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ABSTRACT

Forest Birds of the Credit River Watershed: Summary
of Monitoring Results 2002-2008

Temporal Trends: Species Richness and Relative
Abundance increased between 2002 and 2008. Specit
Diversity and Community Similarity remained stable.
Seven guilds, Residents, Short-Distance Migrariagk
Distance Migrants, Habitat Generalists and Canagy/S
Canopy Nesting Species showed increasing populatio
trends between 2002 and 2008. Shrub Nesting anityCav
Nesting Species also showed trends towards signific
over the same period. Populations of eight species
(American Robin, Black-capped Chickadee, Brown-
headed Cowbird, Black-throated Green Warbler, Cedar
Waxwing, House Wren, Eastern Wood-Pewee and Red-
eyed Vireo) increased. Two species, Northern Fiekel
Ovenbird, decreased Watershed-wide.

Spatial Trends Species Richness was significantly
higher in the Middle than Lower Watershed. Relative
abundance of birds in eight guilds showed spatial
differences among the three Physiographic Zongme
species exhibited spatial differences in relativeralance
among the three Physiographic Zones

Relationship with Landscape Metrics Twenty-eight of
the forest bird parameters were correlated witeagt one
of the five following landscape metrics: habitatgbesize,
percent agricultural cover, percent natural copercent
urban cover and matrix quality. Observed correfetio
were consistent with those reported in literature were
related to land-use characterization in the three
Physiographic Zones. Forest bird species assentblage
could be used to distinguish forests among theethre
Physiographic Zones. Lower Watershed forests were
characterized by urban associates, Middle Watershed
forests were characterized by forest specialistisltpper
Watershed forests were characterized by Edge/Early
Successional Species.

Recommendations Trends of changing parameters must
be watched closely to determine whether interventidl
be needed to maintain stable forest bird population
Although beyond the scope of this report, reseahduld
attempt to determine to what scale are species
composition and abundance responding (i.e. 100mn -5k
radius surrounding forest plots).
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Forest breeding bird surveys are conducted annumap forest plots in the
Credit River Watershed according to Environmentadias ‘Ontario Forest Bird
Monitoring Program’ (Konze and McLaren 1997). Tteport summarizes the 7-year
review and statistical analysis of forest bird ntoning data collected between 2002 and
2008 in forest plots Watershed-wide.

A total of 114 bird species were detected acrosdiatershed between 2002 and
2008, four of which were species at risk in Ontaaiod five of which were migratory,
non-breeding species. Eighty-six of the detected pecies breed in forest habitats. Of
the top 10 most abundant species in the Waterébadare considered to be habitat
generalists. Red-eyed Vireo was the most abundaestfbird species detected
Watershed-wide.

Species richness and relative abundance were the@mmunity metrics that
showed changing trends between 2002 and 2008.&pieecnover was less than 30%
from year to year. The observed increase in redalwndance was likely a result of
increasing population trends of seven guilds andraber of individual species. All three
migratory guildsi(e. Resident, Short-Distance and Long-Distance Spediabitat
Generalists, and three nesting guilide. Shrub Nesting, Canopy/Sub-canopy and Cavity-
Nesting Species) exhibited significantly or negngicant increasing population trends,
over the monitoring period. Populations of eightgi bird species significantly
increased from 2002 to 2008. An additional two gggeshowed significant declining
trends over the monitoring period. Most of theakied population trends were
consistent with the National Breeding Bird Survey.

The three Physiographic Zones of the Credit Wagstshd exhibit many
significant differences in community compositiordapecies abundance. Of the
community metrics, spatial trends were only obsgfee species richness, which was
significantly higher in the Middle than the Lowera¥®rshed. Short-Distance Migrants,
Habitat Generalists, Edge/Early Successional Spexid Shrub Nesting Species were
more abundant in the Lower than the Middle and Upgatersheds. Long-Distance
Migrants, Forest Associates, Canopy/Sub-canopyitnpand Ground Nesting Species
were all more abundant in the Middle and Upper \W¢hteds than the Lower Watershed.
Nine species (American Crow, American Robin, Blag, Lommon Grackle, Downy
Woodpecker, Northern Cardinal, Northern Flickere@bird and Scarlet Tanager)
exhibited spatial differences in relative abundasm®ng the three Physiographic Zones,
most of which could be explained by land-use d#feres among the three zones.

Twenty-eight of the thirty-two forest bird paranmestevere correlated with at least
one of the five landscape metrics. Guilds andviddial species that were associated
with forest habitats and specialized forest featuvere positively correlated with habitat
patch size, percent natural cover and matrix quaBtilds and individual species that
were considered habitat generalists or associaitidearly successional and shrub
habitats were positively correlated with percettaur cover, and negatively correlated
with habitat patch size and matrix quality. Guisdsl species that were positively
correlated with habitat patch size, percent nattwakr and matrix quality were also
generally more abundant in the Middle and Upperaf&ted zones than the Lower
Physiographic Zone. Species composition and r@abundance were significantly
different among forests in the three Physiogragloices, so they could be used to
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distinguish Lower Watershed forests from Upper kiiddle Watershed Forests.
However, community composition in the Upper and dfedwWatersheds were similar.
The presence and relative abundance of 25 forebspecies could be used to
distinguish among forests in the three Physiog@gbnes of the Credit River
Watershed. Indicator species for Lower Watersheekts were generally urban
associates, indicators of Middle Watershed forest® forest specialists and Upper
Watershed forest indicators were Shrub NestingeHelyly Successional habitat
associates.
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1.0 INTRODUCTION

1.1 BACKGROUND

Ontario has undergone dramatic change since thalaof European settlers. A
landscape that was historically dominated by foteser has experienced rapid removal
of wildlife habitat and fragmentation of remainingtural areas by agriculture, residential
development and roads (Larson et al. 1999).

The amount of natural forest cover in a landscdnalictates what forest dependent
wildlife species can be supported. Although thisspecially evident with the
disappearance of large mammals such as the grdy@aiis lupus) and black bear
(Ursus americanus) from the highly developed landscapes of souti@mtario, this is
also true for smaller organisms such as birds #uts Forest habitat loss, and therefore
reductions in overall natural cover, can negatiafgct a species in many ways; some
species disappear from the landscape, some spisgse in abundance, while others
fail to reproduce (Noss and Cooperrider 1994). stedevelling species requiring large
habitat patches or specialized habitat conditisasyast sensitive to reduced forest
cover. While other species, such as urban assematgeneralist species may benefit and
flourish in disturbed landscapes. Recent studigs havealed that total forest cover may
be a better predictor of species richness, diweasitl occupancy than forest size, shape
and spatial configuration alone, especially onggoreal cover exceeds 30% (Andren and
Nurnburger 1994; McGarigal and McComb 1995; Fahf§7; Trzinski et al. 1999;
Villard et al. 1999; Fahrig 2002). Research thaefmphasizes the importance of
retaining and enhancing existing forest cover withie landscape.

Fragmentation generally results in the reductiototdl habitat available, the
isolation of remaining patches, decreases in pattghand often an increase in total patch
number (Noss and Cooperrider 1994; Fahrig 2002ntRind wildlife species that are
adapted to living in well-connected landscapes fame the challenge of acquiring all
resources crucial to survival and reproduction fisatated habitat patches (Beier and
Noss 1998). This is especially difficult for spextbat are poor dispersers or require
large home ranges to fulfill their foraging anddxuteng needs (Andren and Nurnburger
1994). Isolation from other patches can resulentuced ability to secure required
resources, reduced gene flow and ultimately exiopaof a species (Fleury and Brown
1997). Habitat loss and fragmentation can therdfiaxee serious implications for
populations, biodiversity and ecosystem functior(iigss and Fischer 2001; Noss and
Cooperrider 1994).

Forest cover levels are lower in southern Ontdramtanywhere else in the province.
The Carolinian zone has dropped from an estimatedgttiement value of 80% forest
cover to 11% (Larson et al. 1999). In 2002, the iamt land use in the Credit
Watershed was agricultural at 37%, followed by artavelopment at 29%, natural
cover at 23% and successional community coveraeal percent. Remaining forest
cover in the Credit River Watershed is at 12%, moelow Environment Canada’s
recommended minimum value of 30% forest coverwatershed to sustain stable and
‘healthy’ populations of wildlife species (Enviroemt Canada 2004).
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1.2 THE IMPORTANCE OF LONG-TERM MONITORING

There is an increasing demand for better accoumtirige condition and health of
the environment to determine whether conditiondgrapgroving or deteriorating (Niemi
and McDonald 2004). An ecological monitoring pragremcreases understanding of the
trends and processes of a given ecosystem. A supeoinitoring 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 stresand 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 the ’fatel. The main goals of the
Terrestrial Monitoring Program are to 1) measurbaators of the structure, composition
and function of terrestrial ecosystems, to asdesetosystem integrity of the Credit
River Watershed, 2) identify status and trendfi&integrity of terrestrial communities
at the watershed scale, and link to overall watsshtegrity, 3) identify spatial patterns
in terrestrial community integrity and 4) provideamingful data on which watershed
management decisions can be based (Credit Valleg&wation 2010). Within the
watershed several forest monitoring stations haems lestablished in which soil,
vegetation and wildlife parameters are measuretbsoribe forest conditions in the
watershed and to monitor trends over a 25 yeaog€Fig. 1&2).

Vegetation
| 1 J
| | | | N | |
[ Tree Health ] Regeneration [ Ground Cover ]
Wildlife
- 1 J
| | 1
[ Birds ] [ Salamander$ J

gmonitoring to begin in 2011
Figure 1. Forest health parameters in the Credit River Whests
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1.3 WHY MONITOR FOREST BIRDS?

Forest birds, with a special emphasis on songhivalge often been used as surrogates
for the health and status of wildlife species aatliral communities. This is because
individual bird species, populations and commusitiee sensitive to habitat changes that
have been shaped by reduced forest cover, hat@tahéntation and land-use practices.
Relative to other taxons, forest birds are easityeyed and the habitat requirements and
sensitivities are well known for many of the speci@aking them ideal indicators of
ecosystem health.

It is well established that long-distance migratsoypgbirds have been undergoing
significant population declines since 1966 (Rap@wié McDonalds 1994), with
approximately 71% of eastern migrants displayingatiee population trends between
1978 and 1987 (Roberts and Norman 1999). Somezahtist significant population
declines continent-wide have been observed in flaegding migratory bird species
(Roberts and Norman 1999). Declines have beemattd to a combination of the
following three processes: 1) increased mortabtyteey migrate; 2) increased mortality
on wintering grounds due to changes in habitat dedéorestation); and 3) reduced
fecundity and fitness on breeding grounds due bot&idloss and/or fragmentation
(Martin and Li 1992; Sherry and Holmes 1993; Buakel Nol 1998; Holmes and Sherry
2001). Declining forest bird populations continentle, combined with an increasing
loss of forest specialist bird species within uibery areas such as the GTA
(Environment Canada 2004) have therefore promaodedlption monitoring of Forest
Birds within the Credit River Watershed.

