as they may be sensitive to anthropogiisiurbance (Noss 1999). Special
attention should be paid to these vegetation paeasa the future, as increasing or
decreasing trends may be an early warning sigadosystem degradation.

Overall, very few changes were observed for fovegetation over the
monitoring period. It is encouraging that vegeta@ppears to be stable over the short
term. This monitoring data provides a baselinadfetecting future ecosystem change in
the Credit River Watershed.
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5.0 FUTURE DIRECTIONS

Several improvements and changes to the Terrestdaitoring 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 ancgsas 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 additionalyaealwill be explored that were
beyond the scope of the five year reviddditional methods recommended by external
reviewers (Bohdan Kowalyk, pers. comm.; Emily Gdegapers. 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, soil pH, and canopy
cover. In additionyegetation parameters will be compared to othardemd abiotic
parameters such as soil chemistry and pH, birdsalainanders within forest
communities.

In addition, thresholds will be established focleaonitoring parameter when at
least five years of stable baseline data exisshduld be noted that the baselines and
thresholds presented in this report are prelimimarnature. The five year baseline period
used to calculate indicator thresholds is basethemaximum number of years of
reliable data currently available to the monitorprggram. These current data represents
the best available steady state information. Thaoditators may naturally vary above
and below these baselines over longer timeframegjoanot 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 awlaitmonitoring 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 inforamstns concerning program design,
incorporates values associated with the identifi@selines. This reliance on preliminary
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, the Terrestrial Monitoring Program is @&wing a strategy for
management actions to be undertaken when an indi@ata suite of indicators)
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surpasses their established threshold, indicatohechne in the overall integrity of the
Credit River Watershed. Developing a managemendracstrategy will ensure that
detrimental ecosystems changes observed by thestieat Monitoring Program can be
mitigated. Through this mitigation the Terresthébnitoring Program will assist CVC in

achieving its corporate vision of “an environmelytalealthy Credit River Watershed for
present and future generations.”
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APPENDIX A: FOREST MONITORING SITES

Table 1. Forest health monitoring sites established througthe Credit River Watershed.

Site # Site Name Township County Physiographic Zone Habitat Patch Size (Ha)
F-01 Monora Park Forest Mono Dufferin Upper 112.06
F-02 Hillsburgh Forest Erin Wellington Upper 60.43
F-03 Charles Sauriol Forest Caledon Peel Upper 8333.
F-04 Caledon Creek Forest Caledon Peel Upper 134.2
F-05 Robert Baker Forest Caledon Peel Middle 232.56
F-06 Warwick Forest Caledon Peel Middle 191.18
F-07 Silver Creek Forest Halton Hills Halton Hills Middle 370.14
F-08 Limehouse Forest Halton Hills Halton Hills Mid 135.32
F-09 UCC Forest Halton Hills Halton Hills Middle 182
F-10 Huttonville Forest Brampton Peel Lower 18.36
F-11 Levi Creek Forest Mississauga Peel Lower 24.2
F-12 Streetsville Forest Mississauga Peel Lower 74.8.
F-13 Churchill Meadows Forest Mississauga Peel towe 5.89

F-14 Roy Ivors Forest Mississauga Peel Lower 24.73
F-15 Winston Forest Oakuville Halton Lower 27.24
F-16 Britannia Forest Mississauga Peel Lower 5.19
F-18 Fairy Lake Forest Halton Hills Halton Hills dtle 169.10
F-19 Belfountain Forest Caledon Peel Upper 439.15
F-20 Willoughby Nature Reserve Forest Caledon Peel Middle 93.25

1-01 Mississauga Gardens Forest Mississauga Peel werLo 52.36

1-02 Orpen Lake Forest Caledon Peel Upper 323.18
1-03 Alton Forest Caledon Peel Upper 185.75
1-04 Forks of the Credit Forest Caledon Peel Upper 534.18
1-05 Meadowvale Station Forest Mississauga Peel drow 45.70

1-06 Terra Cotta Forest Caledon Peel Middle 753.26
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APPENDIX B: FOREST VEGETATION PARAMETERSINCLUDED IN

ANALYSIS
Table 1: Vegetation parameters analyzed in the Credit RiVatershed.
Vegetation Parameter Digﬁirl?zl{tiilon Data Transfor mation Analysis Type?

Richness
Combined Vegetation No Log (Data +1) Parametric
Total Ground Vegetation No Square-root (Data 4 0.5 Parametric

Herbaceous Ground Vegetation No Log (Data +1) aiatric

Woody Ground Vegetation No Log (Data +1) Paraioetr
Overall Regeneration No Log (Data + 1) Parametric

Tree Regeneration No Square-root (Data + 0.5) arRetric

Shrub Regeneratidn No Log (Data + 1) Parametric
Evenness
Regeneration NA None Non-parametric
Ground Vegetation NA None Non-parametric
Diversity
Regeneration No Log (Data + 1) Parametric
Ground Vegetation Yes None Parametric
Proportion of Native Species
Ground Vegetation NA None Non-parametric
Combined Vegetation NA None Non-parametric
Regeneration Stem Counts
Shrub Stem Counts

a) Tota! NA None Non-parametric

b) 16-95crh NA None Non-parametric

¢) >95cm NA None Non-parametric
Tree Stem Counts

a) Total No Log (Data + 1) Parametric

b) 16-95cm No Log (Data + 1) Parametric

¢) >95cm No Log (Data + 1) Parametric
Floristic Quality
mCC Yes None Parametric
FQI Yes None Parametric
Wetness Yes None Parametric
Weedy Species Richness NA None Non-parametric
Weediness Count -3 NA None Non-parametric

dParametric analyses were Linear Regression to exatrénds over time, and Repeated-Measures ANO\&Xamine
spatial differences between groups. Non-paramgsits were conducted for data which did not meegtmatric test
assumptions, and included the Friedman Test to imeatamporal differences between years, and Kredkallis to
examine differences over time. Analyses were notgleted for the number of locally rare, numberegionally rare
and species with high conservatism scores (CC 6)8-1

PData was near normality
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APPENDI X C: SEEDLING RATIO INDICES
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Figure 1. Seedling Ratio Indices (SRI's) for forest siteshivi the Credit River Watershed. SRI = (Tall Serghti — Short Seedlings) / (Tall Seedlings + Short
Seedlings). The tall seedling category is compadetiems between 36 and 200 cm and short seedlnegess than 36 cm (adapted from Sweetapple
and Nugent, 2004). Seedling ratios significantly éan be used to identify forests which are hadifficulty regenerating. One possible explanation
is extensive deer herbivory, as deer are knowmdtepto browse seedlings in the tall category.
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APPENDIX D: YEAR OF FIRST DETECTION OF NON-NATIVE WETLAND SPECIESBY THE TERRESTRIAL
MONITORING PROGRAM

Table 1. Year of first detection of non-native forest spsdn the Credit River Watershed by the Terrelskli@nitoring Program

Common Name Latin Name Weediness Year of First Detection by M onitoring Program 2
Score 2005 2006 2007 2008 2009
Brown-seed Dandelion Taraxacum officinale -2 X
Climbing Nightshade Solanum dulcamara -2 X
Common Buckthorn Rhamnus cathartica -3 X
Common Burdock Arctium minus ssp. minus -2 X
Eastern Helleborine Epipactis helleborine -2 X
European Columbine Aquilegia vulgaris -1 X
Garlic Mustard Alliaria petiolata -3 X
Gypsy-weed Veronica officinalis -2 X
Herb-robert Geranium robertianum -2 X
Manitoba Maple Acer negundo NA X
Stinging Nettle Urtica dioica ssp. dioica -1 X
Tall Buttercup Ranunculus acris -2 X
Woods Bluegrass Poa nemoralis -1 X
Yellow Hawkweed Hieracium caespitosum -2 X

2Indicates the year that non-native species wesedlvserved in monitoring plots, not the year tiat-natives were first detected within the watedsi2005 was the year of first
detection for many species as it was the first pyé#ine monitoring program.
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