1.4 FOREST BIRD RESPONSES TO A CHANGING LANDSCAPE

Landscape effects on breeding songbird richness)daimce and reproductive success
are well studied in North America. Although somela responses are species or
regional specific, generalizations can be made tatbeuoverall effects of habitat loss,
fragmentation and land-use change on bird comnasiti

Percent forest cover has a positive effect on fdyed species richness, diversity and
abundance (Andren and Nurnburger 1994; McGraigalMoComb 1995; Fahrig 1997,
Fahrig 1998; Trzinski et al. 1999). In fact, thegigtence of many forest bird species is
expected once regional forest cover exceeds 30%i(Fa997). Although Burke and Nol
(2000) found that there was no significant efféddboal forest cover on the productivity
of five migratory songbirds, the study was conddgétea region of the province where
local forest cover exceeded fifty percent.

Forest bird species richness, abundance and regreglguccess are more heavily
influenced by habitat fragmentation and spatiafigomation once regional forest cover
values dip below 30% (Andren and Nurnburger 1994ai et al.1995; Fahrig 1997).
Negative effects of fragmentation on forest birghgation dynamics include increased
mortality of individuals moving between forest gags, lower re-colonization rates of
empty patches and reduced local population sizestireg in increased susceptibility to
extinction (Fahrig and Merriam 1994). Many forestitspecies also experience higher
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nest failure rates in fragmented versus contiglandscapes (Donovan et al. 1995;
Burke and Nol 2000) due to higher frequencies obldrparasitism (Brittingham and
Temple 1983) and nest predations (Robinson 199k:0wé 1985). Fragmentation not
only results in the loss of total habitat, but gatig increases the availability of edge
habitat and decreases habitat diversity (Mayer@erderon 2003). Both nest predation
and brood parasite (Brown-headed Cowbird) densitiedigher in edge habitats than in
forest interiors (Donovan et.d995; Burke and Nol 2000). Villard et al. (1995@
found that forest specialist bird species sucthasdvenbird and Scarlet Tanager were
positively correlated with proximity to nearestdst fragment. The influence of forest
patch size on forest bird communities has beenstetlied in North America. Species
richness, abundance and reproductive success secvath increasing woodlot size
(Blake and Karr 1987; Donovan et al. 1995; Villatdal. 1995; Burke and Nol 2000).
Larger forest patches generally have higher habéttrogeneity and diversity, which
results in higher forest bird species richnessdf@k and Merriam 1986; Blake and
Karr 1987). The diversity of habitats in largerghas is believed to increase bird species
richness by allowing the co-occurrence of a greatienber of species as species-specific
habitat requirements are met (Karr 1971, Blakelksaa 1987), and by reducing the
potential for competition between species by alfgyfior spatial segregation within a
patch (Martin 1987; Blake and Karr 1987). Overailld communities in small forest
patches are dominated by habitat generalists, faigst specialists increasing in
abundance and importance as patch size increakd® @1d Karr 1987). Burke and Nol
(2000) also found that reproductive success wéisaen€ed by forest patch size for a
community of migratory songbirds. More specificaligrest predation and nest
abandonment rates were significantly lower in lafgeest patches with core area than
small forest patches. Impacts of fragmentationavast demography are capable of
creating population sinks in forest fragments, liali case long-term sustainability of
certain populations are dependent on immigraticsntall patches from larger source
populations (Donovan et al. 1995).

It is important to note that the effects of fragnation on bird communities are
heavily influenced by the landscape matrix withinietr the remaining forest patches are
embedded (Askins et al. 1987; Andren 1992; Frietext. 1995; Donovan et al. 1995).
Different land-uses influence the taxonomic divigrand structural complexity of
vegetation, which affect the availability of neses and foraging microhabitats (James
and Warner 1982; Martin 1987; Martin 1988; Haské&®5). Communities of nest
predators also change in composition and abundarresponse to land-use (Angelstam
1986; Andren 1992; Hannon and Coterill 1998; Se89). Forest patches in agricultural
landscapes have higher levels of nest predatiorbeouatl parasitism rates, lower species
richness and lower abundances of forest speciat$tspecies than forest patches in
forested landscapes (Burke and Nol 2000; Thomp860;2Rodewald and Yahner 2001).
Relative to forested landscapes, forest patchas imrban matrix generally have higher
bird abundance, lower species richness and diyeesitl altered species composition in
which a few species become dominant (Friesen é08b5; Blair 1996). Species that are
able to exploit urban environments are able to ldgvdense and stable populations
because of ameliorated climate, increased foodnater availability and decreased
abundances of forest associated predators, whichatiély result in lengthened breeding
seasons, decreased annual mortality rates andhgextoroductivity (Marzluff 2001).
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However, urban matrices are not as favourablerest@associates, for who nest
predation and parasitism rates increase, whichtresteduced abundances of ground
nesting and interior bird species (Marzluff 20@gclines in bird species richness,
abundance and reproductive success in urban lgpelseae linked to decreased habitat
availability, decreased patch size, increased bdbéat, increases in non-native
vegetation, degreased vegetation complexity, irrg®@ predators, parasites and
competitors, and intolerance to human activities@uff 2001).

Overall, landscape metrics have the capabilityheinge ecosystem processes, habitat
availability, food availability, predator abundanpeedator composition and competitor
densities. All of these changes can influence padpnis of forest bird species, resulting
in effects on overall structure and compositiotvioi communities in the Credit River
Watershed. Therefore, observed population trenddad community composition will
be considered within the context of the changimgisgape of the Credit River
Watershed.

15 OBJECTIVE: MONITORING QUESTION

Concerns about the local population stability o&t birds and how it relates to
watershed health prompted forest bird monitorinthenCredit River Watershed in 2002
to answer the question:

ARE POPULATION TRENDS OF FOREST BIRDS IN THE CREDWATERSHED
STABLE?

More specifically, 1) are species richness, spatissity and forest bird
abundance changing through time (2002-2008); 2¥drast bird community
composition changed in the watershed from yeaetw;y8) are any guilds or individual
species experiencing population changes over tfgai7monitoring period; and 4) do
community parameters, and relative abundance ddgjaind individual species differ
spatially throughout the Credit 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 Physiographic Zonthe Credit River Watershed.
Bird guilds examined include the abundance of imlials with a low tolerance for
disturbance to forest habitats such as Forest Astescand Ground Nesting Species, the
abundance of species that have exhibited populdgchnes continent-wide such as
Aerial Foragers and Long-Distance Migrants, as agltlensities of species that often
flourish in urbanizing landscapes such as Genér&dge/Early Successional and Shrub
Nesting Species (see Methods section for details).
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Table 1.Forest bird monitoring framework for the Credit RiwVatershed

Monitoring Question Monitoring Variable 2 Me;anlltre(z)r;ent Analysis Method
Trend Analyses
Is forest bird species richness changing over tme Number of Species Count -Trend Analysis: Linearrgsgjon
the Credit Watershed? - Power Analysis
- Statistical Process Control
Is forest bird species diversity changing over time Shannon-Weiner Function Index -Trend Analysis: BinBegression
the Credit Watershed? - Power Analysis
- Statistical Process Control
Is forest bird community composition changing  Jaccard’s Index Index -Trend Analysis: Linear Regien
from year to year in the Credit Watershed? - Power Analysis
- Statistical Process Control
Is forest bird abundance changing over time in theRelative abundance (# birds Count -Trend Analysis: Poisson Regression
Credit Watershed? detected watershed- wide - Power Analysis
lyear) - Statistical Process Control
Are any guilds experiencing population increases &telative abundance (total # Count -Trend Analysis: Poisson Regression
declines in the Credit River Watershed? birds belonging to a guild - Power Analysis
detected watershed- wide / - Statistical Process Control
year)
Are any individual species experiencing populatiorRelative abundance (#birds Count -Trend Analysis: Poisson Regression
increases or declines in the Credit River Waterghedetected watershed- - Power Analysis
wide/year) - Statistical Process Control
Spatial Analyses
Are there spatial differences in species richness i Number of species detected Count -Repeated Measures ANCOVA
the Credit River Watershed? per site - Power Analysis
Are there spatial differences in species divelisity Shannon-Weiner Function per Index -Repeated Measures ANOVA
the Credit River Watershed? site - Power Analysis
Are there spatial differences in bird abundance in Relative Abundance (# Count -Repeated Measures ANOVA
the Credit River Watershed? birds/point/site/year) - Power Analysis
Are there spatial differences in guild abundance inRelative Abundance (#birds in Count -Repeated Measures AN(C)OVA parametric patense
the Credit River Watershed? guild/point/site/year) - Friendman Test and Kruskal Wallis Test for non-

parametric parameters
- Power Analysis
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N . o . & Unit of '
Monitoring Question Monitoring Variable Measurement Analysis Method
Spatial Analyses (Continued)
Are there spatial differences in the relative Relative Abundance (total Count -Repeated Measures AN(C)OVA for parametric
abundance of individual species in the Credit Rivenumber of individual parameters
Watershed? species/point/site/year) - Friendman Test and Kruskal Wallis Test for non-
parametric parameters
- Power Analysis
Landscape Analysis
Were forest bird parameters correlated with Bird guilds. Total species Variable -Spearman Rank Correlation
landscape metrics in the Credit River Watershed? abundance, species richness
and species diversity were
compared to habitat patch size,
% urban, natural and
agricultural cover, and matrix
quality
Community Analyses
Do forests in the three Physiographic Zones have Relative Abundance of each Count - Multi-response Permutation Procedure (MRPP)
unique species assemblages? species - Indicator Species Analysis

(#species/point/site/year)

All monitoring variables were summarized for eactlividual site in each year across the monitoriagqal.
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2.0 METHODS

2.1  BIRD SURVEYS

The relative abundance of forest breeding birdiggan the Credit Watershed
between 2002 and 2008 were estimated by followimgrBnment Canada’s ‘Ontario
Forest Bird Monitoring Program’ (Konze and McLarE397). Every year, unlimited
distance point-count surveys were conducted at@fige permanent point-count
stations at each of the 25 forest plots (Appendix @ne station was located in the centre
of the Terrestrial Monitoring Forest Plot, with ather points separated by at least 250 m
to avoid double-counting the same individuals. Estaion was visited twice between
May 24 and July 5, between 5:30 am and 10:30 amve$s were not conducted during
rain or when winds exceeded 15 kni hAll birds heard or seen during the 10 minute
point count surveys were counted, identified tocgge and where possible, notes on
breeding status and/or bird behaviour were recordéthough birds flying over
(‘flyovers) the site were noted, they were notuagd in analyses.

2.2 DATA PREPARATION

Prior to analyses, all observations of birds ngbamted with forest habitats were
removed from the data set. This included specigscisted with open fields or
agricultural areas such as Bobolifidolichonyx oryzivorus) or Savannah Sparrow
(Passerculus sandwichensis), marsh species such as the American (fedica
americana) and urban associates such as the Rock Pigawamba livia)
and House Sparro(Passer domesticus). Species associated with forests, but not
considered to be breeders within Credit River \W&ited were included in richness
estimates, only if detected after June 7. Flyo\rseovations were also excluded from
analyses.

For each species, relative abundance per pointgarwas calculated by taking
the maximum count recorded across the two visds férest stands with more than one
point count station, these values were summedadage a stand total, per species, per
year. Relative abundance of each species was #temated per point per site per year,
by taking the max abundance per point per site/gar, so all sites could be compared
regardless of variable station numbers among sigscies richness per site was
calculated by counting all species detected gi@iit count stations. For comparisons
among sites, this value was divided by the numbgomt count stations in each site
respectively. Watershed-wide species abundancei@mikess was a sum of all stand
totals (using the maximum count as mentioned above)
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2.2.1 Bird Guilds

Birds detected by the monitoring program were glsmped into eleven guilds
based on migratory behaviour, general habitat #estsmas, nesting preferences and
foraging niches (Appendices C-E). Root (1967) dsdiguilds aséd group of species that
exploit the same class of environmental resourcesin a similar way”. If selected carefully,
guilds can represent the “basic building blockstommunities (Hawkins and
MacMahon 1989; Simberloff and Dayan 1991). Ro86{) listed three main
advantages to using guilds in community studiegjullds are composed of all
competing species regardless of taxonomy, 2) gaddces the dual usage of the term
niche, and 3) guilds enable us to study groupsiétionally similar species thereby
providing a shortcut to studying individual speaiesponses (Root 1967). This is
especially important as many individual speciesewat detected in sufficient numbers
to analyze independently. The following guilds &ereated by referring to peer-
reviewed journal articles and books (Ehrlich etl@i88; Freemark 1989; Lichstein et al.
2002; Denford and Freemark 2004), the Ontario BregBird Atlas (Cadman et al.
2008) and by holding a workshop with a panel o&laxperts in 2010 to confirm the
groupings were appropriate to bird behaviour in@nedit River Watershed.

Migratory Behaviour:

1. Resident Bird Species- forest bird species thatleas the watershed year-
round.

2. Short-Distance Migrants- forest bird species tharate short distances
without leaving North America, often in responseséasonal fluctuations in
food and weather extremes.

3. Long-Distance Migrants- often referred to as nepital migrants, these
species migrate long distances to Central and Seunrica.

General Habitat Associations:

4. Forest Associates- forest bird species thatire forest habitats for nesting
and often specialized forest habitat features sgamature closed canopy
conditions, forest interior, large areas, largerditer trees or downed woody
debris.

5. Edge/ Early Successional Species- forestdpeties often associated with
forest edges, gaps, and early successional pattiaey, of which nest in
shrubs.

6. Habitat Generalists- forest bird species tiidize a variety of habitats
including forests, parks and residential areas.

Nest Site Preferences:

7. Ground Nesting Species- forest bird speciashhild open-cup nests on or
close (within 30 cm) to the ground.

8. Shrub/Mid-level Nesting Species- open-cupgbberd species that primarily
nest in shrubs and occasionally saplings (30 crtoabove the ground).

9. Canopy/ Sub-canopy Nesting Species- open-angstfbird species that
primarily nest in tree sub-canopies or canopiesn(@Bove the ground).

10. Cavity Nesting Species- forest bird spettias build their nests in tree

cavities (natural or excavated).

10
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Foraging Specialization:
11. Aerial Insectivores- bird species that nest anfiage in forests, that capture
insects on the wing as defined by Bird Studies @ana

2.2.2 Community Metrics

2.2.2.1Species RichnesRichness (alpha diversity) was calculated by cowgnti
the number of unique forest bird species identifiéatershed-wide, per year. Richness
calculations were also completed for each individita, per year.

2.2.2.2Species Diversityi-orest bird species diversity in the Credit River
Watershed was calculated using the Shannon-Weinestien:

S
HT:'Zpilnpi

1=1

WhereH! = Index of species diversity
s = Number of species
pi = Proportion of total sample belongingitb species

This was calculated both Watershed-wide per yeavedlsas at the site level for
every year. Values above 3.5 are considered t@esept communities with high species
diversity.

2.2.2.3Community Similarity.Forest Bird Community change or annual turnover
among years was calculated using Jaccard’s Sityillzdex:

S=__a

a+b+c

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

Community similarity values (beta diversity) werdaulated watershed-wide for
2002 vs. 2003, 2003 vs. 2004, 2004 vs. 2005, 2802006, 2006 vs. 2007 and 2007 vs.
2008. Percent community dissimilarity among yeaas walculated by subtracting
Jaccard’s similarity coefficient from 1 and mulyiplg by 100 (Krebs 1999).

11
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2.3  STATISTICAL ANALYSES

2.3.1 Trend and Temporal Analyses

Population trends of forest birds in the CreditdRiWatershed were analyzed
using the general linear model (GLM) Exact Non-pae#ric Inference Poisson
Regression test in R version 2.11.1 (R Foundatorstatistical Computing). Poisson
regression was used for population trend analysiaise count data often follows a
Poisson distribution, where the mean equals thamnes (Ter Braak 1994). This
methodology is further supported by Ter Braak ()99Ho after evaluating five
commonly used methods to analyse bird populatidéa, dancluded that Poisson
Regression was the most accurate and promisin@agpto assess population trends,
annual indices and effects of covariates. Exat$ t@sre used rather than asymptotic
models because they do not assume that data analhodistributed. Results were
considered significant wheé?<0.05 (Zar 1999) but discussed wHes0.10 to stay
consistent with the Canadian Breeding Bird Sunigzgwnes and Collins 1996) and to
avoid committing a Type Il Error which can haveiees implications in conservation
biology (Moran 2003, Nakagawa 2004). The slopeacheregression equation represents
percent annual population change.

Watershed-wide population trends were analyzedlf@pecies combined.
Species-level population trends were also analy¥atershed-wide, for bird species that
were detected across all monitoring years and whessn abundance was greater than or
equal to 10 individuals over the sampling period02-2008). Twenty-seven of the 86
forest bird species detected in the watershed alamaedant enough to be analyzed
independently according to the above mentionedraitBird species that were detected
in sufficient numbers in the different PhysiographAones were also analyzed to
determine whether trends in the three Physiograpbines were consistent with those
observed watershed-wide.

Population trends of the eleven bird guilds wess @nalyzed Watershed-wide
and by Physiographic Zone, using the general lineatel (GLM) Exact Nonparametric
Inference Poisson Regression test R version 2(RLAoundation for Statistical
Computing). Relative abundance values input ingoathalyses were the sum maximum
abundance of all species belonging to a partiguédd (Appendices C & D).

Trends of community metrics between 2002 and 20&&&nalyzed using linear
regression in STATISTICA 7.0 (Statsoft Inc.), withsults considered significant when
P<0.05. The slope of each regression equation reptepercent annual change in a
community metric.

2.3.2 Spatial Patterns of Bird Communities in the CreditRiver Watershed

To examine spatial patterns of forest bird commesiin the Credit Watershed,
monitoring sites were grouped into three Physiogiagones; Upper, Middle and Lower
Watershed. It is hypothesized that differencesimtuse cover and landscape
configuration among the three zones are likelyfluence forest health parameters,
including species richness, diversity and relasisandance. The Lower Watershed is
dominated by urban cover at 57%, compared to 158teJpper and Middle Watershed
zones. The Upper Watershed contains the greatgsbipion of agricultural and semi-
natural (successional) communities (56% combinel@d}ive to the Middle (51%) and
Lower Watersheds (34%). The Middle Watershed hagteatest proportion of natural
cover at 33%, with the Upper Watershed containirfgp 2nd Lower zone containing 7%
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natural cover. In addition to land-use, the camfagion and overall character of existing
natural cover also differs among the three Physjalgic Zones. The dominant forest
types in the Middle and Lower zones are deciduoglsnaixed-deciduous, compared to
the Upper Watershed where forests are represeqtedigby coniferous and deciduous
habitat types. On average, woodland units, compokéatest, plantation, cultural
woodland and treed swamp communities (Lee et 88, %re larger in the Middle than
the Lower and Upper Physiographic Zones. Fortypsiccent of all patches greater than
20 ha in size are found in the Middle Physiograptune, including the only seven
patches within Credit River Watershed boundarias éne greater than 200 ha in size
(Credit Valley Conservation 2007). Larger habitatghes are of particular importance to
breeding bird diversity as they are able to sustammunities of forest specialists such
as area sensitive or edge intolerant bird specasdscapes dominated by small habitat
patches are usually characterized by a high abwedainonly a few generalist bird
species that are tolerant of edge habitats andrbatces associated with non-forested
communities. Overall, forests in the Lower Watedshee smaller, more highly
fragmented and embedded in a less hospitable niatmixforests in the Upper and
Middle Watersheds. The Middle Watershed is pathefprotected Niagara Escarpment
and Oak Ridges Moraine, which is characterizedabydr, more connected forest patches
surrounded by a diversity of habitat types. The &ipfyatershed is similar to the Middle
Physiographic Zone, except for its higher proportwd agricultural land and successional
communities. Although birds are highly mobile ralatto many other wildlife species,
all of the above mentioned landscape parametetsyp@hesized to influence bird
species composition, abundance and reproductiveess¢o varying degrees. Spatial
analyses with consideration to landscape compaositia configuration will therefore
provide deep insight into potential mechanismsidgwbserved population trends and
patterns.

Data were analyzed with STATISTICA 7.0 (Statsoft.Jror SPSS 16.0 (SPSS
Inc.), with results considered significant wHes0.05 (Zar 1999). Data were tested for
normality and homoscedasticity using Shapiro-Wadksl Levene’s test for homogeneity
of variance, respectively. Non-parametric data viegeor square-root transformed to
meet the assumptions of normality. Where data coatde normalized, the non-
parametric equivalent test was used to completlysem

Repeated —measures ANOVA (Analysis of Variance)Repeated-measures
ANCOVA (Analysis of Covariance) were used to congpspecies richness, species
diversity, guild abundance and species relativendance among the three Physiographic
Zones. Forest size was used as a covariate indped®ed-measures ANCOVA for
parameters that were influenced by area. All respamariables (species richness, species
diversity, guild abundance and species relativendhnce) were tested in Statistica 7.0
for a significant relationship with forest size amamogeneity of slopes. Response
variables that fulfilled the two criteria were aymdd with Repeated-measures ANCOVA
in SPSS 16.0, otherwise Repeated-measures ANOVAwas STATISTCA 7.0.
Tukey’'s HSD tests for unequal sample sizes werd t@epost-hoc comparisons.
Bonferroni corrections were not used to reducdikeéihood of a Type Il Error (Moran
2003, Nakagawa 2004). Friedman Test was used mbifigldifferences among sampling
periods (2002-2008) for non-parametric data. Kris§kallis Test was then conducted on
annual data sets to identify differences amongdhhee Physiographic Zones for the non-
normalized data. Repeated-measures ANOVA or ANC@¥&#e only run for individual
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bird species that were detected in at least 5 witidn each of the three Physiographic
Zones (i.e. were present in at least 15 sites sla¢ekwide).

2.3.3 Landscape Analysis

To increase understanding of the relationshipaden forest bird populations
and the landscape which surround them, Spearmaki darelations were used to
determine if monotonic associations exist betwasharameters and landscape
metrics. Monotonic associations are instances whieeevariable increases or decreases
with the other variable but not necessarily imn@ér manner. Correlations were run
pairing the mean of each forest bird parametersacttoe monitoring period (parameters
listed in Table 2), to habitat patch size, matmalify, and finally percent agriculture,
natural and urban area within a 2km radius. Lanusg@@arameters were based on
orthophotography collected between 2005 and 20@¥ tne Credit River Watershed.
Aerial photographs were interpreted and analyseyusrcGIS, a software package
capable of generating information on patternscsting, and change within a landscape
(Credit Valley Conservation 2007).

Spearman Rank correlations were completed usidgr&TICA 7.0 (Statsoft
Inc.), with results considered significant whHe«0.05. It is well established that habitat
patch size has the potential to influence spedas@ance, richness and reproductive
success. A radius of 2km was chosen for the scbfie@bove landscape composition
parameters to be consistent with other researdiirdrresponses to landscape matrix,
and to remain consistent with trends describecegetation parameters. In addition, this
distance has been used in other local monitoringjas to examine matrix influence, as it
is the distance within which most species disperaalbe expected for most floral and
faunal species (Toronto and Region Conservatiomdaity 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 Auttha007).
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Table 2. Summary of temporal and spatial analyses usedfest bird parameters within the Credit River

Watershed.
Parametric Non-

Parametric Temporal and Parametric No Temporal

Forest Bird Variable Trend Sp atial Temporal and  and Spatial
Analysis P Spatial Analyses
Analyses
Analyses

Community Metrics
Species Richness X X
Species Diversity X X
Species Abundance X X
Guilds
Migratory Guilds
Resident Species X X

x
>

Short-Distance Migrants
Long-Distance Migrants X X
Nesting Guilds
Forest Associates X X
Edge/Early Successional Species X
Habitat Generalists X
Nesting Guilds
Ground Nesting Species X
Shrub Nesting Species X
Canopy/Sub-canopy Nesting Species X
Cavity-nesting Species X
Foraging Guild
Aerial Foragers X X
Individual Species
American Crow X
American Robin X X
Black-capped Chickadee X X
Black-throated Green Warbler X X
Blue Jay X X
Brown-headed Cowbird X
Cedar Waxwing X
Chipping Sparrow X
Common Grackle X
Downy Woodpecker X
Eastern Wood-pewee X
Great Crested Flycatcher X X
X
X
X
X
X

X X

X X X X X

x| X

X

Hairy Woodpecker
House Wren
Indigo Bunting
Northern Cardinal
Northern Flicker

x
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Parametric Non-
Parametric Parametric No Temporal
Temporal and .
Trend Spatial Temporal and  and Spatial
Forest Bird Variable Analysis Anal Spatial Analyses
yses
Analyses

Individual Species (Continued)
Ovenbird X X
Pine Warbler X X
Red-eyed Vireo X X
Rose-breasted Grosbeak X X
Scarlet Tanager X X
Song Sparrow X X
Veery X X
White-breasted Nuthatch X X
Wood Thrush X X

2.3.4 Bird Community Composition and Structure

2.3.4.1Multi-Response Permutation Procedure & Indicataecss AnalysisTo
test the differences in community composition amtivegthree Physiographic Zones,
Multi-Responses Permutation Procedure (MRPP) wagated in PC-ORD 5.0
(McCune and Grace 2002). MRPP is a non-paramatoicedure used to test differences
between two or more a priori groups (in this cééel communities in three
Physiographic Zones), based on Euclidean distafitestest statistic describes the
separation among groups in n-dimensional spacemidre negative the test statistic, the
stronger the separation among groups. The probabélue (p) is the likelihood of
finding a difference among groups that is stroraganore extreme than the observed
difference among groups. MRPP was run for each ipel@pendently (McCune and
Grace 2002).

Indicator Species Analysis was conducted in PC-GRIDfollowing MRPP to
describe what forest bird species best discrimiaateng the three Physiographic Zones.
A Blocked Multi-Response Permutation was conduatdeiC-ORD 5.0 to test the
difference in species composition among years. iB&xthere was no effect of year on
community composition, data from all years werepechtogether. Indicator Species
Analysis uses the relative abundance of a spetieadh pre-defined group (in this case
from each Physiographic Zone) and the faithfulre#sts occurrence in the groups
(Physiographic Zones) to produce indicator vallsdicator values range from zero to
100, where zero represents no indication and 1@(perfect indicator, found exclusively
in one group. Monte Carlo Test was used to tesaliilgy of each species to statistically
differentiate among the bird communities in thee&éhPhysiographic Zones aP& 0.05
(McCune and Grace 2002).

2.3.5 Statistical Process Control and Threshold Identifiation

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
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is considered “out of control” and, as such, urahlé for developing a monitoring
baseline. If the time series exhibits natural rande@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.).

Statistical Process Control charts are divided &t zones based on the mean
value of a time series and its standard deviatipaséed to sample size (Fig. 3) (Maurer
et al. 1999). The upper and lower critical limdgefined as +/- 3 standard deviations (SD)
from the mean, encompass the “in control” rangheftime series. Control charts for
stable systems will not contain any points outsige+/- 3 SD “in control” range. In such
a case, the series represents appropriate refecendédions from which the +/- 3 SD
critical limit thresholds can be adopted. Seriethyebints outside the “in control” range
may represent an ecosystem under stress or mdewwlysoward some alternate state. A
data set in this type of flux would not provide eggriate reference conditions on which
thresholds could be based.

Individuals Chart
140
UCL=125.378

120
100 /\/
% CEN=79.714

40

LCL=34.051
20
0+
2002 2003 2004 2005 2006 2007 2008
Moving R Chart

60 UCL=56.084

50

40

30

20 CEN=17.167 -
10 /

0 TCL=00

10 2002 2003 2004 2005 2006 2007 2008
20

Figure 3. Example of a Statistical Control Chart for the Afnan Robin. Both the Individual Moving
Average (top) and Moving Range Charts (bottom)iareontrol’ between 2002 and 2008,
allowing for monitoring thresholds to be establdfem these data

For this study Individual Moving Average and MoviRgnge Charts were examined
to determine if each forest bird parameter waomtrol (Paul Zorn, pers. comm.).
Values that exceed the critical limits and are eisgéed with significant increasing or
decreasing trends should always be investigatadtigbly. Often in monitoring, early
detection of changing trends or significant declmparameters is desired in order to
recognise problems before the effects become irsébte. To address these early
detection concerns, the upper and lower warningdion control charts are represented
by +/- 2 SD from the mean. Trends of series thaee# the warning limits but not the
critical limits should be tracked closely for fugthchanges. A time series with values
falling within the warning limits is exhibiting natal variability and is considered to be
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stable and not of concern based on SPC alonetaisscal control charts for vegetation
data were generated using SPC XL (SigmaZone)ré-piairty add-on application to
Microsoft Excel.

2.3.6 Power Analysis

Power analyses were conducted in PASS (NCSS mdgtermine the number of
monitoring sites required in order to detect sigaifit levels of change in various forest
bird parameters. Power analysis also assessedtithg af the current monitoring
program to detect statistical differences in fol@sl parameters among Physiographic
Zones and among years, given the number of edtadlisionitoring sites. Power analysis
uses baseline monitoring data to determine if aatht monitoring sites are required to
detect significant trends. Effect size refers @ dletectable change in the time series over
a given interval, and is often related to a specifonitoring threshold. Based on
statistical process control, which also uses baselionitoring data to generate
monitoring thresholds, changes in a parameterbb represent natural variability in
stable systems and are not considered to be oeoonChanges in a parameter of £ 2 SD
are considered outside of normal variability expdah 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 progras determined for each analysis,
except for Repeated Measures ANOVA. These resudte wsed to determine the quality
of current monitoring data. Data quality was asseésgcording to Table 3, developed by
Dobbie et al. (2006) and CVC. Although these ralessubjective, they are not arbitrary
and are based on emerging common practice amorsg@tion agencies, personal
experience, and logistical considerations (Dobbi.€2006). For linear regression, the
upper effect size limit (data are “red”) is setfifo because changes above this point are
too coarse to provide early warning of decline pasameter (Dobbie et al. 2006). The
lower effect size limit (data are “green”) is set20% because a smaller effect size is too
fine and would likely result in an unaffordable ntoring program. An effect size of less
than 20% may be reasonable for some parameterthibus likely not the case for all
monitored parameters. And although smaller effeetssmay allow for the detection of
significant differences more often, without knowged-egarding natural variability in the
parameter it may be difficult to determine if thebanges are meaningful (Dobbie et al.
2006). It is important to note that the data qyaliles developed by Dobbie et al. (2006)
were set according to power analysis of a pahtedt. This test does not reflect changes
in trends but changes in status and usually regjaigmaller sample size to achieve the
same power and confidence as a regression tesbi®ebal. 2006). Therefore, data
guality assessment is appropriate, if not moregémt than necessary, for analyses
completed in this report.

Confidence and power levels are also subjectinmiynot 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
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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 confidémtieis type of monitoring (Dobbie et

al. 2006).
Table 3.Rule set for assessing data quality in monitoriregasures (adapted from Dobbie et al. 2006).
Effect size
Data Qualit ' i i Confidence  Power
Q y Linear Regressmn_ and Poisson Repeated Measures ANOVA
Regression
Green <20% change Currently hgye enough S|tes_ to detect 80% 90%
significant relationship

Yellow >20% <40% change N/A 80% 90%
Red >40% change Currently do not have enough sites tc 80% 90%

detect a significant relationship
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3.0 RESULTS AND DISCUSSION
3.1 DESCRIPTIVE RESULTS

3.1.1 _General Bird Species Composition
Monitoring Question: How many breeding bird species were detected water shed-wide?

-In total, 108 breeding bird species were deteatattrshed-wide between 2002 and
2008.

Over the seven year monitoring period, a total@8 threeding bird species were
detected at forest plots, which represents 69%ef67 bird species that are known to
breed in the Credit River Watershed. An additis®len species including five
migratory non-breeding species, the Bay-breastetbMfaDendroica castanea),

Blackpoll Warbler Dendroica striata), Swainson’s ThrushQatharus ustulatus),

Tennessee WarbleYérmivora peregrine) and Wilson’s Warblerflsonia pusilla), as

well as unconfirmed breeders Double-crested CormidRinal acrocorax autritus) and
Ring-billed Gull LCarus delawarensis) were also detected in the watershed. Although not
included in the total species count, their preséme¢ke Credit River Watershed
emphasizes the importance of these forests asatritiopover habitat.

According to the Ontario Breeding Bird Atlas (Cadn&t al. 2008) forty-nine of
the observed species were considered forest agso¢iag. 4, Appendix B). The
remaining species detected were identified as #badly successional, wetland, open
habitat or urban associates. Based on a worksHdokie€CVC in 2010, bird species were
reclassified by local experts into general halgtatds based on their behaviour within
the Credit River Watershed. All species considéoatest in habitats encompassed by
forest communities (. including forest gaps or along edge habitats) weparated from
non-forest breeders, for a total of 86 specied586 of the birds observed over the seven
year period (Appendices C-E). Bird species thatakobreed in forest habitats were often
detected as distant observations and their relativedance estimates were therefore not
representative of true densities Watershed-widiei2nt monitoring protocols are
necessary to accurately assess bird communitiesreforest habitats and because these
methods have not been conducted as part of theskeal Monitoring Program to date,
all non-forest bird species were extracted fronthierr analyses.

Of the 86 forest associate bird species, threenabive species, the European
Starling G&urnus vulgaris), House Finch@arpadacus mexicanus) and Ring-necked
PheasantRhasianus colchicus) were detected in forest communities. The twoaiemg
non-native species, House Sparr@®asser domesticus) and Rock Pigeo(Columba
livia) were detected in open or urban areas adjacentastfplots, and therefore not
included in analyses.

Between 2002 and 2008, four species at risk wetectial in the Watershed; the
nationally threatened Chimney Swi@Hlaetura palagica) and Canada Warblewflsonia
canadensis), the nationally and provincially threatened Hod&®arbler \Mlsonia
citrina), and the nationally and provincially designatpddes of concern, Louisiana
Waterthrush $eirus motacilla).
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Figure 4.Bird species detected between 2002 and 2008 i€tbdit River Watershed, grouped by habitat
preference.

In 2004 Credit Valley Conservation Authority rankgekcies inhabiting the
watershed according to their sensitivity to envin@mtal change and disturbance.
According to a draft version of the ranking, a taal10 species in the Credit River
Watershed have been designated as Species of €atiserConcern (SoCC). These
species are designated at risk either federallyoaqaovincially, or are provincially rare
according to OMNR'’s Natural Heritage Informationn@e. Species of Interest (Sol) are
either uncommon in the watershed and/or have eehilai significant population decline
in the past 25 years. Species of Urban InteredtlSoverwinter in the Credit River
Watershed but breed elsewhere, are area sengitigeest interior nesting species. Based
on the draft version of the list (2009), over twards of bird species detected in the
Watershed fall within one of the three concern gatties (SoCC, Sol and SoUl; Table 4).
The remaining species are considered to be stallerenative.

Table 4.Ranking of Bird Species Detected in the Watershethe Terrestrial Monitoring Program,
according to CVC'’s Species of Conservation Concern.

Species of Conservation Concern Ranking Number of Bird Species
Species of Conservation Concern 4
Species of Interest 35

Species of Urban Interest 44

Secure 26
Non-native 5
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3.1.2 Most Common Species

Monitoring Question: What were the 10 most common forest bird species encountered
in the Credit River Water shed?

All of the top 10 species (Table 5) are widespraass the province, four of
which are considered to be Habitat GeneralistsoiBtapped Chickadee, American
Crow, American Robin and Northern Cardinal; Append). Five of the top ten species
are also considered to be regular urban inhabi{@hsk-capped Chickadee, Blue Jay,
American Crow, American Robin and Northern Cardihglithe Ontario Breeding Bird
Atlas (Cadman et al. 2008). The high abundancelmrutolerant, generalist species in
forest plots reflects the presence of non-forestroanities and land-uses throughout the
Credit Watershed. The forest bird community obsgimehe Watershed is what would
be expected in deciduous forests of southern @ntari

Table 5. Ten most widespread forest bird species in the iCRider Watershed, between 2002 and 2008.

Frequency of

Species Common Name Species Latin Name Relative Abundance®

detections®
Red-eyed Vireo Vireo olivaceus 24.1 153.0
Black-capped Chickadee Poecile atricapillus 23.8 100.9
American Crow Corvus brachyrhynchos 19.2 99.9
American Robin Turdus migratorius 23.4 79.7
Ovenbird Seiurus aurocapillus 12.4 68.7
Blue Jay Cyanocitta cristata 22.9 62.6
Eastern Wood-pewee Contopus virens 22.6 59.6
Great Crested Flycatcher Myiarchus crinitus 17.9 38.7
Northern Cardinal Cardinalis cardinalis 12.6 37.4
Wood Thrush Hylocichla mustelina 10.7 26.3

@The average number of sites (out of a total oftB&) a species was detected, across years.
® The average abundance, Watershed-wide, across years

3.1.3 Community Composition
Monitoring Question: Did species composition change over the monitoring period?

- Species turnover in the monitored sites rangéaden 29% and 20% between years

Jaccard Similarity Values ranged between 0.71 aB@d @presenting a 29 to 20
percent annual turnover rate in species composifithough not significant, the greatest
turnover in species composition occurred betwed 2d 2005 (29% species
turnover), with communities exhibiting the greatsstilarity between 2003 and 2004
(20% turnover; Fig 5, Table 6).
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Figure 5. Community Similarity at 25 forest plots in the Citddiver Watershed between 2002 and 2008.
Equation of the regression line and p value pravidgommunity Similarity remained stable
between 2002 and 2008.

Table 6.Percent community similarity and dissimilarity forest bird species, Watershed-wide, between

years.

Comparison % Community Similarity % Community Dissimilarity
2002-2003 0.77 0.23
2003-2004 0.80 0.20
2004-2005 0.71 0.29
2005-2006 0.73 0.27
2006-2007 0.77 0.23
2007-2008 0.76 0.24
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3.2 TEMPORAL ANALYSIS

3.2.1 Species Richness and Diversity

Monitoring Question: Isforest bird species richness and diversity changing in the
Credit River Watershed?

- Forest bird species richness increased in theMfad between 2002 and 2008.
- Forest bird species diversity was stable in tregaished between 2002 and 2008.

According to the Linear Regression Trend Analysig] species richness showed
an increasing trend between 2002 and 2008 in tediCRiver Watershed
(Bp=0.06, F=6.875p =0.046; Table 7, Fig. 6). Bird species diversitd @ommunity
similarity were stable between 2002 and 2008 inGhexlit River Watershe@-0.004,
F=0.792,p =0.410 and3=-0.001, F=0.069) =0.810, respectively; Table 7, Fig. 7 & 8).
Statistical Process Control IMR Charts were ‘intcoly indicating a stable time series
upon which thresholds could be established (Tabl&s3). The slow and steady increase
in species richness was not large enough to cleatt®f control’ non-random
fluctuations in the SPC IMR Charts.

Table 7.Community Metric Trends and Statistical Processtf@bmiResults.

Average

Annual Statistical

Rate of Process
Community Metric Change ) F value p-Value R? Observed Trend  Control °
Species Richness
Watershed-wide 0.060 6.875 0.046  0.494 increasing in control
Lower Watershed 1.035 1.854 0.123  0.289 stable in control
Middle Watershed 0.250 0540 0612 0.134 stable in control
Upper Watershed -0.107 -0.253 0.810 -0.185 stable in control
Species Diversity
Watershed-wide -0.004 0.792  0.410 -0.036 stable in control
Lower Watershed -0.014 -0.602 0573 -0.119 stable in control
Middle Watershed -0.043 -1.780 0.135  0.266 stable in control
Upper Watershed -0.058 -2.124 0.087 0.369  declining trend in control
Total Abundance®
Watershed-wide 0.032 5.319 <0.0001 Na increasing in control
Lower Watershed 0.042 4.056 <0.0001 n/a increasing in control
Middle Watershed 0.032 3.795  <0.0001 n/a increasing in control
Upper Watershed 0.018 2.033 0.042 n/a increasing in control

@z values calculated for parameters analysed withg®oi Regression
® Both the Individuals and Moving Average Chartsavém control’ to be labelled as such. Species
richness was the only community metric that shoawetianging trend between 2002 and 2008.
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Figure 6. Total number of forest bird species observed dbgst plots in the Credit River Watershed
between 2002 and 2008. Equation of the regressierahdp value provided. Species
richness increased 6% per year between 2002 arg@l 200
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Figure 7. Total species diversity at 25 forest plots in thiedt River Watershed between 2002 and 2008.
Equation of the regression line apdalue provided. Species Diversity remained stable
between 2002 and 2008.
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Figure 8. Total number of forest birds detected at 25 fopésis in the Credit River Watershed between
2002 and 2008. Average annual rate of changegardue provided in parentheses. Total
abundance remained stable between 2002 and 2008.

Table 8. Monitoring thresholds extracted from Statisticabé&rss Control Individuals (Moving Average)
IMR Charts representing data collected between 20022008.

Thresholds

Upper Lower

Warning Warning
Parameter Threshold Threshold
Community Metrics
Species Richness 84.9 75.4 56.5 61.3
Species Diversity 3.6 35 3.3 34
Community Similarity 0.86 0.82 0.66 0.70
Total Abundance 1571.4 1380.5 998.6 1094.0
Guild Abundance
Resident Species 690.6 628.6 318.2 380.3
Short-Distance Migrants 783.0 697.7 271.3 356.6
Long-Distance Migrants 901.2 845.4 551.3 610.1
Forest Associates 1092.0 1020.3 662.0 733.7
Habitat Generalists 889.8 817.2 457.1 529.2
Edge/Early Successional Species 138.8 130.4 88.3 .7 96
Ground Nesting Species 264.1 246.2 156.8 174.8
Shrub Nesting Species 637.8 565.8 205.9 277.9
Sub-Canopy/Canopy Nesting Species 1064.3 965.9 6474. 572.9
Cavity Nesting Species 397.9 369.2 225.9 2545
Aerial Foragers 176.2 162.8 95.5 109.0
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Watershed-wide, a total of 65 to 78 forest birdcggewere detected annually.
Species richness was lowest in 2003 and higheéX208. It is not clear why species
richness increased in the Credit River Watersheckesmonitoring began. Bird surveys
were conducted by the same individuals from 2008awds, reducing the potential for
observer bias. A greater number of species atwvesle detected in 2008 than any other
year, but this does not explain the steady increbserved throughout the whole
monitoring period (Table 7). Changes in bird abumgaand species composition occur
due to processes both in the breeding and wintgriognds (for migratory species).
Changes in habitat suitability due to anthropogaiteration or natural successional
processes are likely to influence species composés do events that change food
availability, such as the introduction of bird feeslin urban and sub-urban areas, or
insect outbreaks in areas with higher forest comipos(Holmes and Sherry 2001).
Extreme weather events both in the breeding andvnering habitats can also have
both positive and negative effects on bird spectsposition, over the short and long-
terms (Holmes and Sherry 2001). It is also hypsittesl that climate change has the
potential to change species richness as bird spasociated with more southern regions
expand northwards, and more northern species abfitndher north to accommodate for
the changes in vegetation composition and stru¢hateare expected to occur. Further
monitoring of species richness will provide morsight into the mechanism behind
increasing species richness in the Credit Riverevgaed.

Watershed-wide, species diversity ranged betwegh ahd 3.55 annually. It was
lowest in 2008 and highest in 2004, although ngnificantly. It is important to note that
although species richness showed an increasind, ttieait species diversity remained
stable. Because species diversity accounts faivelabundance of all species detected,
the non-significant results are likely a functidrtlee fact that newly detected species
were only represented by one or two individualdb(&&, see discussion on total relative
abundance below).

3.2.2 Species Relative Abundance

Monitoring Question: Isforest bird relative abundance changing in the Credit River
Water shed?

- Forest bird relative abundance increased in thé&Yshed between 2002 and 2008.

Watershed-wide, forest bird relative abundancesiased between 2002 and 2008
in the Credit River Watershefl<£0.032, z=-5.319 <0.0001; Table 7, Fig.8). Relative
abundance was lowest in 2002 with 1109 individdat®cted, relative to 2008 when
1418 individual birds were observed Watershed-wide.

Holmes and Sherry (2001) suggest that large chandeed abundance and
species composition can occur over time even instunbed and relatively mature
habitats due to natural successional processegjicigavegetation structure and increases
in summer food availability due to insect outbreaks

Statistical Process Control IMR Charts were ‘intcoly indicating a stable time
series upon which thresholds could be establishiall¢és 4 & 5).
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3.2.3 Bird Guild Relative Abundance

Monitoring Question: Are any forest bird guilds changing in relative abundance in the
Credit River Watershed?

- Watershed-wide, populations of Residents, Shigstedce Migrants, Long-distance
Migrants, Habitat Generalists and Canopy/Sub-camgsting Species showed
increasing trends. Cavity-Nesting and Shrub Nedtindjspecies also showed increasing
trends towards significance between 2002 and 2008.

- Populations of Long-Distance Migrants did notrease, while Shrub Nesting and
Edge/Early Successional Species increased in thelLWatershed.

- Habitat Generalists, Edge/Early Successional@madind Nesting Species have
declined in the Middle Watershed.

- Ground Nesting Species also declined in the Upyatershed Zone.

According to the Poisson Regression Trend Analysgsulations of Residents
(p=0.0897=7.319,p <0.0001), Short-distance Migranfs=0.0387=3.536,p =0.0004),
Long-distance Migrant$$€0.0527=5.430,p <0.0001), Habitat Generalists
(p=0.0287=3.061,p =0.002) and Canopy/Sub-canopy Nesting Spe@e8.0507=5.040,
p <0.0001) all showed increasing trends between 20022008 watershed-wide (Table
7, Appendix F). Over the same time period, popatetiof Cavity Nesting Species
=0.026,z=1.920,p =0.055) and Shrub Nesting Species showed trends ttsw
increasing Watershed-widf=0.018,z=1.757,p =0.079; Table 9, Appendix F).
Populations of the remaining four guilds were statally stable throughout the same
time period. Statistical Process Control IMR Chargse ‘in control’, indicating a stable
time series upon which thresholds could be estaddigTables 8 & 9).

When population trends of guilds were analyzed isg¢ply for each of the three
Physiographic Zones, some differences were deteCatrary to Watershed-wide
trends, Long-distance Migrant$3<-0.010,z=-0.932,p =0.352) did not increase in the
Lower Watershed between 2002 and 2008, but ShrghingeSpeciespE0.049,z=3.398,
p <0.0001) and Edge/Early Successional Spe@re8.011,z=1.986,p =0.046) did show
increasing trends over the monitoring period. HetlBeneralistspE-0.037,2=-3.235,p
=0.001), Edge/Early Successional Spedie®(012,z=-1.973,p =0.004) and Ground
Nesting Species showed declining population trendse Middle Watershe@¢-0.054,
z=-2.705,p =0.006) that were not detected Watershed-wide.tShstance Migrants
were also stable in the Middle Watershed betwe@&2 2tid 20083=0.006,z=0.444p
=0.657). Similar to the Middle Watershed, populasi@f Ground Nesting Species
declined between 2002 and 2038{0.072,z=-3.654,p =0.00013), while Short-Distance
Migrants remained stabl@%£-0.003,z=-0.181,p =0.856). Additionally, unlike
Watershed-wide trends, Habitat Generalists remastedule in the Upper Watershdik({
0.0008,z=-30.055,p =0.956).
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Table 9.Forest Bird Guild Population Trends and StatistRadcess Control Results

Average

Annual

Rate of Observed Statistical Process
Guild Change ZValue  p-Value Trend ® Control °
Migratory Guild
Resident Bird Species
Watershed-wide 0.089 7.319 <0.0001 increasing in control
Lower Watershed 0.037 2.744 0.006 increasing in control
Middle Watershed 0.003 0.166 0.868 stable in control
Upper Watershed -0.011 -0.754 0.451 stable in control
Short-Distance Migrants
Watershed-wide 0.038 3.536 0.0004 increasing in control
Lower Watershed 0.028 2.155 0.031 increasing in control
Middle Watershed 0.006 0.444 0.657 stable in control
Upper Watershed -0.003 -0.181 0.856 stable in control
Long-Distance Migrants
Watershed-wide 0.052 5.430 <0.0001 increasing in control
Lower Watershed -0.010 -0.932 0.352 stable in control
Middle Watershed 0.013 2.001 0.031 increasing in control
Upper Watershed 0.090 2.384 0.017 increasing in control

General Habitat Association Guilds
Forest Associates

Watershed-wide -0.005 -0.594 0.552 stable in control
Lower Watershed -0.004 -0.242 0.809 stable in control
Middle Watershed 0.015 1.481 0.138 stable in control
Upper Watershed -0.006 -0.615 0.539 stable in control
Habitat Generalists

Watershed-wide 0.028 3.061 0.002 increasing in control
Lower Watershed 0.011 0.873 0.383 stable in control
Middle Watershed -0.037 -3.235 0.001 declining in control
Upper Watershed -0.00008 -0.055 0.956 stable in control
Edge/Early Successional Species

Watershed-wide -0.001 -0.043 0.966 stable in control
Lower Watershed 0.011 1.986 0.046 increasing in control
Middle Watershed -0.062 -1.973 0.049 declining in control
Upper Watershed -0.123 -2.834 0.005 declining in control

Nesting Guilds
Ground Nesting Species

Watershed-wide 0.040 0.775 0.438 stable in control
Lower Watershed -0.0006 -0.036 0.971 stable in control
Middle Watershed -0.053 -2.705 0.007 declining in control
Upper Watershed -0.072 -3.654  0.0003 declining in control
Shrub Nesting Species

Watershed-wide 0.018 1.757 0.079 increasing trend in control
Lower Watershed 0.049 3.398 0.0007 increasing in control
Shrub Nesting Species

Middle Watershed -0.015 -0.972 0.331 stable in control
Upper Watershed -0.006 -0.300 0.764 stable in control
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Average Statistical
Annual Rate Observed Process
Guild of Change Z Value p-Value Trend ? Control °

Nesting Guilds (Cont'd)
Canopy-Sub/Canopy Species

Watershed-wide 0.050 5.040 <0.0001 increasing in control
Lower Watershed -0.020 -1.246 0.213 stable in control
Middle Watershed 0.009 0.887 0.375 stable in control
Upper Watershed 0.005 0.479 0.632 stable in control
Cavity Nesting Species

Watershed-wide 0.026 1.920 0.055 increasing trend in control
Lower Watershed 0.018 0.964 0.335 stable in control
Middle Watershed -0.020 -1.126 0.260 stable in control
Upper Watershed -0.002 -0.115 0.908 stable in control

Foraging Guild
Aerial Foragers

Watershed-wide 0.027 1.275 0.202 stable in control
Lower Watershed -0.055 -1.554 0.120 stable in control
Middle Watershed 0.036 1.413 0.158 stable in control
Upper Watershed 0.008 0.317 0.752 stable in control

# Resident Bird Species showed increasing trendie Viltound Nesting Species showed declining trends
watershed-wide between 2002 and 2008.
® Both the Individuals and Moving Average Chartsevém control’ to be labelled as such.

Resident bird species showed increasing populétems Watershed-wide. This
was consistent with trends reported in the Ontargzding Bird Atlas (Cadman et al.
2008), which were attributed to milder winters amcteasing forest cover in regions of
Ontario. The increase in Short-distance Migrantsnarily in the Lower Watershed, was
also supported by province-wide trends observeldarOntario Breeding Bird Atlas
(Cadman et al. 2002) and nation-wide in the CamaBraeding Bird Survey (Downes
and Collins 1996). Many Short-distance Migrantssaed-eating, grassland or shrub
nesting species, and increasing populations mathbuted to increased availability of
habitats these species are dependent upon in ther\Matershed (i.e. abandoned
agriculture reverting back to meadow, and shrutkets associated with forest edge
habitats prevalent in urbanized areas; Cadman 2088).

Increasing populations of Long-Distance Migrantshia Credit River Watershed
between 2002 and 2008 were unexpected as the @Btaeding Bird Atlas (Cadman et
al. 2008) has reported an overall decrease in IisgaNCce Migrants in the Carolinian
and Lake Simcoe Regions. On a national scale, #madan Breeding Bird Survey has
also reported significant long-term declines ingagpions of Neotropical Migrants
between 1967 and 2000. It is important to note tt@bbserved population increases are
driven by processes in the Middle and Upper Waggtslalone, as this trend was not
observed in the Lower Watershed. It is possiblértieturation and restoration of forest
habitats in these two Physiographic Zones sinc@ 2@@e provided more favourable
conditions for Long-Distance Migrants. Holmes ami®y (2001) suggest that large
changes in bird abundance and species composdimonacur over time even in
undisturbed and relatively mature habitats dueatonal successional processes changing
vegetation structure and increases in summer foaibdility due to insect outbreaks. It
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is also important to note that the decline of Laligtance Migrants reported by the
Ontario Breeding Bird Atlas (Cadman et al. 2008)esawvily influenced by the inclusion

of aerial foraging swallow and nightjar speciesjchirare one of the groups undergoing
the most severe population declines continent-witie. absence of these species in
Credit Watershed forests may partially accountifierences in observed trends. Further
monitoring will allow us to determine whether tiiend will continue in the Credit
Watershed over the long-term, or whether it is fusgmporary response to some
undefined process(es).

Increasing populations of Habitat Generalists amail$ Nesting Species are
driven primarily by processes in the Lower Watedstiéhe increasing populations of
Edge/Early Successional Species in the Lower Wagersombined with those observed
with Habitat Generalists and Shrub Nesting Spemiedikely related to the increasing
fragmentation and urbanization of the Lower Physipbic Zone, as urban development
generally increases the availability of edge armdisldominated habitats (Marzluff
1997). Most of the species belonging to these thudes are urban tolerant and require
periodic disturbance to regulate and create esder@sting habitat conditions. The
Ontario Breeding Bird Atlas (Cadman et al. 2008 abso reported a significant increase
in urban tolerant, generalist species Ontario-whttewvever, Edge/Early Successional and
Shrub species were reported to decline in the @éaoland Lake Simcoe-Rideau
Regions, due to agricultural intensification. h#ication of urban development, rather
than agriculture has been observed in the LoweeWhed, which explains the different
trends observed in our study relative to the OatBreeding Bird Atlas (Cadman et al.
2008).

It is interesting to note that declines of Grourekihg Species were only
observed in the Middle and Upper Watersheds. Ttledddeclining trends observed for
this guild in the Lower Watershed are likely dueheir relatively low abundance in the
Lower Physiographic Zone. Of special note is thedlides of Ground Nesting Species
were more severe in the Upper than the Middle Vgaet. This difference may be
attributed to the higher proportion of agricultuleid in the Upper Watershed. Many nest
predators such as domestic cats, eastern greyealgumacoons, blackbirds, and corvids
(e.g.American Crow, Blue Jay) and brood parasites anergdly more abundant in
agricultural than forested landscapes, with thempixd! to increase levels of nest
predation and parasitism in agricultural matric®sgelstam 1986; Burke and Nol 2000;
Rodewald and Yahner 2001). Ground Nesting bird isgesuffer from higher nest
predation rates than shrub or canopy nesting sp@eiartin 1993), making them
especially sensitive to changes in nest predatrisp composition and abundance.
Analysis of land-use change in the Credit Waterstiégprovide insight into whether
nest predator communities have changed between&@02008, and whether this is a
likely explanation for the declining populationrids observed in this sensitive nesting
guild.

The trend towards increasing populations of CaMiggting Bird Species is
supported by province-wide trends (Cadman et &@i82Most Cavity Nesting Bird
Species are residents to southern Ontario, antharefore likely responding positively
to milder winter temperatures and increasing focteser values in certain regions. Many
species are also regular visitors to bird feedmrsncreasing popularity of these
supplemental food sources are likely contributorthe observed increases. Of special
note is that the increasing trend is heavily infleeed by increased observations of Red-
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bellied Woodpecker detections, whose probabilitpladervation increased by 200%
province-wide since the last Breeding Bird Atlagd@an et al. 2008).

3.2.4 Individual Bird Species Relative Abundance

Monitoring Question: Areany individual forest bird species changingin relative
abundancein the Credit River Watershed?

- Populations of 8 forest bird species have in@éas the Watershed between 2002 and
2008.
- Populations of 2 forest bird species have deedtasthe Watershed between 2002 and
2008.

According to the Poisson Regression Trend Analgseslucted, populations of
eight forest bird species, American Rolfir@.083,p <0.001), Black-capped Chickadee
(=0.039,p =0.035), Brown-headed Cowbi(t¥olothrus ater; =0.169,p =0.002),
Black-throated Green Warbl@dendroica virens, =0.078,p =0.044), Cedar Waxwing
(Bombycilla cedrorum; =0.093,p =0.028), Eastern Wood-pewd=0.046,p =0.061),
House Wrer(Troglodytes aedon; $=0.111,p =0.074), and Red-eyed Virep«0.081,p
<0.001) showed increasing trends between 2002 @08, 2vatershed-wide (Table 7,
Appendix G). Northern Flicke3E-0.071,p =0.071) and Ovenbir{Beiurus aurocapillus;
=-0.037,p =0.081) showed declining trends at th&0.10 level, and must be monitored
closely in the future. Populations of the remainlifgspecies were however stable
throughout the same time period. Statistical P€zmtrol IMR Charts were ‘in
control’, for all but two species, Chipping Sparr(Spizella passerina) and Red-eyed
Vireo. For species with ‘in-control’ time serielrésholds were established using the
complete 2002 to 2008 dataset. For the remaimiegspecies, thresholds were
calculated for only the ‘in-control’ years (Tab®s10 & 11; Appendix G).

When species population trends were analyzed sepafar each of the three
Physiographic Zones, some differences were detelctede Middle Watershed, both
Blue Jay $=0.079,p =0.033) and Eastern Wood-pew@e@.103,p =0.007) showed
increasing population trends. American Crow popaoiet also showed increasing trends
(p=0.061,p =0.050) in the Upper Watershed between 2002 an8.200

With the exception of Brown-headed Cowbird and &astvood Pewee, all
individual species population trends observed éGnedit River Watershed were
consistent with those observed by the CanadiandBrgdird Survey (Downes and
Collins 1996). Brown-headed Cowbird densities afiénced by the availability of high
quality foraging areas and breeding opportunities landscape (Lowther 1993).
Preferred foraging habitats include open fieldspand pasture lands where cowbirds
consume seeds and insects (Lowther 1993). Oftaciassd with forest edges, cowbirds
obtain their highest densities in landscapes fragjetkeby agriculture (Lowther 1993).
Properties in the Upper Watershed have been falkessdntensively in the recent past
(Sparling et al. 2008), which has allowed the redtsuccession of row crops to meadow
and shrub habitats; ideal conditions for this brpadasite. Increasing populations of the
Brown-headed Cowbird in the Credit River Watershegltherefore not surprising,
despite the declines observed province and natide-iy Ontario Breeding Bird Atlas
(Cadman et al. 2008) and Canadian Breed Bird Suiwewnes and Collins 1996). The
increasing trend of Eastern Wood-pewee populaiiotise Middle Watershed is contrary
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to the declines observed province-wide (DownesG@uoitins 1996; Cadman et al. 2008).
Further monitoring is required to determine whethés is a temporary occurrence, or a
long-term trend that reflects land-use and habiailability in the Middle Watershed.

Table 10.Population Trends and Statistical Process ContesuiRs for 28 forest bird species monitored
between 2002 and 2008 in the Credit River Watershed

Average

Annual Statistical

Rate of Z Observed Process
Bird Species Change Value p-Value Trend ° Control °
American Crow 0.005 0.246 0.806 stable in control
American Robin 0.083 3.884 <0.0001 increase in control
Black-capped Chickadee 0.039 2.087 0.037 increase in control
Brown-headed Cowbird 0.169 3.090 0.002 increase in control
Blue Jay 0.028 1.170 0.242 stable in control
Black-throated Green Warbler 0.078 2.027 0.043 increase in control
Cedar Waxwing 0.093 2.208 0.027 increase in control
Chipping Sparrow 0.050 0.942 0.346 stable out ofrod
Common Grackle -0.028 -0.724 0.469 stable in contro
Downy Woodpecker 0.025 0.589 0.556 stable in contro
Eastern Wood-pewée 0.046 1.884 0.060 increase in control
Great Crested Flycatcher 0.006 0.213 0.832 stable  n coritrol
Hairy Woodpecker 0.080 1.543 0.123 stable in contro
House Wreft 0.111 1.810 0.070 increase in control
Indigo Bunting 0.031 0.721 0.471 stable in control
Northern Cardinal 0.024 0.772 0.440 stable in adntr
Northern Flickef -0.071 -1.632 0.071 decrease in control
Ovenbirc? -0.037 -1.618 0.081 decrease in control
Pine Warbler 0.061 1.045 0.296 stable in control
Rose-breasted Grosbeak -0.002 -0.052 0.959 stable n conitrol
Red-eyed Vireo 0.081 5.257 <0.0001 increase  out of control
Scarlet Tanager 0.038 0.780 0.435 stable in control
Song Sparrow -0.033 -1.071 0.284 stable in control
Veery 0.109 0.626 0.800 stable in control
White-breasted Nuthatch 0.038 0.935 0.350 stable coimrol
Winter Wren 0.039 1.068 0.285 stable in control
Wood Thrush 0.068 1.252 0.210 stable in control

& Species showing trends approaching significance.

® Eight species showed significant increasing treads four species exhibited significant declinireds Watershed-
wide.

¢ Both the Individuals and Moving Average Chartsevén control’ to be labelled as such.

It is not surprising that urban tolerant specieshsas the American Robin, Black-
capped Chickadee and House Wren increased ascthdetween Niagara and Toronto
has shown a general decline in forest cover dueltanization over the last 20 years
(Cadman et al. 2008). Population increases of ttiese species are driven by processes
in the Lower Watershed, where increases were tbagdst. Species that are able to
exploit urban environments are capable of reactiergse and stable populations in urban
and suburban areas because of moderated climateaged food and water availability,
the reduction in forest associated predators améhthoduction of new and safer artificial
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nest sites (Marzluff 2001). Increasing populatiohé\merican Robin and Black-capped
Chickadee were also reported in the Ontario BrepBind Atlas (Cadman et al. 2008).
Cedar Waxwing population trends were driven by essdn the Lower Watershed, such
as the creation of shrub and early succession@atalassociated with urbanization.

Table 11.Monitoring thresholds extracted from Statisticabéass Control Individuals (Moving Average)
IMR Charts representing data collected between 20@22008.

Thresholds
Upper Lower

Warning Warning
Parameter Threshold Threshold
American Crow 134.4 122.9 65.3 76.8
American Robin 125.4 110.2 34.1 49.3
Black-capped Chickadee 161.2 141.1 40.6 60.7
Brown-headed Cowbird 23.8 20.1 1.6 5.4
Blue Jay 85.2 77.6 40.0 475
Black-throated Green Warbler 39.4 34.3 9.2 14.2
Cedar Waxwing 39.0 32.8 0.0 8.0
Chipping Sparrow 17.5 16.5 11.1 12.2
Common Grackle 55.6 45.3 0.0 3.9
Downy Woodpecker 25.5 23.7 14.8 16.6
Eastern Wood-Pewee 75.5 70.2 43.6 48.9
Great Crested Flycatcher 56.0 50.2 21.4 27.2
Hairy Woodpecker 254 21.4 15 54
House Wren 25.2 20.1 0.0 4.5
Indigo bunting 37.1 31.4 2.6 8.3
Northern Cardinal 49.4 45.4 25.5 29.4
Northern Flicker 30.8 27.0 7.8 11.6
Ovenbird 89.1 82.3 48.3 55.1
Pine Warbler 29.2 23.0 0.0 1.7
Rose-breasted Grosbeak 25.7 21.6 0.9 5.0
Red-eyed Vired 178.3 169.8 127.7 136.2
Scarlet Tanager 27.4 23.3 2.6 6.7
Song Sparrow 58.1 51.4 18.2 24.8
Veery 321 28.4 9.9 13.6
White-breasted Nuthatch 35.3 30.7 7.8 12.4
Winter Wren 26.6 21.8 0.0 2.2
Wood Thrush 42.2 37.0 10.3 15.7

& Thresholds were calculated for ‘in-control’ periaaly. Chipping Sparrow had 6 years of ‘in-contrddita, Red-eyed
Vireo had 5 years of ‘in-control’ data.

Population increases of the Red-eyed Vireo, Blackéated Green Warbler,
American Crow and Blue Jay have also been reptntetie Canadian Breeding Bird
Survey and Ontario Breeding Bird Atlas (Downes @atlins 1996; Cadman et al. 2008).
Although it is unclear why Red-eyed Vireo populasare increasing nationwide, the
conversion of extensive coniferous plantationsaadlious forest is a possible
explanation (Cadman et al. 2008). The maturatfdorests on abandoned farmland and
maturation of conifer plantations in Ontario isp&sted to have contributed to observed
increasing populations of the Black-throated Gré&rbler province-wide (Cadman et
al. 2008). American Crows spend most of their tfeexling in open habitats such as
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agricultural fields (Marzluff et aR001; Verbeek and Caffrey 2002). Increasing
populations in Ontario have been attributed tonsifecation of agriculture and higher
road traffic volumes which provide crows with apéain their diets: road kill (Cadman
et al. 2008). This is consistent with increasingudations only observed in the more
agricultural Upper Watershed. Although considerd@litat generalist that is often
abundant in urban areas, the Blue Jay has much kewvesities in areas where forest
cover is heavily diminished due to urban or agtio@dl intensification, unless suitable
woodland patches are still available for nestind famaging (Cadman et al. 2008). Blue
Jay populations were observed to only increaskdrMiddle Watershed, which is likely
due to increased forest cover in the zone sinc@.2D@ese trends are consistent with
observations reported province and nation-wideHerspecies.

Declines of two species in the Credit Watersheel Qenbird and Northern
Flicker, are of particular concern. Significant liiees of both species have been reported
both nation and province-wide (Downes and Collif86& Cadman et al. 2008). The
Ovenbird is a ground-nesting, area-sensitive, medtnest specialist (Van Horn and
Donovan 1994; Holmes and Sherry 2001) that is comamal widespread throughout
Ontario (Cadman et al. 2008). Loss of overall fooeser, mature forest habitat and
fragmentation of remaining woodlots in Ontario kkely explanations for its observed
decline (VanHorn and Donovan 1994; Cadman et &8RMAIso a common and
widespread species, the Northern Flicker has beelinthg continent-wide since 1966
(Wiebe and Moore 2008; Cadman et al. 2008). Deglivaese been attributed to loss of
appropriate nesting substrates (large diameterssmageclining trees) and competition
with hole-nesting species such as the non-nativegaan Starling (Wiebe and Moore
2008). Although not yet listed as a species of igpeoncern, significant population
declines of this species continent-wide would hssmous implications for a diversity of
species that rely on the flicker as a keystonetgguovider (Martin et al. 2004; Wiebe
and Moore 2008). Further monitoring will determimieether both these species continue
to decline in the Credit River Watershed, and waethtervention will be required to
maintain populations of these currently widespraad common species.
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3.2.5 Power Analysis and Statistical Process Control

Power analysis was completed for all forest badameters that were in control
(Tables 6, 8 & 9). According to power analysis #5,and 5 sites would be needed in
order to detect 1, 2 and 3 SD of change, respégtioeer seven monitoring years for all
forest bird parameters analyzed using linear regsasanalysis (i.e. bird species richness,
species diversity and community similarity). Forest bird parameters that were
analyzed with poisson regression (i.e. total abonodaguild abundances and individual
species abundances), 7, 2 and 1 sites would bedéedrder to detect 1, 2 and 3 SD of
change, respectively, over seven monitoring yéldrerefore, a sufficient number of sites
were monitored to detect significant changes inféinest bird parameters with 90%
power at an 80% confidence level for effect sizesmtgr than or equal to 2 SD. This is
important because changes in the magnitude of @i8De used as a warning threshold
in statistical process control and changes in tagmtude of 3 SD will be used as the
critical threshold. Detectable effect size for &irbird parameters were all ranked as
“Green” (Tables 12 &13). This means that the daiality are good according to the
standards applied by Dobbie et al. (2006).

Table 12.Power analysis results for detecting effect sibesTfend Analyses for community metrics and
guild abundances.

AT Minimum Detectable Datg
Percent Change (%) Quality

Community Metrics

Species Richness 1.20 Green

Species Diversity 291 Green

Community Similarity 3.12 Green

Total Abundance 1.23 Green

Guild Abundance

Migratory Guilds

Resident Species 1.96 Green

Short-Distance Migrants 1.85 Green

Long-Distance Migrants 1.66 Green

General Habitat Association Guilds

Forest Associates 1.47 Green

Habitat Generalists 1.62 Green

Edge/Early Successional Species 4.23 Green

Nesting Guilds

Ground Nesting Species 3.27 Green

Shrub Nesting Species 2.15 Green

Sub-Canopy/Canopy Nesting Species 1.56 Green

Cavity Nesting Species 2.44 Green

Foraging Guild

Aerial Foragers 3.68 Green

@Values represent the minimum effect size deteetahtler current monitoring conditions.
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Table 13.Power analysis results for detecting effect sibes'fend Analyses for individual species

abundances.
e Minimum Detectable Data
Percent Change (%)* Quality
American Crow 4.22 Green
American Robin 4.71 Green
Black-capped Chickadee 4.28 Green
Brown-headed Cowbird 14.19 Green
Blue Jay 5.46 Green
Black-throated Green Warbler 8.62 Green
Cedar Waxwing 4.03 Green
Chipping Sparrow 12.18 Green
Common Grackle 8.66 Green
Downy Woodpecker 9.54 Green
Eastern Wood-Pewee 5.59 Green
Great Crested Flycatcher 6.84 Green
Hairy Woodpecker 10.16 Green
House Wren 13.37 Green
Indigo bunting 9.52 Green
Northern Cardinal 6.98 Green
Northern Flicker 9.71 Green
Ovenbird 5.13 Green
Pine Warbler 131 Green
Rose-breasted Grosbeak 12.17 Green
Red-eyed Vireo 3.42 Green
Scarlet Tanager 11.11 Green
Song Sparrow 6.97 Green
Veery 9.34 Green
White-breasted Nuthatch 9.35 Green
Winter Wren 11.23 Green
Wood Thrush 8.39 Green

#Values represent the minimum effect size deteetabter current monitoring conditions.
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3.3  SPATIAL ANALYSIS

3.3.1 Species Richness, Diversity and Total Abundance

Monitoring Question: Arethere spatial differencesin forest bird richness, diversity
and total abundance?

- Forest bird species richness was significantiyelioin the Lower Watershed relative t(
the Middle Watershed.

- Watershed-wide, total abundance of all speciessignificantly higher in 2008 than
2004, 2005 and 2007.

o

Species richness was significantly lower in the eothan the Middle Watershed
(F=0.960,p=0.039; Table 14, Fig. 9). In the Lower Watershetileen 38 and 45 species
were detected annually, versus 49 to 56 in the Mitldatershed. Species richness in the
Upper Watershed was intermediate with between &2 tepecies detected annually.
There was no effect of Physiographic Zone on spatiiersity F=1.319,p=0.287;

Table 14, Fig. 10). Although no spatial differeneese detected, forest bird relative
abundance was significantly higher in 2008 thard2@005, 2006 and 200¥+£10.249,
p<0.0001; Table 13, Fig. 11).

It is well documented that urbanization results idecline in overall species
richness, with only a few urban-tolerant bird speddecoming dominant in urban bird
communities (Degraaf and Wentworth 1981; Blair 19@érzluff 2001; Chace and
Walsh 2006). This pattern was also observed irCiieglit River Watershed where
species richness was significantly higher in thrested Middle Watershed relative to the
heavily urbanized Lower Watershed. Interestinglgd densities are also expected to
increase and species diversity is expected to deemith intensification of urban land-
use (Chace and Walsh 2006). However these trendsmnee observed in the Credit River
Watershed. It is unclear why higher abundancesrd$ bvere detected in 2007 than
2004, 2005 and 2008, watershed-wide. Further mongavill allow for the detection of
changes in these community parameters over theteyngas urbanization of the Lower
Watershed continues.

Table 14.Comparison of community metrics among three Physiglgic Zones of the Credit River
Watershed between 2002 and 2008.

Community Abundance (# individuals/point) Time Effect Physiographic Observed
Metric Mean (+ SE) Effect® Trend
Lower Middle Upper F P F P
Species Richneg§  16.38+2.52  22.96+2.05 20.75:1.87 1.156  0.2950.960  0.039 L,\‘;;’;ZL:
Species Diversity 2.50+0.17 4.07+0.12 3.76x£0.07 0.853 0.552 1.319 28D. None
2004, 2005,
Total Abundance 16.79+2.68  16.81+1.27 16.52+0.8710.249 <0.0001 0.185 0.832 2006, 2007 <
2008

2 Repeated Measures ANCOVA conducted for speciesehalative abundance was significantly relatepatoh size.
® physiographic differences were determined witheRepd Measures ANOVA.
¢ Species richness was the only community metrievitich there was a difference between Physiograpbines.
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Figure 9. Mean species richness per site in each of the tPingsiographic Zones between 2002 and 2008.
Bars with different letters indicate a significalifference according to Tukey's HSD test for
unequal sample sizes (p<0.05). Error bars indica&tSE
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Figure 10.Mean species diversity per site in each of theetfteysiographic Zones between 2002 and
2008. Bars with different letters indicate a sigraft difference according to Tukey's HSD
test for unequal sample sizes (p<0.05). Error atisate +/- SE
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Figure 11.Mean forest bird abundance (# of birds/point) bEpkcies combined in each of the three
Physiographic Zones between 2002 and 2008. Babsdifferent letters indicate a significant
difference according to Tukey's HSD test for undpaenp ple size9k0.05). Error bars
indicate +/- SE.

3.3.2 Forest Bird Guild Relative Abundance

Monitoring Question: Arethere spatial differencesin forest bird guild relative
abundance?

- Relative abundance of birds in eight guilds shibweatial differences among the three
Physiographic zones.
- Relative abundances of birds in six guilds wése anore abundant in some monitoring
years than others.

Short-distance Migrant$€9.811,p=0.001), Habitat Generalists£6.385,
p=0.007), Edge/Early Successional Spediesl(.238,p<0.003) and Shrub Nesters
(F=15.391 p=<0.0001) were more abundant in the Lower tharMlueglle and Upper
Watersheds (Table 15, Fig. 12, 13 & 14). Longatise Migrantsk=12.735,0=0.002),
Forest Associate$-£19.771,p<0.0001), Canopy/Sub-canopy Nesting Species
(F=17.487 p<0.0001) and Ground Nesting SpeciesX7.012p=<0.0001) were more
abundant in the Middle and Upper Watersheds thatholver Watershed (Table 15, Fig.
12, 13 & 14).
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Table 15.Comparison of relative abundance of bird guilds agithree Physiographic Zones of the Credit
River Watershed between 2002 and 2008.

Bird Guild Abundance (# individuals/point) Time Effect Physiographic Observed Trend
Mean (+ SE) Effect
Lower Middle Upper F P F P
Migratory Guild
2008 & 2007>2002,
Resident§ 6.69+0.65 6.71+0.69 6.48+0.69 16.135 <0.0001 0.0450 0.956 2003, 2004, 2005,
2006
Short-distance Lower > Middle &
Migrants?® 8.06+0.78 3.55+0.79 4.06+0.99 2.606 0.021 9.811 0.001 Upper
2008 & 2005>2002
Long-distance Lower < Middle and
Migrants® 3.67+0.53 6.39+0.46 7.26+0.66 3.912 0.001 12.735 0.0002 Upper
2008>2002 & 2003
General Habitat Association Guilds
Lower < Middle &
Forest Upper
Associated 4.37+0.61 7.82+0.57 9.58+0.57 10.309 <0.0001 19.771 <0.0001 2008, 2007,
2006>2002, 2003,
2004
Habitat Lower > Middle &
Generalista 9.92+0.91 6.61+0.96 5.35+0.98 1.985 0.072 6.385 0.007 Upper
Edge/ Early Lower > Middle &
Successional 2.12+0.1